Supplement 1. List of characters
Table of 197 characters and coding for the genera Archeomene, Wadeichthys, Oreochima, Zaxilepis and Gurvanichthys studied herein.
The list of 197 characters that follows is based 195 characters from Arratia (2017) and two new characters (196 and 197) derived from this study.
[bookmark: _GoBack]When coding the two new characters, (196,197), the following references were consulted.  Arratia 1997 (Varasichthys, Domeykos, Protoclupea, Ascalabos, Anaethalion, Elops); Arratia 2000 (Siemensichthys microcephalus, Siemensichthys siemensi); Arratia 2010 (Lycoptera); Arratia 2013 (Pholidophorus latiusculus, Annaichthys, Pholidorhynchodon, Parapholidophorus, Pholidoctenus serianus, Pholidophoretes); Arratia 2015 (Leptolepis coryphaenoides); Arratia 2016 (Ebertichthys, Ascalabos); Arratia 2017 (Annaichthys, Pholidoctenus sanpellegrinensis, Pholidoctenus serianus, Prohalecites); Arratia & Schultze 2013 (Orthocormus); Arratia et al. 2019 (Tharsis); Cantalice et al 2019 (Vinctifer); Cawley et al 2018 (Pachycormus); Ebert 2014 (Belonostomus); Gaudant 1978 (Lehmanophorus, Ankylophorus); Grande 2010 (Lepisosteus, Obaichthys); Grande & Bemis 1998 (Amia calva, Amia pattersoni, Eurycormus, Dorsetichthys (=Pholidophorus) bechi); Griffith & Patterson 1963 (Ichthyokentema purbeckensis); Lopez-Arbarello & Schroder 2014 (Aspidorhynchus); Tintori 1990 (Prohalecites); Tintori et al 2015 (Malingichthys); Zambelli 1977 (Pholidoctenus serianus); Zambelli 1980 (Pholidorhynchodon malzanni). 

	Neurocranium and Skull Roof
	Arch.
	Wade.
	Oreo.
	Zaxi.
	Gurvan.

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

	(2) Postparietal [= parietal] bones: independent [0]; fused to each other [1]; fused with other skull bones [2].
	0
	0
	0
	0
	0

	(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].
	1
	0
	1
	1
	1

	(4) Ratio of preorbital snout length to postorbital head length: less than 1.2 [0]; 1.5 or greater [1] (Grande, 2010).
	0
	0
	0
	0
	0

	(5) Parietal bones [= frontal of tetrapods] acutely sharp anteriorly and sutured with rostral by a narrow contact: absent [0]; present [1].
	0
	0
	0
	0
	0

	6. Antero-lateral margin of parietal bone [= frontal]: smooth, without process [0]; with tongue-like process [1]. 
	0
	0
	0
	0
	0

	(7) Independent roughly rhomboidal rostral bone with well-developed, distinct lateral processes: absent [0]; present [1]; not applicable [-]
	0
	0
	0
	0
	0

	(8) (Independent) Rostral bone: without teeth [0]; bearing teeth [1]; non-applicable [-].
	0
	0
	0
	?
	?

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

	(10) Teeth on rostrodermethmoid: uniform in size [0]; combination of large tusk-like tooth and small dentition [1]; not applicable [-].
	-
	-
	-
	-
	-

	(11). Laterodermethmoids: without teeth [0]; bearing teeth [1].
	0
	0
	0
	?
	?

	(12) Premaxillae: joining medially [0]; displaced by toothed laterodermethmoids that join medially [1].
	0
	0
	0
	0
	0

	(13) Autosphenotic with small dermal component: absent [0]; present [1] (Grande, 2010).
	?
	?
	?
	?
	?

	(14) Braincase: including basisphenoid: present [0]; absent [1].
	?
	?
	?
	?
	?

	(15) Orbitosphenoid bone: absent or reduced in size [0]; large, and separating completely both orbital cavities [1].
	0
	0
	0
	?
	?

	(16) Supraoccipital bone: absent [0]; present [1].
	0
	0
	0
	0
	0

	(17) Occipital process formed by fusion of intercalar and autopterotic: absent [0]; present [1] (Brito, 1997).
	?
	?
	?
	?
	?

