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Supporting Text S1
Part A
Taxa and characters used in the phylogenetic analysis.—The following 204 morphological characters 
were used to assess the phylogenetic position of Tinirau relative to other early tetrapodomorphs. Not all 
specimens of Tinirau preserve every available character state. Consistent features among all specimens 
scored in this analysis that indicate they represent a single taxon, include: elongate glenoid fossa (UCMP 
118065, 190999), reduced posterior process on the maxilla (UCMP 118065, 190999), fused parietals 
(UCMP 117884, 118238, 118065, 190999), fused anterior tectal and lateral rostral (UCMP 11784, 
118283), a row of non-fang teeth on an elongate posterior coronoid (UCMP 118605, 123135), and similar 
proportions and dentition of the dermopalatines and entopterygoids (UCMP 190998, 190999). Total 
specimen lengths include: UCMP 118065 (97.8 cm), 190999 (26.5 cm), 117844 (15.4 cm), 190998 (12.1 
cm), 123135 (4.7 cm), and 118283 (3.5 cm). These specimens probably represent 5 individuals. UCMP 
specimens 123135 and 118283 were preserved in association with one another, adjacent on the same 
small block but not articulated; they likely represent a single individual.
 Primary character sources [1,2,3,4,5,6,7] are indicated parenthetically following each character 
description. Numbers following the citations refer to the character number in the original source. 
Characters modified from their original source are noted where applicable. Very few characters are 
shared between this analysis and Coates and Friedman (2010); this was maintained intentionally to 
demonstrate how nearly independent data sets converge on a similar result. This analysis also recovered 
a monophyletic Megalichthyiformes, with ‘osteolepidid’-grade tetrapodomorphs not simply emerging as 
lone lineages aligned as successive plesions to crownward forms. Glyptopomus was included in a 
separate analysis to test its influence on the phylogenetic result. Although its inclusion disrupted a 
monophyletic Canowindridae and pulled Gyroptychius and Gogonasus from Megalichthyiformes, it had 
no bearing on the phylogenetic position of any eotetrapodiform.
	 Characters were polarized by comparison to outgroup taxa such as Porolepis, Glyptolepis, 
Powichthys, Youngolepis, Diabolepis, and Dipterus. These taxa were selected because they represent a 
range of total-group lungfish that are known from reasonable material, are well studied, and generally 
accepted as sister to total-group tetrapods.
 Characters were coded based on a combination of published descriptions, specimen 
illustrations, and firsthand examination of fossil material. Care was taken to avoid simply recycling 
codings in the published literature. Specimens from the following museums were examined, and are 
noted following each taxon below: Australian Museum, Sydney (AMF), Australian National University 
(ANU), Geologisk Museum, Copenhagen, Denmark (MGUH), Latvian Museum of Natural History (LDM), 
Muséum national d'Histoire naturelle, Paris (MNHN), Museum Victoria, Melbourne, Australia (NMV), The 
Natural History Museum, London (MNH), Palaeontological Institute of the Russian Academy of Sciences, 
Moscow (PIN), National Museums of Scotland (NMS), Nunavut Fossil Vertebrate Collection (NUFV), 
Swedish Museum of Natural History, Stockholm (NR), University of California Museum of Paleontology 
(UCMP), University Museum of Zoology Cambridge (UMZC).

Acanthostega [8,9,10,11,12,13,14] (MGUH f.n. 157, 255, 1227, 1258; UMZC T1291, T1300)
Balanerpeton [15] (UMZC T1312, T1313)
Baphetes [16,17,18,19]
Barameda [20,21,22] (NMV P10277, P160880, P160885, P212715)
Beelarongia [23] (NMV P160875, P160972)
Cabonnichthys [24] (AMF96856, F96858a, F96863, F96902, F98037, F98038)
Canowindra [25,26] (BMNH P.34420)
Cladarosymblema [27]
Crassigyrinus [28,29] (BMNH R10000; UMZC T1250)



Dendrerpeton [30,31,32,33] (UCMP 102367)
Diabolepis [34,35,36]
Dipterus [37,38] (BMNH P.17410, P.33165, P.34544, P.53507; MNHN GBP71, P72; NR P.3108, P.4827; 
UCMP 43714, 43727, 43728, 43729, 43730, 93066, 93067, 93068, 93069, 93070, 93071, 93072, 
115246; UMZC GN1043)
Ectosteorhachis [39]
Elginerpeton [40,41,42]
Elpistostege [43] (BMNH P.60526 a,b)
Eoherepton [44,45]
Eusthenodon [46] (NR P.1475, P.1693)
Eusthenopteron [47,48] (BMNH P.60386, P.60388, P.60397; NR P.222, P.223, P249, P.287, P.290, P.330, 
P322 a,b, P.326b, P.382, P.2197, a,b, P2609, P.4611, P.6383; UMZC GN.790, GN.791, GN.797, GN.799)
Glyptolepis [49,50,51] (NR P.180, P.2503 a,b, P.8635)
Glyptopomus [52]
Gogonasus [7,53] (ANU 21885, 49259; NMV P221807)
Gooloogongia [54]
Greererepton [55,56,57,58] (UMZC T1220)
Gyroptychius [59,60,61] (MNHN GBP44, P63, P107, P138, P209, P264, P265, P307; NR P.1679, P.1698, 
P.4116, P.4220; UMZC GN.240, GN.939)
Ichthyostega [62,63] (MGUH 6055, 6064, 6081, MGUH f.n. 200, 300, 301)
Jarvikina [64]
Kenichthys [6,65]
Koharalepis [66]
Mandageria [67,68] (AMF96508, F96855a, F96857a,b,c, F98592c, F98593 a,b, F98594)
Marsdenichthys [69,70] (NMV P179619, P186572)
Medoevia [71]
Megalichthys [39,72,73,74,75,76] (NR P.6157; UMCZ GN.638)
Osteolepis [48,72,75,77] (MNHN GBP67, P186, P188, P195, P269 a,b, P277, P280, P284; NR P.1675, P.
4110, P.4139, P.11116; UCMP 43711, 43717, 43718, 43719, 43720, 43721, 43733, 58496, 58498, 58499)
Panderichthys [8,78,79,80,81,82,83,84] (NR P.6427; PIN 3547 [high resolution photograph]; LDM 60/123 
[high resolution photograph])
Pederpes [85,86]
Platycephalichthys [4,64,87] (PIN 54/155, 54/156, 54/158, 54/159, 54/160, 54/160a, 54/161, 54/162, 
54/163, 54/164, 54/165, 54/166, 54/183, 54/191, 54/192, 54/193, 54/194, 54/195 [high resolution 
photographs])
Porolepis [51,88] (MNHN SVD2001, 2034, 2158; NR A28633, A30483)
Powichthys [89,90,91]
Proterogyrinus [92,93]
Silvanerpeton [94] (UMZC T1317, T1351)
Spodichthys [61,95] (MGUH VP 6705 (P.1659), VP 6708 (P.1662), VP 6714 (P.1668), VP 6715 (P.1669))
Tiktaalik [5,96,97] (NUFV 108, 110)
Tristichopterus [98,99] (BMNH 66653, 66660, 66661, 66664, 66666, 66670; NMS.G.1875.29.220, G.
1875.29.221, G.1875.29.224, G.1875.29.225, G.1995.4.28; NR P.4196)
Ventastega [1,100]
Whatcheeria [101,102]
Youngolepis [103,104,105,106]



Characters

1. Ethmoid region
	 	  (Ahlberg et al. (2008): Character 25) 

 	 0 fully ossified  
 	 1 partly or wholly unossified  

2. Rostral tubuli  
	 	  (Coates and Friedman (2010): Character 1)

 	 0 absent  
 	 1 present  

3. Profundus foramen in postnasal wall  
	 	  (Zhu and Ahlberg (2004): Character 81) 

 	 0 small  
 	 1 large  

4. Fenestra ventrolateralis  
	 	  (Coates and Friedman (2010): Character 5) 

 	 0 ventral to ethmoid articulation, in posterior view  
 	 1 extends dorsal to ethmoid articulation, in posterior view (post nasal wall unossified)  

5. Pituitary vein exit  
	 	  (Coates and Friedman (2010): Character 11) 

 	 0 anterior to basipterygoid process  
 	 1 dorsal to basipterygoid process  

6. Extent of crista parotica  
	 	  (Zhu and Ahlberg (2004): Character 33) 

 	 0 does not reach posterior margin of tabular  
 	 1 reaches posterior margin of tabular  

7. Endoskeletal intracranial joint  
	 	  (Coates and Friedman (2010): Character 14) 

 	 0 absent  
 	 1 present  

8. Basicranial fenestra  
	 	  (Zhu and Ahlberg (2004): Character 76) 

 	 0 absent  
 	 1 present  



9. Processus descendens of sphenoid  
	 	  (Zhu and Ahlberg (2004): Character 78) 

 	 0 absent  
 	 1 present  

10. Posterior carotid opening in parasphenoid  
	 	  (Zhu and Ahlberg (2004): Character 80) 

 	 0 large  
 	 1 small  
 	 2 absent  

11. Tectum orbitale  
	 	  (Zhu and Ahlberg (2004): Character 83) 

 	 0 narrow  
 	 1 extensive  

12. Basipterygoid process  
	 	  (Ahlberg et al. (2008): Character 24) 

 	 0 not strongly projecting with concave anterior face  
 	 1 strongly projecting with flat anterior face  

13. Hypophysial region  
	 	  (Ahlberg et al. (2008): Character 26) 

 	 0 solid side wall pierced by small foramina for pituitary vein and other vessels  
 	 1 single large foramen  

14. Otic capsule lateral commissure bearing hyomandibular facets  
	 	  (Ahlberg et al. (2008): Character 27) 

 	 0 present  
 	 1 absent  

15. Relative positions of the hyomandibular facets  
	 	  (Coates and Friedman (2010): Character 20) 

 	 0 dorsal directly above ventral  
 	 1 ventral anterior to dorsal  
 	 2 dorsal anterior to ventral  

16. Parasymphysial plate  
	 	  (Zhu and Ahlberg (2004): Character 1). Platycephalichthys scored after Snitting 
	 	  (2008b). 



