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Abstract

This chapter provides a brief outline of this
book. The Japanese Archipelago, surrounded
by two major warm currents and one cold
current, is located in the western North Pacific
and encompasses several climatic regimes
from north to south. Although the land area
of Japan is small, the Exclusive Economic
Zone (EEZ) of Japan is large and ranks as the
sixth largest in the world, including several
marginal seas and deep trenches. Together
with the various historical factors, Japan has
a rich fish species diversity, representing more
than 4500 species in 370 families. In order to
understand the fish diversity in Japanese
waters and its origin, we compile the present
information on ichthyofauna, habitat distribu-
tion, phylogeography, ecology, morphology,
and conservation, as well as the history of
ichthyology in Japan. This is the first attempt
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to review and summarize the studies on fish
diversity in Japan by leading current
specialists in each field.

Keywords

Ichthyology - Distribution - Phylogeography -
Ecology - Morphology - Conservation -
Natural history

The Japanese Archipelago, ranging from boreal to
subtropical zones, comprises a long chain of
islands (ca. 3500 km) located off the eastern
coast of Asia. Although the archipelago consists
of approximately 6800 islands, the four main
continental islands, Hokkaido, Honshu, Shikoku,
and Kyushu, cover more than 97% of the total
land area (Fig. 1.1). The land area of Japan is
small, but the Exclusive Economic Zone (EEZ)
of Japan is large and ranks as the sixth largest in
the world, including several marginal seas (Sea of
Okhotsk, Sea of Japan, and East China Sea) and
deep trenches (Izu-Ogasawara, Japan, and Kurile
trenches). Two major warm currents (Kuroshio
and Tsushima currents) and one cold current
(Oyashio Current) flow along the Japanese Archi-
pelago, transporting various kinds of fishes from
south or north and forming rich fishing grounds,
including the Kuroshio—Oyashio Transition
Zone. The archipelago was separated from the
continent by the formation of the Sea of Japan
during the Miocene, with subsequent deformation
through insularity and land-bridge formations,

© The Author(s), under exclusive licence to Springer Nature Singapore Pte Ltd. 2022 1
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resulting from sea-level changes that occurred
during the glacial-interglacial oscillations in the
Pliocene and Pleistocene (Tada 1994). Owing to
such a variety of marine habitats and a complex
geological history, Japan has a rich fish species
diversity, representing more than 4500 species in
370 families (Motomura 2021).

This rich fish species diversity has attracted the
scientists since the late 1700s, and its origin and
present status have been continuously studied,
resulting in the development of ichthyology in
Japan. The intent of this book is to summarize
the fish diversity of Japan, compiling the present
knowledge of ichthyofauna, habitat distribution,
phylogeography, ecology, morphology, and con-
servation, as well as the history of ichthyology
and fish collections in Japan. This is the first
attempt to review and summarize studies on the
fish diversity of Japan written in English by lead-
ing current specialists in each field.

Following this section, the book is organized
in five parts. I. Fish Diversity and Ichthyology of
Japan; II. Habitat Distribution and Species Diver-
sity; 1L Diversity within Species:
Phylogeographic Perspective on Japanese Fishes;
Iv. Morphological and Ecological
Diversifications; V. Conservation of Fish Diver-
sity in Japan—comprising 25 chapters in total.
Part I (Chaps. 2—4) begins with a review of the
fish fauna of Japan and the historical and environ-
mental factors shaped the fish diversity, as well as
the history of ichthyology in Japan. Part II
(Chaps. 5-9) illustrates the fish diversity in shal-
low coastal and deep areas, focusing on the cur-
rent system along the Japanese Archipelago or

Y. Kai et al.

climatic regimes. Part III (Chaps. 10-12) provides
an overview of phylogenetic studies in Japan
based on molecular techniques, comprising three
chapters for coastal, deep-sea, and freshwater
fishes. Because the Japanese Archipelago has a
complex geological history as noted above, vari-
ous patterns of divergences are known in marine
and freshwater fishes. Part IV (Chaps. 13-17)
describes the recent progress on studies of mor-
phological and ecological diversifications of Jap-
anese fishes, such as the fields of migration,
evolutionary development (evo/devo), larval
fishes, lateral-line systems, and interspecific
hybrids, led by Japanese experts. Part V
(Chaps. 18-25) reviews the present status of con-
servation of Japanese fishes in various habitats,
together with the use of “gyofaku” for past
records, and the adaptation of the Convention on
Biological Diversity (CBD) in Japan.

In this book, scientific names generally follow
those compiled by Motomura (2021). Major geo-
graphic locations, regions, and currents in Japan
and adjacent waters are shown in Fig. 1.1, more
detailed locations may be provided in each chap-
ter. The current systems around the Japanese
Archipelago follow Gamo et al. (2014) and
Gallagher et al. (2015). The Ryukyu Islands are
herein defined as shown in Fig. 1.1, but some-
times include the Osumi Islands (see Chap. 5).

We hope that this collection of papers, written
by leading experts in each of the various fields
will provide a stimulating and reliable resource
for future research and contribute to the progress
of ichthyology of the world.
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Abstract

The Japanese Archipelago has a unique geo-
graphic history related to tectonic activities in
the western North Pacific Ocean, and it is
influenced by two strong currents (the
Kuroshio and Oyashio currents). Because it
extends for 3000 km from north to south,
covering the subboreal to subtropical climatic
zones, there are various aquatic environments
in seas and freshwaters that have resulted in a
high diversity of fish species. We examined
the components of Japan’s fish diversity and
recognized 4476 valid species, which
represents 12.5% of the world’s ichthyofauna;
the top 35 most speciose families include 2571
species (57.4% of Japan’s valid species). The
top 10 most speciose families are as follows:
Gobiidae (469 species), Serranidae (156),
Labridae  (153), Pomacentridae  (111),
Apogonidae (102); Cottidae (88),
Myctophidae (88), Bleniidae (81), Cyprinidae
(78), and Macrouridae (70), with the top five
being shallow water marine fish groups from
tropical to temperate waters. The two deep sea

H. Endo (BX)

Laboratory of Marine Biology, Faculty of Science and
Technology, Kochi University, Kochi, Japan

e-mail: endoh@kochi-u.ac.jp

K. Matsuura

Department of Zoology, National Museum of Nature and
Science, Tsukuba, Ibaraki, Japan
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groups listed, Myctophidae and Macrouridae,
indicate that deep trenches and troughs in the
seas around Japan provide suitable habitats for
deep-sea fishes.

Keywords

Tectonic plate - Current - Fish fauna -
Taxonomy - Zoogeography - Japanese
Archipelago

2.1 Introduction

Japan is a volcanic island country located in the
western North Pacific Ocean and isolated from
the eastern Eurasian Continent. It consists of four
main islands (Kyushu, Shikoku, Honshu, and
Hokkaido), three island chains [the Ryukyu,
Izu-Ogasawara (=Bonin), and southern Chishima
(Kuril) islands], and many small islands scattered
around the main islands. Although Japan is one of
the smallest countries in the world for land area,
the Japanese Archipelago is somewhat long,
extending for 3000 km from north to south and
ranging from the subboreal to subtropical climatic
zones (Fujikura et al. 2010: Fig. 2.1). Further,
Japan faces the Pacific Ocean and its marginal
seas, the East China Sea, Sea of Japan, and
Okhotsk Sea. There are also small inland seas
such as the Seto Inland Sea and Ariake Sound
(the largest bay located along the west coast of
Kyushu). The land area of Japan is relatively

© The Author(s), under exclusive licence to Springer Nature Singapore Pte Ltd. 2022 7
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Kyushu), tectonic plates, trenches, and troughs (modified

small (about 5% of Australia’s), but it has an
enormous water surface area of 4,470,000 kmz,
which is composed of inland, coastal, and off-
shore waters including the Exclusive Economic
Zone (EEZ, 4,050,000 kmz) (Japan Coast Guard
2021: Fig. 2.2). Japan’s EEZ is the sixth widest
for the EEZ area by country and the fourth most
expansive for volume in the world (Matsuzawa
2005). This large volume provides extensive
habitats for deep-sea fishes in the seas around
Japan. Also, two major warm and cold ocean
currents (the Kuroshio and Oyashio currents),
complicated coastlines, and complex submarine
topography affect marine biota around Japan.
According to the Census of Marine Life

from Taira 2001: fig. 1c). The map was generated using
the Generic Mapping Tools (GMT ver. 4.5.9; see Wessel
et al. 2013), with bathymetric data obtained from ETOPO1
(Amante and Eakins 2009)

(CoML) project operated worldwide during the
years between 2000 and 2010, the diversity of
marine biota around Japan is assumed to be the
second-highest next to that of Australia and one
of the world’s marine biodiversity hotspots
(Fujikura et al. 2010).

Among 35,898 fish species recognized world-
wide (Fricke et al. 2021), 4476 valid species
(12.5% of all) were recorded from Japan
(Motomura 2021; this study). Although most of
them occur in marine and brackish waters (or are
diadromous), 152  species inhabit only
freshwaters (e.g., Watanabe et al. 2017; Hibino
and Tabata 2018). Watanabe et al. (2017)
reviewed and discussed the biogeography and
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Fig. 2.2 Map of the western North Pacific around Japan
showing the Exclusive Economic Zone (dotted lines),
currents, and straits: / Tokara Strait; 2 Tsushima Strait;
3 Tsugaru Strait; and 4 Soya Strait (modified from

cryptic diversity of Japanese freshwater fishes.
The Japanese fishes inhabit many aquatic
environments, from mountain streams to deep-
sea trenches and from coral reefs to the frozen
sea covered by drift ice in winter (Nakabo 2013).
We summarize the historical geography and
currents in the Japanese region and the species
composition of Japanese fishes by families.

2.2  Geography

The Japanese island arc system consists of four
segments: the Kuril Arc, the Honshu Arc [divided
into the Northeastern (NE) Japan Arc and

Nakayama 2020: figs. 2, 3). The map was generated
using the Generic Mapping Tools (GMT ver. 4.5.9; see
Wessel et al. 2013), with bathymetric data obtained from
ETOPOI1 (Amante and Eakins 2009)

Southwestern (SW) Japan Arc], the Ryukyu
Arc, and the Izu-Ogasawara (=Bonin) Arc
(Taira 2001; Mahony et al. 2011). These arcs
are located along the subduction zones of the
following tectonic plates (Taira 2001): the Pacific
Plate and Okhotsk Plate (a small western part of
the North American Plate); the Pacific Plate and
Philippine Sea Plate (PSP); the PSP and Amur
Plate (a small eastern part of the Eurasian Plate);
and the PSP and Eurasian Plate (Fig. 2.1). Tec-
tonic activities since 30 Ma including volcanic
activity near the subduction zones have formed
mountains on the land, islands, submarine ridges,
troughs, basins, and trenches in the sea (Nakajima
2018). In Japanese waters, three trenches are
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located along the subduction zones on the Pacific
Plate—the Kuril Trench (deepest point at 9550 m
deep, 44°09'N, 150°30'E), Japan Trench
(8058 m, 36°05'N, 142°46'E), and Izu-
Ogasawara Trench (9780 m, 29°28'N,
142°42'E)—while ~ the  Ryukyu  Trench
(=Nansei-Shoto Trench, 7480 m, 24°52'N,
128°02'E) is located along the subduction zone
on PSP (Taira 2001; National Astronomical
Observatory of Japan 2020; Fig. 2.1). Also,
three troughs run along the subduction zone of
PSP from east to west [i.e., the Sagami Trough
(from the “Triple junction” meeting point of the
three tectonic plates to Sagami Bay), the Suruga
Trough (from Suruga Bay to Enshu-nada sea),
and the Nankai Trough (off the Kii Peninsula
and Shikoku Island or including Suruga Trough
in a broad sense)], while the Okinawa Trough in
the East China Sea is an expanding back-arc basin
of the Ryukyu Arc (Taira 2001; Mahony et al.
2011: Fig. 2.1). Further, the Kyushu-Palau Ridge,
extending from north to south, is located on the
center of the PSP off Shikoku and Kyushu and is
regarded as a remnant of the proto-Izu-Ogasawara
(Bonin) Arc (Mahony et al. 2011; Nishizawa et al.
2016).

Before 30 Ma, the Japanese region was part of
the eastern margin of the Eurasian Continent.
Subsequently, the opening of the Sea of Japan
by the “back-arc expansion” began in ca. 30 Ma
and finished in 15 Ma (Nakajima 2018; Tsutsumi
2021). At present, two models for explaining the
opening of the Sea of Japan—the “double-door
opening“and the “pull-apart basin“—are predom-
inant (Tsutsumi 2021). Both are identical with
respect to the formation of two island arcs [the
Northeastern (NE) Japan Arc (=NE Honshu Arc)
and Southwestern (SW) Japan Arc (=SW Honshu
and Shikoku)], which migrated separately from
the Eurasian Continent. During the period of
18-16 Ma, the NE and SW Japan arcs had rotated
rapidly counterclockwise and clockwise, respec-
tively (Nakajima 2018; Tsutsumi 2021). During
16-13 Ma, the volcanic front on the SW Japan
Arc was active when the PSP began to subduct
beneath the Eurasian Plate (Tsutsumi 2021).

After 3 Ma, the NE and SW Japan arcs rifted
actively due to the east—west contraction related

H. Endo and K. Matsuura

to the Pacific and PSP subducting underneath the
Amur Plate (Takahashi 2017). The rifted arcs are
bordered by the Fossa Magna area, marking a
critical boundary of fauna and flora on land. For
example, the Central Highlands formed by
uplifting in this area is a significant and well-
documented barrier for many primary freshwater
fishes (Watanabe et al. 2017).

The Sea of Japan was wide open in 15 Ma,
because most of the NE Japan Arc had not rifted
above sea level (Tsutsumi 2021). This opening
event formed three basins; the Japan Basin (max-
imum depth of ca. 3800 m) is the largest and
located on the north side of the Yamato Basin,
which is separated by the Yamato Bank from
other areas of the Sea of Japan, and the Tsushima
Basin located near the Tsushima Strait and
surrounded by the Korean Peninsula and Honshu
Island (Shinohara et al. 2011; Nakajima 2018). At
present, the Sea of Japan is narrowly connected to
the Pacific Ocean by four shallow straits, i.e.,
Mamiya (=Tatar, ~10 m maximum depth), Soya
(=La Pérouse, 60 m), Tsugaru (140 m), and
Tsushima (120 m), that act as barriers for most
deep-sea fishes trying to enter the Sea of Japan
(e.g., Nishimura 1992; Nakaya and Shirai 1992;
Shinohara et al. 2011; Nakayama 2020). Also, the
Tsugaru and Tsushima straits were probably not
closed even at the lowest sea level (approximately
—120 m) during the last glacial period in the Late-
Quaternary (e.g., Ohshima 1990; Tsutsumi 2021).
Furthermore, although a land bridge between
Hokkaido and Sakhalin was formed over the
present-day Soya Strait (Ono 1990; Watanabe
et al. 2017), the Tsugaru and Tsushima straits
were boundaries for freshwater fishes in Far East
Asia. Hence, these geographical events have
played an important role in the diversity and
evolution of inshore marine and freshwater fishes
of Japan during sea-level fluctuations of repeated
glaciations in the Pleistocene (e.g., Watanabe
et al. 2017; Kato et al. 2021; Hirase 2021).

Hokkaido, located on the Okhotsk Plate, fac-
ing the Pacific Ocean, Sea of Japan, and Okhotsk
Sea, was formed by two old arc-trench systems
(i.e., old Japan and Kuril trenches) and related to
movements of the North American, Pacific, and
Amur plates, and the Kuril Forearc Sliver
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(a microplate of the Okhotsk Plate along the Kuril
Trench, the western end of the Hidaka Collision
Zone) (Taira 2001; Tsutsumi 2021; Fig. 2.1). The
western part of Hokkaido belonging to the NE
Japan Arc originated from the Eurasian
Continent’s margin, while the eastern part of
Hokkaido was an island belonging to the Kuril
Arc 20 Ma (Tsutsumi 2021). From 15 to 10 Ma,
the eastern part of Hokkaido collided with the
western part via the westward movement of the
Kuril Forearc Sliver, resulting in the formation of
the Hidaka Mountains (Tsutsumi 2021: Fig. 2.1).
Also, the Kuril Basin (=Chishima Basin, 3521 m
maximum depth) in the Okhotsk Sea was formed
by a back-arc spreading from ca. 24 to 15 Ma (the
late-Oligocene to middle-Miocene) in the same
period of time the Japan and Shikoku Basins were
formed (Nakajima 2018).

On PSP, the separation of the Kyushu-Palau
Ridge (KPR) from the proto-Izu-Bonin Arc was
caused by the southwest-northeast expansion of
the Shikoku Basin (and Parece Vera Basin,
located south of the former) from ca. 26 to
15 Ma (e.g., Mahony et al. 2011; Nishizawa
et al. 2016). This expansion, which was linked
to the origin and extension of the Nankai Trough
started at the Shikoku Basin Spreading Center on
PSP between KPR and the Izu-Ogasawara Arc,
and the boundary of the Pacific Plate also moved
toward the northeast (oblique against the zone)
during the formation of the Shikoku Basin from
15 to 5 Ma (Mahony et al. 2011). Subsequently,
the direction of subduction underneath the Amur
Plate changed toward the northwest (vertical
against the zone) in 3 Ma (Mahony et al. 2011;
Tsutsumi 2021). On the other hand, the western
area of the northern KPR, subducting at the
Ryukyu Trench, is older than the eastern area
(6040 Ma), where the Amami Plateau, the
Daito Ridge, and the Oki-Daito Ridge (remnants
of paleo-island arcs) are located from north to
south (Nishizawa et al. 2014; Tsutsumi 2021).
These complex seafloors characterize the area.

2.3  Currents

The Kuroshio and Oyashio currents are the major
warm and cold western boundary currents in the
western North Pacific Ocean, which strongly
affect climate and the marine biota around Japan
(e.g., Nishimura 1992; Fujikura et al. 2010; Qiu
2019: Fig. 2.2). The Kuroshio Current acts as a
conveyer for supplying eggs and larvae of various
tropical and subtropical fishes and invertebrates,
and warm water reef-building corals to southern
Japan (Nishimura 1992). Conversely, it acts as a
barrier for the dispersal of many temperate shore
fishes from southern Japan to the Ryukyu Islands
(Matsuura and Senou 2012). Also, the Oyashio
Current (=Kuril Current) brings cold oxygen-
and nutrient-rich waters to the Pacific coasts of
northern Japan (Qiu 2019).

“Kuroshio” is a Japanese name meaning
“black stream” and is derived from its blackish-
blue water coloration that indicates the deficiency
of nutrients and sediments, and resulting in high
transparency and low biological productivity (Qiu
2019). The Kuroshio is a western flow of the
North Pacific Gyre known as a wind-driven
clockwise circulation between the equator and
50° N latitude (Gallagher et al. 2015; Qiu 2019).
It originates from the western end of the North
Equatorial Current in the gyre, flowing north
along with the eastern Philippine Islands, to the
East Taiwan Channel, entering the East China
Sea, flowing northwest along the Ryukyu Arc to
the Tokara Strait, and inflowing the open Pacific
Ocean off southern Japan between 136° E and
140° E (off Kyushu, Shikoku, and Honshu). The
Kuroshio Current displays frequent meanders of
various scales and finally leaves Japan at central
Honshu, and then running eastward to the Hawai-
ian Islands as the Kuroshio Extension (Gallagher
et al. 2015; Qiu 2019).The Tsushima Current is
separated from the Kuroshio Current in the East
China Sea and flows along the western coast of
Kyushu, continuing northward along the coasts of
Honshu and Hokkaido in the Sea of Japan, and
reaching the Sea of Okhotsk through the Soya
Strait before re-entering the Pacific Ocean
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through the Tsugaru Strait (Gallagher et al. 2015;
Qiu 2019).

With respect to the diversity of marine shore
fishes, Carpenter and Springer (2005) estimated
that the area of the Philippine Islands shows the
highest species richness in the Indo-Malay-
Philippines Archipelago (IMPA), which has
been known as the area of highest marine biodi-
versity (e.g., Briggs and Bowen 2013; Gaither
and Rocha 2013). In addition, the Coral Triangle
(an area extending from the Philippines to the
Solomon Islands), overlapping the IMPA,
indicates the highest species richness for herma-
typic (zooxanthellate, reef-building) corals,
reaching more than 500 species (Venon et al.
2009). Because the upstream location of the
Kuroshio Current is adjacent to this biodiversity
hotspot, its warm water mass has been supplying
eggs and larvae of tropical shore fishes and
invertebrates, including hermatypic corals, to the
coasts of Japan. The distribution of major coral
reefs in Japanese waters is restricted to the
Ryukyu Islands and Ogasawara Islands, ranging
from 24° N to 30° N (lowest sea surface tempera-
ture is 18 °C in winter) (Gallagher et al. 2015).
Although the previous southern limit of coral
reefs along the Kuroshio Current is known at the
northeast of Tanegashima Island (31° N), isolated
coral reefs were found in inner bays of Iki Island
(33°48/N), Nagasaki Prefecture, south of
Tsushima Island (Yamano et al. 2012).

In the Pliocene and middle Pleistocene, the
Kuroshio Current is estimated to have flowed
along the Ryukyu Islands fluctuating north to
south, on the basis of various paleoceanographic
proxies collected in the area (e.g., microfossils
and geochemical data) (Gallagher et al. 2015;
Ujiié et al. 2016). During the lowest sea level of
the Last Glacial Maximum, the Kuroshio Current
did not flow in the East China Sea because of the
East Taiwan Channel restriction (Gallagher et al.
2015). Until 3 Ma, the Kuroshio Current reached
its present latitude (35° N), and a weak Tsushima
Current started flowing into the Sea of Japan
when the southern Tsushima channel narrowly
opened by transgression (the sea level was
estimated 40 m higher than the present) in inter-
glacial periods (Gallagher et al. 2015). After
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2 Ma, crustal expansion in the northern Okinawa
Trough deepened the Tsushima Strait, which
enabled continuous inflowing of the Tsushima
Current to the Sea of Japan. This expansion of
the Okinawa Trough was caused by that change
in the Philippine Sea Plate subduction (Gallagher
et al. 2015). Until 1 Ma, the intensity and flow
path of the Kuroshio Current became the same as
the present by increased glacial and interglacial
periods, and the coral reef front along the Ryukyu
Arc advanced to 31° N; subsequently, the coral
reef front of the islands fluctuated from 24 to
31° N (Gallagher et al. 2015).

According to Venon (1992), 400 hermatypic
coral species were recorded from the Ryukyu
Islands and the Pacific coasts of southern Japan
from Tanegashima Island, Kagoshima to
Tateyama (southernmost part of Boso Peninsula,
Chiba Prefecture, Honshu). The distributional
limits of hermatypic corals on rocky reefs in
Japan were found in Sado Island, Niigata (Sea
of Japan), and Katsuura located on the east coast
of Boso Peninsula, Honshu (Pacific side) (e.g.,
Sugihara et al. 2009; Zayasu et al. 2017). On the
other hand, occurrences of tropical and subtropi-
cal fishes in temperate rocky reefs of the Pacific
coasts of southern Japan have been recently
increasing (e.g., Hirata et al. 2011; Nakamura
et al. 2013; Tose et al. 2017). These facts strongly
indicate that global warming has been affecting
marine organisms in the sea around Japan.

The Japanese name “Oyashio” means “child-
raising parent” and refers to the high biological
productivity of the oxygen- and nutrient-rich
water in the current. In the northern North Pacific
Ocean, the cold-water mass of the Oyashio Cur-
rent originates from a subarctic westward flow of
the Alaskan Stream, including rejoined waters
from the Bering Sea and the Sea of Okhotsk,
and the Alaska Gyre and Western Subarctic
Gyre (Qiu 2019). The Alaskan Stream is located
north of, and connects, the two gyres, flowing
along the southern side of the Aleutian Islands,
reaching the eastern side of the Kamchatka Pen-
insula (Qiu 2019). Also, this stream partly flows
into the western Bering Sea, forming the Bering
Sea Gyre, and turns southwestward as the East
Kamchatka Current, passing along the eastern
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coast of the Kamchatka Peninsula to the southern
side of the Kuril Islands. Water from this current
partly intrudes the northern Sea of Okhotsk,
circulates in a counterclockwise gyre inside the
Kuril Basin, outflows through the Bussol Strait
(46.5° N, 151.5° E), and rejoins the East
Kamchatka Current (Qiu 2019). The downstream
East Kamchatka Current south of the Bussol
Strait is renamed as the Oyashio Current because
of the different water properties compared with
those upstream (Qiu 2019). Recent observations
of the water in the southern part of the Oyashio
Current off Hokkaido revealed a well-defined
annual cycle: increase in winter and spring
[20-30 Sverdrup (Sv), surface to bottom] and
decrease in summer and fall (3—4 Sv, restricted
upper of 2000 m depth) (Qiu 2019). Further, the
Oyashio Current is divided into two paths off
Hokkaido: the first turns off-shoreward and joins
the east-northeastward flowing Subarctic Current;
the second path flows along with Tohoku District,
its front showing fluctuation from 38.5 to 41.5° N
(Qiu 2019; Fig. 2.2).

The area off the Pacific coast of Tohoku Dis-
trict is known as the world’s most significant
fishing grounds with high biological productivity,
where the Oyashio and Kuroshio currents supply
nutrient-rich and warm waters, respectively. In
addition, the Tsugaru Warm Current, an offshoot
of the Tsushima Current outflowing through the
Tsugaru Strait, intrudes southward along the coast
of Tohoku. As a result, this food-rich area has
various habitats for marine fishes from coasts to
deep bottoms, down to the Japan Trench.
Although the diversity of marine fishes in the
area has been investigated mainly by bottom
trawls, new species and additional records of
deep-sea or deep demersal fishes were often
reported (e.g., Shinohara et al. 2009; Misawa
et al. 2020; Kai et al. 2021).

2.4  Species Diversity of Fishes

of Japan

As stated above, the Japanese Archipelago is
located on the western side of the Pacific Ocean
and extends for 3000 km from the northern tip of
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the Soya Peninsula (45°31’N) in Hokkaido Island
to Hateruma-jima Island (24°03’N) in the Ryukyu
Islands. Although the terrestrial realm of Japan is
included in the temperate zone, the marine
environments are more diverse. The northeastern
coast of Hokkaido Island, facing the Okhotsk Sea,
is covered by ice in winter. However, in the
Ryukyu Islands, there are well-developed coral
reefs similar to the coral reefs in the tropical
western Pacific (Allen and Erdmann 2012).
Between these two extremes, there exists a wide
variety of marine habitats such as sandy beaches,
mud flats, mangroves, estuaries, rocky shores,
kelp beds, and very deep trenches exceeding
8000 m in depth (e.g., Japan Trench on the Pacific
side of Honshu Island). Contrary to the marine
environments, the freshwater habitats in Japan are
less diverse, being composed of short rivers and
small- to medium-sized lakes (except for Lake
Biwa). These aquatic environments have resulted
in a great diversity of fishes. According to
Motomura (2021), the number of valid fish spe-
cies in Japan has reached 4476 representing
12.5% of the 35,898 valid species worldwide
(Fricke et al. 2021). Motomura (2021) also
included 141 species that are considered distinct
by Japanese ichthyologists and have been given
Japanese names, but are undescribed scientifi-
cally. This makes the total number of fish species
in Japan 4617.

We examined the number of species in all
families found in Japan to produce a list of the
top 35 most speciose families in Japan
(Table 2.1). This list shows that the members of
35 families represent 57.4% of the total valid
species reported from Japan. Within the top
35 families (Table 2.1), many are represented by
species occurring in shallow water (here defined
as depths shallower than 200 m). In addition,
most of the shallow water fishes live in warm
waters, although some of them (e.g., Stichaeidae,
Sebastidae and Pleuronectidae) also include spe-
cies living in cold waters. The typical shallow
water fishes found in warm waters are as follows:
Gobiidae, Serranidae, Labridae, Pomacentridae,

Apogonidae, Blenniidae, Scorpaenidae,
Muraenidae, Syngnathidae, Carangidae,
Lutjanidae, Tetraodontidae, Chaetodontidae,
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Table 2.1 A list of top 35 most speciose families in Japan

Family No. of species % of total valid species in Japan Habitat

Gobiidae 469 10.5 Shallow water
Serranidae 156 35 Shallow water
Labridae 153 34 Shallow water
Pomacentridae 111 2.5 Shallow water
Apogonidae 102 23 Shallow water

Cottidae 88 2.0 Shallow water/deep sea
Myctophidae 88 2.0 Deep sea

Blenniidae 81 1.8 Shallow water
Cyprinidae 78 1.7 Freshwater
Macrouridae 70 1.6 Deep sea

Liparidae 68 1.5 Deep sea/shallow water
Scorpaenidae 68 1.5 Shallow water
Muraenidae 64 14 Shallow water
Ophichthidae 64 1.4 Shallow water/deep sea
Syngnathidae 64 1.4 Shallow water
Carangidae 62 1.4 Shallow water
Zoarcidae 62 1.4 Deep sea

Lutjanidae 54 1.2 Shallow water
Tetraodontidae 54 1.2 Shallow water
Chaetodontidae 52 1.2 Shallow water
Ophidiidae 49 1.1 Shallow water
Stichaeidae 48 1.1 Shallow water
Acanthuridae 45 1.0 Shallow water
Bothidae 42 0.9 Shallow water
Holocentridae 41 0.9 Shallow water
Sebastidae 40 0.9 Shallow water/deep sea
Callionymidae 36 0.8 Shallow water
Melanostomiidae 36 0.8 Deep sea

Scaridae 36 0.8 Shallow water
Monacanthidae 33 0.7 Shallow water
Pleuronectidae 33 0.7 Shallow water
Pomacanthidae 32 0.7 Shallow water
Tripterygiidae 32 0.7 Shallow water
Lethrinidae 30 0.7 Shallow water
Pinguipedidae 30 0.7 Shallow water

Total 2571 57.4

“Shallow water/deep sea” indicates that the family includes many shallow water species and a small number of deep-sea
species. “Deep sea/shallow water” indicates that the family includes many deep-sea species and a small number of

shallow water species

Acanthuridae, Bothidae, Holocentridae,
Callionymidae, Scaridae, Monacanthidae,
Pomacanthidae, Tripterygiidae, Lethrinidae, and
Pinguipedidae. These 23 families are composed
of 1847 species representing 72% of the total
number of species in the top 35 most speciose
families. This figure suggests that the shallow

water fishes living in warm waters are the main
components of Japan’s fish diversity.

On the other hand, Table 2.1 clearly shows that
among the top 35 most speciose families in Japan,
primary freshwater fishes are represented only by
Cyprinidae. In addition to Cyprinidae, there are
24 families that include primary freshwater fish
species, although nine families are represented
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Table 2.2 The number of primary freshwater fish species in 24 families in Japan

Family
Cyprinidae 68
Cobitidae

Poeciliidae

—_
=]

Nemacheilidae
Salmonidae
Bagridae
Cichlidae
Gasterosteidae
Odontobutidae
Siluridae
Centrarchidae
Channidae
Gobiidae
Lepisosteidae
Adrianichthyidae
Osphronemidae
Sinipercidae
Amblycipitidae
Atherinidae
Botiidae
Clariidae
Ictaluridae
Loricariidae

e e (i [ (= N (NN W WW WA APV

Synbranchidae
Total

152

only by invasive species. The total number of the
primary freshwater fish species (here defined as
fishes strictly confined to freshwater) is
152 (Table 2.2), occupying only 3.4% of the
total valid species in Japan. If only the native
primary freshwater fishes are counted, the total
number of species decreases to 125. However,
Hosoya (2015) showed that there are 498 species
(including the species given only Japanese names
without scientific names) of freshwater fishes in
Japan, including not only the primary freshwater
fishes but also diadromous fishes, brackish-water
fishes, and those occasionally entering freshwa-
ter. When we follow Hosoya’s (2015) definition
of freshwater fishes, the percentage of freshwater
fish species in the total number of Japanese fish
species is 10.8%, significantly higher than the
figure of 3.4% based on the primary freshwater
fishes. These figures are low when compared to
the number of freshwater fish species in the

Number of species

Remarks

All species invasive
Including only landlocked forms

All species invasive

All species invasive
All species invasive

All species invasive

All species invasive

Invasive

Invasive
Invasive

world, which is 18,132 and is half the total num-
ber of fish species (Fricke et al. 2021).

