APPENDIX 1. (Continued)


SUPPLEMENT 1. List of characters, organized by body region 

Character states are represented by 0, 1, 2, 3, and 4. All characters are unordered. The dash [-] represents an inapplicable character state. The list of character is from Arratia (2000, 2013) with the addition of seven new characters (Ch. 168–173). Outgroups used to polarize characters include Amia calva, A. pattersoni, Lepisosteus, Obaichthys, and Watsonulus. Characters from other authors are identified below as well as any change done in the presentation of a character. The coding of Catervariolus is based on my interpretation of Taverne’s (2011) publication. 

Neurocranium and skull roof 

1. All skull roof bones fused into a plate: absent [0]; present [1].

2. Postparietal [= parietal] bones: independent [0]; fused to each other [1]; fused with other skull bones [2].
3. Skull roof: no distinct broadening between orbital and postorbital regions [0]; orbital region slightly narrower than postorbital one [1]; narrow orbital region versus a broad postorbital region—about four times broader or more [2].

4. Ratio of preorbital snout length to postorbital head length: less than 1.2 [0]; 1.5 or greater [1] (Grande, 2010).
5. Parietal bones [= frontals of tetrapods] acutely sharp anteriorly and sutured with rostral by a narrow contact: absent [0]; present [1].

6. Roughly rhomboidal rostral bone with well-developed, distinct lateral processes: absent [0]; present [1].

7. Large compound rostrodermethmoid: absent [0]; present [1]. (Interpretation of rostrodermethmoid after Mainwaring, 1978 and Lambers, 1992).

8. Teeth on rostrodermethmoid: uniform in size [0]; combination of large tusk-like tooth and small dentition [1].
9. Independent toothed lateral dermethmoids joined medially and with premaxillaries laterally: absent [0]; present [1]. (Modified from Arratia, 2013.)
10. Autosphenotic with small dermal component: absent [0]; present [1]. (Grande, 2010).
11. Basisphenoid: present [0]; absent [1].

12. Large orbitosphenoid bone: absent [0]; present [1].

13. Supraoccipital bone: absent [0]; present [1]. 

14. Occipital process formed by fusion of intercalar and autopterotic: absent [0]; present [1] (Brito, 1997).
15. Temporal boss (enlargement of temporal-supratemporal region): absent [0]; present [1].

16. Temporal boss: poorly developed, scarcely rising above the surface of the skull roof [0]; well developed, extending above and in front of postparietal region [1]. 

17. Extrascapular bone with a large rollover bony layer at the anterior region of the bone: absent [0]; present [1].

18. Sutures between all cartilage bones in the braincase retained throughout life, rather than being lost ontogenetically: absent [0]; present [1].

19. Interparietal (= interfrontal) suture: smooth [0]; serrated [1]; absent [-].

20. Nasal bones: joined in midline [0]; completely separated from each other by the parietal bones [= frontals of tetrapods] [1].

21. Nasal bone with a large foramen forming the wall of the posterior nostril: absent [0]; present [1].

22. Lateral margin of nasal bone joining medial margin of an elongate antorbital: absent [0]; present [1].

23. Nasal bone forming part of the orbital margin: absent [0]; present [1].

24. Vomer (in adult individuals): paired [0]; unpaired [1].

25. Parasphenoid: with small teeth [0]; toothless [1]; with large teeth [2].

26. Long parasphenoid extending posterior to basioccipital: absent [0]; present [1].

27. Primary bite between parasphenoid and basihyal: absent [0]; present [1].

28. Ossified aortic canal: present [0]; absent [1].

29. Canals for occipital arteries in basioccipital bone: present [0]; absent [1].

30. Spiracular canal: developed [0]; greatly reduced [1]; absent [2].

31. Anterior myodome: present [0]; absent [1].
32. Foramen for glossopharyngeal nerve positioned in exoccipital: absent [0]; present [1].

