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INTRODUCTION

Character states are represented by 0, 1, 2, 3, and 4. The dash [-] represents an inapplicable character state. All characters are unordered and unweighted. The list of characters is modified from Arratia (2013, 2016, 2017) with the addition of three new characters (196 to 198) and one more Late Jurassic taxon, Tharsis elleri sp. nov. Outgroups used to polarize characters include five holosteans, Amia calva, †A. pattersoni, Lepisosteus, †Obaichthys, and †Watsonulus. Characters from other authors are identified below, as well as changes in character interpretation. To facilitate comparisons with previous phylogenetic analyses, prior character numbers are in brackets following the new character’s number. 
The Late Triassic fish genera †Kneriichthys from Italy and the Middle Jurassic genus †Catervariolus from the Democratic Republic of Congo that were included in previous phylogenetic analyses of Arratia (2013, 2016) are deleted from the present study. †Kneriichthys has 119 characters coded with question marks so that its inclusion in the analysis adds many assumptions to the parsimony analysis of PAUP. †Catervariolus is deleted, because of conflicting information. The coding of this fish was previously done after Arratia’s interpretation of the descriptions by Saint-Seine (1955) and Taverne (2011a). However, Taverne (2014) considered that Arratia misinterpreted some of his descriptions, e.g., vertebral column and intermuscular bones. To test this disagreement, the coding of those characters was changed in Arratia (2016) following Taverne’s claims, and still †Catervariolus did not appear as the most basal teleost, above †Pachycormiformes, as Taverne (2011b) proposed. Considering that there is no strong support for the restorations of †Catervariolus based on Taverne’s (2011a: figs. 7–10) descriptions and those by Saint-Seine (1955) and that there is no support for several of Taverne’s interpretations, Arratia requested permission of the Africa Museum (Tervuren, Belgium) to study the fishes so that the coding would be based on her observations and not on interpretations of others’ work. Arratia was not granted permission to study the specimens, as explained in the “Introduction” of Arratia (2017). Consequently, †Catervariolus is deleted from Arratia’s studies until she can study the specimens herself. Nevertheless, some examples deal here with a few characters of this fish just to illustrate the degree of disagreement (see below).
	In addition to Arratia’s own studies of “pholidophoriforms”, interpretations of the following literature was considered in the coding of the following taxa:
†Ankylophorus (Saint-Seine, 1949: Gaudant, 1978); †Dorsetichthys = †Pholidophorus bechei (Nybelin, 1966; Patterson, 1973, 1975, 1977); †Eurycormus (Patterson, 1973; Arratia and Schultze, 2007; Schultze and Arratia, 2013); †Ichthyokentema (Griffith and Patterson, 1963; Patterson, 1975); †Lehmanophorus (Saint-Seine, 1949; Gaudant, 1978); †Lombardichthys gen. nov. = †Pholidophorus gervasuttii (Zambelli, 1980a); †Malingichthys (Tintori et al., 2015); †Parapholidophorus (Zambelli, 1975); †Pholidophoretes (Griffith, 1977); †Pholidoctenus (Zambelli, 1977); †Pholidophorus latiusculus (Agassiz, 1832; Kner, 1866; Schultze, 1966; Nybelin, 1966); †Pholidorhynchodon (Zambelli, 1980b); †Prohalecites porroi (Tintori, 1990; Arratia and Tintori, 1999); and †Siemensichthys macrocephalus (Schultze, 1966; Patterson, 1975). 
	Special comments are added to explain the condition(s) in Tharsis. Those are new additions to the list of characters. They are based on own observations and interpretation of specimens and also the following literature was considered for Tharsis dubius: Saint-Seine (1949), Nybelin (1974), Patterson (1975, 1977), Patterson & Rosen (1977), Arratia (1991, 1997, 1999, 2010). 
	

List of characters,  their coding, and comments


Neurocranium and skull roof
1. Skull roof bones (parietals, postparietals, autosphenotics, and dermopterotics): unfused [0]; fused into a bony plate in large specimens [1]. 
	Comments—All pholidophorids possess this feature that is interpreted as a synapomorphy of the family †Pholidophoridae (e.g., Figs. 3C, 4C; Arratia, 2013: figs, 97A, 98AD). Larger pachycormiforms, as well as aspidorhynchiforms, present all bones of the posterior part of the skull roof with different degrees of fusion excluding bones of the skull roof above the orbital region.
2. Postparietal [= parietal] bones: independent [0]; fused to each other [1]; fused to each other plus other skull bones in large specimens [2].  
	Comments—Large specimens of Late Jurassic aspidorhynchiforms (†Aspidorynchus and †Belonostomus) and †Eurycormus present the postparietal bones fused (sometimes partially) to each other, the posterior region of parietals, and to the dermopterotics laterally (Arratia, pers. obs.). †Vinctifer differs from those fishes, because each half of the skull roof is a bony plate, including the fused parietal, postparietal, and dermopterotic, but the right and left halves remain separated (Brito, 1997). 
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]. 
	    	Comments—†Watsonulus is coded with 1 following Beltan (1968), although the skull roof has a characteristic shape. It is slightly broader at the anterior margin of the skull roof followed by a peculiar narrowing the orbital region, followed by broadening of the postorbital region. †Siemensichthys macrocephalus is coded with 0/1 following the restorations of Patterson (1975: fig. 145 illustrating a slightly narrow postorbital region) and Arratia (2000: figs. 5, 7 illustrating a broader postorbital region). For additional illustrations representing differences in the broadening between orbital and postorbital regions in different teleostean clades see Arratia (2013: fig. 97AD) and Arratia (2015: fig. 10AD). Arratia and Schultze (1987) proposed the posterior expansion of the frontal bones (traditional terminology) as a synapomorphy of teleosts; this character was listed by Pinna (1996) as a synapomorphy of the crown teleosts. Tharsis dubius shares this feature with other teleosts (see illustration in Nybelin, 1974: text-fig. 23B). There is no information available on T. elleri n. sp. due to incomplete preservation on the skull roof. 
4. Ratio of preorbital snout length to postorbital head length: less than 1.2 [0]; 1.5 or greater [1]).
		Comments—See Grande (2010) for an explanation of this character. 
5. Contact between acutely sharp (anteriorly) parietal bones and rostral bone: broad contact [0]; very narrow contact [1]. 
			Comments—This character is present in some pholidophorids among teleosts (see Arratia, 2013: figs. 59a, 61, 62; Arratia, 2017: fig. 9: node C5). The parsimony analysis interprets this character as a homoplastic feature, because this morphology is also present in †Dorsetichthys (Arratia, 2013: fig. 97B).
6. Antero-lateral margin of parietal bone [= frontal]: smooth, without process [0]; with tongue-like process [1]. New character. 
			Comments—A tongue-like process was described by Patterson (1975: 556) for †Ichthyokentema. According to Arratia’s (2017) observations, this process is also present in the family †Ankylophoridae (e.g., †Siemensichthys macrocephalus). 
7. (6). (Independent) Rostral bone: roughly  rounded or rectangular-shaped without distinct lateral processes [0]; roughly rhomboidal with well-developed, distinct lateral processes [1]; non-applicable [-].  
	Comments—The rostral is rhomboidal-shaped and with distinct lateral processes in †Eurycormus (e.g., SMNS 95445/12). This feature is shared with most Triassic pholidophorids (see Arratia, 2013).
8. (Independent) Rostral bone: without teeth [0]; bearing teeth [1]; non-applicable [-].
Comments—A rostral bone possessing teeth is uncommon in teleosteomorphs and neopterygians in general, although it can be found in some primitive actinopterygians (e.g., †Howqualepis rostridens; Mickle, 2015) as an independent bone, whereas in others it may fuse with the premaxillae or with the premaxillae and antorbital, forming part of the oral margin (Mickle, 2015). A rostral bone armed with a few, large conic teeth is present in the Triassic pholidophorids †Pholidorhynchodon (see Arratia, 2013: fig. 14B; Arratia, 2017: fig. 8A,B;) and †Neopholidophorus (Zambelli, 1989; contra Taverne 2011a, 2014).
9. (7). Large compound rostrodermethmoid: absent [0]; present [1]. 
			Comments—Character and interpretation of rostrodermethmoid follows Mainwaring (1978) and Lambers (1992). 
10. (8). Teeth on rostrodermethmoid: uniform in size [0]; combination of large tusk-like tooth and small dentition [1]; non-applicable [-].
			Comments—Interpretation of teeth on rostrodermethmoid follows Lambers (1992) and Arratia and Schultze (2013).
11. Laterodermethmoids: without teeth [0]; bearing teeth [1]. New character.
			Comments—The presence of toothed lateral dermethmoids in a variety of primitive taxa (e.g., †Pholidorhynchodon, †Eurycormus, †Ichthyokentema, and †Siemensichthys; see Appendix S2) is interpreted here as a homoplastic feature because of its distribution in the phylogenetic hypothesis (see Fig. 12, text). Toothed lateral dermethmoids are also present in the Middle Jurassic †Catervariolus (Saint-Seine, 1955; Taverne, 2011a) and in the Early Jurassic †Ichthyokentema, two genera that were interpreted respectively, as the most basal teleost and as a “pholidophoriform” above †Ankylophoridae by Taverne (2011b: fig. 39). The distribution of such a feature in Taverne’s (2011b) phylogenetic hypothesis also supports Arratia’s interpretation of the lateral dermethmoids as a homoplastic feature. 
12. (9). Premaxillae: joining medially [0]; displaced by toothed laterodermethmoids that join medially [1]. 
		Comments—Modified from Arratia (2016). †Ankylophorus and †Lehmanophorus are coded with state 1. However, it is unknown whether there are two lateral dermethmoids sutured medially or one bone is present, as in †Ichthyokentema (Patterson, 1975: fig. 150). †Siemensichthys siemensis is interpreted as having one bone (based on Arratia, 2000). †Catervariolus was interpreted as having fused, toothed lateral dermethmoids (Taverne, 2011a: figs. 11, 19). However, a separation between both bones is shown in the photograph of specimen MRAC RG 7490 (see Fig. S1A,B). 
13. (10). Autosphenotic with small dermal component absent [0]; present [1].
		Comments—See Grande (2010) for an interpretation of this character.
14. (11). Braincase: including basisphenoid [0]; basisphenoid absent [1].
		Comments—Character slightly modified from Arratia (1997).
15. (12). Orbitosphenoid bone: absent or reduced in size [0]; large, and separating completely both orbital cavities [1]. 
			Comments—See explanation of this character in Arratia (1997). The coding of †Ankylophorus and †Lehmanophorus is based on the restorations by Saint-Seine (1949: figs. 94, 96). A similar large orbitosphenoid is also present in †Catervariolus after Taverne (2011a).
16. (13). Supraoccipital bone: absent [0]; present [1]. 
		Comments—The teleostean supraoccipital is understood here in the sense of Patterson (1975: 297), who described it as a “thick mass of endochondral bone whose lateral and ventral faces met the epioccipitals and basi-exoccipitals in synchondrosis” in “Pholidophorus” germanicus, with further transformations in more advanced teleosts. For instance, the supraoccipital consists of rather thin endochondral bone with an addition of membranous bone and bears traces of the semicircular canals on its internal surface in †Leptolepis coryphaenoides and †Tharsis dubius. T dubius and T. elleri present a small supraoccipital bone with a low crest (Figs. 3B, 13A, text)
†Ankylophorus and †Lehmanophorus are coded with a question mark, because the preservation of this region in the available specimens is not informative. However, a supraoccipital has not been observed in the two genera (Saint-Seine, 1949; Gaudant, 1978; Arratia, pers. obs.). A supraoccipital bone is present in †Catervariolus after Taverne (2011a, but see Fig. S1), whereas the bone is interpreted as missing after Saint-Seine (1955). A comparison between Figure S1A and S1B shows that the bone labeled as supraoccipital in Figure S1A by Taverne (2011a) is an ambiguous interpretation of the specimen in Figure S1B. 
	A supraoccipital bone is unknown in pachycormiforms, aspidorhynchiforms, †Prohalecites, pholidophorids, and †Eurycormus. However, Taverne (2014) considered that the presence of an ossified supraoccipital a widespread character also present outside teleosts, e.g., in the halecomorph and semionotiform †Dapedium, by citing Woodward
(1893) and Gardiner (1960). For contrary evidence, Arratia suggests to check figures 112 and 113 in Patterson (1975), illustrating the neurocranium of †Dapedium sp. in lateral and posterior views. Additionally, semionotiforms are not halecomorph fishes, and  †Dapedium is not one or the other, according to current literature.
17. (14). Occipital process formed by fusion of intercalar and autopterotic: absent [0]; present [1]. 
		Comments—This character is after Brito (1997), who interpreted it as a synapomorphy of aspidorhynchiforms.
18. (15). Temporal boss (enlargement of temporal-supratemporal region of the cranium): absent [0]; present [1].
		Comments—Interpretation of temporal boss after Mainwaring (1978), Lambers (1992), and Arratia and Schultze (2013: figs. 3B, 4B). A temporal boss is a synapomorphy shared by 
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Figure S1. Partial neurocranium of †Catervariolus hornemani in ventral view. A, slightly 
modified drawing from Taverne (2011a: fig. 19) based on MRAC RG 7490. B, photograph of
region illustrated in A. Scale = 1 mm. Note the poor preservation of the fossil in the photograph
in Fig. 1B, which does not support the bone identifications in the drawing. Abbreviations:
apal, autopalatine; apte, autopterotic; cbr, ceratobranchials; dn, dentary; dpal,
dermopalatine; ecpt, ectopterygoid; epi, epioccipital; fr, parietal bone [= frontal]; ic, intercalar;
ldeth, laterodermethmoid; op, opercle; osph, orbitosphenoid; pa, postparietal bone [=p arietal];
pmx, premaxilla; soc, supraoccipital; ps, parasphenoid. Note the poor preservation of the fossil
in figure B.