We examined the number of deep-sea fishes in
Japan to recognize 1005 species belonging to
155 families; deep-sea fishes are defined here as
those usually occurring in depths exceeding
200 m, and depth records are taken from the
literature (Carpenter and Niem 1998-2001;
Mundy 2005; Nakabo 2013). These species rep-
resent about 22.5% of the total valid species of
Japan, clearly showing that deep-sea fishes have
diversified broadly in Japan. This is not surprising
due to the many deepwater habitats in seas around
Japan (e.g., the Japan Trench off the Pacific coast
of Honshu Island exceeding 8000 m, and the Sea
of Japan at 3700 m). Our examination of Japanese
fishes also listed the 26 most speciose families of
deep-sea fishes (Table 2.3). The total number of
deep-sea species in 26 families is 607, about
one-third of the total number of shallow water
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Table 2.3 A list of 26 most speciose deep-sea families among 155 deep-sea families found in Japan

Number of deep-sea

Family species found in Japan

Myctophidae 88 88
Macrouridae 70 70
Ophidiidae 48 49
Liparidae 36 68
Melanostomiidae 36 36
Zoarcidae 33 62
Alepocephalidae 26 26
Ogcocephalidae 21 21
Arhynchobatidae 19 19
Paralepididae 19 19
Astronesthidae 17 17
Sternoptychidae 17 17
Oneirodidae 15 15
Acropomatidae 14 17
Melamphaidae 14 14
Moridae 14 16
Peristediidae 14 20
Chiasmodontidae 13 13
Etmopteridae 13 13
Gempylidae 12 13
Gonostomatidae 12 12
Sebastidae 12 40
Bothidae 11 42
Psychrolutidae 11 11
Scopelarchidae 11 11
Synaphobranchidae | 11 11
Total 607 740

species in the top 35 most speciose families as
shown above.
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Abstract

Studies of fishes distributed in the Japanese
Archipelago and their evolution from biogeo-
graphic and phylogeographic perspectives are
reviewed. The rich marine species diversity
around Japan can be attributed to a combina-
tion of various historical and environmental
factors. The Ryukyu Islands, located in the
northern peripheral region of the Indo--
Australian Archipelago hotspot, possess the
most diversified fish fauna in Japan, with the
Kuroshio Current playing an important role in
the transportation of coral reef fishes from the
Ryukyu Islands to the Japanese mainland, as
well as forming a barrier to the southward
migration of temperate species. In addition,
recent molecular phylogenetic studies have
suggested that the Kuroshio Current, in acting
as a barrier to the latter, has contributed to the
speciation or diversification of marine fishes.
The marginal seas around Japan, such as the
Seas of Japan and Okhotsk, reinforced the
isolation of populations during the last glacial
period, thereby driving the diversification of
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fishes distributed in the western North Pacific.
Disjunct distributions of taxa across the tropics
or between the western and eastern Pacific
have also shaped the fish fauna of Japan. The
distributions of genetic divergence suggest
that movements across the northern and south-
ern or western and eastern Pacific have
occurred with past climatic changes.

Keywords

Japanese Archipelago - Biogeography -
Phylogeography - Pacific Ocean - Sea of
Japan - Disjunct distribution

Overview of the Fish Fauna
of Japan

3.1

A total of 4617 fish species have been reported
from Japanese waters (Motomura 2021), their
distributional patterns along the Japanese Archi-
pelago having long been of interest from the
viewpoints of biogeography and biodiversity
(Tanaka 1931; Aoyagi 1957). Such rich marine
species diversity can be attributed to a combina-
tion of various historical and environmental
factors (Fujikura et al. 2010). The Japanese
Archipelago encompasses six climatic regimes
from north to south (the subboreal, cool temper-
ate, middle temperate, warm temperate, subtropi-
cal, and tropical zones), as well as four tectonic
plates (the Eurasian, North American, Pacific, and
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Philippine plates) (Nishimura 1992; Fujikura Marine biogeographical provinces along the
et al. 2010) (Fig. 3.1). Both the climatic regimes Japanese Archipelago have been subject to fre-
and tectonic plates may impact on fish quent studies, being variously defined on the
distributions (Springer 1982; Nishimura 1992). basis of breaks in species diversity gradients,
In addition, three major currents flowing along surface temperature, routes of ocean currents,
the Japanese Archipelago, the Kuroshio Current and endemism of local species (e.g., Kafanov
northward along the Pacific coast of southern et al. 2000; Parenti and Ebach 2009; Briggs and
Japan, Tsushima Current northward along the Bowen 2012). Nakabo (2002) defined the biogeo-
Sea of Japan coast, and Oyashio Current south- graphic areas of Japan and adjacent waters on the
ward along southern Hokkaido and the Pacific
coast of northern Honshu Is., have also strongly

basis of the distributional patterns of fishes, viz.
influenced fish faunal composition and distribu-

tion (Tanaka 1931; Nakabo 2002, 2013; Senou

northern Japan, southern Japan, the boundary
et al. 2006) (Fig. 3.2).

zone between northern and southern Japan,
Pacific coast of southern Japan, and Ryukyu
Islands, and suggested that the distributions of
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fishes differed from each other according to habi-
tat requirements and sea water temperatures, as
well as current patterns. Senou et al. (2006) com-
pared fish faunas of southern Japan influenced by
the Kuroshio Current and showed that the latter
played an important role in transporting coral reef
fishes from south to north, as well as forming a
barrier to temperate fishes migrating south toward
the Ryukyu Islands. Nakabo (2013) also
discussed in detail the distributional patterns of
fishes in East Asia, including Japanese species,
taking into account habitat preferences and depth
segregation, as well as “biogeographic elements,”
and recognized ~90 patterns for marine and fresh-
water fishes.

60°E 120°E

140°E 160°E

at 400 m depth in winter (30 Dec. 2020), (d) temperatures
at 400 m depth in summer (30 Jun. 2020). White arrows
indicate major currents around Japan

More than 300 species are known from fresh-
water habitats in Japan (Watanabe et al. 2017),
the origins, and present distribution of Japanese
freshwater fishes having been reviewed by
Watanabe (2012) and Watanabe et al. (2017)
(see also Chap. 12). These studies demonstrated
that the Japanese freshwater fish fauna comprised
two groups, divided by the Ishikari Low Land
area in Hokkaido: one in northeastern Hokkaido
and the other in the remaining southwestern areas
(Fig. 3.1). The latter was further divided into two
subgroups by the Fossa Magna area, a great rift
lowland traversing Honshu from the Sea of Japan
to the Pacific, and partially occupied by
mountains (Fig. 3.1). On the other hand,
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Itsukushima (2019) classified the freshwater fish
fauna into 15 groups, suggesting associations of
the latter with watershed characteristics, such as
floodplain scale, river conflicts, or river formation
processes. Traditional beliefs support the Japa-
nese freshwater fish fauna having formed as a
result of repeated connections and separations
between continental and Japanese freshwater
systems, caused by tectonic movements and
repeated sea level regressions during the Plio-
Pleistocene era (Lindberg 1972; Nishimura
1974). However, recent phylogenetic and
phylogeographic analyses have estimated that
divergence between continental and Japanese
lineages occurred much earlier, in the Early Plio-
cene or Late Miocene (e.g., Tominaga et al. 2016;
Watanabe et al. 2018).

Recent phylogeographic studies, based on
molecular phylogeny and population genetics,
have provided new insights into the historical
processes shaping the distribution of fishes
along a time scale, with the assumptions of time
scales given in most earlier hypotheses having
been revised. In this chapter, faunal studies and
recent advances in phylogeographic studies of
Japanese marine fishes are reviewed in order to
outline the processes that shaped their distribu-
tional patterns.

Distributional Pattern
in the Pacific Ocean

3.2

The faunal structure of the Pacific coast along the
Japanese Archipelago is strikingly different
between the Japanese mainland and the Ryukyu
Islands, as indicated by many authors (e.g., Senou
et al. 2006; Nakabo 2013). The Ryukyu Islands
are biogeographically defined as the islands of
Amami-oshima and southward, being included
in the tropical zone vide Nishimura (1992)
(Fig. 3.1). The Ryukyu Islands are located in the
northern peripheral region of the Indo-Australian
Archipelago (IAA) hotspot (Cowman et al. 2017),
the fish fauna of the Ryukyu Islands being more
diversified than that of the main islands of Japan
(Nakae et al. 2018). Species richness of reef
associated fishes forms an enigmatic “bullseye”
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pattern centered on IAA, known as the largest
marine biodiversity hotspot, covering two-thirds
of the global equatorial tropics (Cowman 2014;
Cowman et al. 2017; Carpenter and Springer
2005). The marine biodiversity hotspots have
moved from the West Tethyan region via the
Arabian region to IAA with major tectonic events
during the past 50 million years (Renema et al.
2008). Recent molecular phylogeographic studies
have provided some insights into the nature and
timing of IAA origins, most lineages of coral reef
fishes in the IAA arising in the Late Miocene to
Pliocene (Barber and Bellwood 2005; Read et al.
2006; Santaquiteria et al. 2021).

The fish fauna of the Ryukyu Islands has been
variously investigated (Jordan and Starks 1907;
Schmidt 1930; Yoshino et al. 1975), with
characteristics found attributable to the route of
the Kuroshio Current (Senou et al. 2006; Chap. 5)
(Fig. 3.2). This current flows from east of the
Philippines to the Pacific coast of southern
Japan, via Taiwan and west of the Ryukyu
Islands, then turning to the east and passing
through the Tokara Islands, before finally turning
northward toward the Pacific coasts of the islands
of Kyushu, Shikoku, and Honshu (main islands of
Japan). The Kuroshio Current is a major world
current, transporting northward the larvae and
juveniles of many tropical fishes. While most of
the latter never become established in the areas to
which they have been transported, such as off
Honshu Island (Senou et al. 2006), those species
having a wide distributional area in southern
Japan may have been dispersed by the Kuroshio
Current during larval stages. For example,
Watanabe et al.’s (2006) examination of genetic
diversity in the amphidromous goby Sicyopterus
Jjaponicus, based on specimens collected from the
Ryukyus and the Pacific coast of the Japanese
mainland, found no evidence of genetic subdivi-
sion within the species. Elsewhere, He et al.’s
(2015) study of the genetic population structure
of the amphibious mudskipper Periophthalmus
modestus, based on sequence variations of mito-
chondrial DNA, indicated that the high level of
genetic homogeneity could be partly attributed to
contemporary larval transportation by the
Kuroshio Current.
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In contrast, the Ryukyu Islands, being the
northern peripheral region of IAA, can be prone
to edge effects that significantly alter the genetic
characteristics relative to central counterparts of a
species, known as the central-peripheral popula-
tion model (CPPM; Mayr 1963). For example,
Ackiss et al. (2018) investigated the genetic
patterns of populations of Caesio cuning, known
widely from the Indo-Pacific region, and found
the Ryukyu Islands population had clearly
diverged from other southerly populations along
the Kuroshio Current. They considered the
impacts of genetic drift and natural selection in
increasing smaller peripheral populations appear
to be probable influences on the lineage diver-
gence found in the Ryukyu Islands.

The Kuroshio Current is also known to be a
barrier to the dispersal of marine fishes (see
Chap. 5). In fact, Senou et al. (2006) noted two
sister species (e.g., Acanthopagrus schlegelii and
Acanthopagrus sivicolus) that were distributed
allopatrically in the Japanese mainland and the
Ryukyu Islands. Intraspecific genetic divergence
between populations off the Japanese mainland
and the Ryukyu Islands is known in Grass Puffer
Takifugu alboplumbeus (see Takagi et al. 2019).
Such distributional patterns and population
structures suggest that the Kuroshio Current
plays an important role in the speciation or diver-
sification of marine fishes.

Although Nishimura (1992) placed both the
Ryukyu Islands and the Ogasawara Islands in
the tropical zone (Fig. 3.1), the biogeographic
study of Senou et al. (2006) showed that the fish
fauna of the Ogasawara Islands was more similar
to that of the Japanese mainland, rather than the
Ryukyu Islands. Because the Ogasawara and
Ryukyu islands are separated by wide and deep
sea, Senou et al. (2006) considered that move-
ment of coral reef fishes between the two regions
was difficult. A population genetics study of the
grouper Epinephelus fasciatus supported Senou
et al. (2006), demonstrating clear genetic differ-
entiation between the Ryukyu and Ogasawara
Islands populations (Kuriiwa et al. 2014).
Although the Ogasawara Islands are oceanic and
not influenced strongly by the Kuroshio Current,
the latter fluctuates greatly north and south
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between the Ogasawara Islands and the Honshu
coast, sometimes transporting a number of spe-
cies endemic to the Ogasawara Islands, such as
Chaetodon daedalma and Scarus obishime, to the
southern Izu Islands (Senou et al. 2006). The
population genetic analysis of Kuriiwa et al.
(2014) also suggested northward dispersal of
E. fasciatus from the Ogasawara Islands, small
volcanic islands between the latter and the Japa-
nese mainland possibly acting as ‘“‘stepping
stones,” thereby aiding in the dispersal of the
species.

Along the Pacific coast of Honshu Island
(Tohoku District), the cold southward directed
Oyashio Current and north directed Kuroshio
Current result in highly productive water masses
(Kuroda et al. 2017) (Fig. 3.2). The confluence of
the two currents has been called the Kuroshio—
Oyashio transition region and is known to be the
spawning and nursery grounds of many commer-
cially important fishes, such as Sardinops
melanostictus, Engraulis japonicus, Cololabis
sairai, and Scomber japonicus. Because of these
rich fishery resources, considerable research
efforts (e.g., Shinohara et al. 2009; Misawa et al.
2020) have investigated the faunal structure of the
region since Mead and Taylor (1953). According
to Yabe (2018), 578 fish species in 165 families
are known from the area, characterized particu-
larly by high species diversity of Myctophidae,
Cottidae, Gobiidae, and Sebastidae. Due to the
deep Japan Trench off the Tohoku District, spe-
cies of Stomiiformes, Aulopiformes, and
Argentiniformes are also abundant (Yabe 2018)
(Fig. 3.1).

Along the northern Japanese Archipelago, part
of the Pacific Plate, moving from the eastern
Pacific, subducts beneath the North American
Plate, forming the Japan and Kurile trenches
(Fig. 3.1). The Pacific Plate also subducts beneath
the Philippine Plate to the south of the Japan
Trench, forming the Izu-Ogasawara Trench, in
which occurs the maximum depth within Japa-
nese waters (9780 m). Although many fishes
inhabiting the bathyal, abyssal, and hadal zones
are still to be described (e.g., Kai et al. 2021),
hadal snailfishes, Pseudoliparis amblystomopsis
(6156-7579 m depth) and Pseudoliparis belyaevi
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(7000-7579 m depth), and the abyssal macrourid
Coryphaenoides yaquinae (6945 m depth) have
been recorded from these trenches (Jamieson
et al. 2009; Gerringer 2019).

Deep-sea fishes of Japan have been well stud-
ied in Suruga Bay, located in the central part of
the Japanese Archipelago, and Tosa Bay, located
off Shikoku Island (Shinohara and Matsuura
1997; Shinohara et al. 2001). Suruga Bay is
unique in having steep slopes to a depth of
2500 m and several endemic species, including

the  snailfishes  Careproctus  surugaensis,
Paraliparis  dipterus,  Paraliparis  hokuto,
Paraliparis  ruficometes, and  Paraliparis

variabilidens. The high degree of endemism of
deep water snailfishes in Suruga Bay may be
attributable to their large hatching size, direct
development, and putative limited dispersal abil-
ity (Stein and Mundy 2021). Recently, Yokozuna
Slickhead, Narcetes shonanmaruae, reaching
~140 cm in total length and 25 kg in body weight,
was newly described (Fujiwara et al. 2021), the
specimens having been collected during bottom
longline surveys, undertaken to reveal the diver-
sity of deep-sea fast-swimming predators. Tosa
Bay, an open-type bay with semicircular shelf-
slope topography, has been one of the most stud-
ied bays in Japanese ichthyology since Kamohara
(1958). Although separated from Suruga Bay by
only ~500 km, the fish fauna of the former differs
from the latter, comprising a greater number of
gadiform species and fewer myctophiforms
(Shinohara et al. 2001). The rich species diversity
of Gadiformes in Japanese waters has been com-
prehensively reviewed in Nakayama (2020).

Distributional Patterns
in the Seas of Japan
and Okhotsk

33

The Japanese Archipelago separates the Sea of
Japan from the western North Pacific Ocean. The
Sea of Japan is a semi-enclosed marginal sea with
an area of ~1,000,000 km? and an average depth
of 1350 m (Kitamura et al. 2001). All straits
connecting the Sea of Japan and neighboring
waters are narrower than 160 km and shallower
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than 130 m. Paleomagnetic evidence indicates
that the Sea of Japan was formed about 15 million
years ago (MYA) by the separation of the ancient
Japanese Islands from the eastern periphery of the
Eurasian Continent into northeast and southwest
arcs (Otofuji et al. 1991, 1994). The Tsushima
Warm Current, a branch of the Kuroshio Current,
enters the Sea of Japan through the Tsushima
Strait, flowing near the surface northward to
Tsugaru Strait, thereby supplying a large quantity
of heat, as well as transporting marine organisms
(Kitamura et al. 2001) (Fig. 3.2). In contrast, the
deep region of the Sea of Japan is characterized
by cold, high dissolved oxygen water, called
“Japan Sea Proper Water” (Gamo and Horibe
1983) (Fig. 3.2), resulting in very different fish
faunas characterizing the shallow and deep
regions. Origins of the marine fauna in the Sea
of Japan were discussed in a series of papers
published in the 1960s (Nishimura 1965a, b,
1966, 1967, 1969), mainly on the bases of
paleoclimates and distributional patterns of
marine organisms. However, recent molecular
phylogenetic studies with updated paleogeo-
graphic evidence have provided new insights for
the origins of the marine fauna of the Sea of Japan
(e.g., Akihito et al. 2008; Kai et al. 2011; Kokita
and Nohara 2011; Hirase et al. 2012; Sakuma
et al. 2014, 2015, 2020; Hirase 2021).

The shallow area of the Sea of Japan coast of
Japan is dominated by the Tsushima Current,
flowing from south to north, with warm water
inhabitants being dominant in the area (Nakabo
2013; see Chap. 6). Nishimura (1969) implied
that cold water inhabitants were dominant in the
northern half of the Sea of Japan and in deep
water, both characterized by low temperatures,
whereas warm water inhabitants occurred in
shallower water influenced by the Tsushima Cur-
rent (Nishimura 1969). In addition, the Sea of
Japan coasts of Russia and Korea are dominated
by the Liman Current, a cold water current from
the north. Accordingly, the fish faunas of western
and eastern Sea of Japan regions are strikingly
different, faunal breaks existing approximately at
Akita Prefecture, northern Honshu Island and
Pohang, South Korea (Kafanov et al. 2000). On
the other hand, Briggs and Bowen (2012)
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suggested that a Sea of Japan faunal break existed
off Hamada, Shimane Prefecture. Historically,
several views on biogeographic breaks in the
Sea of Japan have been advanced, inconsistencies
in the breaks being attributable to the large over-
lap between warm and cold-water provinces
(Nishimura 1965a). In fact, recent molecular
phylogeographic studies have suggested various
patterns of genetic breaks in the Sea of Japan
(Han et al. 2018; Takada et al. 2018; see also
Chap. 10).

The Sea of Japan has a unique deep-sea fauna,
characterized by both low species diversity and
relatively few endemic species (Okiyama 2004;
Shinohara et al. 2014), due to that water body
being the newest marginal sea around Japan and
characterized as having undergone drastic envi-
ronmental changes during the last 85,000 years
(Oba et al. 1991). The deep-sea fish fauna of the
Sea of Japan is characterized by species of
Cottidae, Liparidae, and Zoarcidae, a faunistic
character similar to that of the Sea of Okhotsk
and the Bering Sea, rather than that off the Pacific
coast of Japan (Nishimura 1967; Briggs and
Bowen 2012; Watling et al. 2013). In addition,
the representative families of the deep-sea Pacific
Ocean, such as Stomiidae, Myctophidae, and
Macrouridae, are almost completely absent from
the Sea of Japan (Nishimura 1967; Shinohara
et al. 2014). Due to the lack of deep-water
connections to neighboring water bodies, the den-
sity stratification in the water column which
developed in the Sea of Japan during the last
glacial period with regression of the sea level,
resulted in fatally anoxic sea-bottom conditions
over a large area (Itaki et al. 2004). Furthermore,
some deep-sea species in the Sea of Japan may
have experienced a rapid increase in population
size after the last glacial period, as demonstrated
by Shirai et al. (2006), Sakuma et al. (2014), and
Kai et al. (2014). In the post-glacial period, the
circulation pattern has been invigorated by sur-
face production of dense cold water resulting
from winter surface cooling, which ventilated
deeper waters and allowed their reinvasion. The
low species diversity may reflect the short period
of time for colonization (Nishimura 1967; Tyler
2002). Okiyama (1985) also considered that the
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colder water temperature in the Sea of Japan has
lowered the survival rate of larvae transported
from the southern neighboring seas.

Nishimura (1967) noted examples of closely
related species that were distributed, respectively,
in the Seas of Japan and Okhotsk, such as
Peteroschmidtia toyamensis (Sea of Japan) and
Petroschmidtia albonotata (Sea of Okhotsk), and
considered that the deep-sea fishes in the Sea of
Japan had originated from the Sea of Okhotsk.
Recent molecular genetic studies have revealed
cryptic speciation in deep-sea fishes between the
Sea of Japan and neighboring seas, such as the
Careproctus rastrinus species complex and
Bothrocara hollandi, as a result of the isolation
of the Sea of Japan during the last glacial period
(Kodama et al. 2008; Kai et al. 2011). Such isola-
tion of marginal seas during the last glacial period
played an important role in faunal diversification
in the western North Pacific (Liu et al. 2007;
Briggs and Bowen 2012; see also Chap. 10).

A major part of the Sea of Okhotsk lies in the
boreal zone of Nishimura (1992), the Sea of
Okhotsk coast of Hokkaido being known as the
southern limit of drifting sea-ice in winter. The
fish fauna of the Sea of Okhotsk is characterized
by cold-water inhabitants, including species of
Zoarcidae, Liparidae, and Cottidae (Yabe 2018).
However, the Soya Current, a branch of the
Tsushima Current, enters through the Soya
(La Perouse) Strait, warming the surface layers
of the southern Sea of Okhotsk to 15-20 °C
(Shuntov et al. 2019) (Fig. 3.2), and warm-water
inhabitants are often recorded from the region
(see Chap. 7). Because of the Kurile Trench,
running along the Pacific side of the Kuril Islands,
and separating the Sea of Okhotsk and Pacific
Ocean, deep-water species (e.g.,
Myctophiformes, Stomiiformes, Ceratioidei) are
also abundant (Yabe 2018).

3.4  Origins from Disjunct

Distributions

A major part of the Japanese Archipelago is in the
temperate zone, including cool temperate, middle
temperate, and warm temperate zones vide
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Fig. 3.3 Antiequatorial (a, b) and trans-Pacific (¢, d)
distributions of temperate species. (a) Species of
Goniistius. (Modified from Burridge 2002). (b) Species

Nishimura (1992) (Fig. 3.1). Several species
inhabiting temperate regions exhibit disjunct
distributions, including Japan and other temperate
areas, thereby presenting interesting biogeo-
graphic phenomena. Disjunct distributions of
taxa across the tropics have been observed for a
variety of organisms, such distributions being
most commonly known as antitropical or
antiequatorial (Fig. 3.3). Antitropical distribution
refers to taxa that occur both north and south of
the tropics, but not within tropical latitudes.
Antiequatorial distribution has been further pro-
posed for taxa that occur within tropical latitudes
(south of the Tropic of Cancer or north of the
Tropic of Capricorn) but do not penetrate lower
latitudes  (Randall ~ 1981).  Antiequatorial
distributions are known across a variety of fish
genera, including Pseudolabrus (Labridae),
Goniistius (Latridae), Assessor (Plesiopidae),
Prionurus (Acanthuridae), Macrocanthus
(Macrocanthidae), and Callanthias

of Pseudolabrus. (Modified from Mabuchi et al. 2004). (¢)
Species of Neoclinus. (Modified from Hongjamrassilp
et al. 2020). (d) Genera of Embiotocidae

(Callanthiidae) (Burridge 2002; Tea et al. 2019).
Although the mechanisms behind antitropical and
antiequatorial distributions are poorly under-
stood, recent molecular genetic studies have
revealed some biogeographical histories. For
example, certain species of Goniistius, including
Goniistius  francisi,  Goniistius  gibbosus,
Goniistius plessisi, Goniistius rubrolabiatus, and
Goniistius vestitus, are found in temperate waters
off eastern and western Australia and among
south Pacific islands, including Easter Island, in
the Southern Hemisphere (Ludt et al. 2019)
(Fig. 3.3a). In the Northern Hemisphere, three
species, Goniistius quadricornis, Goniistius
zebra, and Goniistius zonatus, occur in Japan,
Korea, China, and Taiwan, and Goniistius vittatus
in Hawaii (Ludt et al. 2019) (Fig. 3.3a).
According to the molecular phylogenetic studies
of Burridge and White (2000), Burridge and
Smolenski (2004), and Ludt et al. (2019), the
three Asian species are not monophyletic, a
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minimum of three antiequatorial divergences
being suggested. Burridge (2002) estimated that
one  antiequatorial  divergence  occurred
12.7-18.3 Mya, during the mid-Miocene, and
the other two 4.8-6.9 Mya, during the late
Miocene—early Pliocene. Similarly, Mabuchi
et al. (2004) reconstructed a molecular phylogeny
among 11 species of Pseudolabrus, two species
occurring in East Asia and the remaining nine in
the Southern Hemisphere, mainly in the temper-
ate Pacific, and found the two Asian species to be
monophyletic, thereby suggesting only a single
antiequatorial divergence within the genus
(Fig. 3.3b). They further estimated the
antiequatorial divergence of Pseudolabrus as
3.8-4.1 Mya, corresponding to early to
mid-Pliocene.

In a recent study, Tea et al. (2019) found
Microcanthus strigatus to comprise at least two
genetically distinct populations, with one addi-
tional population exhibiting strong genetic struc-
turing but with intermittent, historical gene flow.
They further suggested that the southwest Pacific
was the center of origin for Microcanthus,
subsequent colonization of Western Australia
through the Bass Strait being followed by
antiequatorial dispersals to the Northern Hemi-
sphere during the Pleistocene. As demonstrated
by Burridge (2002), Plio-Pleistocene
antiequatorial divergence has been suggested for
approximately half of the taxa studied, consistent
with movement across the tropics during glacial
periods. Besides the movement across the tropics
at shallow depths during glacial periods, migra-
tion can take place via isothermic submergence,
whereby species could maintain a suitable tem-
perature by moving beneath the tropics at great
depth (e.g., Hardy 1980).

On the other hand, a disjunct distribution
between the eastern and western Pacific Ocean
of temperate marine taxa has been recognized and
referred to as trans-Pacific or amphi-Pacific
distributions (Andriashev 1939; Briggs 1974). In
the north Pacific, an east-west vicariance pattern
may have become established from widely
distributed ancestral species, distributed along
the entire northern Pacific rim during warm inter-
glacial periods, and subsequent extinction of
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northern populations during cold climates (Cox
et al. 2014). Trans-Pacific distribution is well
known for Japanese fishes, having been of partic-
ular interest in historical biogeography (e.g.,
Briggs 1974; Nishimura 1974).

Shelter-dwelling blennies of the genus
Neoclinus exhibit trans-Pacific distribution, with
three species in the eastern North Pacific and
eight in the western North Pacific (Fig. 3.3c).
Hongjamrassilp et al. (2020) undertook a molec-
ular phylogenetic study of the genus and recov-
ered the reciprocal monophyly of the eastern and
western Pacific species. They suggested a single
trans-Pacific divergence event from east to west,
estimating the divergence time as 24 Mya,
corresponding to the Oligocene. A similar diver-
gence pattern is known for the surfperches (fam-
ily Embiotocidae), represented by four species in
the western and 20 in the eastern North Pacific
and found in temperate coastal waters (absent
from the boreal region) (Tarp 1952; Katafuchi
and Nakabo 2007) (Fig. 3.3d). On the basis of
genome-wide RAD (restriction-site associated
DNA) markers, Longo and Bernardi (2015)
showed that the western North Pacific species
recovered a monophyletic group, which diverged
approximately 7 Mya, and may have migrated
across the northern Pacific during a warmer cli-
matic period. Trans-Pacific distribution, including
the Japanese Archipelago, is well known in other
fishes, including rockfishes and gobies, for which
similar species are found in the eastern and west-
ern North Pacific (Ingram and Kai 2014; Thacker
2015). As suggested in above studies, trans-
Pacific divergence times vary widely, ranging
from relatively recent dispersal events during
Pleistocene warm interglacial periods to much
older events during the late Eocene/early
Oligocene.

3.5 Future Perspectives

Recently, a number of checklists of fishes in
Japan, especially southern Japan, have been
published, based on voucher specimens and
underwater photographs (e.g., Motomura and
Matsuura 2010, 2014; Motomura et al. 2013,
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2018; Motomura and Harazaki 2017). Such
checklists contribute to a more detailed under-
standing of distributional patterns and biogeogra-
phy of fishes of Japan, as well as illustrating
biogeographic provinces defined by taxonomy,
endemism, and species composition. Molecular
phylogenetic and phylogeographic studies have
also identified clusters, concordant with biogeo-
graphic provinces (Bowen et al. 2016). In Japan,
comparisons of phylogeographic patterns of mul-
tiple species have revealed previously unrecog-
nized biogeographic patterns in freshwater fishes
(Tabata et al. 2016; Watanabe et al. 2017; see also
Chap. 12). At present, such studies are few for
Japanese marine taxa, probably due to the
absence of obvious geographic barriers and the
high dispersal ability of marine fishes. However,
as reviewed above, recent phylogeographic stud-
ies in Japanese waters have indicated that current
distributions of genetic diversity are accompanied
by evidence from geography, current systems,
and habitats shifting in response to glaciation.
Understanding how various historical and envi-
ronmental factors in Japan shaped marine biodi-
versity requires an alignment of phylogeographic
patterns across multiple taxa.
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Abstract

Histories of ichthyology and fish collection
building in Japan were reviewed in this chap-
ter. Our historical research revealed that sys-
tematic studies of Japanese fishes began with
European zoologists in the late 1700s, and
many new species were reported from Japan
by European and American ichthyologists in
the 1800s and the early 1900s. After the Meiji
restoration in 1867, Japanese zoologists
started systematic studies of fishes and build-
ing fish collections under the influence of
European and American zoologists. Most
new Japanese fishes were reported by foreign
ichthyologists (e.g., David Starr Jordan and his
colleagues) by 1920; however, after 1921, the
number of new species described by Japanese
ichthyologists became more than that by for-
eign ichthyologists. Before World War II,
three distinguished ichthyologists, Shigeho
Tanaka, Kiyomatsu Matsubara, and Keitaro
Uchida, appeared to make great contributions
to ichthyology in Japan. They developed not
only systematic studies but also fish
collections at their research institutions. After
World War II, Matsubara and Uchida educated
many graduate students who made subsequent
contributions to ichthyology and collection
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building at their universities. Beginning in
the 1970s and continuing to the present, large
fish books were published under coauthorship
with many Japanese ichthyologists, which
provided beautiful color photographs and/or
identification keys with helpful illustrations,
making it easier for ichthyologists to under-
stand the fish diversity of Japan. When com-
paring ichthyological studies before and after
World War 11, it is clear that there were few
phylogenetic studies before the War but after-
ward, Matsubara, his colleagues and students,
published many phylogenetic monographs
based on detailed comparative anatomical
studies. This tradition has been maintained by
young generations at several universities and
institutions, but phylogenetic methodologies
have recently been changing from morpholog-
ical comparisons to molecular analysis.
Thanks to the efforts of many Japanese
ichthyologists, the number of recognized Jap-
anese species has been greatly increased, now
numbering 4617. Still, however, about 25 new
species have been described from Japan every
year for the past several decades. It will there-
fore be a long time before ichthyologists have
a full understanding of the fish diversity of
Japan.
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4.1 Introduction
Japan is an island country composed of two major
island chains: four main islands, Hokkaido,
Honshu, Shikoku, and Kyushu in the north, and
the Ryukyu Islands in the south. The two island
chains that make up the Japanese Archipelago
extend for 3000 km from north to south, being
almost equal in length to the east coast of
Australia. The northeastern coast of the
northernmost main island, Hokkaido, facing the
Okhotsk Sea, is covered by ice in winter. How-
ever, even in winter, there are well-developed
coral reefs in the Ryukyu Islands. Between these
two extremes, there is a wide variety of aquatic
habitats: sandy beaches, mud flats, estuaries,
rocky shores, kelp beds, and very deep trenches
exceeding 8000 m in depth; and in fresh waters,
there are rivers, lakes, ponds, and marshes.
These diverse aquatic habitats have resulted in
a great diversity of fishes, reaching around 4600
species (Motomura 2021), which includes about
12% of the total number of recognized fish spe-
cies on the planet (Fricke et al. 2021). This great
diversity has fascinated naturalists and
ichthyologists since the eighteenth century and
has contributed to the development of ichthyol-
ogy in Japan. In this chapter, a history of ichthy-
ology and collection building in Japan is

presented with comments on Japanese
ichthyologists.
4.2  History of Ichthyology in Japan

421 Dawn of Ichthyology in Japan

Because fishes have been important food
resources in Japan from prehistoric times to the
present, the Japanese people have been interested
in fishes. Fishes had been reported in detail by
Japanese naturalists before ichthyology was
introduced to Japan from Europe, but the species
had not been given Latinized scientific names by
the Japanese, making it impossible to assign
authorship to those who first reported these spe-
cies (Abe 1986; Matsuura 1997). On the other
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hand, the rich fish fauna has attracted western
naturalists since the eighteenth century (Matsuura
1997) including a Swedish naturalist, Carl Peter
Thunberg (1743-1828), and a Dutch naturalist,
Maarten Houttuyn (1720-1798). Based on fishes
collected by Thunberg in Japan, Houttuyn (1782)
reported 36 species, including 23 new species
(e.g., Scomber japonicus, Callionymus japonicus,
and Uranoscopus japonicus) of which 14 are cur-
rently valid (Boeseman 1995). This report was the
earliest systematic study of fishes of Japan using
binominal nomenclature (for pre-Linnean studies
of Japanese fishes, see Boeseman 1947 and Abe
1986).  Subsequently, Thunberg described
10 additional new species (e.g., Diagramma
pictum, Hyporthodus septemfasciatus, and
Scorpaenopsis cirrosa) based on specimens that
he himself collected in Japan. A German natural-
ist, Georg Heinrich von Langsdorff (1774-1852),
came to Japan as a member of a Russian expedi-
tion led by Adam Johann von Krusenstern
(1877-1846). For about 6 months, between
1804 and 1805, while stationed at Nagasaki on
the west coast of Kyushu (Paepke 2001),
Langsdorff made large collections of fishes that
were deposited at a museum in Berlin. The
specimens were later studied by two famous
French zoologists, Georges Cuvier (1769—1832)
and Achille Valenciennes (1794-1865), who
made great contributions to systematics and com-
parative anatomy of various groups of animals
including fishes, and described hundreds of new
species, including many commonly found in the
waters of Japan such as Lateolabrax japonicus,
Sebastes inermis, and Chelidoperca
hirundinacea, in a series of great books titled
Histoire naturelle des poissons (22 vols).

