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Abstract

Intrarelationships of the order Gadiformes (sensu Nelson, 1994), focused on the higher gadoid taxa, were
hypothesized cladistically on the basis of 49 morphological transformations. These indicated that gadiforms
should be classified into three suborders and eleven families : Melanonidae (Melanonoidei), forming the sister group
of all other gadiforms, Macrouridae and Steindachneriidae (Macrouroidei), and Euclichthyidae. Moridae, Macrur-
onidae, Merlucciidae, Ranicipitidae, Gadidae, Bregmacerotidae and Muraenolepididae (Gadoidei). In addition,
four subfamilies were recognized in both Macrouridae (Bathygadinae. Macrourinae, Macrouroidinae and Trachyrin-
cinae) and Gadidae (Group I : Gaidropsarinae and Phycinae ; Group I1: Lotinae and Gadinae). Three clades
were recognized within gadids: Gadiculini (Gadiculus), Gadini (Merlangius, Pollachius, Theragra, Gadus,
Melanogrammus, Eleginus and Microgadus), and Trisopterini ( Trisopterus, Micromesistius, Arctogadus and
Boreogadus). The evolution of dorsal supernumerary fin-ray characters, gadid biogeography, phylogenetic pos-
itions of extinct gadoid genera and possible heterochrony among gadiforms are discussed.

Key words : Phylogeny. Gadiformes, cladistics, character evolution, biogeography, fossils, heterochrony

I. Introduction

The order Gadiformes (sensu Nelson, 1994) comprises
about 500 species included in 85 genera representing a
number of morphologically divergent families:
Ranicipitidae, Euclichthyidae, Macrouridae, Steindach-
neriidae, Moridae, Melanonidae, Macruronidae, Breg-
macerotidae, Muraenolepididae, Phycidae, Merlucciidae
and Gadidae. Gadiform fishes range from Arctic to
Antarctic waters in all oceans, occurring in deep-sea
benthic to shore, estuarine and even fresh water habitats
(Cohen et al., 1990). In terms of species’ diversity,
macrourids, including over 300 species of which most are
adapted to deep-sea habitats, are the most successful
group among gadiforms. Furthermore, gadids and
merlucciids include a number of commercially import-
ant genera (e.g.. Gadus and Merluccius) and species (e.g.,
Theragra chalcogramma) (Cohen et al., 1990).

The phylogenetic relationships among gadiforms have
been investigated by many ichthyologists (e.g., Regan,
1903 ; Berg, 1940 ; Svetovidov, 1948 ; Marshall, 1966 ;
Rosen and Patterson, 1969 ; Okamura, 1970b, 1989
Marshall and Cohen, 1973 ; Nelson, 1976, 1984, 1994 ;
Cohen, 1984 ; Dunn and Matarese, 1984 ; Fahay and
Markle, 1984 ; Dunn, 1989 ; Howes, 1989, 1990, 19914,
1991b, 1993 ; Inada, 1989 : Iwamoto, 1989 : Markle,
1989 ; Nolf and Steurbaut, 1989¢). Many contribu-
tions of 1989 in “Papers on the systematics of gadiform
fishes™ resulted from the Workshop on Gadiform Sys-
tematics (WOGADS) and subsequent papers by Howes
(1990, 1991a, 1993) were particularly significant in
advancing knowledge of gadiform phylogeny. Among
them, the cladistic hypotheses by Markle (1989) and

Howes (1990, 1991a) reached the following consensus :
bregmacerotids and muraenolepidids belong to
advanced gadoids, and each of the “Gadidae” and
“Merlucciidae™ (sensu Nelson, 1984) are polyphyletic.
These conclusions also differed from the traditional view
that the Muraenolepididae was the most primitive family
among gadiforms (e.g.. Svetovidov, 1948 ; Cohen, 1984).
However, in spite of these cladistic studies, gadiform
intrarelationships and taxonomic rankings remain con-
troversial. Accordingly, Cohen et al. (1990) and Nel-
son (1994) avoided ranking suborders, tentatively
recognizing eight and twelve families among gadiforms,
respectively.

Although the order Gadiformes (sensu Nelson, 1994)
is presently accepted as valid (e.g.. Gosline, 1971, Cohen,
1984 ; Nelson, 1984, 1994), distinct synapomorphies
supporting its monophyly have not yet been found
(Patterson and Rosen., 1989). In addition, the teleost
group most closely related to the gadiforms is uncertain
(see Matsubara, 1963 ; Gosline, 1963 ; Patterson and
Rosen, 1989). Afier Greenwood et al. (1966) estab-
lished the Paracanthopterygii. gadiforms have always
been positioned in the center of this superorder (e.g.,
Rosen and Patterson, 1969 ; Lauder and Liem, 1983 :
Patterson and Rosen, 1989 : Nelson, 1994). A subse-
quent redefinition of the superorder by Patterson and
Rosen (1989) included a cladogram incorporating Per-
copsiformes, Ophidiiformes, Gadiformes, Batrachoidi-
formes and Lophiiformes. Nevertheless, some have
doubted the status of the Paracanthopterygii (e.g., Fraser,
1972 : Rosen, 1985: Gill, 1996). Gill (1996) re-
examined the synapomorphies of the superorder sensu
Patterson and Rosen (1989), and recognized a need for
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a critical review of its monophyly. Most recently,
molecular analyses of higher teleosts using DNA
sequence data have revealed polyphyly of the paracan-
thopterygian orders and zeids as the closest relatives of
gadiforms (Wiley et al., 2000: fig. 6; Miya et al., 2001 :
fig. 3).

The present study sent out to estimate intrarelation-
ships of the order Gadiformes using cladistic methodol-
ogy based on morphological data, and to establish its
higher classification based on the hypothesized relation-
ships. The evolutionary aspects of gadiforms are dis-
cussed primarily on the basis of the evolution of dorsal
supernumerary fin-ray characters, gadid biogeography,
phyletic position of extinct gadoid genera (fRhino-
cephalus and TPalaeogadus), as well as some hetero-
chronic morphologies and biological aspects.

II. Materials and methods

The specimens examined were stained by Alizarin
Red-S, some also being counter stained by Alcian Blue.
Dissections and observations were performed under
Nikon SMZ-10 and Wild M-8 stereo microscopes, and
drawings made with the aid of camera-lucida attach-
ments. The terminology generally follows Uyeno
(1975) for osteology, Winterbottom (1974) for myology.
Stiassny (1986) for buccal ligaments and Nolf (1985) for
otolith morphology.

