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Morphological characters 

To analyse the phylogenetic position of Aenigmachanna in relation to the family 

Channidae and other Labyrinthici, we compiled a data matrix including 46 characters 

scored for the following 15 Taxa: the pristolepidid Pristolepis fasciata, the badid Badis 

corycaeus, the nandid Nandus nandus, the anabantid anabantoids Sandelia bainsii and 

Ctenopoma multispine, the osphronemid anabantoid Belontia hasselti, the channid 

channoids Parachanna africana, P. obscura, Channa bankanensis, C. micropeltes, C. 

marulius, C. punctata, C. gachua, C. bleheri and the aenigmachannid channoid 

Aenigmachanna gollum. We were unable to include the second species, A. mahabali, 

only known from the holotype, which was not available for further study. Given its 

overall very close resemblance to A. gollum, however, we do not expect it to differ in 

any significant way from what we report here for A. gollum. Pristolepis was chosen as 

outgroup. The following character matrix was analyzed in PAUP* (- represents 

inapplicable characters). 
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The 46 morphological characters used for the PAUP* analysis are: 

1. Nasal tubes: absent (0); present (1). All Channoidei including Aenigmachanna have 

the anterior nares located at the end of long nasal tubes. In all other Labyrinthici such 

nasal tubes are absent and the anterior naris is just an opening or is at the end of a short 

tube. 

2. Scales: cycloid or crenate (0) transforming ctenoid (1). Aenigmachanna and all 

channids have scales covering their bodies that lack any cteni in the posterior field. The 

posterior margin of the scale is rounded and not well ossified, and the circuli of the 

scales are arranged in parallel and end in pointed tips some distance from the margin. 

All non channoid Labyrinthici have the typical percomorph transforming ctenoid scales 

on their body with the posterior field carrying series of cteni. 

3. Dorsal-fin spines: absent (0), present (1). Aenigmachanna and all channids have only 

soft (segmented) fin rays in their dorsal fin, fin spines are missing. All other Labyrinthici 

studied here have fin spines Badis (17), Nandus (13), Pristolepis (13), Sandelia (15), 

Ctenopoma (17), Belontia (18). 

4. Dorsal-fin soft (segmented) rays: fewer than 20 (0); more than 20 ( 1). 

Aenigmachanna and all channids have more than 20 rays: Aenigmachanna gollum (51-

56), Parachanna africana (47), P. obscura (42), Channa bankanensis (39), C. 

micropeltes (46), C. marulius (55), C. punctata (30), C. gachua (37), C. bleheri (35). All 

other Labyrinthici have fewer than 20 rays: Pristolepis (16), Nandus (13), Badis (10), 

Sandelia (9), Ctenopoma, (9), Belontia (12).  

5. Anal-fin spines: absent (0), present (1). Aenigmachanna and all channids have only 

soft (segmented) fin rays in their anal fin; fin spines are missing. All other Labyrinthici 

have several  anal-fin spines (see character 6). 
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6. Anal-fin spines: three (0); more than three (1). Pristolepis, Nandus and Badis have 

three anal-fin spines. All anabantoids have more than three anal-fin spines: Sandelia (7), 

Ctenopoma (9), Belontia (16) 

7. Anal-fin soft (segmented) rays: fewer than 20 (0); more than 20 (1). Aenigmachanna 

and all channids have more than 20 soft anal-fin rays: Aenigmachanna gollum (40-44), 

Parachanna africana (32), P. obscura (30), Channa bankanensis (29), C. micropeltes 

(30), C. marulius (33), C. punctata (22), C. gachua (25), C. bleheri (24). All other 

Labyrinthici have fewer than 20 soft rays: Pristolepis (9), Nandus (8), Badis (8), 

Sandelia (9), Ctenopoma, (9), Belontia (12).  

8. Pelvic fin spine: present (0), absent (1). In Aenigmachanna and Channa bleheri the 

pelvic fin is missing. All Labyrinthici except channids have a pelvic-fin spine. The first 

pelvic-fin ray in channids is a segmented, unbranched soft ray.  