	some pachycormiforms (see Lambers, 1992; Arratia and Schultze, 2013; Friedman et al., 2010).
19. (16). Temporal boss: poorly developed, scarcely rising above the surface of the skull roof or absent [0]; well developed, extending above and in front of postparietal region [1]; non applicable [-].
			Comments—Interpretation of temporal boss and its development among certain pachycormiforms follows Lambers (1992) and Arratia and Schultze (2013: figs. 3B, 4B).
20. (17). Extrascapula: with smooth, thin anterior margin [0]; with a large rollover bony layer at anterior region of the bone present [1]. 
			Comments—See Arratia (2013) and this paper.
21. Extrascapula with posterior margin: smooth [0]; serrated [1]. New character.
		Comments— See Arratia (2013, 2017) and this paper. 
22. (18). Sutures between all cartilage bones in the braincase retained throughout life, rather than being lost ontogenetically: absent [0]; present [1].  
		Comments—Character after Patterson and Rosen (1977), based on Patterson (1975). Sutures between cartilage bones are lost during ontogeny so that the braincase of large individuals of pachycormiforms, aspidorhynchiforms (Brito, 1997; Arratia, pers. obs.), and †Eurycormus (Arratia, pers. obs.) appears as a bony block. This is the condition described and illustrated for †Pachycormus curtus (Patterson, 1975: fig. 106), whereas Mainwaring (1978: fig. 22) illustrated sutures in a smaller specimen of †Pachycormus macropterus. Although the braincase of †Pachycormus is known from a few individuals (e.g., Rayner, 1948; Wenz, 1968) it shows that “some sutures probably persisted throughout, since no sutureless individuals are known” (Patterson, 1975: 445). Thus, Arratia’s coding (2013, 2016, herein) of this feature for †Pachycormus is correct (contra Taverne, 2014).
23. (19). Interparietal [= interfrontal] suture: smooth (or armonica) [0]; serrated (serrata) or dentated (dentata) [1]; undulated or wavy in its middle section [2]; no suture [-]. 
Comments—The bones of the skull roof of neopterygians may be joined by sutures that are classified by shape. †Eurycormus is coded with character state 1, because the mid-region of the suture is serrated in contrast to the smooth condition of its anterior region (e.g., JM SOS 4614a; SMNS 35445/12). †Lehmanophorus is coded with state 2 after specimen MHNL 9.398.
24. (20). Nasal bones: joined in midline [0]; separated from each other by parietal bones [= frontals] [1].
		Comments—The nasal bones in Lepisosteus are not sutured to each other but joined by connective tissue (Grande, 2010). This character is coded as non-applicable [-] for Lepisosteus. See Arratia (2013) for further information and Arratia (2017: fig. 6AE). In Tharsis, as well as all teleosts above Leptolepis coryphaenoides (Fig. 12: Node G, text), the nasal bones are separaed from each other in midline.
25. (21). Nasal bone with a large foramen forming the wall of posterior nostril: absent [0]; present [1]. 
Comments—The presence of the posterior nostril enclosed by the nasal bone is a synapomorphy of certain pholidophorids (Arratia, 2017: fig. 6; fig. 10: node C5a). This character is interpreted as homoplastic because it is also present in †Ankylophorus and †Siemensichthys macrocephalus (they are coded with state 1 even though the foramen is smaller than that present in pholidophorids such as †Annaichthys and †Pholidorhynchodon (see Arratia, 2013). For further information on †Ankylophorus see Gaudant (1978) and on †Siemensichthys macrocephalus see Patterson (1975) and Arratia (2000).
26. (22). Lateral margin of nasal bone: not sutured with antorbital [0]; joined with whole medial margin of antorbital [1].
27. (23). Nasal bone: not forming part of orbital margin [0]; included in the orbital margin [1].
28. (186). Nasal bone: broad and moderately large [0]; reduced in size, mainly bearing anterior portion of supraorbital canal [1].  
	Comments—A nasal bone reduced in size is a synapomorphy of †Leptolepis coryphaenoides plus most advanced teleosts (Fig. 12: Node G), including Tharsis. The nasal bone is frequently destroyed in most available specimens of †Eurycormus. Luckily, specimen SMNH 87316/3 has the nasal preserved, showing it as a moderately narrow, elongate bone.
29. (24). Vomer (in adult individuals): paired [0]; unpaired or median[1].
	Comments—Although this feature was proposed first by Patterson (1977) for primitive teleosts, most stem teleosts present different conditions of this character. As far as is known, pachycormiforms have a paired vomer. However, †Pachycormus was coded with state 1 in Arratia (2013, 2016), which is a typo. This coding has been replaced with state 0. In contrast, aspidorhynchiforms have a median, narrow vomer (Brito, 1997); the condition is unknown in †Belonostomus, as well as in pholidophorids (Arratia, 2013). 
		There is no information about the vomer in Tharsis elleri n.sp., but Tharsis dubius presents a median vomer (Patterson, 1975).
30. (25). Parasphenoid: with small teeth [0]; toothless [1]; with large teeth [2]. 
		Comments—For an explanation of this character and its coding see Arratia (1999: 286). Tharsis dubius (Nybelin, 1974; Patterson, 1975) and Tharsis elleri n. sp. do not have teeth on the ventral surface of the parasphenoid. 
31. (26). Parasphenoid: short, reaching anterior magin of basioccipital [0]; long, extending posterior to basioccipital [1].
		Comments—Character from Arratia (1997, 1999).
32. (27). Primary bite between parasphenoid and basihyal: absent [0]; present [1].
		Comments—Character from Li and Wilson (1996, 1999).
33. (28). Ossified aortic canal: present [0]; absent [1].
		Comments—From Patterson and Rosen (1977) and Arratia (1997). For information on this feature in holosteans (outgroup used here) and stem teleosts see Patterson (1975). 
34. (29). Canals for occipital arteries in basioccipital bone: present [0]; absent [1].
		Comments—From Patterson and Rosen (1977) and Arratia (1997). For information on this feature in holosteans (outgroup used here) and stem teleosts see Patterson (1975). 
35. (30). Spiracular canal: developed [0]; greatly reduced [1]; absent [2].
		Comments—From Arratia (1997), slightly modified from Patterson and Rosen (1977).
36. (31). Anterior myodome: present [0]; absent [1].
		Comments—Modified from Patterson and Rosen (1977) and Arratia (1997).
37. (32). Foramen for glossopharyngeal nerve position: in prootic or prootic-exoccipital suture 
	     [0]; in exoccipital [1].
		CommentsSlightly modified Patterson and Rosen (1977). 
38. (33). Foramen for vagus nerve placed in postero-lateral face of exoccipital alone: absent [0]; present [1].
	Comments—From Arratia (1999). This feature is unknown in many fossil taxa, because it requires that the braincase is preserved in ventral or postero-ventral view and that the specimen is well-preserved. Although †Catervariolus is known from many specimens, their preservation is not the best (see Fig. S1A,B). However, the foramen for the vagus nerve (X) is restored in Taverne (2011a: figs. 10, 11), but specimens MRAC RG 7531 and 7790 (the only illustrated specimens showing the exoccipitals in that paper) do not show the foramen. This feature was coded with state 1 by Arratia (2013, 2016) following Taverne (2011a); however, the available information is ambiguous.
39. (34). Supraorbital canal with: branched tubules [0]; simple tubules [1].
Comments—For explanation on this character see Arratia (1997, 2013: 122). The restorations of the head of †Eurycormus speciosus show a supraorbital canal with simple tubules (Patterson, 1973; Grande and Bemis, 1998; Arratia and Schultze, 2007). A revision of this character in the available material shows this to be a mistake, because the supraorbital canal, as well as the infraorbital and preopercular canals, have many branched tubules and minuscule pores. Although †Siemensichthys macrocephalus was presented with few tubules in Patterson’s (1975:fig. 145) restoration of the skull roof in dorsal view, a supraorbital canal with many branched tubules is present in specimens studied by Arratia (e.g., 2000: fig. 7). 
40. (35). Supraorbital and infraorbital canal: join within parietal [= frontal] bone [0]; within dermophenotic [1]; do not join [2].
Comments—†Ankylophorus and †Lemanophorus are coded with state 2, following Gaudant (1978: 102, 105). Although  †Watsonulus was illustrated with separated canals (Grande and Bemis, 1998: fig. 417), this is an ambiguous information, so that Arratia run two analyses, one with a question mark and another with state 2. The canals do not join within the dermosphenotic in Tharsis dubius and more advanced teleosts. The condition is unknown in T. elleri due to preservation. 
41. (36). Middle pit-line groove crossing dermopterotic (or pterotic): present [0]; absent [1].
42. (37). Skull roof bones ornamentation: sparsely ornamented and/or lacking layer of ganoine [0]; densely ornamented with ridges and/or tubercles of ganoine [1].