Abbreviations in each figure are listed in Appendix.

Phylogenetic analyses were made using cladistic
methodology (Hennig, 1966 ; Wiley, 1981 ; Maddison
et al., 1984 ; Wiley et al.,, 1991) incorporating a two step
procedure (the first involving gadiform families, subse-
quently used as the basis for the second, involving higher
gadoid genera). In the first analysis, because the estima-
tion of relationships within the superorder was beyond
the aim of this study, transformations were polarised on
the basis of the paracanthopterygian cladogram of
Patterson and Rosen (1989). Mabee (1989a, 1989b,
1993) was followed in respect to the rejection of
ontogenetic criteria for polarization and order of charac-
ters. Consequently, an unordered multistate transfor-
mation series using Fitch’s parsimony was used in the
analyses, if more than two characters appeared in an
homologous region.

The cladograms presented here were calculated par-
simoniously using the branch-and-bound search option
of PAUP* 4.0b10 (Swofford, 2001). Consistency and
retention indexes are presented for all analyses (Wiley et
al., 1991). The cladograms were converted into
classification outlines using the sequencing convention
method first proposed by Nelson (1972) (Convention 3
in Wiley et al., 1991). Furthermore, character evolution

on the cladograms were estimated using MacClade ver.
4.03 (Maddison and Maddison, 2001).

All of the specimens examined in this study are listed
below.

Abbreviations used in addition to those for fish body
parts, include : D, dissected ; CS, cleared and stained ;
R, radiograph : SR, only supernumerary fin-rays
examined ; UC, uncataloged specimen. The total
number of specimens examined for each species is shown
next to the species name. Institutional abbreviations
follow Leviton et al. (1985), except for CBM : Natural
History Museum and Institute, Chiba.

Gadiformes

Melanonidae : Melanonus gracilis, 1 specimen, HUMZ
75862 (111 mm SL, D) : M. zugmayeri, 6, BSKU 27462
(190 mm SL, D), NSMT-P 42323, 42325 (190-200 mm
SL, D), NSMT-P 42322, 42324, 42326 (88-190 mm SL,
R). Steindachneriidae : Steindachneria argentea, 4,
BSKU 42408 (231 mm TL, D), CAS 61143 (3 spec.: 270
mm TL, D: 200-2484+ mm TL, R). Macrouridae :
Bathygadus antrodes. 1, HUMZ 75254 (350+ mm TL,
D): Gadomus colletti, 1, HUMZ 135146 (210 mm TL,
D) : Caelorinchus hubbsi, 1, HUMZ 135143 (185+ mm
TL, D): Ca. macrochia, 1. HUMZ 135140 (252 mm
TL, D): Ca. kamoharai, 1, HUMZ 135145 (225 mm
TL, D): Coryphaenoides cinereus, 3, HUMZ 135141,
135142 (292-365-+ mm TL, D) ; Malacocephalus laevis,
1, HUMZ 32860 (2604 mm TL, R) ; Nezumia proxima,
I, HUMZ 135147 (2804 mm TL, D); Ventrifossa
garmani, 2, HUMZ 135144, 135149 (168-176+4 mm TL,
D) Squalogadus modificatus, 3, CBM-ZF 5551 (245+
mm TL, D), HUMZ 78126, 121632 (104-360+ mm TL,
R): Idiolophorhynchus andriashevi, 1, LACM 11333-1
(280 mm TL, SR): Trachyrincus murrayi, 1, BSKU
45808 (368 mm TL, D). Euclichthyidae : Euclichthys
polynemus, 2, FAKU 44596, 44598 (223-271 mm SL,
D). Moridae : Antimora rostrata, 2. HUMZ 74468,
135151 (121-235 mm SL, D): Auchenoceros punctata,
I. LACM UC (CS, SR): Halargyreus johnsonii. 2,
BSKU 47213 (297 mm SL, D); HUMZ 135150 (125
mm SL, D):; Laemonema longipes, 2, HUMZ 135152,
135153 (201-266 mm SL, D) : Lotella phycis, 2, HUMZ
97759 (caudal lost), 135154 (148 mm SL, D); Mora
mora, 2, BSKU 47215 (255 mm SL, D), FSFL-EE 417
(430 mm SL, R); Physiculus japonicus, 3, HUMZ
135155, 135156, UC (134-223mm SL, D): Gadella
Jordani, 1, HUMZ 135157 (167 mm SL, D): Salilota
australis, 1. HUMZ 30137 (189 mm SL. D): Triptero-
phycis gilchristi, 1, LACM UC (CS, SR). Macrur-
onidae : Macruronus magellanicus, 1, HUMZ 30368
(490 mm TL, D) : M. novaezelandiae, 1, HUMZ 91166
(328mm TL, D): M. brachycolus, 1, ISH 14/66 (CS,
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SR). Merlucciidae : Merluccius australis, 1, HUMZ
30466 (292 mm SL, D) ; M. merluccius, 1, BSKU 47214,
277 mm SL (D). Ranicipitidae : Raniceps raninus, 3,
BSKU 47219 (111 mm SL, D), BSKU 47220 (72 mm SL,
R), HUMZ 135158 (162 mm SL, D). Bregmaceroti-
dae : Bregmaceros arabicus, |, HUMZ 135172 (86 mm
SL, D): B. japonicus, 1, BSKU 45441 (66 mm TL. D).
Muraenolepididae : Muraenolepis micropus, 2, BSKU
47216, UC (200-220 mm SL, D): M. orangiensis, 1,
FAKU-CP 607 (307mm SL. D). Gadidae: Phycis
phyeis, 1, BSKU 47218 (295 mm SL, D) ; P. blennoides.
3, BSKU 47217 (363 mm SL, D), HUMZ 135159 (146
mm SL, D), USNM 205198 (264 mm SL, D): P. ches-
teri, 3, BSKU 47737 (256 mm SL, D); HUMZ 124581,
124582 (195-197 mm SL, D) : Urophycis brasiliensis. 1,
USNM 228936 (195 mm SL, D): U. chuss, 1. HUMZ
124576 (218 mm SL, D) U. cirrata, 1, USNM 218166
(262 mm SL, D) : U. earllii, 2, USNM 226530 (158-160
mm SL, D): U. floridana. 1. HUMZ 124579 (250 mm
SL, D); U. regia, 3, BSKU 47221 (229 mm SL, D),
CAS 60338 (132 mm SL, D), USNM 218287 (192 mm
SL. D): U. tenuis. 1, USNM 120687 (163 mm SL, D) ;
U. mystaceus, 1, HUMZ 124575 (184 mm SL, D):
Ciliata mustela, 1, HUMZ 135160 (98 mm SL, D);
Enchelyopus cimbrius, 2, HUMZ 135161, 135162 (161-
205 mm SL, D): Gaidropsarus argentatus, 1, HUMZ
115240 (202 mm SL, D): G. ensis, 2, BSKU 47544,
47550 (168-169 mm SL, D): G. mediterraneus,
I, HUMZ 135163 (157 mm SL, D): Brosme brosme,
2, BSKU 45654, 45655 (355-38¢ mm SL, D) ; Lota lota,
2, CAS 60700 (142-158 mm SL, D) ;: Molva dypterygia.
1, BSKU 46112 (570 mm SL, D) ; Arciogadus glacialis,
1, HUMZ 135165 (124 mm SL, D) : Boreogadus saida,
2, HUMZ 135166, 135167 (178-197 mm SL, D):
Eleginus gracilis, 1 spec., HUMZ 135168 (138 mm SL,
D) Gadiculus argentatus, 2., ZMUC 15 (112 mm SL,
D), ZMUC 16 (92 mm SL, R); Gadus macrocephalus,
I, HUMZ 135168 (192mm SL, D): G morhua, 7,
BSKU 44713, 44715 (241-195 mm SL, D), BSKU 44711,
44712, 44714, 44716,44717 (224-295mm SL, R):
Melanogrammus aeglefinus, 2, BSKU 44687, 44688
(254-270 mm SL, D) ;: Merlangius merlangus, 1, BSKU
47744 (175 mm SL., D) ; Microgadus proximus, 1, CAS
75516 (137 mm SL. D): Micromesistius australis, 1,
HUMZ 30155 (225 mm SL, D) : Pollachius pollachius,
2, ZMUC UC (202-211 mm SL, D) : Theragra chalco-
gramma, 2, HUMZ 135170, 135171 (147-184 mm SL,
D) Trisopterus esmarkii, 1, BSKU 44705 (146 mm SL,
D).