	(18) Temporal boss (enlargement of temporal-supratemporal region): absent [0]; present [1].
	0
	0
	0
	0
	0

	(19) 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].
	-
	-
	-
	-
	-

	(20) Extrascapula: with smooth, thin anterior margin [0]; with a large rollover bony layer at anterior region of the bone present [1].
	0
	0
	0
	0
	0

	(21) Extrascapula with posterior margin: smooth [0]; serrated [1].
	0
	0
	1
	?
	0

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

	(23) Interparietal [= interfrontal] suture: smooth [0]; serrated or dentated [1]; undulated or wavy in its middle section [2]; no suture [-].
	0
	0
	2
	2
	0

	(24) Nasal bones: joined in midline [0]; completely separated from each other by the parietal bones [= frontals] [1].
	0
	0
	0
	?
	0

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

	(26) Lateral margin of nasal bone: not sutured with antorbital [0]; joined with whole medial margin of antorbital [1].
	0
	0
	0
	?
	?

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

	(28) Nasal bone: broad and moderately large [0]; reduced in size, mainly bearing anterior portion of supraorbital canal [1].
	0
	0
	0
	0
	0

	(29) Vomer (in adult individuals): paired [0]; unpaired or median. [1].
	?
	?
	?
	?
	?

	(30) Parasphenoid: with small teeth [0]; toothless [1]; with large teeth [2].
	0
	?
	0
	?
	?

	(31) Parasphenoid: short, reaching anterior margin of basioccipital [0]; long, extending posterior to basioccipital [1].
	?
	?
	?
	?
	?

	(32) Primary bite between parasphenoid and basihyal: absent [0]; present [1].
	0
	0
	0
	0
	0

	(33) Ossified aortic canal: present [0]; absent [1].
	?
	?
	?
	?
	?

	(34) Canals for occipital arteries in basioccipital bone: present [0]; absent [1].
	?
	?
	?
	?
	?

	(35) Spiracular canal: developed [0]; greatly reduced [1]; absent [2].
	?
	?
	?
	?
	?

	(36) Anterior myodome: present [0]; absent [1].
	?
	?
	?
	?
	?

	(37) Foramen for glossopharyngeal nerve position: in prootic or prootic-exoccipital suture [0]; in exoccipital [1].
	?
	?
	?
	?
	?

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

	(39) Supraorbital canal with: branched tubules [0]; simple tubules [1].
	0
	1
	1
	?
	?

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

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

	(42) Skull roof bones ornamentation: sparsely ornamented and/or lacking layer of ganoine [0]; densely ornamented with ridges and/or tubercles of ganoine [1]; with thin layer of ganoine sparsely ornamented [2].
	0
	2
	2
	?
	?

	Circumorbital Bones
	
	
	
	
	

	(43) Antorbital bone: present [0]; absent [1].
	0
	0
	0
	?
	?

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

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

	(46) Infraorbital 1: moderately broad, oval or rectangular bone [0]; long, narrow tube-like bone [1].
	0
	0
	0
	?
	?

	(47) Posterior region of infraorbital 3: not extending below suborbital bone [0]; extending below suborbital bone reaching anterior margin of preopercle [1]; non-applicable (no suborbital bone [-].
	1
	1
	0
	1
	1

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

	(49) Fourth and fifth infraorbital bones: separated [0]; fused forming an expanded bone [1]; bones are fused with another infraorbital (infraorbital 3) [2]: bone(s) missing [-].
	0
	0
	0
	0
	?

	(50) Infraorbital 4 with: smooth posterior margin [0]; serrated posterior margin [1]. Non applicable, e.g., fusion of bones or absence of bone [-]
	0
	1
	0
	0
	0

	(51) Infraorbital 5: smooth posterior margin [0]; with serrated posterior margin [1]; non-applicable, e.g., fusion of infraorbitals [-].
	0
	1
	1
	0
	-

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

	(53) Suborbital bones (without accessory suborbitals): many [0]; one [1]; two or three [2]; none [3].
	1
	1
	1
	1
	1

	(54) One or two accessory suborbital bones positioned ventrolateral to postorbital region of skull roof: none [0]; one or two [1].
	0
	0
	0
	0
	0

	(55) Supraorbital bones: two or more [0]; one [1]; none [2].
	0
	0
	0
	0
	0

	(56) 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].
	1
	?
	1
	?
	?