A German physician and naturalist, Phillipp
Frantz von Siebold (1796-1866), visited Japan
twice, from 1823 to 1829 and 1859 to 1862.
Because the Tokugawa Shogunate closed the
door of Japan to western countries except for the
Dutch, Siebold came to Japan as a physician of
the Dutch East Indian Company. During his first
visit, Siebold obtained many fish specimens in
collaboration with Japanese colleagues. He sent
and brought back many specimens of not only
fishes but also plants, amphibians, reptiles, birds,
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mammals, and various groups of aquatic
invertebrates. Based on Siebold’s collections, a
series of monographs titled Fauna Japonica were
published from 1842 to 1850. On the basis of
Siebold’s collection, two Dutch zoologists,
Coenraad Jacob Temminck (1778-1858) and
Hermann  Schlegel (1804-1884), reported
358 species, including 234 new species
(Temminck and Schlegel 1850), of which
167 are currently valid (Table 4.1), thus not only
making a great contribution to understanding fish
diversity of Japan but also providing precious
materials for succeeding ichthyologists.

After the Tokugawa Shogunate had been
defeated by the allied royalists led by the people
of Satsuma and Choshu, a new government was
established in 1868 and declared the new era
called the Meiji. The Meiji government began to
catch up with the more advanced western
countries that were searching for opportunities
to colonize Japan. The leaders of the Meiji gov-
ernment directed their emphasis and resources
toward two major policies: to develop industry
and to organize a strong army (Matsuura 1997).

The Meiji government also tried to introduce
new scientific developments from western
countries. They hired foreign personnel from var-
ious western countries as scientific advisers and
professors and stationed them at Japanese educa-
tional institutions. A German zoologist, Frantz
Martin Hilgendorf (1839-1904), and a German
biologist, Ludwig Heinrich Philipp Ddoderlein
(1855-1936), came to Japan as hired personnel
in the 1870s. Hilgendorf arrived in Japan in 1873
and stayed for 3 years as a teacher at the Tokyo
Medical School, which merged with the Imperial
University of Tokyo in 1877 (Paepke 2001). Dur-
ing his stay, Hilgendorf made frequent visits to
the Tokyo fish market where he obtained various
species of fishes. He also traveled to many
regions in central and northern Honshu where he
collected fishes and aquatic invertebrates. His
efforts resulted in finding 36 new species of
fishes.  Shinnosuke  Matsubara, one of
Hilgendorf’s students, helped him in various
ways during his stay in Japan and became a
professor at the Tokyo Agricultural School in
1878. Their friendship and collaboration resulted
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in great success at the International Fisheries
Exhibition held in Berlin in 1880 where
Matsubara provided many exhibits about Japa-
nese fisheries and fishes. In terms of ichthyology,
important materials were displayed among the
exhibits. Matsubara published a catalog of Japa-
nese fishes using scientific names for the first
time, which included about 250 species
(Matsubara 1880).

The Tokio (i.e., Tokyo) Museum (1881)
published a list of animal collections including
more than 230 Japanese fishes. A couple of years
later, Kanzo Uchimura, then well known in Japan
as a Christian evangelist (Tokida and Kobayashi
1967), compiled a list of Japanese fishes in 1883
and 1884, while he worked as a staff member of
the Ministry of Agriculture and Commerce. His
manuscript, titled Catalogue of Japanese Fishes,
included 640 species, but it was never published
(Tokida and Kobayashi 1967). Although
Uchimura did not collect or examine fish
specimens, he wrote the catalog on the basis of
publications such as Cuvier and Valenciennes
(1829), Richardson (1846), Temminck and
Schlegel (1850), Bleeker (1853, 1854), Brevoort
(1856), Gill (1859), Giinther (1877, 1880),
Matsubara (1880), and Steindachner and
Doderlein  (1883). Following the work of
Matsubara and Uchimura, several other Japanese
zoologists reported various fishes from Japan.
Shishido (1889) recorded 42 species of
Chondrichthyes (1 species of Chimaera and
41 species of Elasmobranchii) found in Japan.
Okada (1891) reported about 600 species of fishes
as a part of list of vertebrates of Japan.

As the development of systematic ichthyology
progressed, Japanese zoologists obtained ade-
quate and appropriate scientific knowledge to
describe new species of fishes. Kakich Mitsukuri,
a zoologist and the first director of the Misaki
Marine Biological Station of the Imperial Univer-
sity of Tokyo, was not only a pioneer in Japan in
terms of systematics and embryology of animals,
but he was also known as the first Japanese zool-
ogist to describe a new fish species,
Rhinochimaera pacifica (Mitsukuri 1895). In the
same year, Chiyomastsu Ishikawa, a zoologist
and professor at the Imperial University of
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Table 4.1 Number of valid species described from Japan by 30 prolific authors in the period from 1758 to 2020

Rank Author No. of species
1 Jordan DS 202
2 Schlegel H 168
3 Temminck CJ 167
4 Snyder JO 107
5 Bleeker P 70
6 Tanaka S 66
7 Giinther A 60
8 Suzuki T 51
9 Matsubara K 48
10 Starks EC 48
11 Senou H 45
12 Kamohara T 39
12 Motomura H 39
12 Yoshino T 39
15 Fowler HW 38
15 Valenciennes A 38
17 Randall JE 37
18 Shibukawa K 35
19 Cuvier G 34
19 Gilbert CH 34
21 Doderlein L 25
21 Hilgendorf FM 25
23 Steindachner F 23
24 Endo H 21
25 Richardson J 20
26 Katayama M 19
27 Nakabo T 18
28 Abe T 16
28 Bloch ME 16
30 Amaoka K 15

Tokyo, described a new freshwater fish, Biwia
zezera (Ishikawa 1895), a cyprinid endemic to
Japan.

4.2.2 Ichthyology Before World War Il

In the 1900s and 1920s, David Starr Jordan
(1851-1931) and his students and colleagues
published a series of papers on Japanese fishes
(e.g., Jordan and Snyder 1900,
1901a, b, c, d, e, f, g, 1902a, b, c, d, e, 1903,
1904a, b, 1906; Jordan 1902; Jordan and Fowler
1902a, b, ¢, d, e, 1903a, b, c, d; Jordan and Starks
1902, 1903, 1904, 1906a, b, 1907; Jordan and
Seale 1906; Jordan and Herre 1907; Jordan and

Richardson 1908; Jordan and Thompson
1911a, b, 1912; Jordan et al. 1913; Jordan and
Tanaka 1927a, b), including descriptions of many
new fishes (of which 281 species are now consid-
ered valid; Motomura 2021). These publications
were great contributions to understanding the fish
diversity of Japan. Under the influence of Jordan
and his students, Shigeho Tanaka (1878-1974)
became known as the “Father of Ichthyology” in
Japan (Matsuura 1997). He described two new
species of chimaerids in 1905, and from then on,
he continued to describe new fishes for a career
total of about 170, but 60% were later recognized
as synonyms by other ichthyologists (Tominaga
1988, Eschmeyer et al. 2010; Table 4.1). He also
worked to disseminate knowledge of ichthyology
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to the general public. In 1913, he began publish-
ing Gyogaku-zasshi (Ichthyological Journal), but
it was short-lived, lasting only through seven
issues and discontinued in the same year due to
inadequate financial support.

In 1913, Tanaka published a monumental
work titled A Catalogue of Fishes of Japan,
with coauthors Jordan and Snyder, in which
1230 species of fishes were described in detail,
with beautiful illustrations (Jordan et al. 1913).
Although Tanaka was the second author of this
catalog, he wrote most of the manuscript
(Tominaga 1988; Matsuura 1997). In 1911,
Tanaka started publishing a long series of articles
entitled Figures and Descriptions of the Fishes of
Japan, with detailed descriptions and excellent
illustrations. By 1930, this series totaled
48 volumes, containing descriptions of 267 spe-
cies, 41 of which were new (Tanaka 1911-1930).

In 1931, Tanaka published another important
paper, on the distribution of fishes in Japanese
waters, the culmination of faunal studies initiated
in 1921 that focused on fishes found in the four
major islands of Japan, Hokkaido, Honshu,
Shikoku, and Kyushu. His project was greatly
supported by a large grant provided by two news-
paper companies, making it possible for him to
collect fishes from all four regions, from 1921 to
1924. His great efforts resulted in a large collec-
tion, including 961 species of marine fishes and
44 species of freshwater fishes. His detailed stud-
ies revealed two zoogeographic boundaries for
marine fishes: on the Pacific side, warm-water
fishes distributed south of Inubo-zaki Cape on
the Boso Peninsula, central Honshu, and cold-
water fishes found north of this point; and on the
Sea of Japan side, warm-water fishes distributed
south of Hamada, Shimane Prefecture, western
Honshu, and cold-water fishes found north of
that point. He also showed that three species,
Coilia mystus, Acanthogobius hasta, and
Boleophthalmus pectinirostris, are found only in
the Ariake and Yatsushiro sounds on the west
coast of Kyushu. Turning to the freshwater fish
fauna, Tanaka divided the main four islands into
the three areas: southern Japan defined as the area
south of the Tama-gawa River, central Honshu;
northern Honshu, north of the Tama-gawa River;
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and Hokkaido. He showed that the number of
species in southern Japan is much greater than
those of northern Honshu and Hokkaido. In addi-
tion, he stated that two species are endemic to
Lake Biwa, and six species are abundant in the
lake but rarely found in other areas in Japan.
Many of his findings about fish distribution
patterns have been confirmed by succeeding Jap-
anese ichthyologists. Just before Tanaka’s (1931)
great zoogeographic paper came out, one of his
students, Toshiji Kamohara (1901-1972), who
had obtained a professorship at Kochi University,
began publishing his serial articles on the fishes of
Tosa Bay (e.g., Kamohara 1929, 1930,
1934a, b, c), one of the best examples of long-
term observations of a fish fauna in a targeted
area. There was another long-term study, of the
fish fauna of Suruga Bay, central Honshu,
published by Nagamichi Kuroda (e.g., Kuroda
1931, 1935a, b, 1938). Tanaka’s (1931) great
work and the subsequent long-term studies of
Kamohara, Kuroda, and others have continuously
provided Dbetter views of the Japanese
ichthyofauna.

Before World War II, there were few phyloge-
netic studies of Japanese fishes. Kishinouye
(1923), in pioneering work, studied in detail the
musculature and circulatory systems of the
Scombridae. Based on these studies, he consid-
ered that the cutaneous vascular system of
scombrids was unique among bony fishes and
thus he classified them in a new taxon, the
Plecostei. Takahashi (1926), however, clarified
that the cutaneous vascular system of scombrids
was found in other fishes such as Coryphaena
hippurus, Xenocephalus elongatus, and Xiphias
gladius. Takahashi concluded that Kishinouye’s
Plecostei was therefore invalid. Tomiyama (1931,
1934) studied the cranial osteology of several
species of the Sparidae and found that
Acanthopagrus latus, Acanthopagrus schlegelii,
Evynnis  tumifrons, Pagrus major, and
Rhabdosargus sarba differed significantly in
their frontal and nasal bones, although some of
them had been classified by previous authors in a
catch-all genus, Sparus. Masuda (1942) found
that the many species of Epinephelus represented
28 morphs belonging to four groups on the basis
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of osteological characters of the cranium, the
shape of the preopercle, scales, the shape of the
gill rakers and teeth, and color pattern. He did not
clearly assign taxonomic status to his 28 morphs,
but Matsubara (1955) concluded that it was rea-
sonable to recognize the 28 morphs as species.
Matsubara (1943a, b) published a two-part mono-
graph on the taxonomy and phylogeny of
scorpaenoid fishes titled Studies on the
Scorpaenoid  Fishes of Japan based on
osteological and myological characters. In terms
of taxonomic coverage and use of well-defined
anatomical characters, his study stood out among
all Japanese works on fish systematics published
before World War II.

As shown above, ichthyology in Japan was
developed on the basis of studies of adult fishes;
however, there were several Japanese
ichthyologists who focused on early life histories.
Studies on larval fishes in Japan began with a
report on the larvae of Salangichthys microdon
in Lake Kasumiga-ura (Kitahara 1895). From the
1910s to 1930s, there were serial studies on larval
fishes of various taxonomic groups found around
the Boso Peninsula of central Honshu by Kamiya
(e.g., 1916, 1925, larval fishes of Tateyama Bay)
and Nakamura (e.g., 1932, 1936, larval fishes
found in tidepools at Kominato). Keitaro Uchida
(1896-1982) studied systematics based on adult
fishes, but he was also well known in Japan for
his studies of larval fishes. He published 30 papers
on larval fishes between 1924 and 1938 covering
various groups such as the Elopidae, Congridae,
Monocentridae, Atherinidae, Hemrhamphidae,
Scorpidae, Oplegnathidae, Terapontidae,
Embiotocidae, Gobiidae, Trichiuridae,
Antigonidae, Pleuronectidae, and Monacanthidae
(e.g., Uchida 19264, b, c, 1935, 19364, b). How-
ever, all these papers were published only in
Japanese, making it almost impossible for west-
ern ichthyologists to appreciate his contributions.
He was a pioneer among ichthyologists in Japan,
recognizing that early developmental series are
necessary to understand fully the characteristics
of species (Matsuura 1997). When Uchida was
given an opportunity to study the fishes of Korea
in the 1930s, at the Fisheries Experimental Sta-
tion in Busan, he planned to publish a
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monographic series to treat all 650 species then
known from the seas and freshwaters of Korea
(Matsuura 1997). The first issue of his series was
titled The fishes of Tyosen (Korea). Part
1. Nematognathi and Eventognathi in which he
provided for each species a detailed description of
larvae, juveniles, and adults, along with a sum-
mary of geographic distributions and notes on
ecology (Uchida 1939). Although Uchida had
plans to produce another ten parts to the series,
the work was interrupted by World War II and
never reappeared (Matsuura 1997). In 1941
Uchida was offered a professorship at the Impe-
rial University of Kyushu. Although he knew that
the research facilities of the Fisheries Experimen-
tal Station at Busan were much better than that of
the university, he understood that his ichthyolog-
ical knowledge and expertise were required to
produce the next generation of students of early
life histories of fishes. This made him return to
Japan to devote himself to the education of grad-
uate students. There is no doubt that Uchida,
Tanaka, and Matsubara were the most important
ichthyologists to the development of ichthyology
before World War II. Each built a major center of
ichthyology at their universities after the War and
educated students who became the successors of
ichthyology.

As stated above, many Japanese ichthyologists
worked to advance the study of fishes in Japan,
and their efforts resulted especially in the devel-
opment of taxonomic studies. This is clearly seen
in the numbers of new species described by Japa-
nese and foreign ichthyologists (Fig. 4.1). Prior to
1920, most Japanese fishes were described by
foreign ichthyologists, but after that time, the

majority were described by  Japanese
ichthyologists.
4.2.3 Ichthyology After World War Il

Ten years after the end of World War II,
Kiyomatsu Matsubara (1906-1968) published a
monumental book, Fish Morphology and Hierar-
chy, which contained identification keys to all
families, genera, and species (2714 species then
known) found in Japan and adjacent waters
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Fig. 4.1 Numbers of species described from Japan,
including name-bearing type specimens. Even when
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were not included in the figure. Open bar total number of

(Matsubara 1955). When compared to the earlier
book of Okada and Matsubara (1938), which
included identification keys to all 1946 Japanese
species then known, it is clear how greatly
Matsubara (1955) contributed to the understand-
ing of Japanese fish diversity. This great book
also provided anatomical characters and proposed
phylogenetic relationships of many families and
higher taxa. Matsubara (1963) published another
great book, Systematic Zoology, Pisces, which
focused on phylogenetic relationships of higher
taxa of fishes of the world based on comparative
morphology. Okada (1959, 1960a, b) published
detailed accounts of 147 freshwater fishes
(including invasive species) of Japan, which was
the first publication in Japan devoted solely to
freshwater fishes.

In 1975, Hajime Masuda (1921-2005),
Chuichi Araga (1932-2020), and Tetsuo Yoshino
published a beautiful book titled Coastal Fishes
of Southern Japan, consisting of short
descriptions and excellent color photographs of
1252 species (Masuda et al. 1975). In this book,
Yoshino and Araga (1975) described a new genus
and species, Pseudotrichonotus altivelis from
Sagami Bay, central Honshu. They also erected
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anew family, Pseudotrichonotidae, based on their
new genus. Its phylogenetic position was studied
by Johnson et al. (1996) to confirm its familial
status. Masuda et al. (1984) reported more than
3200 species in another book, titled The Fishes of
the  Japanese  Archipelago, in  which
43 ichthyologists, including young graduate
students, provided accounts. This book stands
out when compared to previous publications in
terms of species coverage (Fig. 4.2) and the num-
ber of authors. In 1985, the Second Indo-Pacific
Fish Conference (IPFC2) was held at the Tokyo
National Museum in which 251 ichthyologists
from 26 countries participated (about half of the
participants were Japanese). This international
conference stimulated greatly the ichthyological
community in Japan. During the conference,
young Japanese students were  given
opportunities to communicate and get acquainted
with foreign colleagues, which resulted in many
subsequent collaborative studies. Following the
IPFC2, Uyeno et al. published Indo-Pacific Fish
Biology: Proceedings of the Second International
Conference on Indo-Pacific Fishes, which
included 94 papers submitted by ichthyologists
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throughout the Indo-Pacific region and beyond
(Uyeno et al. 1986).

In 1988, the second edition of The Fishes of
the Japanese Archipelago was published, increas-
ing the Japanese ichthyofauna to more than 3360
species (Masuda et al. 1988). Tetsuji Nakabo and
his colleagues provided illustrated keys to the
identification of the 3608 species then known
from Japan (Nakabo 1993). They expanded the
coverage from 3608 to 3863 species in two
subsequent editions, one in Japanese and the
other in English (Nakabo 2000, 2002; Fig. 4.2),
and 4210 species in a third edition (Nakabo
2013).

With the development of ichthyology in Japan,
the number of ichthyologists has increased
(Figs. 4.3, 4.4, 4.5 and 4.6), and about 25 new
species of fishes are now being described every
year (Matsuura and Kimura 2013). In 2006,
Keiichi Matsuura and Seishi Kimura obtained
financial support from the National Museum of
Nature and Science to publish a series of papers
devoted to describing new fishes from Japanese
waters (Matsuura and Kimura 2013). This series,
titled New Fishes of Japan, resulted in many
papers published by Japanese as well as several
foreign authors in five issues of supplements to
the Bulletin of the museum (Series A, Zoology).
In the final issue, Matsuura and Kimura (2013)
stated that four new genera and 77 new species
belonging to 25 families of fishes had been
described from 2007 to 2013. In that period,

156 new fishes were described from Japan, half
of which were described in New Fishes of Japan.
Consequently, the number of new Japanese spe-
cies jumped from 112 (from 1981 to 2000) to
268 (from 2001 to 2020) (Fig. 4.1). Recently,
Motomura (2021) compiled a list of all Japanese
fishes: as of April 7, 2021, 4617 species are
included in the list. Because more than 200 fishes
(including invasive species) have been reported
as either of new species or newly recorded species
from Japan in the past 5 years (2016-2020), it is
easily expected that the number of Japanese fishes
will reach beyond 5000 by 2030.

As described above, few phylogenetic studies
of Japanese fishes were published before World
War II. There were only two ichthyologists,
Kamakichi  Kishinouye (1867-1929) and
Kiyomatsu Matsubara, who made significant
contributions to the relationships of higher taxa
of fishes (Kishinouye 1923; Matsubara 1943a, b).
After World War II Matsubara’s laboratory in
Kyoto University became a center of systematic
studies of fishes, attracting a large number of
students who published a series of monographs:
Hoplichthyidae by Matsubara and Ochiai (1950a,
b, ¢), Spariformes by Akazaki (1962), Congridae
by Asano (1962), Pleuronectiformes by Amaoka
(1969), and Macrouridae by Okamura (1970). In
addition to these phylogenetic studies, Matsubara
and his students published many taxonomic stud-
ies of various groups of fishes (e.g., Matsubara
and Ochiai 1955; Akazaki 1961; Ochiai and
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Fig. 4.3 Japanese ichthyologists associated with
Kiyomatsu Matsubara. Surnames of retired workers in
italics; names of deceased workers in full italics. Workers
studying mainly on systematics (taxonomy and phylog-
eny) of fishes are included in Figs. 4.3, 4.4, 4.5, and 4.6,

Chiba, Sat
Kijima, Akihiro T Chiba,Satoru__

Yoshigou, Hidenori

Goto, Ryo

but those studying mainly on other subjects of fishes (e.g.,
ecology and physiology) are excluded. Workers before the
retirement and not publishing systematic papers in the past
10 years are excluded. Ages of the ichthyologists are as of
the end of 2021
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Fig. 4.4 Japanese ichthyologists associated with Shigeh
deceased workers in full italics

Amaoka 1962; Ochiai 1963; Okamura 1963;
Ochiai and Mori 1965; Matsubara et al. 1964).
Unfortunately, Matsubara passed away in 1968
while he was actively studying fishes. After his
untimely passing, fish systematics at Kyoto Uni-
versity fell off sharply. However, Matsubara’s
students who obtained positions in universities
in other regions of Japan followed him in study-
ing fish systematics and building research
facilities and fish collections. Examples include
Masato Akazaki (1926-1999) at Miyazaki Uni-
versity, Hirotoshi Asano (1930-2017) at Kinki
University, Osamu Okamura (1933-2008) at
Kochi University, and Kunio Amaoka at
Hokkaido University. Among these new centers
of ichthyology, Amaoka and his students took the
lead from 1975 to 2018 to publish a series of
phylogenetic studies of many groups of fishes

=

\—__ Takami, Munehiro

Tomiyama, Shinichi

o Tanaka. Surnames of retired workers in italics; names of

Masaki Miya, and their students have published
a series of phylogenetic studies of higher taxa of
fishes based on molecular analysis (Table 4.2,
Miya and Nishida 2015).

Also as shown above, studies on larval fishes
were relatively less developed than those on adult
fishes prior to World War II. Thanks to Keitaro
Uchida, the situation was greatly changed. His
many students (Fig. 4.5) studied various groups
of larval fishes: e.g., gobioids by Yoshie Dotsu
(1923-2016), tetraodontiforms by Shiro Fujita
(1925-2011), salmonids by Seiro Kimura
(1932-2009), various groups of coastal and
pelagic fishes by Satoshi Mito (1927-2009), var-
ious groups of coastal fishes by Tetsushi Senta,
elopiforms by Osame Tabeta, clupeids, sciaenids,
and gobiids by Toru Takita (1937-2014), and
various coastal and pelagic fishes by Hiroshi

(Table 4.2). Since 2001, Mutsumi Nishida, Yabe (1901-2001). In addition to these
90s 80s 70s 60s
| | | |
dbe, Tokihari=— Iwami, Tetsuo
Tanaka, Shigeho Akihito Sato, Torao
Tomivama, ltiro= Tominaos. Yoskicki
Kamohara, Toshiji Yamakawa, Takeshi

Fig. 4.5
deceased workers in full italics

Japanese ichthyologists associated with Keitaro Uchida. Surnames of retired workers in italics; names

of
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Fig. 4.6 Japanese ichthyologists not included in Figs. 4.5
and 4.6. Although Hubbs and Miller are Americans, they
are included here to show their association with their

ichthyologists, “grandsons” of Uchida initiated
studies on larval fishes collected from the waters
of Japan and seas in the tropical western Pacific.
Muneo Okiyama (1937-2013), another distin-
guished  ichthyologist, made  significant
contributions to larval fishes of Japan (as well as
deep-sea fishes), publishing numerous articles.
He organized many colleagues to publish a great
book titled An Atlas of Early Stage Fishes in
Japan (Okiyama 1988), which provided detailed
descriptions and excellent illustrations of 1100
species. Of this book, Leis and Trnski (1989: 4)
wrote: “Most recently, a very impressive volume
on the fish larvae of Japan under the editorship of
Dr Muneo Okiyama (1988) has appeared. This
volume covers 220 families, . .. Okiyama’s book
is invaluable but, unfortunately, much of its

Mukai, Takahiko

Yamaguchi, Atsuko

Hagiwara, Kiyoshi

Hirase, Shotaro
Sawai, Etsuro

Nakajima, Jun ~ Tomita, Taketeru

Japanese “descendants.” Surnames of retired workers in
italics; names of deceased workers in full italics

contents are unavailable to the western reader
because its text is in Japanese.” Unfortunately,
Okiyama passed away, on September 7, 2013,
1 year before publication of the second edition
of An Atlas of Early Stage Fishes in Japan, which
expanded coverage to 1550 species (Okiyama
2014).

4.2.4 History of the Ichthyological

Society of Japan

In 1946, just after World War II ended, Japanese
ichthyologists established a society called “Uo-
no-kai” (Japanese Society of Ichthyologists) and
began publishing a journal Uo (Fish) that
emphasized the dissemination of ichthyological
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Table 4.2 Phylogenetic studies of fishes by Japanese ichthyologists from the 1940s to 2010s

Author(s) and year

Method

Taxa

Akazaki (1962) Comparative morphology/ | Lethrinidae, Nemipteridae, and Sparidae (Spariformes)
conventional
Amaoka (1969) Comparative morphology/ | (Bothidae, Citharidae, Paralichthyidae, and Psettodidae

conventional

(Pleuronectiformes)

Asano (1962)

Comparative morphology/
conventional

Congridae (Anguilliformes)

Endo (2002) Comparative morphology/ | Gadiformes
cladistics
Goto (2001) Comparative morphology/ | Orectolobiformes

cladistics

Honma et al. (2013)

Comparative morphology/
cladistics

Perryenidae (Scorpaeniformes)

Hosoya (1986)

Comparative morphology/
cladistics

Gobioninae (Cypriniformes)

Imamura (1996)

Comparative morphology/
cladistics

Platycephalidae (Scorpaeniformes)

Imamura (2000)

Comparative morphology/
cladistics

Dactylopteridae (Perciformes)

Imamura (2004)

Comparative morphology/
cladistics

Scorpaenoidea (Perciformes)

Imamura et al. (2005)

Comparative morphology/
cladistics

Trichodontidae (Perciformes)

Imamura and Matsuura
(2003)

Comparative morphology/
cladistics

Pinguipedidae (Perciformes)

Imamura and Yabe
(2002)

Comparative morphology/
cladistics

Scorpaenoidei (Perciformes)

Inoue et al. (2001)

Molecular analysis

Osteoglossomorpha, Elopomorpha, Clupeomorpha,
Ostariophysi, and Protacanthopterygii

Inoue et al. (2003a)

Molecular analysis

Eurypharyngidae and Saccopharyngidae (Anguilliformes)

Inoue et al. (2003b)

Molecular analysis

Acipenseriformes, Amiiformes, Polypteriformes, and
Lepisosteiformes

Inoue et al. (2004)

Molecular analysis

Elopomorpha

Inoue et al. (2010)

Molecular analysis

Chimaeriformes

Imoto et al. (2013)

Molecular analysis

Leuciscinae (Cypriniformes)

Ishida (1994)

Comparative morphology/
cladistics

Scorpaenoidei (Scorpaeniformes)

Ishiguro et al. (2003)

Molecular analysis

Protacanthopterygii

Ishiguro et al. (2005)

Molecular analysis

Sundasalangidae (Clupeiformes)

Ishii and Imamura
(2008)

Comparative morphology/
cladistics

Congiopodidae (Perciformes)

Iwami (1985) Comparative morphology/ | Channichthyidae (Perciformes)
cladistics

Kaga (2013) Comparative morphology/ | Sillaginidae (Perciformes)
cladistics

Kanayama (1991) Comparative morphology/ | Agonidae (Scorpaeniformes)

cladistics

Kanehira et al. 2012

Comparative morphology/
cladistics

Notacanthoidei (Albuliformes)

Kang et al. (2017)

Comparative morphology/
cladistics

Polynemidae (Perciformes)

Kawabhara et al. (2008)

Molecular analysis

Gasterosteiformes

(continued)
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Table 4.2 (continued)

Author(s) and year

Method

Taxa

Kawai (2008)

Comparative morphology/
cladistics

Peristediidae (Scorpaeniformes)

Kido (1988) Comparative morphology/ | Liparidae (Scorpaeniformes)
cladistics
Kim (2002) Comparative morphology/ | Mullidae (Perciformes)

cladistics

Kimura et al. (2018a)

Comparative morphology/
cladistics

Cheilodactylidae and Latridae (Perciformes)

Kishinouye (1923)

Comparative morphology/
conventional

Scombridae (Scombriformes)

Matsubara (1943a, b)

Comparative morphology/
conventional

Scorpaenoidei (Scorpaeniformes)

Matsubara and Ochiai

(19504, b, ¢)

Comparative morphology/
conventional

Hoplichthyidae (Scorpaeniformes)

Matsubara and Ochiai

(1955)

Comparative morphology/
conventional

Platycephalidae (Scorpaeniformes)

Matsuura (1979)

Comparative morphology/
cladistics

Balistoidea (Tetraodontiformes)

Miya et al. (2013)

Molecular analysis

Scombridae (Perciformes)

Miya et al. (2007)

Molecular analysis

Stylephoridae (Stylephoriformes)

Miya et al. (2010) Molecular analysis Lophiiformes
Miya et al. (2005) Molecular analysis Batrachoidiformes
Miya et al. (2003) Molecular analysis Neoteleostei

Nakabo (1983) Comparative morphology/ | Callionymidae (Perciformes)
conventional

Nakae and Sasaki Comparative morphology/ | Tetraodontiformes

(2004) cladistics

Nakae and Sasaki Comparative morphology/ | Tetraodontiformes

(2010)

cladistics

Nakamura (1983)

Comparative morphology/
conventional

Xiphiidae and Istiophoridae (Istiophoriformes)

Nakatani et al. 2011

Molecular analysis

Otophysi

Nakaya (1975) Comparative morphology/ | Scyliorhinidae (Carcharrhiniformes)
conventional

Nishida (1990) Comparative morphology/ | Myliobatoidei (Myliobatiformes)
cladistics

Ochiai (1966) Comparative morphology/ | Cynoglossidae (Pleuronectiformes)

conventional

Odani and Imamura

(2011)

Comparative morphology/
cladistics

Leptoscopidae (Perciformes)

Okamura (1970)

Comparative morphology/
conventional

Macrouroidei (Gadiformes)

Oku et al. (2017)

Comparative morphology/
cladistics

Cyclopteridae (Perciformes)

Orr et al. (2019)

Molecular analysis

Cyclopteridae (Perciformes)

Saitoh et al. (2003)

Molecular analysis

Ostariophysi

Saitoh et al. (2006)

Molecular analysis

Cypriniformes

Sakamoto (1984)

Comparative morphology/
phenetics

Pleuronectidae (Pleuronectiformes)

Sasaki (1989)

Comparative morphology/
cladistics

Sciaenidae (Perciformes)

(continued)
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Table 4.2 (continued)

Author(s) and year
Sato and Nakabo (2002)

Satoh et al. (20006)
Sawada (1982)

Setiamarga et al. (2008)
Shinohara (1994)

Shinohara and Imamura
(2005)

Shirai (1992)

Shirai (1996)

Takagi (1988)
Takahashi (2002)
Tominaga (1968)
Tominaga et al. (1996)
Toyama et al. (2020)
Vilasri (2013)

Yabe (1981)

Yabe (1985)
Yamanaka et al. (2010)
Yamanoue et al. (2004)

Yamanoue et al. (2007,
2008)

Method

Comparative morphology/
cladistics

Molecular analysis

Comparative morphology/
cladistics

Molecular analysis

Comparative morphology/
cladistics
Comparative morphology/
cladistics

Comparative morphology/
cladistics
Comparative morphology/
cladistics

Comparative morphology/
conventional

Comparative morphology/
cladistics

Comparative morphology/
conventional
Comparative morphology/
conventional

Comparative morphology/
cladistics
Comparative morphology/
cladistics

Comparative morphology/
cladistics

Comparative morphology/
cladistics

Comparative morphology/
cladistics

Molecular analysis
Molecular analysis

M. Nakae and K. Matsuura

Taxa
Paraulopidae (Aulopiformes)

Macrouridae (Gadiformes)
Cobitoidea (Cypriniformes)

Atherinomorpha
Hexagrammloidei (Scorpaeniformes)

Scorpaenidae (Perciformes)
Squalomorphi

Galeomorphi

Gobioidei

Trematocarini (Cichlidae, Perciformes)
Pempheridae (Perciformes)
Percoidei (Perciformes)
Belonidae (Beloniformes)
Uranoscopidae (Perciformes)
Icelidae (Scorpaeniformes)
Cottoidei (Scorpaeniformes)
Teleostei

Molidae (Tetraodontiformes)
Tetraodontiformes

Works by foreign students whose studies were done at Japanese universities are included

knowledge to the general public. However, a
scientific journal to publish professional papers
on fishes was needed. In 1950, the Japanese Soci-
ety of Ichthyologists published the first issue of
the Japanese Journal of Ichthyology (JJ1). In the
first issue, Yaichiro Okada (1892-1976) stated
that the Society planned to publish issues
bimonthly, each issue with about 64 pages, and
in that first year, the Society succeeded in pub-
lishing six issues and 44 articles in volume
1. Then, in volume 2, they published five issues
and 38 articles, in volume 3, five issues, and
44 articles. However, in volume 3, only four

issues appeared, and in volume 4 only two issues.
By 1967, only a couple of issues appeared in each
volume (Fig. 4.7), apparently due to a failure to
organize the members of the Society and to col-
lect adequate numbers of manuscripts.