Other paracanthopterygians

Batrachoididae : Batrachoides surinamensis, 1, CAS
74964 (133 mm SL, R): Opsanus tau, 1, CAS 79589

(150 mm SL, D): Porichthys porosissimus, 1, HUMZ
31114 (144 mm SL. D). Chaunacidae: Chaunax
abei, 1, HUMZ UC (94mm SL, D). Lophiidae:
Lophiomus setigerus, 1, HUMZ 95017 (116 mm SL, D).
Ophidiidae : Neobythites stigmosus, 1, HUMZ UC (143
mm SL, D) : Hoplobrotula armata, 1, HUMZ UC (178
mm SL, D) ; Homostolus acer, 1, HUMZ UC (tail lost,
SR) ; Ophidion asiro, 1, HUMZ 75357 (CS).
Bythitidae : Ofigopus robustus, 1, HUMZ 108748 (136
mm SL, D). Aphredoderidae : Aphredoderus
sayanus, |, HUMZ 86589 (55 mm SL, D). Percopsi-
dae : Percopsis omiscomaycus, |, HUMZ 75834 (49 mm
SL, D).

III. Monophyly of Gadiformes

Although synapomorphies of the Gadiformes have
been discussed by many authors (see Patterson and
Rosen, 1989 : Howes., 1993), all-encompassing
synapomorphies have not been found because of the
morphological diversity of the component taxa.
Accordingly, I refer to the potential synapomorphies of
gadiforms proposed by Rosen and Patterson (1989),
Markle (1989), Nolf and Steurbaut (1989a) and Howes
(1989, 1991a, 1993), and those recognized during the
present study.

Patterson and Rosen (1989) reviewed the synapomor-
phies of gadiforms noted by previous authors (e.g..
Okamura, 1970b ; Marshall and Cohen, 1973 ;: Cohen,
1984) and concluded that the following characters pos-
sibly support the monophyly of the order: 1) X and Y
bones in caudal skeleton ; 2) no epipleurals on first two
vertebrae ; 3) scapular foramen between scapula and
coracoid : 4) LDH pattern (Shaklee and Whitt, 1981).
Markle (1989) also adopted characters 2) and 3). In
addition, the following synapomorphies have been
adopted by some authors: 35) three struts on third
pharyngobranchial (Markle, 1989); 6) lateral anus in
larvae (Fahay and Markle, 1984 ; Markle, 1989): 7)
pince-nez-shaped sulcus and central collicular on otolith
(Nolf and Steurbaut, 1989a, 1989c) ; 8) absence of pars
jugularis (Howes, 1991a, 1993): 9) levator arcus
palatini positioned laterally on adductor mandibular A2
(Howes, 1989, 1991a, 1993): 10) absence of intermus-
cularis from first and second vertebrae (Howes, 1993):
11) attrition of lateral face of hyomandibular (Howes,
1993). Furthermore, I consider that the following two
characters possibly support gadiform monophyly : 12)
single condyle of hyomandibular: 13) absence of basi-
hyal.

1) X and Y bones in caudal skeleton. These unique
caudal elements observed in some gadiforms have been
well investigated and discussed by many authors (e.g.
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Markle, 1982, 1989 ; Cohen, 1984 ; Dunn and Matarese,
1984 : Fahay and Markle, 1984 ; Patterson and Rosen,
1989) (Fig. 26), all of the countable characters of gadi-
form caudal elements being presented by Fahay and
Markle (1984 : table 76). Among gadiforms, X and Y
bones are absent in melanonids, trachyrincines, macrur-
onids, gadines and lotines, and the caudal fin is lost in
bathygadines, macrourines. macrouroidines and stein-
dachneriids. Based on ontogenetic data for Lora,
Markle (1982) hypothesized that gadines and lotines
may have secondarily lost these bones. Accordingly, |
regard the presence of X and Y bones within gadiforms
as an apomorphic character.

