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Scorpaeniform Fish Phylogeny: An Overview
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Abstract The progress and present status of phylogenetic studies on the order
Scorpaeniformes are reviewed by considering two major clades: the scorpaenoid lin-
eage (Scorpaenoidei+Platycephaloidei) and the cottoid lineage (Anoplopomatoidei+
Zaniolepidoidei+Hexagrammoidei+ Cottoidei). Continuing problems in scorpaeni-
form phylogeny are also outlined.
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The order Scorpaeniformes, a member of the Acanthopterygii (Greenwood et
al., 1966; Lauder & Liem, 1983; Nelson, 1994), is characterized by a remarkable di-
agnostic character, the suborbital stay, formed by a posterior extension of the second
suborbital (sensu Matsubara, 1943). Owing to this character, scorpaeniforms have
been referred to as “mail-cheeked fishes.” The group includes more than 1,200
species, some, such as the cottoid abyssocottids and Cottus spp. inhabiting fresh
water (Nelson, 1994). Depths inhabited by marine species range from shallow waters
to 7,000 m (species of Liparidae) (Andriashev, 1955; Nelson, 1994). The order has
been variously subdivided and classified by many investigators (Tables 1-4).

The first phylogenetic study of the Scorpaeniformes was presented by Gill
(1888). Although his family-level relationships were unsubstantiated (Fig. 1), his
methodology was based on apparent similarities, and relationships inferred subjec-
tively by using characters such as head spines and condition of the dorsal fin ray. Sub-
sequently, Matsubara (1943, 1955) and Washington et al. (1984 a) also provided com-
prehensive relationships of the order. Matsubara (1943) reconstructed phylogenetic
relationships of his Scorpaenidae (=most similar to the recently-proposed Scor-
paenoidei) on the basis of osteology, except for the jaws, gill arches and caudal skele-
ton, and the swimbladder and associated muscles. He also proposed relationships of
the Scorpaeniformes, recognizing four major clades in the order: the Triglidae+ Peri-
stediidae+Dactylopteridae, which were derived initially from other groups; a second
clade derived from a Sebastes glaucus-ancestor, such including generalized scor-
paenids, such as Sebastes glaucus, plus the Anoplopomatidae and Hexagrammidae; a
third clade derived from a Plectrogenium-ancestor, comprising the specialized scor-
paenids, such as Plectrogenium nanum, plus the Bembridae, Platycephalidae and Ho-
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Fig. 1. Phylogeny of the order Scorpaeniformes, as proposed by Gill (1888).

plichthyidae; and a fourth clade containing the Agonidae, Cottidae, Cyclopteridae
and Liparidae, all of which were derived from a Setarches-ancestor. Subsequently,
Matsubara (1955) reworked his previously-proposed relationships of Bembras, Platy-
cephalidae and Hoplichthyidae, based on the results of Matsubara & Ochiai (1955),
although his other earlier-proposed relationships were retained (Fig. 2). Washington
et al. (1984 a) followed much of Matsubara’s (1943, 1955) proposals, presenting a re-
vised phylogenetic hypothesis based on the latter’s original osteological data, and also
considered schemes proposed after Matsubara (1955).

The studies of Matsubara (1955) and Washington et al. (1984 a) were based
mostly on that of Matsubara (1943), which used a precladistic methodology. Howev-
er, the need for a more objective basis for phylogenetic hypotheses has become ap-
parent following the initial proposal of cladistic methodology and its subsequent de-
velopment by many authors (e.g., Eldredge & Cracraft, 1980; Wiley, 1981; Maddison
et al., 1984), via the conflicting views in the 1970’s—1980’s of the evolutionary sys-
tematic and numerical taxonomic schools. In Ichthyology, the use of cladistics has
become widespread. Accordingly, in recent years, many authors have inferred phylo-
genetic relationships of the Scorpaeniformes by using a cladistic approach to mor-
phological characters (e.g., Leipertz, 1985; Yabe, 1985; Kido, 1988; Begle, 1989;
Kanayama, 1991; Ishida, 1994; Shinohara, 1994; Imamura, 1996). Additionally, al-
lozyme electrophoresis and molecular data have been utilized for phylogenetic analy-
sis, although only a few authors have applied such to the scorpaeniforms (e.g.,
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Fig. 2. Phylogeny of the order Scorpaeniformes, as proposed by Matsubara (1955) (from Wash-
ington et al., 1984 a). Plect.-anc., Plectrogenium-ancestor; Seb.-gl.-anc., Sebastes glaucus-an-
cestor; Set.-anc., Setarches-ancestor.