This made several leading members of the
Society realize that it required reorganization. In
1968, a revived Ichthyological Society of Japan
(ISJ) was independently established by a group of
ichthyologists led by Reizo Ishiyama
(1912-2008). Their first meeting, held on April
3, 1968, at Nihon University in Tokyo, was
attended by about 30 ichthyologists who declared
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Fig. 4.7 Number of articles in two journals of Ichthyo-
logical Society of Japan. Black solid line number of
articles in Japanese Journal of Ichthyology (JJI); gray
solid line number of English articles in JJI; gray dotted

the establishment of the new society. They
adopted a constitution and elected Yaichiro
Okada as the first president and Kiyomatsu
Matsubara, president elect. They also decided to
publish an official journal, titled the Japanese
Journal of Ichthyology (JJ1), the same title of the
preceding society’s journal. Capable
ichthyologists were chosen to serve on the Edito-
rial Board, and plans were made to publish four
issues per year, a rate of publication that has
continued without exception since 1968.
Subscriptions to the journal increased gradu-
ally, the number of members reaching 1200 in
1996, a level of membership that has been
maintained as of 2020. Papers were published in
both Japanese and English, but as articles in
English increased at the expense of those in Japa-
nese (Fig. 4.7), the Society decided in 1996 to
produce two official journals, one in Japanese
(JJD) for articles that focused on domestic subjects
and the other for articles in English, called Ich-
thyological Research (IR), for a worldwide audi-
ence. This policy resulted in a marked increase in
the numbers of submitted manuscripts to both of

Volume

line number of Japanese articles in JJI; black dotted line
number of articles in Ichthyological Research in which all
articles published in English

ISJ and IR, making it possible for the Society to
publish a greater number of articles.

Two international fish conferences were held
in Japan under the auspices of 1SJ: the IPFC2 in
Tokyo in 1985 and, 28 years later, the IPFC9 at
Ginowan in Okinawa in 2013. The IPFC2 was
held by the organizing committee chaired by
Teruya Uyeno (1930-2021) and the IPFC9 by
another organizing committee chaired by Keiichi
Matsuura. Both the conferences were extremely
successful, the first attracting 251 participants
from 26 countries, and the second,
532 participants from 36 countries.

4.3  Major Fish Collections in Japan
It is not easy for foreign ichthyologists to know
the details of fish collections in Japan because
material is widely scattered throughout the coun-
try (Table 4.3). We provide information about
noteworthy fish collections in Table 4.3, and
comments on five major fish collections below.
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National Museum of Nature
and Science

4.3.1

The fish collection of this museum stands out
among fish collections in Japan, housing 1.5 mil-
lion cataloged specimens, including 2670 type
specimens of 648 species. There are also many
uncataloged specimens reaching about one mil-
lion. The collection includes 7800 species col-
lected not only from Japan but also from
throughout the Pacific, Indian, and Atlantic
oceans. It is a national fish collection including
3200 species of fishes collected from 10,742 sites
in various regions throughout the Japanese Archi-
pelago, from Hokkaido in the north to the Ryukyu
Islands in the south. It covers 70% of the valid
species reported from Japan. Approximately 65%
of the cataloged specimens have been registered
in a computerized database, available through a
website of the museum.

The National Museum of Nature and Science
was founded at Ueno Park in the central part of
Tokyo in October 1877. It was called the Museum
of Education at that time and focused primarily on
education to the general public rather than scien-
tific research, although it did contain a small
number of specimens, only about 502, used
mainly for exhibits. At 11:58 a.m. on September
1, 1923, a huge earthquake rocked Tokyo and
neighboring areas, causing serious damage,
including the death of 100,000 people. A big
fire followed in Tokyo decimating the entire cen-
tral part of the city including the area where the
museum had once stood.

Two years after the earthquake, the fish collec-
tion of the Natural History Division of the Impe-
rial Museum was transferred to the National
Museum of Nature and Science (then called the
Tokyo Museum). According to the ledger of the
Imperial Museum about 3000 specimens were
sent but, before the transfer, many specimens
had been lost in the earthquake or had already
been transferred to other institution, so that the
real number was only about 2000. Before World
War II the fish collection had not developed well
because of the lack of research departments but
afterward the Ministry of Education changed its

M. Nakae and K. Matsuura

policy and research departments, including a
Department of Zoology, were finally established,
although there were no fish curators in the Depart-
ment until 1963.

Ryoichi Arai, the first curator of fishes, came
to the museum (then called the National Science
Museum) in September 1963 and began studying
fish systematics by using chromosomes. Two
years later, in July 1965, Yoshio Tomoda
(1922-2017) joined Arai in the Fish Section and
began studying the systematics and ecology of
catfishes and other freshwater taxa. Both of
them worked to expand the fish collection, Arai
mainly in marine fishes and Tomoda in freshwa-
ter fishes; by 1969, the fish collection through
their joint efforts reached around 20,000
specimens. In June 1969, Morizumi Nakamura
(1914-1998) was transferred to the museum
from the Research Institute for Natural Resources
(Sigenkagaku Kenkyusho), along with 1.16 mil-
lion fish specimens (about 28,600 lots; mainly
freshwater fishes). In the 1970s, research
activities of the Fish Section flourished but the
curation of the collection remained relatively
poor; specimens were not arranged systemati-
cally, existing more like private collections of
the curators.

This situation was finally changed when
Nakamura retired and was replaced by Keiichi
Matsuura. When he arrived at the museum in
April 1979, Matsuura immediately began to
make improvements in curation, rearranging the
collection following Nelson’s (1976) classifica-
tion system and adding a large number of
specimens through many collecting trips to the
tropical Indo-West Pacific, from Thailand to the
Solomon Islands. He also encouraged colleagues
throughout Japan to send their private collections
to the museum. Whenever he learned that fish
collections of research institutions and/or
universities were about to be discarded, he
approached authorities to ask for transfer of
collections to the museum. His continuous efforts
resulted in many donations from private
collectors and institutions, including the invalu-
able larval fish collection of the National
Research Institute of Far Seas Fisheries (FSFL)
collected from the tropical Indo-Pacific; the coral
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Table 4.3 Fish collections in Japan. Institutions housing more than 10,000 specimens are included

Institution
code

NSMT

FAKU

HUMZ

KAUM

OMNH

CBM
CMNH

BSKU

YCM

TKPM

MUEFS

OCF

Institution

National Museum of Nature and
Science, Tsukuba

Maizuru Fisheries Research
Station and Kyoto University
Museum, Kyoto

Hokkaido University Museum,
Hakodate

Kagoshima University Museum,
Kagoshima

Osaka Museum of Natural
History, Osaka

Natural History Museum and
Institute, Chiba

Faculty of Science and
Technology, Kochi University,
Kochi

Yokosuka City Museum,
Yokosuka

Tokushima Prefectural Museum,
Tokushima

Kanagawa Prefectural Museum
of Natural History, Odawara

Faculty of Fisheries Sciences,
Miyazaki University, Miyazaki

Okinawa Churashima Foundation
Research Center, Motobu

Number of
cataloged
specimens

1,500,000

400,000

250,000

250,000

230,000

163,500

150,000

150,000

138,000

108,000

104,000

93,000

Curator(s)

Shinohara G,
Nakae M

Kai Y

Tashiro F

Motomura H

Matsui S

Miya M,
Kawase H

Endo H

Hagiwara K

ItoT

Senou H

Iwatsuki Y

Miyamoto K

Remarks

Started in 1877; largest fish
collection in Japan; specimens
collected worldwide; 1500 types of
specimens

Started in 1947; specimens mainly
collected around Japan; 1300 types
of specimens

Started in 1958; specimens collected
from northern Japan and western
North Pacific; 1300 types of
specimens

Started in 2005; specimens collected
from Kagoshima prefecture and
Southeast Asia; 800 types of
specimens

Started in 1953; specimens mainly
collected from Osaka Prefecture and
set Inland Sea; 80 types of specimens
Started in 1987; 148,500 specimens
housed at the main campus of the
museum (CBM) and 15,000
specimens at a branch (CMNH);
specimens of shallow water fishes
collected around Boso Peninsula and
mesopelagic fishes from seas outside
Japan

Started in 1927; specimens mainly
collected from seas around Shikoku;
1400 types of specimens

Started in 1973; specimens mainly
collected from Sagami Bay and
Ryukyu Islands; 110 types of
specimens

Started in 1990; most specimens
collected from Tokushima
Prefecture, Shikoku and adjacent
area

Started in 1994; specimens mainly
collected from Kanagawa Prefecture
and Ryukyu Islands; fish collection
of the Izu Oceanic Park (IOP)
transferred to the KPM in 2005;

288 types of specimens

Started in 1970; specimens mainly
collected from southern Kyushu;
200 types of specimens

Started in 1979; specimens mainly
collected from the Ryukyu Islands;
fish collection of the University of
the Ryukyus (URM) transferred to
the OCF in 2011; 200 types of
specimens

(continued)
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Table 4.3 (continued)
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Number of
Institution cataloged
code Institution specimens | Curator(s) Remarks
ZUMT University Museum, University 81,500 Koeda K Started in 1904; core of the collection
of Tokyo, Tokyo built by Shigeho Tanaka; 300 types
of specimens
FRLM Graduate School of Bioresources, | 60,000 Yodo T Started in 1978; specimens collected
Mie University, Tsu from Japan and Southeast Asia;
200 types of specimens
KUN Faculty of Agriculture, Kindai 60,000 Matsunuma Started in 1964; core of collection
University, Nara M composed of freshwater fishes of
Japan
LBM Lake Biwa Museum, Kusatsu 60,000 Tabata R Started in 1996; freshwater fishes
collected from Lake Biwa and
adjacent areas
SNFR Fisheries Technology Institute, 38,000 Hoshino K Started in the early 1980s; mainly
Japan Fisheries Research and collected from the East China Sea,
Education Agency, Nagasaki Yellow Sea, and the Sea of Japan
FUMT Department of Fisheries, 32,600 Kuroki M Started in 1967; specimens mainly
University Museum, University collected from seas around Japan;
of Tokyo, Tokyo 100 types of specimens
MTUF Museum of Marine Science, 30,000 Motegi M Started in 1968; mainly collected
Tokyo University of Marine from southern Japan and Boso
Science and Technology, Tokyo Peninsula; many larval fish
specimens; 140 types of specimens
SPMN Museum of Natural and 20,000 Shibukawa K | Started in 2003; most specimens
Environmental History, Shizuoka collected from Shizuoka Prefecture
MNHAH Museum of Nature and Human 13,700 Takahashi T Started in 1992; most specimens
Activities, Santa collected from Hyogo Prefecture

reef fishes of the Institute of Oceanic Research
and Development, Tokai University (IORD) from
the southernmost part of the Ryukyu Islands; the
cold-water fishes of the Saito-Ho-on Kai Museum
of Natural History (SMNH); the coral reef fishes
of the Kochi Senior High School (KSHS); and the
tropical freshwater fishes collected in Southeast
Asia by Yasuhiko Taki. These combined efforts
resulted in rapid growth of the fish collection,
which now numbers about 1.5 million cataloged
and one million uncataloged specimens. In April
1995, Arai was transferred to the University of
Tokyo and replaced by Gento Shinohara.

When the museum celebrated its 130th anni-
versary in 2007, its name was changed from the
National Science Museum to the National
Museum of Nature and Science. While research
activities and collections of the museum were
increasing rapidly, a lack of space became crucial.
Because the research part of the museum was
located in central Tokyo, there was no space to

expand into new buildings. This situation was
resolved when the museum began in July 2011
moving everything of the research part from cen-
tral Tokyo to Tsukuba City (55 km northeast of
central Tokyo); it took 8 months to finish this
nightmare project. Matsuura retired from the
museum in March 2013 and was replaced by
Masanori Nakae.

4.3.2 Hokkaido University Museum

The Hokkaido University Museum houses about
250,000 specimens, including 1300 type
specimens, representing some 6000 species, col-
lected mainly from the northern part of Japan
(e.g., Hokkaido and the Tohoku District of
Honshu) and the western North Pacific (e.g., the
Okhotsk and Bering seas). Since the early 1980s,
the collection has been computerized, and most
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documentation is now available through a
database.

The fish collection was relatively small when it
was established in 1958, composed of about
23,000 specimens collected by Kiyu Kobayashi
and his students. The collection was housed at the
Fisheries Museum located at the Hakodate cam-
pus of Hokkaido University. Kobayashi was an
active ichthyologist, author of many articles on
cold-water fishes (e.g., Kobayashi 1958, 1962),
but unfortunately he passed away in December
1969. Two years after his passing, Kunio
Amaoka, one of Matsubara’s students, arrived at
the university and immediately began to develop
systematic ichthyology. Together with colleagues
and students, Amaoka organized many collecting
trips to various regions of Japan. In addition, he
obtained large numbers of fishes collected in for-
eign countries by Japanese research vessels,
including expeditions to the Russian Far East
Russia, the Kuril Islands, and other areas in the
western North Pacific. The size and diversity of
the collection increased rapidly, now reaching
beyond 250,000 specimens. In 2007, the
Fisheries Museum was amalgamated with the
Hokkaido University Museum, providing better
facilities and increased financial support.

4.3.3 Kyoto University: Maizuru
Fisheries Research Station

and Kyoto University Museum

More than 400,000 specimens, including 1300
type specimens, representing 4200 species, are
housed at the Maizuru Fisheries Research Station,
Field Science Education and Research Center
(FSERC), and Kyoto University Museum. In
1947, Kiyomatsu Matsubara moved from the
Tokyo University of Fisheries to the Faculty of
Agriculture of Kyoto University located at
Maizuru. He took his fish collection with him
and began expanding it. His students went on
collecting trips to many regions of Japan to help
expand the collection. However, following
Matsubara’s untimely death in 1968 at the age
of 61, the Faculty of Agriculture moved in 1972
to the main campus of Kyoto University in Kyoto,
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while the fish collection remained at Maizuru.
This change of venue created difficulties—
because Kyoto is located 60 km south of Maizuru,
it was not easy for students and ichthyologists to
access the fish collection to conduct daily
activities. This led the ichthyological staff and
their students to build another fish collection at
the main campus. In 2001, the Kyoto University
Museum was established for natural history and
cultural history. The fish collection at the main
campus was transferred to the new Museum
where it was provided with better facilities.
Therefore, since 2001, there existed two major
fish collections at Kyoto University, a larger col-
lection at Maizuru (FSERC) under the care of
Izumi Nakamura (1938-2021) and a smaller col-
lection at the Kyoto University Museum under
the care of Tetsuji Nakabo (Kai 2015). Since the
retirement of Nakabo in 2015, the fish collection
of the Kyoto University Museum has been
curated by temporal assistants, including Naohide
Nakayama (2016-2018), Takashi P. Satoh
(2018-2021), and Mao Sato (2021-). On the
other hand, at Maizuru, Nakamura retired in
2002 and was replaced in 2004 by Yoshiaki Kai.
Since the Kyoto University Museum was
established in 2002, the Fish Section of the
Museum has been receiving fish collections
housed in other institutions of the University:
100,000 specimens collected from southern
Japan and housed at the Seto Marine Biological
Station, Shirahama (SMBL); 3000 specimens of
freshwater fishes collected from Japan, Korea,
and Taiwan and housed at the Otsu Hydrobiolog-
ical Station, Otsu (OHS); and 5000 specimens
collected from the Amami Islands and housed at
the Misaki Marine Biological Institute, Osaka
(MIKU) (Kai 2015).

43.4 Kagoshima University Museum
Before Hiroyuki Motomura arrived at Kagoshima
in 2005, a fish collection composed of about
10,000 specimens existed in the Faculty of
Fisheries of Kagoshima University, which was
transferred to the Kagoshima University
Museum. Immediately after his arrival,
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Motomura took charge of ichthyology and collec-
tion building at the museum where many students
have since been studying fish systematics.
Motomura and his colleagues, including
ichthyologists of Southeast Asian countries, sur-
veyed shallow-water fishes of Indonesia,
Malaysia, Philippines, Thailand, and Vietnam,
which resulted in a series of field guides to fishes
of Southeast Asia (e.g., Matsunuma et al. 2011;
Yoshida et al. 2013; Motomura et al. 2017;
Kimura et al. 2018b). Motomura also took a lead-
ership role in organizing field surveys to many
islands located in the northern part of the Ryukyu
Archipelago where the fish fauna had been poorly
studied. Motomura and his collaborators pro-
duced a series of identification guides to fishes
in this region (e.g., Motomura and Matsuura
2010, 2014; Motomura et al. 2013, 2019;
Mochida and Motomura 2018; Nakae et al.
2018; Fujiwara and Motomura 2020; Motomura
and Uehara 2020). These activities resulted in a
rapid growth of the collection, eventually
reaching beyond 250,000 specimens, including
800 type specimens, representing 5525 species.

4.3.5 Kanagawa Prefectural Museum

of Natural History

When Hiroshi Senou was made fish curator of the
Kanagawa Prefectural Museum of Natural His-
tory, the small fish collection that was there at the
time was greatly expanded. Under his leadership,
numerous collecting trips were made in Sagami
Bay and the Ryukyu Islands, with the collabora-
tion of citizen scientists. Their continuous efforts
resulted in rapid growth of the collection, which
by 2020 reached beyond 108,000 specimens,
including 308 type specimens, representing
4453 species. Senou also built a large database
of more than 200,000 images of fishes which
currently grows at a rate of about 5000 pictures
every year, provided by SCUBA divers and
members of the general public. About 150,000
images have now been digitized and made avail-
able in a computerized database called FishPix
(http://fishpix.kahaku.go.jp/fishimage-e/index.
html), built under the cooperation of the
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Kanagawa Prefectural Museum of Natural His-
tory and the National Museum of Nature and
Science. FishPix has proven to be very helpful
to zoogeographical studies of fishes, in particular
shallow-water species. By analyzing the huge
geographical database of shallow-water fishes
provided by FishPix, Senou et al. (2006) and
Matsuura (2012) were able to show that the strong
warm Kuroshio Current creates an invisible bar-
rier for shallow-water fishes at the Tokara Strait in
southern Japan.

43.6 Department of Zoology,
University Museum, University

of Tokyo

In 1904, Shigeho Tanaka, “Father of Ichthyol-
ogy” in Japan, started building a fish collection
at the Faculty of Sciences of the Imperial Univer-
sity of Tokyo (now the University of Tokyo). He
and his students searched continuously for
opportunities to obtain fishes from various
regions in Japan, Korea, and Taiwan. Tanaka’s
enthusiasm for collecting resulted in an excellent
fish collection, transferred in 1966 from the Fac-
ulty of Sciences to the University Museum and
now reaching 80,000 specimens, including
300 type specimens. Unfortunately, in the
1980s, the collection languished due to a lack of
staff members. In May 2021, however, Keita
Koeda, a young ichthyologist, was appointed to
take care of the collection.

4.3.7 Faculty of Science
and Technology, Kochi

University

The fish collection of Kochi University was built
by Toshiji Kamohara from 1927 to 1965.
Although he studied numerous groups of fishes,
his favorites were those from the deep-sea and
coral reefs. The location of Kochi University, at
Kochi City facing Tosa Bay, with deep water
providing habitat for deep-sea fishes, made it
easy for Kamohara to make frequent visits
Mimase, a fish landing place where bottom
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trawlers often brought in unusual and new fishes.
Kamohara and his students also made numerous
collecting trips to the Amami Islands,
characterized by richly developed coral reefs,
enabling him to build a good collection of reef
fishes. However, on July 4, 1945, about a month
before World War II ended, Kochi City was seri-
ously damage by an air raid and subsequent fire,
which engulfed many areas of the city including
Kochi  University, destroying Kamohara’s
research facility and fish collection. However,
just after the War, Kamohara persevered to
rebuild the fish collection and resume his system-
atic studies (Kamohara 1964).

In 1965, Kamohara retired from Kochi Uni-
versity and was replaced by Osamu Okamura
who participated in many cruises aboard research
vessels. These activities provided numerous
opportunities to obtain interesting deep-sea fishes
from the seas around Southeast Asian countries.
Okamura also conducted studies of the fishes of
the Okinawa Trough (Okamura and Kitajima
1984; Okamura 1985) and the Kyushu-Palau
Ridge. Before Okamura retired in 1996 and was
replaced by Hiromitsu Endo, two ichthyologists,
Yoshihiko Machida and Kunio Sasaki, joined
Okamura’s laboratory in 1978 and 1989, respec-
tively. Kamohara’s tradition of collecting and
studying fishes has been kept by all his
successors. Their continuous efforts have resulted
in 150,000 specimens, including 1400 type
specimens, representing 4000 species.
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Abstract

The present-day fish diversity and ichthyo-
fauna of southern Japan, including the Izu,
Ogasawara, and Nansei islands, have become
established mainly due to the physical
characteristics of the Kuroshio Current and
associated currents. The Kuroshio Current
plays dispersal and vicariance roles in the dis-
tribution of fishes in southern Japan, and the
close interplay between the current and various
life history and biological features of each
species has created a complex ichthyofauna.
Recent comprehensive ichthyofaunal surveys
have revealed that the ichthyofauna of south-
ern Japan is divided into two major groups, the
boundary between them being between Yaku-
shima Island and ‘“Tanegashima, Iwo-jima,
and Take-shima islands” in the Osumi Islands
(called the Osumi Line), although such a
boundary was previously thought to be located
in the Tokara Islands. In this chapter, the rela-
tionship between the Kuroshio Current and
ichthyofauna is reviewed, and the division of
such fauna by the Osumi Line outlined. In
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addition, the unique ichthyofauna of Yaku-
shima Island is introduced.
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5.1 Physical Characteristics

The Kuroshio Current, a strong warm water cur-
rent of ~100 km width and flow rate >1 m/s,
originates from the North Equatorial Current and
continues from east of the Philippines to the
Pacific coast of southern Japan, via Taiwan and
west of the Ryukyu Islands (Fig. 5.1). The north-
ward flowing current west of the Ryukyu Islands
then turns eastward to flow past the Tokara
Islands, located between the Osumi and Amami
islands (e.g., Lee et al. 2001; Figs. 5.1 and 5.2),
before resuming its northward path toward the
Pacific coasts of the islands of Kyushu, Shikoku,
and Honshu (the main island of Japan) (e.g.,
Kamachi et al. 2004; Fig. 5.1). Part of the
Kuroshio Current, a warm water mass west of
Kyushu becomes the Tsushima Current, which
flows into the Sea of Japan through the Tsushima
Strait, located between the southern Korean Pen-
insula and northern Kyushu (e.g., Qiu 2001;
Fig. 5.1).
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Fig. 5.1 Map of southern Japan, showing the Kuroshio Current with associated currents and biogeographical
boundaries. Dotted red and orange lines indicate countercurrents and biogeographical boundaries, respectively

The water mass, speed, and flow path of the
Kuroshio Current frequently change, on a daily,
monthly, or yearly basis. Two main flow paths of
the current exist through the Tokara Islands
(12 small islands extending in a row ~160 km
north to south in the Ryukyu Islands); the more
southerly route takes the current across the island
chain from west to east around Nakano-shima
Island; and the other, more northerly route flows
along the southern coast of Yaku-shima Island
(Fig. 5.1). The current alternates between the
two flow paths on a 30- to 50-day cycle (Chaen
and Ichikawa 2001). Changes in the flow path
influence other minor water currents in the area,
especially the Osumi Branch Current flowing
between Yaku-shima Island and the southern tip
of Osumi Peninsula (Fig. 5.1). During the period
when the Kuroshio Current flows around Yaku-
shima Island, the Osumi Branch Current flows
northeastward from Yaku-shima Island to the

Osumi Peninsula, but when the Kuroshio Current
takes its more southerly route, the direction of the
Osumi Branch Current is irregularly reversed to
the southwest (Chaen and Ichikawa 2001;
Fig. 5.1). The minor water currents associated
with the Kuroshio Current are complex, their
flow rates and directions changing with season,
water temperature, and wind characteristics
(Nakamura 2017). These factors have produced
a unique ichthyofauna off each island, especially
the Osumi Islands north of the northern extremity
of the Ryukyu Islands (Motomura and Matsuura
2010; Fig. 5.2).

The lower reach of the Kuroshio Current in the
vicinity of the Pacific coast of Honshu follows
three major irregularly changing flow paths
(Fig. 5.1). The current wusually flows
northeastward along the Pacific coast of Shikoku
and central Honshu, following the nearshore non-
large-meander path (Yoshida et al. 2006;
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Fig. 5.2 Map of southern Kyushu and the Nansei Islands,
showing names of islands and places appearing in the text.
The Ryukyu Islands sometimes includes the Osumi
Islands, but this is not followed in this chapter. The
Daito Islands are included in the Nansei Islands, but
excluded from the Ryukyu Islands. 1, Satsuma Peninsula;
2, Kagoshima Bay; 3, Osumi Peninsula; 4, Take-shima
Island; 5, Iwo-jima Island; 6, Uji Islands;

Fig. 5.1). However, it sometimes turns southward
~200 km south of the Kii Peninsula (southern
current margin extending south to the latitude of
the southern tip of Kyushu; Fujimoto and
Tomosada 1980) before returning to a northward
heading, flowing through the northern Izu Islands
(the typical large-meander path; Fig. 5.1). The
third path, the offshore non-large-meander path,
generally follows a similar path to the nearshore
non-large-meander path, but south of the Izu
Islands (Fig. 5.1). The typical large-meander
path sometimes continues for several years at
a time.

.

7, Kuchinoerabu-jima Island; 8, Yaku-shima Island;
9, Tanegashima Island; 10, Nakano-shima Island;
11, Akuseki-jima Island; 12, Tokara Strait; 13, Takara-
jima Island; 14, Amami-oshima Island; 15, Kikai-jima
Island; 16, Tokunoshima Island; 17, Okinoerabu-jima
Island; 18, Yoron-jima Island; 19, Okinawa-jima Island;
20, Ie-jima Island; 21, Ishigaki-jima Island; 22, Iriomote-
jima Island

Nansei Islands

In the past, the Kuroshio Current has been
considered as biologically unproductive because
of its oligotrophic conditions and low plankton
standing stocks (Kobari et al. 2020), despite an
abundance of migratory fishes. This apparent par-
adox has recently been partly resolved by Kobari
et al. (2020), who showed that phytoplankton
growth and consumption by microzooplankton
are stimulated by a turbulent nitrate flux amplified
by the Kuroshio Current, with significant rapid
grazing on phytoplankton by microzooplankton.
The latter are probably also rapidly consumed by
larger zooplankton and fishes, the overall result
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being a balance between production and con-
sumption. Thus, the Kuroshio Current should
not be considered an ocean “desert” (oligotrophic
with low plankton content) (Kobari et al. 2020).

5.2  Fish Dispersal by the Kuroshio

Current

Many fishes at various life stages, including egg,
larval, juvenile, young, and adult, are transported
by the Kuroshio Current from the northern
Philippines and eastern Taiwan to Japanese
waters. Schools of tropical migratory fishes with
high swimming ability have often arrived in
southern Kyushu and along the Pacific coast of
Honshu, usually in autumn from Taiwan and/or
the Philippines, to be fished by set (fixed) nets
established along the Kuroshio Current path.
Such fishes include several carangids, such as
Atule mate (reported by Ito et al. 2007;
Fig. 5.3a), Carangoides ~ gymnostethus
(by Okamoto et al. 2019), Caranx heberi
(by Motomura et al. 2007c), Caranx tille
(by Kita 2007), and Ulua mentalis (by Motomura
et al. 2007¢). In some cases observed off southern
Kyushu, adults of small-sized species (e.g.,
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A. mate and Sardinella aurita; Fig. 5.3a,b) and
young of large-sized species (e.g., C. heberi and
U. mentalis) are usually transported as schools,
although others, such as the clupeids Amblygaster
sirm (Fig. 5.3c) and Sardinella melanura
(Fig. 5.3d), have usually been observed singly in
large set net hauls (or in schools primarily com-
prising a different species) (Hata et al. 2013,
2017b), although the former form single species
schools in tropical waters. It is likely that such
individuals become separated from their original
schools early on in the Kuroshio Current and join
other schools indiscriminately during transporta-
tion. Large individuals of large-sized tropical spe-
cies have always been caught singly off the
Japanese = mainland: e.g.,  Scomberoides
commersonnianus (four specimens recorded to
date from the Japanese mainland, collected in
December 1996, June 1997, December 2017,
and March 2019; Motomura et al. 1998; Wada
et al. 2019a; Matsunuma et al. 2019; Fig. 5.4a),
Trachinotus anak (one specimen each in
November 2018 and December 2019; Wada
et al. 2019b; Ito 2020; Fig. 5.4b), Eleutheronema
rhadinum (one specimen each in August 1999
and October 2006; Motomura et al. 2001,
2007b; Fig. 5.4c), and Bolbometopon muricatum

Fig. 5.3 Small-sized adult fishes (generally forming
schools in tropical areas) occurring off southern Kyushu
in a single-species school (a, b) and sole representatives in
a different species school (¢, d). (a) Atule mate
(Kagoshima University Museum—Ichthyology, KAUM-

1. 973, 156 mm standard length, SL); (b) Sardinella aurita
(KAUM-L 12684, 160 mm SL); (c) Amblygaster sirm
(KAUM-I. 46904, 160 mm SL); (d) Sardinella melanura
(KAUM-IL. 123862, 75 mm SL)
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Fig. 5.4 Large- and medium-sized fishes occurring off
southern Kyushu (adult stage transported by the Kuroshio
Current). (a) Scomberoides commersonnianus (KAUM-L
128805, 534 mm standard length, SL); (b) Trachinotus
anak (KAUM-I. 123272, 748 mm SL); (¢) Eleutheronema

(a single specimen in December 2009; Ogihara
et al. 2010; Fig. 5.4d). Other medium-sized tropi-
cal species caught singly off the Japanese main-
land include the nemipterid Nemipterus japonicus
(January 2020; Nakamura and Motomura 2021),
sparid Acanthopagrus taiwanensis (in December
2016; Fujiwara et al. 2017; Fig. 5.4e), drepaneid
Drepane punctata (November 2011; Uejo et al.
2015), siganid Siganus guttatus (collected in
November 2010; Itou et al. 2011; Fig. 5.4f), and
acanthurid Naso mcdadei (in November 2009,
November 2011; Senou et al. 2013). Most of the
above individuals were caught during the autumn
and early winter seasons due to the flow rate of

rhadinum
Bolbometopon muricatum (KAUM-I. 25448, 953 mm
SL); (e) Acanthopagrus taiwanensis (KAUM-I. 96697,
254 mm SL); (f) Siganus guttatus (KAUM-I. 34038,
336 mm SL)

(KAUM-L. 956, 420 mm SL); (d)

the Kuroshio Current greatly increasing in sum-
mer in the East China Sea and off eastern Taiwan
(Ichikawa and Beardsley 1993; Gilson and
Roemmich 2002; Hsin et al. 2013); fishes are
therefore most likely to arrive off the Japanese
mainland in autumn, together with the current
water mass that departed Taiwan the previous
summer. This argument is supported by the
above-mentioned species (except B. muricatum
and S. guttatus) having been at no time recorded
from the Ryukyu Islands well east of the
Kuroshio Current, despite being abundant in
Taiwanese waters. The single specimens of
B. muricatum and S. guttatus collected off the
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Japanese mainland are also considered to have
been transported by the Kuroshio Current
(Ogihara et al. 2010; Itou et al. 2011), there
being no coral reefs (essential for B. muricatum)
or mangrove areas (essential for juvenile
S. guttatus) at the collection sites (Motomura
2019).

Juveniles of tropical and coral reef associated
fishes, especially members of the families
Chaetodontidae and Pomacentridae, can be
observed along the Pacific coastal area of central
Honshu in the autumn, only in years when the
Kuroshio Current flows along the nearshore path.
Some juveniles occur along the Pacific coast of
Honshu between Shizuoka and Mie prefectures
due to a counter current flowing east-west when
the Kuroshio Current follows the offshore mean-
der path (Fig. 5.1). Such fishes disappear during
the winter season since sea water temperatures off
Honshu become too low for tropical fishes to
survive. Although some species, e.g., Chaetodon
auripes  (Chaetodontidae)
hamrur (Priacanthidae) (Fig. 5.5a), are known to
survive over winter and subsequently develop,
and are abundant off the Pacific coast of Honshu,
sexually mature individuals have never been col-
lected (or observed spawning) in that area. In their
review of Japanese distributional records of
Epinephelus  amblycephalus  (Epinephelidae)
(Fig. 5.5b), Motomura et al. (2007a) concluded
that individuals of the species found off the Japa-
nese mainland had been transported from Taiwan
or China by the Kuroshio Current when at the egg
or larval stages, and could over-winter and attain

and Priacanthus
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adult size in Japan, but were unlikely to reproduce
there. The above-mentioned species transported
by the Kuroshio Current to waters off the Japa-
nese mainland can all be said to represent “unsuc-
cessful dispersal,” due to their unlikelihood of
reproducing.