2) No epipleurals on first two vertebrae. Regarding
this characters, Patterson and Rosen (1989) noted the
following conditions in other paracanthopterygians :
absent in lophiiforms : present on the first ( Batrachoides
and Thalassophryne) or second (Daector) vertebrae in
some batrachoidiforms (interpreted as having resulted
from the forward extension of posterior elements) ;
present (e.g., Brotula, Ogilbia, Ophidion and carapids) or
absent (e.g., Oligopus) in ophidiiforms. Although these
epipleurals are variously lost among anacanthines,
Patterson and Rosen (1989) adopted this character as a
synapomorphy of gadiforms. Among the gadiforms
examined here, epipleurals were found on the second
vertebrae (but sometimes rudimentary or absent) in
Euclichthys, Raniceps (one of two specimens), Molva,
Merluccius (one of two), Boreogadus and Microgadus.
These occurrences seem to be atavistic. As noted by
Patterson and Rosen (1989). if the epipleurals on the first
two vertebrae appeared secondarily in batrachoidiforms,
this character should be regarded as a synapomorphy of
anacanthines, not of gadiforms.

Fig. . Medial view of pectoral girdle. A, Enchelyopus
cimbrius : B. Lophiomus setigerus ; C, Porichthys
porosissimus ; D. Oligopus robustus. Bars=3 mm.

3)  Secapular foramen between scapula and coracoid.
This condition in gadiforms and some lophiiforms
apparently represents a derived state compared with
other paracanthopterygians which have the foramen
completely surrounded by the scapula or open along the
anterior margin of the latter (Fig. 1; e.g., gadiforms in
Markle, 1989 : figs. 10, 11 ; oneirodids in Pietsch, 1974 :
figs. 18, 54: Chologaster in Rosen, 1962: fig. 15;
Batracoides in Rosen and Patterson, 1969 : fig. S9A ;
Tetrabrachium in Pietsch, 1981 : fig. 14 ; some
ophidiiforms in Markle and Olney, 1990 : figs. 9-12). 1
also regard it as a possible synapomorphy of gadiforms.
Among gadiforms, this derived condition is generally
divided into three states according to the location of the
foramen : only on the scapula, between the scapula and
intervening cartilage, and between the scapula and cora-
coid (see Markle, 1989 : figs. 10-12).

4) LDH pattern. Shaklee and Whitt (1981)
examined the electrophoretic traits of gadiforms,
ophidiiforms, zoarcids, aphredoderids and some lower
teleosts using lactate dehydrogenase isozymes (LDH).
Patterson and Rosen (1989 : table 3) regarded a specific
pattern to be a potential synapomorphy of gadiforms,
but also pointed out the lack of data for the
phylogenetically important taxon Muraenolepis. In
addition, Shaklee and Whitt (1981) examined neither
other important gadiforms, such as melanonids, eucl-
ichthyids, steindachneriids and macruronids, nor
pediculates, batrachoidiforms and lophiiforms.
Because of the lack of information, I did not adopt this
as a synapomorphy.

5) Three struts on pharyngobranchial 3. As discuss-
ed by Markle (1989 : 65, 84), this condition is present in
gadiforms and some batrachoidiforms (Figs. 19,20
Travers, 1981 : figs. 9-12; Patterson and Rosen, 1989:
figs. 10, 12-14 ; Markle, 1989 : figs. 1-4). The struts are
weakly developed in Bregmaceros (Fig. 20F) and the
known batrachoidiforms. Prior to adopting this char-
acter as a synapomorphy of gadiforms, further investiga-
tions of the character distribution among batrachoidi-
forms are necessary.

6) Lateral anus of larvae. The known yolk-sac and
first feeding larvae of gadiforms transiently have an
lateral anus through the finfold (Fahay and Markle,
1984 : 265). In some gadiforms, this character of first
feeding larvae are still unknown.

7)  Pince-nez-shaped sulcus and central collicular on
otolith. WNolf and Steurbaut (1989a) discussed in detail
the otolith morphology of gadiforms compared with
other groups: gadiform otoliths are characterized by a
pince-nez-shaped sulcus, which generally has a crest
between the collicula, just above the ostium-cauda junc-
tion of the crista inferior (Fig.2B). In a cladogram
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Fig. 2.
acanthopterygian : B, generalized gadiform.

based on otolith features, Nolf and Steurbaut (1989c:
fig. 13) indicated this condition as the only synapomor-
phy of the order.

8) Absence of pars jugularis. Howes (1989 : 124, fig.
7) referred to the prootic region as serving for the trans-
mission of nerves in gadiforms, viz., most taxa have a
single opening serving all of the cranial nerves and
vessels, Further, Howes (1991a: fig. 35; 1993 fig. 18)
indicated that the “absence of pars jugularis” was a
synapomorphy of gadiforms. The term *“pars jugularis”
has not been used widely in teleostean anatomy (Green-
wood, 1986: 951), “trigemino-facialis foramen™ of the
prootic region having usually been used in earlier papers
on gadiforms (e.g.. Rosen and Patterson, 1969). This
foramen (a pair of pars jugularis) is present in some
gadiforms (Steindachneria, morids, TRhinocephalus,
Merluccius, Brosme, Molva, Micromesistius and
Trisopterus) (e.g., Svetovidov, 1948: fig. 4 Inada,
1989 : fig. 1) and some other paracanthopterygians, per-
copsiforms (Rosen and Patterson, 1969 : fig. 13), most
ophidiiforms (Howes, 1992: 104, figs.8, 10-12; pers.
obs.), and a few of the batrachoidiforms examined. In
ceratioids and some other lophiiforms, the foramen

Morphological nomenclature of left saccular otolith, from Nolf and Steurbaut (1989a).

A, generalized

appeared to be absent as in most gadiforms (Pietsch,
1974 : figs. 2, 3,28,29,31-37, 1981 : figs. 4, 5; pers.
obs.). Any adoption of “absence of trigemino-facialis
foramen™ as a synapomorphy of gadiforms, necessarily
awaits further research on its character distribution
among pediculates.

9) Levator arcus palatini lying laterally on adductor
mandibular A2. The cheek region musculature in
gadiforms and some other groups was well described by
Howes (1988), who subsequently (Howes, 1989, 1991a,
1993) regarded this condition as a synapomorphy of
gadiforms (Fig. 3A). I also adopted this synapomor-
phy. Among gadiforms, a secondary reversal (adductor
mandibular A2 lying laterally on lap) was observed in
gaidropsarines, Urophycis and Muraenolepis (Figs. 9B,
12A, B).

10) Loss of intermusculars fiom first and second
vertebrae, and 11) Attrition of lateral face of hyoman-
dibular. Howes (1993 : fig. 18) indicated the “loss of
intermusculars from first and second vertebrae” as a
synapomorphy of gadiforms on his cladogram, but
without explanation. The condition of the other
synapomorphy (“attrition of lateral face of hyoman-

Fig. 3. Lateral view of cheek muscles.

