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APPENDIX S1. Character list for the phylogenetic analysis. For each character that has appeared in a previous analysis, its character number in that analysis is indicated inside the parenthetical reference.

1. Epichordal radials in caudal fin: (0) absent; (1) present. (Ahlberg and Johanson, 1997; character 13)
2. Shape of caudal fin: (0) asymmetrical; (1) symmetrical. (Ahlberg and Johanson, 1997; modified from character 14)
3. Relationship of jugal to orbit: (0) contributes to orbital margin; (1) excluded from orbital margin. (Ahlberg and Johanson, 1997; character 4)
4. Relationship of postorbital to orbit: (0) contributes to orbital margin; (1) excluded from orbital margin. (Ahlberg and Johanson, 1997; character 3)
5. Contact between posterior supraorbital and intertemporal: (0) present; (1) absent. (Ahlberg and Johanson, 1997; character 1)
6. Shape of posterior supraorbital: (0) posterior process subequal in length or shorter than orbital margin of the posterior supraorbital; (1) posterior process much longer than orbital margin of the posterior supraorbital. (Ahlberg and Johanson, 1998; modified from character 58)
7. Shape of pineal area: (0) round or oval; (1) kite- or drop-shaped. (Ahlberg and Johanson, 1997; modified from character 5)
8. Location of pineal foramen: (0) level with or anterior to posterior margin of orbits; (1) well posterior to orbits. (Ahlberg and Johanson, 1997; modified from character 6)
9. Premaxillary dentition: (0) homodont (morphotype A of Borgen and Nakrem, 2016); (1) teeth closest to symphysis gradually increase in size (morphotype B); (2) single, greatly enlarged premaxillary fang (morphotypes C and D). (Ahlberg and Johanson, 1997; modified from character 7)
10. Number of fang positions on ectopterygoid: (0) one; (1) two. (Ahlberg and Johanson, 1998, character 17; character states redefined by Clément et al., 2009; character10)
11. Number of fang positions on posterior coronoid: (0) one; (1) two. (Ahlberg and Johanson, 1998, character 13; character states redefined by Clément et al., 2009; character11)
12. Coronoid proportions: (0) posterior coronoid similar in length to middle coronoid; (1) posterior coronoid significantly longer than middle coronoid. (Ahlberg and Johanson, 1998; character 8; character states redefined by Clément et al., 2009; character 12)
13. Marginal dentition on dentary reaches lower jaw symphysis: (0) yes; (1) no. (Ahlberg and Johanson, 1998; modified from character 11)
14. Vertical blade-like lamina present lateral to coronoid fang on anterior coronoid: (0) yes; (1) no. (Clément et al., 2009; character 14)
15. Accessory vomers: (0) absent; (1) present. (Clément et al., 2009; character 16)
16. Marginal tooth row lateral to dermopalatine fang: (0) present; (1) absent. (Clément et al., 2009; slightly modified from character 19)
17. Dentary fang pair: (0) absent; (1) present. (Ahlberg and Johanson, 1997, character 11)
18. Lateral margin of posterior process of vomer: (0) distinct corner present; (1) straight or slightly concave. (Snitting, 2008, App.2, modified from 22)
19. Extratemporal in a postspiracular position: (0) no; (1) yes. (Ahlberg and Johanson, 1997,  modified from character 12)
20. Denticulated field of parasphenoid: (0) stands proud of body of parasphenoid, supported anteriorly by midline keel; (1) recessed into body of parasphenoid. (Snitting, 2008, App. 2, character 25)
21. Width/length ratio of vomers + parasphenoid: (0) equal to or more than 0.5; (1) less than 0.5.
22. Width/length ratio of parietals: (0) less than 0.5; (1) equal to or more than 0.5.
23. Maxilla overlap onto squamosal: (0) present; (1) absent.
24. Maximum height of maxilla (articulated specimen, external view): (0) at squamosal–jugal junction; (1) at lacrimal-jugal junction; (2) both positions equal height.
25. Portion of lacrimal that is rostral to orbit: (0) half or more; (1) less than half
26. Marginal coronoid tooth row: (0) present on coronoids 1 to 3; (1) present only on coronoids 2 and 3; (2) present only on coronoid 3.

APPENDIX S2. Original Nexus file used for the phylogenetic analysis.

