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Fauna and Zoogeography of Deep-Benthic Chondrichthyan Fishes
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Abstract The deep-benthic chondrichthyan fishes collected by 584 hauls of otter-trawl from the Okinawa
Trough, Kyushu-Palau Ridge, Pacific continental slope off northern Honshu Island (“Tohoku Slope”) and
continental slope of Okhotsk Sea off Hokkaido (“Okhotsk Slope”) were analyzed. Sixty-one species were
recorded from 200 to 1,520 m in depths; 37 species from the Okinawa Trough, 10 from the Kyushu-Palau
Ridge, 18 from the Tohoku Slope, and nine from the Okhotsk Slope.

The Okinawa Trough has the most varied composition, with many species of the Squalidae,
Scyliorhinidae, and Rajidae (genus Ragja). The Kyushu-Palau Ridge has a relatively high number of
squalid species, but no species of the Rajidae or Chimaeriformes. The Tohoku Slope fauna is relatively
varied, comprising six families, of which the Rajidae (genus Bathyraja) is the most numerous, followed by
the Squalidae. The Okhotsk Slope has the least number of species, and is characterized by a remarkable
dominance of the Rajidae (genus Bathyraja).

In addition, the Japan Sea was included in the analyses, based on literature records, enabling coverage
of all the main regions around the Japanese Archipelago.

The distributional characteristics of the major taxonomic groups, i.e. Scyliorhinidae, Squalidae,
Rajidae and Chimaeriformes, were discussed, and the Shichito-Iojima >Ridge, which runs from the Izu
Peninsula southward to the Ogasawara Islands and lojima Islands, was proposed as an effective barrier for

deep-benthic chondrichthyan fishes at least, especially for those of the northern regions.

From 1978 through 1980, the Fisheries Agency of
Japan conducted intensive deep-sea investigations
around the Japanese Archipelago. Four research
regions were selected for study, and numerous ex-
perimental bottom trawls were made and bottom
lines set on the deep-sea ridges, troughs, and conti-
nental slopes down to a depth of nearly 1,600 m.
These regions were the Okinawa Trough in the East
China Sea, Kyushu-Palau Ridge, Pacific off northern
Honshu Island, and Okhotsk Abyssal Plain off
Hokkaido. Such extensive bathy-benthic surveys
have never been done around Japan, and the re-
search has already resulted in a series of publications,
including a great many new findings, i.e. on fishes
(Okamura et al.,, 1982; Amaoka et al., 1983; Oka-
mura and Kitajima, 1984; Okamura, 1985), and on
invertebrates (Baba et al., 1986; Okutani et al., 1987,
1988a, b; Imaoka et al., 1990).

The present authors were involved in the iden-
tification of fish species and noticed pronounced
faunal differences in deep-sea chondrichthyan fishes
among these four research regions. In addition, the
Japan Sea, which was not included in the present

deep-sea investigation, is well known by a unique
fauna (Nishimura, 1965a, 1965b, 1966, 1968, 1969),
and the inclusion of the Japan Sea in the present
consideration makes it possible to compare the local
deep-benthic chondrichthyan faunas of all the main
regions around the Japanese Archipelago.

The purposes of this paper are to summarize the
occurrence of the deep-sea benthic chondrichthyans
that occur below 200m in depth, to discuss the
faunal differences of the regions, and to infer the
distributional characteristics of the major chon-
drichthyan taxonomic groups around the Japanese
Archipelago.

Methods and data

The regions studied were the Okinawa Trough in
the East China Sea, Kyushu-Palau Ridge, Pacific
continental slope of northern Honshu (mainly
Tohoku District) from off Ibaragi Prefecture to
Aomori Prefecture (referred to below as “Tohoku
Slope”), and the slope of the Okhotsk Abyssal Plain
off Hokkaido (“Okhotsk Slope”). In addition to
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Fig. 1. Research regions (dotted areas) and topographic features around the Japanese Archipelago.

these, we include a fifth region, Japan Sea, based on
data from Ogata et al. (1973) in the faunal analyses.
These five study regions, ranging from warm to cold
waters, represent the major areas around the Japa-
nese Archipelago (Fig. 1).