Circumorbital bones
43. (38). Antorbital bone: present [0]; absent [1].
		Comments—Tharsis dubius has a small antorbital (Fig. 13A, text). The condition is unknown in T. elleri n. sp.
44. (39). Antorbital bone canal: carrying a bony enclosed portion of infraorbital canal (= antorbital branch) [0]; antorbital branch absent [1]. 
		Comments—Character from Arratia (1997).
45. (40). Tube-like canal bearing anterior arm of antorbital: absent [0]; present [1].
		CommentCharacter from Grande (2010).
46. (41). Infraorbital 1: moderately broad, oval or rectangular bone [0]; long, narrow tube-like bone [1].
47. (42). 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 [-].
48. (44). Fourth infraorbital bone: small [0]; expanded, broad bone [1]; bone is fused with another infraorbital (infraorbital 3) [2]. 
		Comments—The fourth infraorbital bone is small in part of the outgroup and also in most teleosts. However, a expanded broad bone is present in some teleosts, e.g. osteoglossomorphs and some ankylophorids (see Arratia 2000), except †Lehmanophorus with infraorbitals 3 and 4 fused (Gaudant, 1978; see Fig. 12 text and Appendix S2). 
		Tharsis has been described as possessing a large infraorbital bone 4, the largest of the series. However, T. elleri n. sp. presents an infraorbital 3 even larger than infraorbital 4 (see Fig. 4, text), but part of the bone bears an articular surface that is apparently covered by infraorbital 4. Thus, when both bones are in situ, infraorbital 4 is the deepest and larger bone among the postero-dorsal infraorbitals. 
49. (45). Fourth and fifth infraorbital bones: separated [0]; fused to each other [1]; bones are fused with another infraorbital (infraorbital 3) [2]: bone(s) missing [-]. 
50. Infraorbital 4 with: smooth posterior margin [0]; serrated posterior margin [1]. Non applicable, e.g., fusion of bones or absence of bone [-]. 
51. Infraorbital 5: smooth posterior margin [0]; with serrated posterior margin [1]; non-applicable, e.g., fusion of infraorbitals [-]. 
52. (46). Postero-dorsal infraorbital bones: less than six [0]; more than six[1].
53. (47). Suborbital bones (without accessory suborbitals): many [0]; one [1]; two or three [2]; none [3]. 
		Comments—For an explanation of suborbital bones see Arratia (1997: 117). The number of suborbitals is a condition not affected by growth. It has been consistently used in taxonomic and systematic studies of teleosteomorphs, as well as other neopterygians. See for instance: Nybelin (1966, 1974), Wenz (1968), Tintori (1990), Brito (1997), Grande and Bemis (1998), Arratia (1997, 1999, 2000, 2013), and Grande (2010). The polarity of the character was changed (from Arratia, 2013), following the condition in lepisosteiforms.
54. (48). Accessory suborbital bones positioned ventrolateral to postorbital region of skull roof, posterior to dermosphenotic: none [0]; one or two [1].
		Comments—Accessory suborbitals are known only in a few fossil teleosts (e.g., †Eurycormus and some pholidophorids). The number of suborbital bones is a morphological feature not affected by growth. It has been consistently used in taxonomic and systematic studies of teleosteomorphs as well as other neopterygians. See for instance: Nybelin (1966, 1974), Wenz (1968), Tintori (1990), Brito (1997), Grande and Bemis (1998), Arratia (1997, 1999, 2000, 2013), and Grande (2010). 
55. (49). Supraorbital bones: two or more [0]; one [1]; none [2]. 
Comments—The number of supraorbital bones is a morphological feature not affected by growth. The number of supraorbitals has been consistently used in taxonomic and systematic studies of teleosteomorphs including advanced teleosts, as well as other neopterygians. See for instance: Saint-Seine (1949, 1955), Nybelin (1966, 1974), Wenz (1968), Patterson (1975), Patterson and Rosen (1977), Brito (1997), Grande and Bemis (1998), Arratia (1997, 1999, 2000, 2013), and Grande (2010). †Obaichthys was coded with state 2 by Arratia (2013) following incomplete information. This coding is replaced with 0.  
56. (50). Sclerotic ring: absence of sclerotic bones [0]; complete ring of two sclerotic bones (oriented anterior and posterior to eye) [1]; incomplete ring of two sclerotic bones (oriented anterior and posterior to eye) [2].
		Comments—Tharsis elleri n. sp. has a complete ring formed by two large sclerotic bones (Fig. 3B, 5, text) that are joint to each other. Ascalabos, Ebertichthys, and Tharsis dubius have two sclerotic bones oriented anterior and posterior to the eye (state 2) but separated between them. In contrast, Tharsis dubius was described as having one incomplete ring (Nybelin, 1974).  

