APPENDIX 1: Morphological Matrix

Taxon






Character




 

00000
00001
11111
11112
22222
22223
3333






12345
67890
12345
67890
12345
67890
1234

Monacanthus ciliatus
            
01000
01010
01101
1002-
00010
01210
1000

Abalistes stellatus


10101
10011
10010
??100
???01
20001
0111

Balistapus undulatus


10101
10011
10010
01100
11201
20001
0111

Balistes capriscus


10101
10011
10010
??1??
???01
2?001
0111

Balistes polylepis


10101
10011
10010
00100
11201
20001
0111

Balistes vetula



11101
10011
10010
00100
11201
20001
0111

Balistoides conspicillum

10101
10011
10010
00110
???01
00001
0111

Balistoides viridescens

1?101
10011
10010
??1??
???01
0?001
0111

Canthidermis maculata

11101
10011
10000
01100
11201
00000
0111

Sufflamen bursa


1?101
10011
10010
??1??
???01
0?001
0111

Sufflamen chrysopterum

1?101
10011
10010
??1??
???01
0?001
0111

Melichthys niger


1?121
10011
10000
??1??
???01
2?001
0111

Melichthys vidua


1?121
10011
10000
??101
???01
20001
0111

Odonus niger



10111
10101
10010
??1??
???01
10001
0111

Pseudobalistes flavimarginatus
10101
10011
10010
00100
???01
20001
0111

Pseudobalistes fuscus


1?101
10011
10010
??1??
???01
2?001
0111

Rhinecanthus aculeatus

1?101
10011
10010
??1??
???01
0?001
0111

Rhinecanthus rectangulus

10101
10011
10010
01111
11101
00001
0111

Rhinecanthus verrucosus

1?101
10011
10010
??1??
???01
0?001
0111

Sufflamen fraenatum


10101
10011
10010
01111
11001
20001
0111

Sufflamen verres


1?101
10011
10010
??1??
???01
2?001
0111

Xanthichthys lineopunctatus

10111
10101
10000
00111
11201
10000
0111

Xathichthys mento


1?111
10101
10000
??1??
???01
10000
0111

Xanthichthys ringens


1?111
10101
10000
??1??
???01
1?000
0111

Morphological  Characters: Character list adapted from Matsuura 1979; Santini and Tyler 2003; Tyler 1980
Cranial and branchial apparatus

1.  Parasphenoid: shaft-like, with either no ventral flange or a narrow flange that is no deeper than the shaft (0); plate-like, expanded  both dorsally and ventrally (relative to level of vomer and base of cranium) into the orbital septum and/or in the region anterior to the orbit, with or without a strengthening ridge along its dorsal edge (1); shaft-like, with a ventral flange deeper than the shaft (2).

2. Frontal: not extending much anterior to the articulation between the lateral ethmoid and ethmoid (0); extending far anterior to that articulation (1).

3. Supraoccipital anterior crest: absent (0); present (1).

4. Mouth: terminal (0); distinctly supraterminal, due to anterior displacement of suspensorium and lower jaw (1).

5. Palatine: rod-like (0); T-shaped (1).

6. Prootic shelf: absent or poorly developed (0); present, well developed (1). 

7. Teeth: massive incisor-like (0); incisor-like, not very thick and sturdy (1).

8. Teeth: white (0); dark coloration (1).

9. Teeth: second medial premaxilla tooth fang-like (0); second medial premaxilla tooth not fang-like (1).

10. Teeth in each premaxilla, average number (being those of the outer series when the teeth are differentiate in an outer and inner series): three (0); four (1).

11. Teeth in each dentary, average number (being those of the outer series when the teeth are differentiate in an outer and inner series): three (0); four (1).

12. First pharyngobranchial: present (0); absent (1). 

13. Fifth ceratobranchial: toothed (0); not teeth present (1).

Paired fin girdles

14. Pelvic fin, when composed of only a reduced number of soft rays enclosed by a covering of modified scales: rudimentary pelvic fin elements relatively poorly developed, does not protrude outside the encasing (0); rudimentary pelvic fin elements relatively well-developed, at least two segments of encasing scales long and protruding to the exterior through a foramen on the fourth segment of the encasing scales (1); not applicable (-).  

15. Cleithrum, posterior surface of: not broadly expanded (0); broadly expanded anteroposteriorly (1).

16. Cleithrum, percentage of contact with the supracleithrum: one-third to one-half of the inner surface of the supracleithrum free from contact (0); most of the inner surface of the supracleithrum in contact with the outer surface of the cleithrum (1).

17. Postcleithrum, number of separate bony elements: one (0); two (1).

18. Postcleithrum, posterior edge at region just above the pectoral-fin base: without a posterodorsal upwardly curved prong (and no enlarged tympanum scales) (0); with a posterodorsal upwardly curved prong (and enlarged tympanum scales present) (1).

Vertebral column and median fins

19. Second dorsal spine: long, between one-half the length and almost as long as the first dorsal spine (0); short, less than half the length of the first dorsal spine (1); a small nubbin (2).

20. Third dorsal spine: long, at least one third length of first spine (0); short, less than one fifth length of first spine (1); not applicable (-).

21. Spiny dorsal-fin pterygiophores anterior to the neural spine of the fourth abdominal vertebra: one (0); two (1); four (2).

22. Anal pterygiophores in the first interhaemal space: two (0); one (1).

23. Anal pterygiophores anterior to the haemal spine of the third caudal vertebra: five to six (0); three or less (1); four (2).

24. Soft dorsal-, anal-, and pectoral-fin rays: branched (0); unbranched (1).

25. Rayless pterygial element preceding soft dorsal fin: absent (0); present (3).

26. Caudal-fin shape: rounded (0); distinctly forked (1); truncated or moderately concave (2).

27. Last centrum and hypurals, horizontal lateral flange: absent (0); present (1).

Epidermis & meristics
28. Scales, on most of body: thick, small to moderate overlapping rectilinear basal plates with low ornamentation such as granulations (0); thin, irregular to rounded basal plates bearing one or more non-articulated upright spinules (1).

29. Scales, when modified into encasing scales at the end of the pelvis: four segments (0); three segments (1); not applicable (-).

30. Tympanic scales: not enlarged (0); enlarged (1).

31. Branchiostegal rays: six (0); five (1).

32. Caudal vertebrae: 13 (0); 11 (1).

33. Dorsal-fin spines: two (0); three (1).

34. Spiny dorsal-fin pterygiophores: one (0); two (1). 