Bottom otter-trawl and bottom lines were deploy-
ed, but only the fishes caught by trawls were used for
direct regional comparisons, in order to have a ho-
mogeneous basis for discussion, because bottom lines
were not operated in some regions. The trawl sur-
veys in the four regions were conducted by the same
type of commercial bottom trawlers that originally
operated in the North Pacific Ocean. The survey in
the Japan Sea was operated by R/V Kaiyo Maru of
the Fisheries Agency of Japan. The trawl nets used

were: 72.9m in circumferential length at the net
mouth and 34.6m in net length for the Okinawa
Trough, 66.9 m and 28.8 m respectively for the
Tohoku Slope, and 72.8m and 32.7m for the
Okhotsk Slope. Although exact dimensions of the
trawl nets used for the Kyushu-Palau Ridge and the
Japan Sea surveys were not available, similarly
sized nets to those above were used also in these
regions. The number of trawl hauls and average
time per haul are summarized in Table 1.

Bottom trawls were done in 200-1,180m over
stone, sand or mud in the Okinawa Trough, in 310~
910 m over rock, stone or sand on the Kyushu-Palau
Ridge, in 580-1,520m over mud on the Tohoku
Slope, in 400-1,420m over mud on the Okhotsk



Nakaya and Shirai: Deep-Benthic Chondrichthyan Fauna around Japan

Slope, and in 200-1,200m over mud or sand in the
Japan Sea. The number of specimens caught in each
survey was not counted. Some species were, how-
ever, apparently represented by a single specimen.
These species were not included in the faunal dis-
cussion, unless their occurrence was substantiated
either by the literature or an alternative source.

Results and discussion

Although the depths surveyed differ in each
region, it seems valid to make comparisons of the
deep-sea chondrichthyan faunas of the five regions,
considering the broad overlap in depths trawled and
general eurybathic distribution of deep-sea chondr-
ichthyans (Forster et al., 1970; Pearcy et al., 1982;
Yano and Tanaka, 1983; Clark and Kristof, 1990;
McEachran and Miyake, 1990b).

A. Regional Comparison

Okinawa Trough. One hundred and twenty hauls
of the bottom trawl were conducted below 200 m, of
which the deepest was 1,180 m (Table 1). Fifteen
families, 29 genera and 37 species were recorded
(Tables 2 and 3). Compared with the Tohoku Slope,
where a relatively high number of species were also
collected, the Okinawa Trough has much more than
twice as many families, genera and species (Table 3).
Taxonomic richness, which is defined as the relative
number of families, genera and species per one 60-
minute haul (Table 4), are also by far the highest for
all three taxonomic ranks. Therefore, the Okinawa
Trough is characterized by having the most diverse
deep-benthic chondrichthyan fauna of the regions
surveyed.

Among the families, Squalidae were most numer-
ous in number of species (nine species), and other
main catches were Scyliorhinidae (seven species),
Rajidae (five species) and two species each of
Urolophidae, Triakididae, Chimaeridae and Rhi-
nochimaeridae (Table 5). The species of the for-
mer three families contributed more than half of
the total species in this region, characterizing the
deep benthic chondrichthyan fauna of the Okinawa
Trough.

The Okinawa Trough has some species in common
with the Kyushu-Palau Ridge and/or the Tohoku
Slope, suggesting some faunal relationship. On the
other hand, the Japan Sea, which is geographically
the closest region to the Okinawa Trough, is the
farthest faunistically without any deep-benthic chon-
drichthyan fishes in common. The geographically

most distant region, Okhotsk Slope, also has no
species in common.