On the other hand, Pentapodus aureofasciatus
(Nemipteridae) and  Pomadasys  quadrili-
neatusare (Haemulidae) (Fig. 5.6a—e) are abun-
dant in the Osumi Islands (just north of the
Ryukyu Islands; Fig. 5.2) where both species
have established their largest colonies in Japanese
waters (Motomura and Harazaki 2007,
Matsunuma et al. 2009; Motomura 2012, 2015).
The forerunners of these populations probably
originated in Taiwanese waters, rather than the
Ryukyu Islands, and were transported by the
Kuroshio Current. Pentapodus aureofasciatus at
the Osumi Islands (Fig. 5.6a—c) is morphologi-
cally closer to a population off Taiwan than
Ryukyu Islands specimens (Motomura 2012),
and P. quadrilineatusare (Fig. 5.6d, e) is com-
mon in Taiwan, but has never been recorded from
the Ryukyu Islands (Matsunuma et al. 2009;
Motomura 2012, 2015). Paramonacanthus
pusillus (Monacanthidae) (Fig. 5.6f) is common
off Taiwan and in Kagoshima Bay (southern
Kyushu), with a few sporadic records from the
Pacific coast of Honshu, but has never been
recorded from the Ryukyu Islands. In Kagoshima
Bay, spawning behavior of the species has been
observed by local divers, and several specimens
with mature ovaries have been collected
(Motomura 2012). The Kagoshima Bay

Fig. 5.5 Fishes transported (possibly at egg or juvenile
stages) by the Kuroshio Current to the Japanese mainland,
thereafter resident off the Pacific coast of Japan. (a)

Priacanthus hamrur (KAUM-I. 21946, 261 mm standard
length, SL); (b) Epinephelus amblycephalus (KAUM-I.
52298, 538 mm SL)
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Fig. 5.6 Fishes (originally from Taiwan) transported by
the Kuroshio Current and now in established populations
in Japan. (a—c) Pentapodus aureofasciatus off Yaku-
shima Island, photos by S. Harazaki (a juvenile,

population is also considered to have originated
in Taiwan, and the few records from the Pacific
coast of Honshu (Kanagawa, Shizuoka, Mie and
Kochi prefectures) have followed dispersal via
the Kuroshio Current from Kagoshima Bay or
directly from Taiwan (Motomura 2012). Simi-
larly, Navigobius dewa (Ptereleotridae) has been
reported as occurring in large schools of several
hundred individuals each in Kagoshima Bay.
Eggs and/or larvae of that species are also likely
to have been transported to the Pacific coast of
southern Japan by the Kuroshio Current (some
records also from Izu Peninsula) (Dewa et al.
2010).

b female, ¢ nuptial colored male); (d—e) Pomadasys
quadrilineatusare off Yaku-shima Island, photos by
S. Harazaki; (f) Paramonacanthus pusillus (KAUM-L
1081, 154 mm standard length, Kagoshima Bay)

A single individual of the amphidromous goby
Stiphodon  surrufus, distributed from the
Philippines to Australia, was collected from a
hot spring river on southern Yaku-shima Island
in the Osumi Islands (Yonezawa and Iwata 2001).
Although there have been no investigations of the
biology of this species, the closely related species
Sicyopterus japonicus is known to spawn in
rivers, migrate to the sea during the larval stage,
and then return to rivers (Watanabe et al. 2006).
This suggests that the Yaku-shima S. surrufus
individual was transported from the Philippines
by the Kuroshio Current during the larval stage,
subsequently entering the Yaku-shima Island
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river where it matured and was eventually col-
lected. Such a fortuitous event suggests that
numerous fish larvae may be transported by the
Kuroshio Current from the northern Philippines
(more than previously thought).

The above examples have emphasized the role
of the Kuroshio Current in transporting fishes to
the Japanese mainland, most likely from Taiwan
(and/or coastal mainland China) and the northern
Philippines, bypassing the Ryukyu Islands, which
lie well to the east of the main stream of the
current. Such transported fishes generally do not
occur at the Ryukyu Islands.

Vicariance Due to the Kuroshio
Current

53

Not only does the Kuroshio Current contribute to
the dispersal of fishes from Taiwan and/or the
northern Philippines to the Japanese mainland,
but also it works as a barrier to the movement of
fishes from the Japanese mainland to the Ryukyu
Islands. The latter are bordered by the broad and
fast flowing Kuroshio Current on three sides
(north, west, and south; Fig. 5.1), which largely
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Fig. 5.7 Pairs of sister species occurring allopatrically to
the north (upper photos: Japanese mainland) and south
(lower photos: Ryukyu Islands) of the Kuroshio Current.
Left row: Acanthopagrus schlegelii (KAUM-I. 86396,
290 mm standard length, SL) and Acanthopagrus sivicolus

inhibits the movement of fishes from the Japanese
mainland, mainland China, and Taiwan toward
the Ryukyu Islands. This has resulted in the ich-
thyofauna of southern Japan being divided into
two major faunal groups (Senou et al. 2006;
Motomura et al. 2010; Motomura 2015;
Motomura and Suzuki 2019), such that many
fishes are distributed only off the Japanese main-
land or at the Ryukyu Islands. Pairs of sibling
species in southern Japan may be similarly
restricted, one species [e.g., Ostracion
immaculatum (Ostraciidae)] occurring mainly
off mainland Japan, the other (Ostracion
cubicum) at the Ryukyu Islands (Fig. 5.7). Many
such pairs, including Acanthopagrus schlegelii
(mainland) and  Acanthopagrus  sivicolus
(Ryukyu Islands) (Sparidae), Gerres equulus
(mainland) and Gerres oyena (Ryukyu Islands)
(Gerreidae), and Tridentiger obscurus (mainland)
and Tridentiger kuroiwae (Ryukyu Islands)
(Gobiidae) are known to occur allopatrically off
the Japanese mainland and the Ryukyu Islands
(Fig. 5.7). In addition to the examples stated
above, Kuriiwa et al. (2014) showed a similar
example by their mtDNA analyses of population
structure of Blacktip Grouper, Epinephelus

(KAUM-I. 55323, 181 mm SL); middle row: Gerres
equulus (KAUM-IL. 5508, 144 mm SL) and Gerres
oyena (KAUM-I. 12208, 103 mm SL); right row:
Ostracion immaculatum (KAUM-I. 29735, 143 mm SL)
and Ostracion cubicum (KAUM-I. 39775, 73 mm SL)



5 Fish Diversity Along the Kuroshio Current

fasciatus: the population of mainland Japan was
clearly differentiated from that of the Ryukyu
Islands.

Whereas larvae and juveniles of Ryukyu
Islands species (one of a sibling pair) have often
been recorded from the Japanese mainland, likely
having been fortuitously transported by the
Kuroshio Current, those of the Japanese mainland
sibling species have been rarely found in the
Ryukyu Islands. A single and two individuals of
the mainland species O. immaculatum were
recorded from the Amami Islands (Amami-
oshima in 2016 and Okinoerabu-jima islands in
2018, respectively; Nakae et al. 2018; Motomura
and Uehara 2020). Parablennius yatabei
(Blenniidae) and Scarus ovifrons (Scaridae),
distributed primarily off the Japanese mainland
and Taiwan, have also been recorded from
Amami-oshima Island (Motomura et al. 2019;
Motomura and Suzuki 2019). The individuals
found at the Amami Islands were likely to have
been accidentally transported by branch currents
derived from the Kuroshio Current, as no evi-
dence exists to support their being part of a
reproducing population at the islands.

The southernmost and northernmost limits,
respectively, of the amphidromous fishes
Plecoglossus altivelis altivelis and Plecoglossus
altivelis ryukyuensis are Yaku-shima and Amami-
oshima islands, the two subspecies being

b
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separated by the Kuroshio Current (see Fig. 5.1).
Larvae and juveniles of P. a. ryukyuensis, usually
inhabiting estuaries and inshore waters, may be
sometimes transported northwards by the
Kuroshio Current and associated streams, but
their highest survival rates occur in water
temperatures and salinity of 15-18 °C and
5-15 psu, respectively (Kishino et al. 2008).
Thus, they are unlikely to survive in Kuroshio
Current water temperatures (21-28 °C) and salin-
ity (about 35 psu). On the other hand, P. a.
altivelis cannot disperse to the south due to the
Kuroshio barrier, all these factors preserving the

current disjunct distribution of the two
subspecies.

Although  Chaetodon  daedalma  and
Hemitaurichthys thompsoni (both

Chaetodontidae) (Fig. 5.8) are distributed primar-
ily at the Ogasawara Islands, they have been
recorded on rare instances from the Amami and
Daito islands (Nakae et al. 2018; Fujiwara and
Motomura 2020), having been transported from
the Ogasawara Islands by several irregular weak
water currents (sometimes called the Kuroshio
Countercurrent) (Fig. 5.1). However, other spe-
cies endemic to the Ogasawara Islands, such as
Alticus  orientalis (Blenniidaec) and Scarus
obishime (Scaridae), have at no time been
recorded from the Ryukyu or Daito islands (e.g.,
Fujiwara et al. 2021). Due to the weak water

Fig. 5.8 Fishes endemic to the Ogasawara Islands but
rarely recorded from the Ryukyu and Daito islands. (a)
Chaetodon daedalma (KAUM-I. 62761, 121 mm

standard length, SL); (b) Hemitaurichthys thompsoni
(KAUM-L. 63486, 165 mm SL)
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currents and lack of intermediate islands between
the Ogasawara and Daito islands, it is likely that
only fishes with a relatively long pelagic egg and
larval stage can be transported to the Daito and
Ryukyu islands from the Ogasawara Islands.

5.4  Southern Japan Ichthyofaunal

Boundary

A major biogeographical boundary (Watase’s
Line) in southern Japan (Fig. 5.1), located in the
Tokara Strait between Akuseki-jima and Takara-
jima islands in the Tokara Islands, northern
Ryukyu Islands (Fig. 5.1), constitutes a faunal
boundary for terrestrial vertebrates (mammals,
reptiles, and amphibians), the northern and south-
ern sides of the line being categorized as the
Palaearctic and Oriental regions, respectively.
Approximately 1000 m in depth, the Tokara Strait
has been unconnected by land since ca. 1.5 Mya
BP, whereas most of the Ryukyu Islands were
connected to the Chinese mainland during the
last ice age.

The marine fish fauna of southern Japan has
also long been considered to be separated by
Watase’s Line, since the Tokara Strait is the
major pathway of the Kuroshio Current (Senou
et al. 2006). Senou et al. (2006) compared the fish
faunas at 12 sites [the Ogasawara Islands, Sagami
Sea (Sagami Bay plus Izu-oshima Island),
Osezaki (west coast of Izu Peninsula, Suruga
Bay), Hachijo-jima Island (Izu Islands),
Kushimoto (Kii Peninsula), Kashiwa-jima Island
(Kochi), Yaku-shima Island (Osumi Islands),
Okinawa-jima and Ie-jima islands (Okinawa
Islands), the Miyako Islands, and Ishigaki-jima
and Iriomote-jima islands (Yaeyama Islands)]
(see Figs. 5.1 and 5.2), their cluster analyses
(Senou et al. 2006: fig. 11) indicating two distinct
biogeographical regions in Japanese waters,
separated by the Tokara Strait: seven Japanese
mainland and associated island sites, including
the Sagami Sea, the Izu and Ogasawara islands,
and Yaku-shima Island; and five Ryukyu Islands
sites (the Okinawa, Miyako, and Yaeyama
islands). The former region was subdivided into
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the Ogasawara Islands and the remaining six
sites.

However, recent comprehensive ichthyofaunal
surveys off southern Kyushu and each island of
the Satsunan Islands, primarily led by the
Kagoshima University Museum research team
(i.e., northwestern Kagoshima mainland:
Motomura et al. 2020; southern Satsuma Penin-
sula: Iwatsubo et al. 2016; Kagoshima Bay:
Iwatsubo and Motomura 2017; eastern Osumi
Peninsula: Koeda et al. 2018, 2020; Iwo-jima
and Take-shima islands: Motomura et al. 2013;
Kuchinoerabu-jima Island: Kimura et al. 2017;
Yaku-shima Island: Motomura and Matsuura
2010; Motomura and Aizawa 2011; Motomura
2017; Motomura and Harazaki 2017, 2019;
Tanegashima Island: Kaburagi 2016; Uji Islands:
Motomura et al. 2016; Tokara Islands: Motomura
2020; Amami-oshima Island: Nakae et al. 2018;
Akaike et al. 2021; Kikai-jima Island: Fujiwara
and Motomura 2020; Tokunoshima Island:
Mochida and Motomura 2018; Wada et al.
2021; Okinoerabu-jima Island: Motomura and
Uehara 2020; Fujiwara et al. 2020; Yoron-jima
Island: Motomura and Matsuura 2014; Motomura
2016; Amami Islands: Motomura et al. 2018,
2019), and resulting in more than 700 faunal
reports since 2006, indicated that a major bio-
geographical boundary for marine fishes in south-
ern Japan was, in fact, located in the Osumi
Islands (not Tokara Islands) between Yaku-
shima and Tanegashima islands (Motomura
et al. 2010; Motomura 2015, 2017; Motomura
and Harazaki 2017; Motomura and Suzuki
2019) (see names of places in Fig. 5.2). This
boundary has been termed the Osumi Line sensu
Motomura and Harazaki (2017: 182, fig. 1).

Because Senou et al.’s (2006) analysis
incorporated only 567 species from Yaku-shima
Island (1291 species currently recorded;
Motomura and Harazaki 2019), their cluster anal-
ysis was misleading with regard to the position of
Yaku-shima Island, and similarities between the
fish faunas of Yaku-shima Island and the Ryukyu
Islands were probably underestimated. Subse-
quently, Motomura et al. (2010) and Motomura
(2012) suggested that the fish fauna of Yaku-
shima Island was more similar to that of the
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Ryukyu Islands, rather than off the Pacific coast
of Japan, based on an analysis of the top eight
most speciose families of fishes in the Sagami
Sea, Yaku-shima Island, Ie-jima Island, and the
Miyako Islands. In fact, the top eight families
occurring at Yaku-shima and Ie-jima islands had
identical ranking (first to last: Gobiidae, Labridae,
Pomacentridae, Apogonidae, Serranidae,
Blenniidae, Chaetodontidae, and Acanthuridae),
and the percentages of the total fish fauna that
those families represented were similar (48.5% at
Yaku-shima Island vs. 53.6% at le-jima Island)
(Motomura et al. 2010). An updated cluster anal-
ysis of fishes from the 12 sites considered by
Senou et al. (2006) also placed Yaku-shima
Island in the Ryukyu Islands clade (Matsuura
and Senou 2012: fig. 1.5). The number of species
in the top 10 most speciose families occurring in
depths of less than 50 m at the 12 sites and Yoron-
jima Island was summarized by Motomura (2016:
tables 1, 2).

A recent fine scale analysis (Motomura,
unpub. data), based on comprehensive ichthyo-
faunal surveys in the Ryukyu and Osumi islands,
revealed a major biogeographical boundary for
southern Japanese marine fishes (Osumi Line)
located between Yaku-shima and “Tanegashima,
Iwo-jima and Take-shima islands” (Figs. 5.1 and
5.9), although the distance separating Yaku-
shima and Tanegashima islands is only about
20 km. The similarity between the fish faunas of
Yaku-shima Island and the Ryukyu Islands is
most likely due to the transportation of tropical
fishes from Taiwan, China, and/or the Philippines
to Yaku-shima Island by the Kuroshio Current
(Motomura et al. 2010; Motomura 2012). Such
transported fishes (including egg stages) are eas-
ily projected northward toward Yaku-shima
Island by the redirection of the Kuroshio Current
from northward to eastward (Senou and
Motomura unpub. data; Motomura 2015;
Fig. 5.1). In contrast, fewer opportunities exist

PACIFIC OCEAN

Fig. 5.9 Map of southern Japan, showing two major fish faunas. Boundary located in the Osumi Islands between Yaku-
shima Island and “Tanegashima, Take-shima and Iwo-jima islands” (also see Figs. 5.1 and 5.2)
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for transported fishes to arrive off Tanegashima
Island since the latter is located inside the bend
where the Kuroshio Current turns from eastward
to northward, such fishes being more likely to be
projected eastward into the Pacific Ocean
(Fig. 5.1).

Tanegashima Island is the southernmost distri-
bution limit for many temperate marine fishes,
such as Hemitrygon akajei (Dasyatidae),
Scorpaenopsis cirrosa (Scorpaenidae), Pagrus
major  (Sparidae), Halichoeres tenuispinis
(Labridae), Acanthogobius flavimanus
(Gobiidae), and  Paralichthys  olivaceus
(Paralichthyidae) (Motomura 2015; Fig. 5.10),

H. Motomura and M. Matsunuma

which also supports the existence of a distinct
biogeographical boundary between Yaku-shima
and Tanegashima islands. The fish fauna of
Tanegashima Island is very similar to that of
southern Kyushu, as revealed by the ongoing
ichthyofaunal surveys. In fact, fishes of southern
Kyushu may be transported to Tanegashima
Island by the Osumi Branch Current, which
occurs irregularly between Osumi Peninsula
and the Osumi Islands. A further consideration,
since Osumi Peninsula and Tanegashima
Island were connected by land until
ca. 130,000 years BP (Oki 2000), is that some
temperate fishes found at Tanegashima Island

Fig. 5.10 Fishes commonly distributed off the Japanese
mainland and Tanegashima Island but not occurring at
Yaku-shima Island. (a) Hemitrygon akajei (KAUM-I.
95640, 299 mm total length); (b) Scorpaenopsis cirrosa
(KAUM-I. 70133, 208 mm standard length, SL); (c)

Pagrus major (KAUM-1. 124446, 242 mm SL); (d)
Halichoeres tenuispinis (KAUM-IL. 10759, 76 mm SL);
(e) Acanthogobius flavimanus (KAUM-I. 75486, 89 mm
SL); (f) Paralichthys olivaceus (KAUM-I. 131617,
128 mm SL)
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Fig. 5.11 Temperate fishes of Yaku-shima Island, possi-
bly transported from the west coast of Kyushu by an
unrecorded branch of the Satsuma Southward Current.
(a) Hexagrammos agrammus (taken off northern Yaku-

may represent relictual populations (Motomura
2012).

5.5 Unique Ichthyofauna

of Yaku-shima Island

The fish fauna of Yaku-shima Island has been
found to cluster statistically with that of the
Ryukyu Islands (see above). However, although
pairs of sibling species are generally allopatrically
distributed, off the Japanese mainland and
associated islands (and Taiwan), and the Ryukyu
Islands, respectively (see Sect. 5.3; Fig. 5.10),
Motomura et al. (2010) found that both species
of some sibling species pairs, such as Ostracion
immaculatum and O. cubicum, Acanthopagrus
schlegelii and A. sivicolus, Gerres equulus and
G. oyena, and Girella punctata and G. leonina,
co-occurred off Yaku-shima Island (Motomura
2012, 2015). This phenomenon (of mixed ich-
thyofauna) is known only from Yaku-shima
Island (but also possibly from Kuchinoerabu-
jima Island neighboring Yaku-shima Island; see
Fig. 5.2). Characteristics of the Yaku-shima
Island ichthyofauna were discussed in detail by
Motomura et al. (2010) and Motomura (2012,
2015).

Motomura et al. (2010) also found that some
temperate species, such as Parupeneus spilurus
(Mullidae) and Parapercis kamoharai

shima Island, ~5 m depth, 16 Apr. 2012, photo by
I. Takaku); (b) Sebastes thompsoni (KAUM-1. 71407,
223 mm standard length)

(Pinguipedidae), that occur off the Japanese
mainland (and often off Taiwan), but not
(or rarely) in the Ryukyu Islands, were well
established at Yaku-shima Island. Subsequently,
Motomura (2015) and Iwatsubo et al. (2015)
reported two temperate species, Hexagrammos
agrammus (Hexagrammidae) and Sebastes
thompsoni (Sebastidae) [both usually distributed
in northern Japan, but also common in northwest-
ern Kyushu (Iwatsubo et al. 2015)] from Yaku-
shima Island, a huge southward distributional
range extension (Fig. 5.11). Neither species has
been recorded from Tanegashima Island,
suggesting the existence of an unknown south-
ward water current (extension of Satsuma South-
ward Current; see Fig. 5.1) from western Kyushu
to Yaku-shima Island, enabling infrequent move-
ment of some temperate fishes to Yaku-shima
Island (Motomura 2015; Iwatsubo et al. 2015;
Hata et al. 2017a).

It is expected that the questions remaining
about inshore fish diversity and ichthyofaunal
characteristics of southern Japan, especially
those of the Tokara Islands, will be clarified by
future ichthyofaunal surveys.
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Abstract

The pleuronectiform fauna in the Sea of Japan
is considered as a case study exemplifying the
diversity of fishes in the region. A total of
72 species plus one species complex in eight
families is listed, with detailed distributional
information based on voucher specimens and
photographic records. A further 17 species
listed in published literature are excluded
from the Sea of Japan faunal list at this time,
due to a lack of evidence of their occurrence.
The species composition of pleuronectiform
fishes changes drastically from warm-water
to cold-water species along the coast of north-
ern Japan and the east coast of the Korean
Peninsula. A comparison of regional commu-
nity structures in western Wakasa Bay, sur-
veyed in the early 1970s and over 40 years
later, indicated that the makeup of resident
species and their abundance had changed sig-
nificantly during the intervening time.
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6.1 Sea of Japan

The Sea of Japan (also called the Japan Sea) is
surrounded by the eastern margin of the Eurasian
Continent and the Japanese Archipelago and is
connected to the adjacent water bodies (East
China—Yellow seas, Pacific Ocean, and Sea of
Okhotsk) through shallow narrow  straits
(Fig. 6.1). The water mass structure of the Sea
of Japan is characterized by surface water
influenced by the Tsushima Warm Current and
the Liman Cold Current, and a deep layer (Japan
Sea Proper Water) occurring in depths of approx-
imately 200-300 m and deeper. The Tsushima
Warm Current, a combination of a branch of the
Kuroshio Current and the Taiwan Current, enters
the sea through the Tsushima Strait (situated to
the southwest) and flows northward along the
Japanese Archipelago and the east coast of the
Korean Peninsula. On the other hand, the much
weaker Liman Cold Current, fed by the Amur
River, flows southward along the Eurasian Conti-
nent through the Tatar (Mamiya) Strait. The
Japan Sea Proper Water is generated by the sub-
sidence of surface water in winter, spreading
evenly through the deep water layers without
mixing with adjacent water bodies, due to the
shallowness of the connecting straits (Kawamura
1998; Gamo et al. 2014).

Because the Sea of Japan is a semi-enclosed
water body, the physical environment has been
influenced by a number of environmental changes
(mostly associated with changing climatic
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Fig. 6.1 Map of the Sea of Japan with flatfish species composition by family in the entire sea and each of nine areas (see

text)

conditions) that have occurred in the past. These
have corresponded with changing biocoenosis,
with repeated mass mortality and recovery of
certain marine fauna over the last 85,000 years.
Many marine (especially deep-sea) species
became extinct 27,000-20,000 years BP due to
closure and isolation of the sea due to declining
seawater levels, and the stratification of water
layers, including strongly anoxic conditions
caused by fresh water inflow from the land. Sub-
sequently, a full-scale recovery of the Sea of
Japan marine communities leading to their pres-
ent condition, began 20,000-10,000 years BP
with the inflow of the Oyashio Current from the
Pacific Ocean through the Tsugaru Strait. From

ca. 10,000-8000 years BP, intermittent inflows of
the Tsushima Warm Current began from the
southwest,  becoming  continuous  some
8000 years ago, resulting in the present day
oceanophysical environment. Details on the phys-
ical features and geological history of the Sea of
Japan are shown in such as Oba et al. (1991),
Tada (1994), and Koizumi (2006).

In general, the species diversity of marine
organisms inhabiting the Sea of Japan is consid-
ered to be much poorer than that in the adjacent
seas (Naganuma 2000; Tyler 2002), due primarily
to the short geological history (only 8000 years
since formation) and physical structure of the
former (e.g., small tidal range and lack of coral
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reefs). Saburo Nishimura (1930-2001), an emi-
nent Japanese biologist, published many works
on the marine biology and zoogeography of the
Sea of Japan, the series of publications compris-
ing his doctoral thesis (Nishimura 1965a, b, 1966,
1968, 1969) revealing distributional aspects of
marine animals in the Sea of Japan, based on a
prodigious amount of data and literature informa-
tion. Subsequently, zoogeography of the Sea of
Japan, particularly with regard to marine fishes,
was further explored from an evolutionary per-
spective (Nishimura 1974). Many of his findings
are still considered basic to and important for the
zoogeography of the Sea of Japan marine fauna.

6.2  Fishes of the Sea of Japan

Marine fishes are important food resources for the
countries bordering the Sea of Japan, leading to
many studies on fish species diversity. The first
comprehensive survey of fish species diversity in
the Sea of Japan originated from the USS Alba-
tross cruise in 1906 (Nishimura 1974; Dunn
1996), a species checklist published by Snyder
(1912) also including the distribution of each
species in Japanese waters. A few years earlier,
Schmidt (1904) had published a species list for
the Russian Far East, based on Russian museum
specimens. In subsequent years, researchers in
Japan, Korea, and the Russian Far East have
played central roles in clarifying the fish fauna
of the Sea of Japan (e.g., Tanaka 1931; Kim et al.
2005; Parin et al. 2014; Kawano et al. 2014).
However, because most of those studies
emphasized the fish fauna of specific areas, spe-
cies lists covering the entire Sea of Japan have
been limited to a series of studies by the Russian
Ichthyologist G. U. Lindberg and his colleagues,
“Fishes of the Sea of Japan and the Adjacent
Areas of the Sea of Okhotsk and the Yellow
Sea, Parts 1-7” (Lindberg and Legeza 1959,
1965; Lindberg and Krasyukova 1969, 1975,
1987; Lindberg and Fedorov 1993; Lindberg
et al. 1997). Although species commonly found
in the sea were listed, it became obvious that the
lists were inadequate due to limited materials (old
specimens in the Zoological Institute, Russian

Academy of Sciences, St. Petersburg, plus litera-
ture records).

Fish species lists for Japanese waters overall in
the Sea of Japan were compiled by Kato (1956),
Yoshida and Ito (1957), Tsuda (1990), Nakabo
(2013), and Kawano et al. (2014). Additionally,
many other species lists compiled over the same
period focused on specific regions, habitats
or taxa: e.g., Maeda and Tsutsui (2003)
(Hokkaido); Shiogaki et al. (2004) (Aomori);
Honma (2013) (Niigata); Nambu (2013)
(Toyama); Sakai et al. (1991) and Yamamoto
et al. (1995) (Ishikawa); Takegawa and Morino
(1970), Minami et al. (1977), and Uchino et al.
(1982) (Kyoto); Watanabe and Ito (1958) and
Suzuki et al. (2000) (Hyogo); Moriwaki et al.
(2007) (Shimane); Kawano et al. (2011),
Fujiwara et al. (2018), and Sonoyama et al.
(2020) (Yamaguchi); Yogo et al. (1986) and
Nishida et al. (2004, 2005) (Fukuoka); Takeuchi
et al. (2015) (Tsushima Island); Shinohara et al.
(2011, 2014) (deep-water species in the entire
sea); Tashiro et al. (2015) [Pseudorhombus
(Paralichthyidae) of the coast of Japan]; Matsui
et al. (2014) (gobioid species in Wakasa Bay);
Matsunuma et al. (2019) (carangid species in
Wakasa Bay and adjacent waters). Many more
local lists were included in Kawano et al.
(2014). In Korean waters, for example, Jordan
and Metz (1913), Mori (1952), Chyung (1977),
Kim et al. (2005), Kim and Ryu (2016), and Kim
et al. (2020) compiled comprehensive species
lists, with several additional lists compiled for
Jeju Island, off the southern Korean Peninsula
(e.g., Kim et al. 2009; Kim and Nakaya 2013;
Kwun et al. 2017). Additionally, Ik-Soo Kim and
his colleagues reviewed the taxonomy of several
groups in Korean waters: e.g., Tetraodontoidei by
Kim and Lee (1990); Blennioidei and Zoarcoidei
by Kim and Kang (1991); Cottidae by Kim and
Youn (1992); Cynoglossidae by Kim and Choi
(1994); Pleuronectiformes by Kim and Youn
(1994); and Percoidei by Kim et al. (2001). A
considerable amount of additional information
on Korean marine fishes was included in Kim
et al. (2005) and Kim (2009). For Russian waters,
an almost complete species list supported by a
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huge amount of literature information was
published by Parin et al. (2014).

Clearly, despite a comprehensive list of fish
species overall in the Sea of Japan having been
limited to the studies of G. U. Lindberg and his
colleagues, information on regional species diver-
sity is vast. However, the compilation of a com-
plete species list (with distributional ranges for
each species) based on representative regional
lists [Kawano et al. 2014 (Japanese), Kim et al.
2005 and Kim et al. 2020 (Korean), and Parin
et al. 2014 (Russia)] is hampered by the existence
of many unreliable records. Even now, some spe-
cies identifications and distribution in the Sea of
Japan are unclear.

Review of the Flatfish Fauna
in the Sea of Japan

6.3

Flatfishes of the order Pleuronectiformes include
many commercially important species for fishery
activities in Japan, including several targeted for
recreational angling. Significantly, these fishes
comprise a principal catch component on the
Japanese coast of the Sea of Japan (MAFF
2021). Accordingly, Japanese fisheries research
institutions located along the Sea of Japan coast
have actively engaged in various ecological (e.g.,
growth, population dynamics, and biomass) and
aquacultural studies.

To date, a total of 88 valid flatfish species plus
one species complex, representing eight families,
have been recorded from the Sea of Japan
(Table 6.1; Kawano et al. 2014; Parin et al.
2014; Kim et al. 2020; Sonoyama et al. 2020).
However, records for many of these are not
supported by vouchers, such as museum
specimens. It is anticipated that flatfishes will be
an important group for studying the evolution
(including biogeography) of fishes inhabiting the
Sea of Japan, since the former is one of the few
groups distributed throughout the entire sea.
Therefore, a clear understanding of flatfish spe-
cies diversity may provide significant insight for
our understanding of overall fish species diversity
in the sea. Notwithstanding, our knowledge of
flatfish species diversity—the most fundamental

F. Tashiro

biological information—remains poor, with even
the distribution of each species being poorly
understood [see Nakabo 2013].

In this chapter, the flatfish fauna of the entire
Sea of Japan is reviewed as a first step toward
accurately understanding the process and drivers
of species diversity of fishes in the Sea of Japan.

6.3.1 Species Checklist: What Species

and Where?

A reconstructed species list based on museum
specimens and photographic records is shown in
Table 6.1 and Appendix. A total of 72 species
plus one species-complex, all after metamorpho-
sis, are recognized from the Sea of Japan, as
follows: 27 species plus one species-complex in
Pleuronectidae (37.5%), 16 species in Bothidae
(22.2%), 10 species in Cynoglossidae (13.9%),
eight species in Paralichthyidae (11.1%), six
species in Soleidae (8.3%), three species in
Samaridae (4.2%), and one species each in
Citharidae and Poecilopsettidae (each 1.4%).
At this time, no evidence has been found to
support the occurrence of the following 17 spe-
cies: Lepidoblepharon ophthalmolepis
(Citharidae); Pseudorhombus dupliciocellatus
(Paralichthyidae); Arnoglossus japonicus, Bothus
myriaster, Bothus pantherinus, Engyprosopon
macroptera, and Parabothus coarctatus (all
Bothidae); Pleuronectes bilineatus,
proboscidea, and Reinhardtius hippoglossoides
(all Pleuronectidae); Samariscus latus
(Samaridae); Aesopia  cornuta, Liachirus
melanospilus, and Soleichthys heterorhinos (all
Soleidae); and Cynoglossus arel, Cynoglossus
bilineatus, and Cynoglossus nigropinnatus (all
Cynoglossidae) (Table 6.1). The Sea of Japan is
divided into nine areas, together with the
characteristics of each.

The “Tatar” area, located in the northernmost
part of the sea, is connected to the Sea of
Okhotsk, to the north via the Tatar Strait, and to
the south via the Soya (La Pérouse) Strait
(Fig. 6.1). A total of only 16 flatfish species are
recognized (Table 6.1; Appendix), all being
pleuronectids. On the other hand, no reliable

Limanda
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records exist for the following species, all
included in this area by Parin et al. (2014):
Atheresthes evermanni, Eopsetta grigorjewi,
Hippoglossus  stenolepis, Limanda
Microstomus achne, Platichthys bicoloratus,
Reinhardtius hippoglossoides, Verasper moseri,
and Verasper variegatus (all Pleuronectidae).

The “Hokkaido” area, located in the northeast-
ern part of the sea, is connected to the Sea of
Okhotsk in the north via the Soya Strait and to
the Pacific Ocean in the south via the Tsugaru
Strait (Fig. 6.1). A total of 19 species in three
families are recognized (Table 6.1; Appendix),
17 in Pleuronectidae (90%), and one each in
Paralichthyidae and Cynoglossidae (each 5%).
Despite being included in Kawano et al. (2014),
records for the following species could not be
confirmed: Pseudorhombus pentophthalmus and
Tarphops oligolepis (Paralichthyidae);
Atheresthes evermanni, Dexistes rikuzenius,
Glyptocephalus kitaharae, Lepidopsetta
billineata, Liopsetta pinnifasciata, Pleuronectes
quadrituberculatus, Pseudopleuronectes
obscurus, Reinhardtius hippoglossoides,
Verasper moseri, and Verasper variegatus (all
Pleuronectidae); and Pseudaesopis japonica
(Soleidae).