A, Melanonus zugmayeri ; B, Porichthys porosissimus.

Bars=35 mm.
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Fig. 4. Lateral view of suspensorium and opercular bones.

A, Melanonus zugmayeri : B, Lophiomus setigerus ; C,

Porichthys porosissimus ; D, Oligopus robustus. Bars=35 mm.

dibular™) given by Howes (1993 : fig. 18) is difficult to
define. If “attrition” refers to the hyomandibular con-
dition in which the anterolateral foramen for nerve
passage or lateral shelf is lacking (Howes, 1989). it is
difficult to separate gadiforms from the other par-
acanthopterygians. The lateral face of the hyoman-
dibular in some pediculates and ophidiiforms is rather
flat, when compared with gadiforms (Fig. 4 : e.g.. Rosen
and Patterson, 1969). Accordingly, these characters are
excluded as potential synapomorphies of the order.

12) Single hyomandibular condyle. A single condyle
on the dorsal hyomandibular was observed in all of the
gadiforms examined (Figs. 4A, 13, 14), (although Macr-
uronus had the condyle with an anteriorly projected and
rounded part (Fig. 13F), such differing from the two
widely separated condyles in most other paracanthopte-
rygians (Fig. 4B-D ; paracanthopterygians in Rosen and
Patterson, 1969 : figs. 8, 9 ; lophiiforms in Pietsch. 1974 :
figs. 8, 40-47 ; Pietsch, 1981 : figs. 9. 21-25; ophidii-
forms in Markle and Olney, 1990: figs. 24-26). This
single state is also present in the aphredoderoid
Aphredoderus (Rosen, 1962: fig. 10) and ceratioid
Bertella (Pietsch, 1974 : fig. 43).

13) Absence of basihiyal. The basihyal of gadiforms
has been erroneously described or identified by some
authors (Fig. 5; some macrourids in Okamura, 1970b :
78, fig. 40 : Merluccius in Inada, 1981 : 81, figs. 35, 37 :
Macruronus in Howes, 1991a: 89, fig. 17) ; Melanonus
in Howes, 1993: fig. 11). In fact, 1 recognized no
basihyal bone in the lower branchial elements of any of

Fig. 5. Dorsal view of lower branchial arch. A, Macrur-
onus magellanicus, from Howes (1991a): B,
Melanonus zugmayeri, from Howes (1993). “Basi-
hyals™ (=true basibranchial 1) are also shown in lat-
eral view. Bars=3 mm.

the gadiforms examined (Fig. 6A-D). The condition of
Macruronus magellanicus shown by Howes (1991a)
(Fig. 5A) clearly indicated a single undeveloped basi-
branchial element in one young specimen (one of 130-
250 mm TL specimens), compared with adults of M.
magellanicus and M. novaezelandiae examined here
which had basibranchial 2 extended anteriorly onto
basibranchial 1 (Fig. 6C, D). In lophiiforms, Pietsch
(1981 : 400) mentioned a small basihyal as being present
in  Antennarius, Tetrabrachium, Lophichthys and
Chaunax, but absent in Brachionichthys and Dibran-
chus. Other paracanthopterygians have a well devel-
oped basihyal (Fig. 6E, F: e.g., Amblyopsis in Rosen,
1962 : fig. 13; Thalassophryne in Rosen and Patterson,

— 8 —



Mem. Grad. Sch. Fish. Sci. Hokkaido Univ. 49(2), 2002.

Fig. 6. Lateral and dorsal views of lower branchial arch.
A-B, Phycis  blennoides ; C-D, Macruronus novae-
zelandiae ; E-F. Hoplobrotula armata. Bars=3 mm.

1969 : fig. 58 ; Snyderidia in Markle and Olney, 1990 :
figs. 14, 15; other ophidiiforms and batrachoidiforms
examined in the present study). Among gadiforms,
Melanonus only has an expanded basibranchial I,
apparently composing a horizontal triangular-shaped
anterior (such as a general basihyal) and vertical fan-
shaped posterior parts (bh in Fig. 5B). Fusion of these
two bones have not yet been reported for paracan-
thopterygians. Although a separated basihyal bone
attached to basibranchial 1 has been homoplastically
lost in some pediculates, its absence gives good support
to gadiform monophyly.

Concerning the other potential character, Johnson
(1993 : 9) pointed out that the simple transversus dor-
salis anterior (TDA) was represented only by the mus-
culus transversus epibranchialis 2 (MTE2), which char-
acterize all gadiforms (Fig. 34A). A similar condition
was reported by Stiassny and Jensen (1987) for em-
biotocids, and Sasaki (1989: fig.4) for haemulids,
cheilodactylids, gerreids and sciaenids. In addition,
Johnson (1993) noted a few other percoid families and
perciform suborders (e.g.. gobioids and blennioids) as
showing a similar condition. All of the gadiforms
examined here had a simple TDA, but the distribution
of this character among other paracanthopterygians is
uncertain.

As discussed above, | presently consider the following
five characters to be synapomorphies of the order
Gadiformes : (3) scapular foramen between scapula and
coracoid ; (7) pince-nez-shaped sulcus and central col-

PARACANTHOPTERYGI
2,34

Fig. 7. Paracanthopterygian intrarelationships of Patterson
and Rosen (1989).

licular on otolith ; (9) levator arcus palatini lying later-
ally on adductor mandibular A2 ; (12) single hyoman-
dibular condyle ; (13) absence of basihyal.

IV. Relatives of Gadiformes

The Superorder Paracanthopterygii, including the
Gadiformes, was first proposed by Greenwood et al.
(1966), and subsequently defined by Rosen and Patter-
son (1969). Furthermore, Patterson and Rosen (1989)
revised paracanthopterygians and inferred interrelation-
ships for the five orders included, viz., Percopsiformes,
Ophidiiformes, Batrachoidiformes, Lophiiformes and
Gadiformes (Fig. 7). On the cladogram of Patterson
and Rosen (1989), gadiforms is placed as the sister group
of the batrachoidiform and lophiiform clade. On the
other hand, Markle (1989) and Nolf and Steurbaut
(1989a) regarded gadiforms as the sister group of batra-
choidiforms and ophidiiforms, respectively.