Kyushu-Palau Ridge. One hundred and eighteen
bottom trawls were operated between depths of 310
m and 910 m (Table 1). Ten species belonging to five
families were collected, and the numbers of families,
genera and species on the Kyushu-Palau Ridge rank
third among the five regions (Tables 2 and 3).
Sharks of the family Squalidae were most numerous
in number of species (five species), occupying half of
the total species in this region (Table 5). Other
catches were Scyliorhinidae (two species), Hexan-
chidae (one species), Dasyatididae (one species) and
Urolophidae (one species). The remarkable features
of the Kyushu-Palau Ridge are the presence of a
relatively high number of squalid species and the
complete absence of rajid and chimaeriform species.

The Kyushu-Palau Ridge differs from the other
regions in being located on the Philippine plate,
whereas the others are on the Eurasian plate. This
difference in geological history of these two plates
might have caused the faunal difference between
them. The Kyushu-Palau Ridge is located on the
nonmarginal portion of the Philippine plate, and is
separated from the continental plate by abyssal
areas, i.e. the Ryukyu Trench (6,000-7,000 m deep)
and the Nankai Trough (4,000-4,800 m deep).

Table 1. Number of trawl hauls in corresponding
depths, and average time per haul. Depth range
of each haul was averaged.

Depth  Okinawa Kyushu Tohoku Okhotsk Japan
(m) Trough Palau  Slope  Slope Sea*

200~ 40 1
300- 30 63 3
400— 15 18 4 4
500- 9 9 3 6
600- 7 15 6 3
700— 7 11 20 14 12
800— 4 55 5 7
900— 6 2 34 31 1
1000— 26 12 3
1100— 2 28 19 5
1200— 26 12 1
1300- 19 9
1400— 15
1500- 5
Total 120 118 234 112 43
Time** 43 120 117 65 31

* From Ogata et al. (1973).
** Average time (min.) of one haul.
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Table 2. Species and depths (in meters) collected. Depths in parentheses indicate capture by bottom lines.

FAMILY Okinawa Kyushu Tohoku Okhotsk Japan
Species Trough Palau Slope Slope Sea*
CHLAMYDOSELACHIDAE
Chlamydoselachus anguineus 750
HEXANCHIDAE
Heptranchias perlo 240-515 370
SCYLIORHINIDAE
Cephaloscyllium umbratile 335
Scyliorhinus torazame 320
Apristurus japonicus 820-915
Apristurus macrorhynchus 220-1140
Apristurus longicephalus 600-1140
Apristurus herklotsi 520-910
Apristurus fedorovi 810-1430
Galeus eastmani 330-900
Galeus nipponensis 362-540
Parmaturus pilosus (360-400) 685-710
TRIAKIDIDAE
Proscyllium habereri 140-320
Proscyllium venustum 205
SQUALIDAE
Squalus mitsukurii unknown
Squalus japonicus 330-340
Etmopterus lucifer 430-550 450695 850-930
Etmopterus pusillus 450-710
Etmopterus unicolor 815-1100
Centroscyllium ritteri 1000-1100
Centroscyllium kamoharai 560—1000
Miroscyllium sheikoi 340-370
Centroscyllium sp. 694-910
Zameus squamulosus 520-750 810-980
Centrophorus squamosus 1000
Centrophorus acus 600-810
Centrophorus scalpratus 300-330
Deania calcea 780-810
Squaliolus laticaudus 295-385 355-360
SQUATINIDAE
Squatina nebulosa 280-330
TORPEDINIDAE
Torpedo tokionis 220 1100
RHINOBATIDAE
Rhinobatos schlegelii 135-230
RAJIDAE
Raja kwangtungensis 155-240
Raja macrocauda unknown
Raja gigas 300-1000
Raja badia 11201165 1300-1420
Notoraja tobitukai 505-1000
Bathyraja abyssicola 1070-1100
Bathyraja diplotaenia 800-1000
Bathyraja matsubarai 800-1205
Bathyraja caeluronigricans 800-1000 1310-1340
Bathyraja notoroensis 650-700
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Table 2. (continued)