The “Tohoku-Hokuriku” area, the eastern to
southern part of the sea, is connected to the
Pacific Ocean in the north via the Tsugaru Strait
(Fig. 6.1). A total of 37 species in six families
(about half of all species) are recognized herein
(Table 6.1; Appendix): 18 species in
Pleuronectidae (48.6%), five species each in
Cynoglossidae  and  Paralichthyidae (each
13.5%), four species each in Bothidae and
Soleidae (each 10.8%), and one species in
Poecilopsettidae (2.7%). Records of the following
species, included in Kawano et al. (2014), could
not be confirmed: Lepidoblepharon
ophthalmolepis (Citharidae); Tarphops elegans
(Paralichthyidae); Arnoglossus tenuis,
Crossorhombus kobensis, Engyprosopon
grandisquama, and Psettina tosana (all
Bothidae); Atheresthes evermanni,
Hippoglossoides elassodon species complex,
Hippoglossus stenolepis, Lepidopsetta billineata,
Liopsetta pinnifasciata, Reinhardtius

aspera,

hippoglossoides, and Verasper moseri (all
Pleuronectidae); Samariscus Jjaponicus
(Samaridae); Aesopia cornuta (Soleidae); and
Cynoglossus robustus (Cynoglossidae).

The “Kinki-San’in” area, located in the south
to southwestern part of the sea, is connected to the
Seto Inland Sea in the west via the Kanmon Strait
(Fig. 6.1). A total of 55 species in six families
(about three-fourths of all species) are recognized
herein (Table 6.1; Appendix): 19 species in
Pleuronectidae (34.5%), 11 species in Bothidae
(20.0%), eight species each in Cynoglossidae and
Paralichthyidae (each 14.5%), four species in
Soleidae (7.3%), three species in Samaridae
(5.5%), and one species each in Citharidae and
Poecilopsettidae (each 1.8%). Records of the fol-
lowing species included in Kawano et al. (2014)
could not be confirmed: Lepidoblepharon
ophthalmolepis (Citharidae); Pseudorhombus
dupliciocellatus (Paralichthyidae); Arnoglossus
Jjaponicus, Bothus pantherinus, Bothus myriaster,
Engyprosopon macroptera, and Parabothus
coarctatus (all Bothidae); Lepidopsetta bilineata,
Pseudopleuronectes schrenki, and Reinhardtius
hippoglossoides (all Pleuronectidae); Samariscus
latus (Samaridae); Aesopia cornuta, Aseraggodes
kaianus, Liachirus melanospilus, and Soleichthys
heterorhinos (all Soleidae); and Cynoglossus
arel, Cynoglossus bilineatus, and Cynoglossus
nigropinnatus (all Cynoglossidae).

The “Kyushu” area, located in the southern-
most part of the sea, is connected to the Seto
Inland Sea in the east via the Kanmon Strait
(Fig. 6.1). Because specimens examined by the
author and voucher specimens supporting
published lists were much fewer than for the
other Japanese areas, the present species list for
this area includes many presumptive species
(Table 6.1). A total of 47 species (including
23 presumptive) in eight families are included,
as follows: 13 species in Pleuronectidae
(27.7%), 10 species in Bothidae (21.3%), eight
species in Paralichthyidae (17.0%), seven species
in Cynoglossidae (14.9%), four species in
Soleidae (8.5%), three species in Samaridae
(6.4%), and one species each in Citharidae and
Poecilopsettidae (each 2.1%) (Table 6.1; Appen-
dix). Despite being listed by Kawano et al. (2014)
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and Takeuchi et al. (2015), records of the follow-
ing species could not be confirmed: Arnoglossus
Jjaponicus (Bothidae), Aesopia cornuta and
Aseraggodes (Soleidae), and
Cynoglossus arel (Cynoglossidae).

The “Southern Korea” area, forming the
southernmost part of the sea together with the
Kyushu area, is connected to both the East
China and Yellow seas (Fig. 6.1). Based on
published lists supported by voucher specimens
(e.g., Lindberg and Fedorov 1993; Kim and Youn
1994; Kim and Ryu 2016), a total of 43 species in
eight families are recognized herein (Table 6.1;
Appendix): 16 species in Pleuronectidae (37.2%),
eight species in Bothidae (18.6%), six species in
Cynoglossidae and (14.0%), five species in
Soleidae (11.6%), four species in Paralichthyidae
(9.3%), two species in Samaridae (4.7%), and one
species each in Citharidae and Poecilopsettidae
(each 2.3%). Records could not be confirmed
for the following species: Pseudorhombus
and Tarphops elegans
(Paralichthyidae); Arnoglossus japonicus, Bothus
myriaster, Crossorhombus kobensis, and Psettina
ijjimae (all Bothidae); Lepidopsetta mochigarei,
Pseudopleuronectes obscurus, and Verasper
moseri (all Pleuronectidae); Aesopia cornuta
and Heteromycteris japonica (Soleidae); and
Cynoglossus gracilis (Cynoglossidae).

The “Eastern Korea” area is defined herein as
the east coast of the Korean Peninsula, north of
Pohang (Fig. 6.1). On the basis of literature cov-
ering the Southern Korea area, a total of 24 species
(including two presumptive) in eight families are
recognized (Table 6.1; Appendix): 19 species in
Pleuronectidae (79.2%), two species each in
Cynoglossidae and Paralichthyidae (8.3%), and
one species in Soleidae (4.2%). A fauna of
flatfishes in this area is characterized by mostly
pleuronectids with a small number of other
families. Records could not be confirmed for the
following species: Bothus myriaster (Bothidae);
Lepidopsetta billineata, Liopsetta pinnifasciata,
and Verasper moseri (all Pleuronectidae); and
Aseraggodes kobensis (Soleidae).

The “Primorsky Krai” area, in the northwest-
ern part of the sea (Fig. 6.1), is characterized by a
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relatively low flatfish diversity, comprising only
15 species (all in Pleuronectidae) (Table 6.1;
Appendix). Despite being included in the com-
prehensive list given by Parin et al. (2014),
records could not be confirmed for the following
species: Paralichthys olivaceus (Paralichthyidae);
Eopsetta grigorjewi, Hippoglossus stenolepis,
Microstomus achne, Platichthys bicoloratus,
Pleuronectes quadrituberculatus, Pleuronichthys
spp., Pseudopleuronectes  yokohamae  (all
Pleuronectidae); and Cynoglossus itinus and
Symphurus orientalis (Cynoglossidae).

The “Yamato Bank™ area, located in the central
Sea of Japan, is an underwater mountain range
(236 m depth at its shallowest) comprising the
Yamato Bank and seamounts scattered in deep
water off the southern Yamato Bank (Fig. 6.1).
Only three pleuronectid species, also listed in
Shinohara et al. (2011) on the basis of museum
specimens, are recognized herein (Table 6.1;
Appendix).

6.3.2  Faunal Characteristics

It is well established that the community
structures of shallow-water fishes in the Sea of
Japan change drastically between southern
Hokkaido and northern Tohoku, and off the east
coast of the Korean Peninsula (e.g., Nishimura
1965a; Kafanov et al. 2000), due to the influence
of environmental factors, such as the path of the
Tsushima Warm Current flowing from the south,
the path of the North Korean Cold Current
flowing along the continental coast, and different
climatic conditions. Additionally, these and other
environmental factors have also resulted in a wide
transition zone of warm- and cold-water fishes,
especially along the coast of Honshu Island,
Japan. There are various theories about a
zoozeographic boundary for fishes in the Sea of
Japan [see Nishimura 1965a; Kafanov et al.
2000].

Similar patterns can be seen in the species
diversity of flatfishes. Warm-water species (e.g.,
Bothidae, Cynoglossidae, Paralichyidae, and a
few species of Pleuronectidae) are dominant in
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the Kyushu, Kinki-San’in, Tohoku-Hokuriku, and
Southern Korea areas, which are strongly
influenced by the Tsushima Warm Current,
whereas a less diverse fauna, comprising mostly
cold-water species (Pleuronectidae), dominate the
Eastern Korea, Primorsky Krai, and Tatar areas
(all strongly influenced by cold water currents),
and the Hokkaido area (Tsushima Warm Current
flows along the coast but exposed to a cold cli-
mate). In addition, a gradual shift in fauna from
warm- to cold-water species, and vice versa, has
been observed in the waters between the Kinki-
San’in (20% and 80%, respectively) and Tohoku-
Hokuriku (27% and 73%, respectively) areas
(Fig. 6.1). A comparison of the fauna of these
areas based on more fine-scaled data should result
in clearer transition patterns being observed.

Although some pleuronectid species, such as
Cleisthenes pinetorum, Clidoderma asperrimum,
Glyptocephalus stelleri, and Pseudopleuronectes
herzensteini, are distributed throughout the Sea of
Japan (Table 6.1), most have a more or less lim-
ited distribution, toward to the north (warm-water
species) or south (cold-water species). Interest-
ingly, the distributional limits vary among spe-
cies, even if closely related. For example, the
abundant bothid Engyprosopon multisquama is
widely distributed from Kyushu to Tohoku on
the Japanese coast, whereas the congeners
E. grandisquama and E. longipelvis are less com-
mon and have a northern limit not extending
beyond the Noto Peninsula (Appendix). Such
small but significant differences in distribution
patterns may provide clues to understanding the
evolution of fishes in the Sea of Japan.

The reconstructed flatfish faunal list resulting
from this most recent assessment of species has a
certain similarity to the lists proposed by previous
studies, notwithstanding the unsupported records
for 17 species (see above). The occurrence of
such species in the Sea of Japan should remain
questionable until confirmed by voucher
specimens—which treatment should also apply
to the distributional ranges for each of the
recognized species.

6.3.3 Temporal Changes in Flatfish
Community Structures

in Wakasa Bay

Minami et al. (1977) conducted a benthic sledge
survey from June 1971 to October 1972 to inves-
tigate the benthic fish community in the western
part of Wakasa Bay (also called Tango Sea),
located on the southern coast of the Sea of Japan
(Kinki-San’in area) (Fig. 6.1). Recently, the
author and colleagues conducted a similar survey
(from April 2014 to March 2018) in approxi-
mately the same areas as those previously sur-
veyed (off the mouth of the Yura River in
depths of 5-60 m). A comparison of the overall
results of the two survey programs found an
increase in the number of flatfish species from
14 in 1971-1972 to 18 in 2014-2018
(Table 6.2). Among the new records, the
paralichthyid Pseudorhombus oligodon was par-
ticularly notable, having been commonly col-
lected during the later surveys. Additionally,
significant fluctuations in abundance were also
noted for the cynoglossid Cynoglossus joyneri
(ca. 100 individuals in 1971-1972 vs. <5 in
2014-2018) and the soleid Aseraggodes kobensis
(11in 1971-1972 vs. >50 in 2014-2018).

The paralichthyid Tarphops oligolepis is
small-sized species mainly inhabiting sandy
coastal shores. Because of its abundance, some
fundamental biological studies on the species had
been undertaken in the Tango Sea [e.g., Minami
1983 (early life history); Kamisaka et al. 1999
(reproductive biology)]. However, the species
inexplicably disappeared from the sandy beach
(<10 m depth) off the Yura River during
2013-2015 (Tashiro et al. 2017). Although a
small number of individuals have been recorded
from that area since summer 2016, the cause of
this phenomenon is still unclear.

6.4 Conclusion

In recent years, there has been a shift in the
community structure of fishes in the Sea of
Japan, with an increase in numbers of southern
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Table 6.2 Flatfishes collected during benthic sledge surveys in western Wakasa Bay in 1971-1972 and 2014-2018

Family Species

Paralichthyidae Paralichthys olivaceus
Pseudorhombus oculocirris
Pseudorhombus oligodon

Tarphops elegans
Tarphops oligolepis
Bothidae Arnoglossus tenuis
Engyprosopon multisquama
Pleuronectidae Glyptocephalus kitaharae

Platichthys bicoloratus

Pleuronichthys lighti
Soleidae Aseraggodes kobensis
Heteromycteris japonica
Pseudaesopis japonica
Zebrias zebrinus
Cynoglossidae Cynoglossus interruptus
Cynoglossus itinus
Cynoglossus joyneri
Cynoglossus robustus

Paraplagusia japonica
Data for 1971-1972 from Minami et al. (1977)

species (warm-water species). Although a causal
relationship with global warming has sometimes
been suggested (Nishida et al. 2005; Kawano
et al. 2014), dispersal linked to expanded distri-
bution may be a natural consequence of evolving
species, and most neritic fishes inhabiting adja-
cent seas can actively or passively enter the Sea of
Japan without difficulty. In fact, many incidental
cases of warm-water species in the Sea of Japan
have been recorded over the years (e.g.,
Nishimura 1965a; Tashiro et al. 2017;
Matsunuma et al. 2019). Because of the young
age of the Sea of Japan, thereby resulting in
“unexplored” waters, it is likely that some species
have been trying to establish viable populations in
the sea for a long time. Accordingly, there may be
little meaning in discussing changes in commu-
nity structure and species diversity related to
global warming, based on simple comparisons
of species numbers. However, the community
structure of fishes in the Sea of Japan may have
changed over the past few decades as a result of
human activities, including not only direct causes

Pseudorhombus cinnamoneus

Pseudorhombus pentophthalmus +

Pseudopleuronectes yokohamae

1971-1972 2014-2018
+ +
+

+ [+ |+ |+ +

o e B e e R

such as overfishing and coastal development but
also land-based activities. In order to maintain
fish species diversity in the Sea of Japan and
continue with associated applied research, the
overall fish fauna needs to be identified and con-
firmed as soon as possible.

This review has adopted a relatively negative
view of published fish species lists unsupported
by voucher specimens, due to the necessity for
scientific research to be “reproducible”. On the
other hand, such studies have summarized a very
large amount of information from a wide range of
sources and have stimulated an interest in species
diversity among many subsequent researchers,
including myself.
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Appendix: Checklist of Flatfishes
in the Sea of Japan

The systematic arrangement of families follows
Nakabo (2013). Scientific names generally follow
Nakabo (2013), except for Pleuronectidae, which
follow Vinnikov et al. (2018). Specimens exam-
ined by the author are deposited at the Kyoto
University, Kyoto and Maizuru (FAKU), the
Hokkaido  University Museum, Hakodate
(HUMZ), the National Museum of Nature and
Science, Tsukuba (NSMT), and the Seikai
National Fisheries Research Institute (SNFR)
(see original publications for cited vouchers
shown in double quotation marks). Standard
length is abbreviated as SL.

Order Pleuronectiformes
Family Citharidae
Citheroides macrolepidotus Hubbs, 1915
[Japanese name: Kokebirame] (Fig. 6.2a)
Kinki-San’in: FAKU 138113, 106.4 mm SL, off
Mishima I., Yamaguchi, 15 June 2015; >5 addi-
tional specimens deposited in FAKU and SNFR
[see also Shinohara et al. 2011 (“ZIN 45093,”
Fukui)]. Kyushu: FAKU 134665, 95.2 mm SL,
off Tsushima I., Nagasaki, October 30, 2011; two
additional specimens deposited in FAKU. South-
ern Korea: See Kim and Ryu (2016) (e.g., “PKU
281-286,” off Jeju L.).

Family Paralichthyidae

Paralichthys olivaceus (Temminck
and Schlegel, 1846) [Japanese name: Hirame]
(Fig. 6.2b)

Hokkaido: HUMZ 96446, 201.3 mm SL, Ishikari
Bay, Hokkaido, 14 September 1982; >10 addi-
tional specimens deposited in HUMZ. Tohoku-
Hokuriku: NSMT-P 73321, two specimens,
127.9-177.8 mm SL, Akita, October 16, 1931,
and four additional specimens deposited in
HUMZ. Kinki-San’in: FAKU 136969,
160.7 mm SL, Wakasa Bay, Kyoto, March
4,2015; and >10 additional specimens deposited
in FAKU and HUMZ. Kyushu: FAKU 137390,
227.9 mm SL, off Genkai 1., Fukuoka, 18 April
2015; >5 additional specimens deposited in
FAKU and NSMT. Southern Korea: See Kim
and Ryu (2016) (e.g., “PKU 6511,” Yeosu). East-
ern Korea: See Lindberg and Fedorov (1993)
(“ZIN 12378,” Wonsan) and Kim and Ryu
(2016) (e.g., “PKU 56317-56325,” Sokcho).

Pseudorhombus arsius (Hamilton, 1822)
[Japanese name: Tenjikugarei] (Fig. 6.2¢)
Kinki-San’in: FAKU 136988, 285.3 mm SL,
Kunda Bay, Miyazu, Kyoto, March 7, 2015.
Kyushu: FAKU 137382, 166.2 mm SL, off
Meinohama, Fukuoka, April 19, 2015; >10 addi-
tional specimens deposited in FAKU.

Pseudorhombus cinnamoneus (Temminck
and Schlegel, 1846) [Japanese name:
Ganzoubirame] (Fig. 6.2d)

Tohoku-Hokuriku: HUMZ 62207, 224.9 mm
SL, off Sado I., Niigata, September 23, 1976.
Kinki-San’in: FAKU 137408, 91.1 mm SL,
Wakasa Bay, Kyoto, 2011-2012 (detailed data
unknown); >5 additional specimens deposited
in FAKU and HUMZ. Kyushu: FAKU 101780,
183.1 mm SL, off Tsushima I., Nagasaki, July
31, 1973. Southern Korea: See Lindberg and
Fedorov (1993) (“ZIN 23735,” Busan) and Kim
and Ryu (2016) (e.g., “PKU 8598,” Namhae).



92

F. Tashiro

Fig. 6.2 Families Citharidae and Paralichthyidae. (a)

Citheroides macrolepidotus, FAKU 138113; (b)
Paralichthys  olivaceus, ~FAKU 136969;  (¢)
Pseudorhombus  arsius, FAKU 136988; (d)

Pseudorhombus cinnamoneus, FAKU 137408; (e)

FAKU

Pseudorhombus oculocirris, 145574, (f)
Pseudorhombus  oligodon, FAKU 136982; (g)
Pseudorhombus pentophthalmus, FAKU 136887; (h)
Tarphops elegans, FAKU 145534, preserved condi-
tion; (i) Tarphops oligolepis, FAKU 144933
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Pseudorhombus oculocirris Amaoka, 1969
[Japanese name: Heraganzoubirame]
(Fig. 6.2¢)

Tohoku-Hokuriku: See Honma et al. (1990)
(“photo,” Kashiwazaki, Niigata). Kinki-San’in:
FAKU 145574, 62.5 mm SL, off Maizuru,
Kyoto, September 25, 2017; >10 additional
specimens deposited in FAKU. Remarks:
Records of this species based on voucher
specimens from Southern Korea by Lee and Lee
(2007) need to be reexamined.

Pseudorhombus oligodon (Bleeker, 1854)
[Japanese name: Nan’yougarei] (Fig. 6.2f)
Kinki-San’in: FAKU 136982, 1969 mm SL,
Maizuru Bay, Maizuru, Kyoto, March 12, 2015;
>10 additional specimens deposited in FAKU.
Kyushu: FAKU 137491, 204.1 mm SL, off
Meinohama, Fukuoka, April 19, 2015; one addi-
tional specimen deposited in FAKU.

Pseudorhombus pentophthalmus  Giinther,
1862 [Japanese name: Tamaganzoubirame]
(Fig. 6.2g)

Tohoku-Hokuriku: FAKU 137085, two
specimens, 70.3-73.9 mm SL, Tsugaru, Aomori,
September 5, 2000; >10 additional specimens
deposited in FAKU and HUMZ. Kinki-San’in:
FAKU 136887, 149.9 mm SL, Wakasa Bay,
Kyoto, February 2015; >10 additional specimens
in FAKU, HUMZ, and SNFR. Kyushu: FAKU
114739-114741, three specimens,
99.1-126.3 mm SL, off Nokonoshima I,
Fukuoka, 27 September 1981; three additional
specimens deposited in FAKU. Southern
Korea: See Lindberg and Fedorov (1993) (“ZIN
23825,” Busan) and Kim and Ryu (2016) (e.g.,
“PKU 3264-3267,” Yeosu). Eastern Korea:
See Kim and Youn (1994) (“CNUC 19681,”
Pohang).

Tarphops elegans Amaoka, 1969
[Japanese name: Yumearamegarei] (Fig. 6.2h)
Kinki-San’in: FAKU 145534, 72 mm SL, off
Hamada, Shimane, July 25, 1973; >10 additional
specimens deposited in FAKU.

Tarphops oligolepis (Bleeker, 1858-1859)
[Japanese name: Aramegarei] (Fig. 6.2i)
Tohoku-Hokuriku: FAKU 137086, nine
specimens, 33.5-56.0 mm SL, off Ajigasawa,
Aomori, September 5, 2000; >10 additional
specimens deposited in FAKU and HUMZ.
Kinki-San’in: FAKU 144933, 52.2 mm SL, off
Maizuru, Kyoto, May 22, 2017; >10 additional
specimens deposited in FAKU and SNFR.
Kyushu: FAKU 101548, 33.1 mm SL, off
Tsushima 1., Nagasaki, 1973-1974 (detailed
data unknown); three additional specimens
deposited in NSMT. Southern Korea: See Kim
et al. (2009) (“MRIC 2927,” Jeju L).

Family Bothidae

Arnoglossus  polyspilus  (Giinther, 1880)
[Japanese name: Nan’youdarumagarei]
Kinki-San’in: See Sonoyama et al. (2020) (“SNFR
11126,” off Yamaguchi). Southern Korea: See
Kim et al. (2010) (“JNU 20040618, off Jeju L.).

Arnoglossus tenuis Giinther, 1880
[Japanese name: Nagadarumagarei]
(Fig. 6.3a)

Kinki-San’in: FAKU 141371, Maizuru Bay,
Kyoto, May 26, 2016; FAKU 134821, three
specimens, 60.1-73.8 mm SL, off Senzaki,
Yamaguchi, October 6, 2011; >10 additional
specimens deposited in FAKU and HUMZ.

Arnoglossus yamanakai Fukui, Yamada
and Ozawa, 1988 [Japanese name: Tohkaina-
gadarumagarei] (Fig. 6.3b)

Kinki-San’in: FAKU 136241, 40.4 mm SL, off
Ine, Kyoto, September 10, 2014; FAKU 145489,
99.7 mm SL, off Oumi-jima I., Yamaguchi, June
20, 2017; one additional specimen deposited in
FAKU. Kyushu: FAKU 134667, 95.0 mm SL, off
Tsushima I., Nagasaki, November 28, 2008.

Asterorhombus intermedius (Bleeker, 1865)
[Japanese name: Seitenbirame] (Fig. 6.3c)

Tohoku-Hokuriku: HUMZ 231988, 29.5 mm
SL, off Sado I., Niigata, September 16, 2020.
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Fig. 6.3 Family Bothidae. (a) Arnoglossus tenuis, FAKU
141371; (b) Arnoglossus yamanakai, FAKU 145489; (c¢)
Asterorhombus  intermedius, FAKU 144467, (d)
Crossorhombus kanekonis, FAKU S198, preserved condi-
tion; (e) Crossorhombus kobensis, NSMT-P 94323, pre-
served condition; (f) Engyprosopon grandisquama,

FAKU 145532, preserved condition; (g) Engyprosopon
longipelvis, FAKU 138918; (h) Engyprosopon
multisquama, FAKU 143517; (i) Laeops kitaharae,
FAKU 136454; (j) Psettina ijjimae, FAKU 136867; (k)
Psettina tosana, FAKU 138915; (1) Tosarhombus
octoculatus, NSMT-P 94322, preserved condition
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Kinki-San’in: FAKU 144467, 137 mm SL,
Miyazu Bay, Kyoto, April 20, 2017 [see also
Fujiwara et al. 2018 (“KAUM-I. 97427,” off
Yamaguchi)]. Southern Korea: See Han et al.
(2012) (e.g., “JNU 20090605,” off Jeju I.).

Crossorhombus kanekonis (Tanaka, 1918)
[Japanese name: Kanekodarumagarei]
(Fig. 6.3d)

Kyushu: FAKU S198, 145.8 mm SL, off
Tsushima I., Nagasaki, summer of 1973.

Crossorhombus kobensis (Jordan and Starks,
1906) [Japanese name: Kobedarumagarei]
(Fig. 6.3¢e)

Kyushu: NSMT-P 94323, 107.3 mm SL, off
Tsushima I., Nagasaki, July 1987; two additional
specimens deposited in NSMT.

Engyprosopon  grandisquama  (Temminck
and Schlegel, 1846) [Japanese name:
Darumagarei] (Fig. 6.3f)

Kinki-San’in: FAKU 145532, 106 mm SL, off
Hamada, Shimane, 1970s; >10 additional
specimens deposited in FAKU [see also
Sonoyama et al. 2020 (e.g., “HH Pi 812,” off
Shimonoseki, Yamaguchi)]. Kyushu: FAKU
S199, 96.0 mm SL, off Tsushima I., Nagasaki,
summer of 1973; three additional specimens in
FAKU and NSMT. Southern Korea: See Lee and
Choi (2010) (“KNUM 2670,” off Tongyeong,
Gyeongsangnam-do).

Engyprosopon longipelvis Amaoka, 1969
[Japanese name: Himedarumagarei]
(Fig. 6.3g)

Kinki-San’in: FAKU 132825, 35.0 mm SL, off
Ine, Kyoto, November 5, 2010; FAKU 138918,
50.7 mm SL, off Oumi-jima I., Yamaguchi, July
30, 2015; >10 additional specimens deposited
in FAKU.

Engyprosopon multisquama Amaoka, 1963
[Japanese name: Chikamedarumagarei]
(Fig. 6.3h)

Tohoku-Hokuriku: HUMZ 136030, 45.0 mm
SL, off Sakata, Yamagata, September 14, 1994;

two additional specimens deposited in HUMZ.
Kinki-San’in: FAKU 143517, 742 mm SL,
Miyazu, Kyoto, December 29, 2016; >10 addi-
tional specimens deposited in FAKU [see also
Sonoyama et al. 2020 (“SNFR 12551,” Nagato,
Yamaguchi)].

Japonolaeops  dentatus  Amaoka, 1969
[Japanese name: Hinadarumagarei]
Kinki-San’in: See Sonoyama et al. (2020)

(“SNFR 11178, off Yamaguchi). Southern
Korea: See Kim et al. (2011) (e.g., “JNU
304-1-3,” Jeju L).

Kamoharaia megastoma (Kamohara, 1936)
[Japanese name: Wanigarei]
Southern Korea: See Jang et al.
(“NIFS00003,” off Jeju L.).

(2018)

Laeops kitaharae (Smith and Pope, 1906)
[Japanese name: Yarigarei] (Fig. 6.3i)

Tohoku-Hokuriku: SNFR 18878, 63.4 mm SL,
off Niigata, August 28, 2012. Kinki-San’in:
FAKU 136454, 133.6 mm SL, off Ine, Kyoto,
November 20, 2014; FAKU 134689, 96.2 mm
SL, off Nagato, Yamaguchi, October 7, 2011;
>10 additional specimens deposited in FAKU
and HUMZ. Southern Korea: See Kim and Ryu
(2016) (e.g., “PKU 23130,” off Jeju L.).

Parabothus kiensis (Tanaka,

[Japanese name: Kishudarumagarei]
Southern Korea: See Kim et al. (2009) as
Parabothus kinesis [sic] (“MRIC 1627,” Jeju L.).

1918)

Psettina iijjimae (Jordan and Starks, 1904)
[Japanese name: lijimadarumagarei]
(Fig. 6.3j)

Tohoku-Hokuriku: FAKU 132892, 45.5 mm SL,
off Murakami, Niigata, December 5, 2012. Kinki-
San’in. FAKU 136867, 454 mm SL, off
Maizuru, Kyoto, January 21, 2015; FAKU
133191, 84.9 mm SL, off Hagi, Yamaguchi,
April 6, 2011; >5 additional specimens deposited
in FAKU and SNFR.
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Psettina tosana Amaoka, 1963
[Japanese name: Tosadarumagarei] (Fig. 6.3k)
Kinki-San’in: FAKU 136873, 55.3 mm SL, off
Maizuru, Kyoto, January 21, 2015; FAKU
138915, 86.3 mm SL, off Cape Kawajiri,
Yamaguchi, July 30, 2015; >10 additional
specimens deposited in FAKU and SNFR.
Kyushu: FAKU 57354, 63.8 mm SL, off
Tsushima 1., Nagasaki, July 17, 1990; five addi-
tional specimens deposited in FAKU. Southern
Korea: See Lee and Lee (2007) (“BKNU
2241-2242.” off Saryang L.).

Tosarhombus octoculatus Amaoka, 1969
[Japanese name: Yatsumedarumagarei]
(Fig. 6.31)

Kyushu: NSMT-P 94322, 108.8 mm SL, off
Tsushima I., Nagasaki, July 1987.

Family Pleuronectidae

Acanthopsetta  nadeshnyi  Schmidt 1904
[Japanese name: Urokomegarei] (Fig. 6.4a)
Hokkaido: HUMZ 42778, 224.5 mm SL, off
Okushiri 1., Hokkaido, June 6, 1975; >10 addi-
tional specimens deposited in HUMZ. Tohoku-
Hokuriku: FAKU 141021, 181.8 mm SL, off
Itoigawa, Niigata, April 5, 2016; >10 additional
specimens deposited in FAKU and HUMZ.
Kinki-San’in: FAKU 36270-36272, three
specimens, 188.1-237.6 mm SL, off Kami,
Hyogo, December 19-21, 1968. Eastern Korea:
See Kim and Ryu (2016) (e.g., “PKU
6250-6252,” Goseong, Gangwon) and Voronina
and Volkova (2019) (e.g., “ZIN 12339,” East
Korea Bay). Primorsky Krai: See Voronina and
Volkova  (2019) (e.g.,, “ZIN 12343
Vladivostok). Tatar: See Shinohara et al. (2011)
(e.g., “ZIN 45190,” 51°30'N, 140°45’E). Yamato
Bank: HUMZ 53804, 201.4 mm SL, 39°16.7'N,
135°2.7E, May 31, 1976.

Atheresthes evermanni Jordan and Starks,
1904 [Japanese name: Aburagarei] (Fig. 6.4b)
Kinki-San’in: NSMT-P 76630, 438.5 mm SL,
Shinonsen, Hyogo, April 9, 2007. Eastern

F. Tashiro

Korea: See Park et al. (2020) (e.g., “NFRDI-FI-
IS-0008430,” Goseong, Gangwon).

Cleisthenes pinetorum Jordan and Starks, 1904
[Japanese name: Souhachi] (Fig. 6.4c)
Hokkaido: HUMZ 231163, 299.7 mm SL,
Esashi, Hokkaido, May 16, 2020; >10 additional
specimens deposited in HUMZ. Tohoku-
Hokuriku: HUMZ 59119, 141.9 mm SL, off
Sado I., Niigata, September 23, 1976; >10 addi-
tional specimens deposited in FAKU and HUMZ.
Kinki-San’in: SNFR 15990, 165.9 mm SL, off
Mishima 1., Yamaguchi, May 27, 1995; >10
additional specimens deposited in FAKU,
HUMZ, and SNFR. Kyushu: See Shinohara
et al. (2011) (“NSMT-P 66141,” off Tsushima
I., Nagasaki). Southern Korea: See Kim and
Ryu (2016) (e.g., “PKU 54331-54385,” Yeosu).
Eastern Korea: See Kim and Ryu (2016) (e.g.,
“PKU 51337-51349,” Goseong, Gangwon) and
Voronina and Volkova (2019) (e.g., “ZIN
12363,” Wonsan). Primorsky Krai: See Voronina
and Volkova (2019) (“ZIN 12361,” Vladivostok).
Tatar: See Shinohara et al. (2011) (“ZIN 45084,”
51°16'N, 142°10'E) and Voronina and Volkova
(2019) (“ZIN 12362,” Kholmsk).