[bookmark: _GoBack]BEGIN TAXA;
	DIMENSIONS NTAX=17;
	TAXLABELS
		Gogonasusandrewsae Spodichthysbuetleri Tristichopterusalatus Eusthenopteronfoordi Eusthenopteronwenjukowi Tinirauclackae Platycephalichthysbischoffi Edenopteronkeithcrooki Notorhizodonmackelveyi Heddleichthysdalgleisiensis Hynerialindae Langlieriasocqueti Cabbonichthysburnsi Mandageriafairfaxi Eusthenodonwängsjöi Langlieriaradiatus Eusthenopteronjenkinsi 
	;

END;


BEGIN CHARACTERS;
	DIMENSIONS  NCHAR=26;
	FORMAT DATATYPE = STANDARD GAP = - MISSING = ? SYMBOLS = "  0 1 2";
	MATRIX
	Gogonasusandrewsae           ??0000?0?00000000?00000000
	Spodichthysbuetleri          ????0??00000?0??0?001?????
	Tristichopterusalatus        00000000100000000110?0?010
	Eusthenopteronfoordi         00000000111100000010100010
	Eusthenopteronwenjukowi      ??0001010?1?000?00?0???2?0
	Tinirauclackae               00000?011001000?111011?200
	Platycephalichthysbischoffi  ??11?1110?1100??11??1010?0
	Edenopteronkeithcrooki       ???1101121??1?111??101?111
	Notorhizodonmackelveyi       ?????????11100??1??0?0???0
	Heddleichthysdalgleisiensis  ?1000?1121110000101010?011
	Hynerialindae                ???11111211100?011?1010002
	Langlieriasocqueti           ??????1121??10??1110?????0
	Cabbonichthysburnsi          1101011121111110101010?212
	Mandageriafairfaxi           1111111121110111101010?202
	Eusthenodonwangsjoi          ??111111211111??1011101102
	Langlieriaradiatus           ??????11?????10?11?000?2??
	Eusthenopteronjenkinsi       ????????1?1100??01?00010?0

;
END;
BEGIN ASSUMPTIONS;
	options deftype = ord;
	TYPESET * UNTITLED   =  unord:  1 -  26;

END;

BEGIN MESQUITECHARMODELS;
	ProbModelSet * UNTITLED   =  'Mk1 (est.)':  1 -  26;
END;
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FIGURE S1. Strict consensus tree with Bremer support values.

APPENDIX S3. Details of the phylogenetic analysis.

