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I. Introduction 

The fishes of the superfamily Cottoidea inhabit various the fresh water and 
marine habitats in the boreal and temperate waters of the Northern Hemisphere. 
Several marine species are also known from the Southern Hemisphere. In this 
group there are about 380 species and 98 genera in the world. 

The systematics of cottoid fishes has been studied by many investigators (Gill, 
1889; Regan, 1913; Johnson, 1918; Matsubara, 1936; Berg, 1940; Taranetz, 1941 ; 
Bolin, 1947; Matsubara, 1955; Taliev, 1955; Watanabe, 1958; Quast, 1965; 
Cowan, 1972; Neelov, 1976, 1979; Yabe, 1981, 1983; Nelson, 1982; Sideleva, 
1982). Through these studies, various families have been established by each 
investigator. Gill (1889) recognized the superfamilies Cottoidea, Rham­
phocottoidea and Agonoidea, and included two families, Cottidae and Hemitripter­
idae, in the superfamily Cottoidea on the basis of some osteological characters. 
Regan (1913) recognized six families, Cottidae, Cottunculidae, Psychrolutidae, 
Comephoridae, Agonidae and Cyclopteridae, in the division Cottiformes. Berg 
(1940) reviewed previous works and recognized nine families in his superfamily 
Cottoidea: Icelidae, Cottidae, Cottocomephoridae, Comephoridae, Normanichth­
yidae, Cottunculidae, Psychrolutidae, Agonidae and Cyclopteridae. From the 
examination of a great number of the cottoid fishes, Taranetz (1941) established 12 
families characterized by external and some osteological characters; Ascelichth­
yidae, Cottidae, Cottocomephoridae, Comephoridae, Hemitripteridae, Blepsiidae, 
Psychrolutidae, Ereuniidae, Marukawichthyidae, Rhamphocottidae, Synchiriidae 
and Agonidae. He also included 13 subfamilies in the family Cottidae. Matsubara 
(1955) classified Japanese cottoid fishes into two superfamilies Cottoicea (Cottoidea) 
with two families Cottidae and Psychrolutidae, and the Agonicea (Agonoidea) with 
two families Agonidae and Aspidophoridae. Watanabe (1958) regarded the 
Japanese cottoid fishes as a single family Cottidae with 13 subfamilies. Thus, there 
is no agreemen in the classification at the familial level. The disagreement between 
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previous examinations have been caused by the examination of too few species and 
too few morphological characters. 

The purposes of the present study are to clarify the monophyly of the super­
family Cottoidea, and to infer the phylogenetic interrelationships of this super­
family on the basis of as many species, and osteological and myological chracters as 
possible, and to establish the phylogenetic classification in this superfamily. 
Recently, the phylogenatic significance of myological characters is discussed in 
several fish groups (Greenwood et aI., 1966; Liem, 1970, 1978, 1981; Greenwood, 
1971, 1981; Winterbottom, 1974a, b; Kershaw, 1976; Howers, 1976, 1980; Liem 
and Greenwood, 1981 etc.). However myological conditions have not been 
examined in cottoid fishes. In the present study, the myological characters of 
cottoid and other scorpaeniform fishes are described in detail, and are used for the 
consideration of the phylogenetic relationships as well as the osteological characters. 
In order to estimate the phylogenetic relationships of the present fish group, the 
cladistic approach, whose fundamental philosophy is formulated by Hennig (1966), 
is adopted. 

II. Materials and Methods 

The specimens examined for the present study are listed with their catalogue 
numbers and sizes. The abbreviations profixed to the catalogue numbers indicate 
the following institutions where those specimens belong: 

BCPM British Columbia Provincial Museum, Victoria 
CAS California Academy of Sciences, San Francisco 
FAKU Faculty of Agriculture, Kyoto University, Kyoto 
HUMZ Laboratory of Marine Zoology, Faculty of Fisheries, Hokkaido 

NMC 
SU 
UW 

Cottidae 

University, Hakodate 
National Museums of Canada, Ottawa 
Natural History Museum, Stanford University, now housed as CAS 
College of Fisheries, University of Washington, Seattle 

Alcichthys alcicornis, HUMZ 42297, 59095, 2 specimens, 156-205 mm SL 
Argyrocottus zanderi, HUMZ 59345, 59346, 2 specimens, 39-52 mm SL 
Artediellus dydymovi, HUMZ 45609, 53383, 59348, 3 specimens, 59.4-78.3 mm SL 
Artediellichthys nigripinnis, HUMZ 54976, 1 specimen, 102 mm SL 
Aretedius haringtoni, HUMZ 77123, 1 specimen, 82 mm SL 
Ascelichthys rhodorus, SU 16664, 1 specimen, 84.8 mm SL 
Asemichthys taylori, HUMZ 86582, 1 specimen, 40.8 mm SL 
Astrocottus mastubarai, HUMZ 101130, 1 specimen, 34 mm SL 
Bero elegans, HUMZ 41942, 52888, 52898, 3 specimens, 64.2-71.2 mm SL 
Chitonotus pugetensis, NMC 79-587, 1 specimen, 89 mm SL 
Clinocottus globiceps, BCPM 974-454, 1 specimen, 116 mm SL 
Cottiusculus gonetz, HUMZ 56930, 1 specimen, 65.2 mm SL 
Cottus kazika, HUMZ 36471, 1 specimen, 171.8 mm SL 
Cottus pollux, HUMZ 43303, 1 specimen, 140 mm SL 
Enophrys diceraus, HUMZ 40900, 101132, 2 specimens, 118-121 mm SL 
Furcina oshimai, HUMZ 59522, 1 specimen, 49 mm SL 
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Gymnocanthus galeatus, HUMZ 46162, 1 specimen, 178 mm 8L 
Gymnocanthus herzensteini, HUMZ 40904, 53989, 2 specimens, 178-245 rom 8L 
Gymnocanthus intermedius, HUMZ 59010, 1 specimen, 137 rom 8L 
Hemilepidotus gilberti, HUMZ 56847, 56866, 2 specimens, 213-249 mm 8L 
Hemilepidotus papilio, HUMZ 56337, 76941, 2 specimens, 230-258 mm 8L 
lcelinus borealis, NMC 64-258, 1 specimen, 55 mm 8L 
lcelinus tenius, NMC 64-805, 1 specimen, 107 rom 8L 
lcelus canaliculatus, HUMZ 82954, 1 specimen, 120 rom 8L 
lcelus spiniger, HUMZ 56086, 56091, 56092, 56906, 4 specimens, 133-194 rom 8L 
lcelus undnalis, HUMZ 76835, 76838,2 specimens, 75-119 mm 8L 
Jordania zonope, CA8 27907, 1 specimen, 65 rom 8L 
Leiooottus hirundo, CA8 20295, 1 specimen, 176.7 mm 8L 
Leptooottus armatus, HUMZ 77173, 101131, 2 specimens, 227-235 mm 8L 
Microoottus sellaris, HUMZ 69119, 1 specimen, 60 mm 8L 
Myoxocephalus brandti, HUMZ 62238, 1 specimen, 135.8 rom 8L 
Myoxocephalus jaok, HUMZ 45874, 1 specimen, 247 rom 8L 
Myoxocephalus polyacanthocephalus, HUMZ 56895, 1 specimen, 266 mm 8L 
Myoxocephalus stelleri, HUMZ 40828, 1 specimen, 147 mm 8L 
Ocynectes maschalis, HUMZ 72295, 1 specimen, 71.6 rom 8L 
Oligooottus maculosus, HUMZ 75596, 1 specimen, 74.6 mm 8L 
Orthonopias triads, CA8 15269, 1 specimen, 66 rom 8L 
Porooottus allisi, HUMZ 58384, 59348, 59349, 3 specimens, 42-59 mm 8L 
Pseudoblennius oottoides, HUMZ 40961, 59515, 2 specimens, 83-98 rom 8L 
Pseudoblennius percoides, HUMZ 49016, 59097, 2 specimens, 169-174 mm 8L 
Radulinus asprellus, NMC 65-222, 1 specimen, 73 mm 8L 
Ricuzenius pinetorum, HUMZ 66086, 1 specimen, 54 mm 8L 
Ricuzenius toyamensis, HUMZ 53915, 65661, 2 specimens, 88.6-104.9 mm 8L 
Soorpaenichthys marmoratus, UW 821, 1 specimen, 112 mm 8L 
Stlengis osensis, HUMZ 80001, 1 specimen, 39 mm 8L 
Stelgistrum stejnegeri, HUMZ 86555, 1 specimen, 72.8 mm 8L 
Synchirus gilli, BCPM 978-33, 1 specimen, 46.3 mm 8L 
Taurooottus bergi, HUMZ 67702, 1 specimen, 131 mm 8L 
Taurulus bubalis, HUMZ 101134, 1 specimen, 86 mm 8L 
Thyriscus anoplus, HUMZ 88548, 1 specimen, 106.9 mm 8L 
Trachidermus Jasdatus, HUMZ 74749, 1 specimen, 94.8 mm 8L 
Trichooottus brashnicovi, HUMZ 54218, 1 specimen, 149 mm 8L 
Triglops macellus, BCPM 9979-11022, 1 specimen, 127.5 mm 8L 
Triglops pingeli, HUMZ 56396, 56397, 2 specimens 127-132 mm 8L 

[XXXII,l 

Triglops scepticus, HUMZ 46150, 56149, 56151, 56308, 4 specimens, 143-177 mm 8L 
Vellitor centropomus, HUMZ 59506, 59507, 2 specimens, 81-82 mm 8L 
Zesticelus proJundorum, HUMZ 81867, 1 specimen, 50.2 mm 8L 
Hemitripteridae 
Blepsias drrhosus, HUMZ 52829, 75797, 2 specimens, 152-169 rom 8L 
Hemitripterus villosus, HUMZ 40903, 65803, 68478, 3 specimens, 66-256 mm 8L 
Hemitripterus bolini, HUMZ 77038, 1 specimen, 174.3 mm 8L 
Nautichthys pribilovius, HUMZ 69126, 1 specimen, 72.5 mm 8L 
Nautichthys oculoJasdatus, HUMZ 89870, 1 specimen, 72 mm 8L 
Agonidae 
Agonomalus jordani, HUMZ 33258, 1 specimen, 183 mm 8L 
Podothecus sachi, HUMZ 90594, 1 specimen, 326 mm 8L 
Tilesina gibbosa, HUMZ 90593, 1 specimen, 233 mm 8L 
Psychrolutidae 
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Cottunculus granulosus, HUMZ lO1133, 1 specimen, 158 mm SL 
Dasyoottus setiger, HUMZ 45641, 45955, 2 specimens, 205-225 rum SL 
Ebinania brephocephala, HUMZ 51822, 75460, 2 specimens, 88-94 mm SL 
Ebinania vermiculata, HUMZ 72590, 1 specimen, 222.6 mm SL 
Eurymen gyrinus, HUMZ 40915, 1 specimen, 269 rum SL 
Malaoooottus gibber, HUMZ 53652, 1 specimen, 175 mm SL 
Malaoooottus zonurus, HUMZ 44920, 51677, 2 specimens, 185-193 rum SL 
Noophrynichthys latus, HUMZ 66486, 1 specimen, 156 mm SL 
Psychrolutes phrictus, HUMZ 78319, 1 specimen, 287 mm SL 
Ereuniidae 
Ereunias grallator, HUMZ 5672-5675, 49488, 5 specimens, 81-262 rum SL 
Marukawichthys ambulator, HUMZ 59313, 59315,77522,3 specimens, 91-128 mm SL 
Marukawichthys pacificus, HUMZ 68660, 1 specimen, 234 mm SL 
Rhamphocottidae 
Rhamphooottus richardsoni, UW 22lO, lO216, 2 specimens, 20-67 mm SL 

Other scorpaeniform fishes 

Scorpaenidae 
Apistus carinatus, HUMZ 48141, 1 specimen, 98 rum SL 
Helioolenus hilgendorfi, HUMZ 79402, 1 specimen, 128 mm SL 
Hypodytes rubripinnis, HUMZ 39612, 1 specimen, 87 mm SL 
Pterois lunulata, HUMZ 87822, 1 specimen, 134 mm SL 
Sebastolobus alascanus, HUMZ 82853, 1 specimen, 240 mm SL 
Setarches longimanus, HUMZ 79470, 1 specimen, 134.5 rum SL 
Synanceiidae 
Minous monodactylus, HUMZ 79277, 1 specimen, lO9 rum SL 
Inimicus japonicus, HUMZ 79lO3, 1 specimen, 104 mm SL 
Platycephalidae 
Onigocia macrolepis, HUMZ 79117,1 specimen, 107.7mm SL 
Bembridae 
Bembras japonicus, HUMZ 80027, 1 specimen, 125.3 mm SL 
Hoplichthyidae 
Hoplichthys gilberti, HUMZ 79967, 1 specimen, 120 rum SL 
Triglidae 
Lepidotrigla microptera, HUMZ 51892, 1 specimen, 159 mm SL 
Chelidonichthys spinosus, HUMZ 65245, 1 specimen, 214 mm SL 
Anoplopomatidae 
Anoplopoma fimbria, HUMZ 76773, 1 specimen, 243 mm SL 
Erilepis zonifer, HUMZ 87882, 1 specimen, 146 mm SL 
Hexagrarumidae 
Hexagrammos octogrammus, HUMZ 85852, 1 specimen, 180 rum SL 
Hexagrammos stelleri, HUMZ 69947, 1 specimen, 160 mm SL 
Oxylebius pictus, CAS 45609, 1 specimen, 135 rum SL 
Pleurogrammus azonus, HUMZ 47916, 1 specimen, 286 rum SL 
Zaniolepididae 
Zaniolepis frenata, CAS 31392, 1 specimen, 113 mm SL 
Zaniolepis latipinnus, CAS 15979, 1 specimen, 152 mm 
Cyclopteridae 
Aptocyclus ventrioosus, HUMZ 42484, 1 specimen, 192 rum SL 
Eumicrotremus birulai, HUMZ 55243, 55586, 2 specimens. 67-128 rum SL 
Liparididae 
Liparis tessellatus, HUMZ 58639, 1 specimen, 144 rum SL. 
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These specimens were dissected after being stained with alizarin red-S, and 
observed with a binocular microscope. For osteological observations, several 
materials were cleared and stained. The drawings of the bones and muscles were 
made with the Wild M-8 drawing tube. The terminology used here chiefly follows 
that used most modern ichthyologists (e.g. Monod, 1967; Nelson, 1969; Liem, 1970) 
for the osteology, and Winterbottom (1974a) for the myology. 
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IV. Systematic methodology 

1. RECOGNITION OF THE MONOPHYLETIC GROUP 

In this study, the phylogenetic relationships among the cottoid fishes are 
inferred by the cladistic approach whose fundamental philosophy is formulated by 
Hennig (1966). It is summarized that the monophyletic group is recongnized only 
by the shared derived condition of the character. The term of monophyletic group 
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used here is the sense of the paraphyletic group defined by Ashlock (1971), "a 
monophyletic group that does not contain all of descendants", because in this study 
not all cottoid fishes are examined. Therefore the monophyletic group used here is 
a group that contains a common ancestor and its all known (examined) descendants. 
In this study, the monophyletic group is recognized not only by shared unique 
derived condition of the character (autapomophy) but also by the shared combina­
tion of each derived condition of the character (synapomorphy), when the shared 
combination is unique among the examined group. 

2. DETERMINATION OF THE POLARITY OF THE CHARACTER 

In this study, the polarity of each character in the cottoid fishes is determined 
on the basic assumption that the conditions in the recent species of the group 
inferred by previous studies to be the ancestral group to cottoid fishes show the 
ancestral conditions of the characters of the cottoid fishes. The ancestral group of 
the cottoid fishes is inferred from the literature. There are three interpretations 
about the origin of the cottoid fishes. The first is that the cottoid fishes are derived 
from the generalized scorpaenid type ancestor which may be one of the derivatives 
of the generalized percoid fishes. Since the outline of the recent classification of the 
scorpaeniform fishes was proposed by Gill (1889), this interpretation has been 
inherited by many ichthyologists (Allis, 1909; Regan, 1913; Berg, 1940; Taranetz, 
1941; Matsubara, 1943; Bolin, 1947). The second is a hexagrammid-zaniolepidid­
cottid lineage suggested by Quast (1965). On the base of the osteological data, he 
inferred that the scorpaeniform fishes may be the polyphyletic groups including the 
scorpaenid, anoplopomatid and hexagrammid-zaniolepidid-cottid lineages. This 
hypothesis has been supported by Freihofer (1963). He clarified that three des­
tributional patterns of the nerve of ramus lateralis accessorius (scorpaenid type, 
anoplopomatid type and hexagrammid-cottid-cyclopterid type) are present in the 
scorpaeniform fishes. It has been considered that the hexagrammid-cottid­
cyclopterid type could have been derived from the unique pattern in a percichthyid 
genus Rocrus and its near allies. The scorpaenid type could be derived from a 
widespread percoid pattern that typifies most species of the family Serranidae, and 
the anoplopomatid type is tentatively regarded as being closest to that of the gadoid 
fishes. The third interpretation assumed by Watanabe (1958) is that the cottoid 
fishes may have developed parallel with the scorpaenid fishes and have been 
separated from the main stem of the percoid earlier than the latter. The greatest 
common measure of these three interpretations is regarded that the cottoid fishes 
may be derived from the generalized percoid-type ancestor. 

On the basis of this interpretation, the basic assumption that the ancestral 
condition of each character in the cottoid fishes is represented by the condition in the 
generalized percoid fishes is made. Some examples of the determination of the 
polarity of each character are summerized in Fig. 1. When one codition of a certain 
character is present in the generalized percoid fishes, the condition is regarded as the 
ancestral condition of the cottoid fishes. In this case, if one of some conditions in 
the cottoid fishes is same to that in the generalized percoid fishes, it is regarded as 
the most primitive condition in the cottoid fishes (Fig. 1, A and B); if the condi­
tions in the cottoid fishes are not the same as that in the generalized percoid fishes, 
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the condition which is most similar to that of the generalized percoid fishes is 
regarded as the most primitive condition in the cottoid fishes (Fig. 1, C). When two 
or more conditions are present in a certain character of the percoid fishes, all of these 
conditions are regarded as the ancestral condition for the cottoid fishes (Fig. 1, D and 
E). If the all conditions of a certain character in thecottoid fishes are also present 
in the generalized percoid fishes, the polarity of this character is not decided, and 
this character is not used in the inference of the branching pattern (Fig. 1, D). 

A 1-2-3 B 1-2-3 

Percoid 0 Percoid 0 

Cottoid 0 0 0 Cottoid 0 0 0 

C 2 3-4 D 1=2 

Percoid 0 Percoid 0 0 

Cottoid 0 0 Cottoid 0 0 

E 1 = 2-3-4 

Percoid 0 0 

Cottoid 0 0 0 0 

Fig. 1. Determination of the polarity of the character. 1, 2, 3 and 4; the condition of 
each character. 0, presence of this condition; -, absence of this condition. 
Arrows indicate the evolutionary trend of each character. For explanation, see 
text. 

3. INFERENCE OF THE BRANCHING PATTERN 

Hennig (1966) stated that "the greater the number of the autapomorphous 
characters that can be demonstreated the greater the certainty that the group is the 
monophyletic". This statement has been considered as the greatest principle with 
the persimony, when the branching pattern is inferred (Nelson, 1971; Vari, 1976; 
Wiley, 1978; Matsuura, 1979; Sawada, 1982; etc.). But, it is considered that this 
principle is one of the operational principles based on the conception of the 
synapomorphy which is that the monophyletic group is recognized only by the 
synapomorphy not by the overall similarities. This conception is based on the 
speciation model theoretically explained by Hennig (1966) and is based on the 
transformation of the characters. It is considered that this model is the most 
reasonable as the morphological explanation of the speciation. On the basis of this 
speciation model, the conception of the synapomorphy is suggested as the recogni­
tion of the monophyletic group. The conception of the synapomorphy approved of 
the monophyletic group which is recognized by only a synapomorphy. It, therefore, 
is considered that the number of the synapomorphies is the one of the operational 
principles which check the certainty of the monophyletic group. But in the most 
of the cladistical works, this principle is emphasized as only a principle for the 
inference of the branching pattern, but the speciation model based on the transfor-
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mation of the character is not regarded. It is considered that the transformation of 
the character can be used as the indicator which checks the certainty of the 
monophyletic group inferred by the conception of the synapomorphy as well as the 
number of synapomorphies. 

On the other hand, Camin and Sokal (1965) exhibited the monothetic method. 
This method is summarized that the branching pattern is inferred on the basis of the 
transformation of the character, and the certainty of the branching pattern is 
concluded by the principle of the parsimony. It is considered that the monothetic 
method is more faithfully reflected the transformation of the characters in the 
branching pattern than other method, though the conception of the synapomorphy 
is not regarded. But this method has been appraised high in regard to the principle 
of the persimony, and yielded several numerical cladistic methods with various 
modifications based on the persimony principle (Kluge and Farris, 1969; Farris, 
1970; etc.). In these modificated methods, the persimony is the greatest princile for 
inferring the branching patterns. It has been considered that the persimony is a 
general axiom accepted by most phylogeneticists as an operating principle in the 
interpretation of the data (Nelson, 1971; Hecht and Edwaeds, 1977). But the 
persimony principle is no more than a selection rule for plural possibilities inferred 
on the basis of a certain theoretical principle, and it must not precede the theoretical 
principle, because the persimony principle is not based on the theoretical endorse­
ment. It, therefore, is considered that the method in which the persimony is 
regarded as the greatest principle produces only the operational result based on no 
theoretical endorsement on evolution. 

Under these considerations, the branching patterns are inferred by the following 
procedure. The branching pattern is inferred by the conception of the synapomor­
phy, and the certainty of the branching pattern is checked on the basis of the 
transformation of the character and the number of the synapomorphies. The 
principle of the persimony is used when the plural possibilities are inferred. A 
example of the inferring of the branching pattern on the basis of the present method 
is shown in Fig. 2. 

i) when the taxon A possesses all derived conditions of the most primitive 
taxon P which is concluded as a possessor of minimum number of the derived 
conditions, it is regarded as the member of the monophyletic group including the 
taxon P. 

ii) when the taxon B does not possess all derived conditions of the taxon P, 
it is not regarded as the member of the monophyletic group including the taxon P. 

iii) the relationships between the taxa Band P is inferred from the hypothet­
ical taxon H which possesses the derived condition being common to the both taxa. 

iv) when the taxon C possesses all derived conditions of the taxa A and B, 
it is regarded as the member of the monophyletic group of the taxon B which shares 
more number of the derived conditions with the taxon C than the taxon A. 

v) when plural branching patterns which is satisfied above conditions are 
inferred, the branching pattern which is possessed of minimum evolutional steps is 
selected. 
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Fig. 2. Determination of the branching pattern. A, conditions of six characters among 
four taxa (P, A, B and C) and a hypothetical taxon (H). Open circles refer to 
primitive conditions. Solid circles indicate derived conditions. B, branching 
pattern inferred by the method of the present study with synapomorphies of each 
branch. C, Hypothetical transformation of character condition. Open circles 
indicate primitive conditions. Solid circles indicate derived conditions. 

V. Comparative osteolo~y 

l. CIRCUMORBITAL BONES (Figs. 3-5; Table 1) 

Description. In the cottoid fishes, the circumorbital bones are composed of the 
lachrymal and the infraorbitals. They form a serial tubular structure for the 
infraorbital sensory canal. 

Lachrymal (LA): The lachrymal is a large plate-like bone situated on the 
lateral side of the snout region. This bone is possessed of an articular facet dorsally 
where it articulates with the prefrontal, and an articular knob dorsomedially where 
it is received in the lateral groove of the palatine to form the lachryopalatine 
articulation. The lachrymal attaches to the anterior process of the palatine anter­
odorsally, and is sutured with the first infraorbital posteriorly. 

Infraorbital (10): The first and second infraorbitals are large plate-like bones 
generally. They are sutured each other and form the ventral margin of the orbit. 
The second infraorbital is elongated posteriorly, and attached or closely situated to 
the lateral margin of the preopercle to form the suborbital stay. In the fishes of the 
family Agonidae examined here, the suborbital stay is well developed and almost 
entirely covers the cheek region. The posterior three infraorbitals are small tubular 
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Fig. 3. Lateral aspects of left circumorbital bones of 9 cottoid fishes. A, Rhamp1wcottus 
richardsoni; B, Marukawichthys ambulator; C, Hemitripterus villosus; D, Blep­
sias cirrhosus; E, Nautichthys oculofaciatus; F, Agonomalus jordani; G, 
Dasycottus setiger; H, Eurymen gyrinus; I, Malacocottus gibber. 10, infraor­
bital; LA, lachrymal. Scales indicate 5 mm. 

bones. Among the cottoid fishes examined, the number of the infraorbitals is 
cha.nged and divided into three types. Type A is the condition with five infraor­
bitals. This condition is observed in the fishes of the family Ereuniidae, the 
hemitripterid genus Hemitripterus, the cottid genera Hemilepidotus, Jordania, 
Soorpaenichthys, Oottus, Trachidermus, Leptocottus, Oligocottus, Clinooottus, Artedius, 
Orthonopias, Ohitonotus, Leiocottus, Gymnocanthus, Synchirus, lcelus, Icelinus, 
Ricuzenius, Stelgistrum, Stlengis, Alcichthys, Bero, Ocynectes, Furcina, Pseudoblenr 
nius, and Vellitor. Type B is the condition possessing four infraorbitals which are 
composed of two plate-like bones and two tubular bones. This condition is obser­
ved in the fishes of family Rhamphocottidae, the hemitripterid genera Blepsias and 
Nautichthys and the cottid genera Radu linus , A semichthys , Astrooottus, Thyriscus, 
A scelichthys , Triglops, Taurooottus, Trichocottus, Myoxocephalus, Porocottus, Argyr­
ocottus, Microoottus, Enophrys, Taurulus, A rtediellus , A rtediellichthys , Oottiusculus 
and Zesticelus, and the psychrolutid fishes except for a genus Oottunculus. Type C 
is the condition having three infraorbitals which are composed of two plate-like 
bones and a tubular bone. This condition is observed in the fishes of the family 
Agonidae and a psychrolutid fishes Oottunculus. In the agonid fishes, the tubular 
bone is connected with both the sphenotic and the second infraorbital. In Oottun­
culus, the tubular bone lies nearly to the sphenotic and is far separated from the 
second infraorbital. 
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Fig. 4. Lateral aspects of left circumorbital bones of 6 cottid fishes. A, Hemilepidotus 
gilberti; B, Cottus pollux; C, Alcichthys alcicornis; D, Trichocottus brashnicavi; 
E, Myoxocephalus setelleri; F, Artediellus dydymom. For abbreviation, see Fig. 3. 
Scales indicate 5 mm. 

Infraorbital sensory canal (SO): Among the cottoid fishes examined, the 
distributional pattern of the infraorbital sensory canal is sharply defined into two 
types. Type A is represented by most of the cottoid fishes except for the 
psychrolutid fishes. In this type, the infraorbital sensory canal which is branched 
from the supraorbital sensory canal at the sphenotic passes through the third to fifth 
infraorbitals and enters into the second infraorbital where the canal is branched into 
two ways: the anterior branch extends forward to the lachrymal, and the posterior 
branch extends backward (Fig. 5, A). Type B is represented by all psychrolutid 
fishes. In this type, the infraorbital sensory canal is branched into two ways after 
it passes through the fourth infraorbital. One of these branches runs backward, and 
is continued to the operculomandibular sensory canal. The another branch extends 
downward to enter into the second infraorbital bone (Fig. 5, B). 

Discussion. The circumorbital bones of the cottoid fishes have been described 
by Girard (1852), Gill (1889), Allis (1909), Johnson (1918), Matsubara (1936), 
Taranetz (1941), Quast (1965), Oowan (1971), Watanabe (1958), Yabe (1981, 1983) 
and Nelson (1982). In their studies, the number of the infraorbitals and the 
condition of the suborbital stay have been remarked. In the present study, the 
differences within the cottoid fishes are found in the number of the infraorbitals and 
the distributional pattern of the infraorbital sensory canal. The differences 
between the cottoid fishes and the generalized percoid fishes are found in the 
conditions of the lachryopalatine articulation and the second infraorbital bone. 

Number of infraorbitals: There are three types in this character among the 
cottoid fishes, as described above. Type A has five infraorbitals, type B has four 
infraorbitals, and type 0 has three infraorbitals. In the most of the generalized 
percoid fishes, the circumorbitals are composed of one lachrymal and five infraor­
bitals (Smith and Bailey, 1962; Branson and Moore, 1962; Katayama, 1959; 
Quast, 1965). It, therefore, is considered that type A is the most primitive in the 
cottoid fishes. In type B one of the posterior three infraorbitals has been lost, and 
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A 

Fig. 5. Circumorbital bones and the sensory canal of 2 cottoid fishes. A, JOTdania 
zonape; B, Ebinania brephocephala. 10, infraorbital; LA, lachrymal; SC, in­
fraorbital sensory canal connected with the operculomandibular sensory canal. 
Scales indicate 2 mm. 

in type C there is a successive lose of two of the posterior infraorbitals. Thus, it is 
regarded that type B is intermediate in the derived condition, and type C is the most 
derived condition in the cottoid fishes. 

On the other hand, this character is examined in the scorpaeniform fishes. The 
scorpaenid, platycephalid, triglid and hexagrammid fishes examined here are pos­
sessed of five infraorbitals which is the same condition as type A in the cottoid fishes. 
The synanceiid and zaniolepidid fishes are possessed of four infraorbitals which is 
the same as type B in the cottoid fishes. It has been reported that the cyclopterid 
fishes have one or two elongated postorbital bones (=the third and/or the fourth 
infraorbitals), and the liparidid fishes have an elongated postorbital bone (=the 
third or the fourth infraorbital) (Veno, 1970). According to Matsubara (1943), the 
number of the infraorbital is changed as the range from three to five in the scor­
paenoid fishes. It is considered that the reduction of the number of the infraorbitals 
could be occurred in the other groups of the scorpaeniform fishes. 

Distributional pattern of the infraorbital sensory canal: There are two condi­
tions in this character among the cottoid fishes. Type A is represented by the most 
of the cottoid fishes. In this type, the infraorbital sensory canal is not connected 
with the operculomandibular sensory canal. Type B is represented by all 
psychrolutid fishes. In this type, the infraorbital sensory canal is connected with 
the operculomandibular sensory canal. In the generalized percoid fishes, the condi­
tion of this character agrees with type A of the cottoid fishes (Branson and Moore, 
1962). It, therefore, is considered that type A is the primitive condition, and type 
B is the derived condition in the cottoid fishes. 

On the other hand, it has been recognized that the distributional pattern of the 
infraorbital sensory canal is sharply defined into two types in the scorpaenoid fishes: 
one of these types is as same condition as type A of the cottoid fishes, and another 
is that the infraorbital sensory canal is not connected with the supraorbital canal 
(Matsubara, 1943). The platycephalid fishes are possessed of the infraorbital sen­
sory canal of type A in the cottoid fishes (Matsubara and Ochiai, 1955). In addition 
to these observations, type A in the cottoid fishes is also confirmed in the triglid, 
hexagrammid, zaniolepidid, anoplopomatid, cyclopterid and liparidid fishes 
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examined here, while type B is not observed. Therefore, type B observed in the 
psychrolutid fishes is regarded as an umque and derived condition among the 
scorpaeniform fishes. 

Condition of the suborbital stay: All cottoid fishes examined here have the 
suborbital stay which is posterior extension of the second infraorbital. The subor­
bital stay has been regarded as an important dianostic character of the order 
Scorpaeniformes (Gill, 1889; Regan, 1913; Berg, 1940; Matsubara, 1943; Green­
wood et al., 1966; Gosline, 1971; Lauder and Liem, 1983). This condition is 
absent in the generalized percoid fishes whose second infraorbital is not elongated 
posteriorly but enlarged medially to form the suborbital shelf (Starks, 1901; 
Katayama, 1959; Smith and Bailey, 1962; Gosline, 1961, 1971). The condition 
possessing the suborbital stay is regarded as the derived condition of the cottoid 
fishes in comparison with the condition of the generalized percoid fishes. 

Condition of the lachryopalatine articulation: Allis (1909) described that the 
articular knob which is received in the lateral groove of the palatine is present on 
the medial surface of the lachrymal in Cottus (= Myoxocephalus). In the present 
study, it is confirmed that the articular knob of the lachrymal is present and forms 
the lachryopalatine articulation in all cottid fishes examined here (Fig. 6). In the 
generalized percoid fishes, the lachrymal has an articular facet to the preforontal, but 

AGP 

~_ ..... _ ... _ . .,:"c_ .. -' .. _= 
AFF 

Fig. 6. The lachryopalatine articulation of 
Orthonopias triacis. Above, palatine; 
Middle, dorsal view of the lachrymal; 
Below, lateral view of the lachrymal. 
AFF, articular facet to the prefrontal; 
AGP, articular groove for the la­
chryopalatine articulation; AHP, 
articular head for the lachryopalatine 
articulation. Scale indicates 2 mm. 

does not have an articular knob to the palatine 
(Katayama, 1959), and it is ligamentously 
connected with the palatine but does not 
form the lachryopalatine articulation (Osse, 
1969). It, therefore, is considered that the 
presence of the lachryopalatine articulation is 
the derived condition shared by all cottoid 
fishes examined here. 

As regarding this character, the scor­
paeniform fishes are divided into two groups. 
It has been reported that the scorpaenoid, 
platycephalid and triglid fishes have the 
lachrymal-palatine connection of the percoid 
type (Allis, 1909; Matsubara, 1943; Mat­
subara and Ochiai, 1955). This condition is 
also observed in the anoplopomatid fishes 
examined here. On the other hand, the 
hexagrammid, zaniolepidid, cyclopterid and 
liparidid fishes examined here have the la­
chryopalatine articulation of the cottoid 
type. 

On the basis of the conditions of the 
circumorbital bones, the cottoid fishes are 
classified into five morphotypes summarized 
in Table 1. 
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Table 1. Comparison of two characters of the circumorbital bones in the cottoid fishes. 10, number of the infraorbitals; ISC, condition of the 
infraorbital sensory canal. P, primitive condition; D, derived condition (Dl <D2). 

Character 
Morphotype Family and genus 

10 ISC 

Ereuniidae; Marukawichthys, Ereunias 

Rhamphocottidae; Rhamphocottus 

Hemitripteridae; Hemitripterus 

I 5 P 
Cottidae; Jordania, Srorpaenichthys, Hemilepidotus,Letpocottus, 

Trachidermus, Cottus, Chitonotus, Artedius, Orlhonopias, lcelus, 

Ricuzenius, Stelgistrum, Stlengis, lcelinus, Oligooottus, Clinocottus, 

Leiocottus, Synchirus, Gymnocanthus, A lcichthys , Bero, Ocynectes, 

separating from Furcina, Vellitor, Pseudoblennius 
opeculomandibula P 

sensory canal Hemitripteridae; Blepsias, Nautichthys 
(OS) Cottidae; Thyriscus, Triglops, Radulinus, Asemichthys, Astrocottus, 

II 4 Dl Artediellus, Artediellichthys, Cottiusculus, Zesticelus, Ascelichthys, 

Taurocottus Trichocottus, Myorocephalus, Microcottus, Porocottus, 

; Argyrocottus, Enophrys, Taurulus 

III 3 : D2 Agonidae; A gonomalus , Podothecus, Tilesina 

, Psychrolutidae; Dasycottus, Eurymen, Ebinania, Malcocottus, 
IV 4 :Dl 

, , 
continueing to OS 

, 
D N eophrynichthys, Psychrolutes , , 

V 3 : D2 , 
Psychrolutidae; Cottunculus , , 
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2. CRANIUM (Figs. 7-13; Table 2) 

Description. The cranium is composed of five unpaired elements; the 
prevomer, the ethmoid, the parasphenoid, the supraoccipital, and the basioccipital; 
and eleven paired elements; the prefrontal, the frontal, the pterosphenoid, the 
sphenotic, the prootic, the parietal, the pterotic, the epiotic, the intercalar, the 
exoccipital and the nasal. In the cottoid fishes examined here, the basisphenoid is 
absent. 

Prevomer (PV): The prevomer is triangular or quadrangular in general form. 
This bone lies in the anterolateral and ventral surfaces of the ethmoid cartilage (EC) 
and forms the anteriormost region of the cranium. The anterior portion of this bone 
is distinctly expanded and bears villiform teeth ventrally in the most of the cottoid 
fishes except for the fishes of the genera Gymnocanthus, Malacocottus, Neophrynichth­
ys and Psychrolutes. The prevomer tapers posteriorly and is firmly connected with 
the parasphenoid. Posterolaterally this bone is attached or closely approached to 
the prefrontal. A strong ligament coming from the anterior tip of the entopterygoid 
inserts to the anterolateral corner of the prevomer. 

Ethmoid (ET): The ethmoid lies on the dorsal midline of the ethmoid 
cartilage. This bone is united to the frontals posterioly and attached or closely 
approached to the prefrontal laterally, and ligamentously connected with the nasals 
dorsolaterally. The ethmoid forms a keel on the dorsal midline where this bone 
articulates to the premaxillary by the interposition of the rostral cartilage. Dor­
solaterally the ethmoid has a pair of processes from which a strong ligament extends 
to the maxillary head. 

Prefrontal (PF): The prefrontal is situated on each side of the ethmoid. This 
bone is possessed of a developed lateral wing which forms the anterior border of the 
orbit. This bone is connected with the frontal posterodorsally, and attached or 
closely approached to the ethmoid dorsally, and to the prevomer ventrally. This 
bone is possessed of an articular facet for the lachryocranial articulation on the 
ventrolateral corner of the lateral wing. On the inside from the facet of the 
lachryocranial articulation, a small articular head is present in the fishes of the 
genera Hemitripterus, Blepsias, Nautichthys, Jordania, Hemilepidotus, Scorpaenich­
thys, Cottus, Trachidermus and Leptocottus. In these fishes, this articular head is 
joined to the small facet of the palatine and forms the palatocranial articulation 
(Fig. 11, A). In the other cottoid fishes, the articular head of the prefrontal is 
reduced or absent, and the palatocranial articulation is obscure. 