On the other hand. some authors have doubted the
Paracanthopterygii, believing it to be an ill-defined
assemblage (e.g., Fraser, 1972; Rosen, 1985; Gill,
1996). Furthermore, based on a recent total evidence
approach including both molecular (12S rDNA and 28S
rDNA) and morphological data, Wiley et al. (2000)
indicated that two gadoids (Pollachius and Merluccius)
formed a clade with two zeids (Zeus and Zenopsis),
among 25 acanthomorphs, such being evidence of poly-
phyly of paracanthopterygians. From a mitogenomic
analysis of higher teleosts, Miya et al. (2001) also recog-
nized a “gadiform and zeid clade”, being a sister group
of the percopsiform Percopsis, and suggested polyphyly
of the superorder. Although such molecular
approaches provide strong evidence for inferring the
relationships of higher taxa, to confirm a sister relation-
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Table 1. List of transformation series considered in the first analysis

Nasals (0, normal ; 1, enlarged)

1.

2. Anterolateral processes on lachrymal (0. absent: I, present)

3. Adductor mandibular Al formation (Fig. 11: 0. A; 1. B: 2, C: 3, D)

4. Adductor mandibular A2 covering levator arcus palatini (0, normal ; 1. partly covered ; 2. entirely covered)

5. Endo- and metapterygoids (0. attached : 1. separated)

6. Palatopterygoid formation (0, normal ; 1, phycine and gaidropsarine type)

7. Lower process of hyomandibular (0. absent; 1. present)

8. Hyomandibular-preopercule interosseous space (0, closed : 1. opened)

9. Branchiostegal rays on epihyal (0. two: 1, one: 2, zero)

10. Medial interopercular socket (0, absent; I. present)

1. Attachment of rectus communis to urohyal (0, muscle; I, ligament)

12. Dorsal gill-arch elements (0, bony Pbl. ial and iac: 1, cartilaginous pbl, ial and iac: 2, ial and iac; 3, cartilaginous
pbl and ial; 4. cartilaginous pbl and iac; 5. absent)

13. Hyohyoideus abductores 2 (0, separated from each other: 1. fused on midline)

14. Intercalar (0, not enlarged : 1. enlarged)

15. Number of actinosts (0, four; 1. increased ; 2. decreased)

16. Median process of pelvic girdle (0. directed medially : 1. directed posteromedially ; 2, directed medially and elongated :

bregmacerotid type: 4. no process)
17. Epipleurals (0, present: I, absent)

18. Dorsal supernumerary fin-rays (0, D2P0; 1, D2PI; D2P2: 3. DIPI1; 4, DIPO; 5, DOPO)

19. Pelvic fin (0, normal : 1, reduced or absent)
20. Caudal fin (0, present; 1, absent)

21. X and Y bones in caudal skeleton (0. absent; I, present;

. secondarily lost)

22. Hypurals (0, both separated : |, upper fused and lower separated : 2, completely fused)

23. Scales (0, cycloid; 1. spinoid)

ship between gadiforms and zeiforms may require fur-
ther morphological comparisons and additional molecu-
lar data for various taxa in question.

In this paper. | tentatively use the cladogram proposed
by Patterson and Rosen (1989) for estimating the rela-
tionships of gadiform families and subfamilies, based on
outgroup comparison (Maddison et al.. 1984).

V. Interrelationships of lower gadiforms

The interrelationships of seventeen gadiform taxa,
being regarded as the family or subfamily level (e.g.,
Cohen, 1984 : Markle, 1989 ; Cohen et al., 1990). are
estimated from twenty-three transformation series based
on morphological differences. Each monophyly of
OTU, excluding lotines, has been well corroborated by
many workers (e.g, Howes, 1989, 1991a, 1993 ;
Iwamoto, 1989 : Markle, 1989). In addition. the mono-
phyly of lotines was newly confirmed by two
synapomorphies found in this study.

In the present analysis, | adopted distinct characters
showing less variation at the subfamilial level so as to
obtain a realistic cladogram of lower gadiform relation-
ships. For taxa including both primitive and derived

(apparently homoplastic) characters (e.g.. some mac-
rourids and morids), the former was selected as the
representative state for the group.

1. Characters used in the first analysis

Each character (=Ch) of 23 transformation series (=
TS) is presented and polarized below (Table I).
Autapomorphies are excluded from the data set, but
included in the subsequent tree description. A large
number of morphological characters of many gadiform
taxa, mainly bones and muscles (except for otolith
features), have been well described and illustrated by
previous authors: Raniceps (cranial bones) by Gill
(1890 : figs. 1-4) ; Gadus, Enchelyopus, Merluccius and
Raniceps (cranial muscles) by Dietz (1921 : figs. 6-14) ;
Gadus, Lota, Melanonus, Bregmaceros and Cory-
phaenoides (cranial bones) by Gregory (1933 : figs. 258~
262); 51 gadoids (cranial and other bones) by
Svetovidov (1948 : figs. I-7. 10, tables 1-72): Breg-
maceros (bones) by D’Ancona and Cavinato (1965:
figs. 11-20) : Gadus, Urophycis, Lota and Merluccius
(cranial bones) by Mujib (1967 : figs. 1-8) ; gadiforms
(hyoid arch) by McAllister (1968 : 120, plts. 13-14);
five gadiforms (caudal bones) by Monod (1968 : figs.
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567-577); Brosme (cranial bones) by Mujib (1969 :
figs. 1, 2) : some gadiforms (some bones and muscles) by
Rosen and Patterson (1969 : figs. 3, 6, 9, 44-47, 49, 50-
52, table 8) ; many Japanese macrouroids (bones and
others) by Okamura (1970b: figs. 1-83): Microgadus
(cheek muscles) by Winterbottom (1974 : fig. 6) :
Bathygadus and macrourids (cranial bones and mus-
cles) by McLellan (1977: figs. 1-7): some gadiforms
(cranial bones and muscles) by Casinos (1978 : figs. |-
7). twelve Merluccius species (bones) by Inada (1981 :
figs. 27-53) ; gadids and some gadiforms (medial bones
and meristic characters) by Markle (1982: figs. 4-9,
tables 2-9) ; gadids and Raniceps (ontogeny and caudal
bones) by Dunn and Matarese (1984 : figs. 146, 148, 151,
tables 77-82) ; gadiforms (meristic characters and
others) by Fahay and Markle (1984 : fig. 144, tables 72-
76) : Bregmaceros (cranial bones) by Hussain (1986 :
figs. 1. 2) : Ciliata (cranial bones and muscles) by
Stainier et al. (1986: figs. 1-17); ten Gaidropsarus
species (crania) by Svetovidov (1986: figs. 6-10):
gadiforms (palatine) by Howes (1987: figs. 1-4);
gadiforms (cranial muscles) by Howes (1988 : figs. I-
39) : morids (swimbladder) by Paulin (1988 : figs. 1-4);
gadiforms (dorsal gill-arch, caudal and other bones) by
Patterson and Rosen (1989 : figs. 5, 6, 8, 12) ; gadiforms
(dorsal gill-arch and other bones) by Markle (1989 : figs.
2-17) ; gadiforms (cranial muscles and others) by
Howes (1989 : figs. 1-6): five gadiforms (crania and
others) by Okamura (1989 : figs. 1-4) ; Steindachneria
(bones) by Fahay (1989: figs. 5-11): macrourids
(bones and others) by Iwamoto (1989 : figs. 1-14) ; four
gadiforms (crania and others) by Inada (1989 : figs. 1-4,
table 1) : gadoids (ontogeny) by Dunn (1989 : figs. 4-
25, tables 9-10) ; Muraenolepis and some gadoids (cra-
nial bones) by Howes (1990 : figs. 1-12) ; six gadiforms
(caudal bones) by Fujita (1990 : figs. 137-142) ; Bathy-
gadus (bones, muscles and nerves) by Howes and
Crimmen (1990 : figs. 2-26, table 1): Bregmaceros
(bones) by Swidnicki (1991 : figs. 1-18) : Macruronus
(bones and muscles) by Howes (1991a: figs. 1-33):
Melanonus (bones and muscles) by Howes (1993 : figs.
1-17) : Moridae (bones and swimbladder) by Meléndez
and Markle (1997 : figs. 4-16).