33. Foramen for vagus nerve placed in posterolateral face of exoccipital alone: absent [0]; present [1].

34. Supraorbital canal with: branched tubules [0]; simple tubules [1].

35. Supraorbital canal and infraorbital canal: join within the parietal [= frontals of tetrapods] bone [0]; within the dermopterotic [1]; within the dermosphenotic [2]; do not join [3].

36. Middle pit-line groove crossing the dermopterotic (or pterotic): present [0]; absent [1].

37. Skull roof bones covered by layer of ganoine densely ornamented with ridges and/or tubercles of ganoine: absent [0]; present [1].

Circumorbital bones

38. Antorbital bone: present [0]; absent [1].

39. Antorbital bone: carrying a bony enclosed portion of the infraorbital sensory canal (= antorbital branch) [0]; antorbital branch absent [1]. 

40. Tube-like canal canal bearing anterior arm of antorbital: absent [0]; present [1]. (Grande, 2010).

41. A long, narrow tube-like infraorbital 1: absent [0]; present [1].

42. Posterior region of infraorbital 3 extending below suborbital bone and reaching anterior margin of preopercle: absent [0]; present [1]; no suborbital or tube-like infraorbital [-].

43. Narrow, long infraorbital (3 plus 4 and 5) forming the ventroposterior part of circumorbital ring: absent [0]; present [1].

44. Fourth infraorbital bone: small [0]; expanded, broad bone [1]; bone is fused with another infraorbital or has some other morphology [-].

45. Fourth and fifth infraorbital bones: separated [0]; fused forming an expanded bone [1]; bones are fused with another infraorbital or have some other morphology [-].

46. More than six small, roughly posterodorsal infraorbital bones: absent [0]; present [1].

47. Suborbital(s): none [0]; one [1]; two or three [2]; many [3].

48. One or two accessory suborbital bones positioned ventrolateral to postorbital region of skull roof: absent [0]; present [1].

49. Supraorbital bones: two or more [0]; one [1]; none [2]. 

50. Sclerotic ring: absence of bones [0]; complete ring of two sclerotic bones oriented anterior and posterior to eye [1]; an incomplete ring of two sclerotic bones oriented anterior and posterior to eye [2].

Jaws

51. Elongated jaws bearing numerous villiform teeth: absent [0]; present [1]. 

52. Premaxillary teeth: placed at an angle of about 90 degrees to the premaxilla [0]; placed obliquely to the premaxilla (posteriorly-directed teeth) [1]. 

53. Ascending process on premaxilla: absent [0]; present [1].

54. Premaxilla forming a rostral tube that projects into the ethmoidal region: absent [0]; present [1]. (Brito, 1997).

55. Mobile premaxilla: absent [0]; present [1].

56. Maxilla: elongate, extending behind orbit [0]; moderately long, extending below the orbit [1]; very short, anterior to orbit [2]. 
57. Posterior margin of maxilla: rounded or straight [0]; notched or concave [1]; acute [2]; irregularly shaped [3].
58. Supramaxillary process on dorsal margin of maxilla: absent [0]; present [1].

59. Supramaxillary bone(s): one [0]; none [1]; two [2].
60. Long supramaxillary bone covering most of dorsal margin of maxilla: absent [0]; present [1].

61. Supramaxillary bone: dorsal to maxilla [0]; posterior to maxilla [1].
62. Quadrate-mandibular articulation: posterior to orbit [0]; below the posterior half of orbit [1]; below anterior half of orbit [2]; anterior to orbit [3]. 
63. Articular bone: not fused with angular and/or retroarticular bones [0]; fused with angular and retroarticular [1]; fused with angular forming an anguloarticular [2].  
64. Postarticular process of lower jaw: poorly developed or not developed [0]; well developed [1].
65. Notch (= "leptolepid" notch) in the ascending margin of dentary: absent [0]; present [1].

66. Coronoid bone(s) in lower jaw: present [0]; absent [1].
67. Surangular bone in lower jaw: present [0]; absent [1].

68. Prearticular bone in lower jaw: present [0]; absent [1].

69. Coronoid process of lower jaw formed by: surangular and dentary [0]; surangular [1]; dentary and angular [2]; no process [3]; only dentary [4].