Frontal (F): The frontal is the largest bone placed on the dorsal roof of the 
cranium between the ethmoid and the parietal. This bone meets its antimere on the 
dorsal midline and forms the interorbital space. The frontal is connected with the 
ethmoid and the prefrontal anteriorly, with the parietal, the supraoccipital and the 
pterotic posteriorly, and with the pterosphenoid and the sphenotic posteroventrally. 
Anteroventrally, the frontal is attached to the ethmoid cartilage which forms a 
median septum in the anterior part of the orbit. On the dorsal surface, the frontal 
is possessed of a series of the tubular structure which is passed by the supraorbital 
sensory canal. 

Parietal (P A): The parietal forms the posterodorsal roof of the cranium. On 
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Fig. 7. Dorsal (above), ventral (middle) and lateral (below) aspects of the cranium. A, 
Dasycottus setiger; B, Malacocottus gibber. BAC, basioccipital; EC, ethmoid 
cartilage; EP, epiotic; ET, ethmoid; EXO, exoccipital; F, frontal; IN, inter­
calar; N, nasal; PA, parietal; PAS, parasphenoid; PF, prefrontal; PRO, 
prootic; PT, posttemporal; PTE, pterotic; PTS, pterosphenoid; PV, prevo mer ; 
SOC, supraoccipital; SP, sphenotic; ST, supratemporal. 

the dorsal surface, this bone overlaps on the supraoccipital and is attached or closely 
approached to the antimere on the dorsal midline. This bone is connected with the 
frontal anteriorly, with the pterotic laterally, and with the epiotic and the supraoc­
cipital posteriorly. On the posterior margin, this bone forms a tubular structure for 
the supratemporal commissure of the sensory canal in the most of the cottoid fishes 
examined. In the fishes of the genera Ebinania, Malacocottus, Neophrynichthys and 
Psychrolutes, the tubular structure is free from the parietal, and is present as a 
tubular bone on this bone. 

Sphenotic (SP): The sphenotic forms the posterodorsal wall of the orbit, and 
is bordered by the frontal, the pterosphenoid, the prootic and the pterotic. On the 
dorsal surface, this bone forms a groove where the fifth infraorbital is attached. 
Ventrolaterally, this bone is connected with the prootic and forms a rounded socket 
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Fig. 8. Dorsal (above), ventral (middle) and lateral (below) aspects of the cranium. A, 
Hemitripterus villosus; B, Blepsias cirrlwsus. For abbreviation, see Fig. 7. Scales 
indicate 10 mm. 

which recieves the anterior articular head of the hyomandibular. 
Pterosphenoid (PTS): The pterosphenoid forms the corner of the poster­

odorsal wall of the orbit. This bone is connected with the frontal dorsally, with the 
sphenotic posterodorsally, and with the prootic posteroventrally. In the most of the 
cottoid fishes examined, the pterosphenoid is attaches to the lateral wing of the 
parasphenoid ventrally, while it is separated from the parasphenoid by the interven­
tion of the prootic in the fishes of the genera Hemitripterus, and Blepsias, and 
families Ereuniidae and Psychrolutidae. 

Prootic (PRO): The prootic is a very large paired bone and forms the anter­
olateral side of the otic region. This bone is connected with the pterosphenoid, the 
parasphenoid, the sphenotic, the pterotic and the basiocciptial. This bone is 
attached or closely situated to the exoccipital posteriorly. The prootic is possessed 
of the trigeminofacialis chamber anterolaterally. Among the cottoid fishes 
examined here, three conditions of this chamber are found. Type A includes 
Rhamplwoottus richardsoni in which the trigeminofacialis chamber is almost covered 
with a wide vertical bridge (Fig. 12, C). Type B includes all cottid fishes and a 

-18-



1985J YABE: Comparative osteology and myology of the Cotto idea 

B 

Fig. 9. Dorsal (above), ventral (middle) and lateral (below) aspects of the cranium. A, 
Gymnocanthus herzensteini; B, Artediellus dydymovi. For abbreviation, see Fig. 7. 
Scales indicate 10 mm. 

hemitripterid genus Nautichthys and two agonid genera Tilesina and PoMtheaus. 
In these fishes, there are two foramens in this chamber from which the 
trigeminofacialis nerves are transmited, and a thin vertical bridge crossing over the 
chamber (Fig. 12, A, B). Type C includes a agonid genus Agonomalus and two 
hemitripterid genera Hemitripterus, and Blepsias and the psychrolutid fishes. In 
these fishes, the vertical bridge is absent. In the fishes of the families Ereuniidae 
and Psychrolutidae and the hemitripterid genera Hemitripterus, and Blepsias, the 
prootic forms the posterior margin of the orbit. In the other cottoid fishes 
examined, the prootic does not form the posterior margin of the orbit, because the 
pterosphenoid and the parasphenoid are jointed each other before the anterior 
margin of the prootic. Between the prootic and the pterosphenoid-parasphenoid 
junction, there is a large gap where the oculomotor nerve transmitted from a small 
foramen near the trigeminofacialis chamber is reentered. 

Parasphenoid (PAS): The parasphenoid forms the greater part of the cranial 
base. This bone is connected with the prevomer anteriorly, with the prootic 
posterolaterally, and with the basiocciptial posteriorly. This bone possesses a 
lateral wing on each side. In the most of the cottoid fishes examined, the lateral 
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wing attaches to the pterosphenoid dorsally, while it is separated from the latter in 
the fishes of the genera Hemitripterus, and Blepsias, and the families Ereundiidae 
and Psychrolutidae. This lateral wing of the parasphenoid extends to the frontal 
in the fishes of the genera Artediellus, Ascelichthys, Oottus, Leptocottus and Taurulus. 
In Alcichthys alcicornis, Oottus nozawae and Porocottus allisi, the lateral wing is 
attached or closely approached to the frontal dorsally. 

Pterotic (PTE): The pterotic forms the posterolateral corner of the cranium. 
This bone is bordered by the sphenotic, the parietal, the prootic, the exoccipital, the 
intercalar and the epiotic. The pterotic has a rounded socket which recieves the 
posterior articular head of the hyomandibular. On the posterolateral corner, this 
bone possesses a process directing backward where the levator pectoralis is originat­
ed. On the dorsal surface of this bone, there are two bony arches which are passed 
by the cephalic sensory canal. The posterior one is free from the pterotic and forms 
a tubular bone in the fishes of the family Psychrolutidae. The anterior bony arch 
is free from the pterotic in Psychrolutes phrictus. 

Epiotic (EP): The epiotic is the paired bone forming the posterolateral corner 
of the cranium. This bone is bordered by the parietal, the pterotic, the intercalar, 
the exoccipital and the supraoccipital. On the posterolateral face, the epiotic is 
firmly attached to the anterodorsal process of the posttemporal. There is a shallow 
supratemporal fossa on the region between the epiotic and the pterotic. 

Intercalar (IN): The intercalar is a small paired bone and situated between 
the pterotic and the exoccipital. This bone is separated from the prootic. This 
bone is ligamentously connected with the anteroventral process of the posttemporal. 

Supraoccipital (SOC): The supraoccipital is situated on the dorsal midline of 
the posterior region of the cranium. This bone is connected with the frontal 
anteriorly, with the parietal and the epiotic laterally, and with the exoccipital 
posteriorly. In the cottoid fishes examined, the supraoccipital creast is not devel­
oped. 

Exoccipital (EXO): The exoccipital forms posterolateral face of the otolith 
chamber. This bone is connected with the pterotic, the intercalar, and the epiotic 
dorsally, and with the basioccipital ventrally. This bone is attached or closely 
approached to the prootic anteriorly. Posteromedianly this bone meets with its 
antimere and forms the dorsolateral wall of the foramen magnum. The exoccipital 
possesses a developed condyle posteroventrally where it articulates with the lateral 
articular head of the first centrum. The vagus formen opens on this bone. 

Basioccipital (BAC): The basioccipital is placed on the ventral midline of the 
posterior part of the cranium. This bone is connected with the parasphenoid 
anteriorly, and with the exoccipital posterolaterally, and articulated with the first 
centrum posteriorly. In the cottoid fishes examined except for the fishes of the 
cottid genera Pseudoblennius and Vellitor, and the families Hemitripteridae and 
Agonidae, the Baudelot's ligament is originated from the posterolateral tip of the 
basioccipital. 

Supratemporal (ST): The supratemporal is tubular bone situated on the 
temporal region of the cranium. The most of the cottoid fishes are possessed of two 
supratemporals (the anterior and the posterior). The sensory canal coming from the 
posttemporal passes through the posterior element and branched into two ways; one 
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Fig. 10. Dorsal (above), ventral (middle) and lateral (below) aspects of the cranium. A, 
Alcichthys alcicornis, B, Vellitor centropomus. For abbreviation, see Fig. 7. Scales 
indicate 10 mm. 

of them extends forward to reach the tubular structure of the pterotic, and the 
another one extends medianly and passes through the anterior element of the 
supratemporal to reach the tubular structure of the parietal. In the psychrolutid 
genra Oottunculus, Malacocottus, Neophrynichthys, and Psychrolutes, the posterior 
elements of the supratemporal are absent. In the fishes of the families Rham­
phocottidae and Agonidae examined here and Hemitripterus bolini the supratempor­
al is present as a single bone having three openings. In these fishes, the sensory 
canal is branched in this bone. 

Discussion. The cranium of the cottoid fishes has been studied and discussed 
by many authors (Girard, 1852; Gill, 1889; Allis, 1909; Regan, 1913; Gutberlet, 
1915; Johnson, 1918; Matsubara, 1936; Taranetz, 1941; Taliev, 1955; Watanabe, 
1958; Quast, 1965; II yin a, 1978; Yabe, 1981 ; Nelson, 1982). In these studies, 
two characters, small intercalar and the absence of the basisphenoid, have been 
regarded as the peculiarity of the superfamily Cottoidea. In addition to these 
characters, the conditions of the pterosphenoid-parasphenoid junction, the 
trigeminofacialis chamber and the myodome have been regarded as important 
evidence of the consideration of the phylogeny of the cottoid fishes (Taranetz, 1941 ; 
Quast, 1965; Yabe, 1981). In the present study, these characters are reexamined 
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and other characters observed here are discussed on the basis of the present character 
analysis. Among the cottoid fishes examined here, distinct differences are found in 
the presence or absence of teeth on the prevomer, the condition of the palatocranial 
articulation, the condition of pterosphenoid-parasphenoid junction, the condition of 
the trigeminofacialis chamber, the presence or absence of the basioccipital­
parasphenoid fossa, the condition of the supratemporal commissure, and the condi­
tion of the Baudelot's ligament. On the other hand, conditions of the intercalar, the 
posttemporal fossa and the basisphenoid are uniform in the cottoid fishes, but they 
are changed in the scorpaeniform fishes. 

Teeth on prevomer : This character has been regarded as one of the important 
characters for the identification of the cottoid fishes. It is considered that this 
character is important for the consideration of the cottoid phylogeny because the 
condition of this character is almost stable within species. Most of the cottoid fishes 
examined here are possessed of teeth on the prevomer, while the fishes of the cottid 
genus Gymnocanthus and the psychrolutid genera Malacocottus, Neophrynichthys and 
Psychrolutes, and the agonid gerena Agonomalus and Podothecus are not possessed of 
teeth on the prevomer. In the generalized percoid fishes, teeth are present on the 
prevomer (Jordan and Evermann, 1896; Katayama, 1959). Therefore it is consid­
ered that the condition having teeth on the prevomer is the primitive in the cottoid 
fishes. 

On the other hand, this character is changed in the scorpaeniform fishes. In the 
scorpaenid, triglid, platycephalid, hexagrammid, anoplopomatid and zaniolepidid 
fishes, teeth are present on the prevomer, while they are absent in the cyclopterid 
and liparidid fishes. 

Condition of the palatocranial articulation: The importance of this character 
for the phylogenetic consideration of the scorpaeniform fishes has been suggested by 
Quast (1965), but he did not discuss further. Among the cottoid fishes examined 
here, two conditions are found in this character. Type A includes the fishes of 
hemitripterid genera Hemitripterus, Blepsias and Nautichthys and the cottid genera 
Jordania, Hemilepidotus, Scorpaenichthys, Cottus, Trachidermus and Leptooottus. In 
these fishes, a small articular head is present on the ventral surface of the prefrontal. 
It is joined to a small facet of the palatine and forms the palatocranial articulation 
(Fig. 11, A). Type B includes other cottoid fishes examined in which the palato­
cranial articulation is obscure (Fig. 11, B). This character has been discussed in the 
serranid and the percichthyid fishes by Gosline (1966). According to his observa­
tion, the serranid genera Epinephelus, Diplectrum and Pteranthias have two distinct 
articular points between the prefrontal and the palatine, while the percichthyid 
genera Pericichthys, Perdlia and Roccus have one articular point there. Thus it is 
considered that one or two points of the palatocranial articulation are present in 
these fishes. The palatocranial articulation has been observed in other generalized 
percoid fishes (Gregory, 1933; Katayama, 1959; Liem, 1970; Bertone, 1977). 
Therefore, it is considered that the condition having the palatocraniual articulation 
is the primitive condition among the cottoid fishes. 

On the other hand, the derived condition in which the palatocranial articulation 
is absent or obscure is observed in the cyclopterid and liparidid fishes, while it is not 
in the other scorpaeniform fishes. 
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Fig. 11. Two types of the palatocranial articulation in the cottoid fishes. A, the articula­
tion is present (type A in text); B, the articulation is absent (type B in text). 
AFP, articular facet on palatine; AHP, articular head on the prefrontal; AFL, 
articular facet for lachryocranial articulation; PA, palatine; PF, prefrontal. 

Condition of the pterosphenoid-parasphenoid junction: The presence of the 
pterosphenoid-parasphenoid junction has been regarded as the one of the osteological 
diagnoses of the Taranetz's family Cottidae (Taranetz, 1941). On the other hand, 
this condition has been considered as an important evidence of the hexagrammid­
zaniolepid-cottid evolution line by Quast (1965). Among the cottoid fishes 
examined here, two conditions are found in this character. The first type, type A, 
includes the fishes of the families Ereuniidae, Psychrolutidae and the hemitripterid 
genera Hemitripterus, and Blepsias. In these fishes, the pterosphenoid is separated 
from the parasphenoid by the intervention of the prootic (Fig. 12, A and D). The 
second type, type B, includes the families Cottidae, Agonidae, Rhamphocottidae and 
hemitripterid genus Nautichthys. In these fishes the pterosphenoid is attached to the 
parasphenoid (Fig. 12, B and C). In the some of species included in this type, the 
lateral wing of the parasphenoid extends to the frontal. But this condition is 
changed within a species. Thus this condition is regarded as same character state 
as type B. Among these two types, type A has been observed in the generalized 
percoid fishes, while type B has not been in those fishes (Gregory, 1933; Katayama, 
1959; Quast, 1965; Gosline, 1966, Tominaga, 1968; Bortone, 1977). Therefore, it 
is considered that type B is the derived condition in the cottoid fishes. 

As regarding this character, two conditions mentioned above are also observed 
in the other scorpaeniform fishes. The derived condition of this character is 
observed in the hexagrammid, zaniolepidid, cyclopterid and liparidid fishes and an 
anoplopomatid genus Anoplopoma (Quast, 1965). In the other scorpaeniform fishes, 
the pterosphenoid is separated from the parasphenoid. The presence of the 
pterosphenoid-parasphenoid junction has been regarded as one of the diagnoses of 
the Taranetz's family Cottidae (Taranetz, 1941). As a result of the present study, 
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Fig. 12. Lateral aspects of the occipital region in; A, Ere'ltnias grallator; B, [celus 
spiniger; C, Rhamphocottus rWhardsani; D, Ebinania brephocephala. For abbre­
viation, see Fig. 7. Scales indicate lO mm. 

it is considered tha this conditionis regarded as one of the synapomorphies of his 
family Cottidae, but it is not unique and derived condition of this family, because 
this condition is observed in the rhamphocottid and agonid fishes which do not 
belong to his family Cottidae. On the other hand, the presence of the 
pterosphenoid-parasphenoid junction has been ragarded as the important evidence 
of the hexagrammid-zaniolepidid-cottid evolutional line (Quast, 1965). But the 
condition that the pterosphenoid is separated from the parasphenoid is observed in 
some of the cottoid fishes. Therefore, the Quast's assuption can no be recognized, 
when it is judged on the basis of this character. 

Condition of the trigeminofacialis chamber: The condition of this region has 
been discussed in the lower teleostean fishes and the fossils of the acanthopterygian 
fishes, and regarded as an important character to consider the evolution of the 
teleostean fishes (Goodrich, 1930; Patterson, 1964). On the other hand, this charac­
ter has been scarcely examined in the higher acanthopterygians. The condition of 
this character has been described in some scorpaeniform fishes by Allis (1909). 
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Taranetz (1941) has regarded this character as one of the osteological diagnoses of 
some of his cottoid families. In the present study, three conditions are found in this 
character among the cottoid fishes examined here. The first condition, type A, 
includes a monotypical family Rhamphocottidae in which the trigeminofacialis 
chamber is almost covered with a wide vertical bridge (Fig. 12; C). The second 
type, type B, includes all cottid fishes, a hemitripterid genus Nautichthys and two 
agonid genus Tilesina and Podothecus. In these fishes, there are two foramen in the 
chamber form which the trigeminofacialis nerves are transmitted, and a thin vertical 
bridge crosses over the chamber (Fig. 12, A and B). The third condition, type C, 
includes the psychrolutid fishes, an agonid genus Agonomalus and two hemitripterid 
genera Hemitripterus, and Blepsias. In these fishes, the trigeminofacialis nerves are 
transmitted from one or two foramen in the trigeminofacialis chamber where the 
vertical brigde is absent (Fig. 12, D). Among these types, type A has been observed 
in the generalized percoid fishes (Gregory, 1933; Katayama, 1959; Patterson, 1964; 
Bortone, 1977). Therefore it is considered that type A is the most primitive 
condition, and type B is intermediate condition and type C is the most derived 
condition. 

On the other hand, the most of the scorpaeniform fishes examined here are 
possessed of the trigeminofacialis chamber of type A, and the cyclopterid and 
liparidid fishes are possessed of the condition of type D. 

Basioccipital-parasphenoid fossa: Among the cottoid fishes examined, the 
basioccipital fossa is found in Rhamplwcottus richardsoni (Fig. 12, C). In this 
species, a pair of fossae is present on the ventral surface of the basioccipital and the 
parasphenoid. This fossa is very large and forms a ventral keel on the ventral 
midline of the basioccipital region. The extrinsic muscle of the swimbladder 
originates from this fossa. This condition is not observed in the other cottoid and 
scorpaeniform fishes examined. In the generalized percoid fishes, the condition in 
Rhamplwcottus has not been observed (Gregory, 1933; Katayama, 1959; Gosline, 
1966; Tomonaga, 1968). A spherical hollow placed on the each side of the basioc­
cipital has been reported in Doderleinia and Synagrops and it was named as the 
basioccipital fossa (Katayama, 1952 and 1959). It is considered that the basioc­
cipital fossa of the percoid fishes is not homologous to the basioccipital-parasphenoid 
fossa of Rhamplwcottus because the fossa is inserted by the anterior branch of the 
swimbladder in the former and by the extrinsic muscle in the latter, and because the 
ventral keel in the latter has not been observed in the former. It, therefore, is 
considered that the basioccipital-paraspohenoid fossa in Rhamplwcottus is the 
unique and derived condition among the cottoid fishes. 

Baudelot's ligament: The condition of the Baudelot's ligament inserting to 
the basioccipital has been regarded as one of the diagnostic characters defining the 
acanthopterygian fishes (Greenwood et aI., 1966). But it is clarified that this 
condition is changed in the cottoid fishes examined here. In the most of the cottoid 
fishes, the ligament inserts to the posteroventral tip of the basioccipital, while it 
inserts to the first vertebra in the fishes of the families Hemitripteridae and 
Agonidae, and the cottid genera Pseudoblennius and Vellitor. In the generalized 
percoid fishes, it has been reported that this ligament inserts to the posterior tips of 
the basioccipital (Greenwood et aI., 1966; Gosline, 1966; Osse, 1969). Therefore, it 
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is considered that the condition that the Baudelot's ligament inserts to the basioc­
cipital is the primitive condition among the cottoid fishes. 

On the other hand, the condition that the Baudelot's ligament inserts to the first 
centrum is not observed among the scorpaeniform fishes examined. According to 
Greenwood et al. (1966), this condition is present in a scorpaenid geneus. 

Supratemporal commissure: In the cottoid fishes examined, the supratemporal 
commissure is well developed and is supported by some tubular bones or bony arches 
of the supratemporal, the parietal and the pterotic. The condition of this support­
ing structure is remarkably changed in the cottoid fishes. On the basis of the 
condition of this character, the cottoid fishes are classified into six morphotypes. 
Type A includes Hemitripterus bolini and the rhamphocottid and agonid fishes 
examined here. In these fishes, the supratemporal is a single bone having three 
openings. Two tubular structures are present on the pterotic and one is on the 
parietal. These tubular structures are deeply buried in the basal bones in this type. 
The sensory canal coming from the posttempral inserts to the supratemporal and 
then it is branched in this bone. One of those branches is transmitted from the 
anterior opening of the supratemporal and extends to bony arch on the pterotic. 
Another branch is transmitted from the median opening of the supratemporal and 
extends to the bony arch on the parietal (Fig. 13, A). Type B includes all cottid 
fishes examined, ereuniid and three hemitripterid genera Blepsias, Nautichthys and 
Hemitripterus. In these fishes, the supratemporal is composed of two tubular bones 
(anterior and posterior) (Fig. 13, B). There are two bony arches on the pterotic, one 
on the parietal. The sensory canal coming from the posttemporal penetrates the 
posterior supratemporal and branched into two ways. One of them extends forward 
and reaches the bony arch on the pterotic. The other branch extends medianly, and 
penetrates the anterior supratemporal and bony arch on the parietal to form the 
supratemporal commissure. Type C includes two psychrolutid genera Dasycottus 
and Eurymen. In this type, the supratemporal is composed of two tubular bone 
(anterior and posterior). The posterior bony arch on the pterotic becomes to form a 
tubular bone. The sensory canal is branched between the posterior supratemporal 
and the tubular bone on the pterotic (Fig. 13, C). In type D including a 
psychrolutid fishes Cottunculus, the anterior supratemporal and the tubular bone on 
the pterotic are present, but the posterior supratemporal is absent. The sensory 
canal is branched between the posttemporal and the tubular bone on the pterotic 
(Fig. 13, D). Type E includes three psychrolutid genera Ebinania, Malacocottus 
and Neophrynichthys. This type is resembles the type D, but the bony arch on the 
parietal is free from the basal bone, and forms a tubular bone (Fig. 13, E). Type F 
includes a psychrolutid genus Psychrolutes. In this type the anterior bony arch on 
the pterotic is free from the basal bone and forms a tubular bone (Fig. 13, F). 

It has been reported that the supratemporal commissure is incomplete in the 
generalized percoid fishes (Branson and Moore, 1962). In these fishes, the support­
ing structure of the supratemporal region is different from that in the cottoid fishes. 
According to Branson and Moore (1962), there are two tubular bones in this region 
in the generalized percoid fishes. One of them is the supratemporal which is T-or 
Y-shaped with three openings. The another is the medial extrascapular bone which 
lies median to the supratemporal. The sensory canal coming from the posttemporal 
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Fig. 13. Six types of the supratemporal commissure of the sensory canal in the cottoid 
fishes. PA, tubular bone on the parietal; PT, posttemporal; PTE, tabular bone 
on the pterotic; ST, supratemporal. For explanation, see text. 

inserts to the supratemporal and is branched in this bone. One of these branches 
extends forward and reaches to the pterotic. Another one extends medianly and 
passes through the medial extrascapular bone to form a round pore at the median 
end. There are some neuromasts between ends of the median branches of both sides. 
It has been said that the medial extrascapula bone is homologous to the tubular 
structure on the parietal (Halington, 1955; Branson and Moore, 1962). But it is 
hardly considered that medial exterascapula bone of the percoid fishes is the same 
condition as the tubular bone on the parietal observed in some cottoid fishes, because 
the extrascapular bone is situated on the lateral inserting head of the epaxialis, while 
the tubular bone of the cottoid fishes is situated on the parietal bone. Therefor, it 
is considered that these two condition are the different condition. 

On the basis of the assumption that the condition of the generalized percoid 
fishes is the ancestral condition of the cottoid type, it is considered that the type A 
of the cottoid fishes is the most primitive condition in the cottoid fishes, because the 
supratemporal has three openings as same as that of the percoid fishes. From this 
primitive condition, it is considered that each type of the cottoid fishes is occurred 
successively. Type B is occurred from type A by the separation of the supratempor­
al. Type C is occurred from type B by separation of the tubular bone on the 
pterotic. Type D is occurred from type C by the loss of the posterior supratemporal. 
From type D, type E is occurred by the separation of the tubular bone on the 
parietal. And type F is occurred from type E by the separation of the anterior 
tubular bone on the pterotic. 

Among the scorpaeniform fishes examined here, the type A is observed in the 
scorpaenid, triglid, and platycephalid fishes, and the type B is observed in the 
hexagrammid, zaniolepidid and anoplopomatid fishes in which the supratemporal 
commissure is moved to anterior margin of the parietal in relation to the anterior 
extension of the epaxial is. 

Basisphenoid: Regan (1913) considered that the absence of the basisphenoid 
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Table 2. Comparison of seven characters of the cranium in the cottoid fishes. VT, vomerine teeth; 
trigeminofacialis chamber; BPF, basioccipital-parasphenoid fossa; BL, Baudelot's ligament; 
(Dl<D2<D3······). 

Character 
Morphotype 

VT PAC PPJ TFC BPF 

I , present: D broad vertical bridge: P present: D , 

II present: P absent : P 

III absent D narrow vertical Dl 
, present D bridge 

IV 
, , 

absent 
, 

D 
V 

VI no vertical bridge D2 
absent P 

VII 

VIII present P 

IX 

present, P 

X present D narrow vertical Dl absent P bridge 

XI absent D absent D 

XII 

XIII present P 

XIV 

XV absent P no vertical bridge D2 

XVI absent D 

XVII , , 

was one of the osteological diagnoses of his Cottiformes (cottoid, cyclopterid and 
liparidid fishes in the present study). Since then, this character has been regarded 
as the evidence of the monophyly of the cottoid fishes (Taranetz, 1941 ; Matsubara, 
1943; Quast, 1965). Matsubara (1943) considered that the cottids have occurred 
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PAC, palatocranial articulation; PPJ, pterosphenoid-parasphenoid junction; TFC, 
STC, supratemporal commissure of sensory canal. P, primitive condition; D, derived condition 

Family and genus 
BL STC 

attaching to Type A P Rhamphocottidae; Rhamphocottus 
P 

, 
basioccipital TypeB , Dl Ereuniidae; Marukawichthys, Ereunias , 

: Agonidae ; Tilesina : 
: Agonidae; Podothecus : Type A P , 

Agonidae; Agonomalus attaching to the D first vertebra , 
Hemitripteridae ; Hemitripterus bolini 

: Hemitripteridae ; Hemitripterus villosus, Blepsias , , 
Hemitripteridae ; N autichthys 

, 
Cottidae; Jordania, Scorpaenichthys, Hemilepidotus, 

Leptocottus, Trachidermus, Oottus 

Cottidae; Artedius, Chitonotus, Orthonopias, Triglops, , 
Radulinus, Asemichthys, Astrocotttus, lcelus, 

: Ricuzenius, Stelgistrum, Thryscus, Stlengis, 

attaching to , 
P 

Icelinus, Oligocottus, Clinocottus, Leiocottus, , 
basioccipital TypeB Dl Synchirus, Ascelichthys, Artediellus, Cottiusculus, 

A rtediellichthys , Zesticelus, Taurocottus, 

Trichocottus, Myoxocephalus, Microcottus, 

Porocottus, Argyrocottus, Enophrys, Taururlus, 

Alcichthys, Bero, Ocynectes, Furcina 

: Cottidae ; Gymnocanthus 
, 

attaching to the: 
first vertebra : D Cottidae ; Pseudoblennius, Vellitor 

TypeC D2 Psychrolutidae ; Dasycottus, Eurymen 

, 
TypeE 

, 
D4 Psychrolutidae ; Ebinania , 

attaching to P TypeD D3 Psychrolutidae ; Cottunculus basioccipital 

TypeE , D4 Psychrolutidae ; Malacocottus, Neophrynichthys , 
, 

TypeF D5 Psychrolutidae; Psychrolutes , 

from a scorpaenid not very unlike the Setarches on the basis of the condition of the 
absence of the basisphenoid. In the present study, it is reconfirmed that all cottoid 
fishes examined does not have the basisphenoid. On the other hand, the basis­
phenoid has been reported in the generalized percoid fishes (Gregory, 1933; 
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Katayama, 1959; Gosline, 1961; Quast, 1965; Tominaga, 1968, etc.). It, therefore, 
is considered the absence of the basisphenoid is the derived condition for the cottoid 
fishes. 

Among the scropaeniform fishes examined, the basisphenoid is absent in a 
scorpaenid species Setarches and the cycloteroid fishes. Other scorpeniform fishes 
have the basisphenoid. Ueno (1970) described this bone in the cyclopteroid fishes. 
But it is considered that the anterior margin of the prootic is misidentified with the 
basisphenoid. 

Intercalar : Small intercalar which does not extend to the prootic has been 
regarded as the osteological diagnosis of the cottoid fishes (Regan, 1913; Taranetz, 
1941; Quast, 1965). Matsubara (1936) has reported that the cottoid members 
Marukawichthys, Ereunias and lcelus have a large intercalar (the opisthotic in his 
description). Berg (1940) established the family Icelidae for these three genera on 
the basis of the osteological description made by Matsubara (1936). But Yabe 
(1981) reexamined these three genera and clarified that these genera are possessed of 
a small intercalar as same as that in other cottoid fishes. In this study, it is 
reconfirmed that all cottoid fishes examined here are possessed of a small intercalar. 
The condition that the large intercalar extends to the prootic has been reported in 
the generalized percoid fishes (Gregory, 1933; Katayama, 1959; Quast, 1965, 
Tominaga, 1968). It, therefore, is considered that the small intercalar which does 
not extend to the prootic is the derived condition. Judging from this assuption, the 
condition of the small intercalar is the synapomorphy for all cottoid fishes. Among 
the other scorpaeniform fishes examined, the derived condition of this character is 
observed in the anoplopomatid and the cyclopteroid fishes. In the other scor­
paeniform fishes, the intercalar is present as a large bone which extends to the 
prootic. Quast (1965) reported that small intercalar is observed in a hexagrammid 
fish Ophiodon. It is concluded that the condition of the small intercalar is the 
synapomorphy of the cottoid fishes, but it is not unique condition among the 
scorpaeniform fishes. 

Posttemporal fossa: All cottoid fishes examined here are possessed of well 
reduced posttemporal fossa as compared with that of the generalized percoid fishes 
(Gregory, 1933; Katayama, 1959; Patterson, 1964; Tominaga, 1968). In most of 
the cottoid fishes, the lateral insertion head of the epaxialis does not extend to the 
posttemporal fossa, while well developed lateral head of the epaxialis inserts to the 
posttemporal fossa in the generalized percoid fishes (Osse, 1969; Winterbottom, 
1974a). It is considered that the reduced posttemporal fossa is the derived condi­
tion of the all cottoid fishes. Among the scropaeniform fishes examined, the reduced 
posttemporal fossa is observed in the cyclopterid and the liparidid fishes. 

On the basis of the conditions of the cranium, the cottoid fishes are classified 
into 17 morphotypes summarized in Table 2. 

3. JAws (Figs. 14 and 15) 

Description. The upper jaw is composed of the premaxillary and the maxillary. 
The lower jaw is composed of the dentary, the angular, the retroarticular, the 
coronomeckelian and the meckelian cartilage. 

Premaxillary (PM): The premaxillary is situated on the anterior margin of 
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the upper jaw. This bone is possessed of four processes. The alveolar process 
(ALP) forms the lower margin of this bone and bears villiform teeth. The ascend­
ing process (ACT) is situated on the anterior midline and connected with its 
antimere. This process is directed upward or upper backward in most of the cottoid 
fishes, while it is directed upper forward in an agonid genus Podathoous. This 
process attaches to the rostral cartilage, which is articulated with the rostral region 
of the cranium, and is ligamentously connected with the maxillary head (Fig. 15, 
L-3) and the palatine (Fig. 15, L-2). The articular process (ARP) is a plate-like 
projection situated just posterior to the ascending process. This process is articulat­
ed with the maxillary head with a meniscus. The postmaxillary process (PMP) is 
a gently swelling process on the posterodorsal margin of the alveolar process. These 
processes are usually developed in the cottoid fishes. 

Maxillary (MX): The maxillary is an elongated and slightly curved bone. 
The anterior tip of this bone which is called the maxillary head (MH) is modified to 
form some articular facets. The maxillary head has a median groove where the 
maxillary is articulated with the articular process of the premaxillary through a 
meniscus. Medially the maxillary head is articulated with the anterolateral surface 
of the rostral region of the cranium with a meniscus. Laterally the maxillary head 
is articulated with the anterior process of the palatine. Some ligaments and tendons 
insert to the maxillary. The ligament coming from the ethmoid (Fig. 15, L-l) 
inserts to the lateral surface of the maxillary head. The ligament coming from the 
ascending process of the premaxillary (Fig. 15, L-3) inserts to the dorsal surface of 
the maxillary head. The ligamentum primordium (Fig. 15, T-2) inserts to the small 
knob situated on the anterolateral surface of the maxillary. The tendon of the 
adductor mandibulae section Al (Fig. 15, T-l) inserts to the small knob situated on 
the anteromedial surface of the maxillary head. These conditions are uniform in 
the cottoid fishes examined. 

Dentary (DEN): The dentary forms the anterior margin of the lower jaw. 
This bone possesses villiform teeth on the dorsal margin. On the ventral margin, 
this bone is possessed of a well developed tubular structure for the mandibular 
sensory canal. Posteriorly, this bone has a deep notch where the angular and the 
meckelian cartilage insert. 

Angular (ANG): The angular forms the posterior half of the lower jaw. 
Anteriorly this bone is rigidly lodged into a deep notch of the dentary. On the 
posterodorsal angle, this bone possesses the fossa which receives the condyle of the 
quadrate to form the quadroangular articulation. On the posterodorsal margin just 
anterior to the fossa, this bone possesses a ascending process (APA) which is 
connected with the posterodorsal tip of the dentary by a ligamentosus tissue and 
inserted by the muscle of the adductor mandibulae section A2. The ascending 
process is not developed in the agonid fishes. On the medial surface, this bone is 
filled with the muscular mass of the adductor mandibulae section Aw. Poster­
oventrally this bone has developed tubular structure for the mandibular sensory 
canal. 

Retroarticular (RTA): The retroarticular forms the posteroventral angle of the 
lower jaw. This bone adheres to the posteroventral corner of the angular. This 
bone is ligamentously connected with the interopercle posteriorly. 
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Fig. 14. Jaws in Gymnocanthus herzensteini; above, lateral aspect of the upper jaw; 
middle, lateral aspect of the lower jaw; below, medial aspect of the lower jaw. 
ACP, ascending process of premaxillary; ALP, alveolar process of premaxillary; 
ANG, angular; APA, ascending process of angular; ARP, articular process of 
premaxillary; CRM, coronomeckelian; DEN, dentary; MC, meckelian cartilage; 
MH, maxillary head; MX, maxillary; PM, premaxillary; PMP, postmaxillary 
process of premaxillary. Scale indicates 10 mm. 

ET 
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PM 
MX 

Fig. 15. Distribution of ligaments and ten­
dons in the rostral region of the 
cottoid fishes. ET, ethmoid; MX, 
maxllary; P A, palatine; PM, 
premaxillary; L-l ; ligament 
between ethmoid and mexillary; L-2, 
ligament between palatine and ascend­
ing process of premaxillary; L-3, liga­
ment between ascending process of 
premaxillary and maxillary head; L-
4, ligament between maxillaries of 
both sides; T-l, tendon of the ad­
ductor mandibular section A-I; T-2, 
tendon of the ligamentum primor­
dium. 
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Coronomeckelian (CRM): The coronomeckelian is present as a tiny bone 
situated on the medial surface of the angular. This bone is inserted by the strong 
tendon of the adductor mandibulae section A2. 

Meckelian cartilage (MC): The meckelian cartilage is a rodliked cartilaginous 
bone situated on the medial surface of the angular. This cartilaginous bone inter­
connects the angular and the dentary. 

Remarks. In the cottoid fishes examined here, the condition of the jaws is 
almost uniform. These conditions are common with those of the generalized percoid 
fishes (Davis and Birdson, 1973; Gosline, 1961; Osse, 1969; Leim, 1970). The 
patterns of the articulation and the ligamentation of this region in the cottoid fishes 
are almost similar to those in the generalized percoid fishes (Alexander, 1967; Osse, 
1969; Liem, 1970). 

4. SUSPENSORIUM AND OPERCULAR BONE (Figs. 16-18; Table 3) 

Description. The suspensory apparatus is composed of seven elements; the 
hyomandibular, the quadrate, the symplectic, the metapterygoid, the entopterygoid, 
the ectopterygoid and the palatine. The opercular apparatus is composed of four 
elements; the opercle, the subopercle, the interopercle and the preopercle. 

Hyomandibular (HM): The hyomandibular is a heavy bone and rectangular 
or quadrate in general form. This bone possesses two articular heads dorsally for 
the craniohyomandibular articulations. The anterior head is directed anterodorsal­
ly and lodged in a rounded socket of the sphenotic. The posterior one is directed 
posterodorsally and fits into longitudinal groove of the pterotic. Posterodorsally, 
this bone possesses a rounded knob which are articulated with anterior head of the 
opercle to form the operculohyomandibular articulation. This bone is suturally 
connected to the metapterygoid anteroventrally, and firmly attached to the preoper­
cle posteroventrally. This bone is separated from the symplectic by the cartilagi­
nous interval. In the fishes belonging to the family Cottidae, the hyomandibular 
possesses a lateral process at the posterior margin. This process is inserted by the 
tendon from the adductor mandibulae section AI, and is remarkably developed in 
the fishes belonging to the genera Artedius, A rtediellus , Artediellichthys, Oligocottus, 
Clinocottus, Chitonotus, Cottus, Hemilepidotus, Jordania, Leiocottus, Leptocottus, 
Ocynectes, Orthonopias, Scoryaenichthys, Stlengis, Synchirus and Zesticelus. In the 
fishes belonging to the families Psychrolutidae, Agonidae, Ereuniidae, and Rham­
phocottidae, this process is obscure. There is a foramen on the posteroventral 
margin of the hyomandibular where the hyomandibular branch of the facialis nerve 
passes. 