9. Vertebrae: fewer than 35 (0), more than 35 (1). Aenigmachanna and all channids have 

elongate bodies with more than 35 vertebrae. Aenigmachanna gollum (29-32+29-31=58-

63), Channa marulius (48+5=53), Channa punctata (33+4=37) Channa micropeltes 

(51+5=56), Channa bankanensis (39+4=43), Parachanna africana (41+4=45) Channa 

bleheri (39+5=44), Channa gachua (37+5=42), Parachanna obscura (37+5=42). All 

other Labyrinthici have by far fewer vertebrae: Badis (15+13=28), Nandus (12+11=23), 

Pristolepis (13+12=25), Sandelia (12+18=30), Ctenopoma (12+19=31), Belontia 

(10+18=28) 

10. Postanal abdominal  vertebrae: absent (0); 10 and more (1). In all Labyrinthici 

except Aenigmachanna and channids the anus is situated at the level of the first caudal 

vertebra or in front of it, there are no postanal abdominal vertebrae. In Aenigmachanna 

and channids the abdominal cavity extends posteriorly beyond the anus and there are ten 

or more abdominal vertebrae behind the anus. 
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11. Postanal abdominal vertebrae: 10-12(0); more than 12 (1). Aenigmachanna and all  

channids show an abdominalisation of their postanal vertebral column. In  

Aenigmachanna the first ten postanal vertebrae are abdominalised but all more posterior  

vertebrae are caudal vertebrae. In channids, all postanal vertebrae are abdominalised  

except the posterior most 4-6, which are caudal vertebrae. There is no abdominalisation  

of postanal vertebrae in non-channoid Labyrinthici.   

12. Number of epurals: 1(0) or 2(1). Pristolepis, Nandus and Badis have only a single  

epural, all other Labyrinthici have two epurals.  

13. Full neural spine on PU2: absent (0); present (1). There is a full neural spine on the  

second preural centrum in all Labyrinthici except Pristolepis, which has a shortened  

neural spine on PU2.  

14. Bifurcated haemal spine of PU2: absent (0), present (1). Among Labyrinthici, only  

Badis, Nandus, and Aenigmachanna have a bifurcated haemal spine. This character was  

previously used as a putative synapomorphy of Nandidae + Badidae by Kullander &  

Britz (2002) and Collins et al. (2015).  

15. Day’s bone: absent (0); present (1). All channids have an autogenous independently  

chondrifying ossicle, Day’s bone, between the haemal spines of PU2 and PU3. Day’s  

bone is absent in all other Labyrinthici.  

16. Swim bladder extension single: absent (0); present (1). In Aenigmachanna and all  

channids the posterior swim bladder extension is single. All anabantoids have paired  

extensions of the swim bladder and Pristolepis, Nandus and Badis have no extensions.  

17. Single swim bladder extension reaching: to postanal vertebra 8 (0); to parhypural  

(1). The single posterior swim bladder extension reaches posteanal vertebra no. 8 in  

Aenigmachanna, but reaches farther posteriorly in channids up to the parhypural.  

18. Posterior swim bladder extension paired: absent (0); present (1). All anabantoids  

have paired extensions of the swim bladder running on each side of the hemal spines up  
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to the parhypural. Aenigmachanna and channids have a single extension. Pristolepis,  

Nandus and Badis have no extensions.  

19. Autosphenotic: does not carry lateral line canal (0); carries lateral line canal (1). In  

all Channidae the autosphenotic carries the lateral line canal between the frontal and the  

pterotic. In all other Labyrinthici including Aenigmachanna the autosphenotic does not  

carry a lateral-line canal. In some anabantids the autosphenotic may approach the  

lateral-line canal in the frontal and pterotic, but is not traversed by the canal as in  

channids.  

20. Autosphenotic: not forming part of skull roof (0); forming part of skull roof (1). In  

all channids and in Sandelia and Ctenopoma, the autosphenotic reaches the skull roof  

and forms a small (Sandelia, Ctenopoma) or larger (channids) part of its lateral margin.  

In all other Labyrinthici including Aenigmachanna the autosphenotic does not contribute  

to the skull roof and is situated on the lateral side of the neurocranium and covered  

dorsally by frontal and pterotic.  