70. A well-developed, protruding lateral bony ridge extending along the dentary and separating dental and splenial regions: absent [0]; present [1].
71. Toothed predentary in lower jaw: absent [0]; present [1].

72. Predentary: short, less than half the length of the premaxillary tube [0]; almost as long as the premaxillary tube [1].

73. Maxilla heavily ornamented with characteristic longitudinal ridges of ganoine: absent [0]; present [1].

74. Supramaxilla(e) heavily ornamented with characteristic longitudinal or concentric ridges of ganoine: absent [0]; present [1].

Palatoquadrate, hyoid arch, and urohyal

75. Autopalatine bone: present [0]; absent [1]. 

76. Elongation of the suspensorium due to the posteroventral inclination of the hyomandibula: absent [0]; present [1].

77. Hyomandibular bone with a preopercular process at its posterior margin: absent [0]; present [1].

78. Elongated posterodorsal or posteroventral process of quadrate (depending on the angle of the quadrate): absent [0]; present [1].

79. Symplectic: articulates with lower jaw [0]; does not articulate with lower jaw [1].

80. Symplectic: posterior to the posterior margin of quadrate [0]; medial to the posterior margin of quadrate [1].

81. Quadrate and metapterygoid: close together and articulated with each other [0]; distant to each other [1].

82. Two ossified hypohyals: absent [0]; present [1].

83. Urohyal formed as an unpaired tendon bone of the sternohyoideus muscle: absent [0]; present [1].

Opercular bones, branchiostegals, and gular plates

84. Anterior extent of preopercle: not extending below anterior region of orbit [0]; extending below anterior region of orbit [1].

85. Posteroventral region of preopercle: narrow or slightly expanded [0]; broadly expanded in a distinct pattern [1].

86. Preopercular sensory canal with many and long tubules opening on the ventral and posteroventral borders of the preopercle: absent [0]; present [1].

87. Very posterior position of the preopercular sensory canal in a peculiarly shaped preopercle: absent [0]; present [1].

88. Preopercle with a notch at its anteroventral margin and inverted heart-like shape: absent [0]; present [1].

89. Notch at the posteroventral margin of preopercle: absent [0]; present [1].

90. Crescent-shaped preopercle: absent [0]; present [1]. Catervariolus is coded with character state 1.
91. Irregular parallelogram, oval, or kidney-shaped opercular bone: absent [0]; present [1] (Li and Wilson, 1996).

92. Interopercle: present [0]; absent [1].

93. Median gular plate: present [0]; absent [1].

Vertebrae and intermuscular bones 

94. Two vertebral centra fused into occipital condyle in adults: absent [0]; present [1].

95. Opisthoceolous centra with convex anterior articular surface and concave posterior surface: absent [0]; present [1].

96. Each vertebral centrum of the caudal region of adult individuals formed by: chordacentrum [0]; chordacentrum surrounded by autocentrum [1]; chordacentrum surrounded by arcocentra [2]. Following figure 43 in Taverne (2011), Catervariolus is coded with character state 1 because the illustrated vertebrae present a longitudinal crest that is a feature of the autocentrum. When I code this feature with state 0, there is no change in the topology of the tree. 

97. Midcaudal vertebral autocentra: thin and smooth [0]; thick and sculptured [1]; thick and smooth [2]. Character state 2 was added to include the condition present in Ebertichthys n. gen.

98. Walls of mid-caudal centra: without cavities for adipose tissue [0]; with cavities for adipose tissue [1].

99. Notochord strongly constricted by the walls of the centra: absent [0]; present [1].

100. Diplospondyly in mid-caudal region (adults): absent [0]; present [1].

101. Neural spines of caudal vertebrae: paired [0]; unpaired [1].
102. Long epineural process of neural arch in adult individuals: absent [0]; present [1].
103. Epipleural intermuscular bones: absent [0]; present [1]. Catervariolus was interpreted as having epipleurals bones by Arratia (2013). Following Taverne (2011) they are now coded with character state 0. 