Metapterygoid (MT): The metapterygoid is a thin bone, rather quadrate or 
rectangular in general form. This bone is suturally connected with the hyoman­
dibular posterodorsally. This bone is separated from the symplectic and the 
quadrate by the cartilaginous interval. In many cottoid fishes examined, this bone 
is attached or closely approached to the entopterygoid anteriorly, while it is far 
separated from the latter in the fishes of the genera Artediellus, A rtediellichthys , 
Cottiusculus, Furcina, Icelinus, Pseudoblennius, Vellitor, Zesticelus, Stlengis and 
Triglops. On the medial surface of the metapterygoid, there is a low ridge which 
defends against the extension of the adductor arcus palatini. This ridge is partly 
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developed to form a small process in Olinocottus, Scoryaenichthys, Stelgistrum, 
Asemichthys and Radulinus. In all cottoid fishes examined, the metapterygoid 
lamina is absent. 

Symplectic (SY): The symplectic is a slender and slightly curved bone, 
becoming gradually broader posteriorly. This bone lies in the interspace among the 
hyomandibular, the metapterygoid and the preopercle. The anterior half of this 
bone is lodged in a groove on the medial surface of the lower part of the quadrate 
and firmly fixed there. There is a large gap between the symplectic and preopercle 
where the mandibular branch of the trigeminal nerve passes. 

Quadrate (QU): The quadrate is a heavy triangular bone. On the anter­
oventral corner, this bone possesses a large condyle which is directed anteroventrally 
and lodged in a rounded socket of the angular to form the quadromandibular 
articulation. The quadrate is deeply notched at the lower part of the posterior 
margin where the symplectic inserts. This bone is firmly connected with the 
ectopterygoid on the anterior margin, and with the preopercle on the posteroventral 
margin. 

Ectopterygoid (EO): The ectopterygoid is a slender triangular bone in general 
form. This bone is connected with the palatine anteroventrally, with the quadrate 
posteriorly and with the entopterygoid, when it is present, dorsally. A strong 
ligament interconnects the anteromedial tip of the ectopterygoid and the anterolater-

Fig. 16. Lateral aspect of left suspensorium and opercular bones. A, Rhamphocottus 
richardsoni; B, Dasycottus setiger; C, Eurymen gyrinus; D, Hemitripterus vilr 
losus; E, Blepsias cirrhosus; F, Oligocottus maculosus; G, Myoxocephalus bran­
dti; H, Artediellus dydymovi; I, Asemichthys taylori. EC, ectopterygoid; EN, 
entopterygoid; HM, hyomandibular; 10, interopercle; MT, metapterygoid; OP; 
opercle; PA, palatine; PO, preopercle; QU, guadrate; SY, symplectic. Scales 
indicate 5 mID. 
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alcorner of the prevomer. In most of the cottoid fishes examined, the ectopterygoid 
is separated from the matapterygoid by the cartilaginous interval. In the fishes 
belonging to the genera Cottus, Leptooottus, Trachidermus and Scorpafmwhthys, a 
laminal process is present on the posterodorsal corner of the medial surface of the 
ectopterygoid and extends to the interspace between the entopterygoid and the 
metapterygoid. In the Scorpafmichthys, this laminal process attaches to the 
metapterygoid. 

Entopterygoid (EN): The entopterygoid is a slender triangular bone in 
general form. This bone lies dorsal to the ectopterygoid and attaches to the 
palatine anteriorly. The cottoid fishes examined here are classified into three 
morphotypes on the basis of the condition of this bone. Type A includes the most 
of the cottoid fishes. In this type, the entopterygoid attaches or closely approaches 
to the metapterygoid posteriorly. Type B includes the fishes of the genera Artediel­
lus, A rtediellichthys , Cottiusculus, Furcina, Pseudoblfmnius, Vellitor, Zesticelus, 
lcelinus, Stlfmgis, Triglops and Tilesina. In this type, the entopterygoid is well 
reduced to form a tiny bone, and far separated from the metapterygoid. Type C 
includes the fishes of the genera Synchirus, Asemwhthys, Radulinus, Astrocottus and 
Trachidermus. In this type, the entopterygoid is absent. 

Palatine (PA): The palatine is a heavy bone. This bone possesses a long 
process anteriorly which is attached by a strong ligament coming from the ascending 
process of the premaxillary. On the middle region, this bone has a socket which 
recieves the articular knob of the lachrymal and forms the lachryopalatine articula­
tion. In the fishes of the genera Vellitor, Synchirus and Tilesina, this socket is not 
developed, but the lachryopalatine articulation is present. The dorsal region of this 
socket is laminated, and connected to the posterior surface of the prefrontal by a 
ligamentous tissue. There is an articular facet for the palatocranial articulation on 
the dorsal base of the anterior process in the fishes of the genus Rhamphocottus, 
Jordania, Hemilepidotus, Hemitripterus, Blepsias, Nautichthys and Soorpafmwhthys. 
In the other fishes examined, the articular facet is reduced and the palatocranial 
articulation is obscure. This bone becomes slender posteriorly and is firmly con­
nected with the ectopterygoid. Anterior tip of the entopterygoid inserts to the 
medial face of the palatine. The oral surface of the palatine bears villiform or 
conical teeth in the genera Alcichthys, Artediellus, A rtedius , Ascelichthys, Bero, 
Blepsias, Chitonotus, Clinocottus, Cottiusculus, Cottus kazika, Ereunias, Furcina, 
Hemilepidotus, Hemitripterus, lcelinus, lcelus, Jordania, Leptooottus, Marukawwhthr 
ys, Nautichthys, Ocynectus, Oligocottus, Orthonopias, Pseudoblfmnius, Ricuzfmius, 
Scorpafmwhthys, Stlfmgis, Thyriscus, Trachidermus, Taurocottus, Vellitor, Agonomalus 
and Tilesina. Other species examined here do not have teeth on the palatine. 

Preopercle (PO): The preopercle is the largest bone in the opercular region. 
The upper half of this bone is firmly attached to the posterior margin of the 
hyomandibular and the anterior part of this bone is firmly attached to the ventral 
margin of the quadrate. Anterolateral part of this bone is usually convex at the 
middle part where the muscle fibers of the adductor mandibula.e are broadly inserted. 
There is a developed tubular structure along the posterior margin of the the 
preopercle, through which the sensory canal of the operculomandibular series passes. 
In the most of the cottoid fishes, large spines are present on the posterior margin of 
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the preopercle. The general form of the preopercular spines is defined into three 
main types and their variations in the cottoid fishes. Type A is the condition 
possessing four or five preopercular spines. These spines are simple and not elongat­
ed. The second spine is slightly longer than the others. This type includes the 
fishes of the genera Hemitripterus, Blepsias, Nautichthys, Jordania, Hemilepidotus, 
Malacocottus, Dasycottus, Cottunculus and the family Ereuniidae. Type B is the 
condition possessing the elongated first preopercular spine which is more or less 
modified. This type is subdivided into four subtypes. Subtype Bl is the condition 
that the first preopeorcular spine is not so extending backward, and is straight or 
slightly curved. This subtype includes the fishes of the genera Argyrocottus, 
A rtedius , Asemichthys, Clinocottus, Furcina, lcelus, Leptocottus, Microcottus, 
Ocynectus, Oligocottus, Porocottus, Pseudoblennius, Radulinus, Ricuzenius, Scorpaenir 
chthys, Stelgistrum, Synchirus, Thryscus, Triglops, Vellitor. Subtype B2 is the 
condition that the first preopercular spine is long and straight without ascending 
spines. This subtype includes the fishes of the genera Myoxocephalus, Taurocottus, 
Trichocottus, and Zesticulus. Subtype B3 is the condition that the first spine is 
strongly curved upward. This subtype includes the fishes of the genera Artediellus, 
Artediellichthys, Ascelichthys, Bero, Cottus, Trachidermus. Subtype B4 is the condi­
tion that small spines are present on the dorsal margin of the first preopeorcular 
spine. This type includes the fishes of the genera Alcichthys, Chitonotus, Cottius­
culs, Enophrys, Gymnocanthus, lcelinus, Leptocottus, and Stlengis. Type C includes 
the fishes of the genera Ebinania, Eurymen, and Psychrolutes. In this type, the 
preopercular spine is absent. 

Opercle (OP): The opercle is a large flat bone and generally triangular in 
form. On the anterodorsal angle, this bone has a large condyle which articulates to 
the hyomandibular. On the anteroventral margin, this bone is firmly attached to 
the subopercle. This bone possesses a keel on the dorsomedial margin where the 
muscular fibers of the levator operculi and the adductor operculi insert. 

Subopercle (SO): The subopercle is a thin and narrow bone, and firmly 
attaches to the opercle. Anteroventrally, this bone is connected with the interoper­
cle by ligamentous tissue. 

Interopercle (10): The interopercle is a long and thin bone, and lies under 
the anterior part of the preopercle. This bone is connected with the retroartilcular 
by a strong ligament anteriorly, and with the subopercle by a ligamentous tissue 
posteriorly. Medially, this bone is ligamentously connected with the epihyal. 

Discussion. The osteology of the suspensory and the opercular apparatus of the 
cottoid fishes has been examined by Girard (1852), Allis (1909), Gutberlet (1915), 
Johnson (1918), Watanabe (1958), and Yabe (1981, 198~). The conditions of the 
palatine teeth and the preopercular spines have been regarded as the important 
characters for the identification of the cottid fishes (Jordan and Evermann, 1898; 
Jordan and Starks, 1904; Taranetz, 1941; Bolin, 1947; Matsubara, 1955; 
Watanabe, 1958). The other conditions of this region have been scarcely remarked. 
Among cottoid fishes examined here, the differences were found in the conditions of 
the palatocranial articulation (discussed in the section of the cranium), the entopter­
ygoid, the palatine teeth, the lateral process of the hyomandibular and the preoper­
cular spine. In addition to these characters, the condition of the metapterygoid 
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lamina is also discussed below, because it is absent in all cottoid fishes examined, but 
present in the generalized percoid fishes. 

Condition of the entopterygoid: Among the cottoid fishes examined here, 
these are three types in this character (Fig. 17). Type A is the condition that the 
entopterygoid is attached or closely approached to the metapterygoid posteriorly. 
Type B is the condition that the entopterygoid is far separated from the metapter­
ygoid. Type C is the condition that the entopterygoid is absent. In the general­
ized percoid fishes, the entopterygoid is a oval bone and attaches to the metapter­
ygoid posteriorly (Gregory, 1933; Katayama, 1959; Gosline, 1966; Osse, 1969; 
Bortone, 1977). It, therefore, is considered that type A is the most primitive 
condition in the cottoid fishes. It is estimated that the reduction of the entopter­
ygoid have occurred from the condition of type A and as a result of this tendency, 
type B and the type C successively occurred. Thus it is defined that type B is the 
intermediate derived condition and type C is the most derived condition. 

Among the other scorpaeniform fishes, the fishes of the families Scorpaenidae, 
Synanceiidae, Platycephalidae, Hexagrammidae; Zaniolepididae and Ano­
plopomatidae have a large oval entopterygoid which is attached to the metapter­
ygoid posteriorly (Allis, 1909; Matsubara, 1943; Matsubara and Ochiai, 1955; 
Quast, 1965), In the triglid fishes, the entopterygoid is small bone and separated 
from the palatine anteriorly and closely approached to the metapterygoid posterior­
ly. In the cyclopterid and the liparidid fishes, the entopterygoid is fused to the 
ectopterygoid (Deno, 1970). 

Preopercular spine: Among the cottoid fishes examined, the condition of the 
preopercular spines is highly modified. These conditions are defined into three 
main types. Type A is the condition having four of five spines which are simple or 
slightly flattened. The second spine is slightly larger than others. Type B is the 
condition having a large first spine which is simple or highly modified. Type C is 
condition lacking the preopercular spines. In the generalized percoid fishes, these 
types are also present (Katayama, 1959; Gosline, 1966; Johnson, 1983). There­
fore, the polarity of this character could not be decided. Thus, this character is not 
used in the following phylogenetic consideration. 

Teeth on palatine: Among the cottoid fishes examined, there are two types in 
this characher. Type B is the condition possessing teeth on the palatine. Type B 
is the condition lacking teeth on the palatine. In the genralized percoid fishes, the 

A 

Fig. 17. Three types of the entopterygoid in the cottoid fishes. A, the condition that the 
entopterygoid is attached the metapterygoid (type A in text); B, the condition that 
the entopterygoid is reduced (type B in text); C, the condition that the entopter­
ygoid is absent (type C in text). EN, entopterygoid. 
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palatine teeth is present (Jordan and Evermann, 1898; Katayama, 1959). It, 
therefore, is considered that the condition possessing teeth on the palatine is the 
primitive condition in the cottoid fishes. 

Among the other scorpaeniform fishes, the palatine teeth are present in the 
scorpaenid, platycephalid, triglid, zaniolepidid fishes, while it is absent in the 
cyclopterid, liparidid and most of hexagrammid fishes. 

Lateral process of hyomandibular : Among the cottoid fishes examined here, 
the fishes of the family Cottidae have a lateral process on the posterior margin of the 
hyomandibular. A strong tendon of the adductor mandibulae section Al attaches to 
the lateral process. In the fishes of the other families this process is obscure. In the 
generalized percoid fishes, the lateral process of the hyomandibular is not observed 
(Starks, 1901; Katayama, 1959; Gosline, 1966; Osse, 1969; Bortone, 1977). It, 
therefore, is considered that the condition possessing the lateral process on the 
hyomandibular is derived in the cottoid fishes. Moreover, this condition may be 
unique and derived condition, because it has not been observed in the other 
scorpaeniform fishes examined. 

Matapterygoid lamina: In the most of the generalized percoid fishes, the 
metapterygoid lamina which was termed by Matsubara (1943) is present on the 
lateral surface of the metapterygoid (Starks, 1901; Katayama, 1959; Bortone, 
1977). There is a shallow groove between the metapterygoid lamina and the dorsal 
part of the metapterygoid, and the muscular fibers of the levator arcus palatin~ insert 
to this groove (Osse, 1969). The metapterygoid lamina is absest in the all cottoid 
fishes examined. It, therefore, is considered that the absence of the metapterygoid 
lamina is the derived condition in comparison with the condition in the generalized 
percoid fishes. 

On the other hand, Matsubara (1943) found that the metapterygoid lamina is 
present in the most of the scorpaenoid fishes except for the fishes belonging to the 
genera Apistus, Ocosia, Hypodytes. Cocotropus, Erisphex, Aploactis, NeoCRlfttropogon, 
Minous, Erosa and Inimicus. Platycephalid fishes are possessed of the metapter-

A 

Fig. 18. Comparison of the metapterygoid and the hyomandibular between the general­
ized percoid fishes (A) and the cottid fishes (B). ML, metapterygoid lamina; LH, 
lateral process of the hyomandibular. 
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Table 3. Comparison of three characters of the suspensory apparatus in the cottoid fishes. ENP, entopterygoid; PAT, palatine teeth; LPH, 
lateral process of the hyomandibular. P, primitive condition; D, derived condition (Dl < D2). 

Character 
Morphotype Family and genus 

ENP PAT LPH 

Rhamphocottidae; Rhamplwcottus 
, Agonidae; Podothecus 

I absent D , Psychrolutidae; Dasycottus, Eurymen, Ebinania, Oottunculus, Malacocottus, , , 

normal P absent P 
Neophrynichthys, Psychrolutes 

Ereuniidae; Marukawichthys, Ereunias 

II Hemitripteridae; Hemitripterus, Blepsias, Nautichthys 

Agonidae; Agonomalus 
present P 

Cottidae; Scorpaenichthys, Hemilepidotus, Leiocottus, 

IV 
Cottus kazika, Artedius, Ohitonotus, Orthonopias, lcelus, Ricuzenius, 

Thyriscus, Oligocottus, Olinocottus, Alcichthys, Bero, Ocynectes, 

normal P Ascelichthys, Taurocottus 

V absent D 
Cottidae; Stelgistrum, Leiocottus, Gymnocanthus, Tric1wcottus, Oottus pollux 

present i D 
Myoxocephalus, Microcottus, Porocottus, Argyrocottus, Enophrys, Taurulus 

VI present P 
Cottidae; lcelinus, Stlengis, Artediellus, Artediellichthys, Cottiusculus, 

reduced Dl Furcina, Pseudoblennius, Vellitor 

VII Cottidae; Zesticelus 
absent D 

VIII , Cottidae; Asemichthys, Radulinus, Astrocottus, Synchirus 
absent D2 

IX present: P Cottidae; Trachidermus 
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ygoid lamina (Matsubara and Ochiai, 1955). Among other scorpaeniform fishes 
examined here, the metapterygoid lamina is present in the hexagrammid, zaniole­
pidid, triglid and anoplopomatid representatives, but it is absent in the cyclopterid 
and liparidid representatives. 

On the basis of the conditions of this region, the cottoid fishes are classified into 
9 morphotypes summarized in Table 3. 

5. HYOID APPARATUS (Figs. 19-21; Table 4) 

Description. The hyoid apparatus is composed of the basihyal, the hypohyal, 
the ceratohyal, the epihyal, the interhyal, the urohyal and the branchiostegal rays. 

Basihyal (BH): This bone is present in Rhamphooottus richardsoni and 
Jordania zonope, while it is absent in the other cottoid fishes. In Rhamphocottus, 
this bone is present as small bone which is not completely ossified and situated at the 
anterior tip of the hypohyal (Fig. 19). In Jordania, this bone is present as a tiny 
bone which is sandwiched between dorsal hypohyals of both sides (Fig. 21, C). 

BH 

Fig. 19. Oral surface of the branchial and 
hyoid apparatus in RhampJwcottus 
richardsoni. BB, basibranchial; CB, 
ceratobranchial; HB, hypobranchial; 
BH, basihyal; CH, ceratohyal; HH, 
hypohyal. Scale indicates 2 mm. 

Hypohyal (HH): In the cottoid fishes examined, two hypohyals are present on 
each side, and form the anterodorsal corner of the hyoid region. The ventral 
hypohyal is a stout triangular bone. This bone is connected with its opposite 
member on the median line through the cartilage, and with the urohyal by a strong 
ligament ventrally, and attaches to the ceratohyal posteroventrally. The dorsal 
hypohyal is a plate-like bone and situated on the cartilaginous mass of the anterior 
hyoid region. 

Ceratohyal (CH): The ceratohyal is the largest bone in the hyoid apparatus 
and is rectangular in general form. This bone intervenes between the hypohyals 
and the epihyal. This bone articulates anterior branchiostegals ventrally. At the 
anterodorsal margin, this bone is connected with the lateral process of the first 
hypobranchial by a ligamentous tissue. In all examined species except for Jordania 
zonope, the dorsal margin of this bone is generally shallowly concave, while it is 
deeply notched at the posterior half in Jordania zonope. The hyoid artery passes 
through this notch in this species. In almost all cottoid fishes examined, this bone 
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D E F 

Fig. 20. Lateral aspect of the left hyoid arch. A, Hemitripterus villosus; B, Dasycottus 
setiger; C, Malacocottus gibber; D, Icelus spiniger; E, Triglops scepticus; F, 
Cottus pollux. BR, branchiostegal ray; CH, ceratohyal; EH, epihyal; HH, hypo­
hyal; IH, interhyal. Scales indicate 5 mm. 

possesses a small slit penetrated by the hyoid artery. This slit is absent in the fishes 
of genera Artediellus, A rtediellichthys , Oottiusculus, Oottus, Trachidermus, and 
Zesticelus, and the family Agonidae. In these fishes, this bone has a groove on the 
anterodorsal margin where the hyoid artery passes. 

Epihyal (EH): The epihyal is a stout triangular bone. This bone is con­
nected with the ceratohyal anteriorly and articulates the interhyal posteriorly. 
Anteroventrally, this bone supports the posterior two branchiostegal rays. 
Posterolaterally this bone possesses of a small process where the ligament coming 
from the interopercle is inserts. 

Interhyal (IH): The interhyal is a small rod-shaped bone. This bone fits in 
a small groove on the posterodorsal tip of the epihyal ventrally. Dorsally the 
interhyal is connected to the medial surface of the cartilaginous region enclosed by 
the hyomandibular, the symplectic and the preopercle. 

Branchiostegal rays (BR): Branchiostegal rays are long curved bones support­
ing the branchiostegal membranes. Among cottoid fishes examined here, the 
number of the branchiostegal rays is defined into two types. Type A has seven 
brachiostegal rays. This condition is observed in all species belonging to the family 
Psychrolutidae. In this type anterior three rays are more slender than the posterior 
four rays, and attach to the ventral margin of the ceratohyal. The fourth and fifth 
rays attach to the ventrolateral surface of the posterior half of the ceratohyal. The 
sixth and seventh rays attach to the ventrolateral surface of the epihyal. Type B 
has six branchiastegal rays. In this type, the anterior two rays attach to the ventral 
margin of the anterior half of the ceratohyal. The third and fourth rays attach on 
the ventrolateral surface of the posterior half of the ceratohyal, and the fifth and 
sixth rays are on the ventrolateral surface of the epihyal. This type is observed in 
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most of the cottoid fishes except for the psychrolutid fishes. 
Dj,scussion. The hyoid apparatus of the cottoid fishes has been examined by some 

investigators (Girard, 18fi2; Johnson, 1918; Taranetz, 1941; Watanabe, 1958; 
Quast, 1965; McAllister, 1968; Yabe, 1981, 1983). In these studies, the number of 
the branchiostegal rays has been remarked. Among the cottoid fishes examined 
here, the differences are found in the condition of the basihyal, number of the 
branchiostegal rays and presence or absence of the slit on the ceratohyal. 

Condition of basihyal: Among the cottoid fishes examined, there are three 
types in this character as described above. Type A is a small cartilaginous basihyal 
situated at the anterior tip of the hypohyal (Fig. 21, B). Type B is a tiny basihyal 
sandwiched between the dorsal hypohyals (Fig. 21, C). Type C is the condition 
that the basihyal is absent (Fig. 21, D). In the generalized percoid fishes, the 
basihyal is a long rod-shaped bone and situated at the anterior tip of the hypohyal 
(Fig. 21, A; Katayama, 1959; Gosline, 1966; McAllister, 1968; Nelson, 1969; 
Liem, 1970; Johnson, 1978). It, therefore, is considered that type A is the most 
primitive condition of the basihyal in the cottoid fishes, and that type B is interme­
diate derived condition, and type C is the most derived condition. On the other 
hand, the basihyal of the type A is more reduced than that of the generalized percoid 
fishes. Thus, it is regarded that type A is more derived condition than that of the 
generalized percoid fishes. 

ABC D 

CH"" t:· ~ . ~ 
~.~~~~ 

Fig. 21. The comparison of the basihyal. A, the condition in the generalized percoid 
fishes; B, the condition in Rhamphocottus richardsoni (type A in text); C, the 
condition in Jordania zonape (type B in text); D, the typical condition in the 
cottoid fishes (type C in text). For abbreviations, see Figz 19. 

Among the other scorpaeniform fishes, a long rod-like basihyal is present in the 
scorpaenoid, triglid, hexagrammid, zaniolepidid and anoplopomatid fishes, while it 
is absent in the cyclopterid and liparidid fishes (Matsubara, 1943; Quast, 1965; 
McAllister, 1968). The platycephalid fishes are possessed of a plate-like basihyal 
(Matsubara and Ochiai, 1955). According to Kanayama (1977, unpublished), a 
rudimental basihyal is present in two agonid genus Podothecus and Sarritor, though 
it is not observed in three agonid representatives examined here. 

Number of the branchiostegals: Among cottoid fishes examined, there are two 
types in this character. Type A is seven branchiostegal rays, and type B is six rays. 
The former is observed in the psychrolutid fishes, and the latter is in the other 
cottoid fishes. According to Katayama (1959), alomost all generalized percoid fishes 
have seven branchiostegal rays, and only one genus Callanthias, which has been 
regarded as a highly specialized group of the Serranidae or not direct serranid 
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Table 4. Comparison of two characters of the hyoid arch in the cottoid fishes. BH, basihyal; 
BR, number of branchiostegal rays. P, primitive condition; D, derived condition (Dl < 
D2). 

Character 
Morphotype Family and genus 

BH BR 

I cartilaginous : P Rhamphocottidae; Rhamphocottus 

II tiny bone : Dl Cottidae; JO'f'dania 
0 

Ereuniidae; Erenunias, Marukawichthys 0 
0 
0 Agonidae; Agonomalus, Podothecus, Tilesina 0 

0 
Hemitripteridae; Hemitripterus, Blepsias, 

N autichthys 
Cottidae; Scorpaenichthys, Hemilepidotus, Gottus, 

0 Trachidermus, Leptorottus, Ghitonotus, 0 
0 6 D Orthonopias, I celus, Stelgistrum, Stlengis, 0 

III lcelinus, Thyriscus, Ricuzenius, Triglops, 
Radulinus, Asemichthys, Astrocottus, Artedius, 

absent D2 Oligocottus, Glinocottus, Leiocottus, Synchirus, 
A rtediellus, A rtediellichthys, Gottiusculus, 
Zesticlus, Taurocottus, Trichocottus, 
Myoxocephalus, Microcottus, Porocottus, 
A rgyrocottus , Enophrys, Taurulus, Gymnocanthus, 
Alcichthys, Bero, Ocynectes, Furcina, 

0 
PSe'Udoblennius, Vellitor, Ascelichthys 

0 

Psychrolutidae; Dasycottus, Eurymen, Ebinania, 0 
0 IV 0 7 0 P Gottunculus, Malacocottus, Neophrynichthys, 
0 
0 Psychrolutes 0 
0 

derivatives (Katayama, 1959; Gosline, 1966), has six branchiostegal rays. It, 
therefore, is considered that the typical condition in the generalized percoid fishes is 
possessed of seven branchiostegal rays. Judging from this fact, it can be regarded 
that type A is the primitive condition in the cottoid fishes. It has been considered 
that the condition possessing seven branchiostegal rays is one of the important 
characters defining the family Psychrolutidae (Taranetz, 1941; Nelson, 1982). On 
the basis of the conception of the synapomorphy, this condition is not a certain 
evidence which verifies the monophyly of the psychrolutid fishes, because it is the 
synplesiomorphous condition for the psychrolutid fishes. 

Among other scorpaeniform fishes, the condition of seven rays is observed in 
most of scorpaenid, platycephalid and triglid fishes, and that of six rays is observed 
in some of the scorpaenid fishes, and the hexagrammid, zaniolepidid, anoplopomatid, 
cyclopterid and liparidid fishes (Matsubara, 1943; Matsubara and Ochiai, 1955; 
Rutenberg, 1962; Quast, 1965; McAllister, 1968; Deno, 1970). 

Slit on ceratohyal: Among the cottoid fishes examined, there are three condi­
tions in this character. Most of cottoid fishes are possessed of a small slit on the 
anterolateral surface of the ceratohyal. In Jordania, a large notch is present on the 
dorsal margin of the ceratohyal. The slit or notch is absent in the agonid and some 
of cottid fishes. These three conditions are present in the generalized percoid fishes 
(Katayama, 1959). Gosline (1966) regarded these conditions as the difference 
between the serranids, in which the slit is absent, and the percichthyids in which 
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large slit is present. Therefore, the polarity of this character can not be decided in 
the present study. But it is noteworthy that the condition possessing a slit 
penetrated by the hyoid artery on the ceratohyal has not been observed in the other 
scorpaeniform representatives. 

On the basis of the conditions of the hyoid apparatus, the cottoid fishes are 
classified into four morphotypes summarized in Table 4. 

6. BRANCHIAL APPARATUS (Figs. 22-24; Table 5) 

Description. The branchial apparatus is composed of the basibranchial, the 
hypobranchial, the ceratobranchial, the epibranchial and the pharyngobranchial. 

Basibranchial (BB): The basibranchials are three small rodlike bones lying on 
the median line of the oral base and connected with each other through intervening 
of the cartilage. The anteriormost basibranchial is smaller than the latters, and is 
sandwiched between the dorsal hypohyals or gets under the cartilage of the anterior 
hyoid region. The second basibranchial articulates the first hypobranchial anter­
olaterally. The third basibranchial does not directly articulate to the hypobran­
chials. It is connected with the central cartilage posteriorly. 

Hypobranchial (HB): The hypobranchials are three paired bones placed 
between the basibranchial and the ceratobranchial series. The anteriormost (first) 
hypobranchial is the largest of the three, and somewhat elongated rectangular in 
general form. This bone articulates to the second basibranchial proximally, and to 
the first ceratobranchial distally. This bone is possessed of a lateral process on the 
lateral margin where it is connected with the anterodorsal face of the ceratohyal by 
a ligamentous tissue. The second hypobranchial is somewhat roundish triangular 
bone. This bone articulates to the interspace cartilage between the second and third 
basibranchial proximally, and to the second ceratbranchial distally. The third 

A 8 

,Fig. 22. Branchal apparatus in Jordania zonope. A, oral surface of branchial and hyoid 
apparatus (epibranchials and pharyngobranchials are removed); B, oral surface of 
epibranchials and pharyngobranchials. BB, basibranchial; BH, basihyal; CB, 
ceratobranchial; CH, ceratohyal; EB, epibranchial; HB, hypobranchial; HH, 
hypohyal; PB, pharyngobranchial. Scales indicate 2 mm. 
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hypobranchial is triangular bone slightly elongated anteriorly. This bone articluat­
ed to the central cartilage proximally, and to the third ceratobranchial distally. 
Anterior tip of this bone gets under the second hypobranchial and forms the 
descending process to which the rectus ventralis from the urohyal inserts when it is 
present. 

Ceratobranchial (CB): The ceratobranchials are five paired bones. Anterior 
four (first to fourth) are elongated and slightly curved bones and bear gill rakers on 
inner surface and gill filaments on the outer surface. The first to third ceratobran­
chials articulate respectively to the first to third hypobranchials proximally, and to 
the first to third epibranchials distally. The forth ceratobranchial articulates to the 
central cartilage proximally and to the fourth epibranchial distally. The posterior­
most (fifth) ceratobranchial is a stout triangular bone bearing a tooth plate dorsally. 
At anteromedial margin the fifth ceratobranchial is connected with its antimere on 
the median line through the cartilaginous interposition. This bone attaches to the 
fourth ceratobranchial distally. 

Epibranchial (EB): The epibranchials are four pairs of rodshaped bones. 
The anteriormost (first) epibranchial is branched distally to form two articular 
heads. The anterior head articulates to the first pharyngobranchial in Jordania, 
Ereunias, Marukawichthys and Rhamphocottus, while it is connected with the 
parasphenoid or the prootic through a thin ligament in the other cottoid fishes which 
do not have the first pharyngobranchial. The posterior head is connected with the 
second or third (when the second is absent) pharyngobranchial by a strong ligament. 
The second to fourth epibranchials articulate to the third pharyngobranchial by 
interposition of cartilages. The third and fourth epibranchials have low articular 
processes on the dorsal surface where these bones are articulated each other. In 
Hemitripterus villosus, there is a small tooth plate on oral surface of the third 
epibranchial (Fig. 23, A). 

A B c 

Fig. 23. Oral surface of epibranchials and pharyngobranchials (the first epibranchial is 
removed). A, Hemitripterus villosus; B, Hemitripterus bolini; C, Blepsias cirr­
Iwsus. EB, epibranchial; PB, pharyngobranchial; TP, tooth plate on the third 
epibranchial. Scales indicate 5 mm. 
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Pharyngobranchial (PB): The pharyngobranchials are the uppermost elments 
of the branchial apparatus and form the dorsal wall of the pharyngeal region. In 
the cottoid fishes examined, the condition of this bone is classified into four 
morphotypes by the numbers of the elements and tooth plates. Type A includes the 
fishes of the genera Rhamplwcottus, EreJUnias, Marukawichthys and Jordania. In 
this type, three pharyngobranchials and two tooth plates are present (Fig. 28, B). 
The first bone (suspensory pharyngobranchial) is a small and rod-shaped bone. 
This bone articulates to the first epibranchial proximally and is connected with the 
parasphenoid or the prootic distally. The second pharyngobranchial is a stout and 
somewhat roundish bone and closely united on the ventral surface of the third 
pharyngobranchial. On the anterior margin this bone has a small ascending process 
whose distal tip is cartilaginous. The ligament coming from the first epibranchial 
attaches to this process. On the ventral surface, this bone possesses a tooth plate. 
The third pharyngobranchial is the largest of the three and bearing a tooth plate on 
the ventral surface. The third pharyngobranchial articulates to the second to the 
fourth epibranchials. Type B includes the fishes of the genera Alcichthys, Artediel­
lus, Artediellichthys, Artedius, A semichthys , Ascelichthys, Ghitonotus, Olinocottus, 
Gottiusculus, Gottus, Gymnocanthus, Hemilepidotus, Leiocottus, Leptocottus. 
Oligocottus, Orthonopias, Radulinus, Scoryaenichthys, Taurocottus, Triclwcottus, 
Trachidermus, Triglops and Zesticelus. In this type, the first pharyngobranchial is 
absent, but the second and the third bone and their tooth plates are present (Fig 28, 
C). Type C includes the fishes of the genera Blepsias and Bem. In this type, the 
second and the third pharyngobranchials are present. The tooth plate is present on 
the third bone, but it is absent on the second (Fig. 28, D). Type D includes the 
fishes of the families Agonidae, Psycholutidae and the cottid genera Argyrocottus, 
Enophrys, Microcottus, Myoxocephalus, Porocotttus, Taurulus, Stelgistrum, Synchirus, 
fcelus, fcelinus, Ricuzenius, Furcina, Ocynectes, PSeJUdoblennius, Vellitor and Stlen­
gis. In this type, only the third pharyngobranchial and its tooth plate are present 
(Fig. 28, E). 

Discussion. The branchial apparatus of the cottoid fishes has been examined 
by several investigators (Girard, 1852; Johnson, 1918; Taranetz, 1941; Quast, 
1965; Yabe, 1981, 1983). In these studies, the number of the tooth plates on the 
pharyngobranchials has attracted most of their attentions. Among the cottoid 
fishes examined here, the differences are found in the number of pharyngobranchials 
and their tooth plates, and the presence or absence of the tooth plate on the third 

A B c o 
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Fig. 24. Four types of the pharyngobranchials and their tooth plates in the cottoid fishes. 
A, generalized percoid type; B, type A of the cottoid fishes; C, type B of the 
cottoid fishes; D, type C of the cottoid fishes; E, type D of the cottoid fishes. For 
abbreviations, see Fig. 23. 
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Table 5. Comparison of three characters of the branchial arch in the cottoid fishes. SP, suspensory pharyngeal; PHB, number of the pharyngo­
branchials and their tooth plates; EBT, tooth plate on the third epibranchial. P, primitive condition; D, derived condition (Dl<D2). 

Character 
Morphotype Family and genus 

SP PHB EBT 
, 

Rhamphocottidae; Rhamphocottus , , 
I present P 

, , 
Ereuniidae; Ereunias, Marukawichthys 

, 
Cottidae; JOTdania , , , 

two bones with : P 
Cottidae; Scoryaenichthys, Hemilepidotus, Leptocottus, Oottus, 

two tooth plates : Trachidermus, Artedius, Ohitonotus, Orthonopias, Triglops, , , 
Radulinus, Asemichthys, Astrocottus, Oligocottus, Olinocottus, 

II 
Leiocottus, Gymnocanthus, Artediellus, Oottiusculus, 

, 
Artediellichthys, Zesticelus, Taurocottus, Trichocottus, , 

, 
A lcichthys, Ascelichthys , , , 

III two bones with : DI absent: D 
Hemitripteridae; Blepsias 

one tooth plate : Cottidae; Bero 

absent : D Hemitripteridae; Hemitripterus bolini, Nautichthys 

Agonidae; Agonomalus, Podothecus, Tilesina 

Cottidae; Icelus, Ricuzenius, Stelgistrum, Thyriscus, Icelinus, 

IV one bone with : D2 
Stlengis, Synchirus, Myoxocephalus, POTocottUS, Microcottus, 

one tooth plate A rgyrocottus , Enophrys, Taurulus, Ocynectes, Furcina, 

Pseudoblennius, VellitOT 

Psychrolutidae; Dasycottus, Eurymen, Ebinania, Oottunculus, 

Malacocottus, Neophrynichthys, Psychrolutes 

V present: P Hemitripteridae; Hemitripterus villosus 
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epibranchial. 
Number of the pharyngobranchials and their tooth plates: Among cottoid 

fishes examined, there are four types on this character as described above. Type A 
has three pharyngobranchials and two tooth plates. Type B has two pharyngo­
branchials and two tooth plates. Type C has two bones and a tooth plate. Type 
D has a bone and a tooth plate. In the generalized percoid fishes, the typical 
condition of this character has four pharyngobranchials and three tooth plates 
(Nelson, 1969; Liem, 1970; Johnson, 1980). In this condition, the first pharyngo­
branchial is a rod-like bone, while the second to the fourth are somewhat stout bones 
with tooth plates on the ventral surface (Fig. 24, A). The third pharyngobranchial 
is larger than the second and the fourth, and articulates to the second to the fourth 
epibranchials. The fourth bone is closely united with the posterior margin of the 
third. It is considered that type A of the cottoid fishes could be easily derived from 
the percoid condition, if the fourth bone is lost or fused with the third. It, 
therefore, is defined that type A is the most primitive condition, and type D is the 
most derived condition in the cottoid fishes. Among the other scorpaeniform fishes 
examined here, the condition of the pharyngobranchials in the scorpaenid, platyce­
phalid, triglid, anoplopomatid, hexagrammid, and zaniolepidid fishes is as same as 
that of the generalized percoid fishes. On the other hand, the cyclopterid and the 
liparidid representatives are possessed of the pharyngobranchial elements as same as 
the type D in the cottoid fishes. 

Tooth plate on the third epibranchial: Among the cottoid fishes examined, 
only Hemitripterus villosus possesses a tooth plate on the third epibranchial. The 
tooth plate is absent in the other cottoid fishes. In the generalized percoid fishes, a 
tooth plate is present on the second and third epibranchials (Nelson, 1969; Johnson, 
1980). It, therefore, is considered that the presence of tooth plate on the third 
epibranchial is the primitivre condition in the cottoid fishes. 