P A U P *Version 4.0a (build 167) for Macintosh (X86) (built on Feb  1 2020 at 22:15:41)mardi 25 f?vrier 2020 10:09:57 heure normale d?Europe centrale        -----------------------------NOTICE-----------------------------          This is a test version that is still changing rapidly.          It will expire on 1 Aug 2020.          Please report bugs to dave@phylosolutions.com        ----------------------------------------------------------------     ########################################################################     #                                                                      #     #                               WARNING                                #     #                                                                      #     #        The GUI version of PAUP for Mac will NOT run under            #     #        MacOS 10.15 (Catalina).  Do not upgrade to Catalina           #     #        if having a GUI version of PAUP* on your Mac is more          #     #        important to you than having the latest MacOS version!        #     #                                                                      #     #        I hope to have a 64-bit version sometime in early 2020.       #     #        Please join the Google Group paup-announce to receive         #     #        update announcements.                                         #     #                                                                      #     ########################################################################Running on IA-32 architecture (64-bit word length)SSE vectorization enabledSSSE3 instructions supportedMultithreading enabled for likelihood using PthreadsCompiled using Intel compiler (icc) 11.1.0 (build 20091012)Processing of file "~/Documents/PAPERS/2020/MS_Tristichopterid_SebOlive/matrix/Tristichopterid mtrx 30july2019.nex" begins...Data matrix has 17 taxa, 26 charactersValid character-state symbols: 012Missing data identified by '?'Gaps identified by '-'Character types changed:  Of 26 total characters:    All characters are of type 'unord'    All characters have equal weight*** Skipping "MESQUITECHARMODELS" blockProcessing of input file "Tristichopterid mtrx 30july2019.nex" completed.Character types changed:  Of 26 total characters:    2 characters are of type 'ord' (Wagner)    24 characters are of type 'unord'    All characters have equal weightpaup> CType Ord:9 24;paup> Set tOrder=right tCompress;paup> Outgroup 1-2;Outgroup status changed:  2 taxa transferred to outgroup  Total number of taxa now in outgroup = 2  Number of ingroup taxa = 15paup> Set;paup> BandB;Branch-and-bound search settings:  Optimality criterion = parsimony    Character-status summary:      Of 26 total characters:        2 characters are of type 'ord' (Wagner)        24 characters are of type 'unord'        All characters have equal weight        All characters are parsimony-informative    Gaps are treated as "missing"  Initial upper bound: unknown (compute heuristically)  Addition sequence: furthest  Initial 'Maxtrees' setting = 100  Branches collapsed (creating polytomies) if maximum branch length is zero  'MulTrees' option in effect  No topological constraints in effect  Trees are unrootedBranch-and-bound search completed:  Score of best tree found = 58  Number of trees retained = 49  Time used = 0.51 sec (CPU time = 0.53 sec)paup> ConTree / strict=no majRule;50% Majority-rule consensus of 49 trees/----------------------------------------------------------------------------------------------------------------------------------------------------------- Gogonasusandrewsae(1)+----------------------------------------------------------------------------------------------------------------------------------------------------------- Spodichthysbuetleri(2)|            /---------------------------------------------------------------------------------------------------------------------------------------------- Tristichopterusalatus(3)\----100-----+            /--------------------------------------------------------------------------------------------------------------------------------- Eusthenopteronfoordi(4)             \----100-----+            /-------------------------------------------------------------------------------------------------------------------- Eusthenopteronjenkinsi(17)                          |            |                                                                                                      /------------- Eusthenopteronwenjukowi(5)                          \----100-----+            /-------------------------------------------69--------------------------------------------+------------- Tinirauclackae(6)                                       \-----51-----+            /------------------------------------------------------------------------------------------ Platycephalichthysbischoffi(7)                                                    |            +------------------------------------------------------------------------------------------ Notorhizodonmackelveyi(9)                                                    \-----71-----+------------------------------------------------------------------------------------------ Heddleichthysdalgleisiensis(10)                                                                 |            /----------------------------------------------------------------------------- Langlieriasocqueti(12)                                                                 \----100-----+           /----------------------------------------------------------------- Langlieriaradiatus(16)                                                                              \----100----+            /---------------------------------------------------- Cabbonichthysburnsi(13)                                                                                          \----100-----+            /--------------------------------------- Mandageriafairfaxi(14)                                                                                                       \----100-----+            /-------------------------- Eusthenodonw??ngsj??i(15)                                                                                                                    \----100-----+            /------------- Edenopteronkeithcrooki(8)                                                                                                                                 \----100-----+------------- Hynerialindae(11)Bipartitions found in one or more trees and frequency of occurrence:         1      112345678901234567          Freq        %----------------------------------------.......*..*......            49  100.00%.......*..*...*..            49  100.00%.......*..*..**..            49  100.00%.......*..*.***..            49  100.00%.......*..*.****.            49  100.00%.......*..******.            49  100.00%....*************            49  100.00%...**************            49  100.00%..***************            49  100.00%......**********.            35   71.43%....**...........            34   69.39%....************.            25   51.02%......**.*******.            21   42.86%.......*.*******.            15   30.61%......**..******.            15   30.61%....**..*........            10   20.41%....**..........*            10   20.41%......***********            10   20.41%.......*********.             9   18.37%......***.******.             9   18.37%.....*..*........             7   14.29%......*.*........             7   14.29%........**.......             