104. Epipleural intermuscular bones: few bones in the anterior caudal region [0]; many bones [1].

Pectoral and pelvic girdles, and axillary processes

105. Posttemporal with a small body and distinct, strong, sharp dorsal process to articulate with cranium: absent [0]; present [1].

106. Supracleithrum with main lateral line emerging: at its upper half [0]; at its posteroventral margin [1].

107. Postcleithrum(a): one or two (0); three or more (1); none (2). 

108. Serrated appendages: anterior and posterior toothed elements present on the ventral arm of cleithrum [0]; one long, toothed element covering the whole medial surface of cleithrum [1]; one long, narrow element covering the medial border of cleithrum [2]; absent [3]. 
109. Clavicle articulated to the anteroventral margin of cleithrum: absent [0]; present [1].

110. Four pectoral proximal radials: absent [0]; present [1].

111. Pectoral propterygium fused with first ray: absent [0]; present [1].

112. A compound first pectoral ray fused with basal fulcra; absent [0]; present [1].

113. Pectoral axillary process: absent [0]; present [1].

114. Fringing fulcra associated with the leading margin of the pectoral fin: present [0]; absent [1].

115. Pectoral fin scythe-like: absent [0]; present [1].

116. Pelvic axillary process: absent [0]; present [1].

117. Pelvic axillary process formed by: an elongate bony element [0]; a combination of bony elements and modified scales [1]; modified scales [2].

Dorsal and anal fins

118. Dorsal fin placed posteriorly, closer to caudal fins than to pelvic fins: present [0]; absent [1]. Prohalecites is coded with character state 1 (Arratia, 2015: fig. 1A).
119. Fringing fulcra on leading margin of dorsal fin: present [0]; absent [1].

120. Fringing fulcra on leading margin of anal fin: present [0]; absent [1].

Caudal skeleton

121. Preural vertebrae (excluding preural centrum 1) of adult individuals with haemal arches: autogenous [0]; laterally fused to their respective autocentra [1].
122. Neural spine of preural centrum 2: as long as neural spine of preural centrum 3 [0]; shorter than neural spine of preural centrum 3 [1].
123. Neural spine of preural centrum 1: long, close or extending to the dorsal margin of the body [0]; rudimentary or short [1]; absent [2].
124. Parhypural in adults: autogenous [0]; laterally fused with its centrum [1].

125. Neural spine of ural centrum 1 (diural terminology; adults): absent [0]; present [1]; fused elements [-].
126. Neural arch over first ural centrum (adults): complete [0]; reduced or absent [1]; fused elements [-].

127. Number of ural centra (in adults): more than two [0]; commonly two [1]; no ural centra [2].

128. Cartilaginous "elopomorph" neural arch above ural centra: absent [0]; present [1].
129. Number of epural(s): five or more [0]; three or four [1]; one [2]; none [3].

130. Some of the preural neural arches modified as uroneural-like bones: absent [0]; present [1]. (For information concerning uroneural-like bones, see Arratia and Lambers, 1996; Arratia and Schultze, 2013; Schultze and Arratia, 2013.)

131. Only ural neural arches modified as uroneurals: absent, additional components included [0]; present [1]; uroneurals absent [-].

132. Number of ural neural arches modified as uroneurals: none [0]; seven or more [1]; six [2]; five or four [3]; three or less [4]; uroneurals absent [-].

133. Anterior most uroneurals present as: a group of three or four long separate elements [0]; one or two long, separate uroneural(s) [1]; uroneurals absent [-].

134. All uroneurals: inclined toward the horizontal, one beside the other [0]; at different angles [1]; uroneurals absent [-].

135. Two uroneurals (rather than three or four) extending beyond the second ural centrum (diural terminology): absent [1]; present [2]; another condition, e.g., absence of uroneurals [-]. 