Among other scorpaeniform fishes examined, the tooth plate on the third 
epibranchial is present in the scorpaenid, triglid and platycephalid fishes, while it is 
absent in hexagrammid, zaniolepidid, anoplopomatid, cyclopterid and liparidid 
fishes. 

On the basis of the conditions of the branchial apparatus, the cottoid fishes are 
classified into five morphotypes summerized in Table 5. 

7. PECTORAL GIRDLE AND FIN RAYA (Figs. 25 and 26; Table 6) 

Description. The pectoral girdle is composed of seven elements; the post­
temporal, the supratemporal, the cleithrum, the scapula, the coracoid, the actinost 
and the postcleithurm. The supratemporal is described and discussed in the section 
of the cranium. 

Posttemporal (PT): The posttemporal is a V-shaped bone and usually widely 
forked anteriorly to form theanterodorsal process and the anteroventral process. 
The anterodorsal process of this bone is a long and flat process, and articulates with 
the dorsal facet of the epiotic. The anteroventral process of this bone is a rod-like 
shaped process, and is ligamentously connected with the intercalar. In the fishes of 
the families Agonidae and Rhamphocottidae, the posttemporal is not forked anter­
iorly and present as a triangular bone. The posttemporal is attached to the anterior 
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Fig. 25. Lateral aspects of the pectoral girdle in 8 cottoid fishes. A, Hemitripterus 
villosus, B, Blepsias cirrlwsus; C, Dasycottus setiger; D, Malacocottus gibber; E, 
Pseudoblennius percoides; F, Vellitor centropomus; G, Oligocottus maculosus; H, 
Gymnocanthus herzensteini. AC, actinost; CO, coracoid; CL, cleithrum; PT, 
posttemporal; SC, scapula; SUC, supracleithrum. Scales indicate 5 mm. 

tip of the supracleithrum posteriorly. The sensory canal of the supratemporal 
runs into the lateral line through the posttemporal and the supracleithrum. 

Supracleithrum (SUO): The supracleithrum is triangular and laminal in 
general form. On the dorsal margin, this bone possesses a tubular structure where 
the sensory canal passes. This bone is attached to the postttemporal anteriorly, and 
to the claithrum posteromedially. The Baudelot's ligament attaches to the medial 
surface of this bone. 

Oleithrum (OL): The cleithrum is the largest bone in this region. This bone 
is slightly curved anteromedially. The dorsal part of this bone is flattened with a 
large notch where the Baudelot's ligament passes. On this region the cleithrum is 
ligamentously connected with the supracleithrum laterally and is attached to the 
postcleithrum posteriorly. On the middle part of this bone, there is a developed 
lateral wing. The posterior surface of this wing is broadly inserted by the muscles 
of the abductor series of pectoral fin. On the anteroventral face of this wing, there 
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is a shallow fossa where the muscular fibers of the stemohyoidius and pharyngo­
clavicularis insert. On this region the cleithrum is firmly connected with the 
scapula posterodorsally, and with the dorsal arm of the coracoid. The posterior 
lamina of the cleithrum usually overlies on parts of the scapula and the coracoid. 
On the ventral part, the cleithum is flattened to form the cleithrum foot. The 
cleithrum foot is firmly connected with its antimere on the anteroventral margin, 
and with the ventral arm of the coracoid through a cartilaginous interval 
ventrolaterally. On the medial surface of this region the cleithrum articulates to the 
anterolateral surface of the pelvis. 

Scapula (SC): The scapula is quadrangular or rhombic in general shape. 
This bone attaches to the cleithrum anteriorly. In the most cottoid fishes, this bone 
supports upper two actinosts posterioly, while it supports the uppermost actinost in 
the hemitripterid and psychrolutid fishes. In the most of cottoid fishes, a large 
foramen is present between the cleithrum and this bone, and the branch of the ramus 
lateral is accessorius nerve passes through the foramen. In the fishes belonging to 
the genera Jordania and Rhamphorottus, the scapula foramen is placed on the 
scapula, but the crack is present on the anterior part of this bone. 

Coracoid (CO): The coracoid is falciform in general shape. This bone is 
connected with the cleithrum by two arms. Anterodorsally it firmly attaches to 
posterior margin of the cleithrum. Anteroventrally this bone extends lower forward 
and attches to the cleithrum foot through the cartilaginous interval. This bone is 
separated from the scapula by the cartilaginous interval. This bone supports lower 
two actinosts in the most of the cottoid fishes, while it supports only the lowermost 
one in Hemitripterus, Blepsias, Artediellus, Artediellichthys, Oottiusaulus and Zes­
ticelus and the family Psychrolutidae. 

Actinost (AC): Actinosts are thin and quadrangular in general shape, and lie 
between the scapula and the coracoid. In the cottoid fishes examined here except 
for Srorpaeniihtys, four actinosts are present. In Srorpaenichthys marmoratus, there 
are three actinosts. In the most of the cottoid fishes examined, there are a few small 
pores between each actinost, while such a pore is absent in the psychrolutid fishes. 

Postcleithrum : The postcleithrum is slender and slightly curved. Most of the 
cottoid fishes examined have two postcleithra. The fishes of the genera Oottunaulus, 
Eurymen and N autichthys have a small postcleithrum. There is no element of this 
bone in A scelichthys , Olinorottus and Synchirus. 

Pectoral fin: In the ereuniid fishes, lower four rays are free from the upper 
part. In the Synchirus gilli, the pectoral fin is united to its antimere on the breast. 
These conditions are not observed in the other cottoid fishes. 

DisaussWn. The pectoral girdle of the cottoid fishes has been examined by 
several authors (Girard, 1852; Gill, 1889; Regan, 1913; Johnson, 1918; Starks, 
1930; Rendahl, 1934; Matsubara, 1936; Taranetz, 1941; Watanabe, 1958; Yabe, 
1981, 1983). In these studies, the distance between the scapula and the coracoid, 
and the number of the actinosts have been remarked. Among the cottoid fishes 
examined, the differences are found in the following six characters; the condition of 
the scapula foramen, the relation between the scapula and the coracoid, the number 
of the actinosts, the presence or absence of the pores between each actinost, the 
presence or absence of the free pectoral rays, the presence or absence of the con-
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Fig. 26. Medial aspects of the pectoral girdle. A, Jordania zurwpe; B, Bero elegans. 
SF, scapula foramen. Scales indicate 2 mm. 

tinuous pectoral fin. 
Condition of the scapula foramen: Among the cottoid fishes examined here, 

there are two types on this character. Type A has the scapula foramen closed on the 
scapula. There is a crack on the anterior part of the scapula (Fig. 26, A). Type B 
is the condition that the scapula foramen is opened against the cleithrum (Fig. 26, 
B). In the generalized percoid fishes, the scapula foramen is completely closed, and 
the crack is absent (Starks, 1930; Rendahl, 1934; Katayama, 1959; Gosline, 1966). 
This condition is similar to type A in the cottoid fishes. It is considered that type 
A of this character is the primitive condition in the cottoid fishes, and that type A 
is more derived than the condition of the generalized percoid fishes because the crack 
is absent in the percoid type. Among the other scorpaeniform fishes, the scapula 
foramen is present on the scapula in the scorpaenoid, platycephalid, hexagrammid, 
zaniolepidid, anoplopomatid representatives (Regan, 1913; Starks, 1930; Rendahl, 
1934; Matsubara, 1943; Matsubara and Ochiai, 1955) But this foramen is opened 
against the cleithrum in the hoplichthyid and triglid fishes (Regan, 1913; Starks, 
1930; Rendahl, 1934). In the cyclopterid and the liparidid fishes, the foramen is 
very reduced and present as a narrow slit between the scapula and the cleithrum, 
or absent (Starks, 1930; Veno, 1970). 

Relation between the scapula and the coracoid: In the cottoid fishes, the 
width between the scapula and the coracoid is gradually changed. . Many inves­
tigaitors have remarked this character (Gill, 1889; Regan, 1913; Taranetz, 1941; 
Matsubara, 1943; Quast, 1965). Regan (1913) regarded this character as a differece 
between his families Cottidae and Psychrolutidae-Cottunculidae. Teranetz (1941) 
considered that the width between both bones could be widen to accompany the loss 
of mobility in the cottoid fishes. Among the cottoid fishes examined here, the 
condition of this character is changed successively, and can not be classified into any 
distinct morphotypes. But, the scapula is always separeted from the coracoid in all 
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cottoid fishes. This condition has not been reported from the generalized percoid 
fishes which have the scapula attaching or closely approaching to the coracoid 
(Starks, 1930; Katayama, 1959; Gosline, 1966). Thus, it is considered that the 
condition having the scapula separated from the coracoid is the derived condition 
shared by all cottoid fishes. Among other scorpaeniform fishes, the percoid type of 
this character has been observed in the scorpaenoid, platycephalid, zaniolepidid, 
anoplopomatid fishes (Regan, 1913; Starks, 1930; Rendahl, 1934; Matsubara, 1943, 
Quast, 1965). In the hexagrammid and triglid fishes, the condition of the cottoid 
fishes has been observed (Starks, 1930, Rendahl, 1934; Quast, 1965). In the 
cyclopterid and the liparidid fishes, the scapula is far apart from the coracoid (Deno, 
1970). 

Number of actinosts: Most of the cottoid fishes have four actinosts, while only 
a species Scorycumichthys marmoratus has three actinosts. The condition of the 
Scorpcumichthys has been described by Starks (1930). Taranetz (1941) remarked this 
character and considered that Scorpaenichthys was not included in the cottoid fishes, 
and "trend more toward the antarctic N ototheniformes". It is considered that the 
condition in Scorpaenichthys is derived condition in the cottoid fishes, because the 
generalized percoid fishes have four actinosts (Starks, 1930; Katayama, 1959; 
Gosline, 1966). It is considered that the condition of Scorpcumichthys could be occur 
by the fusion between the scapula and the uppermost actinost. Among other 
scorpaeniform fishes, it has been clarified that the uppermost actinost is often fused 
to the scapula in the scorpaenid fishes (Starks, 1930; Matsubara, 1943). The other 
scorpaeniform fishes examined here are possessed of four actinosts. 

Pores between each actinost : In the most of cottoid fishes examined, there are 
one to four small pores between each actinosts. Number and size of these pores are 
variable within species. But it is always absent in the psychrolutid fishes. In the 
generalized percoid fishes, there are wide spaces between each actinost. Therefore 
it is considered that the condition possessing pores between each actinost is the 
primitive condition in the cottoid fishes. These pores have been observed in the 
scorpaenoid, triglid, platycephalid, anoplopomatid, zaniopepidid, hexagrammid and 
cyclopterid fishes (Starks, 1930; Rendahl, 1934; Matsubara, 1943; Quast, 1965; 
Deno, 1970). 

Free pectoral fin rays: In the ereuniid fishes examined, the lower four fin rays 
are free from the upper lobe of the pectoral fin. This condition is not observed in 
the other cottoid fishes. In the generalized percoid fishes, the free pectoral fin rays 
are absent. Therefore, the condition observed in the ereuniid fishes is the derived 
condition in the cottoid fishes. Among the scorpaeniform fishes, the triglid fishes 
have three free pectoral fin rays, and the peristidid fishes have two free pectoral fin 
rays. In these two groups the muscular condition of the pecotral fin is remarkably 
modified (described in the myological section). 

Continuous pectoral fin : Among the cottoid fishes examined here, Synchirus 
gilli has the pectoral fin which attaches to its antimere on breast. This condition 
is not observed in the cottoid fishes examined as well as the scorpaeniform and 
generalized percoid fishes. Thus it is considered that the condition oberved in 
Synchirus gilli is the unique and derived condition in the cottoid fishes. 

On the basis of the conditions of the pectoral girdle and fin rays, the cottoid 
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Table 6. Comparison of five characters of the pectoral girdle in the cottoid fishes. SCF, scapula foramen; FPR, free pectoral rays; PAC, pores 
between each actinost; PCF, condition that the pectoral fin is attached to its antimere on the ventral midline; NAC, number of actinosts. 
P, primitive condition; D, derived condition. 

Character 
Morphotype Family and genus 

SCF FPR PAC PCF NAC 
, , 

Rhamphocottidae; Rhamp1wcottus 
close: P 

, 
I absent P , , 

Cottidae; Jordania , 

II 
, , present: D Ereuniidae; Marukawichthys, Ereunias , 

, Agonidae; Agonomalus, Podothecus, Tilesina 

, Hemitripteridae; Hemiteripterus, Blepsias, , 
, N autichthys 

Cottidae; Hemilepidotus, Leptocottus, Trachidermus, 
, 

4 ,P Gottus, Artedius, Ghitonotus, Orthonopias, Triglops, 

absent :P 
, 

Radulinus, Asemichthys, Astrocottus, lcelus, 

III absent P present P Ricuzenius, Stelgistrum, Thyriscus, Stlengis, 

lcelinus, Oligocottus, Glinocottus, Leiocottus, 

open, D Ascelichthys, Taurocottus, Tric1wcottus, Artediellus, 
, 

Artediellichthys, Gottiusculuc, Zesticelus, , , 
, Myoxocephalus, Microcottus, Porocottus, Argyrocottus, , 

Enophrys, Taurulus, Alcicthys, Bero, Ocynectes, 

Furcina, Vellitor, Pseudoblennius , , , , 
IV , 

3 :D Cottidae; Scorpaenichthys , , , 

V present : D 
, 

Cottidae; Synchirus , , , 
4 :p Psychrolutidae; Dasycottus, Eurymen, Ebinania, 

VI absent ,D absent P 
Gottunculus, Malacocottus, Neophrynichtys, Psychrolutes , 
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fishes are classified into six morphotypes summarized in Table 6. 

8. PELVIC GIRDLE AND FIN RAYS (Figs. 27 and 28; Table 7) 

DesCYription. The pelvic fin is supported by a pair of the pelvis. 

[XXXII, 1 

Pelvis (PV): The pelvis is a triangular or quadrangular and stout bone in 
general form. This bone is sutured with it.<; antimere on the ventral midline with a 
median gap. It forms the suprapelvic keel (SPK) dorsolaterally and the subpelvic 
keel (SBK) ventrolaterally. This bone has one articular facet anterolaterally where 
it articulats with the ventromedial surface of the cleithrum. The pelvis has the 
subpelvic process (SBP) which is situated on the ventral midline just posterior to 
median gap, and projects forward. This process is developed in the most of the 
cottoid fishes, but it is rather short in the hemitripterids, and it is obscure in the 
agonid fishes. The postpelvic process (POP) is situated on the posteromedian tip of 
the pelvis. This process is normally developed in the ereuniid and cottid fishes, but 
it is blunt in the other cottoid fishes. In RhampMoottus richardsoni, the pelvis is 
greatly modified in comparison with that of the other cottoid fishes; the subpelvic 
keel is well developed to project forward, and the suprapelvic keel extends anter­
odorsally (Fig. 28). 

Pelvic fin rays: Among the cottoid fishes examined here, the number of the 
pelvic fin rays is remarkably changed. The psychrolutid, hemitripterid and rham­
phocottid fishes have one spine and three soft rays on the pelvic fin. The agonid 
fishes have one spine and two soft rays. Among the ereuniid fishes, the genus 

Fig. 27. Dorsal (above), ventral (middle) and lateral (below) aspects of the pelvic girdle 
in 10 cottoid fishes. A, Marukawichthys ambulator; B, Hemitripterus villosus; C, 
Eurymen gyrinus; D, Hemilepidotus gilberti; E, Ricuzenius toyamensis; F, 
Cottus pollux; G, Bero elegans; H, Ocynectes maschalis; J, Furcina oshimai; J. 
Artediellus dydymovi. POP, postpelvic process; PV, pelvis; SBK, subpelvic keel; 
SBP, sub pelvic process; SPK, suprapelvic keel. Scales indicate 2 mm. 
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B 

Fig. 28. Pelvis in Rhamp1wcottus richardsoni. A, medial aspect; B, lateral aspect; C, 
ventral aspect. Scale indicates 5 mm. 

Marukawichthys has one spine and four soft rays, while the genus Ereunias has no 
pelvic fin element or only a vestigial spine under the skin. In the cottid fishes, the 
number of the pelvic fin is changed from one spine and five soft ray to no fin element. 
The number of the pelvic fin rays in each cottoid fishes is shown in Table 7. 

Disrussion. The pelvic girdle of the cottoid fishes has been described by Girard 
(1852), Johnson (1918), Taliev (1955), Watanabe (1958) and Yabe (1981). The 
number of the pelvic fin rays has been regarded as the important character for the 
identification and evolutional consideration in the cottoid fishes (Taranetz, 1941; 
Bolin, 1947; Watanabe, 1958; Quast, 1965; Yabe, 1981). In the present study, 
the distinct differences within the cottoid fishes are found in the general form of the 
pelvis and the number of pelvic fin rays. 

General form of the pelvis: The general form of the pelvis is changed in the 
cottoid fishes. Watanabe (1958) attented to this character and classified the 
Japanese cottoid fishes into eight morphotypes. In the present study, it is clarified 
that there are many intermediate conditions between each morphotype defined by 
Watanabe (1958). But Rhamphocottus richardsoni has an unique pelvic girdle 
which is distinctly different from that of other cottoid fishes. This condition is 
characterized by having remarkably developed subpelvic keel and the suprapelvic 
keel (Fig.28), and unique distribution of the pelvic muscles described in the 
myological section (Fig. 46). This condition has not been reported from the gener­
alized percoid fishes. It, therefore, is considered the condition found in Rham­
phocottus is the unique and derived among the cottoid fishes. 

Number of the pelvic fin rays: The number of the pelvic fin rays is remarkably 
changed within the cottoid fishes in comparison with that of the other fish groups. 
Its number is changed from 0 to one spine and five soft rays as summerized in Table 
7. This character has been regarded as the important for identification of the 
cottoid fishes (Jordan and Evermann, 1898; Jordan and Starks, 1904; Taranetz, 

- 55-



"" a> 

Table 7. Comparison of two characters of the pelvic girdle in the cottoid fishes. NFR, number of pelvic fin rays; GFP; general 
form of the pelvis. P, primitive conditios; D, derived condition (Dl<D2<D3······). 

------

Character 
Morphotype Family and genus 

NFR GFP 

I 1,5 
, 

P 
, 

Cottidae; Jordania, Scorpaenichthys , , , 
, normal: P Ereuniidae; Marukawichthys II 1,4 :Dl Cottidae; Hemilepidotus, Leptocottus, Trachidermus, Cottus 

III unique D Rhamphocottidae; Rhamphocottus 

, Hemitripteridae; Hemitripterus, Blepsias, Nautichthys 
Cottidae; Artedius, Chitonotus, Orthonopias, Triglops, Radulinus, Asemichthys, 

1,3 : D2 Astrocottus, Icelus, Ricuzenius, Stelgistrum, Thyriscus, Oligocottus, 

IV Clinocottus, Leiocottus, Synchirus, Gymnocanthus, Artediellus, Cottiusculus, 
Artediellichthys, Taurocottus, Trichocottus, MyfJ'JXJcephalus, Microcottus, 

, Porocottus, Argyrocottus, Enophrys, Taurulus , , Psychrolutidae; Dasycottus, Eurymen, Ebinania, Cottunculus, Neophrynichthys, , 
normal P , Psychrolutes , , 

Agonidae; Agonomalus, Podothecus, Tilesina 
V 1,2 D3 Cottidae; Icelinus, Stlengis, Zesticelus, Alcichthys, Bero, Ocynectes, Furcina, 

Pseudoblennius, Vellitor 

VI lor 0 D4 Ereuniidae; Ereunias 
Cottidae; Ascelichthys 
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1941; Bolin, 1944; Matsubara, 1955; Watanabe, 1958). Bolin (1947) considered 
that the hypothetical cottoid ancestor may be similar to the primitive scorpaenids 
which have one spine and five soft rays on the pelvic fin. On the other hand, 
Watanabe (1958) considered that the condition having one spine and three soft rays 
which is common type in the Japanese cottoid fishes is the basic pattern. In the 
present study, it is regarded that the pelvic fin having one spine and five soft rays 
is the most primitive condition in the cottoid fishes, because the all generalized 
percoid have this condition. It is c<;>nsidered that progressive reduction of fin ray 
elements may be occurred from this primitive condition through the evolutional 
process of the cottoid fishes. 

Among the other scorpaeniform fishes, the pelvic fin is composed of one spine 
and five soft rays in the most of the scorpaenoid fishes, and platycephalid, hexagram­
mid, zaniolepidid and anoplopomatid fishes. The most of the cyclopterid and the 
liparidid fishes have the pelvic disk. It has been reported that the pelvic disk is 
composed of six or less fin ray elements (Deno, 1970; Stein, 1978). 

On the basis of the conditions of the pelvic girdle and fin rays, the cottoid fishes 
are classified into six morphotypes summerized in Table 7. 

9. POSTCRANIAL AXIAL SKELETON centrum. 

Description. (Figs. 29 and 30) 
Vertebrae: The vertebrae are divided into two parts; the abdominal verte­

brae (A V) and the caudal vertebrae (CV). The abdominal vertebrae are character­
ized by the absence of the haemal spines. The typical adbominal vertebra is 
possessed of the neural arch and the neural spine (NS). A pair of the neural 
prezygapophyses (NPZ) is present on the anterodorsal tip of neural arch, and a pair 
of the neural postzygapophyses (NOZ) is present on the posterodorsal tip of the 
contrum. The haemal prezygapophysis and postzygapophysis are not developed in 
the abdominal vertebrae. The centra of anterior some abdominal vertebrae are 
shorter than those following. The first abdominal vertebra is modified to form three 
articular facet anteriorly; one of them is articulated to the basioccital, and the 
others are to the exoccipitals of both sides. This bone has the neural arch which is 
not fused with the opposite member dorsally, and does not have the neural spine. 
Posterior abdominal vertebrae have a pair of parapophyses (PAP) situated on the 
anteroventral sides of the centrum. In the posterior some abdominal vertebrae, the 
parapophysis is fused with its opposite member and forms the heamal arch (HA). 
The caudal vertebrae are characterized by having the haemal spines (HS). All 
haemal spines are fused with the centra. In the caudal vertebrae, the haemal 
prezygapophysis (HPZ) and the postzygapophysis (HOZ) are developed as well as 
the neural zygapophyses. In the last some vertebrae, the haemal postzygapophysis 
is fused with the haemal spine to form a small pore. In the ereuniid and some of 
cottid fishes, the lateral process is present on the lateral side of the posterior some 
caudal vertebrae. 

Pleural ribs (PR): The pleural ribs are present on some posterior abdominal 
vertebrae in most of the cottoid fishes examined here. The number of the pleural 
ribs is two to eight (usually three to five). But this bone is absent in the agonid 
fishes Podothecus and Tilesina. The pleural ribs, when present, begin with sixth to 
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DP 

Fig. 29. Lateral view of anterior vertebrae and associated bones in Hemilepidotus gilberti. 
CV, first caudal vertebra; DP, distal pterygiophore; EPR, epipleural rib; HS, first 
haemal spine; NOZ, neural postzygapophysis; NPZ, neural prezygapophysis; NS, 
neural spine; PR, pleural rib; POP-D, proximal pterygiophore; R, dorsal ray; S, 
dorsal spine. Scale indicates 10 mm. 

16th vertebrae (ususally eighth to 11th) and end on nineth to 18th vertebrae (usually 
11th to 13th). There is no pleural rib on the anterior five vertebrae in all cottoid 
fishes. The pleural rib is usually placed on the parapophysis, but a few anterior 
rudimentary ribs lie on the wall of the abdominal cavity. 

Epipleural ribs (EPR): The epipleural ribs are present on the abdominal 
vertebrae and some of anterior caudal vertebrae. The first epipleural rib begins 
with the first vertebra. The epipleural ribs attach to the lateral surface of the 
centra. 

Disrussion. The vertebrae and associated bones have not been satisfactorily 
examined in the cottoid fishes. However, Regan (1913) and Quast (1965) mentioned 
the oondition of the epipleural ribs and pleural ribs. Regan (1913) used the 
condition that both ribs attaches to the parapophysis as the diagnosis of 
hexagrammid-anoplopomatid fishes among the scorpaeniformes. Quast (1965) also 
observed this condition in hexagrammid, zaniolepidid, anoplopomatid and cottoid 
fishes, and considered that "the cottid condition seems much more easily derivable 
from that of the hexagrammid, zaniolepidids and anoplopomatids, in which the two 
types of ribs originate on vertebrae, than from that of the scorpaenids". In the 
cottoid fishes examined here, the pleural and epipleural ribs attach to the parapo­
physis. In the generalized percoid fishes, it has been reported that the epipleural rib 
attaches to the pleural rib on each abdominal vertebra except for anterior two in 
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B POP-D 

~ 
-- POP-A 

Fig. 30. Caudal vertebrae and associated bone. A, Marukawichthys ambulator (above, 
dorsal aspect; below, lateral aspect); B, HemilepiOOtus gilberti (lateral aspect). 
LP, lateral process; POP-A, proximal pterygiophore of anal fin; POP-D, proximal 
ptenygiohore of dorsal fin; PV, preural centrum; ST, stay; V, vertebrae. Scales 
indicate 5 rom. 

which the pleural rib is absent (Stokely, 1952; Dineen and Stokely, 1956; Quast, 
1965). Therefore it is considered that the condition that the pleural and epipleural 
ribs attach to the centrum is the derived condition, and it is the synapomorphy of 
the all cottoid fihses, hexagrammid, zaniolepidid, and anoplopomatid fishes. In 
regard to this character, it is considered that the assuption of Quast (1965) is 
adequate. 

Among the cottoid fishes examined, the differences are found in the numbers of 
vertebrae, pleural and epipleural ribs, and condition of the lateral process of the 
caudal vertebrae. But these characters are remarkably variated within species. 
Thus they are not used for the phylogenetic consideration. 

10. MEDIAN FIN SUPPORTS (Figs. 29-31; Table 8) 

Description. The median fins are supported by three elements; the proximal 
pterygiophore, the distal pterygiophore and the stay. The medial pterygiophore is 
not observed in the cottoid fishes examined. 

Proximal pterygiophore (POP): These bone are slender triangular in general 
form, and located between the neural spines on the dorsal series and between the 
haemal spines on the anal series. The first proximal pterygiophore of the dorsal 
series (POP-D) is placed between the first and the second vertebrae in the many 
cottoid fishes. It inserts before the first vertebra in the ereuniid fishes and the cottid 
fishes of the genera Aldchthys, Bero, Ohitonotus, Fur-dna, Pseudoblennius, Vellitor, 
Ocynectes, lcelinus, Scorpaenichtys. In these fishes, the proximal pterygiophore is 
not found in the interspace between the first and the second vertebra. In 
Hemitripterus villosus, the first and the second proximal pterygiophores of the dorsal 
series are situated before the first vertebra. In two agonid genera Tilesina and 
Podothecus, the first proximal pterygiophore found in more posterior interspace than 
that of the other cottoid fishes. The first proximal pterygiophore of the dorsal series 
is situated between the fourth and the fifth vertebrae in Podothecus, and between the 
sixth and the seventh in Tilesina. 
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In the cottoid fishes examined, there is no predorsal proximal pterygiophore. 
The interdorsal pterygiophore, which is placed between the spinous and soft dorsal 
fins and does not support the fin ray element, is present in several cottoid fishes. 
The number of the interdorsal pterygiophores is instable in the cottoid fishes. Many 
cottoid fishes do not have the interdorsal pterygiophore. There is no or one inter­
dorsal pterygiophore within the species of Jordania zonope, Alcichthys alcicornis, 
Argyrocottus zanderi, Ocynectes maschalis, Taurocottus bergi, Triglops scepticus, 
Blepsias cirrhosus and Gymnocanthus spp .. There is one interdorsal pterygiophore in 
all examined species of Astrocottus, Leptocottus, Microcottus, Oligocottus, Stlengis and 
Taurulus. There is one or two interdorsal pterygiophores within a species of 
Myoxocephalus polyacanthocephalus, Ereunias grallator and Hemitripterus bolini. 
In the agonid fishes, there are two interdorsal pterygiophores in Podothecus, and 
three in Tilesina. 

The first pterygiophore of the dorsal series supports two dorsal spines in the 
most of cottoid fishes, while it supports one spine in the cottid genera Cottus, 
Leptocottus, Trachidermus, Zesticelus, and the psychrolutid genera Cottunculus and 
Ebinania. The last proximal pterygiophore of the dorsal series usually supports one 
fin ray in the many cottoid fishes, while it supports two rays in the fishes of the 
genera Cottus, Hemilepidotus, Jordania and Scorpaenichthys. The last pterygio­
phore of the anal series usually supports one fin ray in the cottoid fishes, while it 
supports two rays in the fishes of the genera Cottus, Hemilepidotus, Jordania, 
Nautichthys, Rhamphocottus, Scorpaenichthys, and Hemitripterus 

Distal pterygiophore (DP): The distal pterygiophore is a small bone placed 
between each proximal pterygiophore and fin ray. This bone supporting the spiny 
ray is unpaired, while that supporting soft ray is paired bone. The distal pterygio­
phore placed on the first proximal pterygiophore of dorsal series is not observed. 

Stay (ST): The stay is a small bone placed behind the last proximal pterygio­
phore of the dorsal and anal proximal pterygiophores. This bone is present in the 
fishes of the families Ereuniidae and Rhamphocottidae, while it is absent in the 
other cottoid fishes. 

Discussion. The structure of the median fin supports in the cottoid fishes and 
the other scorpaeniform fishes have been described or discussed by some authors 
(Girard, 1852; Johnson, 1918; Matsubara, 1943; Quast, 1965; Deno, 1970; Yabe, 
1981, 1983). In the present study, the distinct differences within the cottoid fishes 
are found in the position of the anterior proximal pterygiophore of the dorsal series, 
the differences between the cottoid fishes and the percoid fishes are found in the 
anal series, and the presence or absence of the stay. In addition to these characters, 
the differnces between the cottoid fishes and the percoid fishes are found in the 
conditions of the pre dorsal pterygiophore and the anal spines. 

Position of the anterior proximal pterygiophore of dorsal series: On the basis 
of this character, the cottoid fishes are classified into five morphotypes. The first 
type, type A, includes many cottoid fishes in which the first pterygiophore inserts to 
the second interspace (between the first and the second vertebrae) (Fig. 31, A). 
Type B is the condition that the first proximal pterygiophore of the dorsal series is 
situated on the first interspace. The second interspece is not inserted by any 
pterygiophore (Fig. 31, B). Type C is the condition that anterior two pterygio-
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Fig.31. Insertion of anterior proximal pterygiophore of dorsal series. A-D, conditions 
observed in the cottoid fishes; E, condition in the platycephalid fish; F, condition 
in the scorpaenid fishes; G, condition in the liparidid fish; H, generalized percoid 
type; I, condition in Niplwn (Serranidae). 

phores insert to the first interspace (Fig. 31, C). Type D includes a agonid fish 
Podotherus in which the first pterygiophore is placed in the fifth interspace (Fig. 31, 
D). Type E includes Tilesina in which the first pterygiophore is in the seventh 
interspace. In the generalized percoid fishes, this character has been described and 
discussed by many investigators and regarded as one of the important characters for 
the phylogenetic considerations of these fishes (Katayama, 1959; Smith and Bailey, 
1962; Gosline, 1966; Kendahl, 1976; Johnson, 1983). In these fishes, there are two 
or three pre dorsal pterygiophores. The first proximal pterygiophore is usually 
placed in the third interspace, and the second and third in the fourth interspace. In 
a serranid fish Niphon spinosus, the first pterygiophore is in the second interspace 
(Fig. 31, I). It, therefore, is considered that the condtion of type A is the most 
primitive in the cottoid fishes, because this condition are present in one of the 
generalized percoid fishes. From this primitive condition, two evolutional trends 
could be occurred in the cottoid fishes. One of them is the anterior extension of the 
dorsel pterygiophore (type A-4type B-4type C), and another is the retreat of the 
dorsal pterygiophore (type A-4type D-4type E). The former trend is occurred in 
most cottoid fishes, and the latter is occurred only in the agonid fishes. 

On the other hand, there are various condition referring to this character in the 
scorpaeniform fishes here. Type A of the cottoid fishes is observed in the zaniole­
pidid fishes, and the type B is in the hexagrammid fishes. The type of the 
generalized percoid fishes is present in the triglid, bembrid, and platycephalid fishes. 
In the scorpaenid and cyclopteid fishes examined, the first and the second proximal 
pterygiophore inserts to the third interspace (Fig. 31, F). In the liparidid fishes, the 
first pterygiophore inserts to the third space. 

Number of fin rays supported by the last proximal pterygiophores : Among the 
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Table 8. Comparison of three characters of the median fin supports in the cottoid fishes. APP, insertion of the anterior proximal 
pterygiophore of dorsal series; STA, stay; NRL, number of fin rays on last pterygiophores (dorsal-anal). P, primitive condition; 
D and IY, derived conditions on different trends. 

--

Character 
Morphotype Family and genus 

APP STA NRL 

I 
, , 2-2 P Cottidae; Jordania, Scorpaenichthys, Hemilepicrotus 

2nd interspace P 

II , absent :D Hemitripteridae; Nautichthys, Hemitripterus bolini 

III 2 pterygiophores in: D2 , 1-2 Dl Hemitripteridae; Hemitripterus villosus 
1st interspace : , 

IV 2nd interspace P Rhamphocottidae; Rhamphocottus 
, 

present P ~ , 
V 1st interspace :Dl 

~ 
Ereuniidae; Marukawichthys, Ereunias 

Cottidae; Cottus, Trachidermus, Leptocottus, Radulinus, 
OrtJumopias, lcelus, Ricuzenius, Stelgistrum, Stlengis, 
Oligocottus, Clinocottus, Leiocottus, Gymnocanthus, Synchirus, 

VI 2nd interspace : P 
Artediellus, A rtediellichthys , Zesticelus, Taurocottus, 

, Trichocottus, A rgyrocottus, Myoxocephalus, Microcottus, 
Enophrys, Taurulus, 

1-1 D2 Psychrolutidae; Dasycottus, Eurymen, Ebinania, Cottunculus, 
absent :D Malacocottus, Neophrynichthys, Psychrolutes 

Agonidae; Agonomalus 
Hemitripteridae; Blepsias 

VII 1st interspace Dl Cottidae; Chitonotus, lcelinus, Alcichthys, Bero, Ocynectes, Furcina, 
Pseucroblenn ius, Vellitor 

VIII 5th interspace D; Agonidae; Pocrothecus 

IX 7th interspace rr. Agonidae; Tilesina 
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cottoid fishes examined, three conditions are observed in this character. Type A 
includes the cottid fishes of the genera Jordania, Hemilepidotus and Soorpaenichthys. 
In these fishes, the last proximal pterygiophores of the dorsal and anal series support 
two rays. Type B includes the fishes of the genera Nautichthys, Hemitripterus and 
Rhamphooottus. In these fishes, the last pterygiophore of the dorsal series supports 
one ray, while that of anal series supports two rays. In type C observed in other 
cottoid fishes, the last pterygiophores of the dorsal and anal series support a single 
ray. In the generalized percoid fishes, the last proximal pterygiophores of the dorsal 
and anal series support two rays. It, therefore, is considered that the conditon of 
type A is most primitive among the cottoid fishes, and type C is most derived 
condition. The condition of type A is observed in all scorpaeniform fishes 
examined except for the cyclopterid and the liparidid fishes in which the condition 
of the type C is observed. 

Condition of the stay: This bone had been described as the last distal 
pterygiophore until Weitzman (1962) used the term "stay". Among the cottoid 
fishes examined here, this bone is observed in the ereuniid and rhamphocottid fishes. 
It has been observed in the generalized percoid fishes and other fish groups (Dineen 
and Stokely, 1956; Potthoff, 1974 and 1975; Houde and Potthoff, 1976; Potthoff et 
aI., 1980). Therefore it is considered that the presence of the stay is the primitive 
condition in the cottoid fishes. On the other hand, among the scorpaeniform fishes 
examined here, the stay is present in the most of the other scorpaeniform fishes 
except for the cyclopterid and liparidid fishes which do not have this bone. 

On the basis of the condition of the median fin supports, the cottoid fishes are 
classified into nine morphotypes summarized in Table 8. 

11. CAUDAL SKELETON AND FIN RAYS (Fig. 32; Table 9) 

Description. The caudal skeleton is composed of the hypural-parhypural com­
plex bone, the stegural and the epurai. A few posterior centra are possessed of 
somewhat enlarged neural and haemal spines to form the preural centra. 

Hypural-parhypural complex bone (HC): This complex bone is a fan-like in 
shape, and possesses a developed neural prezygapophysis anterodorsally, a small 
haemal prezygapophysis anteroventrally and a notch posteromedianly. This com­
plex bone supports the principal caudal rays. The hypurapophysis is not developed 
in the cottoid fishes examined. In the fishes of the families Hemitripteridae and 
cottid genera Jordania, Hemilepidotus and Soorpaenichthys, this complex bone is 
divided into the upper and the lower lobes. In this condition, a sutual line passes 
from the haemal prezygapophysis to the posterior notch (Fig. 32, C). In the other 
cottoid fishes, this complex bone is present as a single bone. 

Epural (EPU): The epurals are slightly curved bones and situated on the 
interspace between the last neural spine and the hypural-parhypural complex bone. 
They support the procurrent rays of the dorsal series on the dorsal margin. The 
number of the epurals is usually three in the most of the cottoid fishes, but it is two 
or three within a species of Oottiusculus gonez, Artediellus dydymovi and Dasycottus 
setiger. The condition of two epurals is found in Ascelichthys rhodorus, Leptocottus 
armatus, Trachidermus fesciatus and Agonomalus jordani. In the two agonid genera 
Tilesina and Podothecus, the epural is present as a single bone. 
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STU EPU 

HC 

Fig. 32. Lateral aspects of the caudal skeleton in 4 cottoid fishes. A, Marukawichthys 
ambulawr; B, Rhamp1wcottus richardsoni; C, Hemilepidotus gilberti; D, Icelus 
spiniger. EPU, epural; HC, hypural and parhypural complex; PU-2, second 
preural centrum; STU, stegural. Scales indicate 2.5 mm. 