TS 1. Nasals (Iwamoto, 1989 : 163 ; Okamura, 1989 :
135). In most paracanthopterygians, the nasals are
small thin elements separated from each other (Charac-
ter=Ch.0: e.g., Gadomus in Okamura, 1970b: fig.
29A : Euclichthys in Okamura, 1989 : fig. 2B ; Thalas-
sophryne, Porichthys and Histrio in Rosen and Patter-
son, 1969: fig. 533A, C-D). In macrouroidines.
Squalogadus and Trachyrincus, however, both nasals
are greatly enlarged and firmly attached in the midline

kg(:'\‘ﬂi
Fig. 8. Lateral (A-C) and ventral (D) views of lachrymal.
A, Bathygadus antrodes ; B, Nezumia proxima; C,

Squalogadus modifiatus ; D, Trachyrincus murrayi.
Bars=5 mm.

(Ch.1: eg, macrourines in Okamura, 1970b: figs. 30~
32; Squalogadus and Trachyrincus in Okamura, 1989 :
fig. 2E-F).

TS 2. Anterolateral processes on lachrymal (Fig. 8).
In most paracanthopterygians, such a process on the
lachrymal is absent (Ch.0: Fig. 8A). In macrourines,
Squalogadus and Trachyrincus, one or two processes
and present on the anterolateral region of lachrymal
(Ch.1: Fig. 8B-D: see also Okamura, 1970b : figs. 21-25).

TS 3. Adductor mandibular Al formation (Figs. 3, 9-
I1; Howes, 1989: 118, 1991a: fig. 35). In gadiforms.
the adductor mandibular Al is divided into four types
on the basis of the position (lateral or medial) of Alb:
Al or Ala and Alb lie laterally on A2 in Melanonus,
Steindachneria, bathygadines, macrourines, Trachyrin-
cus, Squalogadus and morids (Ch.0: Figs. 3A, 9A,
11A): Al is divided posteriorly into (lateral) Ala and
(medial) Alb in Euclichthys and Muraenolepis (Ch. 1 :
Figs. 9B, C, 11B; see Howes, 1988 : figs. 14,22); Al is
completely divided into (lateral) Ala and (medial) Alb
in gadids, Raniceps, Merluccius and Macruronus (Ch.
2: Figs. 10, 11C, 12; eg. Urophycis, see Howes, 1988 :
fig. 21); Al is undivided or medial Alb lost in Breg-
maceros (Ch.3: Figs.9D, 11D ; see Howes, 1988 : fig.
22). Paracanthopterygians generally show a different
state, i.e., medial Alb (fused with A2 in some lophii-
forms) and developed A2, having no lateral Ala (Figs.
3B, 11E; Chologaster and Percopsis in Rosen, 1962 :
fig. 6 ; Opsanus and Porichthys in Rosen and Patterson,
1969 : fig. 55: Antennarius in Pietsch and Grobecker,
1987 : fig. 151 ; Acanthonus in Howes, 1992: fig. 27,
28). In percopsiforms, both the lateral Al figured in
Rosen (1962) and Rosen and Patterson (1969 : fig. 6A),
and Ala figured in Howes (1988 : fig. 24) have resulted
from an apparent confusion of A2 with Aw (see
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Fig. 9. Lateral view of cheek muscles. A, Caelorinchus hubbsi : B-C. Muraenolepis orangiensis : D. Bregmaceros
arabicus. Al and A2 elements partly removed in C. Bars=3 mm.
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Fig. 10. Lateral view of cheek muscles of Lota lota.
5 mm.

Winterbottom, 1974: Esox in fig.2). Since Al is
defined by its dorsal position and insertion on the
maxilla (Winterbottom, 1974 : 232), I consider “Ala”
inserted medially on the lower jaw of Amblyopsis in
Gosline (1993: fig. 3) to be A2. Furthermore, the
insertion of Alb in the outgroups apparently differs
from that in gadiforms, and its homology seems to be
questionable. These characters are most likely to have
developed independently among gadiforms and are

A, superficial view : B, Ala and A2 partly removed. Bars=

therefore treated here as unpolarized transformation
series.

TS 4. Adductor mandibular A2 covering levator
arcus palatini (lap) (Fig. 12). The condition of the lap
muscle lying laterally on A2 is considered to be a
synapomorphy of the order (Ch.0: Figs. 3A, 9A, 1A,
12C, D). Among gadiforms, the following variations
are therefore regarded as derived: upper part of A2
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Fig. I1. Five types of adductor mandibular formation ;
schematic representation of lateral view.

lying laterally on the lower part of lap in Muraenolepis
(Ch.1: Fig.9B, C): A2 almost covering the lateral
surface of lap in the gadid genera, Urophycis, Ciliata,
Enchelyopus and Gaidropsarus (Ch.2: Fig. 12A, B
Ciliata in Stainier et al., 1986 : fig. 13).