7   14.29%.......**.******.             7   14.29%.....***********.             7   14.29%......*..*.......             5   10.20%......*.**.......             3    6.12%....****.*******.             2    4.08%....*...*........             2    4.08%....**..*.......*             2    4.08%......**.********             2    4.08%paup> ConTree / percent=60 treeFile='/Users/sladeveze/Documents/PAPERS/2020/MS_Tristichopterid_SebOlive/review2/MJcons.tre';60% Majority-rule consensus of 49 trees/----------------------------------------------------------------------------------------------------------------------------------------------------------- Gogonasusandrewsae(1)+----------------------------------------------------------------------------------------------------------------------------------------------------------- Spodichthysbuetleri(2)|             /--------------------------------------------------------------------------------------------------------------------------------------------- Tristichopterusalatus(3)\-----100-----+             /------------------------------------------------------------------------------------------------------------------------------- Eusthenopteronfoordi(4)              |             |             /----------------------------------------------------------------------------------------------------------------- Eusthenopteronjenkinsi(17)              \-----100-----+             |                                                                                                  /-------------- Eusthenopteronwenjukowi(5)                            \-----100-----+------------------------------------------------69------------------------------------------------+-------------- Tinirauclackae(6)                                          |             /--------------------------------------------------------------------------------------------------- Platycephalichthysbischoffi(7)                                          |             +--------------------------------------------------------------------------------------------------- Notorhizodonmackelveyi(9)                                          \-----71------+--------------------------------------------------------------------------------------------------- Heddleichthysdalgleisiensis(10)                                                        |             /------------------------------------------------------------------------------------- Langlieriasocqueti(12)                                                        \-----100-----+              /---------------------------------------------------------------------- Langlieriaradiatus(16)                                                                      \-----100------+             /-------------------------------------------------------- Cabbonichthysburnsi(13)                                                                                     \-----100-----+             /------------------------------------------ Mandageriafairfaxi(14)                                                                                                   \-----100-----+             /---------------------------- Eusthenodonw??ngsj??i(15)                                                                                                                 \-----100-----+             /-------------- Edenopteronkeithcrooki(8)                                                                                                                               \-----100-----+-------------- Hynerialindae(11)Bipartitions found in one or more trees and frequency of occurrence:         1      112345678901234567          Freq        %----------------------------------------.......*..*......            49  100.00%.......*..*...*..            49  100.00%.......*..*..**..            49  100.00%.......*..*.***..            49  100.00%.......*..*.****.            49  100.00%.......*..******.            49  100.00%....*************            49  100.00%...**************            49  100.00%..***************            49  100.00%......**********.            35   71.43%....**...........            34   69.39%....************.            25   51.02%......**.*******.            21   42.86%.......*.*******.            15   30.61%......**..******.            15   30.61%....**..*........            10   20.41%....**..........*            10   20.41%......***********            10   20.41%.......*********.             9   18.37%......***.******.             9   18.37%.....*..*........             7   14.29%......*.*........             7   14.29%........**.......             7   14.29%.......**.******.             7   14.29%.....***********.             7   14.29%......*..*.......             5   10.20%......*.**.......             3    6.12%....****.*******.             2    4.08%....*...*........             2    4.08%....**..*.......*             2    4.08%......**.********             2    4.08%Consensus tree(s) written to treefile: ~/Documents/PAPERS/2020/MS_Tristichopterid_SebOlive/review2/MJcons.treProcessing of file "~/Documents/PAPERS/2020/MS_Tristichopterid_SebOlive/review2/MJcons.tre" begins...1 tree read from TREES block; time used = 0.03 sec (CPU time = 0.04 sec)Processing of input file "MJcons.tre" completed.paup> DescribeTrees / brLens=yes apoList chgList;Tree description:  Unrooted tree(s) rooted using outgroup method  Optimality criterion = parsimony    Character-status summary:      Of 26 total characters:        2 characters are of type 'ord' (Wagner)        24 characters are of type 'unord'        All characters have equal weight        All characters are parsimony-informative    Gaps are treated as "missing"    Character-state optimization: Accelerated transformation (ACCTRAN)Tree 1 ("MajRule") (rooted using user-specified outgroup)Branch lengths and linkages for tree #1 (unrooted)                                     Assigned       Minimum       Maximum                    Connected          branch      possible      possible   Node              to node           length        length        length-------------------------------------------------------------------------Gogonasusandrews (1)*   29                  1             1             2Spodichthysbuetl (2)*   29                  0             0             1    28                  29                  3             1             3Tristichopterusa (3)    28                  0             0             0    27                  28                  3             2             3Eusthenopteronfo (4)    27                  1             1             2    26                  27                  3             3             3    18                  26                  5             2             5Eusthenopteronwe (5)    18                  2             2             2Tinirauclackae (6)      18                  2             2             5    25                  26                  6             3             7Platycephalichth (7)    25                  3             2             4    24                  25                  3             1             6    23                  24                  2             1             6    22                  23                  2             2             5    21                  22                  4             3             4    20                  21                  2             2             2    19                  20                  5             2             5Edenopteronkeith (8)    19                  3             3             4Hynerialindae (11)      19                  3             2             6Eusthenodonw??ng (15)   20                  0             0             0Mandageriafairfa (14)   21                  1             1             2Cabbonichthysbur (13)   22                  0             0             0Langlieriaradiat (16)   23                  1             1             1Langlieriasocque (12)   24                  0             0             0Notorhizodonmack (9)    25                  0             0             0Heddleichthysdal (10)   25                  3             2             4Eusthenopteronje (17)   26                  1             1             1-------------------------------------------------------------------------Sum                                        59Tree length = 59Consistency index (CI) = 0.4915Homoplasy index (HI) = 0.5085Retention index (RI) = 0.6512Rescaled consistency index (RC) = 0.3201/--------------------------------------------------------------------------------------------------------------------------------------------------------------- Gogonasusandrewsae+--------------------------------------------------------------------------------------------------------------------------------------------------------------- Spodichthysbuetleri29            /------------------------------------------------------------------------------------------------------------------------------------------------- Tristichopterusalatus\------------28              /---------------------------------------------------------------------------------------------------------------------------------- Eusthenopteronfoordi              |              |             /-------------------------------------------------------------------------------------------------------------------- Eusthenopteronjenkinsi              \-------------27             |                                                                                                     /-------------- Eusthenopteronwenjukowi                             \------------26----------------------------------------------------------------------------------------------------18-------------- Tinirauclackae                                           |              /----------------------------------------------------------------------------------------------------- Platycephalichthysbischoffi                                           |              +----------------------------------------------------------------------------------------------------- Notorhizodonmackelveyi                                           \-------------25----------------------------------------------------------------------------------------------------- Heddleichthysdalgleisiensis                                                          |             /--------------------------------------------------------------------------------------- Langlieriasocqueti                                                          \------------24              /------------------------------------------------------------------------ Langlieriaradiatus                                                                        \-------------23             /---------------------------------------------------------- Cabbonichthysburnsi                                                                                       \------------22              /------------------------------------------- Mandageriafairfaxi                                                                                                     \-------------21             /----------------------------- Eusthenodonw??ngsj??i                                                                                                                    \------------20              /-------------- Edenopteronkeithcrooki                                                                                                                                  \-------------19-------------- HynerialindaeCharacter change lists:Character    CI  Steps            Changes---------------------------------------------------------------------1         1.000      1    node_26 0 --> 1 node_252         1.000      1    node_26 0 ==> 1 node_253         0.500      1    node_25 0 ==> 1 Platycephalichthysbischoffi                     1    node_22 0 ==> 1 node_214         0.500      1    node_26 0 --> 1 node_25                     1    node_25 1 --> 0 Heddleichthysdalgleisiensis5         1.000      1    node_22 0 ==> 1 node_216         0.500      1    node_27 0 ==> 1 node_26                     1    node_19 1 ==> 0 Edenopteronkeithcrooki7         1.000      1    node_26 0 ==> 1 node_258         1.000      1    node_27 0 ==> 1 node_269         0.400      1    node_29 0 --> 1 node_28                     1    node_18 1 ==> 0 Eusthenopteronwenjukowi                     1    node_26 1 --> 2 node_25                     2    node_25 2 ==> 0 Platycephalichthysbischoffi10        0.500      1    node_28 0 --> 1 node_27                     1    node_26 1 --> 0 node_1811        0.500      1    node_28 0 ==> 1 node_27                     1    node_18 1 ==> 0 Tinirauclackae12        1.000      1    node_28 0 ==> 1 node_2713        0.333      1    node_25 0 ==> 1 node_24                     1    node_19 1 ==> 0 Hynerialindae                     1    node_21 1 ==> 0 Mandageriafairfaxi14        0.500      1    node_24 0 ==> 1 node_23                     1    node_20 1 --> 0 node_1915        1.000      1    node_23 0 ==> 1 node_2216        0.500      1    node_22 0 --> 1 node_21                     1    node_19 1 --> 0 Hynerialindae17        0.500      1    node_18 0 ==> 1 Tinirauclackae                     1    node_26 0 ==> 1 node_2518        0.200      1    node_27 1 ==> 0 Eusthenopteronfoordi                     1    node_18 1 ==> 0 Eusthenopteronwenjukowi                     1    node_23 1 ==> 0 node_22                     1    node_20 0 --> 1 node_19                     1    node_25 1 ==> 0 Heddleichthysdalgleisiensis19        1.000      1    node_29 0 ==> 1 node_2820        1.000      1    node_21 0 ==> 1 node_2021        0.250      1    node_29 1 ==> 0 Gogonasusandrewsae                     1    node_20 1 ==> 0 node_19                     1    node_23 1 ==> 0 Langlieriaradiatus                     1    node_26 1 ==> 0 Eusthenopteronjenkinsi22        0.500      1    node_26 0 --> 1 node_18                     1    node_20 0 ==> 1 node_1923        0.500      1    node_27 0 ==> 1 node_26                     1    node_20 1 --> 0 node_1924        0.333      2    node_26 0 ==> 2 node_18                     2    node_25 0 --> 2 node_24                     1    node_21 2 ==> 1 node_20                     1    node_19 1 ==> 0 Hynerialindae25        0.250      1    node_29 0 --> 1 node_28                     1    node_26 1 --> 0 node_18                     1    node_22 1 ==> 0 node_21                     1    node_19 0 ==> 1 Edenopteronkeithcrooki26        0.667      1    node_24 0 --> 2 node_23                     1    node_19 2 ==> 1 Edenopteronkeithcrooki                     1    node_25 0 ==> 1 HeddleichthysdalgleisiensisApomorphy lists:      Branch                            Character  Steps      CI   Change-------------------------------------------------------------------------node_29 --> Gogonasusandrewsae          21             1   0.250  1 ==> 0node_29 --> node_28                     9              1   0.400  0 --> 1                                        19             1   1.000  0 ==> 1                                        25             1   0.250  0 --> 