Stegural (STU): The stegural is a slender bone placed between the epural and 
the hypural-parhypural complex. This bone is present in the hemitripterid and 
ereuniid fishes, the psychrolutid fishes of the genera Dasycottus and Ebinania, and 
the cottid fishes of the genera Alcichthys, Bero, Ascelichthys, Ohitonotus, Hemiltr 
pidotus, lcelinus, Jordania, Taurooottus, Trichocottus and Thyriscus. This bone is 
present or absent within a species of Oligocottus maculosus,Pseudoblennius percoides, 
Pseudoblennius cottoides, Rhamphocottus richardsoni, Soorpaenichthys marmoratus 
and Taurulus bubalis. In the other cottoid fishes examined here, the stegural is not 
found. 

Preural centrum II (PU-2): The haemal spine of this centrum is present as a 
plate-like bone which is fused with the centrum. The neural spine of the centrum 
is elongated in many cottoid fishes, but it is not in the cottid genera Jordania, 
Hemilepidotus and Scorpaenichthys and the ereuniid genus Marukawichthys. 

Caudal fin rays: The caudal fin rays are classified into the principal rays and 
procurrent rays of dorsal and ventral series. The principal rays are supported by 
the hypural-parhypural complex bone and interconnected by the muscular fibers of 
the interradialis. The principal rays of the central part of the caudal fin are 
branched in the most of the cottoid fishes, while they are unbranched in the fishes 
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of the families Agonidae and Rhamphocottidae, and the hemitripterid genera 
Hemitripterus and Blepsias. The procurrent rays of the dorsal series are supported 
by the epurals and the neural spines of a few posterior centra. The procurrent rays 
of the ventral series are supported by the haemal spines of a few posterior centrum. 

Discussion. The caudal skeleton has been regarded as one of the important 
characters to consider the phylogeny of the teleostean fishes. In the cottoid fishes, 
the caudal skeleton has been described by Girard (1852), Johnson (1918), Taliev 
(1955), Quast (1965), Monod (1967), Cowan (1971) and Yabe (1981, 1983). But the 
variations of this region has not been sufficiently clarified in the cottoid fishes. In 
the present study, the variations within the cottoid fishes are found in the number 
of elements of the hypural-parhypural complex bone, the condition of the neural 
spine on the preural centrum II, the condition of the caudal fin rays, the number of 
epurals and presence or absence of the stegural. In addition to these characters, the 
differences between the cottoid fishes and the generalized percoid fishes are found in 
the condition of the haemal spine on the preural centra and the condition of the 
hypurapophysis. Among these characters, the interspecific variations are found in 
the conditions of the stegural and the epural. Therefore, these conditions are not 
used in the following consideration. 

Number of the elements of the hypural-parhypural complex: On the basis of 
this character, the cottoid fishes are classified into two types. The first type, type 
A, includes all hemitripteid fishes and the cottid genera Jordania, Hemilepidotus and 
Scorpaenichthys. In these fishes, the hypural-parhypural complex bone is composed 
of the upper and the lower elements. The second type, type B, includes other 
cottoid fishes in which the hypural-parhypural complex bone is present as a single 
bone. In the generalized percoid fishes, the complex bone is separated into five 
hypurals, the parhypural and the urostyle (Gosline, 1961 a, b, 1966; Monod, 1967; 
Patterson, 1968; Johnson, 1983). It is assumed that the progressive fusion of the 
hypural elements may be occurred from the generalized percoid type in the 
evolutional process of the cottoid fishes. It can be regarded that the lower lobe of 
the complex bone in type A is the fusion among the parhypural and the hypurals I 
and II, and the lower lobe is the fusion among the hypurals III, IV, (V), and the 
urostyle. In type B, all elements are fused to form a fan-shaped bone. It, there­
fore, is considered that type A is the primitive condition among the cottoid fishes, 
and type B is the derived condition occurred by the progressive fusion of the 
hypural elements. 

The intermediate conditions of this character between the cottoid types and the 
generalized percoid type are found in the scorpaeniform fishes examined. The 
generalized percoid type is observed in a scorpaenid fish Setarches. In the other 
scorpaenoid fishes, the caudal skeleton is composed of three or four hypurals, the 
parhypural and the urostyle. In the anoplopomatid fishes, the complex bone is four 
hypurals, the parhypural and the urostyle. In hexagrammid and the liparidid 
fishes, the complex bone is divided into the upper and the lower lobes and the 
urostyle. In the zaniolepidid and the cyclopterid fishes, the condition of this 
complex bone is similar to that in type A. 

Neural spine of the preural centrum II: The neural spine of the preural 
centrum II is elongated in many cottoid fishes, while it is not in the fishes of the 
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Table 9. Comparison of three characters of the caudal skeleton in the cottoid fishes. HPC, number of elements of the hypural­
parhypural complex bone; NPP, neural spine on the preural centrum 2; CFR, condition of the caudal fin rays. P, primitive 
condition; D, derived condition. 

Character 
Morphotype Family and genus 

HPC NPP CFR 

I 
, 

short :P Cottidae; Jardania, Scorpaenichthys, Hemilepidotus , 
branched P 

II 2 P Hemitripteridae; Nautichthys 
, 

III Hemitripteridae; Blepsias, Hemitripterus , , , 

IV 
unbranched: D Rhamphocottidae; Rhamphocottus 

, , Agonidae; A gonomalus , Podothecus, Tilesina 

Ereuniidae; Ereunias 

Cottidae; Oottus, Leptocottus, Ohitonotus, Orthonopias, lcelus, 

long D Ricuzenius, Stelgistrum, Thyriscus, Stlengis, lcelinus, Radulinus, 

Asemichthys, Astrocottus, Triglops, Artedius, Oligocottus, Olinocottus, 

V 1 D 
Leiocottus, Gymnocanthus, Synchirus, Artediellus, A rtediellichthys , 

Cottiusculus, Zesticelus, Taurocottus, Trichocottus, Myoxocephalus, 
branched P Parocotttus, Microcottus, Argyrocottus, Enophrys, Taurulus, Alcichthys, 

Bero, Ocynectes, Furcina, Pseudoblennius, Vellitar, Ascelichthys 

Psychrolutidae; Dasycottus, Eurymen, Ebinania, Cottunculus, 

Malacocottus, Neophrynichthys, Psychrolutes 

VI short P 
Ereuniidae; Marukawichthys 

Cottidae; Trachidermus 
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genera Jordania, Hemilepidotus, Scorpaenichthys, Marukawichthys and Trachidermus. 
In the generalized percoid fishes, the neural spine of the preural centum II is not 
developed (Gosline, 1961a, 1966; Monod, 1967; Patterson, 1968; Johnson, 1983). 
Therefore the condition having elongated neural spine of the preural centrum II is 
the derived condition in the cottoid fishes. 

Among the scorpaeniform fishes examined, this derived condition is found in the 
cyclopterid and liparidid fishes. In the other scorpaeniform fishes, the neural spine 
of the preural centrum II is not developed. 

Condition of the caudal fin rays: In many cottoid fishes, the caudal fin is 
composed of several branched rays, while it is composed of unbranched rays in the 
agonid, rhamphocottid fishes, and the hemitripteriid genera Hemitripterus and 
Blepsias. It is reported that fifteen branched rays are persent on the caudal fin in 
the generalized percoid fishes (Gosline, 1962; Katayama, 1959; Patterson. 1968). 
Therefore the condition that the caudal fin composed of only unbranched rays is 
derived in the cottoid fishes. 

Haemal spines on the preural centra: In the all cottoid fishes examined, the 
haemal spine of each preural centrum is fused with its centrum, while the spines of 
the preural centra I and II are sutually attached to the centra in the generalized 
percoid fishes (Gosline, 1961a, 1966; Monod, 1967; Patterson, 1968; Johnson, 1983). 
It, therefore, is considered that the former condition is the synapomorphy of all 
cottoid fishes. In all scorpaeniform fishes examined except for the liparidid fish, the 
haemal spine of the preural centrum II (and III) are sutually attached to the 
centrum. A liparidid representative, Liparis tessellatus, has haemal spine fused to 
the preural centrum II. It, therefore, is considered that the condition of the cottoid 
fishes is rather unique condition among the scorpaeniform fishes. 

Hypurapophysis: In all cottoid fishes examined, the hypurapophysis is 
absent. Rhamphocottus richardsoni has a low process on the hypural-parhypural 
complex. But it is considered that this process is not homologous to the hypurapo­
physis, because this process is placed on the region of the urostyle, while the 
hypurapophysis is placed on the parhypural or its region. The process in Rham­
phocottus may be identied as the last lateral process of the caudal vertebrae. Since 
the hypurapophysis has been observed in the generalized percoid fishes (Gosline, 
1961a; Nursall, 1963b; Patterson, 1968; Johnson,1983), it is considered that the 
condition without the hypurapophysis is the derived condition and the synapomor­
phy of all cottoid fishes. Among the other scorpaeniform fishes examined, this 
derived condition observed in the hexagrammid, cyclopterid and liparidid fishes. 

On the basis of the conditions of the caudal skeleton, the cottoid fishes are 
classified into six morphotypes summerized in Table 9. 

VI. Comparative myology 

1. MUSCLES OF THE CHEEK (Figs. 33-35) 

Description 
COTTom FISHES: There are seven muscles serving the cheek region; the 

adductor mandibulae, the levator arcus palatini, the dilatator operculi, the adductor 
arcus palatini, the adductor operculi, the levator operculi and the adductor hyoman-
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dibulae. 
Adductor mandibulae (AI, A2, A3, Aw): The adductor mandibulae is sub­

divided into four sections. The section Al lies on the most dorsal and superficial 
part of the cheek region. It originates from the medial surface of the suborbital stay 
and from the dorsolateral margin of the preopercle. In the cottid fishes, this section 
is connected with the lateral process of the hyomandibular by a strong tendon 
posterodorsally. The anterior tip of this section is converted into a strong tendon, 
and inserts to the medial surface of the maxillary head. In the agonid genera 
Podothecus and Tilesina, the anterior tip of this section is divided into two tendons. 
One of them inserts to the medial surface of the maxillary head, and the other 
tendon is converged to the ligamentum primordium (LIP) inserting to the lateral 
surface of the maxillary head. This section is also connected with the ligamentum 
primordium anteroventrally. Medially, some fibers of this section is connected with 
the sections A 2 and A 3. The section A 2 lies on the ventrolateral part of the cheek 
region. It originates from ventrolateral surface of the suspensorium and inserts to 
the ascending process of the angular. Anteromedially, this section is fused to the 
section A 3 and is connected with the section Aw by an aponeurosis. In the 
psychrolutid genera Eurymen and Psychrolutes, and the cottid genera Ascelichthys, 
Cottus, Trachidermus, and Triglops, a tendinous tissue extends from the anterolateral 
surface of the section A 2 to the ligamentum primordium. The section A 3 lies on 
the dorsomedial part of this muscle. This section originates from the metapter­
ygoid, the symplectic and the hyomandibular. Anteriorly, this section is converged 
to the sections A 1 and A 2, and is fused to the section Aw. The complex muscular 
mass of the sections A 1, A 2 and A 3 is possessed of a tendon which extends from 
the anteromedial part of this complex to the coronomeckelian. The section Aw is 
situated on the medial surface of the lower jaw. Posteriorly, this section is fused 
with the complex muscle of the sections A 1, A 2 and A 3 by an aponeurosis. This 
section is connected with the medial surface of the quadrate. 

Levator arcus palatini (LAP): This muscle occupies the postorbital portion of 
the cheek region. This muscle originates from the lateral surface of the hyoman­
dibular and the preopercle, and inserts to the ventrolateral surface of the sphenotic. 
Superficially, this muscle has two tendinous inserting heads. The anterior head 
inserts to the anterolateral process of the sphenotic, and the posterior head inserts to 
the posterodorsal process of the sphenotic. 

Dilatator operculi (DO): This muscle originates from the dorsolateral fossa of 
the pterotic just above the anterior craniohyomandibular articulation, and from the 
lateral face of the posterodorsal part of the hyomandibular. This muscle inserts to 
the process at the anterodorsal corner of the opercle. 

Adductor arcus palatini (AAP): This muscle is situated on the floor of the 
orbit cavity. This muscle originates from the ventrolateral margin of the paras­
phenoid. Some fibers of this muscle originate from the anterolateral face of the 
prootic. This muscle inserts to the dorsal margins of the palatine and the entopter­
ygoid, and to the dorsomedial surfaces of the quadrate and metapterygoid. 

Adductor operculi: This muscle originates from the ventral surface of the 
pterotic and the lateral face of the exoccipital, and inserts to the dorsomedial surface 
of the opercle. This muscle usually fuses with the adductor hyomandibulae. 
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A3 

Fig. 33. Cheek muscle of Jordania zonope. A, superficial musculatiire; B, after removal 
of Al and A2; C, medial surface of the lower jaw. AI, A2, A3 and Aw, adductor 
mandibula.e; AAP, adductor arcus palatini; DO, dilator operculi; LAP, levator 
arcus palatini; LIP, ligamentum primordium; LO, levator operculi; Q, quadrate. 

Al A2 

Levator operculi (LO): This mem­
branous muscle is separated into two sec­
tions. The anterior section originates from 
the ventrolateral surface of the pterotic and 
inserts to the dorsal margin of the opercle 
just behind the insertion of the adductor 
operculi. The posterior section originates 
from the lateral margin of the posttemporal 
and inserts to the posterodorsal margin of 
the opercle. 

Adductor hyomandibulae: This 
muscle originates from the ventral surface 
of the prootic and the dorsal surface of the 

exoccipital, and inserts to the medial surface of the posterodorsal process of the 
hyomandibular. Anteriorly, this muscle is connected with the posterior part of the 
adductor arcus palatini by membranous muscular fibers. Posteriorly this muscle 
adjoins the adductor operculi. 

Fig. 34. Cheek muscle of Cottus pollux. 
For abbreviations, see Fig. 33. 

SCORPAENIFORM FISHES: Among the scorpaeniform fishes examined, the dis­
tributional pattern of the adductor mandibulae is remarkably changed, but the 
patterns of the other cheek muscles are almost as same as those of the cottoid fishes. 

Adductor mandibulae: Among scorpaeniform fishes examined, the dis­
tributional pattern of the adductor mandibulae is sharply divided into six types. 
Type A includes the fishes of the Sebastes, Sebastolobus, Setarches, Pterois and 
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Helioolenus, and the anoplapomatid, zaniolepidid, bembrid and platycephalid fishes 
(Fig. 35, A). In these fishes, the sections A 1, A 2 and A3 are not clearly separated. 
The anterior tip of the section A 1 is converted into a strong tendon, and inserts to 
the medial face of the maxillary head. The section Al connects to the ligamentum 
primordium anteroventrally. This section is not firmly connected with the subor­
bital stay. Type B includes the scorpaenid genera Apistus and Hypodytes, and 
synanceiid fishes (Fig. 35, C). In these fishes, the sections A 1, A 2 and A 3 of the 
adductor mandibulae are well separated each other. The anterior tip of the section 
A 1 is divided into two short tendons. One of them inserts to the medial surface of 
the maxillary head, and the other inserts to the lateral face of the maxillary head at 
the same position where the ligamentum primordium inserts. The section Al 
connects with the ligamentum primordium anteroventrally. This section is firmly 
connected with the suborbital stay in Apistus. Type C includes the hexagrammid 
fishes (Fig. 35, D). In these fishes, the condition of the cheek region is almost as 
same as that in type A except for the presence of the connection between the section 
A 2 and the ligamentum primordium anteroventrally. This connection is made by 
a tendinous tissue. Type D includes the triglid fishes (Fig. 35, E). In this type, the 
section A 1 of the adductor mandibulae is present as a small muscular mass which 
originates from the medial-surface of the suborbital stay. The anterior tip of the 
section Al is divided into two tendons. One of them inserts to the medial surface 
of the maxillary head, and the other inserts to the lateral surface of the maxillary 
head. 

Type E includes the cyclopterid fishes (Fig. 35, F). In these fishes, the section 
Al of the adductor mandibulae is divided into two parts; the dorsomedial part and 
the ventrolateral part. The dorsomedial part of the section Al is situated between 
the ventrolateral part of the section Al and the levator arcus palatini, and is fused 
with the ventrolateral part posteriorly. Anterior tip of this part is converted into 
a long tendon and inserts to the medial surface of the maxillary head. The 
ventrolateral part of this section originates from the anterolateral surface of the 
preopercle. Anterior tip of this part is converted into a strong tendon, and inserts 
to the posterior part of the maxillary. The section A 2 of the adductor mandiulae 
is possessed of two inserting heads anteriorly. The lateral head inserts to the 
posterior part of the mandibular just posterior to the insertion of the ventrolateral 
part of the section AI. The medial head inserts to the ascending process of the 
angular, the posterior end of the dentary and the connective tissue between the 
maxillary and the articular. The ligamentum primordium attaches to the 
ventromedial part of this section. Type F includes the liparidid fishes (Fig. 35, G). 
In these fishes, the section A 1 of the adductor mandibulae is separated into two 
parts. The dorsomedial part of this section originates from the metapterygoid. 
Some fibers of this part extend under the levator arcus palatini. Anterior tip of this 
part is converted into a strong tendon and inserts to the medial surface of the 
maxillary head. The ventrolateral part of the section A 1 is originated from the 
anterior surface of the preopercle. Anterodorsally, a thin tendon extends from this 
part, and fuses with the anterior tendon of the dorsomedial part. Anteroventrally, 
this part is tendinously connected with ascending process of the angular and the 
posterior tip of the dentary. The section A 2 of the adductor mandibulae is 
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Fig. 35. Seven types of the adductor mandibulae in the scorpaeniform fishes. A, typical 

condition of the scorpaenid fishes; B, typical condition of the cottoid fishes; C, 
Apistus type; D, hexagrammid type; E, triglid type; F, cyc10pterid type; G, 
liparidid type. AI, adductor mandibulae section AI; A2, adductor madibulae 
section A2; MX, maxillary. 
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tendinously connected with the ligamentum primordium and the posterior end o(the 
maxillary anterolaterally, and with the ascending process of the angular and the 
posterior end of the dentary anteromedially. 

Discussion. The cheek muscle of the cottoid and other scorpaeniform fishes 
have been examined by Allis (1909), Dietz (1914), Cowan (1969) and Adamicka 
(1972). In these studies, the various conditions of the cheek muscles have been 
described, but the variation of these muscles within the cottoid fishes have not been 
obscure. In the present study, it is confirmed that the general conditions of the 
cheek muscles are uniform except for a few variations referring to the adductor 
mandibulae among the cottoid fishes. On the other hand, the condition of the 
adductor mandibulae is remarkably changed among the scorpaeniform fishes, and it 
is classified into seven morphotypes described above (Fig. 35). It has been de­
scribed that the generalized percoid fishes are possessed of the adductor mandibulae 
in which the separation between the sections A 1, A 2 and A 3 is not clear and the 
anterior tip of the section A 1 is converted into a tendon inserting to the medial 
surface of the maxillary head (Dietz, 1914; Osse, 1969; Winterbottom, 1974a; 
Johnson, 1980). This condition agrees with the type A of the scorpaeniform fishes 
(Fig. 35, A). In most of the cottoid fishes, the adductor mandibulae is possessed of 
only a few specialization in comparison with the generalized percoid type; 1) the 
separation among the each section is more distinct, 2) the muscular fibers of the 
section A 1 originate from the medial surface of the suborbital stay, 3) the tendinous 
connection between the section A 1 and the lateral process of the hyomandibular is 
well developed (Fig. 35, B). In the addition to these conditions, some members of 
the cottoid fishes have another specializations. In the fishes of genera Eurymen, 
Psychrolutes, Ascelichthys, Cottus, Trachidermus and Triglops, the section A 2 is 
connected with the ligamentum primordium by a thin tendon. This modification is 
also observed in the type C of the scorpaeniform fishes. Therfore it is considered 
that the typical condition in the cottoid fishes is regarded as a slightly derived 
condition in comparison with that of the generalized percoid fishes (=the type A in 
the scorpaeniform fishes). The modifications observed in some of the cottoid fishes 
are regarded as the additional derived condition from the typical condition of the 
cottoid fishes. 

On the other hand, the cyclopterid and liparidid fishes are possessed of the 
highly specialized condition of the adductor mandibulae defined as types E and F . 
In these fishes, the section A 1 is divided into two parts (superficial and profundus). 
It is considered that these conditions are the most derived conditons in the scor­
paeniform fishes. 

The conditions of the characters discussed here in the cottoid fishes are summer­
ized in Table 12. The distributional patterns of each characters among the scor­
paeniform fishes are shown in Table 13. 

2. MUSCLES SERVING THE HYOID ARCH (Figs. 36-37) 

Description 
COTTOID FISHES. There are five muscles serving the hyoid region; the inter­

mandibularis, the protractor hyoidei, the hyohyoidei adductores, the hyohyoides 
inferioris, the hyohoidei abductores. 
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Intermandibularis (IMD): This muscle lies immediately behind the symphysis 
of the halves of the lower jaw, and is connected with the posterodorsomedial face of 
each dentary. This muscle is well developed but almost completely sandwiched 
between the inner and outer layers of the anterior part of the protractor hyoidei. 

Protractor hyoidei (PRH): This muscle originates from the anteromedial faces 
of left and right dentaries just behind the symphysis, both dorsal and ventral to the 
intermandibularis. The fibers of this muscle extend backward and split into the 
left and right sections. Each section inserts on the ventrolateral face of the 
ceratohyal just before base of the third branchiostegal ray (the fourth in the 
psychrolutid fishes). 

Hyohyoidei adductores (HAD): This muscle is present as a sheet of fibers 
among the more distal portions of the branchiostegal rays, and continues dorsal to 
the posteriormost ray and attaches to the medial faces of the subopercle and the 
opercle. 

Hyohyoides inferioris (HIF): In the cottoid fishes, only some species have this 
muscle; Hemiteripterus bolini, Ebinania, Psychrolutes, and Neophrynichthys. In 
these fishes, this muscle originates from the ventromedial face of the ceratohyal and 
runs dorsal to the first and the second (and the third in the latter three species) 
branchiostegals, and fuses to its antimere on the ventral midline. Anteriorly this 
muscle is connected with the hypohyals by a thin tendinous tissue (Fig. 36, D). 

Hyohyoidei abductores (HHA): This muscle is composed of two sections of 
muscular masses. The first section originates from the ventral or medial face of the 
hyoid arch and/or from base of the preceding branchiostegal ray and inserts some­
what distal to the base of the succeeding ray except for tha last one (HHA -1). The 
second section of this muscle arises from the first branchiostegal ray and extends to 
the ventral midline where it fuses with its antimere by a median raphe (HHA-2). 
Anteriorly, this section is connected with the hypohyals by a pair of tendons. In 
some cottoid fishes for example Cottus, Trachidermus and Leptocottus, the anterior 
part of this muscle forms indistinctly separated muscular mass (Fig. 36, C). 

SCORPAENIFORM FISHES: In the scorpaeniform fishes examined here, the 
conditions of the intermandibularis, the protractor hyoidei, the hyohyoidei ad­
ductores and the hyohyoidei abductores seciton 1 are almost as same as those in the 
cottoid fishes. 

Hyohyoides inferioris (HIF): This muscle is present in the following 
examined genera; Minous and Inimicus (Synanceiidae), Anoplopoma and Erilepis 
(Anoplopomatidae), Rogadius (Platycephalidae), Eumicrotremus and Aptocyclus 
(Cyclopteridae) and Liparis (Liparididae). In these fishes, the distributional 
patterns of this muscle are well varied. In Rogadius, this muscle originates from 
anteroventral surface of the hypohyal, and crosses over its antimere in the ventral 
midline to attach to the medial face of the ceratohyal just before the base of the 
fourth branchiostegal ray. This muscle is always medial to the hyohyoidei ab­
ductores section 2 (Fig. 37, C). In two anoplopomatid fishes, this muscle originates 
from anteroventral surface of the hyoid arch and crosses over its antimere to attach 
to the medial face of the ceratohyal. This muscle is anterior to the hyohyoidei 
abductores section 2, and is fused with the latter posteriorly (Fig. 37, D). In two 
synanceiid fishes, this muscle originates from medial surface of the ceratohyal, and 
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fig. 36. Muscles serving the hyoid arch of the cottoid fishes. A, Hemilepidotus hemillr 
pidotus (protractor hyoidei is partly removed); B, Hemilepidotus hemilepidotus 
(protractor hyoidei is removed); C, Cottus pollux; D, Ebinania brephocephala. 
HAD, hyohyoidei adductores; HHA-1, hyohyoidei abductores section 1; HHA-2, 
hyohyoidei abductores section 2; HIF, hyohyoides inferioris; IMD, interman­
dibularis; PRH, protractor hyoidei. Scales indicate 10 mm. 

runs medial to anterior three branchiostegal rays and reaches ventral midline where 
it is fused to its antimere. Posteriorly this muscle is converged with hyohyoidei 
abductores section 2. This muscle is not directly but tendinously connected with 
the anterior part of the hyoid arch (Fig. 37, E). In three cyclopterid and liparidid 
fishes, this muscle is well developed. It originates from the medial surface of the 
ceratohyal and reaches the ventral midline to fuse to its antimere. This muscle is 
completely separated from the hyohyoidei abductores section 2 (Fig. 37, F). 

Hyohyoidei abductores section 2 (HHA-2): This muscle is present in all 
scorpaeniform fishes examined, but two different distributional patterns observed. 
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In the scorpaenid, bembrid, platycephalid and triglid representatatives, this muscle 
arises from the first branchiostegal ray and crosses over its antimere to reach the 
ventral face of the hypohyal of the opposite side (Fig. 37, A-C). In almost all fishes 
of this type, the muscular mass arising from the branchiostegal rayon the left side 
is ventral to that on the right side, while the muscular mass on the right side is 
ventral to that on the left side in Apistus and Hypodytes (Fig. 37, B). In the other 
scorpaeniform fishes examined, this muscle arises from the first branchiostegal ray 
and extends to ventral midline where it is fused with its antimere with a median 
raphe (Fig. 37, D-G). In two anoplopomatid fishes, the posterior half of this muscle 
is fused with its antimere, while the anterior half is not fused with its antimere but 
with the hyohyoides inferioris (Fig. 37, D). 

Discussion. The muscles of the hyoid region of the cottoid fishes and other 

c 

HHA2 

Fig. 37. Seven types of the hyohyoides complex in the scorpaeniform fishes. A, scor­
paenid type (type A-I in text); B, Apistus type (type A-2); C, platycephalid type 
(type B); D, anoplopomatid type (type C); E, synanceiid type (type D-l); F, 
cyclopterid type (type D-2); G, cottoid-hexagrammid type (type E). For abbrevi­
ations, see Fig. 36. 
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scorpaeniform fishes have been examined only by Dietz (1914) and Winterbottom 
(1974a), but these studies were based on limited materials. In the present study, the 
hyoid muscles of many cottoid fishes are examined, and compared with those of the 
other scorpaeniform fishes. AJ> a result of these examinations, it is clarified that the 
condition of the hyohyoides muscles is changed in the cottoid fishes, and it is more 
complicatedly changed in the scorpaeniform fishes. 

In the cottoid fishes examined here, the condition of the hyohyoidei abductores 
section 2 which is fused with its antimere is uniform, but that of the hyohyoides 
inferioris is changed and is divided into two types. In the type I, this muscle is 
present as a slender muscular mass and fused with its antimere on the ventral 
midline. In the type II, this muscle is absent. The former type is observed only 
in some cottoid genera, while the latter is observed in most of the cottoid fishes. It 
has been described that the hyohyoidei abductores section 2 crosses over its antimere 
and the hyohyoides inferioris is absent in the generalized percoid fishes (Osse, 1969 ; 
Liem, 1970; Winterbottom, 1974a; Elshould-Oldenhave and Osse, 1976). The 
hyohyoidei abductores section 2 of the generalized percoid fishes is greatly different 
from that of the cottoid fishes. The morphological gap between the cottoid type 
and the generalized percoid type is so large that the polarity of this character in the 
cottoid fishes is hardly confirmed on the basis of the comparison of only these types. 

On the other hand, the scorpaeniform fishes examined here are classified into 
five types with four subtypes by the combination of the conditions of the hyohyoidei 
abductores section 2 and the hyohyoides inferioris (Table 10). Type A is the 
condition that the hyohyoidei abductores section 2 crosses over its antimere and the 
hyohyoides inferioris is absent. This type agrees with the generalized percoid type. 
Type B is the condition that both hyohyoides muscles cross over their antimeres. 
Type C is the condition that the hyohyoidei abductores section 2 is fused with its 
antimere and the hyohyoides inferioris crosses over its antimere. Type D is the 
condition that both hyohyoides muscles are fused with their antimeres. This type 
is subdivided into two subtypes. In subtype D-l, the hyohyoides inferioris is 
present as a slender muscular mass. This subtype is observed in the synanceiid 
representatives, and agrees with the type I of the cottoid fishes. In subtype D-2, 
the hyohyoides inferioris is well developed to form a wide muscular band. Type E 
is the condition that the hyohyoidei abductor is fused with its antimere and the 
hyohyoides inferioris absent. This type is observed in the hexagrammid and 
zaniolepidid fishes, and agrees with type II of the cottoid fishes. It is considered 
that the morphological gap between the cotoid type and the generalized percoid type 
could be filled up by the various types in the other scorpaniform fishes. Type A 
which is same condition as the generalized percoid type is regarded as the most 
primitive among the all types of the scorpaeniform fishes. From this condition, a 
hypothetical evolutional trend of this character can be inferred. This trend is the 
processes from the appearance, through the modification, to disappearance of the 
hyohyoides inferioris, and of the modification of the hyohyoidei abductores section 
2. On the basis of this trend, it is considered that the type I of the cottoid fishes 
( = type D-l) is the primtive condtion within the cottoid fishes, and the type II (= 
typeE) is the derived condition. 
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Table 10. Comparison of the hyohyoides complex in the scorpaeniform fishes. 

Character and condition 

Morphotype Hyohyoidei Hyohyoides Family and genus 

adductores II inferioris 

crossing each other; Scorpaenidae: SetaTches, Pterois, Sebastes, 

Type A-I the right bundle absent Sebstolobus, Helicorer!us 
passing medially Bembridae: Bembrus 
to the left Triglidae: Lepidotrigla 

crossing each other; 

Type A-2 the right bundle absent Scorpaenidae: Apistus, Hypodytes passing medially 
to the left 

TypeB crossing each other crossing each other Platycepholidae: Rogadius 

TypeC fusing each other crossing each other Anoplopomatidae: Anoplopoma, Erilepis 

Synanceiidae: Minaus 

Type D-l fusing each other fusing each other; Hemitripteridae: Hemitripterus bolini 
not developed Psychrolutidae: Neophrunichthys, 

Ebinania, Psychrolues 

TypeD-2 fusing each other fusing each other; Cyclopteridae: Eumicrotremus, Aptocyclus 
well developed Lipalididae: Liparis 

Hexagrammidae: Hexagrammos, Oxlebius, 
Pleurogrammus 

Zaniolepididae: Zaniolepis 
Hemitripteridae: Nautichthys, Blepsias, 

TypeE fusing each other absent H emitripterus villosus 
Psychrolutidae: Dasycottus, Eurymen, 

Malacocottus, Cottunculus 
Ereuniidae, Rhamphocottidae, Agonidae, 
Cottidae 

3. MUSCLES SERVING THE BRANCHIAL ARCH (Figs. 38-41) 

Description 
COTTOID FISHES: The dorsal part of the branchial arch is served by seven 

muscles; the levator extern us, the levator intern us, the levator posterior, the tran­
sversus dorsalis, the obliquus dorsalis, the obliquus posterior and the retractor 
dorsalis. The ventral part of the branchial arch is served by six muscles; the rectus 
ventralis, the obliquus ventralis, the transversus ventralis, the rectus communis, the 
adductor and the pharyngoclavicularis. 

Levator externus (LE): There are three elements of the levator externus. 
They have a common originating position which is the prootic just ventral and 
medial to the craniohyomandibular articulation. They insert on the dorsolateral 
surfaces of the first, second and fourth epibranchials (LE-I, II, IV). The muscular 
masses of the levatores externi I and II are equally developed, while that of the 
levator externus IV is prominently developed. The levator externus III inserting to 
the third epibranchial is absent. Some fibers of the levator externus IV insert to the 
dorsal process of the third epibranchial in Triglops and Ascelichthys, but they do not 
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AD ; Adductor PP ; Protractor pectoral is 
EB ; Epibranchial RC ; Rectus co_unis 
HB ; Hypobranchia 1 RO ; Retractor dorsalis 
LE ; levator externus RV ; Rectus ventral i s 
LI; Leyator i nternus RVu; Rectus ventralis (from urohyal) 

LP ; Levator posterior SH ; Sternohyoideus 

LPe; Levator pectoral is SO ; Sphincter oesophagi 

00 ; Obliquus dorsalis TO ; Transversus dorsal is 

OV ; Obl iquus ventralis TV ; Transversus ventral i s 

PCE; Pharyngoclavicularis externus UH ; Urohyal 

PCI; Pharyngoclavicularis internus 

Fig. 38. Muscles serving to the branchial arch in a cottid fish, lcelus spiniger. A, lateral 
aspect; B, dorsal aspect; C, ventral aspect. Scales indicate 10 mm. 

form a independent muscular mass. 
Levator internus (LI): There are two elements of the levator internus. They 

originate from the lateral side of the cranium medial to originations of the levatores 
externi, and insert to the dorsal face of the pharyngobranchial. They are separated 
by interposition of the transversus dorsalis anterior. 

Levator posterior (LP): This muscle originates from the intercalar or the 
ventrolateral face of the pterotic, and inserts at the fourth epibranchial just above 
the articulation to the fourth ceratobranchial. 

Transversus dorsalis (TD): This muscle is the largest mass in the dorsal 
elements of the branchial muscles, and is classified into the anterior and the posterior 
elements. The transversus dorsalis anterior lies on the superficial surface of the 
dorsal elements of the branchial muscles. This muscle originates from the dorsal 
surface of the second epibranchial, and fuses with its antimere on the dorsal midline 
by a median raphe. This muscle is tendinously connected with the pharyngo­
branchial anterolaterally. In Hemitripterus villosus, the transversus dorsalis ante­
rior inserts not only to the second epibranchial but also to the third epibranchial 
(Fig. 39, A). The transversus dorsalis posterior lies under the obliquus dorsalis. 
This muscle extends to the area between the third and the fourth the epibranchials 
on each side. 

Obliquus dorsalis (OD): This muscle is sandwiched by the transversus dorsalis 
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Fig. 39. Muscles serving to the dorsal surface of the branchial arch. A, Hemitripterus 
villosus; B, Hexagrammos stelleri. Lig, ligament; PB, pharyngobranchial. For 
other abbreviations, see Fig. 38. Scales indicate lO mm. 

anterior and posterior. This muscle originates from the dorsal surface of the 
pharyngobranchial and inserts to the articular position between the third and the 
fourth epibranchials. 

Obiquus posterior (OP): This muscle originates from the dorsal surface of the 
fourth epibranchial and inserts the posterior margin of the fifth ceratobranchial. 

Retractor dorsalis (RD): This paired muscle originates from the posterior 
margin of the pharyngobranchial and inserts at the ventral surface of the anterior 
centra. 

Rectus ventralis (RV, RVu): This muscle contains two kinds of muscular 
series. The first (RV) is the muscular series interconnecting the hypobranchial and/ 
or the ceratobranchial of one branchial arch and those of the preceding arch. All 
cottoid fishes examined are possessed of the rectus ventralis III which interconnects 
the third hypobranchial and the fourth ceratobranchial. Some medial fibers of the 
rectus ventralis III insert to the transversus ligament between the third hypobran­
chial on each side. In addition to the rectus ventralis III, the agonid fishes are 
possessed of the rectus ventralis II which is situated between the second hypobran­
chial and the third hypobranchial. The second series (RVu) is the muscle intercon­
necting the third hypobranchial and the urohyal. This muscle is present in the all 
cottoid fishes except for the ereuniid and rhamphocottid fishes. 

Obliquus ventralis (OV): This muscle is situated on the ventral surface 
between the hypobranchial and the ceratobranchial of the same branchial arch. 
This muscle is present on the anterior three branchial arch in the cottoid fishes. 

Transversus ventralis (TV): This muscle spans the midline between the 
ventromedial faces of the ceratobranchials. In the cottoid fishes, there are two 
transversi ventrales which are connected with the fourth and the fifth pairs of the 
ceratobranchials respectively. 

Rectus communis (RC): This muscle originates from the posterolateral surface 
of the urohyal and inserts to the ventrolateral surface of the fifth ceratobranchial 
tendinously. 

Adductor (AD): This muscle interconnects the epibranchial and the 
ceratobrachial. All cottoid fishes are possessed of the adductor V which originates 
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Fig. 40. Muscles serving to lateral surface of the branchial arch. A, Minaus 
monodactylus; B, Liparis tessellatus. For abbreviations, see Fig. 38. Scales indi­
cate 10 mm. 

from the posterolateral margin of the fourth epibranchial and from the poster­
omedial margin of the fourth ceratobranchial, and inserts to the posterodorsal tip of 
the fifth ceratobranchial. This muscle is converged to the obliquus posterior 
medially. 

Pharyngoclavicularis (PHE, PHI): There are two elements of this muscle. 
The pharyngoclavicularis eXternus (PHE) originates from the anterior tip of the 
horizontal arm of the cleithrum, and passes dorsally to insert to the ventrolateral 
margin of the fifth ceratobranchial. The pharyngoclavicularis internus (PHI) 
tendinously originates from the anteromedial surface of the cleithrum and inserts to 
the ventral face of the fifth ceratobranchial. The insertion of the pharyngo­
clavicularis internus is anteromedial to that of the pharyngoclavicularis extern us. 

SCORPAENIFORM FISHES: The conditions of the branchial muscles except for 
the levator externus, the pharyngoclavicularis and the rectus ventralis are almost the 
same as those observed in the cottoid fishes examined. 

Levator eXternus (LE): Four pairs of the levatores externi are present in the 
most of the scorpaeniform fishes examined. They share a common originating 
position on the prootic and are separated into four heads inserting to each epibran­
chial. In Inimicus, Eumicrotremus, Aptocyclus and Liparis, the levator externus 
III is absent. 