Clidoderma asperrimum (Temminck
and Schlegel, 1846) [Japanese name:
Samegarei] (Fig. 6.4d)

Hokkaido: HUMZ 97169, off Yoichi, Hokkaido,
October 22, 1982. Tohoku-Hokuriku: See Uozu
Aquarium (2014) (“photo,” off Toyama). Kinki-
San’in: FAKU 139321, 370.1 mm SL, off
Kyotango, Kyoto, October 16, 2015; >5 addi-
tional specimens deposited in FAKU [see also
Sonoyama et al. 2020 (“KPM-NR 198290
(photo only),” off Hagi, Yamaguchi)]. Southern
Korea: See Kim and Ryu (2016) (e.g., “PKU
54131-54139,” Tongyeong). Eastern Korea:
See Kim and Ryu (2016) (e.g., “PKU
8304-8305,” Sokcho). Primorsky Krai: See
Ivankova (2007) (“TINRO-tsentr P-172,”
43°57°4”°N, 135°59°9”E). Tatar: See Lindberg
and Fedorov (1993) (e.g., “ZIN 45582,” Moneron
L).
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Fig. 6.4 Family Pleuronectidae (I). (a) Acanthopsetta
nadeshnyi, FAKU 141021; (b) Atheresthes evermanni,
NSMT-P 76630, photo courtesy of NSMT; (c)
Cleisthenes pinetorum, HUMZ 231163; (d) Clidoderma
asperrimum, FAKU 139321; (e) Dexistes rikuzenius,
FAKU 137998; (f) Eopsetta grigorjewi, HUMZ

230351; (g) Glyptocephalus kitaharae, FAKU 136872;

(h) Glyptocephalus stelleri, FAKU 136513; (i)
Hippoglossoides  dubius, ~FAKU  136514;  (j)
Lepidopsetta  mochigarei, HUMZ  230360; (k)

Microstomus achne, HUMZ 230350; (1) Myzopsetta
punctatissima, HUMZ 231164
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Dexistes rikuzenius Jordan and Starks, 1904
[Japanese name: Migigarei] (Fig. 6.4¢)
Tohoku-Hokuriku: HUMZ 59113, 120.3 mm
SL, off Sado I., Niigata, September 23, 1976;
>10 additional specimens deposited in HUMZ.
Kinki-San’in: FAKU 137998, 145.8 mm SL,
Wakasa Bay, Kyoto, June 18, 2015; SNFR
15989, 1787 mm SL, off Mishima I,
Yamaguchi, May 27, 1995; >10 additional
specimens deposited in FAKU. Southern
Korea: See Kim and Ryu (2016) (e.g., “PKU
509,” Jeju 1.). Eastern Korea: See Kim and Ryu
(2016) (“PKU 8341,” Sokcho).
Eopsetta  grigorjewi (Herzenstein. 1890)
[Japanese name: Mushigarei] (Fig. 6.4f)
Hokkaido: HUMZ 230351, 270.1 mm SL,
Esashi, Hokkaido, May 18, 2019; >10 additional
specimens deposited in HUMZ. Tohoku-
Hokuriku: HUMZ 52528, 138.4 mm SL, off
Sado I., Niigata, March 25, 1976; >10 additional
specimens deposited in FAKU and HUMZ.
Kinki-San’in. FAKU 125497, 121.0 mm SL,
Wakasa Bay, Kyoto, November 6, 1981; >10
additional specimens deposited in FAKU,
HUMZ, and SNFR. Kyushu: FAKU 101775,
178.3 mm SL, off Tsushima I., Nagasaki, July
31, 1973; >10 additional specimens deposited in
FAKU and NSMT-P. Southern Korea: See Kim
and Ryu (2016) (e.g., “PKU 54447-54485,”
Yeosu). Eastern Korea: See Kim and Ryu
(2016) (e.g., “PKU 8238-8244,” Sokcho).

Glyptocephalus kitaharae (Jordan and Starks,
1904) [Japanese name: Yanagimushigarei]
(Fig. 6.4g)

Tohoku-Hokuriku: FAKU 139223, 151.5 mm
SL, off Tsugaru, Aomori, June 12, 2015; >10
additional specimens deposited in FAKU,
HUMZ, and SNFR. Kinki-San’in: FAKU
136872, 140.0 mm SL, Wakasa Bay, Kyoto,
January 21, 2015; >10 additional specimens
deposited in FAKU and HUMZ. Southern
Korea: See Kim and Youn (1994) (“CNUC
19089,” Yeosu).
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Glyptocephalus  stelleri  (Schmidt 1904)
[Japanese name: Hireguro] (Fig. 6.4h)
Hokkaido: HUMZ 68358, 212.5 mm SL, off
Shakotan Peninsula, May 15, 1977; >10 addi-
tional specimens deposited in HUMZ. Tohoku-
Hokuriku: FAKU 140507, 262.4 mm SL, off
Niigata, February 17, 2016; >10 additional
specimens deposited in FAKU and HUMZ.
Kinki-San’in: FAKU 136513, 213.3 mm SL, off
Obama, Fukui, November 22, 2014; FAKU
138149, 253.6 mm SL, off Yamaguchi, June
15, 2015; >10 additional specimens deposited
in FAKU and HUMZ. Kyushu: See Shinohara
et al. (2011) (“NSMT-P 66148,” off Tsushima
I.). Southern Korea: See Kim and Ryu (2016)
(e.g., “PKU 9917,” Ulsan). Eastern Korea: See
Kim and Ryu (2016) (e.g., “PKU 56821-56829,”
Goseong, Gangwon) and Voronina and Volkova
(2019) (e.g., “ZIN 12347,” Wonsan). Primorsky
Krai: See Voronina and Volkova (2019) (e.g.,
“ZIN 12352, Vladivostok). Tatar: See
Shinohara et al. (2011, 2014) (“ZIN 45084,”
51°16'N, 142°10'E) and Voronina and Volkova
(2019) (“ZIN 12437,” Kholmsk). Yamato Bank:
HUMZ 53776, 200.2 mm SL, 39°17.1'N,
135°3.5’E, May 29, 1976.
Hippoglossoides  dubius  Schmidt 1904
[Japanese name: Akagarei] (Fig. 6.4i)
Hokkaido: HUMZ 67696, 179.9 mm SL, off
Shakotan Peninsula, May 18, 1977; >10 addi-
tional specimens deposited in HUMZ. Tohoku-
Hokuriku: FAKU 140505, 308.9 mm SL, off
Sado I., Niigata, February 17, 2016; >10 addi-
tional specimens deposited in FAKU and HUMZ.
Kinki-San’in: FAKU 136514, 202.4 mm SL, off
Obama, Fukui, November 22, 2014; SNFR
19410, 177.8 mm SL, off Yamaguchi, June
12, 2012; >10 additional specimens deposited
in FAKU and SNFR. Eastern Korea: See Kim
and Ryu (2016) (e.g., “PKU 9907,” Goseong,
Gangwon). Primorsky Krai: See Shinohara et al.
(2011) (e.g., “ZIN 17902, 42°40'N, 133°00'E).
Tatar: See Shinohara et al. (2011) (e.g., “ZIN
17906,” 51°00'N, 140°51'E) and Voronina and
Volkova (2019) (e.g., “ZIN 12366,” Kholmsk).
Yamato Bank: See Shinohara et al. (2011) (e.g.,
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“HUMZ  53662,” 39°7.9N, 135°4.6'E).
Remarks: HUMZ 53662 is currently missing.

Hippoglossoides elassodon Jordan and Gilbert,
1880/Hippoglossoides robustus Gill
and Townsend, 1897 [Japanese name:
Umagarei/ Dorogarei]

Hokkaido: See Lindberg and Fedorov (1993) as
H. robustus (“ZIN 19157,” Otaru). Tatar: See
Lindberg and Fedorov (1993) as H. elassodon
(e.g., “ZIN 18533,” 58°58'N, 141°04’E), and as
H. robustus (e.g., “ZIN 19062,” between De
Kastri and Alexandrovsk). Remarks: Because
the taxonomy of H. elassodon and H. robustus
remains uncertain (Parin et al. 2014), the two
species are treated herein as a species complex
“Hippoglossoides elassodon/ Hippoglossoides
robustus.”

Hippoglossoides stenolepis Schmidt 1904
[Japanese name: Ohyo]

Hokkaido: See Yabe et al. (1991) (e.g., “HUMZ
55902” 44°27'N, 140°19'E). Remarks: HUMZ
55902 is currently missing.
Lepidopsetta  mochigarei  Snyder, 1911
[Japanese name: Asabagarei] (Fig. 6.4j)
Hokkaido: HUMZ 230360, 264.1 mm SL,
Esashi, Hokkaido, May 18, 2019; >10 additional
specimens deposited in FAKU, HUMZ, and
NSMT. Tohoku-Hokuriku: FAKU 140071,
276.3 mm SL, off Oga, Akita, July 31, 2015;
>5 additional specimens deposited in FAKU
and HUMZ. Kinki-San’in: FAKU 100254,
296.1 mm SL, Wakasa Bay, Kyoto, 1978
(detailed date unknown); >10 additional
specimens in FAKU and HUMZ. Eastern
Korea: See Kim and Youn (1994) (e.g., “CNUC
19162,” Pohang) and Kim and Ryu (2016) (e.g.,
“PKU 3849,” Gangneung). Primorsky Krai: See
Lindberg and Fedorov (1993) (e.g., “ZIN 12892,”
Vladivostok). Tatar: See Orr and Matarese
(2000) (e.g., “USNM 77126,” 47°38.2'N,
141°39.0'E). Remarks: Lepidopsetta bilineata
(Ayres, 1855), closely related to L. mochigarei,
is probably not distributed in the Sea of Japan
(Orr and Matarese 2000).

Limanda aspera (Pallas, 1814)
[Japanese name: Koganegarei]

Southern Korea: See Lindberg and Fedorov
(1993) (“ZIN 23847,” Busan). Eastern Korea:
See Kim and Youn (1994) (“CNUC
19713-19714,” Pohang). Primorsky Krai: See
Lindberg and Fedorov (1993) (e.g., “ZIN

17820, Peter the Great Bay). Tatar: See

Lindberg and Fedorov (1993) (e.g., “ZIN
25124, 51°28'N, 140°58'E).
Limanda sakhalinensis Hubbs, 1915

[Japanese name: Karafutogarei]

Tatar: See Lindberg and Fedorov (1993) (e.g.,
“ZIN 17833,” De Kastri).
Liopsetta  pinnifasciata (Kner, 1870)
[Japanese name: Tougarei]

Primorsky Krai: See Lindberg and Fedorov
(1993) (e.g., “ZIN 25516,” Vladivostok). Tatar:
See Lindberg and Fedorov (1993) (e.g., “ZIN
19914, Tatar Strait).

Microstomus achne (Jordan and Starks, 1904)
[Japanese name: Babagarei] (Fig. 6.4k)
Hokkaido: HUMZ 230350, Esashi, Hokkaido,
September 18, 2019 [Also see Lindberg and
Fedorov 1993 (“ZIN 19152,” Otaru)]. Tohoku-
Hokuriku: HUMZ 59112, 147.5 mm SL, off
Sado I., Niigata, September 23, 1976; >10 addi-
tional specimens deposited in FAKU and HUMZ.
Kinki-San’in: FAKU 137373, 236.1 mm SL, off
Sakaiminato, Tottori, April 23, 2015; >10 addi-
tional specimens deposited in FAKU and HUMZ
[see also Sonoyama et al. 2020 (e.g., “KPM-NR
198989 (photo only),” off Hagi, Yamaguchi)].
Southern Korea: See Kim and Ryu (2016) (e.g.,
“PKU 5675,” off Jeju 1.). Eastern Korea: See
Kim and Ryu (2016) (e.g., “PKU 4322.” Uljin).

Myzopsetta punctatissima (Steindachner, 1879)
[Japanese name: Sunagarei] (Fig. 6.41)

Hokkaido: HUMZ 231164, 251.3 mm SL,
Esashi, Hokkaido, May 16, 2020; >10 additional
specimens deposited in HUMZ. Tohoku-
Hokuriku: NSMT-P 73354, 215.2 mm SL, off
Nikaho, Akita, October 20, 1932 [see also in



100

Uozu Aquarium 2014 (“photo,” Toyama)].
Kinki-San’in: FAKU 136103, 198.1 mm SL,
Wakasa Bay, Kyoto, July 16, 2014. Southern
Korea: See Lindberg and Fedorov (1993) (“ZIN
23738,” Busan). Primorsky Krai: See Lindberg
and Fedorov (1993) (e.g., “ZIN”). Tatar: See
Lindberg and Fedorov (1993) (e.g., ‘“ZIN
45642,” Tatar Strait).

Platichthys bicoloratus (Basilewsky,
[Japanese name: Ishigarei] (Fig. 6.5a)
Hokkaido: HUMZ 231151, 3149 mm SL,
Esashi, Hokkaido, April 12, 2020; >5 additional
specimens deposited in HUMZ. Tohoku-
Hokuriku: FAKU 140508, 275.7 mm SL, off
Niigata, February 17, 2016; >10 additional
specimens deposited in FAKU. Kinki-San’in:
FAKU 137144, 311.8 mm SL, Miyazu, Kyoto,
March 21, 2015; >10 additional specimens
deposited in FAKU [see also Sonoyama et al.
2020 (“HH-Pi 1206,” Houhoku, Shimonoseki,
Yamaguchi)]. Southern Korea: See Kim and
Ryu (2016) (e.g., “PKU 3397-3399,” Gangjin).
Eastern Korea: See Kim and Ryu (2016) (e.g.,
“PKU 20552,” Goseong, Gangwon).

1855)

Platichthys stellatus Pallas, 1787
[Japanese name: Numagarei] (Fig. 6.5b)

Hokkaido: HUMZ 231150, 243.7 mm SL,
Esashi, Hokkaido, April 12, 2020; >10 additional
specimens deposited in FAKU and HUMZ.
Tohoku-Hokuriku: FAKU 96118, 170.4 mm
SL, Ushitsu, Noto, Ishikawa, May 1, 2008; >5
additional specimens deposited in FAKU and
NSMT.  Kinki-San’in: FAKU 131762,
2454 mm SL, Maizuru, Kyoto, February
23, 2009; >10 additional specimens deposited
in FAKU. Eastern Korea: See Kim and Youn
(1994) (e.g., “CNUC 19234-19237,” Pohang).
Primorsky Krai: See Voronina and Volkova
(2003) (e.g., “ZIN 17963,” Peter the Great Bay).
Tatar: See Voronina and Volkova (2003) (e.g.,
“ZIN 19173,” De Kastri). Remarks: Interspecific
hybrid individuals of P. bicoloratus and
P. stellatus have been frequently obtained from
the Sea of Japan (e.g., HUMZ 231149, 256.8 mm
SL, Esashi, Hokkaido, April 12, 2020; Fig. 6.5¢).

F. Tashiro

Pleuronectes quadrituberculatus Pallas, 1814
[Japanese name: Tsunogarei]

Southern Korea: See Kim and Youn (1994)
(“CNUC 19416,” Busan). Tatar: See Lindberg
and Fedorov (1993) (e.g., “ZIN 17996,” De
Kastri).

Pleuronichthys cornutus (Temminck
and Schlegel, 1846) [Japanese name:
Nagaremeitagarei] (Fig. 6.5d)

Hokkaido: See Suzuki et al. (2009) as paratype
(“HUMZ 98252, Yoichi, Hokkaido) and
nontype (“HUMZ 109423, Taisei, Hokkaido)
of P. japonicus. Tohoku-Hokuriku: See Suzuki
et al. (2009) as paratypes (e.g., “FAKU 91921,”
off Niigata) and nontypes (e.g., “NMCI-P 1608,”
Hanami, Noto, Ishikawa) of P. japonicus; >10
additional specimens deposited in FAKU and
HUMZ (e.g., FAKU 132223, 146.4 mm SL, off
Tsutsuishi, Niigata, October 17, 2009). Kinki-
San’in: See Suzuki et al. (2009) as holotype
(“FAKU 90216, off Hamada, Shimane),
paratypes (“FAKU 90161,” off Hamada,
Shimane), and nontypes of P. japonicus; >10
additional specimens deposited in FAKU and
SNFR (e.g., FAKU 136721, 163.4 mm SL,
Wakasa Bay, Kyoto, December 2014). Remarks:
Pleuronichthys japonicus Suzuki et al. 2009 was
considered a junior synonym of P. cornutus by
Yokogawa et al. (2014).
Pleuronichthys lighti Wu, 1929
[Japanese name: Meitagarei] (Fig. 6.5¢)
Tohoku-Hokuriku: SNFR 18811, 105.6 mm SL,
off Niigata, August 24, 2012 [see also Suzuki
et al. 2009 as P. cornutus (e.g., “FAKU 91642,”
off Niigata)]. Kinki-San’in: FAKU 137165,
173.5 mm SL, Wakasa Bay, Kyoto, March
26, 2015; >10 additional specimens deposited
in FAKU, HUMZ, and SNFR [see also Suzuki
et al. 2009 as P. cornutus (e.g., “FAKU
92140-92149,” off Hamada, Shimane)]. Kyushu:
FAKU 137499, 177.1 mm SL, off Meinohama,
Fukuoka, April 19, 2015; 3 additional specimens
deposited in FAKU. Southern Korea: See Suzuki
et al. (2009) as P. cornutus (e.g., “pl. 126-1 in
Chyung (1977),” Yeosu). Remarks: The taxon
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Fig. 6.5 Family Pleuronectidaec (II). (a) Platichthys
bicoloratus, HUMZ 231151; (b) Platichthys stellatus,
HUMZ 231150; (c¢) hybrid individual of Platichthys
bicoloratus and Platichthys stellatus, HUMZ 231149;
(d) Pleuronichthys cornutus, FAKU 136721; (e)

treated as P. cornutus in Suzuki et al. (2009) was
recognized as P. lighti by Yokogawa et al. (2014).
Kim and Ryu (2016) recorded P. japonicus from
the southern Korean region (“PKU 62386239,

lighti, FAKU 137165; ®

Pleuronichthys
Pseudopleuronectes herzensteini, FAKU 137996; (g)

Pseudopleuronectes  schrenki, HUMZ 230747; (h)
Pseudopleuronectes yokohamae, FAKU 137040; (i)
Verasper variegatus, NSMT-P 73272, preserved condition

6557-6559,” Jeju 1.) after its synonymization
with P. cornutus. A specimen photograph which
they identified as P. japonicus is likely to have
been P. lighti.
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Pseudopleuronectes  herzensteini  (Jordan
and Snyder, 1901) [Japanese name: Magarei]
(Fig. 6.5f)

Hokkaido: HUMZ 107662, 133.6 mm SL, off
Otaru, April 15, 1986; >10 additional specimens
deposited in FAKU and HUMZ. Tohoku-
Hokuriku: HUMZ 52756, 1347 mm SL, off
Sado I., Niigata, March 25, 1976; >10 additional
specimens deposited in FAKU, HUMZ, and
SNFR. Kinki-San’in: FAKU 137996, 163.2 mm
SL, Wakasa Bay, Kyoto, June 18, 2015; >10
additional specimens deposited in FAKU and
HUMZ [see also Sonoyama et al. 2020 (“SNFR
16005,” off Yamaguchi)]. Southern Korea: See
Kim and Youn (1994) (“CNUC 19226,” Busan).
Eastern Korea: See Kim and Ryu (2016) (e.g.,
“PKU 20553,” Goseong, Gangwon). Primorsky
Krai: See Voronina and Volkova (2019) (“ZIN
8730,” Vladivostok). Tatar: See Lindberg and
Fedorov (1993) (e.g., “ZIN 19072,” 51°23'N,
142°00'E).

Pseudopleuronectes obscurus Herzenstein,
1890 [Japanese name: Kurogarei]

Eastern Korea: See Kim and Ryu (2016) (“PKU
8393,” Sokcho). Primorsky Krai: See Voronina
and Volkova (2019) (e.g., “ZIN 8726,”
Vladivostok). Tatar: See Lindberg and Fedorov
(1993) (e.g., “ZIN 31672,” Antonovo; “ZIN
19059,” De Kastri).

Pseudopleuronectes schrenki (Schmidt 1904)
[Japanese name: Kurogashiragarei] (Fig. 6.5g)
Hokkaido: HUMZ 230747, 271.2 mm SL,
Kaminokuni, Hokkaido, August 1, 2019; >10
additional specimens deposited in FAKU,
HUMZ, and NSMT. Southern Korea: See Kim
and Youn (1994) (“CNUC 19742,” Busan). East-
ern Korea: See Kim and Youn (1994) (“CNUC
19738, Yangyang). Primorsky Krai: See
Lindberg and Fedorov (1993) (e.g., ‘“ZIN
17842,” Posyet). Tatar: See Voronina and
Volkova (2019) (“ZIN 12377b,” Kholmsk).

Pseudopleuronectes yokohamae (Giinther,
1877) [Japanese name: Makogarei] (Fig. 6.5h)
Hokkaido: HUMZ 230359, 245.2 mm SL,
Esashi, Hokkaido, May 18, 2019; >5 additional
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specimens deposited in HUMZ. Tohoku-
Hokuriku: FAKU 137076, 72.0 mm SL, Himi,
Toyama, 25 June 1997; >10 additional
specimens deposited in FAKU and HUMZ.
Kinki-San’in: FAKU 137040, 136.8 mm SL,
Miyazu, Kyoto, January 2015; >10 additional
specimens deposited in FAKU and HUMZ.
Kyushu: FAKU 137493, 158.4 mm SL, off
Meinohama, Fukuoka, April 19, 2015; three addi-
tional specimens deposited in FAKU. Southern
Korea: See Kim and Ryu (2016) (e.g., “PKU
7723,” Namhae). Eastern Korea: See Kim and
Ryu (2016) (e.g., “PKU 4323,” Uljin).

Verasper moseri Jordan and Gilbert, 1898
[Japanese name: Matsukawa]

Primorsky Krai: See Voronina and Volkova
(2003) (“ZIN 45193,” 42°52'N, 132°23'E).

Verasper variegatus (Temminck and Schlegel,
1846) [Japanese name: Hoshi-garei] (Fig. 6.5i)
Tohoku-Hokuriku: NSMT-P 73272,
2 specimens, 124.8-154.1 mm SL, Oga, Akita,
November 14, 1931. Kinki-San’in: FAKU
16975, 2749 mm SL, Maizuru, Kyoto,
November 6, 1951; three additional specimens
deposited in FAKU. Southern Korea: See Kim
and Youn (1994) (e.g., “CNUC 19623-19625,”
Koheung) and Lindberg and Fedorov (1993)
(“ZIN 23733,” Busan). Primorsky Krai: See
Lindberg and Fedorov (1993) (“ZIN 10466,”
Vladivostok).

Family Poecilopsettidae

Poecilopsetta plinthus (Jordan and Starks,
1904) [Japanese name: Kawaragarei]
(Fig. 6.6a)

Tohoku-Hokuriku: FAKU 135590, 91.6 mm SL,
off Niigata, August 25, 2013. Kinki-San’in:
FAKU 138112, 98.6 mm SL, off Nagato,
Yamaguchi, June 15, 2015; four additional
specimens deposited in FAKU and HUMZ.
Southern Korea: See Kim and Ryu (2016) (e.g.,
“PKU 8599,” Namhae).
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Samaridae and
FAKU
138112; (b) Plagiopsetta glossa, NSMT-P 50613, pre-
served condition; (¢) Samariscus japonicus, FAKU
58183, preserved condition; (d) Samariscus xenicus,

Fig. 6.6 Families Poecilopsettidae,
Cynoglossidae. (a) Poecilopsetta  plinthus,

FAKU 142395; (e) Aseraggodes kobensis, FAKU
136871; (f) Heteromycteris japonica, FAKU 136666; (g)
Pseudaesopis japonica, FAKU 136720; (h) Zebrias

zebrinus, FAKU 137215; (i) Cynoglossus interruptus,
FAKU 136977; (j) Cynoglossus itinus, FAKU 145198;
(k) Cynoglossus joyneri, FAKU 141526; (1) Cynoglossus
ochiaii, FAKU 139735; (m) Cynoglossus robustus,
FAKU 139705; (n) Paraplagusia japonica, FAKU
136970; (o) Symphurus longirostris, FAKU 139635; (p)
Symphurus orientalis, FAKU 145360



104

Family Samaridae

Plagiopsetta glossa Franz, 1910
[Japanese name: Berogarei] (Fig. 6.6b)
Kinki-San’in: See Suzuki et al. (2000) (“OMNH-
P7820,” Shinonsen, Hyogo). Kyushu: NSMT-P
50613, two specimens, 82.3-95.6 mm SL, off
Tsushima, Nagasaki, July 1987; one additional
specimen deposited in NSMT. Southern Korea:
See Park et al. (2007) (e.g., “NFRDI 20070104-
01-10,” off Jeju L.).

Samariscus  japonicus Kamohara, 1936
[Japanese name: Tsukinowagarei] (Fig. 6.6c¢)
Kinki-San’in: FAKU 58183, 81.8 mm SL, off
San’in (Yamaguchi to Tottori), July 1990;
SNFR 19106, 34.2 mm SL, off Yamaguchi,
June 12, 2012; two additional specimens depos-
ited in SNFR. Southern Korea: See Park et al.
(2007) (“NFRDI 20070104-20,” off Jeju L.).

Samariscus xenicus Ochiai and Amaoka, 1962
[Japanese name: Kotsukinowagarei]
(Fig. 6.6d)

Kinki-San’in: FAKU 142395, 43 mm SL,
Wakasa Bay, September 15, 2016; FAKU
134702, 43.3 mm SL, off Nagato, Yamaguchi,
October 7, 2011; >10 additional specimens
deposited in FAKU, HUMZ, and SNFR.

Family Soleidae

Aseraggodes  kaianus  (Giinther, 1880)
[Japanese name: Moyouushinoshita]

Southern Korea: See Park et al. (2007) (“NFRDI
20070104-35-37,” off Jeju L).

Aseraggodes kobensis (Steindachner, 1896)
[Japanese name: Tobisasaushinoshita]
(Fig. 6.6¢)

Tohoku-Hokuriku: SNFR 118829, 88.6 mm SL,
off Niigata, August 24, 2012; four additional
specimens deposited in HUMZ and SNFR.
Kinki-San’in: FAKU 136871, 67.1 mm SL,
Wakasa Bay, Kyoto, January 21, 2015; >10 addi-
tional specimens deposited in FAKU and HUMZ
[see also Sonoyama et al. 2020 (e.g., “KPM-NR

F. Tashiro

198401 (photo only),” off Nagato, Yamaguchi)].
Southern Korea: See Kim and Ryu (2016) (e.g.,
“PKU 1059,” Busan).

Brachirus annularis Fowler, 1934
[Japanese name: Wamonushinoshita]
Southern Korea: See Kim et al. (2019) (“JNU
1503,” between Jeju 1. and Geomundo L.).

Heteromycteris Jjaponica (Temminck
and Schlegel, 1846) [Japanese name:
Sasaushinoshita] (Fig. 6.6f)

Tohoku-Hokuriku: FAKU 137088, three
specimens, 23.4-68.2 mm SL, off Tsugaru,
Aomori, 5 September 2000; >10 additional
specimens deposited in FAKU and HUMZ.
Kinki-San’in: FAKU 136666, 67.8 mm SL,
Wakasa Bay, Kyoto, December 22, 2014; >10
additional specimens deposited in FAKU [see
also Sonoyama et al. 2020 (“HH-Pi 1436,”
Houhoku, Shimonoseki, Yamaguchi)].

Pseudaesopis  japonica  (Bleeker, 1860)
[Japanese name: Setoushinoshita] (Fig. 6.6g)
Tohoku-Hokuriku: FAKU 13804, 126.6 mm SL,
off Uozu, Toyama, September 13, 1950; two
additional specimens deposited in FAKU and
HUMZ. Kinki-San’in: FAKU 136720,
114.1 mm SL, off Ine, Kyoto, December 2014;
>10 additional specimens deposited in FAKU
and HUMZ [see also Sonoyama et al. 2020
(“HH-Pi  2620,” off Izaki, Shimonoseki,
Yamaguchi)]. Southern Korea: See Kim and
Ryu (2016) (e.g., “PKU 7762,” Nambhae). East-
ern Korea: See Kim and Ryu (2016) (“PKU
6913,” Pohang).

Zebrias zebrinus (Temminck and Schlegel,
1846) [Japanese name: Shimaushinoshita]
(Fig. 6.6h)

Tohoku-Hokuriku: HUMZ 61842, 174.5 mm
SL, off Sado I., Niigata, October 19, 1976; >10
additional specimens deposited in FAKU and
HUMZ. Kinki-San’in: FAKU 137215,
174.7 mm SL, Miyazu, Kyoto, March 29, 2015;
>10 additional specimens deposited in FAKU
and NSMT. Southern Korea: See Kim and Ryu
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(2016) as Zebrias fasciatus (e.g., “PKU 563,”
Nambhae). Remarks:  Zebrias  fasciatus
(Basilewsky, 1855) was recently synonymized
with Zebrias zebrinus by Wang et al. (2014).

Family Cynoglossidae

Cynoglossus  abbreviatus  (Gray, 1834)
[Japanese name: Kouraiakashitabirame]
Southern Korea: See Kim and Choi (1994) (e.g.,
“CNUC 18847,” Yeosu).

Cynoglossus interruptus  Giinther, 1880
[Japanese name: Genko] (Fig. 6.6i)
Tohoku-Hokuriku: HUMZ 135405, 130.1 mm
SL, off Sakata, Yamagata, August 5, 1994; >10
additional specimens deposited in HUMZ. Kinki-
San’in: FAKU 136977, 97.8 mm SL, Wakasa
Bay, Kyoto, March 9, 2015; >10 additional
specimens deposited in FAKU, HUMZ, and
SNFR. Kyushu: FAKU 137523, 103.6 mm SL,
off Meinohama, Fukuoka, April 19, 2015. South-
ern Korea: See Kwun and Kim (2016) (“PKU
7469-7472,” Changwon).

Cynoglossus itinus (Snyder, 1909)
[Japanese name: Minamiakashitabirame]
(Fig. 6.6j)

Kinki-San’in: FAKU 145198, 91 mm SL,
Wakasa Bay, Kyoto, June 29, 2017; >10 addi-
tional specimens deposited in FAKU. Kyushu:
NSMT-P 5479, 87.6 mm SL, Izumi Bay,
Tsushima I., Nagasaki, August 1968.

Cynoglossus  joyneri Giinther, 1878
[Japanese name: Akashitabirame] (Fig. 6.6K)

Tohoku-Hokuriku: FAKU 135929, 2 specimens,
47.4-52.9 mm SL, Mano Bay, Sado I., Niigata,
May to July 2002; four additional specimens
deposited in SNFR. Kinki-San’in: FAKU
141526, 137 mm SL, Wakasa Bay, Kyoto, June
8, 2016; two additional specimens deposited in
FAKU and SNFR. Kyushu: FAKU 137406, off
Genkai 1., Fukuoka., 18 April 2015; >10 addi-
tional specimens deposited in FAKU. Southern
Korea: See Kim and Choi (1994) (e.g., “CNUC
18860,” Wando). Eastern Korea: See Kim and
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Ryu (2016) (“PKU 20555,” eastern coast off
Korea).

Cynoglossus  ochiaii  Yokogawa, Endo
and Sakaji, 2008 [Japanese name: Okigenko]
(Fig. 6.61)

Tohoku-Hokuriku: FAKU 13834, 13836, two
specimens, 127.4-166.6 mm SL, off Uozu,
Toyama, September 13, 1950. Kinki-San’in:
FAKU 139735, 179 mm SL, Wakasa Bay,
Kyoto, December 9, 2015; FAKU 134700,
139.9 mm SL, off Oumi-jima I., Yamaguchi,
November 18, 2018; >10 additional specimens
deposited in FAKU and SNFR.
Cynoglossus  robustus  Giinther, 1873
[Japanese name: Inunoshita] (Fig. 6.6m)
Kinki-San’in: FAKU 139705, 400.7 mm SL,
Wakasa Bay, Kyoto, December 2, 2015; one
additional specimen deposited in FAKU.
Kyushu: FAKU 137395, 279.8 mm SL, off
Genkai 1., Fukuoka, April 18, 2015; three addi-
tional specimens deposited in FAKU. Southern
Korea: See Kim and Choi (1994) (e.g., “CNUC
18853-18855,” Yeosu).

Cynoglossus  semilaevis  Giinther, 1873
[Japanese name: Karaakashitabirame]
Southern Korea: See Kim and Choi (1994) (e.g.,
“CNUC 19370-19375,” Yeosu).

Paraplagusia Jjaponica (Temminck
and Schlegel, 1846) [Japanese name:
Kuroushinoshita] (Fig. 6.6n)

Hokkaido: HUMZ 109954, 180.0 mm SL, off
Tomari, Hokkaido, November 13, 1986.
Tohoku-Hokuriku: FAKU 137015, two
specimens, 132.9-150.9 mm SL, off Akita,
August4, 1997; >10 additional specimens depos-
ited in FAKU and HUMZ. Kinki-San’in: FAKU
136970, 222.1 mm SL, Wakasa Bay, Kyoto,
March 4, 2015; >10 additional specimens depos-
ited in FAKU. Kyushu: FAKU 137084, three
specimens, 69.6-160.8 mm SL, Karatsu, Saga,
April 20, 1997; one additional specimen depos-
ited in FAKU. Southern Korea: See Kim and
Choi (1994) (e.g., “CNUC 19173-19180,”



106

Yeosu). Eastern Korea: See Kim and Choi
(1994) (e.g., “CNUC 19815,” Samcheok).

Symphurus longirostris Lee, Munroe and Kai,
2016 [Japanese name: Hashinagaazumagarei]
(Fig. 6.60)

Tohoku-Hokuriku: FAKU 137988, 31.5 mm SL,
off Niigata, March 6, 2015. Kinki-San’in: FAKU
139635, 42.0 mm SL, Wakasa Bay, November
17, 2015; >10 additional specimens deposited in
FAKU and HUMZ [see also Sonoyama et al.
2020 (“SNFR 19821,” off Yamaguchi)].