 	 0 long, sutured to coronoid, denticulated or with tooth row  
 	 1 short, not sutured to coronid, denticulated  
 	 2 carrying tooth whorl  

17. Parasymphysial plate dentition  
	 	  (Modified from Ahlberg et al. (2008): Character 89) 

 	 0 Carrying a tooth whorl  
 	 1 shagreen or irregular tooth field  
 	 2 organised dentition aligned parallel to jaw margin  

18. Parasymphsial fangs  
	 	  (Modified from Ahlberg et al. (2008): Character 90) 

 	 0 absent  
 	 1 present  

19. Parasymphysial plate: detachable whorl  
	 	  (Zhu and Ahlberg (2004): Character 7) 

 	 0 detachable whorl  
 	 1 sutured plate with denticles or teeth  

20. Lateral parasymphysial foramen  
	 	  (Daeschler et al. (2006): Character 66) 

 	 0 absent  
 	 1 present  

21. Mesial parasymphysial foramen  
	 	  (Daeschler et al. (2006): Character 67) 

 	 0 absent  
 	 1 present  

22. Length of dentary  
	 	  (Zhu and Ahlberg (2004): Character 10) 

 	 0 long  
 	 1 short with lip fold  

23. Dentary teeth  
	 	  (Ahlberg et al. (2008): Character 85) 

 	 0 same size as maxillary teeth  
 	 1 larger than maxillary teeth  
 	 2 smaller than maxillary teeth  

24. Accessory tooth rows on dentary  



	 	  (Daeschler et al. (2006): Character 64) 

 	 0 present  
 	 1 absent  

25. Dentary tooth row reaches symphysis  
	 	  (Zhu and Ahlberg (2004): Character 11) 

 	 0 yes  
 	 1 no  

26. Dentary fangs  
	 	  (Modified from Zhu and Ahlberg (2004): Character 12) 

 	 0 absent  
 	 1 1 pair  
 	 2 1 unpaired (no replacement pit)  

27. Dentary ventral edge  
	 	  (Ahlberg et al. (2008): Character 55) 

 	 0 smooth continuous line  
 	 1 abruptly tapering or 'stepped' margin  

28. Splenial  
	 	  (Modified from Zhu and Ahlberg (2004): Character 2) 

 	 0 not sutured to prearticular  
 	 1 sutured to prearticular  
 	 2 postsplenial obstructing splenial-prearticular contact  

29. Postsplenial suture with prearticular present  
	 	  (Modified from Ahlberg et al. (2008): Character 69) 

 	 0 no  
 	 1 yes but interrupted by Meckelian foramina or fenestrae  
 	 2 uninterrupted suture  

30. Postsplenial with mesial lamina  
	 	  (Ahlberg et al. (2008): Character 67) 

 	 0 no  
 	 1 yes  

31. Meckelian foramina/fenestrae, dorsal margins formed by  
	 	  (Ahlberg et al. (2008): Character 63) 

 	 0 Meckelian bone  
 	 1 prearticular  



 	 2 infradentary  

32. Meckelian foramina/fenestrae, height  
	 	  (Ahlberg et al. (2008): Character 64) 

 	 0 much lower than adjacent prearticular  
 	 1 equal to or greater than depth of adjacent prearticular  

33. Meckelian exposure in precoronoid fossa  
	 	  (Daeschler et al. (2006): Character 65) 

 	 0 present  
 	 1 absent  

34. Posterior coronoid longer than more anterior coronoids  
 	 0 no  
 	 1 yes  

35. Posterior coronoid one-third longer than more anterior coronoids  
	 	 (Modified from Zhu and Ahlberg (2004): Character 8)

 	 0 no  
 	 1 yes  

36. Coronoid fangs larger than marginal teeth  
	 	  (Daeschler et al. (2006): Character 70) 

 	 0 yes  
 	 1 no  

37. Coronoids: at least one carries shagreen  
	 	  (Ahlberg et al. (2008): Character 80) 

 	 0 no  
 	 1 yes  

38. Coronoids with a row of very small teeth or denticles lateral to tooth row  
	 	  (Ahlberg et al. (2008): Character 81) 

 	 0 yes  
 	 1 no  

39. Coronoids: size of teeth (excluding fangs) on anterior and middle coronoids relative to dentary tooth 
size  
	 	  (Ahlberg et al. (2008): Character 82) 

 	 0 about the same  
 	 1 half height or less  



40. Coronoid (anterior) contacts splenial  
	 	  (Ahlberg et al. (2008): Character 49) 

 	 0 no  
 	 1 yes  

41. Coronoid (middle) separated from splenial  
	 	  (Ahlberg et al. (2008): Character 50) 

 	 0 yes, by prearticular  
 	 1 no  
 	 2 yes, by 	 postsplenial  

42. Coronoid (posterior) posterodorsal process  
	 	  (Ahlberg et al. (2008): Character 52) 

 	 0 no  
 	 1 yes  

43. Coronoid (posterior) posterodorsal process visible in lateral view  
	 	  (Ahlberg et al. (2008): Character 53) 

 	 0 no  
 	 1 yes  

44. Number of fang pairs on posteriormost coronoid  
	 	  (Zhu and Ahlberg (2004): Character 13) 

 	 0 one  
 	 1 two  
 	 2 none  

45. Non-fanged teeth on posterior coronoid  
 	 0 absent  
 	 1 organized tooth row  
 	 2 shagreen  

46. Prearticular  
	 	  (Zhu and Ahlberg (2004): Character 3) 

 	 0 not forked  
 	 1 forked  

47. Prearticular sutures with mesial lamina of splenial  
	 	  (Ahlberg et al. (2008): Character 71) 

 	 0 no, mesial lamina of splenial absent  
 	 1 yes  
 	 2 no, mesial lamina of splenial separated from prearticular by postsplenial  



48. Prearticular-angular contact  
	 	  (Ahlberg et al. (2008): Character 48) 

 	 0 separated by ventral exposure of Meckelian element  
 	 1 prearticular contacts angular edge to edge  
 	 2 mesial lamina of angular sutures with prearticular  

49. Prearticular sutures with surangular  
	 	  (Ahlberg et al. (2008): Character 70) 

 	 0 no  
 	 1 yes  

50. Prearticular shagreen field, distribution  
	 	  (Ahlberg et al. (2008): Character 92) 

 	 0 gradually decreasing from dorsal to ventral  
 	 1 well defined dorsal longitudinal band  
 	 2 scattered patches or absent  

51. Prearticular with mesially projecting flange on dorsal edge along posterior border of adductor fossa  
	 	  (Ahlberg et al. (2008): Character 73) 

 	 0 no  
 	 1 yes  

52. Adductor crest  
	 	  (Ahlberg et al. (2008): Character 47) 

 	 0 absent  
 	 1 peak anterior to adductor fossa, dorsal margin of fossa concave  
 	 2 peak above anterior part of adductor fossa, dorsal margin of fossa convex  

53. Premaxillary tooth proportions  
	 	  (Modified from Ahlberg et al. (2008): Character 38) 

 	 0 all approximately same size  
 	 1 enlarged anterior tooth  
 	 2 posteriormost teeth at least twice height of anteriormost teeth  

54. Maxilla extends behind level of posterior margin of orbit  
	 	  (Ahlberg et al. (2008): Character 12) 

 	 0 yes  
 	 1 no  

55. Maxilla makes interdigitating suture with vomer  
	 	  (Ahlberg et al. (2008): Character 10) 



 	 0 no  
 	 1 yes  

56. Posterodorsal process of maxilla  
	 	  (Zhu and Ahlberg (2004): Character 51) 

 	 0 present  
 	 1 very weak or absent  

57. Vomer proportions  
	 	  (Zhu and Ahlberg (2004): Character 22) 

 	 0 not much broader than long  
 	 1 much broader than long  

58. Vomerine fangs  
	 	  (Zhu and Ahlberg (2004): Character 24) 

 	 0 absent  
 	 1 present  

59. Vomerine fang pairs noticeably smaller than other palatal fang pairs  
	 	  (Ahlberg et al. (2008): Character 41) 

 	 0 no  
 	 1 yes  

60. Vomerine row of small teeth  
	 	  (Ahlberg et al. (2008): Character 43) 

 	 0 present  
 	 1 absent  

61. Anterior wall of vomer (forming posterior margin of palatal fossa) bears tooth row meeting in 	midline  
	 	  (Ahlberg et al. (2008): Character 42) 

 	 0 yes  
 	 1 no  

62. Vomerine shagreen field  
	 	  (Ahlberg et al. (2008): Character 44) 

 	 0 absent  
 	 1 present  

63. Anteromedial process of vomer  
	 	  (Zhu and Ahlberg (2004): Character 21) 



 	 0 absent, vomers separated  
 	 1 present  
 	 2 absent, vomers in close contact  

64. Posterior process of vomers  
	 	  (Zhu and Ahlberg (2004): Character 20) 

 	 0 absent  
 	 1 short  
 	 2 long  

65. Relationship of vomer to parasphenoid  
	 	  (Zhu and Ahlberg (2004): Character 23) 

 	 0 no contact (via small gap) or simple abutment  
 	 1 overlap  
 	 2 no contact via blockage by pterygoid elements  

66. Parasphenoid, denticulated field  
	 	  (Ahlberg et al. (2008): Character 29) 

 	 0 present  
 	 1 absent  

67. Posterior end of parasphenoid  
	 	  (Zhu and Ahlberg (2004): Character 26) 

 	 0 denticulated field extends into spiracular groove  
 	 1 denticulated field does not extend into spiracular groove  