Rectus ventralis (RV, RVu): All scorpaeniform fishes are possessed of the 
rectus ventralis III. A liparidid fish, Liparis tessellatus, has well developed recti 
ventrales I-III. In the cyclopterid fishes Eumicrotremus and Aptocyclus, there is no 
rectus ventralis. But they are possessed of ligamentous tissue which joints among 
each hypobranchial. The rectus ventralis interconnecting the urohyal and the third 
hypobranchial is absent in all scorpaeniform fishes examined except for Liparis 
tessellatus in which the rectus ventralis originates from the urohyal and inserts to the 
second and the third hypobranchials. 

Pharyngoclavicularis (PH): In most of the scorpaeniform fishes except for the 
cyclopterid and liparidid fishes, the pharyngoclavicularis eXternus and internus 
interconnect the fifth ceratobranchial and the cleithrum. In the cyclopterid and the 
liparidid fishes, the pharyngoclavicularis externus originates from the ventrolateral 
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Fig.41. Muscles serving to the ventral surface of the branchial arch. A, Helicolenus 
hilgendorfi; B, Marukawichthys ambulator; C, Podothecus sachi; D, Liparis tes­
sellatus. For abbreviations, see Fig. 38. Scales indicate 10 mm. 

margin of the cleithrum, while the pharyngoclavicularis intern us is from the dorsal 
tip of the suprapelvic process of the pelvis. 

Discussion. The branchial muscles of some cottoid fishes and other scor­
paeniform fishes have been described by Dietz (1914). But the branchial muscles of 
these groups have not been fully clarified. In the present study, it is observed that 
the insertion of the transversus dorsalis anterior, the number of the recti ventrales 
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and the condition of the rectus ventralis interconnecting the urohyal and the third 
hypobranchial are changed among the cottoid fishes examined. In addition to these 
characters, it is confirmed that the number of the levatores externi and the insertion 
of the pharyngoclavicularis internus are uniform in the cottoid fishes, but they are 
changed among the scorpaeniform fishes. 

Insertion of the transversus dorsalis anterior: In the cottoid fishes examined, 
two conditions of this character are observed. Type A has the transversus dorsalis 
anterior inserting to the second epibranchial. The most of the cottoid fishes are 
included in this type. Type B has the muscle inserting to the second and the third 
eplbranchials. This type includes only Hemitripterus villosus. In the generalized 
percoid fishes, this muscle inserts only to the second epibranchial (Liem, 1970; 
Harder, 1975; Freihofer, 1978). It, therefore, is considered that type A of the 
cottoid fishes is the primitive condition, and type B is the derived condition in the 
cottoid fishes. On the other hand, the all scorpaeniform fishes examined here have 
the type A of the transversus dorsalis anterior. Thus, it is regarded that the type 
B observed in Hemitripterus is the unique and derived condition among the cottoid 
fishes and other scorpaeniform fishes. 

Number of the recti ventrales: In the cottoid fishes examined, there are two 
types of this character. Type A is defined by having only the rectus ventralis III 
and observed in the fishes of the families Rhamphocottidae, Ereuniidae, 
Psychrolutidae, Hemitripteridae and Cottidae. Type B is defined by having the 
rectus ventralis II and III, and observed in the agonid fishes. As regarding this 
character, there are few data in the generalized percoid fishes, but the similar 
condition to the type A in the cottid fishes has been observed in Epinephelus 
(Nelson, 1967). Moreover, the type A of the cottoid fishes has been observed in 
various teleostean fishes (Dietz, 1914; Nelson, 1967; Liem, 1970; Winterbottom, 
1974a; Harder, 1975), and regarded as the typical condition of the rectus ventralis 
in the perciform fishes (Harder, 1975). It, therefore, is considered that type A of 
this character is primitive, and type B is the derived condition in the cottoid fishes. 
Among the other scorpaeniform fishes examined, the type A of the cottoid fishes is 
observed in the scorpaenid, synanceiid, platycephalid, triglid, anoplopomatid, 
hexagrammid, and zaniolepidid fishes. In the liparidid fishes, the rectus ventralis 
I, II and III are observed. The cyclopterid representatives are not possessed of the 
muscular mass of the rectus ventralis, but ligamentous tissue interconnects each 
branchial arch. 

Condition of the rectus ventralis interconnecting the urohyal and the third 
hypobranchial: This muscle has been recorded only in Oottus scorpius ( = MyOXOCRr 

phalus soorpius) by Dietz (1914). In the present study, it is confirmed that this 
muscle is present in the cottid, psychrolutid, hemitripterid and agonid fishes, but 
absent in the rhamphocottid and ereuniid fishes. In the generalized percoid fishes, 
this muscle has not been reported (Nelson, 1967; Osse, 1969; Winterbottom, 1974a; 
Elshould-Oldenhave and Osse, 1976). In the one of the generalized percoid fishes, 
Perea fluviatilis, a flat broad ligament interconnects the urohyal and the third 
hypobranchial, but there is no muscle between them (Osse, 1969). It, therefore, is 
considered that the absence of this muscle is the primitive and the presence of this 
muscle is the derived condition in the cottoid fishes. Among the other 
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scorpaeniform fishes examined here, the primitive condition of this character is 
observed in the scorpaenoid, platycephalid, triglid, anoplopomatid, zaniolepidid, 
hexagrammid and cyclopterid fishes. The liparidid representative has the recti 
ventrales extending from the urohyal to the second and the third hypobranchials. 
It is regarded as the highly specialized condition of this character. 

Number of levatores externi: The cottoid fishes have the levator externus I, II 
and IV, and do not have the levator externus III. In some of the cottoid fishes, a 
few muscular fibers of the levator externus IV extend to the third epibranchial, but 
they do not form the independent muscular mass. In the generalized percoid fishes, 
there are four levatores externi (I-IV). The levator externus III is present as a 
distinct muscular mass (Dietz, 1914a; Liem, 1970; Winterbottom, 1974a; Freihofer, 
1978). It has been reported that the levator externus III is commonly absent in the 
specialized acanthopterygian fishes (Field, 1966; Winterbottom, 1974a; Harder, 
1975). It, therefore, is considered that the absence of the levator externus III is 
derived condition of the cottoid fishes in comparison with the condition of the 
generalized percoid fishes. Among the other scorpaeniform fishes examined, the 
synanceiid, cyclopterid and liparidid fishes have the condition of the cottoid type, 
while the scorpaenid, platycephalid, triglid, anoplopomatid, zaniolepidid and hexa­
grammid fishes have that of the generalized percoid type. 

Insertion of pharyngoclavicularis internus: In all cottoid fishes, the pharyngo­
clavicularis internus inserts to the cleithrum. This condition has been described in 
the various teleostean groups including the generalized percoid fishes (Dietz, 1914 ; 
Takahashi, 1925; Holstvoogd, 1965; Nelson, 1967; Greenwood, 1971; Liem, 1970, 
1978 and 1981; Winterbottom, 1974a, b). Most scorpaeniform fishes examined have 
the same condition of this character as that in the cottoid fishes. In the cyclopterid 
and liparidid fishes, the pharyngoclavicularis internus inserts to the suprapelvic 
process of the pelvis. It is regarded as the unique and derived condition of this 
character of the cyclopterid and liparidid fishes. Regarding to this character, the all 
cottoid fishes have primitive condition in comparison with the cyclopterid and 
liparidid fishes. 

4. MUSCLES SERVING THE PECTORAL FIN (Figs. 42-44) 

Description 
COTTOID FISHES: The pectoral fin is supported by three muscles laterally; the 

abductor superficial is, the abductor profundus, the arrector ventralis, and by five 
muscles medially; the adductor superficialis, the adductor profundus, the arrector 
dorsalis, the adductor radialis and the coracoradialis. 

Abductor superficial is (ABS): This muscle forms the superficial division of 
the muscular mass serving the pectoral fin. This muscle originates from the 
posterior face of the lateral flange of the cleithrum and inserts to the dorsolateral 
base of the lateral half of the each pectoral fin ray except for the uppermost ray. 
The insertion of this muscle serving lower rays is tendinous. In ereuniid fishes, the 
abductor superficialis inserting to the free rays is well developed and forms the 
independent muscular mass separated from the mass inserting the upper lob of the 
pectoral fin (Fig. 43). 

Abductor profundus (ABP): The position of this muscle is deep to the 
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Fig. 42. Pectoral muscles of a cottid fish, Vellitor centropomus. A, superficial 
musculature of the lateral aspect; B, after removal of the abductor superficialis; C, 
superficial musculature of medial aspect; D, after removal of the adductor 
superficialis. ABP, abductor profundus; ABS, abductor superficialis; ADP, ad­
ductor profundus; ADS, adductor superficialis; ARD, arrector dorsalis; ARV, 
arrector ventralis; PHE, pharyngoclavicularis extern us; STH, sternohyoideus. 

abductor superficialis. This muscle originates from the lateral surfaces of the 
coracoid and the scapula, and from the posterior surface of the lateral flange of the 
cleithrum, and it inserts to the anteroventral base of the lateral half of each pectoral 
fin ray. 

Arrector ventralis (ARV): The position of this muscle is deep to the abductor 
superficial is and is dorsal to the abductor profundus. This muscle originates from 
the posterior surface of anterolateral flange of the cleithrum, and inserts to the 
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ARV 

FR 

ABP 

anteromedial base of the medial half of 
the first pectoral fin tendinously. 

Adductor superficialis (ADS): 
This muscle forms the superficial divi­
sion of the muscular masses serving to 
the medial face of the pectoral fin. This 
muscle originates from the dorsomedial 
face of the cleithrum and tendinously 
inserts to the dorsal bases of the medial 
half of each pectoral fin ray except for 
the uppermost. 

Adductor profundus (ADP): This 
muscle covers a wide area of the medial 
face of the pectoral girdle and is situated 
on deep and ventral position. This 
muscle inserts to the ventral base of the 
medial half of the pectoral fin ray except 
for the uppermost. 

Fig. 43. Lateral aspect of the pectoral mus­
cles in Ereunias grallator. FR, free 
ray. For other abbreviations, see Fig. 
42. Scale indicates 10 mm. Arrector dorsalis (ARD): This 

muscle originates from the medial face of 
the scapula and the cleithrum and inserts to the ventral base of the medial half of 
the first ray of the pectoral fin. 

Adductor radialis: This muscle originates from the medial surface of the 
actinosts and inserts to the ventral base of the medial half of some lower rays of the 
pectoral fin. On the upper part of the pectoral girdle, the separation between the 
adductor radialis and the adductor profundus is obscure. 

Coracoradialis (COR): A tiny muscular sheet of this muscle is present in the 
psychrolutid fishes. In these fishes, the muscle is situated on the narrow space 
between the lowermost actinost and the coracoid. In the other cottoid fishes, this 
muscle is well reduced or absent. If it is present, only a few muscular fibers are 
observed but they do not form a muscular sheet. 

SCORPAENIFORM FISHES: Among the scorpaeniform fishes examined, the trig­
lid fishes which have a few free pectoral rays possess the unique muscular pattern of 
the pectoral fin. In the triglid fishes, the abductor supemcialis, the adductor 
superficial is and the adductor profundus inserting to the free rays are well developed 
and form independent muscular masses separated from the masses inserting to the 
other fin rays. The adductor superficialis is highly modified. The muscular mass 
of this muscle inserting to each free ray possesses two inserting heads. One of them 
inserts to the dorsal process of the medial half of each free ray by a long tendon, 
while the another head inserts to the dorsomedial surface of each free ray just distal 
to the dorsal process. In the other scorpaenifor fishes examined, the muscular 
pattern of the pectoral fin is almost as same as that observed in the cottoid fishes, but 
the distinct difference is observed in the condition of the coracoradialis. 

Coracoradialis (CO): This muscle is present in all scorpaeniform fishes 
examined except for the cyclopterid and liparidid fishes. In the scorpaenid, synan­
ceiid, bembrid and triglid fishes, this muscle is well developed, and situated between 
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Fig. 44. The coracoradialis (COR) in three scorpaeniform fishes. A, Scorpaenichthys 
marmoratus (Cottidae; COR is absent); B, Hexagrammos stelleri (Hexagram­
midae); C, Pterois lunulata (Scorpaenidae). Scales indicate lO mm. 

ventral margin of the lowermost actinost and the postcoracoid process of the coracoid 
(Fig. 44, C). In platycephalid, hexagrammid, anoplopomatid and zaniolepidid 
fishes, this muscle is present but rather reduced and situated at the narrow interspace 
between the posterior tip of the coracoid and the posteroventral margin of the 
lowermost actinost (Fig. 44, B). 

Discussion. The pectoral muscles of the cottoid and the scorpaeniform fishes 
have been described by Rendahl (1934), and Ganguly and Majumdar (1963). But 
they examined a few representatives. In the present study, it is clarified that the 
conditions of the abductor superficial is and the coracoradialis are changed among the 
cottoid fishes. 

Condition of abductor superficialis: In the ereuniid fishes, the abductor 
superficialis serving the free pectoral rays is well developed and forms a separated 
muscular mass from the upper. This condition has not been reported from the 
generalized percoid fishes (Rendahl, 1934; Winterbottom, 1974a; Geerlink, 1979). 
Thus this condition is regarded as the derived condition in the cottoid fishes. On 
the other hand, the triglid fishes have the abductor superficial is which is similar to 
the ereuniid type. In these fishes, the adductor superficialis interting the free ray 
is also highly specialized. Such a specialization is not observed in the ereuniid 
fishes. 

Condition of the coracoradialis: Among the cottoid fishes, the psychrolutid 
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fishes have this muscle which is present as a small muscular sheet. In the other 
cottoid fishes, the coracoradialis is absent or obscure. In the generalized percoid 
fishes, the coracoradialis has been described as a developed muscular mass intercon­
necting the lowermost actinost and the postcoracoid process. It, therefore, is 
considered that the presence of this muscle is primitive in the cottoid fishes, but the 
condition in the psychrolutid fishes is more derived in comparison with the general­
ized percoid fishes, because the muscle in the former is more reduced than that of the 
latter. Among the other scorpaeniform fishes examined, this muscle is present as 
more or less developed muscular mass in the scorpaenid, triglid, platycephalid, 
anoplopomatid, hexagrammid and zaniolepidid fishes, while it is absent in the 
cyclopterid and liparidid fishes. 

5. MUSCLES SERVING THE PELVIC FIN (Figs. 45-47) 

Description 
COTTom FISHES: On the pelvic girdle, there are three muscles ventrally; the 

arrector ventralis pelvicus, the abductor superficial is pelvicus and the abductor 
profundus pelvic us ; one muscle, the arrector dorsalis pelvicus, laterally; and two 
muscles dorsally; the adductor superficialis and the adductor profundus. The 
extensor proprius is absent in all cottoid fishes examined. A strong ligament is 
present between ventromedial tip of pelvic fin rays and postpelvic process. 

Arrector ventralis pelvic us (ARV): This muscle originates from the lateral 
margin of the ventral surface of the pelvis and inserts to the ventromedial point of 
the base of the pelvic spine by means of a strong tendon. 

Abductor superficial is pelvicus (ABS): This muscle originates from the anter­
oventral surface of the pelvic and from the lateral margin of the subpelvic process, 
and inserts to the ventromedial corner of all pelvic fin rays. Anteriorly this muscle 
is connected with the infracarinalis anterior by means of the myocomma. In 

A B 
ARV ARO 

ARO 
Fig. 45. Musculature of the pelvic girdle in a cottid fish, JO'I'dania zonope. A, ventral 

view (upper half, after removal of ABS and STH); B, medial view (lower half, 
after removal of ADS). ABP, abductor profundus pelvicus; ABS, abductor 
superficialis; ADP, adductor profundus pelvicus; ADS, adductor superficial is 
pelvicus; ARD, arrector dorsalis pelvicus; ARV, arrector ventralis pelvicus; STH, 
sternohyoideus. 
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ARD 
Fig. 46. Musculature of the pelvic girdle of Rhamp1wcottus richardsoni. A, ventral 

aspect ; B, medial aspect; C, lateral aspect; D, lateral aspect after removal of 
ARD. For abbreviation, see Fig. 45. 

Rhamphocottus, this muscle passes through the median pore of the pelvis and extends 
anteriorly to reach anteroventral surface of the pelvis (Fig. 46). 

Abductor profundus pelvicus (ABP): This muscle is covered with the abduc­
tor superficialis pelvicus. Its origin from the ventral surface of the pelvis is more 
posteromedial to that of the arrector ventralis pelvicus. This muscle inserts to the 
ventromedial corner of all pelvic fin rays somewhat lateral to the position of the 
abductor profundus pelvicus. In Rhamphocottus, this muscle is converged with the 
abductor profundus pelvicus anteriorly and passes through the median pore to reach 
anteroventral face of the pelvis. 

Arrector dorsalis pelvicus (ARD): This muscle originates from the 
posterolateral surface of the pelvis and inserts to the lateral tip of the base of the 
pelvic spine by means of a strong tendon. 

Adductor superficialis pelvicus (ADS): This muscle originates from the 
median region of the dorsal surface of the pelvis, and inserts to the dorsomedial 
processes of the pelvic spine and soft rays. 

Adductor profundus pelvicus (ADP): This muscle originates from somewhat 
lateral region of the dorsal surface of the pelvis, and inserts to the dorsolateral corner 
of the soft rays of the pelvic fin. 

The fishes of the genera Ereunias and Ascelichthys have no fin ray elements or 
only a rudimentary spine. These fishes do not have the muscles described above. 

SCORP AENIFORM FISHES: Six muscles observed in the cottoid fishes are also 
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Fig. 47. Musculature of the medial aspect of the pelvic girdle in three scorpaeniform fishes. 
A, Jordania zonope (Cottidae); B, Hexagrammos stelleri (Hexagrammidae); C, 
Zaiolepis frenata (Zaniolepididae). EXP, extensor proprius; for other abbrevia­
tions, see Fig. 45. Scales indicate 2 mm. 

present in the other scorpaeniform fishes examined here. Their conditions are 
almost the same as those in the cottoid fishes. In addition to these muscles, many 
scorpaeniform fishes possess the extensor proprius. 

Extensor proprius (EXP): This muscle is the most dorsal section of the 
muscles serving the dorsal surface of the pelvic fin. It lies above the adductor 
superficialis pelvicus. This muscle originates from the dorsolateral margin of the 
pelvis and runs posteromedially to converge on one or a few tendons that insert on 
one or a few inner soft rays. This muscle is absent in the hexagrammid, cyclopterid 
and liparidid fishes. 

Dis(JUssion. The pelvic muscle of the cottoid fishes and other scorpaeniform 
fishes have not been examined. The most of cottoid fishes are possessed of the 
muscular pattern similar to that of the generalized percoid fishes except for a few 
aspects. It is clarified that the extensor proprius is absent in all cottoid fishes, but 
its distributional pattern is changed among the scorpaeniform fishes. 

Condition of the extensor proprius: In the cottoid fishes examined here, the 
extensor proprius is absent. According to Winterbottom (1974a), the distribution of 
this muscle among the teleostean fishes has not been well known, but this muscle has 
been reported from a percid genus Perea. Judging from this limited knowledge, it 
is considered that the presence of the extensor proprius is the primitive condition in 
the scorpaeniform fishes. Thus, it is regarded that the cottoid fishes share the 
derived condition of this character. Among the other scorpaeniform fishes 
examined, this muscle is present in the scorpaenid, platycephalid, triglid, ano­
plopomatid and zaniolepidid fishes, while it is absent in the hexagrammid, 
cyclopterid and liparidid fishes. 

6. BODY MUSCLE (Figs. 48 and 49) 

Description 
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Fig. 48. Condition of the extrinsic muscle (EXT) and the obliquus superioris (OBS) of 
two cottid fishes. A, Triglops scepticus; B, JlYrdania zonope. LPC, levator 
pectoralis. 

COTTOID FISHES: The body muscles are separated into two major divisions; 
the epaxialis and the hypaxialis. The hypaxialis is subdivided into two sections; 
the obliquus superioris and the obliquus inferioris. The lateralis superficialis is not 
developed. 

Epaxialis (EP): The epaxialis is the dorsal component of the body muscle 
lying above the lateral septum. This muscle possesses two inserting heads, dor­
somedian head and lateral head, anteriorly. The dorsomedian head inserts to the 
posterodorsal margin of the cranium (the parietal, the supraoccipital, the exoccipital 
and the anterodorsal process of the posttemporal), and does not extend to the dorsal 
surface of the occipital region. The lateral head inserts to the posterior margin of 
the dorsolateral region of the exoccipital in many cottoid fishes. In the fishes of the 
genera Jordania, Marukawichtys, Ereunias, Cottus and Scorpaenichthys, some fibers 
of this muscle extend forward and insert to the posttemporal fossa. 

Obliquus superioris (OBS): The obliquus superioris is a subdivision of the 
hypaxialis, and lies just below the midline of the body. Its fibers pass from 
anterodorsal to posteroventral. This subdivision is poorly developed anteriorly, but 
forms the main mass of the hypaxialis posteriorly. In all cottoid fishes except for 
Jordania zonope, this subdivision inserts to the medial surface of the posterodorsal 
process of the cleithrum (Fig. 48, A). In Jordania zonope, this subdivision extends 
to the posteroventral region of the cranium, and attaches to the posterolateral face 
of the basioccipital (Fig. 48, B). The Baudelot's ligament is free from this subdivi­
sion in all cottoid fishes. 

Obliquus inferioris: This subdivision of the hypaxialis lies ventrolateral 
region of the body and covers ventrolateral face of the abdominal cavity anteriorly. 
Anterodorsal part of this subdivision grades into the tissue of the wall of abdominal 
cavity and extends to the posterior margin of the cleithrum. Main mass of this 
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Fig. 49. Condition of the extrinsic muscle and the obliquus supenOrIS in two 
scorpaenifonn fishes. A, Hypodytes rubrinnis; B, Zaniolepis latipinnis. For 
abbreviation, see Fig. 48. 

subdivision attaches to the ventral foot of the cleithrum and to the coracoid. The 
ventrolateral fibers are continous with the posterior region of the sternohyoideus. 
Posteriorly, this subdivision is reduced and passes medial to the inclinator analis. 

SCORP AENIFORM FISHES: In the scorpaeniform fishes examined, the epaxialis 
and two subdivisions of the hypaxial is are present. The lateral is superficialis is not 
developed. 

Epaxialis: This muscle is possessed of two inserting heads anteriorly. The 
leteral head is well developed and inserts to the posttemporal fossa anteriorly. In 
hexagrammid, zaniolepidid and anoplopomatid fishes, it is well developed and 
extends to the dorsolateral region of the cranium just above the posterior margin of 
the orbit. In the cyclopteroid fishes, the lateral head of the epaxialis is not 
developed and stopped at the posterior margin of the dorsolateral region of the 
exoccipital. The dorsomedian head of the epaxialis usually inserts to the poster­
odorsal margin of the cranium. It extends to the posterodorsal face of the cranium 
in hexagrammid fishes. In liparidid and cyclopterid fishes, it extends to the dorsal 
surface of the cranium just above to the middle of the orbit. 

Obliquus superioris (OBS): This subdivision of the hypaxialis usually inserts 
to the basioccipital region of the cranium anteriorly and is penetrated or connected 
with the Baudelot's ligament (Fig. 49). In the cyclopterid fishes, this subdivision 
attaches to the posterodorsal surface of the cleithrum and is free from the Baudelot' 
s ligament. 

Obliquus inferioris: This subdivision of the hypaxialis lies ventrolateral 
region of the body and covers ventrolateral surface of the abdominal cavity anterior­
ly. The anterior fibers inserts to the posterior margin of the cleithrum. 
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Ventrolateral fibers pass lateral to the cleithral foot and are continued to the 
posterior region of the stemohyoideus. 

Dismtssion. In the cottoid fishes and other scorpaeniform fishes, the body 
muscles have not been examined yet. As the result of the comparative anatomy in 
the present study, it is confirmed that the condition of the obliquus superioris is 
changed within the cottoid fishes. 

Insertion of the obliquus superioris: There are two conditions in this charac­
ter. Type A is characterized by having the obliquus superioris which inserts to the 
posteroventral surface of the cranium. This type includes Jordania zonupe. Type 
B including the must of the cottoid fishes is characterized by having the obliquus 
superioris which inserts to the posterodorsal process of the cleithrum. In the 
generalized percoid fishes, the distribution of this muscle shows type A of the cottoid 
fishes (Gosline, 1966; Winterbottom, 1974a; Harder, 1975). It, therefore, is consid­
ered that type A is the primitive condition, and type B is the derived condition in 
the cottoid fishes. On the other hand, other scorpaeniform fishes examined here 
except for the cyclopterid and liparidid fishes have the obliquus superioris of type 
A in the cottoid fishes. Type B is observed in the cyclopterid and liparidid fishes. 

7. MUSCLES SERVING THE CAUDAL FIN (Fig. 50) 

Description. 
COTTom FISHES: The caudal fin is served by seven muscular elements; the 

interradialis, the hypochordal longitudinalis, the flexor dorsalis superior, the flexor 
dorsalis, the flexor ventralis, the flexor ventralis externus and the flexor ventralis 
inferior. In addition to these muscles, the posterior ends of the epaxialis and the 
hypaxialis insert to the bases of the caudal fin rays. The adductor dorsalis is absent 
in all cottoid fishes examined. 

Interradialis (INT): This muscle consists of a number of bundles of muscular 
fibers interconnecting the principal caudal fin rays. This muscle lies mainly 
between the adjacent rays, but often extends over more than one ray. The muscular 
fibers serving to the upper half of the caudal fin pass upwards and backwamds, while 
the fibers serving to lower half of the caudal fin pass downwards and backwards. 
Basal part of the bundle serving to the uppermost ray of the lower half of the caudal 
fin lies under the bundle serving to the lowermost ray of the upper half. 

Hypochordal longitudinalis (HL): This muscle originates from the dorsolater­
al surface of the lower hypural complex and inserts to the upper two or three 
principal rays of the upper half of the caudal fin by strong tendons. 

Flexor dorsalis superior (FDS): This muscle originates from the posterior a 
few centra and the epurals, and inserts to the posterior some procurrent rays of the 
dorsal series and upper one or two principal caudal rays. 

Flexor dorsalis (FD): This muscle originates from the dorsolateral surface of 
the posterior a few centra and upper hypural complex and inserts to the bases of the 
principal rays of the upper half of the caudal fin. 

Flexor ventralis externus (FVE): This muscle originates from the ventrolater­
al surface of the centra and haemal spines of posterior some vertebrae. It runs 
posterodorsally and converges on a thin tendinous tissue to insert upper a few rays 
of the lower lobe of the caudal fin. 
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Fig. 50. The muscles serving to the caudal fin (above, superficial layer; Middle, profound layer; below, caudal skeleton). A, Hemil&­
pidotus gilberti; B, Trachidermus fasciatus; C, Hexagrammmos stelleri; D, Setarches longimanus. ad, adductor dorsalis; ep, epax­
ialis; fd, flexor dorsalis; fds, flexor dorsalis superior; fv, flexor ventralis; fve, flexor ventralis externus; fvi, flexor ventralis 
inferior; hi, hypochordal longitudinalis; hp, hypaxialis; int, interradialis. Scales indicate 5 mm. 
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Flexor ventralis (FV): This muscle originates from the lateral surface of the 
haemal spines, ventrolateral surface of the posterior a few centra and the lower 
hypural complex. Insertion of this muscle is lateral bases of the principal caudal 
fin rays of the lower half. 

Flexor ventralis inferior (FVI): This muscle originates from distal parts of the 
haemal spines of the posterior a few vertebrae, and inserts to some posterior 
procurrent rays of the ventral series and lower principal rays by strong tendons. 

SCORPAENIFORM FISHES: The scorpaeniform fishes examined here are also 
possessed of seven muscular elements observed in the cottoid fishes. In addition to 
these elements, many scorpaeniform fishes are possessed of the adductor dorsalis. 

Adductor dorsalis (AD): This muscle originates from the lateral surface of the 
upper hypural complex and inserts to the base of the uppermost ray of the lower half 
of the caudal fin. This muscle is present in the scorpaenid, platycephalid, and 
bembrid fishes. Other scorpaeniform fishes examined here are not possessed of this 
muscle. 

Disrussion. Among the scorpaeniform fishes, the caudal muscles have been 
described only on the genera Myoxocephalus (Cowan, 1969) and Sebastes (Rybachuk, 
1976). The difference of the caudal muscles among the cottoid fishes and other 
scorpaeniform fishes have not be clarified in these studies. As the result of the 
comparison of the caudal muscles in the present study, the distinct difference is 
found in the condition of the adductor dorsalis. All cottoid fishes examined here do 
not have the adductor dorsalis. In the percoid fishes, the presence of this muscle has 
been reported from the lutjanid, kuhlid, apogonid and centrarchid fishes (Narshall, 
1963; Nag, 1969; Winterbottom, 1974a). It, therefore, is considered that the 
presence of this muscle is the primitive condition for the scorpaeniform fishes. In 
this sense, the cottoid fishes share the derived condition of this character. Among 
the other scorpaeniform fishes examined, this muscle is present in the scorpaenid, 
platycephalid representatives, while it is absent in the triglid, synanceiid, ano­
plopomatid, hexagrammid, zaniolepidid, cyclopterid and liparidid fishes. 

8. MUSCLES OF THE SWIMBLADDER (Figs. 48, 49 and 51; Table 11) 

Description 
COTTom FISHES: In the cottoid fishes, the extrinsic muscle is present, but the 

intrinsic muscle is absent. 
Extrinsic muscle (EXT): In the cottoid fishes, the swimbladder is absent, but 

the extrinsic muscle is well developed. This muscle originates from the poster­
oventral surface of the otolith chamber of the cranium and runs medial to the levator 
pectoralis and inserts to the anterodorsal process of the cleithrum. This muscle is 
not connected with the Baudelot's ligament directly (Fig. 48). 

SCORPAENIFORM FISHES: The extrinsic muscle is present in the most of the 
scorpaeniform fishes, while the intrinsic muscle is present in only some species of the 
scorpaeniform fishes. 

Extrinsic muscle: This muscle is regarded as a pair of the muscles which 
originates from the occipital region of the cranium, and runs under the obliquus 
superioris to insert to the swimbladder or the paraphophyses of the abdominal 
vertebrae. Among the scorpaeniform fishes examined, six types and three subtypes 
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Fig.51. Hypothetical evolutional trends of the extrinsic muscle in the scorpaeniform 
fishes. EXT, extrinsic muscle; INT, intrinsic muscle. For explanation, see text. 

of this muscle are observed. Type A is characterized by having the extrinsic muscle 
which originates from the posteroventral surface of the cranium and inserts to the 
parapophyses of some abdominal vertebrae tendinously. This type is subdivided 
into three subtypes on the basis of the condition of this muscle. Subtype A-I 
includes the scorpaenid genera Sebastes, Helicoltmus and Hypodytes, the synanceiid, 
the platycephalid and the bembrid fishes. In these fishes, the extrinsic muscle is 
separated into two layers anteriorly. The ventral layer of this muscle is fused with 
the Baudelot's ligament, while the medial layer is free from the ligament. Subtype 
A-2 includes the scorpaenid genera Sebastlobus and Setarches. In these fishes, the 
extrinsic muscle is a single muscular mass which is connected with the Baudelot's 
ligament. Subtype A-3 includes hexagrammid fishes. In these fishes, the extrinsic 
muscle is a single muscular mass and is not connected with the Baudelot's ligament. 
Type B includes the zaniolepidid and anoplopomatid fishes. In these fishes, the 
extrinsic muscle is firmly connected with the obliquus superioris. This muscle 
originates from the posteroventral surface of the cranium and inserts to the parapo­
physes of a few abdominal vertebrae. The posterior half of this muscle is graded 
into the tendinous tissue. This muscle is connected with the anterodorsal process of 
the cleithrum but it is not connected with the Baudelot's ligament. Type C 
includes the scorpaenid genus Pterois which has the intrinsic muscle. Pterois has a 
cylindrical extrinsic muscle which originates from the occipital region of the 
cranium and inserts to the swimbladder where this muscle is fused with the intrinsic 
muscle. In this type, the extrinsic muscle is free from the Baudelot's ligament. 
Type D is represented by a scorpaenid genus Apistus in which the extrinsic is 
separated into two slender muscular masses. One of them originates from the 
exoccipital near the vagus foramen and runs along a branch of the vagus nerves to 
insert the swimbladder. The another muscular mass originates from the basioc­
cipital and inserts to the proximal region of the second epipleural rib. The 
Baudelot's ligament is free from these muscular masses. Type E is represented by 
the cyclopterid and liparidid fishes in which the extrinsic muscle originates from the 
posteroventral surface of the cranium and inserts to the anterodorsal margin of the 
cleithrum. Type F is represented by the triglid fishes. In these fishes, the extrinsic 
muscle is not observed. 
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Intrinsic muscle: This muscle is present on the lateral surface of the 
swimbladder. In the scorpaeniform fishes, this muscle is observed in the scorpaenid 
genera Pterois and Apistus, and the triglid fishes. In Pterois, this muscle is fused 
with the extrinsic muscle anteriorly. In Apistus this muscle is not connected with 
the extrinsic muscle. 

Discussion. Among the scorpaeniform fishes, the muscles of the swimbladder 
have been studied mainly in the scorpaenid and the triglid fishes by Matsubara 
(1943), Fish (1954), Barber and Mowbrag (1956), Evans (1973), Hallacher (1974) and 
Litvinenko (1980). Matsubara (1943) studied the extrinsic muscle of the scor­
paenoid fishes, and classified the Japanese scorpaenoid fishes into three groups on the 
basis of the condition of the muscle, and used this character for the phylogenetic 
consideration of this group. Hallacher (1974) studied the extrinsic muscle of the 
scorpaenid genus Sesbates and the other scorpaeniform fishes, and classified these 
fishes into four types and discussed the evolutional implication of the extrinsic 
muscle in the scorpaeniform fishes. 

In the present study, it is clarified that the extrinsic muscle of the cottoid fishes 
is characterized by having the insertion to the cleithrum. In the generalized 
percoid fishes, the extrinsic muscle is originated from the posteroventral surface of 
the cranium and inserted to the parapophyses of the abdominal vertebrae. The 
generalized percoid type of this muscle can be regarded as the ancestral condition of 
the cottoid types, but there is a large gap between the both types. Thus, the 
evolution of this character is discussed among the scorpaeniform fishes. Among the 
scorpaeniform fishes examined here, the condition of the muscles serving to the 
swimbladder is classified into six types including three subtypes summerized in the 

Table 11. Comparison of the muscles serving to swimbladder in the scorpaeniform fishes. 

Extrinsic muscle Intrinsic 
Morphotype muscle Family and genus 

insertion condition 

two layers, one of Scorpaenidae; Sebastes, 
Type A-I them connecting to Hypodytes Helicolenu8 

Baudelot's ligament Synanceiidae, Platycephalidae 
------------- ------------------------------

one layer, connecting Scorpaenidae; Sebastolobus, 
Type A-2 parapophyses to Baudelot's liga- absent Setarches 

ment 
------------- ------------------------------

TypeA-3 Hexagrammidae 

TypeB 1st epipleural, one layer, free from Zaniolepididae, 
cleithrum Baudelot's ligament Anoplopomatidae 

TypeC swimbladder Scorpaenidae; Pterois 

swimbladder, two slender muscles, 
TypeD 1st epipleural 

free from Baudelot's present Scorpaenidae; Apistus 
ligament 

TypeE absent Triglidae, Peristediidae 

TypeF cleithrum one layer, free from absent Cottoidea, Cyclopteridae, 
Baudelot's ligament Liparididae 
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Fig. 51 and Table 11. Among these types, type A and its subtypes are characterized 
by having the extrinsic muscle which originates form the posteroventral surface of 
the cranium and inserts to the parapophyses of the abdominal vertebrae. It is 
considered that this condition is the most primitive among six types, because this 
type has been observed in the generalized percoid fishes (Hazlett and Winn, 1962; 
Schneider, 1964; Tavolga, 1977; Vari, 1978). In the generalized percoid fishes, the 
relation between the extrinsic muscle and the Baudelot's ligament has not been 
clarified. It can not be discussed which is the most primitive condition among three 
subtypes of the type A, though it is considered that they are primitive than any 
other types. It is estimated that the extrinsic muscle may be evoluved from the 
primitive condition of type A to two directions (Fig. 51). One of them is the 
direction deriving to condition of the cottoid fishes (type E), and another is the 
direction deriving to the triglid condition (type F). These two types have not been 
reported from other fish groups. It is considered that the evolutional trend to the 
cottoid type (type A-+type B-+type E) may be occurred by reduction of the 
swimbladder and adaptation for the benthic life pattern, while the evolutional trend 
to the triglid type (type A-+type C-+type D-+type F) may be occurred by the 
specialization of the function of the swimbladder such as sound production which 
has been discussed by many authors (Fish, 1954; Evans, 1973; Tavolga, 1977). 
Judging from these assumption, it can be considered that the cottoid fishes possess 
one of the most derived condition, and share this derived condition with the 
cyclopterid and liparidid fishes. Hallacher (1974) wrote that "Homologies between 
the cranioclavicle muscle of the cotto ids and the elongate muscles of the other 
scorpaeniform fishes are not clear". But it is considered that the morphological gap 
between type A and type E can be bridged by the intermediate condition type B of 
zaniolepidid fishes. 

9. MUSCLES BETWEEN THE PECTORAL GIRDLE AND THE CRANIUM, THE HYOID AND 
THE BRANCHIAL ARCHES 

Description 
COTTOID FISHES: There are two muscles (the protractor pectoralis, the levator 

pectoralis) between the pectoral girdle and the cranium, two muscles (the pharyngo­
clavicularis externus and internus) between the pectoral girdle and the branchial 
arch, and a muscle (the sternohyoideus) between the pecotoral girdle and the hyoid 
arch. The pharyngoclavicularis externus and internus are described and discussed 
in the section of the branchial muscles. 

Sternohyoideus: This muscle originates from the lateral surface of the uro­
hyal. This muscle consists of three myomeres separated by two myocommata. The 
posteriormost myomere of this muscle is divided into three inserting heads. The 
uppermost inserts to the anteroventral fossa of the cleithrum. The middle part of 
this myomere is continuous with the hypaxialis posteriorly. The lowest part inserts 
to the ventral tip of the cleithrum. 