Jaws
57. (51). Elongated dentary bearing: few or many rows of conic teeth of different sizes [0]; many   rows of small villiform teeth [1]. 
Comments—Slightly modified from Arratia (1997, 1999). It is a common situation that the oral margin of the dentary of Tharsis dubius is damaged; however, a few conical teeth are preserved in the acid prepared specimen illustrated in Figure 13A (text). The condition is unknown in T. elleri n. sp.
58. (52). Premaxillary teeth: placed at an angle of about 90 degrees to premaxilla [0]; placed obliquely to premaxilla (posteriorly-directed teeth) [1]. 
			Comments—Character from Lambers (1992).
59. (53). Premaxilla: without ascending process [0]; with ascending process [1].
Comments—†Eurycormus is coded with state 1 after the information provided by specimens MB.f. 7019 and SMNH 87316/3 showing well-developed ascending process. This character stands as a synapomorphy of †Prohalecites plus more advanced teleosts (Fig. 12: Node B). 
60 (54). Premaxilla forming a rostral tube that projects into the ethmoidal region: absent [0]; present [1]. 
		Comments—From Brito (1997). This character is interpreted as a synapomorphy of †Aspidorhynchiformes. 
61. (55). Mobility of premaxilla: fixed premaxilla, lying lateroventral to rostral or beneath [0]; mobile, lying lateral to rostral [1].
Comments—From Patterson (1977) who interpreted this character as a synapomorphy of Teleostei. That interpretation changed with studies on anspidorhynchiforms (Brito, 1992, 1997) and pachycormiforms (see Arratia, 1999: 287). This character is an unchallenged synapomorphy of the stem teleost †Prohalecites plus more advanced teleosts (Fig. 12: Node B text; Arratia, 2013: fig. 95). 
62. (56). Maxilla: elongate, extending behind orbit [0]; moderately long, extending below orbit [1]; very short, anterior to orbit [2]. 
		Comments—From Arratia (1997: 121, 1999). The elongation of the maxilla is a feature with taxonomic and also phylogenetic value and is a synapomorphy of certain teleosteomorph clades.
		Tharsis dubius has a moderately long maxilla almost reaching the posterior part of the lower jaw, below the posterior half of the orbit (Fig. 13A, text). In contrast, the maxilla is shorter in T. elleri n. sp. (Fig. 4, text). 
63. Maxilla, with dorsal and ventral margins: with different degrees of curvature [0]; almost straight [1]. New character.
		Comments—A narrrow, almost straight maxilla is shared by most ankylophorids, except †Siemensichthys siemensi (see Gaudant, 1978; Arratia, 2000). 
64. (57). Posterior margin of maxilla: rounded or straight [0]; notched or concave [1]; acute, markedly oblique [2]; irregularly shaped [3].
Comments—Character modified from Grande and Bemis (1998) to include other character states. The posterior margin of the maxilla is rounded in Tharsis dubius (Fig. 13A, text). In contrast, the posterior margin of the bone is truncate in T. elleri n. sp. (Fig. 4, text).  
65. (170). Maxilla with external row teeth: of different shapes, homogeneous or irregularly sized [0]; small, conical teeth increasing slightly in size posteriad [1].
		Comments—Character from Arratia (2016). This synapomorphy is shared by the Jurassic teleosts †Ascalabos and †Ebertichthys (Arratia, 2017: fig. 9: node G2; Fig. 12: Node H2 herein). 
66. (58). Dorsal margin of maxilla: without supramaxillary process [0]; with supramaxillary process [1].
 	Comments—†Pholidoctenus serianus and †Pholidoctenus sanpelligrinensis sp. nov. are coded with state 1, because the fishes have a supramaxillary process just in front of the anterior tip of supramaxilla 1 (Arratia, 2013: fig. 76; Arratia, 2017: fig. 2A,B). 
67. (59). Supramaxillary bone(s): one [0]; none [1]; two [2].
Comments—The number of supramaxillary bones is a morphological feature not affected by growth. It has been consistently used in taxonomic and systematic studies of teleosts, as well as of other neopterygians. See for instance: Saint-Seine (1949, 1955), Nybelin (1966, 1974), Wenz (1968), Lambers (1992), Brito (1997), Grande and Bemis (1998), and Arratia (1997, 1999, 2000, 2013, 2016). The presence of two supramaxillae is a synapomorphy of the apomorphy based Teleostei (Arratia, 2017: fig. 9: node C; Fig. 12: Node F, herein) with further transformation in more advanced teleosts. †Ankylophorus is coded with a question mark because of ambiguous information. Two bones were restored on the dorsal margin of the maxilla of †A. similis by Saint-Seine (1949). However, specimen MHNL 15 255 shows a fracture in the upper margin of an elongate bone that apparently represents one supramaxilla (see also Gaudant, 1978: pl.1, fig. 2). 
68. (60). Long supramaxillary bone covering most of dorsal margin of maxilla: absent [0]; present [1].
		Comments—Character from Arratia (2000). This feature is a synapomorphy of †Siemensichthys among teleosts (see Arratia, 2000 for explanations and illustrations). 
69. (61). Supramaxillary bone or most posterior supramaxilla: dorsal to maxilla [0]; posterior or dorsoposterior to maxilla [1].
		Comments—Character from Arratia (1997). For an explanation see Arratia (1997: 121, 1999: 290).
70 (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]. 
Comments—Character from Arratia (1999). †Ankylophorus and †Lehmanophorus are coded with state 1 based on Arratia’s observations; however, the articulation is posterior to the orbit in the restorations of Saint-Seine (1949: figs. 94, 96). Two character states are present in Tharsis. The articulation is placed below the posterior half of the orbit in T. dubius (Fig. 13A), whereas in placed below the anterior half of the orbit in T. elleri n. sp. (Fig. 4, text). 
71. (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]. 
	 	Comments—Modified from Patterson (1977) to include stem teleosts and other primitive fossil teleosts studied herein.
72. (64). Postarticular process of lower jaw: poorly developed or not developed [0]; well developed [1].
		Comments—Modified from Arratia (1997) with change in the polarity of the character depending on the outgroups used here. Tharsis has a lower jaw with a poorly developed postarticular porcess (see Figs. 4 and 13A, text).
73. (65). Ascending margin of dentary: without a notch [0]; with a notch (= "leptolepid" notch) [1].
		Comments—Character from Arratia (1997). For information on the "leptolepid" notch see Arratia (1997: 122; 2015: 1012). †Eurycormus is coded with state 1 based on Arratia’s observations on specimens (e.g., SMNS 80144) that show the dorsal margin of the dentary exposed. This margin is commonly covered by the maxilla.
74. (66). Lower jaw: with coronoid bone(s) [0]; without coronoid bones [1]. 
Comments—Character from Nelson (1973). The loss of coronoid bones is a synapomorphy of teleosts (Arratia, 2017: fig. 9: node D; Fig. 12: Node F herein).
75. (67). Lower jaw: with surangular bone [0]; without surangular bone [1].
Comments—Character from Patterson (1977). The loss of the surangular bone stands as a synapomorphy of †Leptolepis coryphaenoides plus more advanced teleosts (Arratia, 2017: fig. 9: node F; Fig. 12: Node G, herein).  
76. (68). Lower jaw: with prearticular bone [0]; without prearticular bone [1].
Comments—Character from Patterson (1977). 
77. (69). Coronoid process of lower jaw formed by: surangular and dentary [0]; surangular [1]; dentary and angular [2]; no process [3]; only dentary [4].
		Comments—Character state [2] support the monophyly of apomorphy based Teleostei (Fig. 12: Node C) with further transformations within the clade. Character state 1 is a synapomorphy of the Pholidophoridae (Arratia, 2017: fig. 9: node C1). †Eurycormus has a high coronoid process that is covered by the upper jaw in most specimens; fortunately, Arratia had access to some specimens (e.g., SMNH 95445/12) with the posterior part of the lower jaw showing the coronoid process formed by surangular and dentary. 
78. (70). Dentary: with no separation between dental and splenial regions [0]; with a well-developed, protruding lateral bony ridge separating dental and splenial regions [1].
Comments—This character is interpreted as a synapomorphy at the basal level of the apomorphy based teleosts (Arratia, 2017: fig. 9: node C; Fig. 12: Node C herein), with a reversal in more advanced nodes.
79. (71). Toothed predentary in lower jaw: absent [0]; present [1].
Comments—Character from Brito (1997). A predentary bone is present only in aspidorhynchiforms among the studied fishes. This character is interpreted as a synapomorphy of †Aspidorhynchiformes (Brito, 1997).
80. (72). Predentary: short, less than half length of premaxillary tube [0]; almost as long as premaxillary tube [1]; non-applicable, predentary absent [-]. 
Comments—The length of the predentary bone is a character separating members of the Aspidorhynchiformes (e.g., Brito, 1997; Ebert, 2014; Arratia and Schultze, 2015). See Appendix S2 for distribution of this feature among aspidorhynchiforms.
81. (73). Maxilla: without or scarce ganoine ornamentation [0]; heavily ornamented with characteristic longitudinal ridges of ganoine [1].
Comments—This feature stands as a synapomorphy shared by some pholidophorids (Arratia, 2017: fig. 9: node C3).
82. (74). Supramaxilla(e): without or scarce ganoine ornamentation [0]; heavily ornamented with characteristic longitudinal or concentric ridges of ganoine: [1]; non-applicable, no supramaxilla present [-]
Comments—This feature stands as a synapomorphy shared by some pholidophorids (Arratia, 2017: fig. 9: node C3).

Palatoquadrate, hyoid arch, and urohyal
83. (75). Palatoquadrate: with an autopalatine bone [0]; autopalatine bone absent [1]. 
Comments—Arratia (2013, 2015) coded †Catervariolus with state 0 following Taverne (2011a: fig. 19). However, this identification seems not to be supported by the specimen (compare Fig. S1A with Fig. S1B herein). The absence of the autopalatine bone is a feature of osteoglossomorphs among the studied fishes (see Arratia 2017: appendix S3).
84. (76). Suspensorium: short, due to the vertical alignment of the hyomandibula and symplectic [0]; elongate, due to the postero-ventral inclination of hyomandibula and symplectic [1]; elongate, due to the antero-ventral inclination of the hyomandibula and suspensorium
		Comments—State 2 was added. This is the condition presents in Tharsis elleri.
85. (77). Postero-ventral margin of the hyomandibular bone: without preopercular process [0]; with preopercular process [1].
		Comments—The preopercular process of the hyomandibula is only known in a few teleosts (see Appendix S2). It was described and illustrated by Nybelin (1974) for his so-called leptolepid fishes. It is important to be mentioned that the processes that received the same name from Nybelin (1974) are very different. The so-called preopercular process in Leptolepis normandica and others is a broad posterior expansion of the ventral region of the hyomandibula (Fig. S2; Nybelin, 1974: text-figs. 3A–E). However, a small projection at the posterior margin of the hyomandibular shaft (Fig. S4) in Tharsis dubius was named preopercular process by Nybelin (1974: text-fig. 24). After our observations, the hyomandibula in Tharsis does not present a preopercular process. 
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Figure S2. Hyomandibular bones of Leptolepis normandica illustrating the preopercular process
(pr.op) at the postero-ventral margin of the bone in different individuals (A-E). After Nybelin
(1974).
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Figure S3. Hyomandibular illustrating the so-called preopercular process in Tharsis dubius.
Abbreviations: Hm, hyomandibular; pr.op, opercular process; pr.pop, preopercular process. 
Hyomadibular bone from Nybelin (1974).



86. (78). Elongated postero-dorsal or postero-ventral process of quadrate (depending on the angle of the quadrate): absent [0]; present [1].
		Comments—Arratia (2013: fig. 99B) illustrated a SEM photograph of the quadrate in †Leptolepis coryphaenoides to illustrate what Arratia describes as an elongate process (Fig. S4B). This elongate process as in †L. coryphaenoides is also present in †Siemensichthys, †Dorsetichthys, †Ichthyokentema and more advanced teleosts, including primitive living forms (e.g., Elops; Arratia and Schultze, 1991: figs. 15B, 21A–D). †Eurycormus was coded with a question mark in Arratia’s (2013, 2016) matrices. However, the parsimony analysis suggested that the process was present. New specimens (e.g., SMNH 88987/3) with the complete quadrate exposed (Fig. S4A) show that an elongate process is not present in †Eurycormus, but a tiny process is, as the one illustrated for some pholidophorids (Arratia, 2013: figs. 13, 18). 
		According to Taverne (2014: 252) “in Aspidorhynchidae, the ventral margin of the quadrate often is swollen, forming a sort of bony pad (Brito, 1997: fig. 15A) and a true bony quadratic process could even be individualized (Taverne, 1981: fig. 5).” Brito (1997: figs. 15A,B) did not illustrate nor describe a postero-ventral process (quadratic process) of the quadrate for any aspidorhynchiform (see Fig. S5).