Keenan, 1991). Much myological data for the order has also been presented, follow-
ing the demonstration of its validity in phylogenetic analysis of the superfamily Cot-
toidea by Yabe (1985). At present, owing to the accumulation of considerable data
and various phylogenetic proposals, a reconsideration of the monophyly and phyloge-
netic position of the order is due.

A recent review of the phylogenetic relationships, monophyly and phylogenetic
position of the Scorpaeniformes, and remaining problematic issues (Imamura &
Shinohara, 1997) (in Japanese), provided the basis of the present review, which in-
cludes additional information and presents an expanded and up-graded account.

In this review, for convenience, Scorpaeniformes is divided into two major
clades, the scorpaenoid lineage (including the suborders Scorpaenoidei and Platy-
cephaloidei, sensu Imamura, 1996) and the cottoid lineage (containing the Anoplopo-
matoidei, Zaniolepidoidei, Hexagrammoidei and Cottoidei, sensu Shinohara, 1994),
thus following the concept of Washington et al. (1984 a), except for the family Dacty-
lopteridae, which is included under the section “Monophyly of the Scorpaeniformes.”
The above two lineages are regarded as monophyletic groups supported by synapo-
morphic characters, according to Imamura (1996) and Shinohara (1994), respectively.
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Progress and Present Situation

Monophyly of the scorpaenoid lineage

The scorpaenoid lineage comprises two suborders, the Scorpaenoidei (sensu
Ishida, 1994 minus Plectrogenium), including the following twelve families: Sebasti-
dae, Setarchidae, Neosebastidae, Scorpaenidae, Apistidae, Tetrarogidae, Synancei-
idae, Congiopodidae, Gnathanacanthidae, Pataecidae Aploactinidae and Caracanthi-
dae, and the Platycephaloidei (sensu Imamura, 1996), including the following seven
families: Plectrogeniidae, Parabembridae, Bembridae, Triglidae, Peristediidae, Ho-
plichthyidae and Platycephalidae. Although these suborders have long been regarded
as closely related to each other (Matsubara, 1943, 1955; Matsubara & Ochiai, 1955;
Washington et al., 1984 a) (Fig. 2), no concrete synapomorphic characters, widely
common to both suborders, had been presented until Imamura (1996). The latter
demonstrated that the monophyly of the group was supported by an osteological apo-
morphy, a backwardly-directed opercular spine extending across the subopercle
(=lower opercular spine sensu Moser & Ahlstrom, 1978). Although the spine is ab-
sent in adults of the Pteroinae (Matsubara, 1943; Imamura, 1996), it was recognized
in the larvae of such by Kojima (1988) and Imamura & Yabe (1996). Accordingly,
Imamura (1996) considered the absence of the spine in the adult Pteroinae as a sec-
ondary reduction. In addition, as a result of Imamura’s (1996) analysis of the scor-
paenoid lineage (=his “first step” analysis) (Fig. 3 A), a single myological character,
presence of an extrinsic swimbladder muscle derived from the obliquus superioris,
was also regarded as a synapomorphy for the group (absence of the muscle in some
triglids was considered to be a character reversal).