68. Parasphenoid  
	 	  (Ahlberg et al. (2008): Character 28) 

 	 0 does not overlap basioccipital  
 	 1 overlaps basioccipital  

69. Proportions of entopterygoid  
	 	  (Zhu and Ahlberg (2004): Character 18) 

 	 0 anterior end level with processus ascendens  
 	 1 anterior end considerably anterior to processus ascendens  

70. Entopterygoids meeting in midline  
	 	  (Zhu and Ahlberg (2004): Character 19) 

 	 0 no  
 	 1 yes  

71. Entopterygoid-quadrate ramus margin in the subtemporal fossa  



	 	  (Ahlberg et al. (2008): Character 20) 

 	 0 concave  
 	 1 with some convex component  

72. Dentition of palatoquadrate complex  
	 	  (Zhu and Ahlberg (2004): Character 16) 

 	 0 marginal teeth  
 	 1 tooth plates  

73. Entopterygoid shagreen  
	 	  (Ahlberg et al. (2008): Character 37) 

 	 0 dense  
 	 1 a few discontinuous patches or absent  

74. Anterior palatal fenestra  
	 	  (Ahlberg et al. (2008): Character 93) 

 	 0 single  
 	 1 double  
 	 2 absent  

75. Interentopterygoid vacuities  
	 	  (Ahlberg et al. (2008): Character 95) 

 	 0 absent  
 	 1 at least 2 x longer than wide  
 	 2 < 2 x longer than wide  

76. Dermopalatine exposure  
	 	  (Modified from Ahlberg et al. (2008): Character 2) 

 	 0 more or less confined to margins of the tooth row  
 	 1 medial exposure in addition to the tooth row  

77. Dermopalatine/ectopterygoid denticle row  
	 	  (Ahlberg et al. (2008): Character 33) 

 	 0 present  
 	 1 absent  

78. Dermopalatine/ectopterygoid shagreen field  
	 	  (Ahlberg et al. (2008): Character 34) 

 	 0 absent  
 	 1 present  



79. Ectopterygoid reaches subtemporal fossa  
	 	  (Ahlberg et al. (2008): Character 4) 

 	 0 no  
 	 1 yes  

80. Number of fangs on ectopterygoid  
	 	  (Zhu and Ahlberg (2004): Character 17) 

 	 0 one pair  
 	 1 two pairs  
 	 2 none  
 	 3 one unpaired  

81. Ectopterygoid row (3+) of smaller teeth  
	 	  (Ahlberg et al. (2008): Character 32) 

 	 0 present  
 	 1 absent  

82. Subterminal mouth  
	 	  (Daeschler et al. (2006): Character 73) 

 	 0 absent  
 	 1 present  

83. Number of nasals  
	 	  (Zhu and Ahlberg (2004): Character 44) 

 	 0 many  
 	 1 one or two  

84. Anterior tectal/septomaxilla  
	 	  (Ahlberg et al. (2008): Character 1) 

 	 0 anterior tectal (external bone, dorsal to nostril)  
 	 1 septomaxilla (external or internal bone, posterior to nostril)  
 	 2 absent  

85. Lateral rostral present  
	 	  (Ahlberg et al. (2008): Character 9) 

 	 0 yes  
 	 1 no  

86. Median postrostral  
	 	  (Zhu and Ahlberg (2004): Character 43) 

 	 0 absent (postrostral mosaic)  



 	 1 present  
 	 2 absent (nasals meet in midline)  

87. Dorsal fontanelle on snout  
	 	  (Ahlberg et al. (2008): Character 94) 

 	 0 absent  
 	 1 present  

88. Internasal pits  
	 	  (Zhu and Ahlberg (2004): Character 25) 

 	 0 undifferentiated  
 	 1 strong midline ridge but shallow pits  
 	 2 deep pear-shaped pits  

89. External nostrils  
	 	  (Zhu and Ahlberg (2004): Character 29) 

 	 0 two pairs  
 	 1 one pair  

90. Premaxilla forms part of choanal margin  
	 	  (Ahlberg et al. (2008): Character 17) 

 	 0 broadly  
 	 1 point  
 	 2 not, excluded by vomer  

91. Position of anterior external nostril  
	 	  (Zhu and Ahlberg (2004): Character 30) 

 	 0 facial  
 	 1 edge of mouth  

92. Lacrimal  
	 	  (Ahlberg et al. (2008): Character 8) 

 	 0 contributes to orbital margin  
 	 1 excluded from margin  

93. Contact between lacrimal and posterior supraorbital [postfrontal]  
	 	  (Zhu and Ahlberg (2004): Character 56) 

 	 0 absent  
 	 1 present  

94. Jugal  
	 	  (Ahlberg et al. (2008): Character 7) 



 	 0 does not extend anterior to orbit  
 	 1 extends anterior to orbit  

95. Jugal extends anterior to middle of orbit  
	 	  (Daeschler et al. (2006): Character 78) 

 	 0 no  
 	 1 yes  

96. Jugal-quadratojugal contact  
	 	  (Zhu and Ahlberg (2004): Character 52) 

 	 0 absent  
 	 1 present  

97. Position of orbits  
	 	  (Zhu and Ahlberg (2004): Character 59) 

 	 0 lateral and widely separated  
 	 1 dorsal and close together  

98. Postorbital bone  
	 	  (Zhu and Ahlberg (2004): Character 54) 

 	 0 contributes to orbital margin  
 	 1 excluded from orbital margin  

99. Contact between postorbital and lacrimal  
	 	  (Daeschler et al. (2006): Character 84) 

 	 0 absent  
 	 1 present  

100. Quadratojugal, squamosal and preopercular fused  
	 	  (Zhu and Ahlberg (2004): Character 62) 

 	 0 no  
 	 1 yes  

101. Subsquamosals  
	 	  (Zhu and Ahlberg (2004): Character 61) 

 	 0 absent  
 	 1 present  

102. Preoperculosubmandibular  
	 	  (Zhu and Ahlberg (2004): Character 60) 



 	 0 absent  
 	 1 present  

103. Width of ethmoid relative to its length, from snout tip to the posterior margin of the parietals  
	 	  (Modified from Zhu and Ahlberg (2004): Character 32)
	 	  States based on clumped morphospace.

 	 0 greater or = 80%
 	 1 75%-45%  
 	 2 less than or = 35%  

104. Proportion of skull roof (measured as length from tip of snout to posterior margin of postparietals) 
lying anterior to middle of orbits  
	 	  (Modified from Daeschler et al. (2006): Character 75) 
	 	  States based on clumped morphospace.

 	 0 20-30%  
 	 1 33-40%  
 	 2 45-48%  
 	 3 >53%  

105. B-bone  
	 	  (Zhu and Ahlberg (2004): Character 46) 

 	 0 absent  
 	 1 present  

106. Prefrontal (anterior supraorbital)  
	 	  (Ahlberg et al. (2008): Character 15) 

 	 0 twice as long as broad, or less  
 	 1 three times as long as broad  

107. Prefrontal (anterior supraorbital)  
	 	  (Ahlberg et al. (2008): Character 16) 

 	 0 transverse anterior suture with tectal (or opens broadly into external nostril)  
 	 1 tapers to point anteriorly  

108. Relative size of prefrontal [anterior supraorbital] and posterior supraorbital [postfrontal]  
	 	  (Daeschler et al. (2006): Character 76) 

 	 0 similar  
 	 1 prefrontal much bigger  

109. Postfrontals [posterior supraorbitals] extend anterior of orbits  
	 	  (Daeschler et al. (2006): Character 86) 

 	 0 no  



 	 1 yes  

110. Shape of postfrontals (posterior supraorbitals)  
	 	  (Zhu and Ahlberg (2004): Character 58) 

 	 0 posterior process shorter than orbital margin  
 	 1 posterior process much longer than orbital margin  

111. Contact between intertemporal and postfrontal (posterior supraorbital)  
	 	  (Zhu and Ahlberg (2004): Character 55) 

 	 0 present  
 	 1 absent  

112. Contact between parietal and postfrontal (posterior supraorbital)  
	 	  (Zhu and Ahlberg (2004): Character 57) 

 	 0 present  
 	 1 absent  

113. Frontals  
	 	  (Zhu and Ahlberg (2004): Character 45) 

 	 0 absent  
 	 1 present  

114. Parietals surround pineal foramen/eminence  
	 	  (Zhu and Ahlberg (2004): Character 38) 

 	 0 yes  
 	 1 no  

115. Pineal foramen  
	 	  (Zhu and Ahlberg (2004): Character 36) 

 	 0 present  
 	 1 absent  

116. Position of pineal foramen/eminence  
	 	  (Zhu and Ahlberg (2004): Character 37) 

 	 0 level with posterior margin of orbits  
 	 1 well posterior to orbits  

117. Shape of pineal series  
	 	  (Zhu and Ahlberg (2004): Character 39) 

 	 0 round or oval  
 	 1 kite-shaped with distinct posterior corner. (non-applicable for Kenichthys)  



118. Intemporal  
	 	  (Ahlberg et al. (2008): Character 6) 

 	 0 present  
 	 1 absent  

119. Dermal intracranial joint  
	 	  (Zhu and Ahlberg (2004): Character 71) 

 	 0 present  
 	 1 absent  

120. Postparietals narrow to a point posteriorly  
	 	  (Zhu and Ahlberg (2004): Character 41) 

 	 0 no  
 	 1 yes  

121. Proportions of postparietal shield  
	 	  (Zhu and Ahlberg (2004): Character 40) 

 	 0 not extremely wide posteriorly  
 	 1 extremely wide posteriorly  

122. Supratemporal  
	 	  (Modified from Ahlberg and Johanson (1998): Character 49) 

 	 0 recognizable as a distinct bone  
 	 1 fused with postparietal  

123. Posterior margin of tabulars  
	 	  (Modified from Zhu and Ahlberg (2004): Character 42) 

 	 0 anterior to the posterior margin of postparietals  
 	 1 level with the posterior margin of postparietals  
 	 2 posterior to the posterior margin of the postparietals  