	Jaws
	
	
	
	
	

	(57) Elongated dentary bearing: few or many rows of conic teeth of different sizes [0]; many rows of small villiform teeth [1].
	0
	0
	0
	0
	0

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

	(59) Ascending process on premaxilla: absent [0]; present [1].
	0
	0
	0
	?
	?

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

	(61) Mobility of premaxilla: fixed premaxilla, lying lateroventral to rostral or beneath [0]; mobile, lying lateral to rostral [1].
	1
	1
	1
	?
	?

	(62) Maxilla: elongate, extending behind orbit [0]; moderately long, extending below the orbit [1]; very short, anterior to orbit [2].
	1
	1
	1
	1
	1

	(63). Maxilla, with dorsal and ventral margins: with different degrees of curvature [0]; almost straight [1].
	0
	0
	0
	0
	0

	(64) Posterior margin of maxilla: rounded or straight [0]; notched or concave [1]; acute [2]; irregularly shaped [3].
	0
	0
	0
	0
	0

	(65) Maxilla with external row teeth: of different shapes, homogeneous or irregularly sized [0]; small, conical teeth increasing slightly in size posteriorly [1].
	0
	0
	0
	0
	?

	(66) Dorsal margin of maxilla: without supramaxillary process [0]; with supramaxillary process [1].
	0
	0
	0
	0
	0

	(67) Supramaxillary bone(s): one [0]; none [1]; two [2].
	2
	0
	2
	2
	2

	(68) Long supramaxillary bone covering most of dorsal margin of maxilla: absent [0]; present [1].
	0
	0
	0
	0
	0

	(69) Supramaxillary bone or most posterior supramaxilla: dorsal to maxilla [0]; posterior or dorsoposterior to maxilla [1].
	0
	0
	0
	0
	0

	(70) Quadrate-mandibular articulation: posterior to orbit [0]; below the posterior half of orbit [1]; below anterior half of orbit [2]; anterior to orbit [3].
	1
	1
	1
	1
	1

	(71) Articular bone: not fused with angular and/or retroarticular bones [0]; fused with angular and retroarticular [1]; fused with angular forming an anguloarticular [2].
	?
	?
	?
	?
	?

	(72) Postarticular process of lower jaw: poorly developed or not developed [0]; well-developed [1].
	0
	0
	0
	?
	?

	(73) Notch (= ‘leptolepid’ notch) in the ascending margin of dentary: absent [0]; present [1].
	0
	0
	0
	0
	0

	(74) Coronoid bone(s) in lower jaw: present [0]; absent [1].
	0
	0
	?
	?
	?

	(75) Surangular bone in lower jaw: present [0]; absent [1].
	1
	?
	0
	?
	0

	(76) Prearticular bone in lower jaw: present [0]; absent [1].
	?
	?
	?
	?
	?

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

	(78) Dentary: with no separation between dental and splenial regions [0]; with a well-developed, protruding lateral bony ridge separating dental and splenial regions [1].
	0
	0
	0
	0
	?

	(79) Toothed predentary in lower jaw: absent [0]; present [1].
	0
	0
	0
	0
	0

	(80) Predentary: short, less than half the length of the premaxillary tube [0]; almost as long as the premaxillary tube [1]; non-applicable, predentary absent [-].
	-
	-
	-
	-
	-

	(81) Maxilla: without or scarce ganoine ornamentation [0]; heavily ornamented with characteristic longitudinal ridges of ganoine [1].
	0
	0
	0
	?
	?

	(82) Supramaxilla(e): without or scarce ganoine ornamentation [0]; heavily ornamented with characteristic longitudinal or concentric ridges of ganoine: [1]; non-applicable, no supramaxilla present [-].
	0
	0
	0
	?
	?

	Palatoquadrate, Hyoid Arch, and Urohyal
	
	
	
	
	

	(83) Palatoquadrate: with an autopalatine bone [0]; autopalatine bone absent [1].
	?
	?
	?
	?
	?

	(84) Suspensorium: short, due to the vertical alignment of the hyomandibula and symplectic [0]; elongate, due to the posteroventral inclination of hyomandibula and symplectic [1].
	0
	0
	0
	?
	?