21. Otic bulla for sacculith: formed by prootic and exoccipital (0); formed mostly by  

prootic (1). In all channids, the prootic forms the majority of the bulla that houses the  

sacculith. In all other Labyrinthici including Aenigmachanna both prootic and  

exoccipital contribute equally to formation of the bulla.  

22. Basioccipital articular processes: absent (0); present (1). In all channids and  

anabantoids, the basioccipital has paired articular processes, flanges or crests with which  

the upper pharyngeal jaws articulate via PB2+3. Such paired processes are absent in all  

other Labyrinthici including Aenigmachanna.  

23. Basioccipital articulation a stout condyle: absent (0), present (1). In all anabantoids  

the basioccipital articulation with which the upper pharyngeal jaws articulate is formed  

by a pair of stout condyles approaching each other closely in the ventral midline. The  

articular surface in channids is different from that in anabantoids.  
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24. Basioccipital articulation an oval flange: absent (0); present (1). In species of the 

genus Channa the articular surface on the basioccipital is developed as an oval flange 

rather than a stout condyle as in anabantoids or an elongate crest as in Parachanna. 

25. Basioccipital articulation an elongate, narrow crest: present (0); absent (1). The 

paired basioccipital articulations with the upper pharyngeal jaws are developed as 

elongate narrow horizontal crests running along the lateral margins of the basioccipital 

in Parachanna. Or these flanges can be circular to oval pads, as in the other channids. In 

anabantoids, the processes are stout and ventrally directed and approach each other 

closely in the ventral midline. 

26. Parasphenoid teeth: present (0); absent (1). All Labyrinthici have parasphenoid teeth, 

except Parachanna obscura, Channa punctata, C. gachua, and C. bleheri. 

27. Parasphenoid tooth patch: with small conical teeth only (0); with large anteriorly 

curved teeth (1). Most channids and Badis, Nandus, and Pristolepis have small, 

sometimes numerous, conical teeth on the parasphenoid, except in our specimens of 

Parachanna obscura, Channa punctata, C. gachua and C. bleheri, in which the 

parasphenoid is toothless. All anabantoids and Aenigmachanna have large anteriorly 

curved teeth on the parasphenoid. 

28. Pharyngeal process of parasphenoid. In all Anabantoidei, the parasphenoid has a 

deep vertical crest-like extension, the pharyngeal process. Such an extension is lacking 

in all other Labyrinthici. 

29. Transverse parasphenoid process: absent (0); present (1). Sandelia and Ctenopoma 

have toothed transverse processes on the parasphenoid. Such processes are lacking in the 

other Labyrinthici. 

30. Suprabranchial cavity and labyrinth organ: absent (0); present (1). All anabantoids 

and all channids have paired suprabranchial cavities, which house the labyrinth organ 

and into which they swallow air to complement their oxygen supply from the gills. All 



8 
 

other Labyrinthici including Aenigmachanna do not have a suprabranchial cavity or a 

labyrinth organ.  

31. Suprabranchial cavity: openly communicating with buccal cavity (0); separated 

almost completely and only communicating via small opening guarded by modified gill 

raker (1). In channids the suprabranchial cavity communicates openly with the buccal 

cavity, resulting in air escaping from the chamber when they are suction feeding. In 

anabantoids, communication between the suprabranchial cavity and the buccal cavity is 

greatly narrowed to a small circular opening, which is guarded by a modified gill raker 

that serves as a valve. 

32. Hyomandibular bony medial process: absent (0); present (1). The hyomandibular of 

some species of Channa (C. marulius, C. punctata, C. gachua, C. bleheri) has a bony 

medial process that projects into the suprabranchial and buccal cavities forming a 

vertical portioning wall. Such a bony process is absent in other channids and in other 

Labyrinthici including Aenigmachanna. 

33. Metapterygoid ascending process: absent (0); present (1). All channids have an 

ascending process on the metapterygoid, which may or may not reach the frontal. All 

other Labyrinthici including Aenigmachanna lack an ascending process. 