Protractor pectoralis: This muscle originates from the posterolateral tip of the 
pterotic, and passes downward to insert to anterodorsal margin of the cleithrum. 
Anteroventrally this muscle grades into the tissue of the wall of the branchial 
chamber. 
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Table 12. Comparison of eight characters of muscular patterns in cottoid fishes. TA-1, number of the anterior tendon of the adductor 
mandibulae section Al-2; CA-2, connection between the adductor mandibulae section A2 and the ligamentum primordium; HHA, 
hyohyoides inferioris; TD, tendon of the transversus dorsalis; NRV, number of the recti ventrales; RVU, rectus ventralis interconnecting 
the urohyal and the third hypobranchial; COR, coracoradialis; lOS, inserting position of the obliquus superioris. P, primitive condi­
tion; D, derived condition. 

Morphotype 
Character 

Family and genus 
TA-1 CA-2 HHA TD NRV RVU COR lOS 

I absent cleithrum Rhamphocottidae; Rhamphocottus 
(P) absent (D) Ereuniidae; Marukawichthys, Ereunias 

absent absent (D) cranium Cottidae; Jordania II (P) (D) (P) 

III one head Psychrolutidae; Dasyoottus, Malaoocottus, 
(P) Gottunculus 

IV present present Psychrolutidae; Eurymen 

V (P) (P) Psychrolutidae; Psychrolutes 

VI present Psychrolutidae; Ebinania, Neophrynichthys 

VII 
one(P) (P) one(P) present Hemitripteridae; Hemitripterus bolini (P) 

VIII two head cleithrum Hemitripteridae; Hemitripterus villosus (D) (D) 
absent Hemitripteridae; Blepsias, Nautichthys (P) 

Cottidae; Scorpaenichthys, Hemilepidotus, 
Leptooottus, Ghitonotus, Icelus, Stlengis, 
Icelinus, Thyriscus, Radulinus, 

IX absent Asemichthys, Artedius, Oligocottus, 
absent one head (D) Glinooottus, Artediellus, Zesticelus, 

(D) (P) Taurooottus, Myoxocephalus, Microoottu8, 
Porooottus, Argyrooottus, Enophrys, 
Taurulus, A lcichthys , Bero, Ocynectes, 
Furcina, Pseudoblennius, Vellitor, 

X present Cottidae; Gottus, Trachidermus, Ascelichthys, Triglops (D) 

XI Agonidae; Agonomalus 
absent two(D) 

VII two (D) 
(P) 

Agonidae; Podothecus, Tilesina 
... -- ----- --- --
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Levator pectoralis: This muscle originates from the posteroventral region of 
the skull, and it inserts to the anterodorsal process of the cleithrum. Some fibers of 
this muscle insert to the posttemporal and the supracleithrum. This muscle is 
indistinctly divided into two masses. Interspace between these masses are filled 
with thin muscular tissue. 

SCORPAENIFORM FISHES: The conditions of these muscles are almost the same 
as those of the cottoid fishes. In some scorpaeniform fishes, the distributional 
pattern of the sternohyoideus differs from that in the cottoid fishes. In the 
cyclopterid genera Eumicrotremus, and Aptocyclus, the sternohyoideus is separated 
into two sections. The upper section originates from the dorsolateral surface of the 
urohyal and inserts to the middle part of the cleithrum. The lower section origi­
nates from the ventrolateral surface of the urohyal and runs posteriorly to insert to 
the anteroventral surface of the cleithral foot. It does not extend to the hypaxialis. 

Remarks: The condition of the muscles of this region is scarcely changed in 
the cottoid and other scorpaeniform fishes. This condition has also been reported in 
the generalized percoid fishes (Osse, 1969; Liem, 1970; Winterbottom, 1974a; 
Elshould-Oldenhave and Osse, 1976). It is considered that the condition of the 
sternohyoideus observed in the cyclopterid fishes is unique and derived condition 
among the scorpaeniform fishes. 

VII. Phylo~enetic classification of the superfamily Cottoidea 

1. CHARACTERS AND CONDITIONS 

As the result of the comparative anatomy of the cottoid fishes and other 
scorpaeniform fishes, the effective differences are recognized in 60 characters. The 
phylogenetic relationships among the cottoid fishes are inferred on the basis of these 
characters. The condition and the polarity estimated on each character in the 
present study are summarized below. The asterisk indicates the character whose 
derived conditions are found in all cottoid fishes. If there are two or more derived 
conditions, the condition "I" is less derived than the "II", and follows in order. If 
there are two or more evolutional trends in a characters, each series indicates as "a", 
"b" and so on. 

1. Infraorbital: Primitive condition; five infraorbitals. Derived condi­
tion; I} four bones, II} three bones. 

2. Infraorbital sensory canal: Primitive condition; the canal is not con­
nected with the operculomandibular sensory canal. Derived condition; The former 
is connected with the latter. 

3*. Suborbital stay: Primitive condition; the second infraorbital is not 
elongated posteriorly. Derived condition; it is elongated posteriorly to form the 
suborbital stay. 

4*. Lachryopalatine articulation: Primitive condition; the lachrymal is 
ligamentously connected with the palatine. Derived condition; the lachrymal has 
an articular head medially which is received in the lateral groove of the palatine to 
form the lachryopalatine articulation. 

5. Teeth on prevomer: Primitive condition; teeth are present on the 
prevomer. Derived condition; no tooth on prevomer. 
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Table 13. Distribution of the condition of 13 muscular characters among the 
extensor proprius; AD, adductor dorsalis; EXT, extrinsic muscle; for 
condition; N, derived condition which is not observed in the cottoid fishes. 

Character 
Group 

TA-1 CA-2 HHA TD NRV 

Cottoidea P,D P,D P,D P,D P,D 

Cyclopteridae N D N P N 

Liparididae N D N P N 

Hexagrammidae P D D P P 

Zaniolepididae P P D P P 

Anoplopomatidae P P N P P 

Scorpaenidae P,D P P P P 

Synanceiidae D P P P P 

Platycephalidae P P N P P 

Trigligae P P N P P 

6. Palatocranial articulation: Primitive condition; the articular head of 
the prefrontal is joined to a small facet of the palatine to form a distinct palato­
cranial articulation. Derived condition; the palatocranial articulation is obscure. 

7. Pterosphenoid-parasphenoid junction: Primitive condition; the pteros­
phenoid is separated from the parasphenoid by interposition of the prootic. 
Derived condition; the lateral wing of the parasphenoid extends upward and 
attaches to the pterosphenoid. 

8. Trigeminofacialis chamber: Primitive condition; a broad vertical bridge 
crosses over the trigeminofacialis chamber. Derived condition; I) a narrow verti­
cal bridge crosses over the chamber, II) the vertical bridge is absent. 

9. Basioccipital-parasphenoid fossa: Primitive condition; this fossa is 
absent. Derived condition; a pair of deep fossa is present on the ventral surface of 
occipital region to form the basioccipital-parasphenoid fossa. 

10. Baudelot's ligament: Primitive condition; the Baudelot's ligament 
inserts to the posterior tip of the basioccipital. Derived condition; this ligament 
inserts to the first vertebra. 

11. Supratemporal commissure: Primitive condition; the supratemporal is a 
single bone having three openings. The tubular structures on the parietal and 
pterotic are not free from the basal bones. Derived condition; I) the supratempor­
al is composed of two tubular bones, and the tubular structures on the parietal and 
the pterotic are not free from the basal bones. II) the supratemporal is composed 
of two elements. The posterior tubular structure on the pterotic is free from the 
basal bone. III) the posterior supratemporal is lost. The posterior tubular struc­
ture on the pterotic is free from the basal bone. IV) the posterior supratemporal is 
lost. The posterior tubular structure of the pterotic and the tubular structre of the 
parietal are free from the basal bones. V) all tubular structures on the parietal and 
pterotic are free from the basal bones. 

12*. Basisphenoid: Primitive condition; this bone is present. Derived 
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scorpaeniform fishes. LE, levotor externus; PHI, pharyngoclavicularis internus; EXP, 
other abbreviations of characters, see Table 12. P, primitive condition; D, derived 

RVU COR lOS LE PHI EXP AD EXT 

P,D P,D P,D D P D D D 

P D D D D N D D 

P D D D D N D D 

P P P P P D D P 

P P P P P P D P 

P P P P P P D P 

P P P P P P P P,N 

P P P D P P D P 

P P P P P P P P 

P P P P P P P N 

condition; this bone is absent. 
13*. Intercalar: Primitive condition; the intercalar is large and extends to 

the prootic. Derived condition; the intercalar is small and does not extend to the 
prootic. 

14*. Posttemporal fossa: Primitive condition; this fossa is deep and inserted 
by the lateral head of the epaxial is. Derived condition; the posttemporal fossa is 
shallow and not inserted by numerous muscular fibers. 

15. Entopterygoid: Primitive condition; this bone attaches or closely lies to 
the metapterygoid posteriorly. Derived condition; I) this bone is far separated 
from the metapterygoid, II) this bone is lost. 

16. Palatine teeth: Primitive condition; the palatine teeth are present. 
Derived condition; the palatine teeth are absent. 

17. Lateral process of the hyomandibular: Primitive condition; this process 
is obscure or absent. Derived condition; this process is well developed on the 
posterodorsal margin of the hyomandibular. 

18*. Metapterygoid lamina: Primitive condition; the metapterygoid lamina 
is present on the lateral surface of the metapterygoid. Derived condition; the 
metapterygoid lamina is absent. 

19. First pharyngobranchial (suspensory pharyngeal): Primitive condition; 
this is present as a rod-like bone. Derived condition; this bone is absent. 

20*. Pharyngobranchials and tooth plates: Primitive condition; the second to 
fourth pharyngobranchials bearing tooth plates are present. Derived condition; I) 
the second and third bones and their tooth plates are present, II) the second and 
third bones and a tooth plate on the latter are present, III) the third bone and its 
tooth plate are present. 

21. Third epibranchial: Primitive condition; a tooth plate is present on the 
third epibranchial. Derived condition; a tooth plate is absent on the third 
epibranchial. 
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22*. Basihyal: Primitive condition; the basihyal is present as a rod-like bone 
situated on the anterior tip of hyoid arch. Derived condition; I) the basihyal is 
persent as a small unossificated bone situated on the anterior tip of the hyoid arch, 
II) the basihyal is present as a tiny bone sandwiched between the hypohyals on 
both side, III) this bone is absent. 

23. Branchiostegal rays: Primitive condition; seven rays are present. Der­
ived condition; six rays are present. 

24*. Scapula foramen: Primitive condition; the scapula foramen is complete­
ly closed. Derived condition; I) the foramen is closed, but a crack is present on 
the anterior part of this bone, II) the foramen is present between the scapula and 
the cleithrum. 

25*. Scapula-coracoid connection: Primitive condition; the scapula is 
attached to the coracoid. Derived condition; they are separated. 

26. Actinost : Primitive condition; four actinosts are present. Derived 
condition; three bones are present (the uppermost one is fused with the scapula). 

27. Pores between each actinost: Primitive condition; one to four small 
pores are present between actinosts. Derived condition; the pore is absent. 

28. Free pectoral fin rays: Primitive condition; all pectoral fin rays are 
interconnected by the fin membranes. Derived condition; lower four rays are 
separated from the upper lobe to form the free rays. 

29. Continuous pectoral fin: Primitive condition; the pectoral fins of both 
sides do not continue. Derived condition; the pectoral fins on both sides continue 
each other on the ventral midline. 

30. Pelvis: Primitive condition; the sub pelvic keel and suprapelvic keel are 
normal. Derived condition; both keels are well developed and project forwards. 

31. Pelvic fin rays: Primitive condition; pelvic fin is composed of one spine 
and five soft rays. Derived condition; I) one spine and four soft rays, II) one 
spine and three soft rays, III) one spine and two soft rays, IV) one rudimentary 
spine or absent. 

32. Anterior proximal pterygiophore of the dorsal series: Primitive condi­
tion; the first proximal pterygiophore inserts to the second interspace. Derived 
condition; Ia) the first inserts to the first interspace, I1a) anterior two pterygio­
phores insert to the first interspace. Ib) the first one inserts to the fifth interspace, 
lIb) the first inserts to the seventh interspace. 

33. Stay: Primitive condition; this bone is present behind last pterygiophor-
e. Derived condition; the stay is absent. 

34. Fin rays on the last proximal pterygiophore: Primitive condition; two 
fin rays are present on the last proximal pterygiophores of dorsal and anal series. 
Derived condition; I) the last proximal pterygiophore of dorsal series supports one 
ray, and the last one of anal series supports two rays. II) the last ones of the dorsal 
and anal series support a fin ray. 

35*. Anal fin: Primitive condition; spiny rays are present. Derived condi­
tion; spiny ray is absent. 

36*. Pleural ribs: Primitive condition; the pleural rib begins at the third 
vertebra. Derived condition; the pleural rib begins at the sixth vertebra or more 
posterior. 
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37*. Epipleural ribs: Primitive condition; epipleural ribs attach to pleural 
ribs.. Derived condition; epipleural ribs do not attach to the pleural ribs. 

38*. Haemal spines on the preural centra: Primitive condition; haemal spine 
of the preural centrum II is suturally attached to the centrum. Derived condition; 
the haemal spine of the preural centrum II is fused with the centrum. 

39*. Hypurapophysis: Primitive condition; the hypurapophysis is developed 
on the parhypural. Derived condition; the hypurapophysis is absent. 

40*. Preural centrum I: Primitive condition; preural centrum I is not fused 
with the hypurals. Derived condition; preural centrum I is fused with the 
hypural-parhypural complex. 

41 *. Hypural-parhypural complex bone: Primitive condition; the complex 
bone is composed of three or more elements. Derived condition; I) the complex is 
composed of the upper and lower elements, II) the complex is composed of a single 
element. 

42. Caudal fin: Primitive condition; branched rays are present. Derived 
condition; branched rays are absent. 

43. Neural spine of the preural centrum II: Primitive condition; the neural 
spine of the preural centrum II is not elongated. Derived condition; the neural 
spine is elongated and supports the procurrent rays. 

44. Isthmus: Primitive condition; branchiostegal membranes are joined and 
free from the isthmus. Derived condition; I) branchiostegal membranes are fused 
to the isthmus and form a narrow free fold, II) branchiostegal membranes are fused 
to isthmus without any free fold. 

45. Body scales: Primitive condition; ctenoid scales are present on the body. 
Derived condition; Ia) body is naked, Ib) covered with minute spiny scales, Ie) 
covered with minute multifid spines, Id) covered with large bony plates. 

46. Position of anus: Primitive condition; anus is situated immediately 
anterior to anal fin. Derived condition; I) anus is situated about midway between 
the pelvic and anal fin origins, II) anus is situated immediately posterior to the 
pelvic fin. 

47. Adductor mandibulae: Primitive condition; the section Al of this 
muscle is not subdivided. Derived condition; the sectoin Al is subdivided into 
two parts (this condition is observed in the cyclopterid and the liparidid fishes). 

48*. Hyohyoidei abductores section 2: Primitive condition; this muscle cros­
ses over its antimere. Derived condition; this muscle is fused to its antimere. 

49. Hyohyoides inferioris: Primitive condition in the cottoid fishes; this 
muscle is present. Derived condition in the cottoid fishes; this muscle is absent. 
For condition among the other scorpaeniform fishes, see and Table lO. 

50. Transversus dorsalis: Primitive condition; this muscle inserts to the 
second epibranchial. Derived condition; this muscle inserts to the second and 
third epibranchials. 

51 *. Levator externus III: Primitive condition; this muscle is present. 
Derived condition; this muscle is absent. 

52. Rectus ventralis: Primitive condition; the rectus ventralis III is present, 
but other elements are absent. Derived condition; the recti ventales II and III are 
present. 
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Table 14. The summary of the character conditions of 61 genera or species of the superfamily 
D3······ ; Da, Db, Dc and Dd, derived condition of different trend); -, primitive condition. 

Character 1 2 3 4 Ii 6 7 B 9 10 11 12 13 14 15 16 
1. Jordania - - D D - - D Dl - - Dl D D D - -

2. Soorpaenichthys - - D D - - D Dl - - Dl D D D - -
3. H emilepidotu. - - D D - - D Dl - - Dl D D D - -
4. Leptocottus - - D D - - D Dl - - Dl D D D - -
5. Tra.chidermus - - D D - - D Dl - - Dl D D D D2 -
6. Cottus kazika - - D D - - D Dl - - Dl D D D - -
7. Cottu. poll"'" - - D D - - D Dl - - Dl D D D - D 
B. Artediu. - - D D - D D Dl - - Dl D D D - -
9. Chitonotu. - - D D - D D Dl - - Dl D D D - -

10. Orthonopias - - D D - D D Dl - - Dl D D D - -

11. Triglop. Dl - D D - D D Dl - - Dl D D D - D 
12. Radulinus Dl - D D - D D Dl - - Dl D D D D2 D 
13. A.emichthy. Dl - D D - D D Dl - - Dl D D D D2 D 
14. A.trooottus Dl - D D - D D Dl - - Dl D D D D2 D 
15. Icelus - - D D - D D Dl - - Dl D D D - -
16. Ricuztmiu. - - D D - D D Dl - - Dl D D D - -
17. Stelgistrum - - D D - D D Dl - - Dl D D D - D 
lB. Thyt'i8cu. Dl - D D - D D Dl - - Dl D D D - -
19. Stlengis - - D D - D D Dl - - Dl D D D Dl -
20. Icelinus - - D D - D D Dl - - Dl D D D Dl -

21. Oligocottus - - D D - D D Dl - - Dl D D D - -
22. Clinocottus - - D D - D D Dl - - Dl D D D - -
23. Leiooottus - - D D - D D Dl - - Dl D D D - D 
24. Synchirus - - D D - D D Dl - - Dl D D D D2 D 
25. Gymnocanthus - - D D D D D Dl - - Dl D D D - D 
26. A.celichthy. Dl - D D - D D Dl - - Dl D D D - -
27. Taurooottus Dl - D D - D D Dl - - Dl D D D - -
2B. Trichooottu. Dl - D D - D D Dl - - Dl D D D - D 
29. Myo:oocephalus Dl - D D - D D Dl - - Dl D D D - D 
30. Microoottus Dl - D D - D D Dl - - Dl D D D - D 
31. Porooottu. Dl - D D - D D Dl - - Dl D D D - D 
32. A rgyrooottus Dl - D D - D D Dl - - Dl D D D - D 
33. Enophrys Dl - D D - D D Dl - - Dl D D D - D 
34. Taurulus Dl - D D - D D Dl - - Dl D D D - D 
35. A rtediellus Dl - D D - D D Dl - - Dl D D D Dl -
36. A rtediellichthys Dl - D D - D D Dl - - Dl D D D Dl -
37. Cottiusculus Dl - D D - D D Dl - - Dl D D D Dl -
38. Zesticelus Dl - D D - D D Dl - - Dl D D D Dl D 
39. Alcichthys - - D D - D D Dl - - Dl D D D - -
40. Bem - - D D - D D Dl - - Dl D D D - -

41. Ocynectes - - D D - D D Dl - - Dl D D D - -
42. Fuf"Cina - - D D - D D Dl - - Dl D D D Dl -
43. P .... dobltmnius - - D D - D D Dl - D Dl D D D Dl -
44. V.llitor - - D D - D D Dl - D Dl D D D Dl -
45. H emitripterus v. - - D D - - - D2 - D Dl D D D - -
46. Hemitripterus b. - - D D - - - D2 - D - D D D - -
47. Blepsias Dl - D D - - - D2 - D Dl D D D - -
48. N autichthys Dl - D D - - D Dl - D Dl D D D - -
49. Agonomalus D2 - D D D D D D2 - D - D D D - -
50. Podothecus D2 - D D D D D Dl - D - D D D - D 
51. Tilesina D2 - D D - D D Dl - D - D D D Dl -
52. Marukawichthy. - - D D - D - Dl - - Dl D D D - -
53. Ereunias - - D D - D - Dl - - Dl D D D - -
54. Dasyoottus Dl D D D - D - D2 - - D2 D D D - D 
55. Eurymtm Dl D D D - D - D2 - - D2 D D D - D 
56. Cottunculus D2 D D D - D - D2 - - D3 D D D - D 
57. Ebinania Dl D D D - D - D2 - - D4 D D D - D 
58. N eophrynichthys Dl D D D D D - D2 - - D4 D D D - D 
59. Malaoocouus Dl D D D D D - D2 - - D4 D D D - D 
60. P.ychro!utes Dl D D D D D - D2 - - D5 D D D - D 
61. Rhamphooouus Dl - D D - D D - D - - D D D - D 
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Cottoidea. For character's number, see text. D, derived condition (D1<D2< 

17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 
D D - Dl D D2 D Dl D - - - - - - - D - D D D 
D D D Dl D D3 D D2 D D - - - - - Dla D - D D D 
D D D Dl D D3 D D2 D - - - - - Dl - D - D D D 
D D D Dl D D3 D D2 D - - - - - Dl - D D2 D D D 
D D D Dl D D3 D D2 D - - - - - Dl - D D2 D D D 
D D D Dl D D3 D D2 D - - - - - Dl - D D2 D D D 
D D D Dl D D3 D D2 D - - - - - Dl - D D2 D D D 
D D D Dl D D3 D D2 D - - - - - D2 - D D2 D D D 
D D D Dl D D3 D D2 D - - - - - D2 Dla D D2 D D D 
D D D Dl D D3 D D2 D - - - - - D2 - D D2 D D D 
D D D Dl D D3 D D2 D - - - - - D2 - D D2 D D D 
D D D Dl D D3 D D2 D - - - - - D2 - D D2 D D D 
D D D Dl D D3 D D2 D - - - - - D2 - D D2 D D D 
D D D Dl D D3 D D2 D - - - - - D2 - D D2 D D D 
D D D D3 D D3 D D2 D - - - - - D2 - D D2 D D D 
D D D D3 D D3 D D2 D - - - - - D2 - D D2 D D D 
D D D D3 D D3 D D2 D - - - - - D2 - D D2 D D D 
D D D D3 D D3 D D2 D - - - - - D2 - D D2 D D D 
D D D D3 D D3 D D2 D - - - - - D3 - D D2 D D D 
D D D D3 D D3 D D2 D - - - - - D3 Dla D D2 D D D 
D D D Dl D D3 D D2 D - - - - - D2 - D D2 D D D 
D D D Dl D D3 D D2 D - - - - - D2 - D D2 D D D 
D D D Dl D D3 D D2 D - - - - - D2 - D D2 D D D 
D D D D3 D D3 D D2 D - - - D - D2 - D D2 D D D 
D D D Dl D D3 D D2 D - - - - - D2 - D D2 D D D 
D D D Dl D D3 D D2 D - - - - - D4 - D D2 D D D 
D D D Dl D D3 D D2 D - - - - - D2 - D D2 D D D 
D D D Dl D D3 D D2 D - - - - - D2 - D D2 D D D 
D D D D3 D D3 D D2 D - - - - - D2 - D D2 D D D 
D D D D3 D D3 D D2 D - - - - - D2 - D D2 D D D 
D D D D3 D D3 D D2 D - - - - - D2 - D D2 D D D 
D D D D3 D D3 D D2 D - - - - - D2 - D D2 D D D 
D D D D3 D D3 D D2 D - - - - - D2 - D D2 D D D 
D D D D3 D D3 D D2 D - - - - - D2 - D D2 D D D 
D D D Dl D D3 D D2 D - - - - - D2 - D D2 D D D 
D D D Dl D D3 D D2 D - - - - - D2 - D D2 D D D 
D D D Dl D D3 D D2 D - - - - - D2 - D D2 D D D 
D D D Dl D D3 D D2 D - - - - - D3 - D D2 D D D 
D D D Dl D D3 D D2 D - - - - - D3 Dla D D2 D D D 
D D D D2 D D3 D D2 D - - - - - D3 Dla D D2 D D D 
D D D D3 D D3 D D2 D - - - - - D3 Dla D D2 D D D 
D D D D3 D D3 D D2 D - - - - - D3 Dla D D2 D D D 
D D D D3 D D3 D D2 D - - - - - D3 Dla D D2 D D D 
D D D D3 D D3 D D2 D - - - - - D3 Dla D D2 D D D 
- D D D3 - D3 - D2 D - - - - - D2 D2a D Dl D D D 
- D D D3 D D3 D D2 D - - - - - D2 - D Dl D D D 
- D D D2 D D3 D D2 D - - - - - D2 - D D2 D D D 
- D D D3 D D3 D D2 D - - - - - D2 - D Dl D D D 
- D D D3 D D3 D D2 D - - - - - D3 - D D2 D D D 
- D D D3 D D3 D D2 D - - - - - D3 Dlb D D2 D D D 
- D D D3 D D3 D D2 D - - - - - D3 D2b D D2 D D D 
- D - Dl D D3 D D2 D - - D - - Dl Dla - D2 D D D 
- D - Dl D D3 D D2 D - - D - - D4 Dla - D2 D D D 
- D D D3 D D3 - D2 D - D - - - D2 - D D2 D D D 
- D D D3 D D3 - D2 D - D - - - D2 - D D2 D D D 
- D D D3 D D3 - D2 D - D - - - D2 - D D2 D D D 
- D D D3 D D3 - D2 D - D - - - D2 - D D2 D D D 
- D D D3 D D3 - D2 D - D - - - D2 - D D2 D D D 
- D D D3 D D3 - D2 D - D - - - D2 - D D2 D D D 
- D D D3 D D3 - D2 D - D - - - D2 - D D2 D D D 
- D - Dl D Dl D Dl D - - - - D D2 - - Dl D D D 
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Table 14. (continued). 

---

38 39 40 41 42 43 44 411 46 47 48 49 50 51 112 53 54 Ill) 56 117 liS 119 60 
D D D Dl - - - - - - D D - D - D D - D D - - D 
D D D Dl - - - Dla - - D D - D - D D D D D - - D 
D D D Dl - - - - - - D D - D - D D D D D - - D 
D D D D2 - D D2 Dla - - D D - D - D D D D D - - D 
D D D D2 - - D2 Dla - - D D - D - D D D D D - D D 
D D D D2 - D D2 Dla - - D D - D - D D D D D - D D 
D D D D2 - D D2 Dla - - D D - D - D D D D D - D D 
D D D D2 - D - - - - D D - D - D D D D D - - D 
D D D D2 - D - - - - D D - D - D D D D D - - D 
D D D D2 - D - - D2 - D D - D - D D D D D - - D 
D D D D2 - D - - Dl - D D - D - D D D D D - D D 
D D D D2 - D - - - - D D - D - D D D D D - - D 
D D D D2 - D - - - - D D - D - D D D D D - - D 
D D D D2 - D - - - - D D - D - D D D D D - - D 
D D D D2 - D - - - - D D - D - D D D D D - - D 
D D D D2 - D - - - - D D - D - D D D D D - - D 
D D D D2 - D - - - - D D - D - D D D D D - - D 
D D D D2 - D - - - - D D - D - D D D D D - - D 
D D D D2 - D - - - - D D - D - D D D D D - - D 
D D D D2 - D - - - - D D - D - D D D D D - - D 
D D D D2 - D - Dla - - D D - D - D D D D D - - D 
D D D D2 - D - Dla Dl - D D - D - D D D D D - - D 
D D D D2 - D - Dla Dl - D D - D - D D D D D - - D 
D D D D2 - D - Dla D2 - D D - D - D D D D D - - D 
D D D D2 - D - Dla - - D D - D - D D D D D - - D 
D D D D2 - D - Dla - - D D - D - D D D D D - D D 
D D D D2 - D - Dla - - D D - D - D D D D D - - D 
D D D D2 - D - Dla - - D D - D - D D D D D - - D 
D D D D2 - D - Dla - - D D - D - D D D D D - - D 
D D D D2 - D - Dla - - D D - D - D D D D D - - D 
D D D D2 D Dla - D D D D D D D D D 
D D D D2 - D - Dla - - D D - D - D D D D D - - D 
D D D D2 - D D2 Dla - - D D - D - D D D D D - - D 
D D D D2 - D D2 Dla - - D D - D - D D D D D - - D 
D D D D2 - D - Dla - - D D - D - D D D D D - - D 
D D D D2 - D - Dla - - D D - D - D D D D D - - D 
D D D D2 - D - Dla - - D D - D - D D D D D - - D 
D D D D2 - D - Dla - - D D - D - D D D D D - - D 
D D D D2 - D - Dla - - D D - D - D D D D D - - D 
D D D D2 - D - Dla - - D D - D - D D D D D - - D 
D D D D2 D Dla - - D D - D - D D D D D - - D 
D D D D2 - D - Dla - - D D - D - D D D D D - - D 
D D D D2 - D - Dla - - D D - D - D D D D D - - D 
D D D D2 - D - Dla - - D D - D - D D D D D - - D 
D D D Dl D D - Dlb - - D D D D - D D D D D - - D 
D D D Dl D D - Dlb - - D - - D - D D D D D - - D 
D D D Dl D D - Dlb - - D D - D - D D D D D - - D 
D D D Dl - D D2 Dlb - - D D - D - D D D D D - - D 
D D D D2 D D - DId D2 - D D - D D D D D D D - - D 
D D D D2 D D - Did D2 - D D - D D D D D D D D - D 
D D D D2 D D - DId D2 - D D - D D D D D D D D - D 
D D D D2 - - - - - - D D - D - - D D D D - - D 
D D D D2 - D - - - - D D - D - - D D D D - - D 
D D D D2 - D - Dla - - D D - D - D D D D D - - -
D D D D2 - D Dl Dla - - D D - D - D D D D D - D -
D D D D2 - D D2 Dla - - D D - D - D D D D D - - -
D D D D2 - D D2 Dla - - D - - D - D D D D D - - -
D D D D2 - D D2 Dla - - D - - D - D D D D D - - -
D D D D2 - D D2 Dla - - D D - D - D D D D D - - -
D D D D2 - D D2 Dla - - D - - D - D D D D D - D -
D D D D2 D D D2 DIe - - D D - D - - D D D D - - D 
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53. Rectus ventralis interconnecting the urohyal and the third hypobranchial: 
Primitive condition; this muscle is absent. Derived condition; this muscle is 
present. 

54 *. Extensor proprius: Primitive condition; this muscle is present. Der­
ived condition; this muscle is absent. 

55. Obliquus superioris: Primitive condition; this muscle extends to the 
cranium. Derived condition; this muscle inserts to the cleithrum and does not 
extend to the cranium. 

56*. Adductor dorsalis: Primitive condition; this muscle is present. Derived 
condition; this muscle is absent. 

57*. Extrinsic muscle: Primitive condition; this muscle inserts to the verte­
brae. Derived condition; this muscle inserts to the cleithrum. 

5S. Anterior tendon of the adductor mandibulae section AI: Primitive condi­
tion; a tendon extends to medial suface of the maxillary head. Derived condition; 
two tendons are present, one extends to the maxillary head and another has the 
common insertion of the ligamentum primordium. 

59. Connection between the adductor mandibulae section A2 and the 
ligamentum primordium: Primitive condition; this connection is absent. Der­
ived condition; some muscular fibers extend to the ligamentum primordium. 

60. Coracoradialis: Primitive condition; this muscle is present. Derived 
condition; this muscle is absent. 

Destributions of above character conditions among the cottoid fishes are sum­
marized in Table 14. 

2. MONOPHYL Y OF THE COTTom FISHES 

The cottoid fishes examined here are regarded as the monophyletic group 
defined by the combination of the following 22 synapomorphies, because the combi­
nation of these synapomorphies is unique among the scorpaeniform fishes examined 
here. It, therefore, is considered that any other scorpaeniform fishes could not be 
derived from the most recent common ancestor of the cottoid fishes hypothetically 
defined by these synapomorphies. The 22 synapomorphies with their character 
numbers in Table 14 are as follows: the suborbital stay is present (No.3); the 
lachrymal is possessed of a developed articular head dorsomedially which articulates 
with the lateral groove of the palatine to form the lachryopalatine articulation (No. 
4); the basisphenoid is absent (No. 12); the intercalar is present as a small bone 
which does not extend to the prootic (No. 13); the posttemporal fossa is not 
developed (No. 14); the metapterygoid lamina is absent (No. IS) ; the fourth phar­
yngobranchial and its tooth plate is absent (No. 20); the basihyal is absent or 
present as a tiny bone or a cartilage (No. 22); the scapula foramen is not completely 
closed (No. 24); the scapula is not attached with the coracoid (No. 25); the spiny 
ray is absent on the anal fin (No. 35); the first pleural rib begins at the sixth 
centrum or more posterior (No. 36); the pleural and the epipleural ribs are attached 
to the centrum (No. 37); the haemal spine on the preural centrum II is fused with 
the centrum (No. 3S); the hypurapophysis is absent (No. 39); the hypural­
parhypural complex bone is composed of one or two elements, and fused with the 
preural centrum I (No. 40,41); the hyohyoidei abductores section 2 is fused with its 
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* Table 15. Distribution of conditions of 22 characters, in which the cottoid fishes are 
d, derived and primitive conditions are present in a taxon; -, primitive condition. 

Character 3 4 12 13 14 18 20 

Cottoidea D D D D D D D 

Cyclopteridae D D D D D D D 

Liparididae D D D D D D D 

Hexagrammidae D D 

Zaniolepididae D D 

Anoplopomatidae D D 

Other scorpaeniform fishes D d d 

opposite member on the ventral midline (No. 48); the levator externus III is absent 
(No. 51); the extensor proprius is absent (No. 54); the adductor dorsalis of the 
caudal muscle is absent (No. 56); the extrinsic muscle interconnects the cranium 
and the anterodorsal process of the cleithrum (No. 57). The distributional pattern 
of the synapomorphies of the all cottoid fishes among the other scorpaeniform fishes 
are shown in Table. 15 

From this distributional pattern of the character conditions, it can not be 
discussed the relationships among the scorpaeniform fishes. But, at least it can be 
discussed the relationships between the cottoid fishes and the cyclopterid and 
liparidid fishes. Cottoid fishes are considered to be more closely related to 
cyclopterid and liparidid fishes than to the other scorpaeniform fishes, because they 
share 20 of the synapomorphies. Among these characters, five characters (Nos. 14, 
20, 22, 36, 57) are regarded as autapomorphies of the cottoid, cyclopterid and 
liparidid fishes among the scorpaeniform fishes. But cyclopterid and liparidid 
fishes possess the primitive condition of the haemal spine of the preural cantrum II 
(No. 38), and liparidid fishes possess the primitive condition of the hypural­
parhypural complex (No. 40). It, therefore, is considered that the cyclopterid and 
liparidid fishes could not be derived from the most recent common ancestor of the 
cottoid fishes. On the other hand, the cyclopterid and the liparidid fishes share 
following four synapomorphies which are all unique conditions among the scor­
paeniform fishes: 1) the pelvic fin is modified to form a sucking disk, 2) the 
adductor mandibulae section Al is divided into two subsections, 3) the pharyngo­
clavicularis internus inserts to the suprapelvic process of the pelvis, 4) hyohyoides 
inferioris is well developed and fused with its antimere on the ventral midline. 
These conditions suggest that the cyclopterid and liparidid fishes form a mono­
phyletic group. Such a group is probably the sister group for the monophyletic 
group of all cottoid fishes. 

3. RELATIONSHIPS AMONG THE COTTOID FAMILIES 

In order to rank the familal level of the cottoid fishes, the branching patters of 
61 genera and species examined here are inferred on the basis of 52 characters 
summarized in Table 14. Results of this analysis, six basal stems which are defined 
by autapomorphies and unique conbinations of synapomorphies are inferred (Fig. 
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possessed of derived condition, among the scorpaeniform fishes. D, derived condition; 

22 24 25 35 36 37 38 39 40 41 48 51 54 56 57 

D D D D D D D D D D D D D D D 

D D D D D D D D D D D D D D 

D D D D D D d D D D D D D D 

D D D D D D D 

D D D D D 

D D 

d d d d d d 

52). In this section, the branching pattern of the basal six stems and ranking of the 
family level are discussed. In the following discussion, these six stems will be 
referred to as the rhamphocottid stem, the psychrolutid stem, the ereuniid stem, the 
agonid stem, the hemitripterid stem and the cottid stem. 

The branching pattern of these stems is participated by following 16 characters: 
the number of infraorbitals (No.1) ; the condition of the infraorbital sensory canal 
(No.2); the condition of the trigeminofacialis chamber (No.8); the presence or 
absence of the basioccipital-parasphenoid fossa (No.9); the position of the 
Baudelot's ligament (No. lO); the condition of the supratemporal commissure (No. 
11); the presence or absence of the lateral process of the hyomandibular (No. 17) ; 
the condition of the basihyal (No. 22) ; the number of branchiostegal rays (No. 23) ; 
the presence or absence of the free rays on the pectoral fin (No. 28); the condition 
of the pelvis and its muscles (No. 30); the condition of the stay (No. 33); the 
condition of the body scales (No. 45); the presence or absence of the rectus ventralis 
II (No. 52); the presence or absence of the rectus ventralis interconnecting between 
the urohyal and the third hypohyal (No. 53); the presence or absence of the 
coracoradialis (No. 60). 

In this branching pattern, the rhamphocottid stem is branched from the com­
mon stem of the other cottoid fishes at the first branching point. This stem is 
characterized by having three autapomorphies; the presence of the multifid spines 
on body (No. 45), the unique condition of the pelvis and its muscles (No. 30, see Fig. 
46), and the presence of the basioccipital-parasphenoid fossa (No.9). On the other 
hand, the common stem of the other stems is characterized by having two 
synapomorphies which are intermediate derived conditions; the presence of the 
narrow vertical bridge on the trigeminofacialis chamber or the absence of this bridge 
(No.8) and the presence of tiny basihyal or absence of this bone (No. 22). This 
common stem is trichotomously branched at the second branching point. The 
psychrolutid stem is characterized by having two autapomorphies; highly special­
ized supratemporal commissure (No. 11), and the infraorbital sensory canal con­
nected with the operculomandibular sensory canal (No.2). The ereuniid stem is 
characterized by having an autapomorphy which is the presence of the free rays on 
the pectoral fin (No. 12). 