	(85) Posteroventral margin of the hyomandibular bone: without preopercular process [0]; with preopercular process [1].
	0
	?
	?
	?
	?

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

	(87) Posterior or posteroventral margin of quadrate: not especially thickened ossification [0]; markedly thickened and with a diminutive process distally [1]; markedly ossified into a posterodorsal process partially separated by a deep notch from main body of the bone [2].
	?
	?
	?
	?
	?

	(88) Symplectic: articulates with lower jaw [0]; does not articulate with lower jaw [1].
	?
	?
	?
	?
	?

	(89) Position of symplectic: posterior to posterior margin of quadrate [0]; medial to posterior margin of quadrate [1].
	?
	?
	?
	?
	?

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

	(91) Hyoid arch: with one hypohyal articulated with anterior ceratohyal [0]; with dorsal and ventral hypohyals articulated with anterior ceratohyal [1].
	1
	?
	?
	?
	?

	(92) Urohyal: absent [0]; formed as an unpaired tendon bone of the sternohyoideus muscle [1].
	?
	?
	?
	?
	?

	Opercular Bones, Branchiostegals, and Gular Plates
	
	
	
	
	

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

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

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

	(96) Posterior position of the preopercular sensory canal in a peculiarly shaped preopercle: absent [0]; present [1].
	0
	0
	0
	0
	0

	(97) Anteroventral margin of preopercle: without a notch [0]; with a notch, giving the bone a heart-like shape: present [1].
	0
	0
	0
	0
	?

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

	(99) Crescent-shaped preopercle: absent [0]; present [1].
	0
	1
	1
	1
	1

	(100) Irregular parallelogram, oval, or kidney-shaped opercular bone: absent [0]; present [1] (Li and Wilson, 1996).
	0
	0
	0
	0
	0

	(101). Posterior margin of preopercle: smooth [0]; serrated [1].
	0
	0
	1
	0
	0

	(102) Interopercle: present [0]; absent [1].
	0
	0
	0
	0
	0

	(103) Cranial ventral region: with median gular plate [0]; without gular plate [1].
	0
	0
	0
	0
	?

	Vertebrae and Intermuscular Bones
	
	
	
	
	

	(104) Two vertebral centra fused into occipital condyle in adults: absent, with more than two centra or no centra [0]; present [1].
	?
	?
	?
	?
	?

	(105). Total number of autocentral vertebrae: 40 and above [0]; less than 40 [1]; non-applicable; other conditions, e.g., functional notochord or absence of autocentra [-].
	-
	-
	-
	?
	-

	(106) Opisthoceolous centra with convex anterior articular surface and concave posterior surface: absent [0]; present [1]; not applicable [-].
	-
	-
	-
	?
	-

	(107) Each vertebral centrum of caudal region of adult individuals: formed by no vertebral centrum, notochord partially surrounded by dorsal and ventral arcocentra [0]; formed by chordacentrum partially surrounded by dorsal and ventral arcocentra [1]; chordacentrum surrounded laterally by growth of dorsal and ventral arcocentra that fuse to each other (arcocentra type) [2]; chordacentrum surrounded by autocentrum and partially by dorsal and ventral arcocentra  (autocentral type) [3].
	0
	0
	1
	?
	?

	(108) Midcaudal vertebral autocentra: absent [0]; thin and smooth [1]; thick and sculptured [2]; thick and smooth [3].
	0
	?
	?
	?
	?

	(109) Walls of mid-caudal autocentra: autocentrum absent [0]; without cavities for adipose tissue [1]; with cavities for adipose tissue [2].

	0
	?
	?
	?
	?

	(110) Notochord: unconstricted [0]; strongly constricted by the walls of vertebral centra (hourglass-shaped centrum) [1]; non-applicable, e.g., no centra, functional notochord present [-].
	0
	0
	0
	?
	?

	(111) Mid-caudal centra (adults): diplospondylous centra [0]; monospondylous centra [1]; non-applicable, e.g., no centra, functional notochord present [-].
	-
	-
	?
	?
	?

	(112) Midcaudal vertebral region in young individuals: with monospondylous centra or absence of centra [0]; with diplospondylous centra that become monospondylous throughout ontogeny (pseudodiplopondyly) [1].
	0
	?
	?
	?
	?