34. Ascending process of metapterygoid articulates with frontal: absent (0); present (1). 

In Parachanna and Channa except C. bankanensis, the metapterygoid has a long 

anterodorsal process that articulates with the ventral face of the frontal. In Channa 

bankanensis the process is present but shorter and does not reach the frontal. All other 

Labyrinthici including Aenigmachanna lack such a process. 

35. Palatine, if toothed: with small teeth of similar size only (0);additionally with 

caniniform teeth (1). In all Labyrinthici with palatine teeth there is a series of small 

conical teeth, but in Channa micropeltes and C. bankanensis the palatine also carries 

several large caniniform teeth. 
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36. Ectopterygoid: present (0); absent (1). All Labyrinthici have an ectopterygoid, but 

this bone is absent in C. gachua and C. bleheri, in which the entopterygoid has expanded 

into its position. 

37. Caniniform teeth along dentary: absent (0); present (1). In all channids the dentary 

has a series of large caniniform teeth along the dentary in addition to small conical teeth. 

In all other Labyrinthici, including Aenigmachanna, the dentary has small conical teeth 

and if caniniform teeth are present they are restricted to the anterior part of the dentary 

usually near the symphysis. 

38. Basihyal teeth: absent (0); present (1). The basihyhal of Nandus and Pristolepis 

bears a number of teeth, in all other Labyrinthici including Aenigmachanna, the basihyal 

is not toothed. 

39. HB3 teeth: absent (0); present (1). Hypobranchial 3 is toothed in Pristolepis, Nandus 

and Badis and all species of Channa except C. bankanensis. It is also toothless in 

Parachanna, Aenigmachanna and all anabantoids. 

40. Epibranchial 1: not expanded by membrane bone (0); expanded by membrane bone 

(1). In all species of Channa and all Anabantoidei epibranchial 1 has a membrane bone 

extension giving the bone a laminar appearance. In all other Labyrinthici, including 

Parachanna and Aenigmachanna the epibranchial is an ossified rod and lacks the lamina 

of membrane bone. 

41. Branchiostegal rays: 6 (0); 5 (1). Aenigmachanna and all Channidae have five 

branchiostegal rays, but all other Labyrinthici have six. 

42. Opercular spination: absent (0); present (1). Aenigmachanna, all channids, and 

Belontia lack the opercular spination that is present in the other Labyrinthici. 

43. Preopercular spination: absent (0); present (1). Most Labyrinthici lack the spination 

on the preopercular that characterises Pristolepis, Nandus, Ctenopoma and Belontia. 
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44. Subopercular spination: absent (0); present (1).  Most Labyrinthici lack the spination 

of the subopercular that characterises Pristolepis, Nandus, Sandelia, and Ctenopoma. 

45. Interopercular spination: absent (0); present (1).  Most Labyrinthici lack the 

spination of the interopercular that characterises Pristolepis, Nandus and Ctenopoma. 

46. Lachrymal spination: absent (0); present (1)  Most Labyrinthici lack the spination of 

the lachrymal that characterises Pristolepis, Nandus, Ctenopoma and Belontia. 

 

Supplementary figures 

 

Supplementary Figure S1. Phylogenetic tree of morphological dataset showing character 

state changes using DELTRAN. 
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Supplementary Figure S2. Phylogenetic tree of morphological dataset showing character 

state changes using ACCTRAN 
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Supplementary Figure S3. Unconstrained and two constrained ML trees with bootstrap 

values based on data set 1. 
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Supplementary Figure S4. Unconstrained and two constrained ML trees with bootstrap 

values based on data set 2. 
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Supplementary Figure S5. Illustration of the three alternative topologies tested for data  

sets 1-2. Log-likelihoods and P values of AU, KH, and SH tests for the alternative  

topologies evaluated.  
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Supplementary Table S1. Table of specimens and genes used in data set 1 together with 

their GenBank accession numbers. 

 

 

  

 

Supplementary Table S2. Table of specimens and genes used in data set 2 together with 

their GenBank accession numbers. 
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Supplementary Table S3. Results of Partitionfinder for ML analyses of datasets 1-2. 

Partitionfinder results for subsequent BEAST analysis of dataset 1 are also shown. 