FAMILY Okinawa
Species Trough

Kyushu Tohoku
Palau Slope

Okhotsk Japan
Slope Sea*

Bathyraja aleutica

Bathyraja violacea

Bathyraja minispinosa

Bathyraja lindbergi

Bathyraja smirnovi

Bathyraja isotrachys 790

Rhinoraja longicauda
ANACANTHOBATIDIDAE

Anacanthobatis borneensis 630-990
DASYATIDIDAE

Dasyatis violacea
UROLOPHIDAE

Urolophus aurantiacus 155-205

Urotrygon daviesi 205-300
HEXATRYGONIDAE

Hexatrygon longirostra 710

MYLIOBATIDIDAE

Myliobatis tobijei 220
CHIMAERIDAE

Hydrolagus barbouri

Hydrolagus purpurescens

Hydrolagus mitsukurii 600-830

Chimaera phantasma 360-500
RHINOCHIMAERIDAE

Rhinochimaera pacifica 700-790

Harriotta raleighana unknown

800-850

1170-1520
810-980

330-381

350-395

900-1100
1120-1430

800930

470-950

400-520

470-1420

900-950

470-950 255-1125

470-520

* From Ogata et al. (1973).

Table 3. Number and abundance of families, genera and species.

Okinawa Kyushu Tohoku Okhotsk Japan Total
Trough Palau Slope Slope Sea*
Family 15 5 6 2 1 16
(%) (93.8) (31.3) (37.5) (12.5) (6.3) (100)
Genus 29 8 11 3 1 34
(%) (85.3) (23.5) (32.4) (8.8) 2.9) (100)
Species 37 10 18 9 1 61
(%) (60.7) (16.4) (29.5) (14.8) (1.6) (100)

* Data from Ogata et al. (1973).

Table 4. Relative abundance of families, genera and species per 60 minute haul.

Region Okinawa Kyushu Tohoku Okhotsk Japan Total
Trough Palau Slope Slope Sea*

(No. trawl) (120) (118) (234) (112) (43) (627)
Family 10.7 1.0 0.8 1.0 2.8 1.0
Genus 9.1 0.9 0.7 0.7 1.2 1.0
Species 6.5 0.6 0.6 1.1 0.7 1.0

* Data from Ogata et al. (1973).
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These abyssal areas probably also influence the dis-
tribution of weak swimmers or benthic species lack-
ing a mesopelagic life stage, and we believe that
some of the faunal differences between the Kyushu-
Palau Ridge and the other regions are caused by the
presence of such abyssal waters. The absence of
rajids from the Kyushu-Palau Ridge may be a good
example of this (see below). Squalids, some of which
are mesopelagic and stronger swimmers, seem to be
little affected by such abyssal waters.

Tohoku Slope. Two hundred and thirty four
bottom trawls were made between depths of 580 m
and 1,520m. The numbers of families, genera and
species (six, 11 and 18, respectively) rank second
among the five regions, and the fauna is rather
diverse in composition, similar to that of the Oki-
nawa Trough. Among the families represented, the
species of Rajidae are most abundant (eight species),
followed by Squalidae (Table 5). The rajid species
are those of the genera Raja (Amblyraja) and
Bathyraja, and the Tohoku Slope is close to the
Okhotsk Slope in that rajid species are most dom-
inant, with members of the same genera or sub-
genus, and with some species common. However,
the rajids of the Okinawa Trough are mostly
members of different phyletic groups (McEachran

and Miyake, 1990a), suggesting that the Tohoku
Slope has rather lower affinities with the Okinawa
Trough. On the other hand, the Tohoku Slope has a
relatively high number of squalid species with some
common species, suggesting that the Tohoku Slope
has closer affinities with the Okinawa Trough and
Kyushu-Palau Ridge in this regard.

Okhotsk Slope. One hundred and twelve bottom
trawls were made between depths of 400 m and 1,420
m. The Okhotsk Slope is conspicuous for its poor
representation of families (Tables 2 and 3), only two
being represented by the species obtained. Of the
nine species collected, seven belong to the rajid genus
Bathyraja, showing a remarkable dominance of the
genus below 200m in depth. As discussed above,
some species commonly occur both on the Tohoku
Slope and in this area, suggesting closer faunal re-
lationships.