	(113) Neural spines of caudal vertebrae: paired [0]; unpaired [1].
	1
	1
	1
	?
	?

	(114). Abdominal neural arches: without epineural processes [0]; with epineural processes [1]; non-applicable: other condition, e.g., epineural bones [-].
	0
	?
	?
	?
	?

	(115) Neural arches of abdominal vertebrae in adult individuals: without or minuscule epineurals [0]; with long epineurals [1]; other condition, e.g., epineural bones as separate elements [2].
	0
	?
	?
	?
	?

	(116) Epipleural intermuscular bones: not developed [0]; developed in the middle part of body [1].
	0
	?
	?
	?
	?

	(117) Epipleural intermuscular bones: few bones in the anterior caudal region [0]; many bones in the caudal region [1]; non-applicable, e.g., absence of bones [-].
	-
	?
	?
	?
	?

	(118). Epipleural bones: absent or short bones parallel to the vertebral column [0]; long epipleurals lying laterally and markedly oblique to last ribs and first haemal arches[1].
	0
	?
	?
	?
	?

	Pectoral and Pelvic Girdles, and Axillary Processes
	
	
	
	
	

	(119) Posttemporal: without a dorsal process [0]; with a distinct dorsal process to articulate with cranium [1].
	0
	0
	0
	?
	?

	(120) Supracleithrum with main lateral line emerging: at its upper half [0]; at its posteroventral margin [1]; a tube-like bone carrying lateral line [2].
	0
	0
	0
	?
	?

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

	(122). Postcleithrum(thra) formed by: external ganoid-scaly elements [0]; external cycloid-scaly elements [1]; internal bones medial to supracleithrum and cleithrum [2].
	1
	0
	0
	?
	?

	(123) 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].
	1
	1
	1
	?
	?

	(124).  Pectoral girdle: with clavicle(s) [0]; without clavicle [1]. 
	?
	?
	0
	?
	?

	(125) Clavicle: not articulated with the anteroventral margin of cleithrum [0]; articulated with the anteroventral margin of cleithrum [1].
	?
	?
	1
	?
	?

	(126) Pectoral proximal radials: more than four [0]; four [1].
	?
	?
	?
	?
	?

	(127) Pectoral propterygium: free [0]; fused with first pectoral-fin ray [1].
	?
	?
	?
	?
	?

	(128) First pectoral fin-ray: simple ray, not fused to fulcra [0]; compound ray fused with basal fulcra [1].
	1
	0
	1
	?
	?

	(129) Pectoral fin: without pectoral axillary process [0]; with pectoral axillary process [1].
	0
	0
	0
	?
	?

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

	(131) Pectoral-fin shape: rounded or acuminate or lanceolate [0]; scythe-like [1].
	0
	0
	0
	0
	?

	(132). Leading margin of pelvic fin: associated with fringing fulcra [0]; fringing fulcra absent [1].
	1
	0
	0
	0
	?

	(133) Pelvic axillary process: absent [0]; present [1].
	0
	0
	0
	0
	?

	(134) Pelvic axillary process formed by: an elongate bony element [0]; a combination of bony elements and modified scales [1]; modified scales [2]; not applicable [-].
	-
	-
	-
	-
	-

	Dorsal and Anal Fins
	
	
	
	
	

	(135). First dorsal pterygiophore: without processes or with anteroventral processes of similar size [0]; with three or more anteroventral processes, the first one broadly expanded [1].
	0
	0
	?
	?
	?

	(136) Dorsal fin: placed in front or anterior to pelvic fins [0]; placed posteriorly to pelvic fins [1].
	1
	1
	1
	1
	1

	(137). Pelvic fin origin about half of standard length: and anterior to dorsal fin origin [0]; and posterior to dorsal fin origin [1].
	0
	0
	0
	0
	?

	(138) Fringing fulcra on leading margin of dorsal fin: present [0]; absent [1].
	1
	0
	0
	0
	0

	(139). Dorsal fin carrying: few, short basal fulcra or no fulcra [0]; many, long basal fulcra [1].
	0
	0
	0
	0
	?