136. Hypural 8: present in adult individuals [0]; absent [1]; another condition, e.g., fusion of elements [-].

137. Hypural 7: present [0]; absent [1]; fusion of elements [-].
138. Hypural 6: present [0]; absent [1]; fusion of elements [-].

139. Hypurals fused into a plate: absent [0]; present [1]. 

140. Bases of hypurals 1 and 2: not joined by cartilage [0]; joined by cartilage (and/or bone) in some growth stages [1]; fusion of elements [-].

141. A diastema between hypurals 2 and 3: absent [0]; present [1]; fusion of elements [-].

142. Arrangement of hypurals and caudal fin rays: each hypural normally articulated with one caudal ray [0]; each hypural normally articulated with a few caudal rays [1]; a hypural plate articulated with many rays [2]. (Modified from Grande and Bemis, 1998).

143. Epaxial caudal basal fulcra: present [0]; absent [1].

144. Hypaxial caudal basal fulcra: present [0]; absent [1].

145. Epaxial basal fulcra or epaxial procurrent rays are in close proximity to: epurals and posterior uroneurals [0]; neural spines, epurals, and posterior uroneurals [1]; absence of structures, e.g., uroneurals [-].

146. Epaxial procurrent rays: absent [0]; present [1].

147. Long and narrow fringing fulcra: absent [0]; present [1].

148. Number of principal caudal rays: fewer than 19 [0]; 27 to 30 [1]; 20 to 26 [2]; 19 [3]; more than 40 rays [4]. 

149. First and last principal caudal rays forming the leading margins of the caudal fin: absent [0]; present [1].

150. Dorsal processes of the bases of the innermost principal caudal rays of dorsal lobe of the caudal fin: absent [0]; present [1].

151. All or some principal caudal rays with Z-like segmentation: absent [0]; present [1].
152. Tendon-bone 'urodermals': none [0]; two [1]; one [2]. (For an explanation on tendon-bone urodermals see Arratia and Schultze, 1992.)

153. One large dorsal scute preceding caudal fin: absent [0]; present [1].

154. Posterior margin of caudal fin convexly rounded: absent [0]; present [1].

155. Caudal fin homocercal (internally): absent [0]; present [1].

Scales

156. Scales: ganoid of lepisosteoid-type [0]; elasmoid of amioid-type [1]; elasmoid of cycloid-type [2].
157. Cycloid scales with circuli crossed by transverse lines in the middle field: absent [0]; present [1]; other type of scale [-].

158. Cycloid scale with crenulate posterior margin: absent [0]; present [1]; other type of scale [-].

159. Ganoid scales with posterior margin: smooth [0]; serrated [1]; other type of scale [-].

160. Ganoid scales with: smooth surface [0]; ornamented surface [1]; other type of scale [-]. 

161. Layer of ganoine on scales densely ornamented with ridges and/or tubercles of ganoine: absent [0]; present [1]; other type of scale [-].
162. Three rows of ganoid mid-flank scales distinctively deeper than long between the postcleithra and midpoint of the body length: absent [0]; present [1]; other type of scale [-].

Miscellaneous characters

163. Narrow separation between olfactory organ and eye: present [0]; absent [1]. 

164. Accessory nasal sacs: absent [0]; present [1].

165. Craniotemporal muscle: absent [0]; present [1]. 

166. Very elongate, needle-like body: absent [0]; present [1].

167. Body: covered with scales [0]; devoid of squamation [1].

168. Heart with two arterial valves (in the conus arteriosus): absent [0]; present [1]. (Müller, 1845).

169. Muscles at the basal arteria (ventral aorta): present [0]; absent [1]. (Müller, 1845).

170. Maxilla with external row of small conical teeth increasing slightly in size posteriorly: absent [0]; present [1].

171. Total number of autocentral vertebrae below 40: absent [0]; present [1].

172. Pseudodiplospondyly in midcaudal vertebral region in young individuals: absent [0]; present [1].

173. First dorsal pterygiophore with three or more anteroventral process, the first one broadly expanded: absent [0]; present [1].
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