Japan Sea. The Japan Sea chondrichthyan fauna
is the poorest of the five regions, consisting of only
one species, Bathyraja smirnovi (Tables 2 and 3).
This species, which is abundant and occurs in a wide
range of depths (Ogata et al., 1973; Okiyama, 1982),
was also collected on the Okhotsk Slope. The Japan
Sea is well known for its distinctive deep-water
fauna, which is derived from the Okhotsk and Bering

Table 5. Dominant families, number of species and abundance (percent of total species in each region).
Okinawa Trough Kyushu-Palau Tohoku Slope Okhotsk Slope Japan Sea*
1 Squalidae Squalidae Rajidae Rajidae Rajidae
(9 spp, 24.3%) (5 spp, 50%) (8 spp, 44.4%) (8 spp, 88.8%) (1 sp, 100.0%)
2 Scyliorhinidae Scyliorhinidae Squalidae Chimaeridae
(7, 18.9%) (2, 20%) (5, 27.7%) (1, 11.1%)
3 Rajidae Hexanchidae Chimaeridae
(5, 13.5%) Dasyatididae (2, 11.1%)
Urolophidae
(1, 10% each)
4 Triakididae Scyliorhinidae
Urolophidae Torpedinidae

Chimaeridae
Rhinochimaeridae
(2, 5.4% each)
Chlamydoselachidae
Hexanchidae
Squatinidae
Torpedinidae
Rhinobatidae
Anacanthobatididae
Hexatrygonidae
Myliobatididae

(1, 2.7% each)

Rhinochimaeridae
(1, 5.6% each)

* From Ogata et al. (1973).
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seas, with which it has many species in common
(Nishimura, 1968). With presence of common spe-
cies, some faunal relation are also indicated in this
survey between this region and the Okhotsk and
Tohoku slopes, but none is evident with the Kyushu-
Palau Ridge or the Okinawa Trough in the deep
benthic chondrichthyan fauna (see below for further
discussion).
B. Distributional analyses of major groups
Scyliorhinidae.  Scyliorhinid species are most
abundant in the Okinawa Trough. In contrast, only
two species were taken on the Kyushu-Palau Ridge
and one on the Tohoku Slope. None were recorded
from the Okhotsk Slope or Japan Sea. In spite of
their close geographical position at the same lati-
tudes, there is a sharp contrast between the Okinawa
Trough and Kyushu-Palau Ridge. Generally, the
composition of scyliorhinid sharks is similar at the
Tosa Bay (Kamohara, 1958; Nakaya, 1975, 1988a,
b), Mie (Kobayashi et al., 1982; Taniuchi, 1984),
Suruga Bay (Tanaka, 1984), Choshi (Taniuchi,
1984; Nakaya, 1988b) and the Okinawa Trough
(present study). Therefore, scyliorhinid species are
considered to occur rather uniformly in composition
along the southern coasts of the Japanese Archipel-
ago. These facts show that there is a remarkable
difference in scyliorhinid fauna between the Kyu-
shu-Palau Ridge and the other regions. This may be
due to the Kyushu-Palau Ridge being located on the
Philippine plate and the other regions on the Eura-
sian plate. In addition, scyliorhinid sharks are gen-
erally sluggish swimmers and benthic in the mode of
life, and they are considered to have difficulty in
surmounting abyssal areas, which are deeper than
their normal habitat. Therefore, the abyssal areas
between the Kyushu-Palau Ridge and the Japanese
Archipelago, i.e. the Ryukyu Trench and Nankai
Trough, may well serve as barriers to their move-
ment to the Kyushu-Palau Ridge. Our survey,
however, discovered two species of genera Parma-
turus and Galeus from the Kyushu-Palau Ridge. In
addition, Ivanov (1986) reported Apristurus longi-
cephalus (correctly A. herklotsi, see Nakaya, 1991)
from the southern part of the survey area on the
Kyushu-Palau Ridge. One paratype of Apristurus
fedorovi came from the Emperor Sea Mounts (39°N,
171 °E) on the Pacific Plate (Dolganov, 1985a).
Though Springer (1982) noted that scyliorhinid
sharks are restricted to the continental plates, with
the exception of Apristurus spongiceps from Hawaii,
these facts suggest that some of them occur on the