1node_28 --> node_27                     10             1   0.500  0 --> 1                                        11             1   0.500  0 ==> 1                                        12             1   1.000  0 ==> 1node_27 --> Eusthenopteronfoordi        18             1   0.200  1 ==> 0node_27 --> node_26                     6              1   0.500  0 ==> 1                                        8              1   1.000  0 ==> 1                                        23             1   0.500  0 ==> 1node_26 --> node_18                     10             1   0.500  1 --> 0                                        22             1   0.500  0 --> 1                                        24             2   0.333  0 ==> 2                                        25             1   0.250  1 --> 0node_18 --> Eusthenopteronwenjukowi     9              1   0.400  1 ==> 0                                        18             1   0.200  1 ==> 0node_18 --> Tinirauclackae              11             1   0.500  1 ==> 0                                        17             1   0.500  0 ==> 1node_26 --> node_25                     1              1   1.000  0 --> 1                                        2              1   1.000  0 ==> 1                                        4              1   0.500  0 --> 1                                        7              1   1.000  0 ==> 1                                        9              1   0.400  1 --> 2                                        17             1   0.500  0 ==> 1node_25 --> Platycephalichthysbischoffi 3              1   0.500  0 ==> 1                                        9              2   0.400  2 ==> 0node_25 --> node_24                     13             1   0.333  0 ==> 1                                        24             2   0.333  0 --> 2node_24 --> node_23                     14             1   0.500  0 ==> 1                                        26             1   0.667  0 --> 2node_23 --> node_22                     15             1   1.000  0 ==> 1                                        18             1   0.200  1 ==> 0node_22 --> node_21                     3              1   0.500  0 ==> 1                                        5              1   1.000  0 ==> 1                                        16             1   0.500  0 --> 1                                        25             1   0.250  1 ==> 0node_21 --> node_20                     20             1   1.000  0 ==> 1                                        24             1   0.333  2 ==> 1node_20 --> node_19                     14             1   0.500  1 --> 0                                        18             1   0.200  0 --> 1                                        21             1   0.250  1 ==> 0                                        22             1   0.500  0 ==> 1                                        23             1   0.500  1 --> 0node_19 --> Edenopteronkeithcrooki      6              1   0.500  1 ==> 0                                        25             1   0.250  0 ==> 1                                        26             1   0.667  2 ==> 1node_19 --> Hynerialindae               13             1   0.333  1 ==> 0                                        16             1   0.500  1 --> 0                                        24             1   0.333  1 ==> 0node_21 --> Mandageriafairfaxi          13             1   0.333  1 ==> 0node_23 --> Langlieriaradiatus          21             1   0.250  1 ==> 0node_25 --> Heddleichthysdalgleisiensis 4              1   0.500  1 --> 0                                        18             1   0.200  1 ==> 0                                        26             1   0.667  0 ==> 1node_26 --> Eusthenopteronjenkinsi      21             1   0.250  1 ==> 0paup> PSet opt=delTran;paup> DescribeTrees / brLens=no;Tree description:  Unrooted tree(s) rooted using outgroup method  Optimality criterion = parsimony    Character-status summary:      Of 26 total characters:        2 characters are of type 'ord' (Wagner)        24 characters are of type 'unord'        All characters have equal weight        All characters are parsimony-informative    Gaps are treated as "missing"    Character-state optimization: Delayed transformation (DELTRAN)Tree 1 ("MajRule") (rooted using user-specified outgroup)Tree length = 59Consistency index (CI) = 0.4915Homoplasy index (HI) = 0.5085Retention index (RI) = 0.6512Rescaled consistency index (RC) = 0.3201/--------------------------------------------------------------------------------------------------------------------------------------------------------------- Gogonasusandrewsae+--------------------------------------------------------------------------------------------------------------------------------------------------------------- Spodichthysbuetleri29            /------------------------------------------------------------------------------------------------------------------------------------------------- Tristichopterusalatus\------------28              /---------------------------------------------------------------------------------------------------------------------------------- Eusthenopteronfoordi              |              |             /-------------------------------------------------------------------------------------------------------------------- Eusthenopteronjenkinsi              \-------------27             |                                                                                                     /-------------- Eusthenopteronwenjukowi                             \------------26----------------------------------------------------------------------------------------------------18-------------- Tinirauclackae                                           |              /----------------------------------------------------------------------------------------------------- Platycephalichthysbischoffi                                           |              +----------------------------------------------------------------------------------------------------- Notorhizodonmackelveyi                                           \-------------25----------------------------------------------------------------------------------------------------- Heddleichthysdalgleisiensis                                                          |             /--------------------------------------------------------------------------------------- Langlieriasocqueti                                                          \------------24              /------------------------------------------------------------------------ Langlieriaradiatus                                                                        \-------------23             /---------------------------------------------------------- Cabbonichthysburnsi                                                                                       \------------22              /------------------------------------------- Mandageriafairfaxi                                                                                                     \-------------21             /----------------------------- Eusthenodonw??ngsj??i                                                                                                                    \------------20              /-------------- Edenopteronkeithcrooki                                                                                                                                  \-------------19-------------- HynerialindaeCharacter change