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博士論文の要約 
 

 

博士の専攻分野の名称：博士（水産科学）     氏名：大橋 慎平 

 

 

学 位 論 文 題 目 

Comparative morphology and phylogenetic systematics of the family Ophidiidae and related taxa 

(Teleostei: Ophidiiformes) 

（アシロ科およびその近縁群の比較形態学および系統分類学に関する研究） 

 

 

Introduction 

The family Ophidiidae (sensu Cohen and Nielsen, 1978), included in the suborder Ophidioidei 

with the family Carapidae, is characterized by having the supramaxilla, pelvic fins with one or two 

soft rays (pelvic fins absent in Brotulotaeninae), dorsal and anal fins with long bases joined with the 

caudal fin and scales on the head and body.  Ophidiid fishes are distributed in tropical and 

subtropical seas around the world, and known to have extremely wide vertical distributions, from 

tide pools to deep waters exceeding 8,000 m (Nielsen et al., 1999). 

Ophidiidae was classified into four subfamilies, Brotulinae, Brotulotaeninae, Ophidiinae and 

Neobythitinae by Cohen and Nielsen (1978), and subsequent studies (e.g., Nielsen et al. 1999; Lea 

and Robins, 2003; Nelson, 2006) have followed the classification.  However, this classification is 

not based on the cladistic approach, and no synapomorphies to support the monophyly of this 

family and subfamilies have been suggested.  On the contrary, the possibilities that this family and 

subfamilies were not monophyletic groups were suggested by morphological and molecular studies 

(Miya et al., 2003; Prokofiev, 2004). 

Taking into account these situations, the purposes of this study are: (1) to verify the monophyly 

of the family Ophidiidae using the morphological characters; (2) to clarify the interrelationships of 

this family; and (3) to reconstruct the classification of ophidiids and related taxa based on a result of 

the phylogenetic analysis. 

 

Materials and methods 

No morphological evidences to support the monophyly of Ophidiiformes, including Ophidiidae, 

have been demonstrated yet.  However, as a result of the present study, two unique characters were 



found in ophidiiforms.  Firstly, the second infraorbital bone of ophidiiforms is small and situated 

on the posterodorsal margin of the first infraorbital.  Owing to the small second infraorbital and its 

dorsal position, the first and third infraorbitals are attached with each other.  Secondly, it was 

revealed two pectoral fin muscles, the arrector dorsalis and arrector ventralis, being absent.  On the 

ground of these two unique characters, the order Ophidiiformes was regarded as a monophyletic 

group on in the present study.  Based on the monophyly of Ophidiiformes, 23 genera and 27 

species of Ophidiidae, and one genus and one species of Carapidae were used as ingroup.  

Additionally, three genera and three species were examined from Bythitidae as outgroup.   

To estimate the phylogenetic relationships of the family Ophidiidae and related taxa, the cladistic 

methodology formulated by Henning (1966) was adopted.  The phylogenetic analysis was based 

on the result of the comparative observations of 11 osteological, and eight myological parts and 

external morphologies. 

 

Phylogenetic relationships of Ophidiidae and related taxa 

Characters in 99 transformation series were used for the analysis on the phylogenetic 

relationships of 23 genera of Ophidiidae and related taxa.  As a result of the analysis, two equally 

parsimonious trees were obtained.  The length, consistency index and rescaled consistency index 

of the two trees are 402, 0.32 and 0.18, respectively.  A strict consensus tree of the two 

parsimonious trees was adopted for the phylogenetic relationships of Ophidiidae and related taxa.  

The major clades are summarized below. 

 

Clade A.  This clade includes all ophidiids and carapid Pyramodon, and is unambiguously 

supported by 13 synapomorphies such as the ceratohyal and basihyal sutured with each other. 

Clade B1.  This clade includes only Brotula, and is unambiguously supported by 15 apomorphies 

including three autapomorphies such as two epurals. 

Clade C1.  This clade includes Brotlotaenianae and Neobythitinae except for Hypopleuron, and is 

unambiguously supported by three synapomorphies such as the anterior basibranchial tooth patch 

situated on the first to third basibranchial. 

Clade D1.  This clade includes all Ophidiinae, and is unambiguously supported by 10 

synapomorphies including six autapomorphies such as the long branchiostegal rays. 



Clade E1.  This clade includes only Hypopleuron, and is unambiguously supported by six 

apomorphies such as two epurals the hook-like first pharyngobranchial. 

Clade E2.  This clade includes only carapid Pyramodon, and is unambiguously supported by 11 

apomorphies including one autapomorphy, the scapula having a cartilaginous part on whole part of 

the dorsal margin. 

 

Classification 

As a result of phylogenetic analysis, it was clarified that traditional Ophidioidei, Brotulinae, 

Brotulotaeninae, Ophidiinae and Carapidae are monophyletic groups, while Ophidiidae and 

Neobythitinae are non-monophyletic groups.  In the present study, the following five families are 

recognized within the suborder Ophidioidei based on monophyletic groups. 

 

Suborder Ophidioidei  

Family Brotulidae Swainson, 1839    

Family Ophidiidae Rafinesque, 1810    

Family Neobythitidae Radcliffe, 1913    

Family Hypopleuronidae Prokofiev, 2004 

Family Carapidae Poey, 1867     

 

General discussion 

Ophidioidei is one of the groups having the widest range of adaptive depths.  In the present 

study, depths of occurrence of ophidioid fishes are divided into the following five categories: 

epipelagic zone (from 0 to less than 200 m); mesopelagic zone (from 200 to less than 1,000 m); 

bathypelagic zone (from 1,000 to less than 4,000 m); abyssal zone (from 4,000 to less than 6,000 

m); and hadal zone (6,000 m or deeper).  As a result of mapping of these categories to the 

cladogram, it was suggested that the common ancestor of the suborder Ophidioidei was adapted 

into deeper waters (mesopelagic zone, 200–1,000 m depth).  Additionally, Ophidiidae and 

Neobythitidae were inferred to have prominently different trends of the bathymetric distribution, 

viz., ophidiid fishes shifted from the mesopelagic zone to shallower region, while neobythitids 

shifted from the mesopelagic zone to deeper regions.  Also on the morphological adaptations, 
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both families have prominently different trends.  All ophidiids acquired the extremely anterior 

position and unique supporting structures of the pelvic fins.  In Neobythitidae, only several 

genera have the pelvic fins situated anteriorly, but their supporting structures retain the primitive 

condition and similar to other neobythitids having the pelvic fins situated posteriorly.  In addition 

to these two families, other three families Brotulidae, Hypopleuronidae and Carapidae also 

acquired unique morphological characters and lifestyles.  Consequently, it was concluded that the 

suborder Ophidioidei was a group fundamentally adapted into deeper waters and benthic style, but 

included two distinct families and other three families having different evolutional trends. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