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

	
	
	
	
	
	

	Caudal Skeleton
	
	
	
	
	

	(141) Preural vertebrae 3 and 2 of adult individuals: with haemal arches autogenous [0]; with haemal arches laterally fused to their respective centra [1].
	0
	0
	0
	?
	?

	(142) 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].
	0
	0
	?
	?
	?

	(143) Neural spine of preural centrum or vertebra 1: long, close or extending to the dorsal margin of the body [0]; rudimentary or short [1]; absent [2].
	1
	0
	?
	?
	?

	(144) Arch of parhypural in adults: autogenous [0]; laterally fused with its centrum [1].
	0
	0
	0
	?
	?

	(145) Neural spine of ural centrum 1 (diural terminology; adults): absent [0]; present [1]; fused elements or no ural centrum [-].
	-
	-
	-
	?
	?

	(146) Neural arch over first ural centrum (adults): complete [0]; reduced or absent [1]; fused elements or no ural centrum [-].
	-
	-
	?
	?
	?

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

	(148)  Ural neural arches: developing each from independent dorsal arcualia [0]; developing from a mass of cartilage extending on ural centra, the so-called elopomorph neural arch [1]; non applicable, e.g., no ural centra [-].
	-
	-
	?
	?
	?

	(149) Number of epural(s): five or more [0]; three or four [1]; one [2]; none [3].
	0
	1
	?
	?
	?

	(150) Preural neural spines: unmodified [0]; enlarged and broadly expanded laterally (uroneural-like bones) [1].  
	0
	0
	0
	?
	?

	(151) Complete series of uroneurals originates from: ural neural arches absent or unmodified [0]; ural neural arches [1].
	1
	1
	?
	?
	?

	(152) 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 [-].
	2
	2
	?
	?
	?

	(153) 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 [-].
	0
	0
	?
	?
	?

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

	(155) 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 or no ural centra [-].
	-
	-
	?
	?
	?

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

	(157) Hypural 7: present [0]; absent [1]; fusion of elements [-].
	0
	0
	0
	?
	?

	(158) Hypural 6: present [0]; absent [1]; fusion of elements [-].
	0
	0
	0
	?
	?

	(159) Hypurals fused into a plate: absent [0]; present [1].
	0
	0
	0
	?
	?

	(160) 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 [-].
	0
	0
	0
	?
	?

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

	(162) 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).
	1
	1
	1
	?
	?

	(163) Dorsal or epaxial leading margin of caudal fin: with (epaxial) basal fulcra [0]; without (epaxial) basal fulcra [1].
	0
	0
	0
	?
	?

	(164) Ventral or hypaxial leading margin of caudal fin: with hypaxial) basal fulcra [0]; without (hypaxial) basal fulcra [1].
	0
	0
	0
	?
	?

	(165) 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 [-].
	0
	0
	0
	?
	?

	(166) Epaxial procurrent rays: absent [0]; present [1].
	1
	1
	0
	?
	?

	(167). Epaxial lobe of the caudal fin: without rudimentary ray [0]; with rudimentary ray [1]
	1
	?
	1
	?
	?

	(168). Epaxial fringing fulcra on dorsal leading margin of caudal fin: extending along almost the whole margin [0]; one or few fringing fulcra [1]; absence of fringing fulcra [2].
	0
	0
	0
	0
	?

	(169). Dorsal leading margin of caudal fin: with small fringing fulcra or fringing fulcra absent [0]; with very long and narrow fringing fulcra [1]. 
	0
	0
	0
	0
	?

	(170). Ventral leading margin of caudal fin: with a series extending along the whole margin [0]; one or few fringing fulcra [1]; absence of fringing fulcra [2].
	0
	0
	0
	0
	?

	(171). Ventral hypaxial leading margin of caudal fin: without accessory fulcra [0]; with accessory fulcra irregularly intercalated between hypaxial fringing fulcra [1].
	0
	0
	0
	?
	?

	(172). Leading margin of epaxial lobe of caudal fin: without basal fulcra or basal fulcra small [0]; with very long and slender basal fulcra [1].
	1
	1
	1
	0
	?

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

	(174). Epaxial and hypaxial leading margins of the caudal fin: including two or three  principal rays, respectively [0]; including only the first and last principal caudal ray, respectively [1].
	1
	1
	?
	?
	?