[image: ]
Figure S4. Quadrates in lateral view. A. †Eurycormus speciosus (SMNH 88987/3). Arrows
point to the postero-ventral region of quadrate with a tiny process. Scale = 5 mm. B.†Leptolepis
coryphaenoides, after Arratia (2013: fig. 99). Arrows point to the elongate postero-dorsal
process of quadrate.
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Figure S5. Quadrate, symplectic, and posterior part of lower jaw in the aspidorhynchiform †Vinctifer comptoni. Section of photograph after Brito (1997: fig. 15B). Photograph courtesy of P. Brito.

87. Posterior or postero-ventral margin of quadrate: not especially thickened ossification [0]; markedly thickened and with a diminutive process distally [1]; markedly ossified into a postero-dorsal process partially separated by a deep notch from main body of the bone [2]. 
			Comments—See Arratia (2017: fig. S2A,B) and Arratia (2013: figs. 15, 16, 18), and Fig. S4A,B, herein.
88. (79). Symplectic: articulates with lower jaw [0]; does not articulate with lower jaw [1].
	Comments—See comments on this character in Patterson (1973), Brito (1997), and Arratia (1999). Lepisosteus and †Obaichthys were coded with 0 in Arratia (2013, 2016). However, Lepisosteus presents a short symplectic, as illustrated by Arratia and Schultze (1990: fig. 13A,B) and Grande (2010). The coding of Lepisosteus and †Obaichthys is replaced with state 1. 
89. (80). Position of symplectic: posterior to posterior margin of quadrate [0]; medial to posterior margin of quadrate [1].
		Comments—For information on this character see Pinna (1996), Brito (1997), and Arratia (1999).
90. (81). Quadrate and metapterygoid: close together and articulated with each other [0]; distant to each other [1].
		Comments—Character state 1 is only known from lepisosteids among the studied fishes (see also Grande, 2010).
91. (82). Hyoid arch: with one hypohyal articulated with anterior ceratohyal [0]; with dorsal and ventral hypohyals articulated with anterior ceratohyal [1].
			Comments—This character is from Patterson (1977). For explanation on this character, its homology and its importance as a teleostean character see Arratia and Schultze (1990), Pinna (1996), and Aratia (2015). †Eurycormus is coded with state 0, because its anterior ceratohyal has only one articular surface for a broad hypohyal (e.g., SMNH 87316/3 and SMNH 95445/12). 
92. (83). Urohyal: absent [0]; formed as an unpaired tendon bone of the sternohyoideus muscle [1]. 
			CommentsThis character is from Arratia and Schultze (1990). For explanation of the tendon-bone urohyal, its homology and its importance as a teleostean character see Arratia and Schultze (1990), Pinna (1996), and Wiley (2008). 

Opercular bones, branchiostegals, and gular plates
93. (84). Anterior extent of preopercle: not extending below anterior region of orbit [0]; extending below anterior region of orbit [1].
94. (85). Postero-ventral region of preopercle: narrow or slightly expanded [0]; broadly expanded in a distinct pattern [1]. See Arratia (1997: figs. 87, 88).
			CommentsCharacter from Arratia (1997). See Arratia (1997: figs. 87, 88) for explanation of state [1] that is interpreted as a synapomorphy of the family †Varasichthyidae (Arratia, 2017: fig. 9: node I).
95. (86). Preopercular sensory canal with many long and single tubules opening near the ventral and postero-ventral borders of preopercle: absent [0]; present [1]. 
			CommentsCharacter from Arratia (1997). See Arratia (1997: figs. 87, 88) for explanation of state [1] that is interpreted as a synapomorphy of the family †Varasichthyidae (Arratia, 2017: fig. 9: node I).
96. (87). Posterior position of preopercular sensory canal in a peculiarly-shaped preopercle: absent [0]; present [1]. 
		CommentsCharacter from Brito (1997). This feature is interpreted as a synapomorphy of †Aspidorhynchiformes.
97. (88). Antero-ventral margin of preopercle: without a notch [0]; with a notch, giving the bone a heart-like shape [1].
		 CommentsThis character is only known from some pholidophorids (see Appendix S2; Arratia, 2013). 
98. (89). Postero-ventral or posterior margin of preopercle: smooth [0]; notched [1].
		CommentsA notch as the posterior margin of the preopercle was described first by Nybelin (1966) for certain Triassic and Liassic pholidophorids.
99. (90). Crescent-shaped preopercle: absent [0]; present [1]. 
		CommentsFrom Grande and Bemis (1998). The character was polarized following the conditions present in †Watsonulus and lepisosteids. Consequently, Amia calva, with a crescent-shaped preopercle was coded as 1, as †Prohalecites and some pholidophorids (see Arratia, 2017: appendix S3). 
100.  (91). Irregular parallelogram, oval, or kidney-shaped opercular bone absent [0]; present [1]. 
		CommentsCharacter from Li and Wilson (1996). This character stands for osteoglossomorphs among the studied taxa. 
101. Posterior margin of preopercle: smooth [0]; serrated [1]. 
CommentsThis character stands as an synapomorphy of species of †Pholidoctenus  among the studied specimens.
102. (92). Interopercle: present [0]; absent [1]. 
Comments—Character from Brito (1997). †Aspidorhynchus and †Belonostomus are coded with states 0/1 because specimens from Ettling (Bavaria, Germany) show an interopercle, whereas specimens from other localities in the Solnhofen limestones seem not to have the bone (see also Ebert, 2015). Vinctifer does not have an interopercle (after Brito, 1997). 
103. (93). Cranial ventral region: with median gular plate [0]; without gular plate [1].
	Comments—Modified from Arratia (1997). The original character only referred to a gular plate, because in all teleosts studied only one median element was known. However, †Catervariolus was described (Saint-Seine, 1955; Taverne, 2011a) as possessing more than one gular, and it was considered in Arratia’s (2013) phylogenetic hypothesis. The absence of a gular plate is a feature supporting ascalaboids (Arratia, 2017: fig. 9: node G2) and osteoglossomorphs (Arratia, 2017: fig. 9: node L). However, this interpretation has changed, because of the missing information about a gular plate in Tharsis elleri n.sp. The phylogenetic analysis assumes that this feature is present in T. elleri, so that under this assumption character 103 is not interpreted as a synapomorpy supporting this family (see Caption of Fig. 12, text).  This feature is a homoplasy with further transformation in more advanced teleosts (Arratia, 1999). 