124. Postspiracular (extratemporal)  
	 	  (Zhu and Ahlberg (2004): Character 50) 

 	 0 present  
 	 1 absent  

125. Position of the postspiracular (extratemporal)  
 	 0 anterior  
 	 1 posteriorly displaced  

126. Contact between postspiracular [extratemporal] and supratemporal  



	 	  (Zhu and Ahlberg (2004): Character 48) 

 	 0 absent  
 	 1 present  

127. Premaxilla canal-bearing  
	 	  (Zhu and Ahlberg (2004): Character 68) 

 	 0 yes  
 	 1 no  

128. Infraorbital canal follows premaxillary suture  
	 	  (Zhu and Ahlberg (2004): Character 69) 

 	 0 no  
 	 1 yes  

129. Postotic sensory canal  
	 	  (Zhu and Ahlberg (2004): Character 66) 

 	 0 runs through skull roof  
 	 1 follows edge of skull roof  

130. Postorbital junction of supraorbital and infraorbital canals  
	 	  (Zhu and Ahlberg (2004): Character 67) 

 	 0 absent  
 	 1 present  

131. Mandibular sensory canal  
	 	  (Ahlberg et al. (2008): Character 57) 

 	 0 prsesnt  
 	 1 absent  

132. Mandibular canal exposure  
	 	  (Ahlberg et al. (2008): Character 58) 

 	 0 entirely enclosed, opens through lines of pores  
 	 1 mostly enclosed, short sections of open grooves  
 	 2 mostly open, short sections with lines of pores  
 	 3 entirely open  

133. Mandible: oral sulcus/surangular pit line  
	 	  (Ahlberg et al. (2008): Character 59) 

 	 0 present  
 	 1 absent  



134. Foramina (similar to infradentary foramina) on cheekplate  
	 	  (Zhu and Ahlberg (2004): Character 63) 

 	 0 absent  
 	 1 present  

135. Submandibulars and gulars  
	 	  (Daeschler et al. (2006): Character 80) 

 	 0 present  
 	 1 absent  

136. Large median gular  
	 	  (Modified from Daeschler et al. (2006): Character 81) 

 	 0 absent  
 	 1 present  

137. Preopercular  
	 	  (Daeschler et al. (2006): Character 88) 

 	 0 large  
 	 1 small  

138. Preopercular  
	 	  (Ahlberg et al. (2008): Character 18) 

 	 0 present  
 	 1 absent  

139. Opercular  
	 	  (Ahlberg et al. (2008): Character 14) 

 	 0 present  
 	 1 absent  

140. Spiracular notch  
	 	  (Daeschler et al. (2006): Character 87) 

 	 0 absent  
 	 1 small opening  
 	 2 narrow groove  
 	 3 wide notch  

141. Anterior margin of median extrascapular  
	 	  (Zhu and Ahlberg (2004): Character 65) 

 	 0 long  
 	 1 very short  



142. Extrascapular bones  
	 	  (Zhu and Ahlberg (2004): Character 64) 

 	 0 median overlaps laterals  
 	 1 laterals overlap median  

143. Extrascapular bones  
	 	  (Daeschler et al. (2006): Character 77) 

 	 0 present  
 	 1 absent  

144. Posttemporal  
	 	  (Ahlberg et al. (2008): Character 109) 

 	 0 present  
 	 1 absent  

145. Supracleithrum  
 	 0 present  
 	 1 absent  

146. Anocleithrum  
	 	  (Zhu and Ahlberg (2004): Character 85) 

 	 0 exposed  
 	 1 subdermal  

147. Anocleithrum  
	 	  (Ahlberg et al. (2008): Character 99) 

 	 0 oblong with distinct anterior overlap area  
 	 1 drop-shaped with no anterior overlap area  
 	 2 absent  

148. Orientation of cleithrum  
	 	  (Daeschler et al. (2006): Character 105) 

 	 0 vertically oriented: tilted less than 10 degrees caudally  
 	 1 angulated:  tilted over 10 degrees caudally  

149. Cleithrum, postbranchial lamina  
	 	  (Ahlberg et al. (2008): Character 101) 

 	 0 present  
 	 1 absent  

150. Contact margin for clavicle on cleithrum  



	 	  (Zhu and Ahlberg (2004): Character 84) 

 	 0 straight or faintly convex  
 	 1 strongly concave  

151. Scapulocoracoid  
	 	  (Ahlberg et al. (2008): Character 115) 

 	 0 small and tripodal  
 	 1 large plate pierced by large coracoid foramen  
 	 2 very large plate without large coracoid foramen  

152. Coracoid plate  
	 	  (Daeschler et al. (2006): Character 103) 

 	 0 absent  
 	 1 present and extends ventromedially  

153. Scapular blade  
	 	  (Ahlberg et al. (2008): Character 114) 

 	 0 absent  
 	 1 small with narrow top  
 	 2 large with broad top  

154. Shoulder joint polarity  
	 	  (Zhu and Ahlberg (2004): Character 87) 

 	 0 caput humeri concave  
 	 1 caput humeri convex  

155. Glenoid position  
	 	  (Daeschler et al. (2006): Character 104) 

 	 0 elevated from plane formed by clavicles  
 	 1 offset ventrally to lie at same level as clavicular plane  

156. Glenoid orientation  
	 	  (Daeschler et al. (2006): Character 110) 

 	 0 posterior orientation  
 	 1 lateral component to glenoid orientation  

157. Glenoid proportions  
	 	 Measured in plane with glenoid orientation. Height at maximum extent divided by 
maximum length: Medoevia = 0.60; Eusthenopteron = 0.60; Tinirau = 0.42; Panderichthys = 0.48; 
Tiktaalik = scored as ?; Acanthostega = 0.45; Ichthyostega = 0.44; Greererpeton = 0.44; Proterogyrinus = 
0.40; Eoherpeton = 0.47. 



 	 0 height/width ratio 60% or greater  
 	 1 height/width ratio 40-50%  

158. Interclavicle  
	 	  (Ahlberg et al. (2008): Character 106) 

 	 0 small and concealed (unornamented) or absent  
 	 1 large and exposed (ornamented)  

159. Interclavicle shape  
	 	  (Ahlberg et al. (2008): Character 107) 

 	 0 ovoid  
 	 1 kite-shaped  
 	 2 with posterior stalk  

160. Archipterygial pectoral fin  
	 	  (Zhu and Ahlberg (2004): Character 86) 

 	 0 no  
 	 1 yes  

161. Humerus  
	 	  (Ahlberg et al. (2008): Character 103) 

 	 0 narrow tapering entepicondyle  
 	 1 square or parallelogram-shaped entepicondyle  

162. Body of humerus  
	 	  (Zhu and Ahlberg (2004): Character 89) 

 	 0 cylindrical  
 	 1 flattened rectangular  

163. Deltoid and supinator process on humerus  
	 	  (Zhu and Ahlberg (2004): Character 90) 

 	 0 absent  
 	 1 present  

164. Anterior termination of ventral ridge  
	 	  (Daeschler et al. (2006): Character 96) 

 	 0 adjacent to the caput humeri  
 	 1 offset distally toward the proximodistal mid-region of anterior margin of humerus  

165. Ectepicondylar process  
	 	  (Daeschler et al. (2006): Character 100) 



 	 0 terminates proximal to epipodial facets  
 	 1 extends distal to epipodial facets  

166. Radius and ulna  
	 	  (Ahlberg et al. (2008): Character 110) 

 	 0 radius much longer than ulna  
 	 1 approximately equal length  

167. Radial facet  
	 	  (Daeschler et al. (2006): Character 98) 

 	 0 faces distally  
 	 1 has some ventrally directed component  

168. Area proximal to radial facet  
	 	  (Daeschler et al. (2006): Character 102) 

 	 0 short, cylindrical leading edge, with no muscle scars  
 	 1 enlarged, sharp leading edge, with areas for muscle attachments  

169. Shape of radius  
	 	  (Daeschler et al. (2006): Character 94) 

 	 0 bladelike  
 	 1 subcylindrical  

170. Radial length  
	 	  (Daeschler et al. (2006): Character 101) 

 	 0 longer than humerus  
 	 1 shorter than humerus  

171. Ulnar facet  
	 	  (Daeschler et al. (2006): Character 99) 

 	 0 faces distally  
 	 1 has some ventrally directed component  

172. Olecranon process on ulna  
	 	  (Daeschler et al. (2006): Character 95) 

 	 0 absent  
 	 1 present  

173. Transverse joint at the level of the ulnare, intermedium and radius  
	 	  (Daeschler et al. (2006): Character 89) 

 	 0 absent  



 	 1 present  

174. Articulations for more than two radials on ulnare  
	 	  (Daeschler et al. (2006): Character 90) 

 	 0 absent  
 	 1 present  

175. Postaxial process on ulnare  
	 	  (Daeschler et al. (2006): Character 91) 

 	 0 absent  
 	 1 present  

176. Branched radials distal to the ulnare  
	 	  (Daeschler et al. (2006): Character 93) 

 	 0 absent  
 	 1 present  

177. Radials  
	 	  (Zhu and Ahlberg (2004): Character 91) 

 	 0 jointed  
 	 1 unjointed  

178. Digits  
	 	  (Ahlberg et al. (2008): Character 102) 

 	 0 absent  
 	 1 present  

179. Lepidotrichia in paired appendages  
	 	  (Ahlberg et al. (2008): Character 108) 

 	 0 present  
 	 1 absent  

180. Basal segments of lepidotrichia elongated  
	 	  (Zhu and Ahlberg (2004): Character 92) 

 	 0 no  
 	 1 yes  

181. Expanded ribs  
	 	  (Daeschler et al. (2006): Character 113) 

 	 0 absent  
 	 1 present  



182. Imbricate ribs  
	 	  (Daeschler et al. (2006): Character 114) 

 	 0 absent  
 	 1 present  

183. Ribs, trunk  
	 	  (Ahlberg et al. (2008): Character 111) 

 	 0 no longer than diameter of intercentrum  
 	 1 longer  

184. Ribs, trunk  
	 	  (Modified from Ahlberg et al. (2008): Character 112) 

 	 0 all straight  
 	 1 at least some ventral component  

185. Ribs, trunk  
	 	  (Ahlberg et al. (2008): Character 113) 

 	 0 all cylindrical  
 	 1 some or all bear flanges from posterior margin which narrow distally  
 	 2 some or all flare distally  