lists:Character    CI  Steps            Changes---------------------------------------------------------------------1         1.000      1    node_23 0 --> 1 node_222         1.000      1    node_26 0 ==> 1 node_253         0.500      1    node_25 0 ==> 1 Platycephalichthysbischoffi                     1    node_22 0 ==> 1 node_214         0.500      1    node_25 0 --> 1 Platycephalichthysbischoffi                     1    node_23 0 --> 1 node_225         1.000      1    node_22 0 ==> 1 node_216         0.500      1    node_27 0 ==> 1 node_26                     1    node_19 1 ==> 0 Edenopteronkeithcrooki7         1.000      1    node_26 0 ==> 1 node_258         1.000      1    node_27 0 ==> 1 node_269         0.400      1    node_29 0 --> 1 node_28                     1    node_18 1 ==> 0 Eusthenopteronwenjukowi                     1    node_25 1 ==> 0 Platycephalichthysbischoffi                     1    node_25 1 --> 2 node_24                     1    node_25 1 --> 2 Heddleichthysdalgleisiensis10        0.500      1    node_27 0 --> 1 Eusthenopteronfoordi                     1    node_26 0 --> 1 node_2511        0.500      1    node_28 0 ==> 1 node_27                     1    node_18 1 ==> 0 Tinirauclackae12        1.000      1    node_28 0 ==> 1 node_2713        0.333      1    node_25 0 ==> 1 node_24                     1    node_19 1 ==> 0 Hynerialindae                     1    node_21 1 ==> 0 Mandageriafairfaxi14        0.500      1    node_24 0 ==> 1 node_23                     1    node_19 1 --> 0 Hynerialindae15        1.000      1    node_23 0 ==> 1 node_2216        0.500      1    node_19 0 --> 1 Edenopteronkeithcrooki                     1    node_21 0 --> 1 Mandageriafairfaxi17        0.500      1    node_18 0 ==> 1 Tinirauclackae                     1    node_26 0 ==> 1 node_2518        0.200      1    node_27 1 ==> 0 Eusthenopteronfoordi                     1    node_18 1 ==> 0 Eusthenopteronwenjukowi                     1    node_23 1 ==> 0 node_22                     1    node_19 0 --> 1 Hynerialindae                     1    node_25 1 ==> 0 Heddleichthysdalgleisiensis19        1.000      1    node_29 0 ==> 1 node_2820        1.000      1    node_21 0 ==> 1 node_2021        0.250      1    node_29 1 ==> 0 Gogonasusandrewsae                     1    node_20 1 ==> 0 node_19                     1    node_23 1 ==> 0 Langlieriaradiatus                     1    node_26 1 ==> 0 Eusthenopteronjenkinsi22        0.500      1    node_18 0 --> 1 Tinirauclackae                     1    node_20 0 ==> 1 node_1923        0.500      1    node_27 0 ==> 1 node_26                     1    node_19 1 --> 0 Hynerialindae24        0.333      2    node_26 0 ==> 2 node_18                     2    node_24 0 --> 2 node_23                     1    node_21 2 ==> 1 node_20                     1    node_19 1 ==> 0 Hynerialindae25        0.250      1    node_29 0 --> 1 node_28                     1    node_18 1 --> 0 Tinirauclackae                     1    node_22 1 ==> 0 node_21                     1    node_19 0 ==> 1 Edenopteronkeithcrooki26        0.667      1    node_23 0 --> 2 node_22                     1    node_19 2 ==> 1 Edenopteronkeithcrooki                     1    node_25 0 ==> 1 HeddleichthysdalgleisiensisApomorphy lists:      Branch                            Character  Steps      CI   Change-------------------------------------------------------------------------node_29 --> Gogonasusandrewsae          21             1   0.250  1 ==> 0node_29 --> node_28                     9              1   0.400  0 --> 1                                        19             1   1.000  0 ==> 1                                        25             1   0.250  0 --> 1node_28 --> node_27                     11             1   0.500  0 ==> 1                                        12             1   1.000  0 ==> 1node_27 --> Eusthenopteronfoordi        10             1   0.500  0 --> 1                                        18             1   0.200  1 ==> 0node_27 --> node_26                     6              1   0.500  0 ==> 1                                        8              1   1.000  0 ==> 1                                        23             1   0.500  0 ==> 1node_26 --> node_18                     24             2   0.333  0 ==> 2node_18 --> Eusthenopteronwenjukowi     9              1   0.400  1 ==> 0                                        18             1   0.200  1 ==> 0node_18 --> Tinirauclackae              11             1   0.500  1 ==> 0                                        17             1   0.500  0 ==> 1                                        22             1   0.500  0 --> 1                                        25             1   0.250  1 --> 0node_26 --> node_25                     2              1   1.000  0 ==> 1                                        7              1   1.000  0 ==> 1                                        10             1   0.500  0 --> 1                                        17             1   0.500  0 ==> 1node_25 --> Platycephalichthysbischoffi 3              1   0.500  0 ==> 1                                        4              1   0.500  0 --> 1                                        9              1   0.400  1 ==> 0node_25 --> node_24                     9              1   0.400  1 --> 2                                        13             1   0.333  0 ==> 1node_24 --> node_23                     14             1   0.500  0 ==> 1                                        24             2   0.333  0 --> 2node_23 --> node_22                     1              1   1.000  0 --> 1                                        4              1   0.500  0 --> 1                                        15             1   1.000  0 ==> 1                                        18             1   0.200  1 ==> 0                                        26             1   0.667  0 --> 2node_22 --> node_21                     3              1   0.500  0 ==> 1                                        5              1   1.000  0 ==> 1                                        25             1   0.250  1 ==> 0node_21 --> node_20                     20             1   1.000  0 ==> 1                                        24             1   0.333  2 ==> 1node_20 --> node_19                     21             1   0.250  1 ==> 0                                        22             1   0.500  0 ==> 1node_19 --> Edenopteronkeithcrooki      6              1   0.500  1 ==> 0                                        16             1   0.500  0 --> 1                                        25             1   0.250  0 ==> 1                                        26             1   0.667  2 ==> 1node_19 --> Hynerialindae               13             1   0.333  1 ==> 0                                        14             1   0.500  1 --> 0                                        18             1   0.200  0 --> 1                                        23             1   0.500  1 --> 0                                        24             1   0.333  1 ==> 0node_21 --> Mandageriafairfaxi          13             1   0.333  1 ==> 0                                        16             1   0.500  0 --> 1node_23 --> Langlieriaradiatus          21             1   0.250  1 ==> 0node_25 --> Heddleichthysdalgleisiensis 9              1   0.400  1 --> 2                                        18             1   0.200  1 ==> 0                                        26             1   0.667  0 ==> 1node_26 --> Eusthenopteronjenkinsi      21             1   0.250  1 ==> 0