	(175) Bases of the two innermost epaxial principal rays of the caudal fin: without dorsal processes [0]; with dorsal processes[1].
	0
	0
	?
	?
	?

	(176) All or some principal caudal rays with: straight segmentation [0]; Z-like segmentation [1].
	0
	0
	0
	0
	?

	(177) Tendon-bone ‘urodermals’: none [0]; two [1]; one [2]. (For an explanation on tendon-bone urodermals see Arratia and Schultze, 1992.)
	0
	0
	0
	0
	?

	(178) Dorsal scute preceding caudal fin: absent or relatively small [0]; large and long element extending over several caudal vertebrae [1].
	1
	1
	1
	0
	?

	(179) Posterior margin of caudal fin convexly rounded: absent (truncated or emarginated or bifurcated) [0]; present [1].
	0
	0
	0
	0
	?

	(180) Caudal fin: without epaxial lobe or few epaxial rays, long notochord extending to tip of fin or close to it, and hypurals following its path [0]; epaxial lobe developed, short notochord, and hypurals in a fan-shape distribution (homocercal tail) [1]. 
	0
	0
	0
	0
	0

	Scales
	
	
	
	
	

	(181) Scales: ganoid of lepisosteoid type [0]; elasmoid of amioid type [1]; elasmoid of cycloid type [2]; specialized type of rhombic scale [3]; non-applicable, e.g., absence of scales [-].
	2
	0
	0
	0
	0

	(182). Cycloid scales: without transverse lines in the middle field [0]; with circuli crossed by transverse lines in the middle field [1]; non-applicable, e.g., other type of scale or no scales [-].
	0
	-
	-
	-
	-

	(183). Cycloid scale with: smooth or serrate posterior margin [0]; crenulate posterior margin [1]; non-applicable, e.g., other type of scale or no scales [-].
	0
	-
	-
	-
	-

	(184) Ganoid scales of prepelvic region with posterior margin: smooth [0]; serrated [1]; strongly dentated [2]; non-applicable, e.g., other type of scale or no scales [-].
	-
	0
	1
	1
	?

	(185) Ganoid scales with: smooth surface [0]; ornamented surface[1]; other type of scale[-].
	-
	0
	0
	0
	?

	(186) Layer of ganoine on scales of predorsal region: not ornamented or barely ornamented [0]; densely ornamented with thick ridges and/or tubercles of ganoine [1]; other type of scale or no scale [-].
	-
	0
	0
	0
	?

	(187) Ganoid scale rows at midflank between postcleithra and pelvic fins: one or two rows of slightly squarish or rectangular scales, or no row [0]; three rows of distinctively deeper than long scales [1]; other type of scale or no scale [-].
	-
	1
	1
	1
	?

	(188)  Caudal fin: with a well-defined, small lobe of ganoid scales extending dorsally and covering the base of the dorsal principal rays [0]; without a lobe of ganoid scales or other type of scales or a lobe of any kind [1].
	0
	0
	0
	0
	?

	Miscellaneous Characters
	
	
	
	
	

	(189) Separation between olfactory organ and eye: close together [0]; broadly separated from each other [1].
	0
	0
	0
	0
	0

	(190) Olfactory organ: without accessory nasal sacs [0]; with accessory nasal sacs [1].
	?
	?
	?
	?
	?

	(191) Craniotemporal muscle: absent [0]; present [1].
	?
	?
	?
	?
	?

	(192) Body shape: oval or round [0]; elongate, needle-like body [1].
	0
	0
	0
	0
	0

	(193) Body: covered with scales [0]; devoid of squamation [1].
	0
	0
	0
	0
	0

	(194). Heart with two arterial valves (in the conus arteriosus): absent [0]; present [1].
	?
	?
	?
	?
	?

	(195). Muscles at the basal arteria (ventral aorta): present [0]; absent [1].
	?
	?
	?
	?
	?

	(196) Suture between opercle and subopercle: horizontal [0]; oblique [1]; curved, not straight [2].
	0
	0
	0
	0
	0

	(197) Gentle, ventral curvature of the antero-dorsal portion of the skull: absent [0]; present [1].
	1
	1
	1
	1
	1