Vertebrae and intermuscular bones 
104. (94). Two vertebral centra fused into occipital condyle in adults: absent, with more than two centra or no centra [0]; present [1]. 
		Comments—Character from Grande and Bemis (1998).
105. (171). 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 [-]. 
Comments—This feature is a synapomorphy of some ascalaboids (Arratia, 2017: fig. 9: node 2; Fig. 12: Node H2, herein). 
106. (95). Opisthocoelous centra with convex anterior articular surface and concave posterior surface: absent [0]; present [1].
		Comments—Character from Arratia (1999). Opisthoceolous vertebrae are only known from lepisosteids (part of the outgroup). 
107. (96). 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 [0]; chordacentrum partially surrounded by dorsal and ventral arcocentra [1]; chordacentrum surrounded laterally by growth of dorsal and ventral arcocentra that fuse to each other (arcocentral type) [2]; chordacentrum surrounded by autocentrum and partially by dorsal and ventral arcocentra  (autocentral type) [3].
Comments—Modified from Arratia (1999). Following figure 43 in Taverne (2011a), †Catervariolus was coded with character state 1, because the illustrated vertebrae present a longitudinal crest that is a feature of an autocentrum. Taverne (2014) disagreed; however, when Arratia coded this feature with state 0 (Arratia, 2016); there was no change in the position of †Catervariolus after Arratia (2013: fig. 95). Independent of Taverne’s claims, the preservation of the vertebrae of Catervariolus is poor (see Figure S6A,B).
		“The vertebrae of †Catervariolus are thin-ring like bony structures. When seen in transversal view, only one bony layer is visible…..But a few rare vertebrae exhibit a feeble marked median crest (Taverne, 2011b: fig. 43).” Arratia is unable to understand Taverne’s disagreement in this context and his criticism concerning the structure of teleostean vertebrae, because †Catervariolus has a thin bony layer (= autocentrum) around the chordacentrum after his description that is the same pattern as in †Leptolepis coryphaenoides that Arratia has studied (histological sections and SEM of caudal vertebrae; Arratia, 1997: fig. 89A–C). The external aspect of a chordacentrum is different. See for instance, the chordacentra in †Eurycormus (Fig. S7), †Belonostomus, and the euteleost †Orthogonikleithrus in Schultze and Arratia (2013: fig. 8, 13). 
108. (97). Midcaudal vertebral autocentra: absent [0]; thin and smooth [1]; thick and sculptured [2]; thick and smooth [3]. 
		Comments—Character from Arratia (1997). Character state 3 was added to include the condition present in †Ebertichthys (Arratia, 2016). For information on structure of vertebrae see Arratia (1991) and Arratia et al. (2001). 
109. (98). Walls of mid-caudal autocentra: autocentrum absent [0]; without cavities for adipose tissue [1]; with cavities for adipose tissue [2]. 
Comments—Character from Arratia (1991). For information on structure of vertebrae see Arratia (1991) and Arratia et al. (2001).
110. (99). Notochord: unconstricted [0]; strongly constricted by the walls of vertebral centra (hourglass-shaped centrum) [1]; non-applicable, e.g., no centra, functional notochord present [-]. 
Comments—Character from Arratia (1991). For information on structure of vertebrae see Arratia (1991, 1997) and Arratia et al. (2001).
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Figure S6. Detail of first caudal vertebrae of †Catervariolus hornemani. A, drawing slightly modified from Taverne (2011a: fig. 43) based on specimen MRAC RG 8036. B, photograph of the same specimen and of the same region. Scale = 1 mm. Abbreviations: epin, epineural process; hemap, haemal apophysis (= arch); neur, neural arch; neurep, neural spine; v, vertebral centrum.
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Figure S7. Caudal vertebral region of †Eurycormus speciosus (BSPG 1956 I 422), illustrating the texture of chordacentra in comparison to the bony arches and spines.
111. (100). Mid-caudal centra (adults): diplospondylous centra [0]; monospondylous centra [1]; non-applicable, e.g., no centra, functional notochord present [-]. 
Comments—Character from Arratia (1991). For information on structure of vertebrae see Arratia (1991, 1997) and Arratia et al. (2001).
112. (172). Midcaudal vertebral region in young individuals: with monospondylous centra or absence of centra [0]; with diplospondylous centra that become monospondylous throughout ontogeny (pseudodiplopondyly) [1].
Comments—Character from Arratia (2016). For information on pseudodiplospondyly see Arratia (1991, 2016). This feature is a synapomorphy of the family †Ascalaboidae (Arratia, 2017:fig. 9: node G1; Fig. 12: Node H1, text).
113. (101). Neural spines of caudal vertebrae: paired [0]; unpaired [1].
		Comments—Unpaired neural spines is the morphological condition of actinopterygians. See for instance, Arratia et al. (2001) and  Cloutier and Arratia (2004) and references therein. However, some actinopterygians do not fall in this generalization, because the last neural spines are paired in larger specimens of lepisosteids (e.g., Schultze and Arratia, 1986, 1989) and the condition is variably present in some teleosteomorphs (see Appendix S2). 
114. Abdominal neural arches: without epineural processes [0]; with epineural processes [1]; non-applicable: other condition, e.g., epineural bones [-]. 
		Comments—From Arratia (1977). For an explanation of epineural process and epineural bones see Arratia (1997, 1999, 2015). Among the studied teleosts, the modern osteoglossomorph Heterotis is the only one with epineural bones (see Appendix S2).
115. (102). 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]. 
		Comments—Although this character was used by Patterson (1977), the character is from Müller (1845) who used it for the first time to diagnose his subclass Teleostei. For information on this character see (Arratia, 1997, 1999, 2015). 
116. (103). Epipleural intermuscular bones: not developed [0]; developed in the middle part of body [1]. 
		Comments—From Patterson (1977). 
117 (104). 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 [-]. 
		Comments—Character from Arratia (1977). For explanation on this character see Arratia (1997: 128).
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]. 
		Comments—This character is only present in some ascalaboids among the studied fishes (Arratia, 2016; Arratia, 2017: fig. 9: node G2, appendix S3).


Pectoral and pelvic girdles, and axillary processes
119. (105). Posttemporal: without a dorsal process [0]; with a distinct dorsal process to articulate with cranium [1].
120. (106). Supracleithrum with main lateral line emerging: at its upper half [0]; at its postero-ventral margin [1]; a tube-like bone carrying lateral line [2].
		Comments—Character from Arratia (1977). Among the studied fishes, character state 2 is only present in the osteoglossomorph Heterotis (see Appendix S2). 
121. (107). Postcleithrum(thra): one or two (0); three or more (1); none (2). 
		Comments—From Arratia (1997). For explanation on the character see Arratia (1997: 130).
122. Postcleithrum(thra) formed by: external ganoid-scaly elements [0]; external cycloid-scaly elements [1]; internal bones medial to supracleithrum and cleithrum [2]. 
Comments—Modified from Arratia (1977). The homology of postcleithra is unclear. Character state 1 stands as a synapomorphy of the family †Varasichthyidae (Fig. 12: Node J), and character state 2 stands as a synapomorphy of †Leptolepis coryphaenoides plus more advanced teleosts (Fig. 12: Node G).  
123. (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]. 
Comments—See Arratia (2013: 123, 125) for explanation of this character. †Vinctifer is coded with state 1 following Brito’s (1997) description of the cleithrum.
124.  Pectoral girdle: with clavicle(s) [0]; without clavicle [1]. 
Comments—The teleosts have been traditionally described without a clavicle. The present results also suggest this, because the absence of a clavicle stands as a synapomorphy of teleosteomorphs (Fig. 12: Node A). However, a clavicle is present in pholidophorids (Arratia 2013:p. 125, fig. 20) and †Eurycormus, and this character is interpreted here as a synapomorphy of pholidophoriforms (a reversal at node C1 in fig. 9 in Arratia, 2017). †Catervariolus was coded by Arratia (2013) having a clavicle following figure 37 in Taverne (2011a). Currently, Arratia is uncertain about this, because the figure is a composite illustration based on five specimens showing the clavicle represented by two broken pieces.
125. (109). Clavicle: not  articulated with the antero-ventral margin of cleithrum [0]; articulated with the antero-ventral margin of cleithrum [1].
Comments— †Eurycormus has a clavicle similar to that of pholidophorids (Arratia, 2013: fig. 69) that articulates with the cleithrum (e.g., specimen SMNS 88987/3). 
126. (110). Pectoral proximal radials: more than four [0]; four [1].
			Comments—†Vinctifer has four proximal radials after Brito (1997). Taverne (2014) criticized Arratia’s coding [0] of †Pachycormus as wrong based on Jessen’s figure (1972: pl. 25, fig. 1) and citing Mainwaring (1978), who also referred to the same figure. Jessen’s plate 25, fig. 1 does not show radials. This is a misreading of Jessen’s illustration. Furthermore, Jessen (1972: p. 75) wrote the following sentence about †Pachycormus: “Zum Endoskelett der Brustflosse gehören das Propterygium, fünf Radien und eine Anzahl Radialia”, which translates as, “The propterygium, five radii (proximal pectoral radial) and a number of radialia (distal pectoral radials) belong to the endoskeleton of the pectoral fin” (translation by H.-P. Schultze). Furthermore, Jessen (1972: p. 89, fig. 10) concluded that the endoskeleton of the pectoral girdle of †Pachycormus is similar to that of †Pteronisculus (with five proximal radials). Independently of this, Arratia has not seen four pectoral radials in any of the pachycormiforms that Arratia has studied. Consequently, Arratia’s coding is correct. 
		Tharsis elleri has four elongate pectoral radials (see Fig. 3B, text).
127. (111). Pectoral propterygium: free [0]; fused with first pectoral-fin ray [1].
Comments—Patterson (1977) proposed this character as a synapomorphy of Teleostei, at 
the level of pachycormiforms and more advanced teleosts. But see Arratia (1999, 2013, and herein). A propterygium fused to the first pectoral ray is interpreted as a synapomorphy of ankylophorids plus more advanced teleosts. For additional information on pachycormiforms see Arratia and Lambers (1996) and Arratia and Schultze (2013), on aspidorhynchiforms see Brito (1997), and on †Eurycormus and other teleosts see Arratia (2008). 
	Information on the first principal ray is missing in Tharsis elleri n. sp. A propterygium fused with the first principal ray is present in Tharsis dubius. 
128. (112). First pectoral fin-ray: simple ray, not fused to fulcra [0]; compound ray fused with basal fulcra [1].
Comments—For an explanation on this character see Arratia (2008, 2013).
129. (113). Pectoral fin: without pectoral axillary process [0]; with pectoral axillary process [1].
Comments—For an explanation on this character see Arratia (1997, 1999, 2013).
130 (114). Leading margin of pectoral fin: associated with fringing fulcra [0]; without fringing fulcra [1].
		    	Comments—Fringing fulcra associated with paired and unpaired fins are treated independently for each fin and not as a group, e.g., “paired fins bearing fringing fulcra”, because the pectoral fin is homologous to other pectoral fins, not to the pelvic or other fins. Thus, each is treated independently to keep the homology concept. 
131 (115). Pectoral-fin shape: rounded or acuminate or lanceolate [0]; scythe-like [1].
	Comments—A scythe-like pectoral fin has only been described in pachycormiforms, and it is considered a synapomorphy of the group (e.g., Mainwaring, 1978; Lambers, 1992; Friedman et al., 2010). 
132. Leading margin of pelvic fin: associated with fringing fulcra [0]; fringing fulcra absent [1].
133. (116). Pelvic fin: without pelvic axillary process [0]; with pelvic axillary process [1].
	Comments—Character from Arratia (1997). For an explanation on pelvic axillary processes see Arratia (1997: 134).
134. (117). Pelvic axillary process formed by: an elongate bony element [0]; a combination of bony elements and modified scales [1]; modified scales [2].
Comments— Character from Arratia (1997). For an explanation on this character see Arratia (1997: 134) and Arratia and Thies (2001).