APPENDIX S4. Synapomorphies at each node.

Node 11 :
19 0>1
Acctran = Deltran : 9 0>1, 25 0>1

Node 10 :
11 0>1, 12 0>1
Acctran : 10 0>1

Node 9 :
6 0>1, 8 0>1, 23 0>1

Node 8 :
2 0>1, 7 0>1, 17 0>1
Acctran : 1 0>1, 4 0>1, 9 1>2
Deltran : 10 0>1

Node 7 :
13 0>1
Acctran : 24 0>2
Deltran : 9 1>2

Node 6 :
14 0>1
Acctran : 26 0>2
Deltran : 24 0>2

Node 5 :
15 0>1, 18 1>0
Deltran : 1 0>1, 4 0>1, 26 0>2

Node 4 :
3 0>1, 5 0>1, 25 1>0
Acctran : 16 0>1

Node 3 :
20 0>1, 24 2>1

Node 2 :
21 1>0, 22 0>1
Acctran : 14 1>0, 18 0>1, 23 1>0

Node 1 :
24 0>2
Acctran : 10 1>0, 22 0>1, 25 1>0



APPENDIX S5. Geographical distribution of the taxa used in the phylogenetic analysis.
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APPENDIX S6. Results of the maximum parsimony biogeographic reconstructions using Bayesian Binary MCMC analysis.
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SUPPLEMENTAL DATA 2. 3D PDF of IRSNB P 9918, a right dentary of cf. Eusthenodon wangsjoi. Strud, Belgium, late Famennian. Click to activate in the PDF version.

SUPPLEMENTAL DATA 3. 3D PDF of IRSNB P 9919, a right mandible of cf. Eusthenodon wangsjoi. Strud, Belgium, late Famennian. Click to activate in the PDF version.
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