186. Supraneural spines  
	 	  (Zhu and Ahlberg (2004): Character 99) 

 	 0 present  
 	 1 absent  

187. Ilium, iliac canal  
	 	  (Ahlberg et al. (2008): Character 104) 

 	 0 absent  
 	 1 present  

188. Ilium, posterior process  
	 	  (Ahlberg et al. (2008): Character 105) 

 	 0 oriented posterodorsally  
 	 1 oriented approximately horizontally posteriorly  

189. Postaxial process on fibula  
 	 0 present  
 	 1 absent  

190. Postaxial process on fibula, size  



 	 0 large  
 	 1 small  

191. Dorsal and anal fins  
	 	  (Zhu and Ahlberg (2004): Character 93) 

 	 0 present  
 	 1 absent  

192. Posterior radials in posterior dorsal fin  
	 	  (Zhu and Ahlberg (2004): Character 94) 

 	 0 not branched  
 	 1 branched  

193. Caudal fin  
	 	  (Zhu and Ahlberg (2004): Character 95) 

 	 0 heterocercal  
 	 1 diphycercal  

194. Epichordal radials in caudal fin  
	 	  (Zhu and Ahlberg (2004): Character 96) 

 	 0 absent  
 	 1 present  

195. Nature of dermal ornament  
	 	  (Ahlberg et al. (2008): Character 97) 

 	 0 tuberculate  
 	 1 fairly regular pit and ridge  
 	 2 irregular  
 	 3 absent or almost absent  

196. Nature of ornament: "starbursts" of radiating ornament on at least some bones  
	 	  (Ahlberg et al. (2008): Character 98) 

 	 0 no  
 	 1 yes  

197. Cleithral ornamentation  
	 	  (Daeschler et al. (2006): Character 106) 

 	 0 present  
 	 1 absent   

198. Basal scutes  
	 	  (Zhu and Ahlberg (2004): Character 97) 



 	 0 absent  
 	 1 present  

199. Body scale morphology  
	 	  (Zhu and Ahlberg (2004): Character 98). Platycephalichthys scored after Snitting 
	 	 (2008b).
 	 0 rhomboid with internal ridge  
 	 1 round  

200. Squamation  
	 	  (Ahlberg et al. (2008): Character 117) 
 	 0 complete body covering of scales  
 	 1 ventral armour of gastralia  

201. Tooth folding  
	 	  (Zhu and Ahlberg (2004): Character 14) 
 	 0 none  
 	 1 generalized polyplocodont  
 	 2 labyrinthodont  
 	 3 dendrodont  

202. Cosmine  
	 	  (Zhu and Ahlberg (2004): Character 34) 
 	 0 present  
 	 1 absent  

203. Westoll lines  
	 	  (Zhu and Ahlberg (2004): Character 35) 
 	 0 absent  
 	 1 present  

204. Hyomandibula orientation
	 	 (Long et al. (2006): Character 4)
	 0 posteroventral, distally terminating near jaw joint
	 1 almost horizontal orientation, opercular process high up dorsally
	 2 very short, laterally directed

Part B
Taxon-by-character matrix and character optimizations.—The data matrix was subjected to a maximum 
parsimony analysis in the software package PAUP [107] and a Bayesian analysis using the software 
package Mr. Bayes[108,109]. All characters were assigned an equal weight, multistate characters were 
run unordered, and a heuristic search algorithm was used in PAUP to search for the shortest networks—
rooted on Porolepis, Glyptolepis, Powichthys, Youngolepis, Diabolepis, and Dipterus. Bremer decay 
indices were calculated using PAUP[107] and TNT[110,111], and Bayesian posterior probabilities were 
calculated with Mr. Bayes following an analysis that included 500,000 mcmc generations, sampling every 
1,000 generations, and with 20 samples discarded as burnin. Character evolution was examined in 
MacClade[112], which was also used to produce the character state distributions below. Eusthenopteron  
is scored as E. foordi and Platycephalichthys scored as P. bischoffi.



A = 0 & 1; B = 0 & 2 
	 	 	 1	 	 1	 	 2	 	 3	 	 4
	 	 	 	 	 1	 	 1	 	 1	 	 1
Acanthostega	 	 100-?!00002!0111?!02110!10010!10100!10100!10011!00-21!11001
Balanerpeton	 	 10?-?!?0002!01???!-?1-0!00110!21221!20100!11-11!2??22!02202
Baphetes	 	 10?-?!?0002!0111?!?111?!?0??0!0????!?????!1????!?????!?????
Barameda	 	 00???!?1???!?????!?????!?0000!10???!?????!?????!?????!?????
Beelarongia	 	 ?0???!?????!?????!?????!?0???!?0???!?????!?????!?????!?????
Cabonnichthys 	 	 ?0???!?1?02!0????!1????!?0000!101??!??0-1!00000!??-10!0???0
Canowindra	 	 ?0???!?????!?????!?????!?0???!?0???!?????!?????!?????!?????
Cladarosymblema	 00000!01102!00000!01010!00000!10100!00000!00000!?0-00!00000
Crassigyrinus 	 	 ?0???!?0002!0????!?2110!00110!?1100!10111!11-10!0???2!?1202
Dendrerpeton	 	 10?-?!?0002!0111?!?????!?011?!?1?11!11???!?1-?1!?11??!??212
Diabolepis 	 	 01???!?0?0?!10?0?!?---?!?1?-?!0-?--!?????!-????!?????!?????
Dipterus 	 	 010??!?00?0!10???!?---?!?1?-?!0-0--!?????!-????!?????!??0??
Ectosteorhachis 		 00???!01102!?0??0!01010!00?00!10100!??000!00000!?0-00!00000
Elginerpeton	 	 ?????!?????!?????!?2111!10?00!10?00!001??!10000!0???1!11001
Elpistostege	 	 ?0???!?????!?????!?????!?????!?0???!?????!?????!?????!?????
Eoherepton	 	 10?-?!?0002!01?1?!?????!??01?!?1111!10100!11011!0??22!01?12
Eusthenodon 	 	 ?????!?????!0????!1??1?!?0?00!101??!???-1!0?00?!???10!0????
Eusthenopteron		 00000!11102!00001!11010!00000!00100!000-1!00000!00-10!00000
Glyptolepis 	 	 00101!11101!00???!20-00!00001!00?00!??000!00000!???00!00000
Glyptopomus 	 	 ?????!?1???!?????!?????!?00??!?????!?????!?????!?????!?????
Gogonasus 	 	 00000!01102!00000!01010!00000!00000!00000!000A0!???01!?0000
Gooloogongia	 	 ?0???!?1???!?????!01010!00000!1????!??0??!0???0!?????!?????
Greererepton	 	 10?-?!?0002!0111?!?2110!00110!21100!111??!11111!01122!11202
Gyroptychius 	 	 ?0???!01102!0??02!01010!00000!?0???!???00!00000!?0-00!?0?0?
Ichthyostega	 	 10?-?!?0002!01?1?!02110!10210!10100!00100!10111!00-21!11102
Jarvikina	 	 ???0?!11102!00??1!1????!?0?00!001??!???-1!0????!?001?!0????
Kenichthys 	 	 000??!?1?02!10???!01010!00000!00000!??000!010A0!?0-00!000??
Koharalepis	 	 ?0???!?????!?????!?????!?000?!?0???!?????!?????!?????!?????
Mandageria	 	 00???!11102!???02!?????!?0000!101??!?????!0?00?!?????!0????
Marsdenichthys 		 ?????!?????!?????!?????!?0??0!00???!???00!0?0??!?????!?????
Medoevia	 	 00000!01102!00000!01010!000?0!0?100!00000!00000!00-00!00000
Megalichthys 	 	 00???!?1102!00000!01010!00000!10100!??000!00000!?0-00!0000?
Osteolepis	 	 00???!01102!00000!01010!00000!00?00!??0??!0????!?????!?????
Panderichthys 	 	 00010!01102!00000!01010!00000!10100!000-1!00000!00-01!00100
Pederpes 	 	 ?0???!?0??2!01?1?!?????!?????!?????!?????!?????!?????!?????
Platycephalichthys 	 0??1?!?1???!?0???!01010!000?0!10???!000?1!00??0!00-01!000?0
Porolepis 	 	 ?0101!11101!10?0?!20-00!00001!000??!???00!?0000!???00!00000
Powichthys	 	 011?1!?1111!10?0?!20-0?!?0?01!0?0??!???00!??0??!???00!0?0??
Proterogyrinus 	 	 10?-?!?0002!01???!??110!00010!?1111!111??!11-11!???22!??212
Silvanerpeton	 	 ?0???!?0002!01???!?????!?0010!?1??1!101?0!11-1?!0??22!????2
Spodichthys 	 	 00???!11102!00001!1??1?!?0000!00100!00010!00??0!00-00!0000?
Tiktaalik		 	 000-?!01102!00?00!0?010!00000!101?0!?00-1!00100!00-21!00100
Tinirau	 	 	 0000?!?1102!00001!?????!?0000!10000!???-1!00000!00-01!00000
Tristichopterus 	 	 ?0???!1110?!?0?01!1???0!00000!00?00!??010!00000!?0-00!?0???
Ventastega	 	 10?-1!?0?02!?101?!?2011!100?0!10100!001-1!00111!00-21!11101
Whatcheeria	 	 ?????!?0002!01?1?!?2110!00210!20100!00100!10111!01021!11101
Youngolepis 	 	 01001!10010!10001!20-00!00?01!00000!??000!010A0!?0-00!00000