Interrelationships of the scorpaenoid lineage

Many authors have variously classified the scorpaenoid lineage at the subordinal
level (Tables 1-2). Although the suborders Congiopodoidei and Hoplichthyoidei have
previously been proposed (Greenwood et al., 1966; Nelson, 1976), it is reasonable at
present to recognize only two suborders, the Scorpaenoidei and Platycephaloidei, fol-
lowing the phylogenetic analyses by Ishida (1994) and Imamura (1996).
Suborder Scorpaenoidei. Judging from Matsubara’s (1955) phylogenetic relation-
ships of the Scorpaeniformes (Fig. 2), his superfamily Scorpaenicae, which was simi-
lar to the more recently-recognized Scorpaenoidei (see Table 1), was a non-mono-
phyletic group. On the other hand, Ishida (1994) regarded the Scorpaenoidei, exclud-
ing the cottoid lineage, Triglidae, Peristediidae and Platycephaloidei, as monophylet-
ic. His subsequent cladistic analysis of relationships within the suborder (Fig. 3 B)
recognized twelve families. On the other hand, Shinohara (1994) and Imamura (1996)
could find no synapomorphies supporting monophyly of the suborder.

Sebastidae. — Although this group had been recognized as a subfamily (Se-
bastinae) of the Scorpaenidae (Table 1), Ishida (1994) ranked it as the family level.
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Matsubara (1943, 1955) included his Sebastinae and Neosebastinae in a Sebastes-
stem, which was regarded as a group which had separated initially from other scor-
paenoids. Although he also recognized the above two subfamilies as having a sister
relationship, Ishida (1994) considered only the Sebastidae to represent an initial sepa-
ration from other scorpaenoids (Fig. 3 B). Ishida (1994) included eight genera in his
Sebastidae: Sebastes, Sebastiscus, Hozukius, Helicolenus, Adelosebastes, Sebas-
tolobus, Trachyscorpia and Plectrogenium. However, Imamura (1996) included Plec-
trogenium in his platycephaloid Plectrogeniidac and regarded Trachyscorpia as a
member of a monophyletic group (=Imamura’s [1996] clade A7), including other
genera such as Pontinus and Scorpaena (Fig. 3A). In addition, Imamura (1996) was
unable to find synapomorphies uniting Ishida’s other sebastid genera (Fig. 3 A). Bar-
sukov’s (1981) account of the relationships of the Sebastinae followed a precladistic
methodology. Matsubara (1955) considered Sebastes to be the most primitive group
among the Scorpaeniformes, stating, “Among the scorpaeniforms, Sebastes is nearest
to the origin of its evolution,” owing to the weakly developed suborbital stay and
body form resembling generalized perciforms. However, Eschmeyer & Hureau
(1971) did not agree, stating, “The genus Sebastes, while retaining many generalized
features, is not a good choice for a primitive scorpionfish as has been earlier pre-
sumed.”

Setarchidae and Neosebastidae. — The family Setarchidae includes three gen-
era, Setarches, Lioscorpius and Ectreposebastes, and the Neosebastidae, two, Neose-
bastes and Maxillicosta (Eschmeyer & Collette, 1966; Ishida, 1994; Nelson, 1994).
Matsubara (1943, 1955) treated the two groups as scorpaenid subfamilies (Table 1),
placing them into different clades; thus he considered that the Setarchinae was a
member of the Scorpaena-stem and was a sister group of a monophyletic group, in-
cluding Scorpaeninae and Pteroinae, and that the Neosebastinae was a derivative of
the Sebastes-stem, being a sister group of the Sebastinae. In addition, he inferred that
the Agonidae, Cottidae, Cyclopteridae and Liparidae were derived from a Setarches-
ancestor (Fig. 2), because of their possessing common characters with the Setarchi-
nae, such as absence of the basisphenoid. However, Eschmeyer & Collette (1966)
found all four species of the Setarchinae did, in fact, possess that element, and conse-
quently could not agree with Matsubara's hypothesis. Ishida (1994) inferred that the
Setarchidae and Neosebastidae had a sister relationship and were secondarily divided
from other scorpaenoids, following the initially diverged Sebastidae (Fig. 3 B). Re-
cently, Imamura (1996) considered that Sefarches was much more closely related to
genera such as Pontinus and Scorpaena (Scorpaenidae), and that Neosebastes was a
sister group of a clade comprising Hypodytes (Tetrarogidae), Inimicus and Minous
(Synanceiidae), Erisphex (Aploactinidae) and Apistus (Apistidae) (Fig. 3 A).