The common stem of the agonid, hemitripterid and cottid stems is characterized 
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by having the combination of four 
synapomorphies; six branchios­
tegals (No. 23), absence of the stay 
(No. 33), presence of the rectus 
ventralis interconnecting the uro­
hyal and the third hypobranchial 
(No. 53) and absence of the coracor­
adialis (No. 60). This common 
stem is dichotomously branched at 
the next branching point. One is 
the common stem of the agonid and 
the hemitripterid stems, and another 
is the cottid stem. The former is 
characterized by having a 
synapomorphy which is the 
Baudelot's ligament inserting to the 
first vertebra (No. lO). This stem is 
branched into the agonid stem and 
the hemitripterid stem at the next 
branching position. The agonid 
stem is characterized by having 
three autapomorphies; bony plate 
covering over the body (No. 45), 
three infraorbitals (No.1), and the 
presence of the rectus ventrtalis II 
(No. 52). The hemitripterid stem is 
characterized by having an 
autapomorphy which is minute 
spines covering over the body (No. 
45). On the other hand, the cottid 
stem is characterized by having an 
autapomorphy which is the presence 
of the lateral process of the hyoman­
dibular (No. 17). 

Judging from this branching 
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Fig. 52. Hypothetical branching pattern of six 
cottoid stems. Solid square indicates the der­
ived condition. Shaded square indicates the 
intemediated derived condition. The asteris­
ked character indicates the synapomorphies of 
the superfamily Cottoidea. For explanation, 
see text. 

pattern, it is considered that these six stems are composed of the monophyletic 
groups defined by the autapomorphies and the unique combinations of the 
synapomorphies respectively. Therefore, it seems to be reasonable that these stems 
are ranked as the family. The rhamphocottid stem is named as the family Rham­
phocottidae, the psychrolutid stem is as the family Psychrolutidae, the ereuniid stem 
is as the family Ereuniidae, the agonid stem is as the family Agonidae, the 
hemitripterid stem is as the family Hemitripteridae, and the cottid stem is as the 
family Cottidae. 
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4. BRANCHING PATTERN OF EACH COTTOID FAMILIES 

It seems that both characters and species examined here are not enough to 
discuss the phylogenetic relationships within each cottiod family. However, it is 
necessary to infer the hypothetical branching patterns within each family in order 
to establish the classification of cottoid fishes. Accordingly, the hypothetical 
branching patterns inferred on the basis of the characters examined here are shown. 
Because of the inconclusive data, the ranking of category lower than familial level 
is not made in this study. 

1) FAMILY COTTIDAE (Figs. 53-58) 
All cottid fishes are examined here are regarded as the derivatives from a 

common stem (the cottid stem). The cottid stem is characterized by having an 
autapomorphy which is the presence of the lateral process of the hyomandibular, and 
by having the combination of following synapomorphies; presence of a the 
pterosphenoid-parasphenoid junction, absence of a tooth plate on the third epibran­
chial, presence of two supratemporals, presence of six branchiostegal rays, absence of 
the stay behind last pterygiophore, presence of the rectus ventralis interconnecting 
between the urohyal and the third hypobranchial, presence of a narrow vertical 
bridge on the trigeminofacialis chamber, absence of the hyohyoides inferioris, and 
absence of the coracoradialis. This stem includes the fishes of following cottid 
genera; Jordania, Scorpaenichthys, Hemilepidotus, Cottus, Trachidermus, Lepto­
cottus, A rtedius , Chitonotus, Orthonopias, Triglops, Radulinus, Asemichthys, 
Astrocottus, lcelus, Ricuzenius, Stelgistrum, Thyriscus, Stlengis, lcelinus, Oligocottus, 
Clinocottus, Leiocottus, Synchirus, Gymnocanthus, A rtediellus , Cottiusculus, 
A rtediellichthys , Zesticelus, Ascelichthys, Taurocottus, Trichocottus, Myoxocephalus, 
Microcottus, Porocottus, Argyrocottus, Enophrys, Taurulus, Alcichthys, Bero, 
Ocynectes, Furcina, Pseudoblennius, and Vellitor. These fishes are regarded as the 
members of a monophyletic group defined by the autapomorphy and the unique 
combination of the synapomorphies mentained above. 

Among the fishes of this monophyletic group, the following 22 characters are 
changed; the number of the infraorbitals (No.1 in Table 14); the presence or the 
absence of teeth on the prevo mer (No.5); the condition of the palatocranial 
articulation (No.6); the insertion of the Baudelot's ligament (No. 10); the condi­
tion of the entopterygoid (No. 15); the presence or the absence of teeth on the 
palatine (No. 16); the presence or the absence of the first pharyngobranchial (No. 
19); the condition of the pharyngobranchial and its tooth plate (No. 20); the 
presence or the absence of the basihyal (No. 22); the condition of the scapula 
foramen (No. 24); the number of the actinosts (No. 26) ; the condition of the 
pectoral fin (No. 29); the number of the pelvic fin rays (No. 31); the insertion of the 
anterior pterygiophore of dorsal series (No. 32); the number of fin rays on the last 
anal pterygiophore (No. 34); the number of elements of the hypural-parhypural 
complex bone (No. 42); the condition of the neural spine on the preural centrum II 
(No. 43); the relation between the branchiostegal membranes and isthmus (No. 44); 
the condition of the body scales (No. 45); the position of the anus (No. 46); the 
condition of the obliquus superioris (No. 55); the condition of the adductor man-
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dibulae section A2 (No. 59). On the basis of conditions of these characters, the 
fishes of this stem are classified into 34 morphotypes. 

In the branching pattern shown in Fig. 53 which is the basal branches of the 
cottid fishes, Jordania is branched from the common stem of the other cottid fishes 
at the first branching point A, because it has no derived conditions of 22 characters. 
On the other hand, the common stem of other cottid fishes is characterized by having 
four synapomorphies; the absence of the first pharyngobranchial (No. 19), the 
absence of the basihyal (No. 11), the opened scapula foramen (No. 24), and the 
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Fig. 53. Hypothetical branching pattern of 7 genera 
of the family Cottidae. A-E indicate branch­
ing points. The asterisked character indicates 
synapomorphies of this family. For explana­
tion, see text. 
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obliquus superioris inserting to the cleithrum (No. 55). Scorpaenichthys is branched 
at the branching point B. This species has an autapomorphy which is the posses­
sion of three actinosts (No. 26). The derived conditions of two characters which are 
the first proximal pterygiophore of dorsal series inserting to the first interneural 
space (No. 32) and the body without ctenoid scales (No. 45) are regarded as homo­
plasies in this species. The common stem of the remaining species is characterized 
by a synapomorphy of four or less soft rays on the pelvic fin (No. 31). 

Hemilepidotus is branched at the branching point C, but this species has no 
additional derived condition. On the other hand, the common stem of remaining 
species at the point C is characterized by two synapomorphies; a single rayon the 
last anal pterygiophore (No. 34), and the completely fused hypural-parhypural 
complex bone (No. 42). At the branching point D, the common stem of Leptocottus, 
Tranchidermus, Oottus kazika and Oottus pollux is branched from the common stem 
of the remaining species. This common stem is characterized by having two 
synapomorphies; the branchiostegal membranes fused with the isthmus (No. 44), 
and reduced squamation on body (No. 45). Leptocottus is branched from the 
common stem at the branching point Dl, but this species has no additional derived 
condition. The common stem of Trachidermus and Oottus has a synapomorphy of 
the condition of the adductor mandibulae section A2 (No. 59). Trachidermus is 
branched at the branching point D2 with the derived condition of the absence of the 
entopterygoid (No. 15). The remaining stem of Oottus kazika and Oottus pollux has 
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see text. 
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a synapomorphy of long neural spine on the preural centrum II (No. 43). Oottus 
pollux is branched at the branching point D3 with a derived condition of the 
absence of teeth on the palatine (No. 19). 

On the other hand, the common stem of the remaining species at the branching 
poiot D has two synapomorphies; the absence of the palatocranial articulation (No. 
6), and a long neural spine on the preural centrum II (No. 43). At the next 
branching point E (Fig. 54), six groups can be branched. Artedius is branched at 
this point with no additional derived condition. Ohitonotus is branched at this 
point with a derived condition of the anterior dorsal pterygiophore inserting to the 
first interspace (No. 32). Orthonopias is branched at this point with a derived 
condition of the anterior extension of the position of anus (No. 46). The common 
stem of Triglops and Radulinus group including Radulinus, Asemichthys and 
Astrocottus is branched at this branching point with three synapomorphies; four 
infraorbitals (No.1), reduced entopterygoid or the absence of this bone (No. 15) and 
no teeth on palatine (No. 16). This common stem is divided into Triglops, which is 
characterized by having two derived conditions of the position of anus (No. 46) and 
condition of the adductor mandibulae section A2 (No. 59), and Radulinus group 
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10 ._15 

32 

Fig. 57. Hypothetical branching 
pattern of 5 genera or genus 
group of the family Cottidae. 
For explanation, see text. 

characterized by having a synapomorphy of 
absence of the entopterygoid (No. 15). The latter 
three genera show no difference as regarding the 
characters examined here. The common stem of 
lcelus, Ricuzenius, Thyriscus, Stelgistrum, Stlengis 
and lcelinus can be branched at the point E with 
a synapomorphy; one pharyngobranchial (No. 
20). In this common stem, lcelus group includ­
ing lcelus and Ricuzenius is branched at the 
branching point F without additional derived 
condition. Thyriscus is branched at the branch­
ing point F with a derived condition of four 
infraorbitals (No.1), and Stelgistrum is branched 
at this point with a derived condition; no tooth 
on the palatine (No. 16). The common stem 
Stlengis and lcelinus is branched at the point F 
with two synapomorphies; reduced entopter­
ygoid (No. 15) and two soft rays on pelvic fin (No. 
14), then lcelinus is branched at F1 with anterior 
extension of the first dorsal pterygiophore (No. 
32). 

On the other hand, the common stem of the 
remaining species at the branching point E has a 

synapomorphy; reduced squamation on body (No. 45). This common stem is 
divided into five stems at the branching point G (Fig. 55). Oligooottus is branched 
at this point without additional derived condition. Gymnocanthus is branched at 
this point with two derived conditions; no teeth on the prevomer (No.5) and no 
tooth on the palatine (No. 16). The common stem of Olinooottus, Leiocottus and 
Synchirus is branched at the point G with a synapomorphy; anterior extension of 
position of anus (No. 46). Then, the common stem of Leiocottus and Synchirus is 
branched with a synapomorphy of the palatine teeth (No. 16), while Olinooottus is 
branched without additional derived condition. In addition to above synapomor­
phy, Synchirus has four derived condition; no entopterygoid (No. 15), a single 
pharyngobranchial with a tooth plate (No. 20), pectoral fin fused its antimere on the 
ventral midline (No. 29), and anterior position of anus (No. 46). 

The common stem of Ascelichthys, Artediellus group (Artediellus, Artediellichthr 
ys, Oottiusculus), Zesticelus, Taurooottus, Trichocottus, Myoxocephalus group (Myo:Ji­
ocephalus, Microoottus, Porocottus, Argyrooottus) and Enophrys group(Enophrys and 
Taurulus) is branched at the point G with a synapomorphy; four infraorbitals (No. 
1). At the next branching point, this common stem can be derived into four stems. 
Taurooottus is branched at the point H (Fig. 56) but there is no additional derived 
condition. Ascelichthys is branched with three derived conditions; no fin ray 
element on the pelvic fin (No. 31), the branchiostegal membranes fused to the 
isthmus (No. 44), and the condition of the adductor mandibulae section A2 (No. 59). 
The common stem of Artediellus group and Zesticelus is branched with a synapomor­
phy of the reduced entopterygoid (No. 15), then Zesticelus is branched at the point 

-115-



Mem. Fac. Fish. Hokkaido Univ. 

r-------------------Jordania 
r------------------SaoI'paeniahthys 

r----------------Hemilepidotus 
-r-----------Leptoaottus 
. ____ -<r-------Traahidemrus 
'- .,__---Cottus kazika 

"----Cottus pollux 
r----------Artedius 
I~----------Chitonotus 
IIr-----------OI'thonopias 

~-------Triglops 
Radulinus 

"----------IAsemiahthys 
AstI'oaottus 
Iaelus 

r-----------lRiauzenius 
.---------Stelgist:rwn 

\""'---------Thyrisaus 

'-__ -<=====Stlengis 
Iaelinus 

r---------Oligocottus 
_r_-----Clinoaottus 

~---Leioaottus 
'----Synahirus 

___ -------Gyrrmoaanthus 
r-------Asaeliahthys 

Artediellus 
;----{ Cottiusculus 

Artedielliahthys 
'-----Zestiaelus 

'------TauI'oaottus 
,-----Triaoaottus 

Myoxoaephalus 
Miaroaottus 

r-----I Poroaottus 
ArgyI'oaottus 

'--_--I Enophrys 
Taurulus 

~-----Alaiahthys 
r-------Bero 
r--- Oayneates 

Furaina 
Pseudoblennius 
Vellitor 

[XXXII,l 

Fig. 58. Hypothetical brancing pattern of 44 genera or species of the family Cottidae. 

HI with two derived conditions; no tooth on the palatine (No. 16) and two soft rays 
on pelvic fin (No. 31). The common stem of Triclwcottus, Myoxocephalus group and 
Enophrys group is branched at the point HI with a synapomorphy of no tooth on the 
palatine (No. 16). The common stem of Myoxocephalus and Enophrys groups is 
branched at the point H2 with a synapomorphy of a single pharyngobranchial with 
a tooth plate (No. 20), then Enophrys group is branched at the point H3 with a 
synapomorphy; the fusion of branchiostegal membranes to the isthmus (No. 44). 

The common stem of Alcichthys, Bero, Ocynectes, Furcina, and Pseudoblennius 
group including Pseudoblennius and Vellitor can be branched at the point G with 
two synapomorphy; two soft rays on pelvic fin (No. 31), and the anterior dorsal 
pterygiophore inserting to the first interspace (No. 32). These fishes are continuous­
ly branched with each additional derived condition shown in Fig. 57; Bero with the 
loss of the tooth plate on the second pharyngobranchial (No. 20), Ocynectes with the 
loss of the second pharyngobranchial (No. 20), Furcina with a reduced entopterygoid 
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Fig. 59. Hypothetical branching pat­
tern of 4 genera or species of the 
family Hemitripteridae. The 
asterisked character indicates 
synapomorphies of this family. 
For explanation, see text. 

(No. 15), and Pseudoblennius group with the 
Baudelot's ligament inserting to the first 
centrum (No. lO). 

In conclusion, the hypothetical branching 
pattern of the family Cottidae is summarized in 
Fig. 58. 

2) FAMILY HEMITRIPTERIDAE (Fig. 59) 
The hemitripterid stem is regarded as the 

common stem from which all hemitripterid 
genera Hemitripterus villosus, Hemitripterus 
bolini, Blepsias and Nautichthys could be der­
ived. This stem is characterized by an 
autapomorphous condition of the minute spines 
covering over the body, and the combination of 
the following synapomorphies; the absence of 
the basihyal, the Baudelot's ligament inserting 
to the first centrum, six branchiostegal rays, the 
presence of the rectus ventralis interconnecting 
the urohyal and the third hypobranchial, the 
absence of the stay. It, therefore, is considered 
that the fishes of above three genera are the 
members of a monophyletic group defined by 
above an autapomorphy and the combination of 
the synapomophies. Among the fishes of these 
genera, following 12 characters are changed; 
the number of the infraorbitals (No.1); the 
condition of the pterosphenoid-parasphenoid 
junction (No.7); the condition of the 
trigeminofacialis chamber (No.8); the condi-
tion of the supratemporals (No. 11); the num­

ber of the pharyngobranchials (No. 20); the presence or absence of the tooth plate 
on the third epibranchial (No. 21); the condition of the anterior pterygiophore of 
the dorsal series (No. 32); the condition of the last ray of the anal fin (No. 34) ; the 
condition of the caudal fin rays (No. 42); the condition of the isthmus (No. 44); the 
presence or absence of the hyohyoideus inferior (No. 49); the condition of the 
transversus dorsalis (No. 50). The hypothetical branching pattern inferred on the 
basis of these characters is shown in Fig. 59. 

According to this branching pattern, the common stem of Hemitripterus bolini 
and Hemitripterus villosus and that of Blepsias are Nautichthys are branched at the 
first branching point. The former stem is characterized by having the combination 
of three synapomorphies; a single pharyngobranchial' with a tooth plate (No. 20), 
the trigeminofacialis chamber without the vertical bridge (No.8) and unbranched 
caudal fin rays (No. 42). In addition to these synapomorphies, Hemitripterus bolini 
has a derived condition of the third epibranchial without tooth plate (No. 21), while 
Hemitripterus villosus has four derived conditions; two supratemporals (No. 11), the 
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anterior extension of the first pterygiophore (No. 32), 
the absence of the hyohyoides inferioris (No. 49), 
and the transversus dorsalis inserting to the second 
and the third epibranchials (No. 50). The common 
stem of Blepsias and Nautichthys is characterized by 
having the combination of four synapomorphies; 
four infraorbitals (No.1), the third epibranchial 
without a tooth plate (No. 21), two supratemporals 
(No. 11) and absence of the hyohyoides inferioris 
(No. 49). Moreover, Blepias has three derived con­
ditions which are the trigeminofacialis chamber 
without a vertical bridge (No.8), a single ray of the 
last anal pterygiophore (No. 34), and unbranched 
caudal fin rays (No. 42). On the other hand, Nautir 
chthys has other three derived conditions which are 
a single pharyngobranchial (No. 20), the presence of 
the pterosphenoid-parasphenoid junction (No.7), 
and the branchiostegal membranes fused with the 
isthmus (No. 44). 

3) FAMILY AGONIDAE (Fig. 60) 
The agonid stem is regarded as the common stem from which the agonid genera 

Agonomalus, Podothecus and Tilesina could be derived. This stem is characterized 
by having three autapomorphous conditions; the bony plates covering over the 
body, the rectus ventralis II and three infraorbitals. In addition to these charac­
ters, this stem is also possessed of the following synapomorphies; presence of the 
pterosphenoid-parasphenoid junction, no teeth on the third epibranchial, six bran­
chiostegal rays, the absence of the stay, the presence of the rectus ventralis intercon­
necting the urohyal and the third epibranchial, the Baudelot's ligament inserting to 
the first centrum, all fins composed of unbranched rays, and completely fused 
hypural complex. It, therefore, is considered that the fishes of these three genera are 
composed of a monophyletic group defined by having above autapomorphies and the 
combination of the synapomorphies. 

In the present study, it is confirmed that six characters are changed in these 
fishes; the presence or the absence of teeth on the prevomer (No.5); the condition 
of the trigeminofacialis chamber (No.8); the condition of the entopterygoid (No. 
15); the presence or the absence of the teeth on palatine (No. 16); the position of 
the anterior pterygiophore of the dorsal fin (No. 32); the anterior tendon of the 
adductor mandibulae section Al (No. 58). The branching pattern inferred on basis 
of the these characters is shown in Fig. 60. 

In this branching pattern, Agonomalus is branched from the common stem with 
two derived conditions; the trigeminofacialis chamber without a vertical bridge 
(No.8), the absence of the prevomerine teeth (No.5). On the other hand, Podoth­
ecus and Tilesina are possessed of two synapomorphous conditions of the anterior 
pterygiophore of dorsal fin (No. 32, this condition is the intermediate condition) and 
the anterior tendon of the adductor mandibulae (No. 58). Podothecus is branched 

-118-



1985J YABE: Comparativtl osteology and myology of the Cottoidea 

tr.J 

~ 
~ co tr.J 

co ~ ;:! ~ 
co ;:! tl ~ ~ 

~ N . .., ~ ;:! 
;:! ~ l::! C) N 

~ ~ tl . .., 
~ tl C) 

C) 

~ § C) l; 
tl E: ~ tl ~ 
~ ~ l::! s::t. ~ tl 
co ~ . .., C) N ~ 

g ~ ~ ~ ~ ~ co 
P.. 

11 
- .... - ........ ...... .. --- 59 

49 
5 

E 
11 

Fig. 61. Hypothetical branching pattern of 
7 genera of the family Psychrolutidae. 
The asterisked character indicates 
synapomorphies of this family. For 
explanation, see text. 

from the common stem by having two 
derived conditions; the absence of the 
prevomerine teeth (No.5), the absence of 
the palatine teeth (No. 16). On the 
other hand, Tilesina is branched from 
the common stem by having two derived 
conditions; a reduced entopterygoid 
(No. 15) and the anterior pterygiophore 
of the dorsal series inserting to the sev­
enth interneural space (No. 32). 

4) FAMILY PSYCHROLUTIDAE (Fig. 61) 
The psychrolutid stem is regarded as 

the main stem from which the fishes of 
genera Dasycottus, Eurymen, Malaco­
cottus, Cottunculus, Ebinania, Neo­
phrynichthys and Psychrolutes could be 
derived. The psychrolutid stem is char­
acterized by having three aut­
apomorphies; highly specialized su­
pratemporal commissure of the sensory 
canal (see Fig. 13), the infraorbital sen­
sory canal connected with the oper­
culomandibular sensory canal, and the 
trigeminofacialis chamber without a ver­
tical bridge. In addition to these 
autapomorphies, this stem is possessed of 
four synapomorphies; the absence of 
tooth plate on the third epibranchial, the 

absence of the stay behind the last pterygiophore, the presence of the rectus ventralis 
interconnecting between the urohyal and the third hypobranchial and the absence 
of the basihyal. It, therefore, is considered that these seven genera are composed of 
a monophyletic group defined by above autapomorphies and the combination of the 
synapomorphies. 

Among these fishes, six characters are changed; the number of the infraorbitals 
(No.1); the presence or the absence of teeth on the prevomer (No.5); the structure 
of the supratemporal commissure (No. 11) ; the condition of the isthmus (No. 44) ; 
the presence or the absence of the hyohyoides inferioris (No. 49); the condition of 
the adductor mandibulae section A2 (No. 59). The hypothetical branching pattern 
of the psychrolutid fishes inferred on the basis of above six characters is shown in 
Fig. 61. 

In this branching pattern, Dasycottus is branched from the common stem of the 
psychrolutid fishes at the first branching point with a derived condition of the 
hyohyoides inferioris (No. 49). On the other hand, th common stem of the remain­
ing fishes has a synapomorphy which is the intermediate derived condition of the 
isthmus (No. 44). At the second branching point, Eurymen is branched from the 
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Fig. 62. Branch and character con­
dition of of two genera of the 
family Ereuniidae. The 
asterisked character indicates 

common stem with two derived conditions; the 
absence of the hyohyoides inferioris (No. 49), and 
the adductor mandibulae section A2 connecting to 
the ligamentum primordium (No. 59). The 
remaining fishes have two synapomorphies which 
are the branchiostegal membranes completely 
fused to the isthmus (No. 44), and the intemediate 
derived condition of the supratemporal commis­
sure (No. 11). 

Cottunrulus can be branched at the branch­
ing point C with two derived conditions; three 
infraorbitals (No.1), and the absence of the hyo­
hyoides inferioris (No. 49). The common stem of 
Ebinania, Neophrynichthys, Malacocottus and 
Psychrolutes are characterized in having a derived 
condition of the supratemporal commissure (No. 
11). In this common stem, Neophrynichthys, 
Malacocottus and Psychrolutes have a synapomor-

synapomorphies of this fam- phy which is the absence of the prevomerine teeth 
ily. (No.5), while Ebinania has no additional derived 

condition. The former three genera can be 
tricotomously branched at the po in E. Psychrolutes has two derived conditions of 
the supratemporal commissure and the adductor mandibulae section A2 (No. 59), 
and Malacocottus has a derived condition of the hyohyoides inferioris (No. 49), but 
Neophrynichthys has no additional derived condition. 

5) FAMILY EREUNIIDAE (Fig. 62) 
The ereuniid stem is regarded as the common stem from which two ereuniid 

genera Marukawichthys and Ereunias could be derived. This family is char­
acterized by having an autapomorphy which is the free pecotral fin rays. In 
addition to this character, these fishes are possessed of the following synapomor­
phies; no basihyal, six branchiostegal rays, no tooth plate on the third epibranchial, 
the anteriormost pterygiophore of the dorsal series inserting to the first interspace, a 
single rayon last pterygiophore of dorsal and anal fins, completely fused hypural 
complex bone, and the obliquus superioris inserting to the cleithrum. Therefore 
these two genera are composed of the monophyletic group defined by above 
autapomorphy and the combination of the synapomorphies. On the other hand, the 
ereuniid fishes maintain a few primitive condition which are rarely distributed in 
the cottoid fishes; the presence of the suspensory pharyngeal, the absence of the 
rectus ventralis interconnecting between the urohyal and the third hypobranchial, 
and the presence of the stay of the last pterygiophore. In the common stem of the 
ereuniid fishes, Marukawichthys has no additional derived condition, while Ereunias 
has two derived conditions; the pelvic fin composed of one spine or no fin ray 
element (No. 31), and an elongated neural spine of the preural centrum II (No. 43). 

6) FAMILY RHAMPHOCOTTIDAE 
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The rhamphocottid stem is regarded as the stem from which only Room­
phocottus ricOOrdsoni was derived. This family is characterized by having three 
autapomorphies; the presence of the basioccipital-parasphenoid fossa, the unique 
form of pelvis and its muscular system, and small multifid spines covering over the 
body. In addition to these characters, ROOmphocottus is possessed of the following 
derived conditions; four infraorbitals, no tooth on the palatine, six branchiostegal 
rays, no tooth plate on the third epibranchial, all fins composed of unbranched rays, 
the presence of pterosphenoid-parasphenoid junction, and completely fused hypural 
complex. It, therefore, is considered that ROOmphocottus is composed of an indepen­
dent monophyletic group defined by the above autapomorphies and the combination 
of the derived condition of characters. 

5. GENERAL CONSIDERATION 

As the results of the phylogenetic analysis on the basis of the osteological and 
myological comparison, six monophyletic groups corresponding to the familal level 
are recognized in the superfamily Cottoidea. They are the Rhamphocottidae, the 
Psychrolutidae, the Ereuniidae, the Agonidae, the Hemitripteridae and the 
Cottidae. The family Rhamphocottidae has been placed in a member of the family 
Cottidae (Gunther, 1880; Regan, 1913; Berg, 1940; Greenwood et aI., 1966; 
Nelson, 1976). On the other hand, this family has been regarded as the highly 
specialized cottoid family (Jordan and Starks, 1895; Johnson, 1918; Taranetz, 
1941), and moreover, as the independent superfamily (Gill, 1888). In the present 
study, it is considered that the Rhamphocottid stem is regarded as the first branch 
of the common stem of the cottoid fishes, and as a group specialized independently 
after divided from the common stem. The fishes of family Psychrolutidae have 
been included as two independent families Cottunculidae and Psychrolutidae 
(Regan, 1913; Berg, 1940; Greenwood et aI., 1966; Nelson, 1976), as a cottoid 
family Psychrolutidae (Taranetz, 1941; Nelson, 1982) or as the family Cottidae 
(Watanabe, 1958; Stein and Bond, 1978). On the other hand, two psychrolutid 
genera Dasycottus and Malacocottus have been regarded as the members of the family 
Cottidae, while other members as the family Psychrolutidae (Matsubara, 1955). In 
the present study, this family is regarded as a monophyletic group well defined by 
unique synapomorphies. This conclusion is in accord with opinion of Taranetz 
(1941) and Nelson (1982). The members of family Ereuniidae have been included 
as the family Icelidae with a cottid geneus lcelus (Berg, 1940; Greenwood et aI., 
1966; Nelson, 1976), or two families Marukawichthyidae and Ereuniidae (Taranetz, 
1941). Matsubara (1936 and 1955) regarded this family as a subfamily of the 
Cottidae. But, Yabe (1981) reexamined this family and established the family 
Ereuniidae on the basis of the osteological study. In the present study, the validity 
of this family is confirmed from the osteological and myological characters. 

The family Agonidae has been regarded as one of the cottoid families (Regan, 
1913; Berg, 1940; Taranetz, 1941, Greenwood et aI., 1966; Nelson, 1976), or as the 
independant superfamily with two families which are Agonidae and Aspidophor­
oidae (Gill, 1888; Matsubara, 1955). In the present study, this family is recognized 
as one of the cottoid families and as the group closely related to the family 
Hemitripteridae. The fishes of the family Hemitripteridae have been considered as 
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the members of the family Cottidae (Ragan, 1913; Berg, 1940; Matsubara, 1955; 
Greenwood et al., 1966; Nelson, 1966). Matsubara (1955) regarded Hemitripterus as 
the subfamily Hemitripterinae, and Blepsias and Nautichthys as the subfamily 
Blepsiinae in the family Cottidae. According to Taranetz (1941), Hemitripterus is 
regarded as the member of the family Hemitripteridae, Blepsias is as that of the 
family Blepsiidae, and Nautichthys is as that of the family Cottidae. In the present 
study, it is considered that these three genera are the members of a monophyletic 
group defined by unique combination of synapomorphies. In the classification of 
the cottoid fishes made by Taranetz (1941), the family Cottidae in the present study 
was divided into three families (Ascelichthyidae, Synchridae and Cottidae), and 
Soorpaenichthys was regarded as the nototheniform member. It, however, is consid­
ered that Ascelichthys, Synchirus and Scorpaenichthys are the members of the family 
Cottidae, because they are possessed of all synapomorphies in common with other 
members of Cottidae while they have unique derived conditions respectively. 
Thus, it is reasonable to consider that these fishes are unique derivatives from the 
cottid common ancestor. 

The cyclopterid and the liparidid fishes have been regarded as one of the cottoid 
families in some studies (Regan, 1913; Berg, 1940; Greenwood et al., 1966; Nelson, 
1976). It has been considered that the cyclopterid fishes are closely related to the 
psychrolutid fishes (Matsubara, 1943; Veno, 1970). As a result of the present study, 
it is satisfactory to consider that the cyclopterid and the liparidid fishes are com­
posed of a monophyletic group which is the sister group of the superfamily 
Cottoidea. 

The fishes of the families Normanichthyidae, Abyssocottidae and Comephoridae 
could not be examined in the present study. According to the description of the 
osteology and the cephalic sensory canal made by Taliev (1955) and Sideleva (1982), 
the fishes of . the families Abyssocottidae and Comephoridae possesse the 
trigeminofacialis chamber with a vertical bridge, the completely fused hypural 
complex, and the infraorbital sensory canal not connected with the operculoman­
dibular sensory canal. Regarding these characters both families agree with the 
family cottidae of the present study. But other osteological and the myological 
condition have not been shown. Moreover, the anatomical data of the family 
Normanichthyidae has scarcely been known. It is impossible to discuss the 
phylogenetic positions of these families. Thus, these families are regarded as the 
independent families as a matter of convenience. 

A new classification of the superfamily Cottoidea proposed in the present stduy 
is shown below. The asterisked genera are not examined in this study. The 
systematic positions of these fishes conform to the previous studies. 

Superfamily Cottoidea 
Family Rhamphocottidae 

Genus Rhamplwoottus 
Family Ereuniidae 

Genera Marukawichthys, Ereunias 
Family Psychrolutidae 

Genera Dasyoottus, Eurymen, Oottunculus, Ebinania, Malacocottus, 
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Psychrolutes, N eophrynichthys, Gilbertidia * 
Family Agonidae 

Genera Agonomalus, Podotherus, Tilesina, Agonopsis*, Agonus*, 
Anoplagonus*, Aspidophoroides*, Asterotheca *, Bathyagonus*, 
Bothragonus * , Brachyopsis * , H ypsagonus * , Leptagonus * , 
Occella *, Odontopyxis*, Pallasina *, Percis*, Sarritor*, 
Stellerina*, Xeneretmus* 

Family Hemitripteridae 
Genera Hemitripterus, Blepsias, Nautichthys 

Family Cottidae 
Genera Jordania, Scorpaenichthys, Hemilepidotus, Leptocottus, Tra­

chidermus, Cottus, A rtedius , Chitonotus, Orthonopias, Triglops, 
Radulinus, Asemichthys, Astrocottus, lcelus, Ricuzenius, Stelgis­
trum, Thyriscus, Stlengis, lcelinus, Oligocottus, Clinocottus, 
Lwcottus, Synchirus, Gymnocanthus, A scelichthys , A rtediellus , 
A rtediellichthys , Cottiusculus, Zesticelus, Taurocottus, Trir 
chocottus, Myoxocephalus, Microcottus, Argyrocottus, Porocottus, 
Enophrys, Taurulus, Alcichthys, Bero, Ocynecte..~, Furcina, 
Pseudoblennius, Vellitor, Antipidocottus*, Archistes*, 
Atopocottus*, Batrachocottus*, Cottocomephorus*, Daruma *, 
Megalocottus*, Paracottus*, Paricelinus*, Phallocottus*, 
Phasmatocottus *, Stlengicottus *, Sigmistes * 

Family Comephoridae (sensu Taliev, 1955) 
Genus Comephorus* 

Family Abyssocottidae (sensu Sideleva, 1982) 
Genera Abyssocottus*, Asprocottus*, Cottinella *, Limnocottus*, 

N eocottus *, Procottus * 
Family Normanichthyidae (sensu Berg, 1940) 

Genus Normanichthys* 

VIII. Summary 

The present study was made to elucidate the monophyly of the superfamily 
Cottoidea and the interrelationships of the cottoid fishes and to establish the 
phylogenetic classification in this superfamily. The specimens of 78 species of 59 
genera of the superfamily Cottoidea and 24 species of 11 families of other scor­
paeniform fishes were used for the study of comparative anatomy. Twelve skeletal 
parts and eleven muscular parts of each specimen were examined; circumorbital 
bones, cranium, jaws, suspensorium and opercular bones, hyoid apparatus, branchial 
apparatus, pectoral girdle, pelvic girdle, postcranial axial skeleton, median fin 
support, caudal skeleton, scales, muscles of cheek, hyoid muscles, branchial muscles, 
pectoral muscles, pelvic muscles, body muscles, muscles of caudal fin , muscles of 
swimbladder, and muscles between pectoral girdle and cranium, hyoid arch and 
branchial arch. The 60 characters of their parts were selected for the establishment 
of the above purposes. The polarity of the character was determined by the basic 
assumption that the ancestral condition of each character in the cottoid fishes is 
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represented by the condition in the generalized percoid fishes. The phylogenetic 
relationships in the superfamily was inferred on the basis of the conception of the 
synapomorphy proposed by Hennig (1966). The monophyletic group is recognized 
not only by the autapomorphy but also unique combination of synapomorphies. 
The conclusion of the present study are summarized as follows. 

(1) The superfamily Cottoidea is regarded as a monophyletic group defined by 
the combination of 22 synapomorphies; the hyohyoides abductor is fused with its 
antimere, the levator externus III is absent, the extensor proprius is absent, the 
extrinsic muscle interconnects the cranium and the cleithrum, the adductor of the 
caudal muscle is absent, the suborbital stay is present, the lachryopalatine articula­
tion is present, the intercalar is prsent as a small bone, the basisphenoid is absent, 
the posttemporal fossa is not developed, the basihyal is present as a tiny bone or 
absent, the metapterygoid lamina is absent, the fourth pharyngobranchial is absent, 
the scapula foramen is not completely closed, the scapula is not attached with the 
coracoid, the spiny anal ray is absent, the pleural and epiplural ribs are attached to 
the centrum, the first pleural rib begins at the sixth centrum or more posterior, the 
haemal spine on the preural centrum II is fused with the centrum, the hypurapo­
physis is absent, and the hypural-parhypural complex bone is composed of one or 
two elements. 

(2) The phylogenetic relationships of the cottoid fishes are shows in Fig. 52. 
Six families, Cottidae, Hemitripteridae, Agonidae, Ereuniidae, Psychrolutidae, and 
Rhamphocottidae, are recognized in the superfamily, because they are regarded as 
monophyletic groups definded by the autapomorphies and combination of the 
synapomorphies. 

(3) The family Cottidae is regarded as a monophyletic group defined by one 
autapomorphy which is the presence of the lateral process of the hyomandibular, and 
the combination of nine synapomorphies. This family includes 43 examined 
genera; Jordania, Soorpaenichthys, Hemilepidotus, Cottus, Trachiderums, Lfr 
ptocottus, A rtedius , Chitonotus, Orthnopias, Triglops, Radulinus, Asemichthys, 
A strocottus , lcelus, Recuzenius, Stelgistrum, Thyriscus, Stlengis, lcelinus, Oligooottus, 
Clinooottus, Leiooottus, Synchirus, Gymnocanthus, A rtediellus , Cottiusculus, Artedielr 
lichthys, Zesticelus, A scelichthys , Taurocottus, Trichooottus, Myoxocephalus, Mir 
crocottus, Porocottus, A rgyrocottus , Enophrys, Taurulus, Alcichthys, Bero, Ocynectes, 
Furcina, Pseudoblennius, and Vellitor. Among these genera, Jordania is regarded as 
the earliest derivative in this family. 

(4) The family Hemitripteridae is regarded as a monophyletic group defined 
by one autapomorphy which is minute spine covering over the body, and the 
combination of seven synapomorphies, and as the sister group of the family 
Agonidae. This family includes three examined genera Hemitripterus, Blepsias and 
N autichthys. 

(5) The family Agonidae is regarded as a monophyletic group defined by three 
autapomorphies which are the presence of rectus ventralis II, three infraorbitals and 
the bony plates covering over the body, and by the combination of eight synapomor­
phies, and as closely related to the family Hemitripteridae. This family includes 
three examined genera Agonomalus, Podothecus and Tilesina. 

(6) The family Psychrolutidae is regarded as a monophyletic group defined by 
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two autapomorphies which are the infraorbital sensory canal connected with the 
operculomandibular sensory canal and the highly specialized supratemporal commis­
sure, and by the combination of four synapomorphies. This family includes seven 
examined genera Dasycottus, Eurymen, Malacocottus, Cottunc:ulus, Ebinania, Neo­
phrynichthys, and Psychrolutes. 

(7) The family Ereuniidae is regarded as a monophyletic group defined by an 
autapomorphy which is the free pectoral fin rays, and by seven synapomorphies. 
This family includes two examined genera Marukawichthys and Ereunias. 

(8) The family Rhamphocottidae including a single species Rhamphocottus 
richardsoni is a monophyletic group defined by three autapomorphies; the presence 
of the basioccipital-parasphenoid fossa, the unique form of the pelvis and its 
muscles, and small multifid spines covering over the body. This family is consid­
ered as the earliest derivative with peculiar specializations in this superfamily. 

(9) The fishes of the family Cyclopteridae and the Liparididae are regarded as 
the monophyletic group which is the sister group of the superfamily Cottoidea. 
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