	 	 	 5	 	 6	 	 7	 	 8	 	 9
	 	 	 1	 	 1	 	 1	 	 1	 	 1
Acanthostega	 	 00200!10100!00202!01011!00010!00012!00101!21011!11011!11000
Balanerpeton	 	 01001!?0101!11200!0?110!10022!11110!1?121!20-12!00001!1100-
Baphetes	 	 ??000!?0101!11202!0?111!00020!11110!1?111!20-11!00001!1100-
Barameda	 	 ??10?!??1??!????0!????0!?0???!?????!?0100!00?1?!00000!?000?
Beelarongia	 	 ???0?!?????!?????!?????!?????!?????!?0???!10?1?!00?0?!001?0
Cabonnichthys 	 	 0?100!10100!00221!010?0!00000!00?01!00000!10010!00000!00100
Canowindra	 	 ???0?!?????!?????!?????!?????!?????!?00??!?0?1?!00000!00100
Cladarosymblema	 00100!01100!00100!010?0!?0000!?????!?0010!10010!00000!00000
Crassigyrinus 	 	 ?0001!?0100!10202!0?1?1!00010!11003!00111!21?12!00001!1100-
Dendrerpeton	 	 0?00?!?0011!11200!??110!10022!1111?!10111!20-1?!00001!1100-
Diabolepis 	 	 ?00?-!?00--!-1000!000?0!01?0?!-??-?!-?0??!?000-!1????!?0???
Dipterus 	 	 ?0?--!?0?--!--20-!0?011!01?-?!-??-?!-00??!0000-!10?00!10000
Ectosteorhachis 		 00100!011?0!00100!010?0!?0?0?!?????!??010!10010!00000!0000?
Elginerpeton	 	 ??0??!?????!?????!?????!?????!?0???!?????!???1?!1????!?????
Elpistostege	 	 ??000!?????!?????!0????!?????!?????!?1000!00???!?0011!0101?
Eoherepton	 	 1201?!?????!?????!1?11?!101?0!110?0!10121!21-1?!01011!1100-
Eusthenodon 	 	 ?0100!10100!00221!???10!00?0?!000??!00000!10?10!00100!00100
Eusthenopteron		 00000!00100!00221!01010!00000!00001!00000!10010!00000!00000
Glyptolepis 	 	 00000!10100!00000!00000!00000!10010!00000!0020-!00000!00000
Glyptopomus 	 	 ??00?!00100!??2??!???10!0??00!???1?!??000!10?1?!00000!00000
Gogonasus 	 	 00000!001?0!00200!01000!00000!00010!00000!10010!00000!00000
Gooloogongia	 	 ???0?!0????!?????!?????!?0???!?????!?0100!00?1?!00001!00000
Greererepton	 	 02200!???11!10??2!0?111!00011!1101?!00121!21?11!10001!1100-
Gyroptychius 	 	 00000!00100!00100!010?0!?0000!000?0!00000!10010!00000!00010
Ichthyostega	 	 00201!10100!10202!01011!00100!1101B!0010?!20012!11011!11000
Jarvikina	 	 ?00?0!?010?!??221!?1??0!?0???!?????!??000!1001?!00000!000?0
Kenichthys 	 	 00000!0????!????0!010??!?0?0?!?00?0!00?00!?000-!00000!00001
Koharalepis	 	 ???0?!0?10?!?????!???10!?????!?????!?00??!?0?1?!00000!00100
Mandageria	 	 ??100!10100!00221!01010!00000!00001!00000!10010!00100!00110
Marsdenichthys 		 ???0?!1010?!???0?!010?0!?00?0!0??0?!?0000!10?1?!00000!00?00
Medoevia	 	 00100!00100!00100!01000!00000!00010!00???!?0?10!00000!00000
Megalichthys 	 	 00100!011?0!00100!01000!?0000!?00?0!00010!10010!00000!00000
Osteolepis	 	 00000!0????!?????!010?0!00000!000?0!00000!10?10!00000!00000
Panderichthys 	 	 00000!10100!00211!01010!00000!00010!01000!00010!10000!110A0
Pederpes 	 	 ???00!?????!????2!0???1!?00?0!11113!0???1!?????!?0001!11000
Platycephalichthys 	 0010?!101?0!002?1!?????!???00!?????!??000!10?10!00?00!0???1
Porolepis 	 	 00000!101??!??000!00000!00000!????0!?00??!0020-!00000!00000
Powichthys	 	 ?00?0!?0??0!00002!0000?!?0000!0????!??0??!0020-!0?0??!?0???
Proterogyrinus 	 	 12010!??0??!????2!1?111!100?0!11000!10121!20-1?!1?001!1100-
Silvanerpeton	 	 02010!??001!11??2!0?111!10020!1??0?!?0121!20-1?!00001!1100-
Spodichthys 	 	 00?0?!00???!??22?!???10!000?0!0???0!?????!1??1?!0????!?0???
Tiktaalik		 	 00000!1010?!0?211!01010!00000!00010!00?00!?001?!10011!11010
Tinirau	 	 	 00000!10100!00221!01010!00000!00010!000--!10?10!00000!00??1
Tristichopterus 	 	 00000!0?100!00221!0?0?0!?0???!0????!?0???!10?10!00000!00000
Ventastega	 	 00200!1?100!?0???!0?0?1!00000!010??!?01?1!21??1!?1011!11000
Whatcheeria	 	 0020?!???01!10??2!??1?1!000?0!11000!00121!20?11!?1011!11000
Youngolepis 	 	 00000!001?-!-1000!000?0!?0?0?!001?0!0?0??!?010-!0?000!000?1



	 	 	 1	 	 1	 	 1	 	 1	 	 1
	 	 	 0	 	 1	 	 2	 	 3	 	 4
	 	 	 1	 	 1	 	 1	 	 1	 	 1
Acanthostega	 	 00230!11100!-0100!1-110!0021-!-0000!01101!01013!--111!01101
Balanerpeton	 	 00220!11000!00100!1-010!0021-!-????!1-101!0-113!--111!-2?1?
Baphetes	 	 00230!11100!00100!1-010!0011-!-0000!03?01!0-113!--111!-2?1?
Barameda	 	 ??000!00000!00000!00001!00000!10001!?????!???0?!110??!????0
Beelarongia	 	 00000!???00!00000!00000!11000!???0?!???0?!?0001!110??!??000
Cabonnichthys 	 	 00110!00001!00000!11000!00101!0000?!???00!00001!01000!00001
Canowindra	 	 00100!???00!00000!10?00!11000!???0?!??00?!?000?!110??!000??
Cladarosymblema	 00010!00000!00011!--000!00000!00001!00000!00001!01000!00000
Crassigyrinus 	 	 00230!11100!00100!1-010!0021-!-0000!03101!0-113!--111!-201?
Dendrerpeton	 	 00230!11000!00100!1-010!0021-!-????!1-101!0-113!--111!-211?
Diabolepis 	 	 ??001!????0!01011!0-?10!000??!?1110!?????!?????!?????!?????
Dipterus 	 	 0??11!0?000!01011!?-?10!0011-!-??01!00?0?!???00!00000!10001
Ectosteorhachis 		 0?010!????0!00011!--000!00???!?0001!00???!?????!010??!?????
Elginerpeton	 	 ????0!?????!?????!?????!?????!?????!000??!?????!?????!???1?
Elpistostege	 	 ??23?!10110!??1??!1-1?0!0?21-!-????!00??0!1????!?????!?????
Eoherepton	 	 00230!01?00!00100!1-010!0021-!-????!1-101!0-11?!?????!?????
Eusthenodon 	 	 00110!00001!10000!11000!00101!0000?!???00!0000?!01000!0000?
Eusthenopteron		 00110!00000!00000!00000!00101!00001!00000!00001!01000!00001
Glyptolepis 	 	 11000!???00!??011!0-000!1-000!00101!00000!00000!00000!10000
Glyptopomus 	 	 00100!00000!00000!00000!00000!0??0?!0???0!00001!0100?!????1
Gogonasus 	 	 00100!00000!00000!0-000!00000!00001!00000!00002!01000!000?0
Gooloogongia	 	 00100!00000!00000!00001!00000!1000?!???00!00000!11000!100??
Greererepton	 	 00220!10110!-0100!1-?10!0011-!-0000!01101!0-11?!-?111!-210?
Gyroptychius 	 	 00100!0??00!00000!10000!00000!00001!00000!00001!01000!00001
Ichthyostega	 	 00230!11100!-0100!0-110!0021-!-0000!02101!01013!--111!-2101
Jarvikina	 	 00110!????1!00000!10?00!001??!???0?!???0?!?????!010??!?????
Kenichthys 	 	 00000!???00!?0?10!0-?00!00000!01101!00?1?!?????!010??!????0
Koharalepis	 	 00000!0?000!00000!10000!11000!???01!00000!00001!11000!??0??
Mandageria	 	 00110!00001!10000!11000!01101!?000?!???00!0000?!11000!00001
Marsdenichthys 		 00110!????0!00000!00000!10000!0????!????0!?0002!11000!??0??
Medoevia	 	 00010!0?110!00000!00000!01000!?????!????0!00001!01000!0?000
Megalichthys 	 	 00??0!???00!00011!--000!000??!?0001!???00!00001!010??!000?0
Osteolepis	 	 00110!0?000!00000!00000!00000!00001!0000?!?0001!01000!00000
Panderichthys 	 	 00220!00010!00100!1-010!0011-!-0001!00000!1?002!01000!00101
Pederpes 	 	 00??0!01?0?!??1??!??0??!?011-!-????!???0?!?1013!--111!-211?
Platycephalichthys 	 ??1?0!00???!??000!--0??!?????!?0?0?!0?0??!?00??!?????!?????
Porolepis 	 	 11000!????0!?1011!0-000!1-100!00101!00000!00001!00000!10000
Powichthys	 	 ?1000!????0!01010!10010!001??!?1101!?????!?????!00000!????0
Proterogyrinus 	 	 00230!11000!00100!0-010!0021-!-????!1-101!0-113!--111!-201?
Silvanerpeton	 	 00230!01000!00100!0-010!0021-!-????!1-101!0-113!--111!-201?
Spodichthys 	 	 ??100!???0?!00000!00000!00100!00?0?!0?000!???0?!??0??!??001
Tiktaalik		 	 00230!1?1?0!-0100!0-?10!0011-!-??00!00000!10013!--110!00101
Tinirau	 	 	 00100!0000?!?0000!1-000!00100!00001!00000!00001!0?0??!??001
Tristichopterus 	 	 00110!00000!00000!0-000!00101!???0?!?0?00!00001!010??!00001
Ventastega	 	 00230!1??00!001??!1-010!0?11-!?0???!0000?!??013!-?111!01?11
Whatcheeria	 	 00230!???00!00100!0-010!0011-!-????!01001!01013!--111!-2?0?
Youngolepis 	 	 00000!?????!?1?11!0-010!001??!?1110!???1?!?????!?????!????0