Dorsal and anal fins
135. (173). First dorsal pterygiophore: without processes or with antero-ventral processes of similar size [0]; with three or more antero-ventral processes, the first one broadly expanded [1] (Fig. 8).
		Comments—This character stands as a synapomorphy of ascalaboids (Arratia, 2017: fig. 9: node G1; Fig. 12: Node H1, herein).
136. (118). Dorsal fin: placed in front or anterior to than pelvic fins [0]; placed posteriorly, closer to caudal fins than to pelvic fins [1]. 
				Comments—†Prohalecites is coded with character state 1 (Arratia, 2015: fig. 1A). 
137. Pelvic fin origin about half of standard length: and anterior to dorsal fin origin [0]; and posterior to dorsal fin origin [1]. 
		Comments—Dorsal fin origin placed anteriorly to that of pelvic fin is a character that stands as a synapomorphy of ankylophorids (Arratia, 2017: fig. 9: node D2). 
138. (119). Leading margin of dorsal fin: bearing fringing fulcra [0]; without fringing fulcra [1].
		Comments—This character stands as a synapomorphy of †Leptolepis coryphaenoides plus more advanced teleosts (Arratia, 2017: fig. 9: node F).
139. Dorsal fin carrying: few, short basal fulcra or no fulcra [0]; many, long basal fulcra [1]. 
		Comments—This kind of basal fulcra has only been observed in the studied pachycormiforms (see also Arratia and Schultze, 2013).
140. (120). Leading margin of anal fin: bearing fringing fulcra [0]; without fringing fulcra [1].
		Comments—This character stands as a synapomoprhy of †Leptolepis coryphaenoides plus more advanced teleosts (Arratia, 2017: fig. 9: node F; Fig. 12: Node G, herein).

Caudal skeleton
141. (121). Preural vertebrae 3 and 2 of adult individuals: with haemal arches autogenous [0]; with haemal arches laterally fused to their respective centra [1].
		Comments—From Arratia (1991). All haemal arches, including those of the preural vertebrae are autogenous in Tharsis dubius (see Figs. 13B, 14, text). In contrast, all haemal arches are fused to their centra in Tharsis elleri. This is not a feature associeted with age, because large Tharsis dubius of similar length or longer than T. elleri have autogenous arches.		
142. (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].
				Comments—Character from Arratia (1991). For the condition in Tharsis dubius see Arratia (1991), Patterson and Rosen (1977) and Figs. 13B and 14 (herein). For Tharsis elleri see Figs. 9 and 10 (text).
143. (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]. 
				Comments—Character from Arratia (1991). For the condition in Tharsis dubius see Arratia (1991), Patterson and Rosen (1977) and Figs. 13B and 14 (herein). For Tharsis elleri n. sp. see Figs. 9 and 10 (text).
144. (124). Arch of parhypural in adults: autogenous [0]; laterally fused with its centrum [1].
				Comments—Modified from Arratia (1991). For the condition in Tharsis dubius (with autogenous arch) see Arratia (1991), Patterson and Rosen (1977) and Figs. 13B and 14 (herein). For Tharsis elleri n. sp. (with fused arch) see Figs. 9 and 10 (text).
145. (125). Neural spine of ural centrum 1 (diural terminology; adults): absent [0]; present [1]; non-applicable, fused elements [-].
				Comments—Modified from Arratia (1991). The studied pachycormiforms are coded with non-applicable condition. 
				For the condition in Tharsis dubius see Arratia (1991), Patterson and Rosen (1977) and Figs. 13B and 14 (herein). For Tharsis elleri n. sp. see Figs. 9 and 10 (text).
146. (126). Neural arch over first ural centrum (adults): present and complete [0]; reduced or absent [1]; non-applicable, e.g., fused elements of the caudal endoskeleton [-].
						Comments—Modified from Patterson (1977).  For the condition in Tharsis dubius see Arratia (1991), Patterson and Rosen (1977) and Figs. 13B and 14 (herein). For Tharsis elleri n. sp. see Figs. 9 and 10 (text).
147. (127). Number of ural centra (in adults): more than two (polyural condition) [0]; commonly two (diural condition) [1]; no ural centra [2]. 
		Comments—The diural caudal skeleton was proposed as a synapomorphy of teleosts by Patterson (1977). For further explanation on this character and the homology problems involved see Schultze and Arratia (1988, 1989, 2013) and Wiley et al. (2015). Although most adult specimens of Tharsis dubius show two ural centra, some specimens retain the early ontogenetic condition (see Fig. 14, text) with six ural centra.
148. (128). 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 [-].
		Comments—Modified from Patterson and Rosen (1977). For an explanation of the cartilaginous elopomorph neural arch see Schultze and Arratia (1988, 2013) and Arratia (1999). The presence of this structure is considered a synapomorphy of Elopomorpha (Fig. 12: Node L).   
149. (129). Number of epural(s): five or more [0]; three or four [1]; one [2]; none [3].
		Comments—Modified from Patterson (1977). The number of epurals is a character not affected by growth. It has been consistently used in taxonomic and systematic studies of teleosteomorphs, as well as other neopterygians. See for instance: Patterson (1968, 1977), Pinna (1996), Brito (1997), Grande and Bemis (1998), Schultze and Arratia (1986, 1987, 1989, 2013), Arratia and Schultze (1992), Arratia and Lambers (1996), Arratia (1997, 1999, 2000, 2013), and Grande (2010).
150. (130). Preural neural spines: unmodified [0]; enlarged and broadly expanded laterally
        (uroneural-like bones) [1].  
	Comments—For information concerning uroneural-like bones, see Patterson (1973), Arratia and Lambers (1996), Arratia and Schultze (2013), and Schultze and Arratia (2013). Uroneural-like bones are only known in pachycormiforms, in some aspidorhynchiforms, and in †Eurycormus. (In contrast, uroneurals are modified ural neural arches, in other words, are modifications of the ural region, not preural region.)
151. (131). Complete series of uroneurals originates from: ural neural arches absent or unmodified [0]; ural neural arches [1]. 
		Comments—The interpretation of ural neural arches modified as uroneurals is from Patterson (1968). The presence of uroneurals as a synapomorphy of teleosts was suggested by Patterson (1973, 1977), an interpretation that have changed after study in different teleosteomorphs and extant teleosts (e.g., Arratia and Lambers, 1996; Arratia and Schultze, 2013; Schultze and Arratia, 2013). For information concerning presence and/or absence of uroneurals and their meaning as teleostean characters see for instance: Patterson (1968, 1977), Brito (1997), Schultze and Arratia (1986, 1987, 1989, 2013), Arratia and Schultze (1992, 2013), Arratia (1997, 1999, 2000, 2013). For origin and homologization or uroneurals see Schultze and Arratia (1989, 2013), and Arratia and Schultze (1992). The condition of uroneurals and of their fate is unknown in the modern osteoglossomorph Heterotis, so this genus is coded with a question mark (see Arratia, 2017: appendix S3; Appendix S2 herein). 
152. (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 [-].
		Comments—From Arratia (1991). The number of ural neural arches modified as uroneurals is a character not affected by growth. It has been consistently used in taxonomic and systematic studies of teleosts. See for instance: Patterson (1968, 1977), Brito (1997), Grande and Bemis (1998), Schultze and Arratia (1986, 1988, 1989, 2013), Arratia and Schultze (1992), and Arratia (1991, 1997, 1999, 2000, 2013). Tharsis dubius presents seven uroneurals (e.g., Figs. 13B, 14). The last uroneurals in Tharsis elleri are not well preserved (Figs. 9, 10, text), but according to the preserved bones we expect also seven uronerals to be present. 
153. (133). Anterior most uroneurals present as: a group of three or four long separate elements [0]; one or two long, separate uroneural(s) [1]; non-applicable, e.g., uroneurals absent [-].
			CommentsCharacter from Patterson and Rosen (1977), slightly modified by Arratia (1999). Tharsis present state character 0 (see Figs. 9, 10, 13B, and 14).
154. (134). All uroneurals: inclined toward the horizontal, one bside the other [0]; at different angles [1]; non-applicable, e.g., uroneurals absent [-]. 
			CommentsCharacter from Patterson and Rosen (1977), slightly modified by Arratia (1999). 
155. (135). Two uroneurals (rather than three or four) extending beyond second ural centrum (diural terminology): absent [0]; present [1]; non-applicable, e.g., absence of uroneurals 
		[-]. 
			Comments—Character from Patterson and Rosen (1977), slightly modified by Arratia (1999). 
156. (136). Hypural 8: present in adult individuals [0]; absent [1]; non-applicable, e.g., fusion of elements [-].
			Comments—Character from Arratia (1991), slightly modified by Arratia (1999).
157. (137). Hypural 7: present [0]; absent [1]; non-applicable, e.g., fusion of elements [-].
			Comments—Character from Arratia (1991), slightly modified by Arratia (1999).
158. (138). Hypural 6: present [0]; absent [1]; non-applicable, e.g., fusion of elements [-].
			Comments—Character from Patterson and Rosen (1977), slightly modified by Arratia (1999).
159. (139). Hypurals: independent [0]; fused into a plate [1]. 
Comments—Character state 1 stands as a synapomorphy of the studied pachycormiforms (Arratia, 2017: fig. 9: node A3). 
160. (140). Bases of hypurals 1 and 2: not joined by cartilage [0]; joined by cartilage (and/or bone) [1]; non-applicable, e.g., fusion of elements [-].
		Comments—Character from Arratia (1991), slightly modified by Arratia (1999).
		In Tharsis the bases of hypurals 1 and 2 are joined by bone (see Figs. 9, 10, 13B, and 14).
161. (141). Hypurals 2 and 3: without a space between them [0]; with a space (hypural diastema) between them [1]; non-applicable, e.g., fusion of hypurals [-]. 
		CommentsCharacter from Arratia (1991). 
162. (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].
		CommentsCharacter from Grande and Bemis (1998), slightly modified.
163. (143). Dorsal or epaxial leading margin of caudal fin: with (epaxial) basal fulcra [0]; 	without (epaxial) basal fulcra [1].
164. (144). Ventral or hypaxial leading margin of caudal fin: with (hypaxial) basal fulcra [0]; 	without (hypaxial) basal fulcra [1].
165. (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]; non-applicable, e.g., absence of uroneurals [-].
		CommentsSlightly modified from Arratia (1997). Epaxial basal fulcra and epaxial procurrent rays are interpreted as homologous structures following Arratia (1991).
166. (146). Epaxial lobe of the caudal fin: without procurrent rays [0]; with procurrent rays [1].
		CommentsInterpretation of procurrent rays follows Arratia (2008).
167. Epaxial lobe of the caudal fin: without rudimentary ray [0]; with rudimentary ray [1].   
CommentsInterpretation of epaxial rudimentary ray follows Patterson (1968) and Arratia (1991, 2008). Tharsis elleri n. sp. presents a well preserved epaxial rudimentary ray (Fig. 9) in the holotype. A similar bone has not been observed in Tharsis dubius (e.g., Arratia, 1991; Patterson and Rosen, 1977; Fig. 13B, text). .
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]. New character.
		Comments—The presence or absence of fringing fulcra is a character not affected by growth. Fringing fulcra been consistently used in taxonomic and systematic studies of actinoptergygians, and most primitive teleosteomorphs. Caudal fringing fulcra are lost in crown teleosts. One or a few fringing fulcra may be found in some aspidorhynchiforms (Arratia, 2008) and in †Tharsis among Jurassic teleosts (Arratia, 1991). For more information, see for instance: Nybelin (1966), Patterson (1968, 1977), Brito (1997), Grande and Bemis (1998), Schultze and Arratia (1986), Arratia and Lambers (1996), Arratia (1999, 2008, 2009, 2013), Cloutier and Arratia (2004), and Grande (2010).
		The genus Tharsis is characterized for the presence of one elongate fringing fulcrum (see Figs. 9, 13B).
169. (147). Dorsal leading margin of caudal fin: with small fringing fulcra or fringing fulcra absent [0]; with very long and narrow fringing fulcra [1]. 
CommentsSee Arratia (2008: fig. 21) for †Belonostomus.
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]. 
		CommentsCharacter state 2 stands as a synapomorphy of †Leptolepis coryphaenoides plus more advanced teleosts (see Fig. 12: Node G).
171. Ventral hypaxial leading margin of caudal fin: without accessory fulcra [0]; with accessory fulcra irregularly intercalated between hypaxial fringing fulcra [1]. 
CommentsFor explanation of accessory fulcra see Arratia (2008). 
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]. 
		CommentsThis character stands as a synapomorphy of the pachycormiforms studied here. For explanation of these epaxial basal fulcra see Arratia (2008) and Arratia and Schultze (2013). 
173. (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]. 
		CommentsCharacter modified from Patterson (1977), Patterson and Rosen (1977), and Arratia (1999) to include the new information from pholidophorids (Arratia, 2013, 2017, and herein). 
174. (149). 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].
		CommentsFrom Arratia (2008). For definition of principal caudal rays see Arratia (2008). 
175. (150). Bases of two innermost epaxial principal rays of the caudal fin: without dorsal processes [0]; with dorsal processes [1].
		CommentsFrom Arratia (1991). For definition of the dorsal processes see Arratia (1991, 2008). Both species of Tharsis present well developed dorsal processes (see Figs. 9, 13B, 14)
176. (151). Articular surfaces of segments of the epaxial principal caudal rays joined by: straight articulations [0]; Z-like articulations [1]. 
		CommentsCharacter from Arratia (1991). 
177. (152). Tendon-bone 'urodermals' associated with first principal caudal rays: none [0]; two [1]; one [2]. 
CommentsFor an explanation on tendon-bone ‘urodermals’ and urodermals (and their homology) see Arratia and Schultze (1992). In Tharsis, as well as in other teleosts (Fig. 12: Node G), ‘urodermal’ tendon-bones are external bones lying lateral to the first or first and second principal caudal rays. They should not be confused with the dorsal series of short uroneurals present in Tharsis, that are medial to the bases of the rays. 
178. (153). Dorsal scute preceding caudal fin: absent or relatively small [0]; large and long element extending over several caudal vertebrae [1]. 
		CommentsCharacter modified from Arratia (1997).  
179. (154). Posterior margin of caudal fin: truncated or emarginated or furcated [0]; convexly rounded [1].
		CommentsCharacter slightly modified from Grande and Bemis (1998).
180. (155). 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].
		CommentsA homocercal tail (internally) is interpreted as a synapomorphy of teleosts standing at the node of †Leptolepis coryphaenoides plus advanced teleosts (Fig. 12: Node G). This is a homoplasious feature also present in aspidorhynchiforms and pachycormiforms (Fig. 12: Node A1). 