non-continental plates. Lee (1969), Jones and Geen
(1977), and Cross (1988) reported the occurrence of
juveniles and adolescents of Parmaturus xaniurus
and Apristurus brunneus in midwater between 10—
500m above the sea bottom. Cross (1988) also
noted the conspicuous absence of the young of these
two species in benthic collections. If juveniles and
adolescents have mesopelagic stages, as suggested by
Cailliet (1981, abstract of ASIH meeting, Corvallis,
Oregon), it may be reasonaly inferred that they have
a better chance than other scyliorhinid species, that
lack a mesopelagic stage, to expand their distribution
across great depths and to settle on distant sea
mounts or ridges. This may explain the occurrence
of some sluggish scyliorhinid sharks on the Kyushu-
Palau Ridge.

A. fedorovi is a very abundant species in the
Tohoku region and is also known from the southern
waters of Hokkaido (unpublished data, Nakaya),
and the Emperor Sea Mounts (Dolganov, 1985a),
but no specimens have been recorded from southern
Japan. There are five other species of Apristurus in
Japanese and adjacent waters, but they are known
only from southern Japan, the northern-most records
being Choshi (Nakaya, 1975, 1988b; Taniuchi,
1984). Therefore, the available information to date
suggests that A. fedorovi is the only northern species,
and that this species and the other five species are
allopatric in distribution. With regard to Galeus,
only a single species, G. nipponensis, has been re-
corded from Choshi and southern waters, but none
has been collected from the Tohoku region. These
facts, together with rajid distribution features dis-
cussed below, may suggest a discontinuity of the
deep-benthic chondrichthyan fauna between the
Tohoku and more southern regions.

The cold Oyashio Current is dominant along the
Pacific coast of northern Japan and the warm Kuro-
shio Current flows along southern Japan, with a
boundary at around Cape Inubo near Choshi. As
these currents influence depths to some 800 m only
(Sverdrup et al., 1961), this faunal discontinuity seen
in some deep-benthic chondrichthyan fishes must
result from other factors, because these species
mostly inhabit deeper waters. One possible factor is
the presence of the relatively shallow Shichito-Iojima
Ridge, which is a huge elevation, running southward
from the Izu Peninsula to Iojima Island, between the
Shikoku Abyssal Basin and the Izu-Ogasawara
Trench. The Ridge is shallower than 1,000 m in the
northern part, and becomes deeper southwards. The
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warm Kuroshio current flows north-eastward over
the northern end of the ridge. As far as can be
ascertained, A. fedorovi is the deepest species (at least
down to 1,430 m) among the Japanese species of the
genus, and the other more southern species of the
genus and Galeus are known from depths of 900—
1,100m and 330-900m, respectively. It may be
easier for the southern species to cross the ridge,
because of the presence of the Kuroshio Current
and their rather shallower distribution. However,
the northern deeper-benthic species, including
the species of Bathyraja, are considered to have
difficulty in surmounting the ridge, because they
have, in a sense, a huge wall on the southwestern
side of their habitat and, moreover, the top areas
of the ridge are influenced by the warm current.
Therefore, the Shichito-Iojima Ridge, combined
with the effect of the Kuroshio Current, could
be a more effective barrier for the northern deep-
benthic species. The presence of southern deep-
benthic species at Choshi (north-eastern side of the
Shichito-Iojima Ridge), and absence of northern
species on the western side of the ridge may support
this consideration. The distribution of deep-sea tel-
eosts might be also explained in this way. Some
northern deep-benthic teleosts, i.e. some members of
the macrourid, cottid and liparidid fishes, have sim-
ilar distributions, confined to the eastern and/or
northern sides of the Ridge (pers. comm. with Drs.
O. Okamura, M. Yabe and K. Kido). Although this
hypothesis needs verification from different stand-
points of view, we consider that the Shichito-lojima
Ridge functions as a mechanical barrier for deep-
benthic fishes, and that associated with the warm
Kuroshio Current on the top, it is particularly ef-
fective against movements of northern species.