	 	 	 1	 	 1	 	 1	 	 1	 	 1
	 	 	 5	 	 6	 	 7	 	 8	 	 9
	 	 	 1	 	 1	 	 1	 	 1	 	 1
Acanthostega	 	 21011!11110!11111!00111!00???!0011-!10102!1001-!1-111!11-01
Balanerpeton	 	 21?11!1?110!111??!11111!110?0!0011-!10102!1001-!1-??1!11-?1
Baphetes	 	 ???11!1???0!11110!11111!11???!?????!?????!?001-!????1!11?01
Barameda	 	 ???1?!????0!0010?!00001!00010!?0001!?????!?????!????0!0??1?
Beelarongia	 	 ?????!?????!001??!?????!?????!???00!?????!?????!????0!00?0?
Cabonnichthys 	 	 ???1?!????0!0010?!00000!00001!01000!?????!?????!0?100!00110
Canowindra	 	 ?????!?????!?????!?????!?????!?????!?????!?????!0?0?0!0?01?
Cladarosymblema	 ??010!0????!?????!?????!?????!???00!?????!?????!????3!00?00
Crassigyrinus 	 	 ???1?!??110!11111!11111!11???!0011-!10110!1??1-!1-??2!11-?1
Dendrerpeton	 	 21211!1?110!1111?!11111!11000!0011-!10110!1001-!1-??1!11-?1
Diabolepis 	 	 ?????!?????!?????!?????!?????!?????!?????!?????!????3!0????
Dipterus 	 	 ???0?!????1!?????!?????!?????!?0001!00100!0????!010?3!000?0
Ectosteorhachis 		 ?????!?????!?????!?????!?????!???00!?????!?????!????3!0??0?
Elginerpeton	 	 ??01?!?????!111??!?????!?????!?????!?????!?11??!????1!11???
Elpistostege	 	 ?????!?????!?????!?????!?????!?????!?????!?????!????0!?????
Eoherepton	 	 21211!11??0!111-0!1111?!1????!?????!10110!1001-!1-??1!0?-??
Eusthenodon 	 	 ?????!?????!?????!?????!?????!?????!?????!?????!0???0!00?10
Eusthenopteron		 00010!00000!00100!00000!00001!01000!00000!10-00!00100!00110
Glyptolepis 	 	 00000!0?0?1!000??!?????!?????!?0001!00000!0????!01003!00010
Glyptopomus 	 	 ?????!?????!?????!?????!?????!???00!?????!?????!0?100!0?000
Gogonasus 	 	 ???1?!????0!01100!00000!000?1!01000!?????!?????!????3!00?0?
Gooloogongia	 	 ?0???!??0?0!?????!00000!00010!???01!00???!???00!000?0!00010
Greererepton	 	 21111!11110!11111!11111!11???!0011-!10111!1001-!1-??1!11-01
Gyroptychius 	 	 ?????!?????!?????!?????!?????!???00!00000!1????!0?103!00100
Ichthyostega	 	 21010!11120!11111!11111!11???!0011-!11111!1111-!1-111!11-??
Jarvikina	 	 ?????!?????!?????!?????!?????!?????!?????!?????!????0!0??1?
Kenichthys 	 	 ?????!?????!?????!?????!?????!?????!?????!?????!????3!0?10?
Koharalepis	 	 ?????!?????!?????!?????!?????!???00!?????!?????!????0!00?0?
Mandageria	 	 ???1?!????0!001?0!00000!00001!01000!?????!?????!00100!00010
Marsdenichthys 		 ?????!?????!?????!?????!?????!?????!?????!?????!0???0!00?10
Medoevia	 	 00010!0000?!00100!?0???!?????!?????!?????!?????!0???3!00100
Megalichthys 	 	 00010!0?0?0!00100!00000!00001!01000!-----!1????!00003!00100
Osteolepis	 	 ?????!????0!?????!?????!?????!???00!-----!1????!00003!00100
Panderichthys 	 	 11011!110?0!01100!00100!00000!0?000!00101!1??01!1-1?0!00-00
Pederpes 	 	 21111!1?120!1111?!11111!11???!?011-!11111!1011-!1-??1!11-?1
Platycephalichthys 	 00???!0????!?????!?????!?????!?????!?????!?????!????0!0??0?
Porolepis 	 	 ?????!?????!?????!?????!?????!?????!?????!?????!??0?3!00?00
Powichthys	 	 ?????!?????!?????!?????!?????!?????!?????!?????!????3!0??0?
Proterogyrinus 	 	 21211!11110!11110!11111!11???!0011-!10110!1001-!1-??1!11-01
Silvanerpeton	 	 21211!1?120!111??!11111!11???!0011-!10110!1011-!1-??1!11-?1
Spodichthys 	 	 000??!?????!?????!?????!?????!?????!?????!?????!????0!00???
Tiktaalik		 	 11011!1?0?0!01101!01101!00110!10001!11?01!?0-??!1-??0!00-00
Tinirau	 	 	 00?10!01??0!?????!0??0?!??001!01000!00000!10-01!0?000!00?10
Tristichopterus 	 	 ???1?!????0!00100!00000!00001!01000!?????!1????!00000!00110
Ventastega	 	 210??!??110!?????!?????!?????!?????!?????!?00??!????1!11???
Whatcheeria	 	 2121?!??120!111?1!?11??!1????!?????!11111!101??!1-??3!11-??
Youngolepis 	 	 000?0!0????!?????!?????!?????!?????!?????!?????!????3!0??0?



	 	 	 2
	 	 	 0
	 	 	 1
Acanthostega	 	 2102
Balanerpeton	 	 2102
Baphetes	 	 210?
Barameda	 	 ?1??
Beelarongia	 	 ?00?
Cabonnichthys 	 	 110?
Canowindra	 	 ?1??
Cladarosymblema	 100?
Crassigyrinus 	 	 210?
Dendrerpeton	 	 ?10?
Diabolepis 	 	 ?01?
Dipterus 	 	 ?01?
Ectosteorhachis 		 ?00?
Elginerpeton	 	 ????
Elpistostege	 	 ????
Eoherepton	 	 ?10?
Eusthenodon 	 	 110?
Eusthenopteron		 1100
Glyptolepis 	 	 31?0
Glyptopomus 	 	 ?10?
Gogonasus 	 	 1001
Gooloogongia	 	 ?1??
Greererepton	 	 2102
Gyroptychius 	 	 1000
Ichthyostega	 	 2102
Jarvikina	 	 11??
Kenichthys 	 	 100?
Koharalepis	 	 100?
Mandageria	 	 110?
Marsdenichthys 		 ?1??
Medoevia	 	 ?001
Megalichthys 	 	 100?
Osteolepis	 	 100?
Panderichthys 	 	 210-
Pederpes 	 	 ?10?
Platycephalichthys 	 ?1??
Porolepis 	 	 3000
Powichthys	 	 100?
Proterogyrinus 	 	 210?
Silvanerpeton	 	 ?10?
Spodichthys 	 	 ????
Tiktaalik		 	 2102
Tinirau	 	 	 ?100
Tristichopterus 	 	 ?10?
Ventastega	 	 ????
Whatcheeria	 	 ?10?
Youngolepis 	 	 100?