TS5. Endo- and metapterygoids (Figs. 13.14). In
many paracanthopterygians, except for some pediculates,
the endopterygoid touches the metapterygoid posteriorly
(Ch. 0: Fig. 13A-F ; Percopsis, Hymenocephalus,
Dinematichthys and tSphenocephalus in Rosen and
Patterson, 1969 : figs. 8A, 9B, C, 30). However, the

endopterygoid is reduced in size and separated from the
metapterygoid in Merluccius, Raniceps, gadines, lotines,
phycines and gaidropsarines (Ch. 1: Figs. 13G, H, 14C-
H), and is absent in Bregmaceros and Muraenolepis
(Ch.2: Fig. 14A, B). Both separation from the
metapterygoid and absence of the endopterygoid are
considered to be derived. Howes (1990) illustrated a
reduced endopterygoid in Muraenolepis microps. but
such was not obvious in the specimens of M. microps
and M. orangiensis examined here.

TS 6. Palatopterygoid formation (Figs.13.14). In
most gadiforms and outgroups, the ventral margins of
the palatine and ectopterygoid continue along the same
line (Ch.0: Figs. 13, 14A, B. E-H). However,
phycines and gaidropsarines have a unique formation,
the ventral margins of the two bones following different
lines, i.e., the ectopterygoid extends anteriorly beneath
the palatine. This condition is synapomorphic for
these two groups (Ch.1: Fig. 14C, D: Ciliata in
Stainier et al., 1986 : fig. 7).

TS 7. Lower process of hyomandibular (Figs. 13-15).
Four hyomandibular processes (articular process, lower
process, opercular process and preopercular process) are
present in gadiforms (Fig. 15: Svetovidov, 1948 : Dunn,

Fig. 12. Lateral view of cheek muscles. A, Enchelyopus cimbrius : B, Urophycis brasiliensis : C, Phycis chesteri ; D,
Pollachius pollachius. Bars=3 mm,
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Fig. 13. Lateral view of suspensorium and opercular
bones. A, Steindachneria argentea : B, Bathygadus
antrodes ; C, Euclichthys polynemus ; D, Lotella
phyeis . E. Laemonema longipes ;. F. Macruronus
magellanicus ; G, Merluccius merluccius ; H,
Raniceps raninus. Bars=5 mm.

1989 : figs. 13, 14). In Muraenolepis, gadines. lotines,
phycines and gaidropsarines, the lower process extends
anteroventrally and is inserted between the metaptery-
goid and symplectic, a derived condition (Ch. 1: Figs.
14B-H, 15). On the other hand, other gadiforms and
outgroups lack such a process (Ch. 0: Figs. 4, 13, 14A).

TS 8. Hyomandibular-preopercle interosseous space
(Figs. 13, 14 ; Okamura, 1989 : 132, fig. 1 ;: Inada. 1989 :
200, fig.2). The interosseous space between the
hyomandibular and preopercle, termed “upper win-
dow”, was mentioned and discussed by Okamura (1989)
and Inada (1989). In most paracanthopterygians, this
“window™ is generally closed, except in batrachoidi-
forms (some paracanthopterygians in Rosen and Patter-
son, 1969: figs. 8,9 : ophidiiforms in Markle and
Olney, 1990 : figs. 24-26) (Ch.0: Figs. 4A, 13A, C, F).
The opening varies from narrow to wide in morids.
Merluccius, Raniceps, Bregmaceros, Muraenolepis,
gadines, lotines, phycines and gaidropsarines, being a
derived character for gadiforms (Ch. 1: Figs. 13D, E, G,
H. 14). Okamura (1989) believed the presence of an
upper window to be a primitive state among gadiforms,
because of its imperfect connection between the suspen-
sorium and opercular bones. A lower window (in

Fig. 4. Lateral view of suspensorium and opercular
bones. A. Bregmaceros arabicus ; B, Muraenolepis
orangiensis : C, Phycis phycis ; D, Enchelvopus cim-
brius ; E, Lota lota; F, Trisopterus esmarkii ; G,
Gadiculus  argenteus . H, Microgadus proximus.

Bars=3 mm.

Opercular
process

Articular
process

Lower

process Preopercular

process

5 mm

Fig. 15. Lateral view of hyomandibular of Merlangius
merlangus.

Okamura, 1989) is variously developed among both
gadiforms and outgroups (absent in Caelorinchus,
Squalogadus and the bythitoid Oligopus), and was not
included in the present analysis.

TS 9. Branchiostegal rays on epihyal (Fig 16;
Markle, 1989: 71 ; Okamura, 1989: 132; lwamoto,
1989 : 167). In paracanthopterygians, three states for
the branchiostegal rays on the epihyal were recognized
by McAllister (1968) : two rays only in Trachyrincus,
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Fig. 16. Lateral view of hyoid arch. A, Porichthys porosissimus ; B, Trachyrincus muwrrayvi ; C, Physiculus japon-

ica ; D, Gadiculus argenteus. Bars=3 mm.

Squalogadus, some batrachoidiforms and ophidiiforms
(Ch. 0: Fig. 16A, B: e.g, Squalogadus in Okamura,
1970b : fig. 44F ; Brotula in Markle, 1989 : fig. 8) ; one
ray on epihyal in most gadiforms, lophioids, one batra-
choidiforms, percopsiforms and {Sphenocephalus (Ch.
1: Fig. 16C ; Bregmaceros in Swidnicki. 1991 : fig.
1A ; tSphenocephalus and Thalassophryne in Rosen
and Patterson, 1969 : fig. 31, 57A) : no rays on the epi-
hyal in gadines, lotines, gaidropsarines, antennarioids
and ceratioids (Ch.2: Fig. 16D Brosme in Mujib,
1969 : fig. 2C ; Histrio in Rosen and Patterson, 1969 :
fig. 57C). Polarity could not be determined from out-
group comparisons.

TS 10. Medial interopercular socket (Fig.17;
Lauder and Liem, 1983 : 150 ; Markle, 1989 : figs. 6,7 ;
Howes, 1989: figs. 2,3, 1991a: fig. 35). The medial
interopercular socket, receiving the posterior corner of
the epihyal, is a bony structure observed in Trachyrin-
cus, Squalogadus, Merluccius, Raniceps, Muraenolepis,
gadines. lotines, phycines and gaidropsarines (Ch.1:
Fig. 17B: Muraenolepis and Theragra in Markle, 1989 :
figs. 6B, 7; Ventrifossa, Trachyrincus and Merluccius in
Howes, 1989 : figs. 2, 3B