No scyliorhinid is known from the Okhotsk Slope
or the Kurile Islands, and various oceanographic and
topographic conditions seem to have prevented scy-
liorhinids from entering the Okhotsk Sea. The Japan
Sea and Okinawa Trough are geographically closest
among the surveyed regions, but the deep-water
scyliorhinid fauna in these regions is markedly dif-
ferent. Ogata et al. (1973) reported no species from
the Japan Sea, but many species are known from the
Okinawa Trough. However, Cephaloscyllium um-
bratile and Scyliorhinus torazame, which were col-
lected in the Okinawa Trough, have been reported
also from the Japan Sea (Mori, 1956; Honma and
Kitami, 1977). These two species are known to enter
very shallow coastal waters (Nakaya, 1975; Yamada,

1986), and the Tsushima Strait (120 m in depth) and
Korea Strait (140m) between the Okinawa Trough
and the Japan Sea do not act as barriers for them. In
contrast, the complete absence of Apristurus and
Galeus from the Japan Sea may imply that these
straits function as a physical barrier for the typical
deep-water scyliorhinids.

Squalidae. Species of Squalidae are relatively
abundant in the Okinawa Trough and on the Kyu-
shu-Palau Ridge and Tohoku Slope, but no species
was recorded from the Okhotsk Slope or Japan Sea.
The number of species does not so obviously de-
crease on the Kyushu-Palau Ridge or Tohoku Slope,
when compared with the Okinawa Trough, as did in
scyliorhinid species. As squalid sharks are generally
more buoyant (Bone and Roberts, 1969) and are
stronger swimmers than scyliorhinid sharks, the
abyssal areas and the ridges do not seem to function
as barriers for squalid sharks. Similarly, the Shichi-
to-Iojima Ridge does not seem to influence the dis-
tribution of squalid sharks. On the other hand,
despite the presence of many squalid sharks in the
Okinawa Trough, typical deep-water squalids, such
as Centrophorus and Centroscyllium, do not occur in
the Japan Sea. They, especially species of these
genera, whose preferred depths are deeper than 150
m (Kobayashi et al., 1982; Yano and Tanaka, 1983),
seem to be obstructed by the shallow Tsushima and
Korea Straits, as seen also for some of the scylio-
rhinid sharks. Only a few species of Squalus and
Somniosus have been reported from the Japan Sea
(Mori, 1965; Ueno, 1971; Honma and Kitami,
1977). Squalus acanthias and Somniosus pacificus
(Ueno, 1971; pers. com. with Mr. K. Maeda) are the
only squalids in the Okhotsk region, and they are
widely distributed in the north Pacific south to the
East China Sea (Chu, 1960). Species of Squalus are
relatively  shallow-water inhabitants (Yamada,
1986), and Somniosus pacificus is sometimes caught
by set net at 50-60m in depths (Amaoka et al.,
1989). The shallow Tsushima and Korea Straits,
and the channels of the Kurile Islands do not form a
barrier for them. However, the absence of deep-
water squalids in the Okhotsk Sea may suggest that
the Kurile Islands and its shallow areas have ob-
structed their invasion to the Okhotsk Sea from the
Pacific Ocean.

Rajidae. The species of Rajidae show an inter-
esting distribution pattern around Japan. No rajid
species were collected from the Kyushu-Palau Ridge,
but five or more species were collected from each of
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the other regions considered. Tosa Bay and Mie are
also reported to have five or six common species
(Kamohara, 1958, 1959; Ishiyama, 1967; Taniuchi,
1984), suggesting a rather uniform rajid fauna along
the Pacific coast of southern Japan. These facts
suggest a remarkable faunal gap between the Kyu-
shu-Palau Ridge and the other regions, paralleling
the situation seen in scyliorhinid sharks. The
strongly benthic habit of rajids and the presence of
abyssal areas much deeper than their normal habitat
(2,900m at the deepest, McEachran and Miyake,
1990b) may explain the discontinuity between these
two regions.