Scales
181. (156). 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 [-].
		CommentsFor type of scales see Schultze (1966, 1996). For the special type of scale of pachycormiforms, see  Schultze (1966) and Lambers (1992). 
182. (157). 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 [-].
Comments—Modified from Arratia (1997). †Ascalabos is coded with character state [0] because the examination of complete scales in specimens recently available for study shows that the transverse lines in the middle field do not cross the circuli. This feature stands as a synapomorphy of the family †Varasichthyidae (Fig. 12: Node J). 
183. (158). Cycloid scale with: smooth or serrate posterior margin [0]; crenulate posterior margin [1]; non-applicable, e.g., other type of scale or no scales [-].
Comments—Modified from Arratia (1997). This feature stands as a synapomorphy of the family †Varasichthyidae (Fig. 12: Node J). 
184. (159). 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 [-].
Comments—The posterior margin of ganoid scales, whether the margin is smooth, serrated or dentated is a major feature characterizing and separating taxa possessing ganoid scales among the studied fishes, e.g., pholidophorids and ankylophorids (e.g., Schultze, 1966; Zambelli, 1975, 1977, 1980, Arratia, 2000, 2013; herein; Tintori et al., 2015). 
185. (160). Ganoid scales with: smooth surface [0]; ornamented surface [1]; non-applicable, e.g., other type of scale or no scale [-]. 
Comments—The ornamentation or lack of ornamentation is a major feature characterizing taxa possessing ganoid scales among the studied fishes, e.g., aspidorhynchiforms (e.g., Brito 1997; Schultze and Stöhr, 1996), and pholidophorids (e.g., Schultze, 1966; Zambelli, 1975, 1977, 1980a, b; Arratia, 2013; herein; Tintori et al., 2015). 
186. (161). Layer of ganoine on scales of predorsal region: no ornamented or barely ornamented [0]; densely ornamented with thick ridges and/or tubercles of ganoine [1]; other type of scale or no scale[-].
Comments—The amount of ornamentation is another major feature separating taxa possessing ganoid scales among the studied fishes, e.g., pholidophorids and ankylophorids (e.g., Schultze, 1966; Zambelli, 1975, 1977, 1980a, b; Arratia, 2000, 2013; herein; Tintori et al., 2015). 
187. (162). Ganoid scale rows at midflank between postcleithra and pelvic fins: one or two rows of slightly squarish or reactangular scales, or no row [0]; three rows of distinctively deeper than long scales [1]; other type of scale or no scale [-].
Comments—The number of scales rows of ganoid scales is another major feature characterizing and separating taxa possessing ganoid scales among the studied fishes, e.g., aspidorhynchiforms (e.g., Brito 1997, Schultze and Stöhr, 1996), ankylophorids, and pholidophorids (e.g., Zambelli, 1975, 1977, 1980a, b; Arratia, 2000, 2013; herein; Tintori et al., 2015). 
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]. 
Comments—The epaxial lobe of the caudal fin with a small lobe of ganoid scales is a feature found in aspidorhynchiforms, pholidophorids, and ankylophorids (e.g., Arratia, 2013, herein; Tintori et al., 2015). Its absence is a synapomorphy of †Leptolepis coryphaenoides plus more advanced teleosts (Arratia, 2017: fig. 9: node F; Fig. 12, Node G herein). †Orthocormus presents a special structure (named “scaly caudal apparatus”) composed of scales covered with a thin layer of ganoine (see Arratia and Schultze 2013: 100, figs. 8, 9). 

Miscellaneous characters
189. (163). Separation between olfactory organ and eye: close together [0]; broadly separated 
       from each other [1]. 
    Comments—This feature stands as a synapomorphy of lepisosteiforms.
190. (164). Olfactory organ: without accessory nasal sacs [0]; with accessory nasal sacs [1].	
       Comments—This feature was proposed as a synapomorphy of crown teleosts by
Chen and Arratia (1994), Pinna (1996), and Arratia (1999). This feature is known only in  extant teleosts, so that all fossil taxa studied here are coded with a question mark. The parsimony analysis predicts this as a feature of teleosteomorphs (Arratia, 2017: fig. 9: node A; Fig. 12: Node A, herein).
191. (165). Craniotemporal muscle: absent [0]; present [1]. 
Comments—This feature was proposed as a synapomorphy of crown teleosts by Stiassny (1986), Pinna (1996), and Arratia (1999). This feature is known only in extant teleosts. The parsimony analysis predicts this as a feature of teleosteomorphs (Arratia, 2017: fig. 9: node A; Fig. 12: Node A, herein).
192. (166). Body shape: oval or round [0]; elongate, needle-like body [1].
    Comments—This feature stands as a synapomorphy of †Belonostomus species among the studied fishes.
193. (167). Body scales: covered [0]; devoid of squamation [1].
Comments—This feature stands as a autapomorphy of Prohalecites among the studied    fishes.
194. (168). Heart with two arterial valves (in the conus arteriosus): absent [0]; present [1]. 
		Comments—Character is from Müller (1845) who used it for the first time to diagnose his subclass Teleostei. For additional comments see Arratia (2015).
195. (169). Muscles at the basal arteria (ventral aorta): present [0]; absent [1]. 
Comments—Character is from Müller (1845) who used it for the first time to diagnose his subclass Teleostei. For additional comments see Arratia (2015).
196. Caudal fin slightly bent downward at its dorsal insertion given the posterior part of body a 
        peculiar profile: absent [0]; present [1]. 
  Comments—See Figs. 2A,B, 9, text. New character.
197. Neural spines of preural autocentra 6 or 5 and posteriad strongly inclined toward the 
          horizontal: absent [0]; present [1]. 
  Comments—See Figs. 2A,B, 9, 10, 13B, 14, text. New character.
198. Haemal spines of preural autocentra 6 or 5 and posteriad strongly inclined toward the
          horizontal: absent [0]; present [1]. 
  Comments—See Figs. 2A,B, 9, 10, 13B, 14, text. New character.
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