Scorpaenidae. — The extent of the former Scorpaenidae was effectively re-
duced by Ishida (1994), who elevated some of the subfamilies contained therein to
separate family status (Table 1). Matsubara (1943, 1955) considered that the Scor-
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Fig. 3. Cladograms showing the relationships among (A) the scorpaenoid lineage, proposed by
Imamura (1996), and (B) families of the suborder Scorpaenoidei, proposed by Ishida (1994).
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paeninae and Pteroinae had a sister relationship, thus including the latter also in his
Scorpaenidae. Ishida (1994) also included Matsubara’s pteroine genera in the Scor-
paenidae, but did not provide a formal category for them. According to Ishida (1994),
Scorpaenidae constitutes the third branch from the scorpaenoids, following a clade
including Setarchidae and Neosebastidae (Fig. 3 B).

Apistidae and Tetrarogidae. — Matsubara (1943, 1955) treated the family Apis-
tidae as a scorpaenid subfamily (Apistinae) (Table 1), including it in the Cocotropus-
stem. He also presumed that Apistus, the sole genus of his Apistinae, had branched
off initially from all other members of the stem (Matsubara [1943] used the name
Congiopinae for a group including Neocentropogon, Ococia, Hypodytes, Synderina
and Kanekonia, all of which were members of his Cocotropus-stem. Subsequently,
Kanekonia was included in the Aploactinidae and the other genera in the Tetrarogi-
dae). Washington et al. (1984 a) inferred a close relationship among the Apistinae,
Triglidae and Peristediidae, based on swimbladder and intrinsic muscle morphology.
They also stated, “Apistinae may be the primitive sister group of the Triglidae and
Peristediidae.” Rejecting this hypothesis, Ishida (1994) considered the Apistidae and
Tetrarogidae to have a sister relationship (Fig. 3 B), while Imamura (1996) considered
the former to be a sister group of a monophyletic group, including Hypodytes, Inimi-
cus, Minous and Erisphex (Fig. 3 A).

Synanceiidae and Congiopodidae. — Whereas the family Synanceiidae has
been recognized by some as a scorpaenid subfamily (Synanceiinae) (Washington et
al., 1984 a; Nelson, 1994) (Table 1), the Congiopodidae has instead been elevated to
a separate suborder, Congiopodoidei (Nelson, 1976; Lauder & Liem, 1983). More-
land (1960) stated that “the Congiopodidae show relationship with the Scor-
paenidae...”, and Ishida (1994) inferred that the Synanceiidae and Congiopodidae
had a sister relationship, treating them as distinct families among the suborder Scor-
paenoidei. Although Matsubara (1955) recognized four subfamilies (Minoinae,
Synanceiinae, Inimicinae and Erosinae) in the Synanceiidae, Ishida (1994) did not
recognize any, although his Synanceiidae included genera of Matsubara's four sub-
families.

Gnathanacanthidae. — The family Gnathanacanthidae was regarded as a patae-
cid subfamily (Gnathanacanthinae) by Nelson (1976, 1984) (Table 1). However, Ishi-
da (1994) considered it to be a sister group of a monophyletic group, Aploactinidae+
Pataecidae, thus regarding the former as a separate family (Fig. 3 B).

Pataecidae and Aploactinidae. — Mandrytza’s (1991 b) examination of the sub-
orbital bones of four pataecid species showed that they did not possess a suborbital
stay. Thus, he considered that they should be excluded from the Scorpaeniformes, al-
though the resulting phylogenetic position of Pataecidae among the Acanthopterygii
was not determined. On the other hand, Ishida (1994) recognized the absence of a
suborbital stay as a derived condition among the Scorpaenoidei, thus including the
Pataecidae in that suborder. Mooi & Gill (1995) also determined that the pataecids
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