Species of the genera Raja and Bathyraja were
numerously collected in the present study. Three of
the four Raja species from the Okinawa Trough were
members of the subgenus Dipturus. Species of this
subgenus have been reported from various parts of
Japan, including Tohoku, Okhotsk and Japan Sea
regions (Lindberg and Legeza, 1967; Maruyama,
1971; Ueno, 1971; Honma and Kitami, 1977; pers.
com. with Mr. K. Maeda).

The occurrence of the species of genus Bathyraja is
apparently different in the regions surveyed. Six and
seven species occurred on the Tohoku Slope and
Okhotsk Slope, respectively, but only one species
each was seen at the Okinawa Trough (B. isotrachys)
and the Japan Sea (B. smirnovi). It is generally
known that species of Bathyraja are especially nu-
merous in northern Japan (Ishiyama, 1967), and at
least 11 species have been reported from the Pacific
side of northern Honshu (Maruyama, 1971; Dolga-
nov, 1985b; Ishihara and Ishiyama, 1985; present
study). Very few species are, however, found in
southern Honshu; B. aleutica (Tanaka and Kubota,
1988) and B. isotrachys seem to be the only member
of the genus there. Therefore, the distribution of
most Bathyraja species appears to be confined to
northern Japan north of Choshi. In fact, Taniuchi
(1984) reported some species of Bathyraja from
Choshi, but only one specimen of B. aleutica has
been observed in Suruga Bay (Tanaka and Kubota,
1988). As noted for scyliorhinids, Choshi appears to
mark a break in the distribution of Bathyraja. Spe-
cies of Bathyraja are distributed at various depths
from shallow to very deep bottom (McEachran and
Miyake, 1990b), and all of the species at the Tohoku
Slope were caught from depths greater than 800 m in
this survey. Considering the vertical distribution and
the sudden disappearance of Bathyraja species from
middle latitude waters of Japan, the Shichito-Iojima

Ridge and the Kuroshio current seem to play an
important role in their distribution, as inferred also
for the scyliorhinid sharks.

The distribution of Bathyraja isotrachys is, how-
ever, rather strange and remains unexplained, be-
cause it is the only species distributed the length of
the Pacific coast of Japan, including the East China
Sea (Ishihara and Ishiyama, 1985). Occurrence of
B. aleutica in Suruga Bay might be explained by its
extremely wide geographical distribution (amphi-
Pacific distribution: Ishihara and Ishiyama, 1986).

Chimaeriformes. Chimaeriform fishes were not
collected from the Kyushu-Palau Ridge, although
some species occurred in the Okinawa Trough and
on the Tohoku and Okhotsk Slopes. Maruyama
(1971) reported three more species of chimaeroid
and rhinochimaeroid fishes from the Tohoku Slope.
Mori (1956), Kamohara (1958) and Tanaka (1984)
noted the presence of a few species from the Japan
Sea, Tosa Bay, and Suruga Bay. Chimaeriform fishes
are generally considered to be benthic dwellers
(Krefft, 1973), or pelagic to benthopelagic fishes
(Stehmann and Biirkel, 1984). The available data of
their distribution show that they live around the
upper continental slope down to at least 3,149 m
(Merrett and Marshall, 1981), and close to land
(Compagno, 1986), although some species are re-
ported from oceanic islands, such as Hawaii (Gilbert,
1905) and the Azores (Stehmann and Biirkel, 1984).
Despite trawling for more than 236 hours, chimae-
riform fishes were not collected from the Kyushu-
Palau Ridge. Therefore, it will be reasonable to
conclude that chimaeriform fishes do not occur on
the Kyushu-Palau Ridge. If they are at least pelagic
or benthopelagic (Stehmann and Biirkel, 1984), the
opportunity would seem to exist for their expanding
distribution over abyssal areas, as seen in some scy-
liorhinid sharks.
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