Character Optimizations

Rhizodonts + other tetrapodomorphs:
· 89, 0à1 =  one pair of external nostrils
· 114, 1à0 = parietals surround a parietal foramen/eminance
· 127, 1à0 = premaxilla is canal bearing
· 128, 1à0 = infraorbital canal does not follow the premaxillary suture
· 195, 3à0 = tuberculate ornament
· 199, 0à1 = round body scales
· 202, 0à1 = loss of cosmine

Rhizodonts:
· 26, 0à1 = 1 pair of dentary fangs
· 83, 0à1 = 1 or 2 nasal bones
· 120, 0à1 = postparietals narrow to a point posteriorly
· 126, 0à1 = contact between postspiracular and supratemporal

‘Osteolepiforms’ + elpistostegalians:
· 86, 0à1 = median postrostral present
· 140, 0à1 = small opening to spiracular notch
· 146, 1à0 = exposed anocleithrum
· 180, 1à0 = basial lepidotrichial segments not elongate

Canowindrids:
· 121, 0à1 = PP shield extremely wide posteriorly

Canowindrids (minus Marsdenichthys):
· 122, 0à1 = supratemporal fused with postparietals

Canowindrids (Koharalepis + Beelarongia only):
· 103, 1à0 = width of ethmoid ≥80%
· 199, 1à0 = rhomboid body scales
· 202, 1à0 = cosmine present

Megalichthyiforms + eotetrapodiforms:
· 198, 0à1 = basal scutes present

Megalichthyiforms:
· 15, 1à0 = dorsal directly above ventral hyomandibular facet
· 69, 1à0 = anterior end of entopterygoid level with processus ascendens
· 195, 0à3 = ornament absent or almost absent
· 199, 1à0 = rhomboid body scales
· 202, 1à0 = cosmine present
· 204, 0à1 = hyomandibulae orientation almost horizontal, opercular process high up dorsally

Megalichthyiforms (minus Gogonasus):
· 63, 2à1 = anteromedial process of vomer present

Megalichthyiforms (minus Gyroptychius):
· 104, 0à1 = 33-40% of skull roof lies anterior to orbits

Osteolepidids (Medoevia + megalichthyids):
· 53, 0à1 = enlarged premaxillary tooth
· 103, 1à0 = width of ethmoid ≥80%

Megalichthyiforms (megalichthyids only)
· 26, 0à1 = 1 pair of dentary fangs
· 57, 0à1 = vomers much broader than long
· 114, 0à1 = parietals do not surround the pineal foramen



· 115, 0à1 = pineal foramen absent
Eotetrapodiforms:

· 64, 0à2 = long posterior processes on vomers
· 65, 0à1 = overlap of vomers and parasphenoid
· 123, 0à1 = posterior margin of tabular level with posterior margin of postparietals
· 150, 0à1 = contact margin for clavicle on cleithrum strongly concave

Tristichopterids:
· 16, 0à1 = parasymphyseal plate short not sutured to coronoid
· 34, 0à1 = Posterior coronoid longer than more anterior coronoids

Tristichopterids (minus Spodichthys):
· 104, 0à1 = 33-40% of skull roof anterior to orbits
· 125, 0à1 = posteriorly displaced PSP

Tristichopterids (Eusthenopteron + remaining tristichopterids):
· 35, 0à1 = posterior coronoid one-third longer than more anterior coronoids
· 44, 0à1 = 2 fang pairs on posteriormost coronoid
· 193, 0à1 = diphycercal caudal fin

Tristichopterids (Jarvikina + remaining tristichopterids):
· 110, 0à1 = posterior orbital process much longer than orbital margin
· 116, 0à1 = pineal foramen well posterior to orbital margin

Tristichopterids (Cabonnichthys + remaining tristichopterids):
· 26, 0à1 = 1 pair of dentary fangs
· 53, 0à1 = enlarged premaxillary tooth
· 98, 0à1 = postorbital excluded from orbital margin
· 117, 0à1 = pineal series kite-shaped

Tristichopterids (Mandageria + Eusthenodon only):
· 93, 0à1 = contact between lacrimal and posterior supraorbital
· 111, 0à1 = no contact between intertemporal and posterior supraorbital

Tinirau + [Platycephalichthys + Elpistostegalia]:
· 26, 0à1 = 1 pair of dentary fangs
· 35, 0à1 = posterior coronoid one-third longer than more anterior coronoids
· 45, 0à1 = organized tooth row on posterior coronoid
· 56, 0à1 = posterodorsal maxillary process weak/absent
· 116, 0à1 = pineal foramen posterior to orbits
· 157, 0à1 = height/width ratio of glenoid fossa, 40-50%
· 190, 0à1 = highly reduced postaxial process on fibula

Platycephalichthys + Elpistostegalia:
· 4, 0à1 = In posterior view, the fenestra ventrolateralis extends dorsal to the ethmoid articulation
· 199, 1à0 = rhomboid scales

Elpistostegalia:
· 48, 0à1 = prearticular contacts angular edge-to-edge
· 86, 1à0 = median postrostral absent
· 91, 0à1 = anterior nostril at edge of mouth
· 96, 0à1 = jugal/quadratojugal contact
· 103, 1à2 = ethmoid proportions ≤35%
· 113, 0à1 = frontals present
· 151, 0à1 = scapulocoracoid, large plate pierced by coracoid foramen
· 152, 0à1 = coracoid plate present
· 156, 0à1 = lateral component to glenoid orientation



Elpistostegalia minus Panderichthys:
· 44, 0à2 = no fang pairs on posterior-most coronoid
· 94, 0à1 = jugal extends anterior to front of orbit
· 95, 0à1 = jugal extends anterior to middle of orbit
· 106, 0à1 = anterior supraorbital 3x longer than broad
· 108, 0à1 = prefrontal much bigger than postfrontal
· 130, 1à0 = no fusion of supra and infraorbital canals
· 139, 0à1 = loss of opercular
· 143, 0à1 = loss of extrascapular bones
· 144, 0à1 = lost of posttemporals
· 165, 0à1 = ectepicondytlar processes extends distal to epipodial facets
· 170, 0à1 = radius is shorter than the humerus
· 181, 0à1 = expanded ribs present
· 204: 0à2 = very short, laterally directed hyomandibulae

Elpistostege + Tiktaalik:
· 99, 0à1 = contact between postorbital and lacrimal

Elginerpeton + remaining elpistostegalians:
· 21, 0à1 = mesial parasymphyseal foramen present
· 33, 0à1 = loss of Meckelian exposure in precoronoid fossa
· 46, 0à1 = forked prearticular
· 47, 0à1 = prearticular sutured to mesial lamina of splenial (i.e., mesial lamina of the splenial 

present)
· 50, 0à1 = well-defined dorsal longitudinal band of shagreen on prearticuular
· 161, 0à1 = square/parallelogram-shaped entepicondyle on humerus
· 195, 0à1 = fairly regular pit and ridge derma ornament
· 196, 0à1 = starbursts radiating on at least some bones
· 197, 0à1 = loss of cleithral ornamentation

Ventastega + remaining elpistostegalians:
· 39, 0à1 = anterior and middle coronoid teeth ≤½ the height of dentary teeth
· 40, 0à1 = anterior coronoid contacts splenial
· 53, 0à2 = posterior teeth ≥2x height of anterior teeth

Acanthostega + remaining elpistostegalians:
· 13, 0à1 = single large foramen in the hypophyseal region of braincase
· 35, 1à0 = posterior coronoid not substantially longer than anterior coronoids
· 132, 0à1 = mandibular line canal mostly enclosed but short sections with open grooves
· 133, 0à1 = no surangular pit line

Ichthyostega + remaining elpistostegalians:
· 23, 0à2 = dentary teeth smaller tan maxillary teeth
· 61, 0à1 = anterior wall of vomer lacks teeth along the ridge
· 76, 0à1 = medial exposure of dermopalatine, in addition to tooth roow
· 147, 1à2 = loss of anocleithrum
· 159, 1à2 = interclavicle with a posterior stalk
· 166, 0à1 = radius and ulna about equal in length
· 171, 0à1 = ulnar facet has some ventrally directed component
· 172, 0à1 = olecranon process present
· 184, 0à1 = at least some ventral component to ribs

Whatcheeria + remaining elpistostegalians:
· 21, 1à0 = no mesial parasymphyseal foramen



· 26, 1à2 = 1 unpaired dentary fang (i.e., no replacement pit)
· 42, 0à1 = posterodorsal process of posterior coronoid
· 60, 0à1 = no row of small teeth on the vomer
· 68, 0à1 = parasphenoid overlaps basioccipital
· 84, 0à2 = loss of anterior tectal

Pederpes + remaining elpistostegalians:
· 92, 1à0 = lacrimal contributes to orbital margin
· 94, 1à0 = jugal does not extend anterior to the anterior orbital margin

Greererpeton + remaining elpistostegalians:
· 138, 0à1 = loss of preoperculum
· 159, 2à1 = kite-shaped interclavicle (i.e., no posterior stalk)
· 182, 1à0 = loss of imbricate ribs
· 188, 1à0 = posterior process on ileum oriented posterodorsally

Crassigyrinus + remaining elpistostegalians:
· 53, 2à0 = all premaxillary teeth all the same size
· 91, 1à0 = facial position of anterior external nostril (not edge of mouth)
· 132, 1à3 = entirely open mandibular line canal
· 185, 1à0 = all ribs cylindrical

Baphetes + remaining elpistostegalians:
· 62, 0à1 = vomerine shagreen field present
· 74, 1à2 = anterior palatal fanestra absent
· 81, 0à1 = no row of 3+ smaller teeth on ectopterygoid
· 165, 1à0 = ectepicondylar process terminates proximal to epipodial facets

Stem-lissamphibians + stem-amniotes + embolomeres:
· 71, 0à1 = convex component to the ectopterygoid/quadratojugal in the subtemporal fossa
· 108, 1à0 = anterior and posterior surpraorbitals of similar size
· 131, 0à1 = loss of mandibular sensory line canal

Stem-lissamphibians (Balanerpeton + Dendrerpeton):
· 65, 2à0 = no contact (via gap – or simple abutment) between vomers and parasphenoid
· 70, 1à0 = entopterygoids do not meet at midline
· 75, 0à2 = interentopterygoid vacuities <2x longer than wide

Stem-amniotes (Sylvanerpeton + embolomeres):
· 23, 1à0 = De teeth same size as Mx teeth
· 54, 0à1 = Mx does not extend behind posterior orbital margin
· 79, 1à0 = ectopterygoid does not reach subtemporal fossa

Embolomeres (Proterogyrinus + Eoherpeton):
· 51, 0à1 = Prearticular with mesially projecting flange on dorsal edge along posterior border of 

adductor fossa
· 66, 0à1 = denticulated field of parasphenoid absent
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