Symphurus  orientalis  (Bleeker, 1879)
[Japanese name: Azumagarei] (Fig. 6.6p)
Kinki-San’in: FAKU 145360, 75.9 mm SL, off
Mishima 1., Yamaguchi.
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Yoshiaki Kai

Abstract

The fish diversity of the subarctic waters in
Japan is reviewed and its origin is discussed
in this chapter. The subarctic waters in Japan,
including Hokkaido and the Pacific coast of
Tohoku District, are dominated mainly by cold
currents, viz. Opyashio, Liman, and East
Sakhalin currents, and by minor branches of
the Tsushima Warm Current. Most of the spe-
cies known in the region are cold-water
inhabitants, also occurring in the Bering Sea,
Arctic Ocean, and Gulf of Alaska; warm-water
inhabitants are known from southern
Hokkaido, as well as from the southern Sea
of Okhotsk in summer. The number of warm-
water inhabitants has been increasing in these
decades, which can be attributed to habitat
shifts following global warming. Hokkaido is
an island surrounded by the Seas of Japan and
Okhotsk and the Pacific Ocean, and these three
regions are connected with narrow and shal-
low straits. The present distributions of deep-
sea fishes are suggested to have been shaped
by vicariance events, primarily sea level
regression, during glacial periods in contrast
with those of shallow-water species that are
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largely affected by current systems in the west-
ern North Pacific region.

Keywords

Fish fauna - Hokkaido - Cold-water
inhabitants - Biogeography

7.1 Physical Characteristics
The subarctic region of the North Pacific Ocean is
generally considered to be the area bounded by
the Bering Strait to the north and the Subarctic
Front to the south (Willis et al. 1988). The Sub-
arctic Front is found at approximately 40° N
between the cold, low salinity upper waters of
the subarctic Pacific, and the warm, high salinity
waters of the central North Pacific. In the western
North Pacific, Hokkaido Island, except for its
Pacific coast, is included in the subarctic region.
The Pacific coast of Hokkaido and northern
Honshu Islands are in the transition zone, a region
of faunal mixing between the subarctic and sub-
tropical fish faunas (Parin 1961) (Fig. 7.1).
Among the six marine climatic regimes in
Japan’s Exclusive Economic Zone (EEZ)
(Nishimura 1992; Fujikura et al. 2010), the north-
ern part of Japan, including Hokkaido and the
Pacific coast of Tohoku District (referred as
subboreal and cool-temperate zones), is
dominated by cold currents, viz. Oyashio,
Liman, and East Sakhalin currents (Fig. 7.1).
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Fig. 7.1 Subarctic waters in Japan, showing current systems and major localities cited in the text

The Oyashio Current, one of the major cold
currents, flows southward through Japanese
waters from off Hokkaido along the Pacific
coast. From the southern Sea of Japan, the
Tsushima Warm Current flows along the Sea of
Japan coast of Hokkaido northward to Cape Soya.
However, most of the Tsushima Warm Current
flows out through the Tsugaru Strait to the Pacific
Ocean (the so-called Tsugaru Current). The
southern part of Hokkaido, the Sea of Japan
coast of Tohoku District, and the northern tip of
the Pacific coast of Tohoku District belong to the
warm temperate zone influenced by the Tsushima
and Tsugaru currents. The Soya Current, a branch
of the Tsushima Warm Current, flows along the
Sea of Okhotsk. The current is induced by the sea
level difference between the Seas of Japan and
Okhotsk, which shows a remarkable seasonal
variation, being strong in summer and weak in
winter (Matsuyama et al. 2006). Owing to the
Soya Current, warm-water inhabitants that
moved north from the Sea of Japan are frequently
recorded in the Sea of Okhotsk in summer (e.g.,

Takata et al. 2009; Ogimoto et al. 2014). The Sea
of Okhotsk coast of Hokkaido is covered with sea
ice in winter, being the southern limit of sea ice in
the Northern Hemisphere. Due to high nutrient
input from melting sea ice, winter vertical mixing,
and seasonal upwelling of water, the southern part
of the Sea of Okhotsk possesses a rich and unpar-
alleled marine ecosystem (Sakurai 2007, 2013).
Hokkaido is an island surrounded by the Seas
of Japan and Okhotsk and the Pacific Ocean
(Fig. 7.1). The Seas of Japan and Okhotsk are
connected by the Soya (La Pérouse) Strait (maxi-
mum depth ~70 m), and the Sea of Japan with the
Pacific by the Tsugaru Strait (maximum depth
~140 m). The Kuril Islands separate the Sea of
Okhotsk and the Pacific, with the passes between
adjacent islands being relatively shallow—most
not exceeding 100 m, except for the Krusenstern
Strait (1920 m depth) and the Bussol Strait
(2318 m depth) (Nishimura 1983). For some
deep-sea fishes, such as Bathyraja smirnovi,
Bothrocara  hollandi, and Davidijordania
poecilimon, the shallow straits act as physical



7 Fish Diversity of Subarctic Waters in Japan

barriers resulting in fine genetic population
structures among the Seas of Japan and Okhotsk
and the Pacific Ocean (Kodama et al. 2008; Kai
et al. 2015; Misawa et al. 2020). Furthermore, the
presumed vicariant species Cottiusculus schmidti
and Cottiusculus nihonkaiensis are separated by
the Tsugaru Strait and are presently forming a
hybrid zone across the strait (Kai and Nakabo
2009; Kai and Yamanaka 2019). Similarly,
Careproctus rastrinus, Careproctus trachysoma,
and Careproctus pellucidus are found in the Sea
of Okhotsk, Sea of Japan, and Pacific coast of
northern Japan, respectively (Kai et al. 2011a, b;
Orr et al. 2015), a distribution likely determined
by vicariant events, such as sea level regression,
at the shallow straits between these bodies of
water. Later, Yashiki et al. (2020) suggested
hybridization between C. rastrinus and
C. pellucidus.

Two major offshore banks off Hokkaido,
Kitami-Yamato Bank in the southern Sea of
Okhotsk and Musashi Bank in the northern Sea
of Japan, boast rich fishing grounds (Fig. 7.1).
One commercially important fish in Hokkaido,
Sebastolobus macrochir settles around Kitami-
Yamato Bank and neighboring Abashiri Bay in
the Sea of Okhotsk, and rarely migrates across the
entire  distribution area after settlement
(Sakaguchi et al. 2014). Musashi Bank is well
known as one of the nursery grounds of Walleye
Pollock, Gadus chalcogrammus (see Uchida and
Watanobe 2008), and Sohachi, Cleisthenes
pinetorum (see Nagasawa 1990). Accordingly,
many fisheries surveys have been conducted on
both banks (e.g., Hikita 1950; Amaoka et al.
1983; Yabe et al. 1991; Tohkairin et al. 2015).

7.2  Fish Fauna of Hokkaido

The fish fauna of subarctic waters in Japan,
including Hokkaido and northern Honshu islands,
has been variously investigated. Several local
reports on fish fauna were published in the
mid-1900s (e.g., Hikita 1950; Kobayashi 1962),
but no comprehensive reports on the fish fauna
covering the region were available until the study
of Ueno (1971), who listed over 690 species from
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Hokkaido and adjacent areas, including the
Pacific coast of Honshu Island, southern
Sakhalin, and the Kuril islands. In a monograph
of fisheries in Hokkaido, Maeda and Tsutsui
(2003) listed 720 species from Hokkaido, includ-
ing freshwater species. More recently, Amaoka
et al. (2011) listed 651 species from Hokkaido,
and in its updated version, Amaoka et al. (2020)
listed 823 species with photo(s) and a brief
description for each species, including freshwater
species. According to Amaoka et al. (2020), the
ratio of warm-water inhabitants recorded from
Hokkaido was 44% in 2020, up from 39% in
Amaoka et al. (2011). The growing number of
species recorded in Hokkaido is partly attributed
to habitat shifts of warm-water inhabitants fol-
lowing global warming (Amaoka et al. 2020).
Miyazaki et al. (2015) summarized the species
with range extensions to Hokkaido from the
year 2000, implicating the effects of global
warming.

The marine fish fauna of Hokkaido is herein
summarized in Table 7.1 on the basis of Maeda
and Tsutsui (2003), Nakabo (2013), Amaoka
et al. (2020), Motomura (2021), and the Fish
Collection of Kyoto University. There are
771 marine species in 51 orders of fishes and
two incertae sedis families of Ovalentaria
(Embiotocidae and Pomacentridae), if the classi-
fication of Nelson et al. (2016) is accepted.
The order with the greatest number of species in
the region is Scorpaeniformes with 291 species.
The representative families of Scorpaeniformes
are Cottidae (60 species), Zoarcidae (48 species),
Liparidae (43 species), Stichaeidae (39 species),
Sebastidae (25 species), and Agonidae (22 spe-
cies). Most of the species of these families also
occur in the Bering Sea, Arctic Ocean, and Gulf
of Alaska.

The members of Cottidae are primarily
inhabitants of cold waters, mostly known from
the North Pacific (Mecklenburg et al. 2002).
More than 120 marine cottoid species are known
from the eastern North Pacific (Allen and Smith
1988) and 88 from Alaskan waters (Mecklenburg
et al. 2002; Stevenson 2006, 2015; Maslenikov
et al. 2013). Currently 83 species are known from
Japan (Motomura 2021), and Hokkaido, with two
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Table 7.1 The numbers of species by orders known from Hokkaido, Japan

Order Total Sea of Okhotsk Pacific coast Sea of Japan

Scorpaeniformes 291 216 0.74) 193 (0.66) 149 (0.51)
Pleuronectiformes 40 26 (0.65) 33 (0.83) 32 (0.80)
Tetraodontiformes 35 5 (0.14) 28 (0.80) 19 (0.54)
Perciformes 32 4 (0.13) 26 (0.81) 17 (0.53)
Scombriformes 29 3 (0.10) 26 (0.90) 16 (0.55)
Rajiformes 22 17 0.77) 15 (0.68) 7 (0.32)
Myctophiformes 22 6 0.27) 21 (0.95) 0 (0.00)
Gobiiformes 22 2 (0.09) 17 0.77) 12 (0.55)
Carangiformes 22 4 (0.18) 22 (1.00) 10 (0.45)
Gadiformes 19 13 (0.68) 18 (0.95) 4 0.21)
Anguilliformes 18 5 (0.28) 16 (0.89) 2 (0.11)
Lophiiformes 17 5 (0.29) 16 (0.94) 4 (0.24)
Stomiiformes 14 3 0.21) 13 (0.93) 2 (0.14)
Aulopiformes 13 5 (0.38) 11 (0.85) 1 (0.08)
Beryciformes 11 4 (0.36) 11 (1.00) 0 (0.00)
Beloniformes 11 3 0.27) 11 (1.00) 7 (0.64)
Carcharhiniformes 9 4 (0.44) 7 (0.78) 7 (0.78)
Lampriformes 9 1 (0.11) 9 (1.00) 4 (0.44)
Syngnathiformes 9 0 (0.00) 7 (0.78) 5 (0.56)
Callionymiformes 9 1 (0.11) 7 (0.78) 7 (0.78)

Numbers in parentheses show the ratio of number of species in each region to the total number of species

thirds of these species is a hotspot of cottoid
diversity in the western North Pacific. Marine
species are generally found on shallow reefs,
soft sediments, and in kelp forests near shore
and continental shelf, but sometimes found far-
ther offshore and on deep reefs (Love 2011). On
the basis of the phylogenetic hypothesis from
morphological evidence, Yabe (2011) considered
that shallow coastal species having narrow distri-
butional areas were derived from deep offshore
species having wide distributional ranges. For
example, among the genera related to Alcichthys
(Pseudoblennius, Furcina, Ocynectes, and
Vellitor), Alcichthys alcicornis, known from the
Seas of Japan and Okhotsk and the Pacific coast
of Japan, is considered the most primitive species
inhabiting deeper waters (~269 m depth) (Yabe
2011; Nakabo and Kai 2013). The species of the
derived genera  Pseudoblennius, Furcina,
Ocynectes, and Vellitor are known from the shal-
low coastal areas of very restricted regions. Inter-
estingly, Yabe (2011) pointed out that the derived
species have generally small bodies and more
southerly distributions. This hypothesis is partly
supported by the recent molecular phylogenetic

study by Knope (2013). In addition, Knope and
Scales (2013) have shown that reduction of body
size is one of the adaptive morphological shifts to
shallow waters.

Eelpouts, family Zoarcidae, are benthic fishes
comprising more than 240 species, most of them
known from the North Pacific, North Atlantic,
and Arctic oceans (Mecklenburg et al. 2002;
Anderson and Fedorov 2004). Around Hokkaido,
the number of eelpout species are higher in the
Sea of Okhotsk (40 species) than the Sea of Japan
(18 species) and the Pacific Ocean (17 species).
The species compositions of the Sea of Japan and
the Pacific coast are quite different, sharing only
four species. In contrast, 14 species are shared
between the Seas of Okhotsk and Japan, and
12 species between the Sea of Okhotsk and the
Pacific coast. Nishimura (1967) considered that
the deep-sea fishes of the Sea of Japan, especially
eelpouts, have been derived from the ancestral
species occurring in the Sea of Okhotsk and
the Bering Sea, because morphologically similar
species are known from respectively the Sea of
Japan and the latter regions. For example,
Petroschmidtia toyamensis, endemic to the Sea



7 Fish Diversity of Subarctic Waters in Japan

of Japan, is most closely related with
Petroschmidtia albonotata, endemic to the Sea
of Okhotsk, being well supported from both mor-
phological and genetic evidences (Toyoshima
1985; Kai unpublished data). Gymnelopsis
Jjaponicus and Lycodes yamatoi were formerly
considered as endemic species to the Sea of
Japan, and their relatives, Gymnelopsis
ochotensis and Lycodes matsubarai, respectively,
were known only from the Sea of Okhotsk. How-
ever, the former two species are now considered
as synonymous under the latter two species
(Anderson 1982; Nazarkin and Shinohara 2012).
On the basis of variations on mitochondrial DNA,
Sakuma et al. (2014) demonstrated that genetic
differentiations between the Seas of Japan and
Okhotsk populations of L. matsubarai, as well
as difference demographic history between
them, and suggested that the population in the
Sea of Okhotsk had a larger effective population
size than that in the Sea of Japan.

Members of the family Liparidae (snailfishes),
comprising over 430 species in ~30 genera world-
wide, exhibit great diversity in morphology, as
well as in geographic and habitat range
(Chernova et al. 2004; Nelson et al. 2016; Fricke
et al. 2021), occurring worldwide in warm tem-
perate to cold water habitats ranging from inter-
tidal to depths exceeding 8000 m (Nelson et al.
2016; Gerringer et al. 2017). Many species of
snailfishes are uncommon or rare and several are
only known from holotypes (Sakurai and
Shinohara 2008), and large number of new spe-
cies are still being described (e.g., Stein 2012;
Gerringer et al. 2017; Orr 2020; Orr et al. 2020).
The speciation and phenotypic evolutionary rates
are estimated to be high in high-latitude and deep-
sea fishes, especially in snailfishes (Rabosky et al.
2013). Currently, 69 species of snailfishes are
known from Japanese waters, 47 of which being
recorded from subarctic waters (Nakabo and Kai
2013; Kai et al. 2021; Motomura 2021; Murasaki
et al. 2021). Around Hokkaido, three species,
Careproctus longidigitus, Careproctus shigemii,
and Elassodiscus nyctereutes, were recently
described (Kai and Matsuzaki 2019; Kai et al.
2020; Matsuzaki et al. 2020). Snailfishes are con-
sidered to have direct development without
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planktonic stage, a characteristic likely to have
influenced the high diversity and endemism of the
family (Chernova et al. 2004).

The second most diverse order in the region is
Pleuronectiformes with 40 species (Table 7.1). Of
these, 35 species belong to family Pleuronectidae,
which includes mostly cold-water inhabitants. In
fact, 35% of these also occur in the Bering Sea.
Most of the Japanese species are commercially
important, such as Cleisthenes pinetorum,
Hippoglossoides dubius, Glyptocephalus stelleri,
and  Lepidopsetta  mochigarei.  Verasper
variegatus has a high commercial value; how-
ever, it is categorized as NT (Near Threatened)
in the Red List compiled by the Ministry of the
Environment, Japan (2017).

The third, fourth, and fifth most diverse
orders are Tetraodontiformes, Perciformes, and
Scombriformes, respectively (Table 7.1). They
are mainly distributed in temperate or warm
waters and dispersed by warm ocean currents of
the Tsushima Warm Current and its branches. In
fact, only 3-7% of the species known from
Hokkaido also occur in the Bering Sea. The
sixth and seventh most diverse orders,
Gobiiformes and Carangiformes, are also primar-
ily comprised of warm-water species, all being
absent from the Bering Sea. These species dis-
persed from southern Japan via warm currents
have been known from the earlier reports,
before global warming was especially evident.
For example, Sakurai et al. (1972) reported
Decapterus  tabl and  Alectis
(Carangiformes), Tetrosomus reipublicae and
Mola mola (Tetraodontiformes), and Trichiurus
Jjaponicus  (Scombriformes) from  eastern
Hokkaido.

Other less divergent orders are Rajiformes and
Myctophiformes (Table 7.1). Within Rajiformes,
the family with the greatest number of species
around Hokkaido is Arhynchobatidae with 17 spe-
cies. Members of Arhynchobatidae occur in all
oceans but are most abundant in polar and cool
temperate regions (Last et al. 2016), mainly
inhabiting continental slopes and abyssal plains
to more than 3000 m depth. The low dispersal
ability of Rajiformes owing to their large benthic
egg capsules and the absence of a pelagic larval

ciliaris
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stage often has resulted in fine-scale population
structure within species (Misawa et al. 2019).
Such characteristics have influenced their high
diversity, as is the case with snailfishes. In con-
trast, morphologically defined species sometimes
show little or no genetic divergence, requiring
further taxonomic revisions (Orr et al. 2011;
Spies et al. 2011; Misawa et al. 2020).

Myctophiformes around Hokkaido is com-
posed of two families: Neoscopelidae (2 species)
and Myctophidae (20 species). Within the order,
21 species are known from the Sea of Okhotsk
and 6 from the Pacific coast. However, no
myctophiform species are known from the Sea
of Japan, except for pelagic larva possibly
transported accidentally by the Tsushima Warm
Current (Nishimura 1983). Most species of the
deep-sea fauna of the Sea of Japan are boreal,
only recently evolving into a deep-sea mode of
life—so-called secondary deep-sea species
(Sutton et al. 2017). The absence of “true” deep-
sea fishes in the Sea of Japan has been considered
a result of the short period of time available for
colonization. Because the Sea of Japan is a semi-
enclosed sea, connected with neighboring waters
by shallow and narrow straits, it was almost
isolated during the last glacial maximum due to
sea level regression (Tada 1994). Subsequently,
the circulation pattern has been invigorated by the
surface production of cold water resulting from
winter surface cooling in the post-glacial period,
and this has ventilated the deeper waters and
allowed reinvasion of deep areas (Tyler 2002;
Chap. 3).

7.3 Endemic Species

Some endemic species are reported from subarc-
tic waters in Japan. The southern Sea of Okhotsk
off Hokkaido is known to possess a high ende-
mism of fishes. Two liparid fishes, Careproctus
bathycoetus (Fig. 7.2a) and Careproctus
homopterus, are only known from the holotypes
collected from the region (Gilbert and Burke
1912; Kido 1988; Chernova et al. 2004). Because
the two species of Careproctus inhabit deeper
waters (3294 m and 805 m, respectively), more
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comprehensive surveys in deeper areas make it
likely that additional individuals will be added.
Although several specimens have been recorded,
the distributions of the cottids Icelus ecornis and
Icelus mandibularis (Fig. 7.2b) and Careproctus
segaliensis are restricted to the southern Sea of
Okhotsk (Yabe 1983; Tsutsui and Yabe 1996;
Tohkairin et al. 2015). In addition, four species
of the genus Careproctus—Careproctus
longidigitus (Fig. 7.2c), Careproctus shigemii
(Fig. 7.2d), Careproctus parvidiscus (Fig. 7.2e),
and Careproctus rausuensis—have been col-
lected from the more restricted region of the
Shiretoko Peninsula, southern Sea of Okhotsk
(Fig. 7.1) (Imamura and Nobetsu 2002; Machi
et al. 2012; Kai and Matsuzaki 2019; Matsuzaki
et al. 2020; Kai et al. 2020). The -cottoid
Ricuzenius nudithorax (Fig. 7.2f) is known only
from the holotype collected from the Shiretoko
Peninsula (Bolin 1936), and in addition, Nobetsu
(2003) recorded a specimen of an unidentified
genus and species of Cottidae from the region.
The Shiretoko Peninsula, located at the southern-
most part of the Sea of Okhotsk, is surrounded by
steep volcanic cliffs that fall off to the deep sea
without a distinct continental shelf. It is true that
the southern Sea of Okhotsk can be characterized
as having high endemism, but numerous records
of rare species from the region may be due to the
easy accessibility to the deep area of the Shiretoko
Peninsula. The origin of endemism and patterns of
speciation around the southern Sea of Okhotsk
remains to be demonstrated by rigorous phyloge-
netic studies of the genera involved.

Along the Pacific coast of Hokkaido, two spe-
cies are known to have a very limited
distributional  area:  Artediellus  neyelovi
(Cottidae) from the Pacific coast of southwestern
Hokkaido and  Neolumpenus  unocellatus
(Stichaeidae) from the Pacific coast of eastern
Hokkaido (Miki et al. 1987; Muto et al. 1994).
The latter is only known from the holotype
obtained from the stomach contents of Gadus
macrocephalus. Similarly,  Xenolumpenus
longipterus (Stichaeidae) had been known only
from the holotype and a paratype collected from
the Sea of Japan coast of southern Hokkaido
(Shinohara and Yabe 2009), but Zemnukhov
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Fig.7.2 Endemic species known from subarctic waters in
Japan. (a) Careproctus bathycoetus, USNM 73337 (the
Smithsonian Institution, National Museum of Natural His-
tory, Suitland, USA), 155.7 mm SL, holotype. (Photo by
S. Raredon). (b) Icelus mandiburalis, FAKU 146891
(Kyoto University), 157.4 mm SL; (c¢) Careproctus

et al. (2013) reported two additional species col-
lected from the Sea of Japan coast of Russia and
the southern Sea of Okhotsk.

Recent advances in scientific technical diving
in mesophotic coral ecosystems have documented
the presence of unidentified species (Pinheiro
et al. 2016). In subarctic waters of Japan, scientific
technical diving has revealed the fish diversity of
previously unexplored rocky reefs (e.g., Tsuruoka
et al. 2006, 2009a, b; Yamazaki et al. 2015), lead-
ing to the discovery of Icelus sekii in Hokkaido at
the depth of 20 m (Tsuruoka et al. 2000).

7.4 Distributional Pattern

7.4.1 Shallow-Water Fishes

After the comprehensive faunal study of Ueno
(1971), Yabe et al. (1991) investigated the fish

longidigitus, FAKU 146739, 195.9 mm SL, holotype; (d)
FAKU 146746, 203.5 mm SL, holotype; (e) Careproctus
parvidiscus, HUMZ 164407 (the Hokkaido University
Museum), 167.7 mm SL, holotype; (f) Ricuzenius
nudithorax, USNM 102104, 60.7 mm SL, holotype.
(Photo by S. Raredon)

fauna of northern Hokkaido, including Musashi
Bank, and listed 104 species, 83% of them being
cold-water inhabitants. They concluded that the
fish fauna of the region was largely affected by
the cold East Sakhalin and Liman currents, rather
than the weak Tsushima Warm Current. Simi-
larly, the Pacific coast of eastern Hokkaido is
strongly dominated by the cold Oyashio Current,
and Matsuura et al. (1993) showed that 93% of
the recorded fishes from the region were cold-
water inhabitants. The fish fauna of the southern
Sea of Okhotsk, including the Nemuro Strait
between Hokkaido and the Kunashiri Islands
(Fig. 7.1), was investigated by Hikita (1951) and
Shinohara et al. (2012). The latter reported
138 species, 78% of them being cold-water
inhabitants. Nobetsu (2003) reported several
warm-water inhabitants from the Shiretoko Pen-
insula (north of Nemuro Strait) and concluded
that they were dispersed by the Soya Warm
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Current, a branch of Tsushima Warm Current, in
summer. In fact, Kubo (1981) noted that the
coastal area of the Shiretoko Peninsula is strongly
affected by the Soya Warm Current in summer.
Off the Pacific coast of southern Hokkaido, the
number of cold-water inhabitants is more limited,
as demonstrated by several studies (Hikita 1951;
Amaoka et al. 1989). Hikita (1951) noted that
85 out of the 141 species (60%) that occurred in
Volcano Bay were warm-water inhabitants,
owing to the influence of the warm Tsugaru
Warm Current, a branch of the Tsushima Warm
Current flowing from the East China Sea through
the Sea of Japan. Along the Sea of Japan coast of
Hokkaido, the Shakotan Peninsula likely hinders
the extension and establishment of warm-water
inhabitants (Miyazaki et al. 2015). Nakabo (2013)
considered that Volcano Bay and the Shakotan
Peninsula are the northern distributional limit of
warm-water inhabitants occurring on the conti-
nental shelf (Fig. 7.1).

7.4.2 Deep-Sea Fishes

The deep-sea fishes that occur in the subarctic
waters of Japan exhibit a wide range of diver-
gence from fish populations or species in the
Bering Sea and Arctic Ocean. Watling et al.
(2013) proposed a classification of the lower
bathyal biogeographic provinces of the world by
incorporating high-resolution hydrographic and
organic-matter flux data. According to them, the
Seas of Japan and Okhotsk and the Pacific off
Hokkaido are included in the “Northern Pacific
Boreal” province with the Aleutian Ridge, Gulf of
Alaska, Mathematicians Seamounts in the eastern
Pacific, and the Emperor Seamounts. However,
recent molecular studies have indicated more
small-scale structure. For example, Kai et al.
(2011a, b) and Orr et al. (2015) demonstrated
that snailfishes of the Careproctus rastrinus spe-
cies complex comprised nine species, most of
them parapatrically distributed (Fig. 7.3a). In the
western North Pacific including Japan, four spe-
cies are recognized: Careproctus rastrinus from
the Sea of Okhotsk, Careproctus trachysoma and
Careproctus acanthodes from the Sea of Japan,

Y. Kai

and Careproctus pellucidus from the Pacific coast
of Japan. Kai et al. (2011a) suggested that colder
climates from the late Pliocene and the isolation
of marginal seas during the Pleistocene may have
driven the divergence of the C. rastrinus species
complex from an ancestral species widely
distributed in the North Pacific. A similar pattern
of divergence can be seen in zoarcid species of
subgenus Furcimanus sensu Stevenson and
Sheiko (2009), comprising six species (Lycodes
diapterus, Lycodes beringi, Lycodes hubbsi,
Lycodes nakamurae, Lycodes pectoralis, and
Lycodes nishimurai). On the basis of mitochon-
drial COI sequences deposited in INSDIC (Inter-
national ~ Nucleotide = Sequence  Database
Collaboration), six haplotype groups are
recognized here, most of which are almost
parapatrically distributed (Fig. 7.3b). Four haplo-
type groups are recognized around Japan; one
from the Sea of Okhotsk, the other mainly from
the Pacific coast, and the remaining two from the
northern and southern Sea of Japan, respectively.
This distributional pattern is similar to that of the
Careproctus species  complex,
suggesting the divergence resulted from isolation
among marginal seas. Four nominal species of
Furcimanus are known from Japan (L. hubbsi,
L. nakamurae, L. nishimurai, and L. pectoralis),
and a taxonomic study will be required to deter-
mine the relationships between the nominal spe-
cies and haplotype groups. Two psychrolutid
species, Malacocottus zonurus and Malacocottus
gibber, are also parapatrically distributed in the
western North  Pacific (Stevenson 2015)
(Fig. 7.3c). The former is known from the Pacific
coast of Japan, Sea of Okhotsk, Bering Sea, and
the Gulf of Alaska to Washington State, and the
latter only from the Sea of Japan, suggesting the
vicariance event following the isolation of the Sea
of Japan during the glacial periods led to its
speciation. However, no genetic divergence
between the two species in the mitochondrial
control region were found by Adachi
et al. (2009).

Divergence patterns in the lumpsuckers of the
Eumicrotremus asperrimus species complex
(Fig. 7.3d) and in Aptocyclus ventricosus
(Fig. 7.3e) have been considered the result of

rastrinus
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140°E 160°E  180° 160°W  140°W
Fig. 7.3 Distributional patterns of closely related species
group. (a) Careproctus rastrinus species complex
(Liparidae): open squares C. pellucidus, open stars
C. rastrinus, closed circles C. trachysoma, closed stars
C. acanthodes, open circles C. scottae, closed squares
C. phasma, open triangle C. spectrum, closed triangles
C. lerikimae. (Modified from Orr et al. 2015). (b) Species
of subgenus Furcimanus (Zoarcidae) defined by COI
sequence variations: data from Stevenson and Sheiko
(2009) and INSDIC, LC606411-LC606467, KC748102,
KC751829-KC751832, KC879734, KC879735,
KF019352, KF930085, KY570340, KY570341,
JQ354202, JQ354203, FI156952-FJ156963, FJ164767—

FJ164775, HQ704755, MK560615; (c) two species of

140°E 160°E  180° 160°W
Malacocottus: open circles M. zonurus, closed circles
M. gibber, closed stars M. kincaidi. (Modified from
Stevenson 2015). (d) Two haplotype groups of
Eumicrotremus asperrimus. (Modified from Kai et al.
2015). (e) Two haplotype groups of Aptocyclus
ventricosus. (Modified from Okazaki et al. 2020). (f)
Two species of Icelus: open circles 1. spiniger, closed
circles 1. cataphractus. (Modified from Nelson 1984). (g)
Two species of Elassodiscus: open circles E. caudatus,
closed circles E. nyctereutes. (Modified from Kai et al.
2020). (h) Two species of Careproctus: open circles
C. ambustus, closed circles C. melanurus. (Modified

from Orr et al. 2020, photo by J.W. Orr)
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vicariance events following gene flow between
marginal seas. DNA sequence data of Kai et al.
(2015) divided the E. asperrimus species com-
plex into two distinct clades (now recognized as
Eumicrotremus asperrimus and Eumicrotremus
gyrinops, see Stevenson et al. 2017),
corresponding to the eastern North Pacific (the
Bering Sea, Aleutian Islands, and Gulf of Alaska)
and the western North Pacific (the Seas of Japan
and Okhotsk) regions. Within the western North
Pacific clades, two haplotype groups were
detected, one consisting only of specimens from
the Sea of Okhotsk, the other of specimens from
both the Sea of Japan and the Sea of Okhotsk (Kai
et al. 2015). This suggests the vicariance of
populations because of a low level of gene flow
between the Seas of Japan and Okhotsk. Simi-
larly, two haplotype groups were recovered
within the widely distributed North Pacific
A. ventricosus: one group consisting of western
and one of eastern North Pacific individuals,
except for some specimens collected from off-
shore of Tohoku, northern Japan (Okazaki et al.
2020) (Fig. 7.3e). The geographic distribution of
haplotypes suggests that ocean currents in the
North Pacific have shaped the population struc-
ture of the species after historical vicariant events
between the Kuril Islands and Kamchatka Penin-
sula. Two cottoid species, Icelus cataphractus
and Icelus spiniger, are similar to each other,
having been taxonomically confused until
clarified by Nelson (1984). The distributional
ranges of two species overlap in the Sea of
Okhotsk (Fig. 7.3f). No genetic studies for the
species of Icelus have been conducted, but their
present distributions suggest historical vicariant
events between the Kuril Islands and Kamchatka
Peninsula and the subsequent dispersal of
I. spiniger to the northern Sea of Okhotsk.

In contrast, the distributional boundaries
between several sister species have been known
in the eastern North Pacific.
caudatus was formerly regarded to be distributed
widely in the North Pacific, known from the Kuril
Islands, Bering Sea, Gulf of Alaska southward to
California (Mecklenburg et al. 2002). However,

Elassodiscus
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the recent morphological and molecular study of
Kai et al. (2020) has revealed that two species
were confused within previously recognized
“E. caudatus”: the newly described Elassodiscus
nyctereutes known from the Sea of Okhotsk and
Bering Sea and E. caudatus known from the Gulf
of Alaska and eastern North Pacific (Fig. 7.3g).
This parapatric distribution suggests that the
Alaska Peninsula may have acted as a vicariant
boundary for their speciation. A similar study is
known for two other snailfishes: Careproctus
melanurus and Careproctus ambustus (see Orr
et al. 2020). Although the two species were pre-
viously  confused and recognized as
“C. melanurus,” Orr et al. (2020) demonstrated
genetic and morphological divergences between
the two species. Their new species, C. ambustus,
ranges from Japan, through Alaska, to the west
coast of Vancouver Island, British Columbia,
where  its  distribution  overlaps  with
C. melanurus, which ranges from southern
Alaska and British Columbia to Baja California
(Fig. 7.3h). The distributional overlap is located
in an intermediate or transitional zoogeographic
province within the Boreal Eastern Pacific zoo-
geographic region (Allen and Smith 1988; Pietsch
and Orr 2019). The distributions of Lycodes
beringi and L. diapterus exhibit a similar pattern,
overlapping latitudinally in British Columbia
(Fig. 7.3b).

The origin and distribution of the subarctic
fishes in Japan are the result of past vicariant
events among marginal seas and subsequent dis-
persal with ocean currents in the North Pacific.
For the further understandings of the speciation
events, comparative studies of various presumed
cognate pairs of species using molecular data will
be required.
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Abstract

In order to illuminate spatial patterns in species
diversity and distribution of deep-sea demersal
fishes of Japan, this study explored the bioge-
ography of grenadiers (Actinopterygii:
Gadiformes: Macrouridae) occurring in the
northwestern Pacific Ocean around the Japa-
nese Archipelago. Grenadiers were well
represented in the study area (76 species in
18 genera), and the total regional fauna
contributed about 21% of the global species
diversity (63% of the global generic diversity)
of the family. The rich representation is attrib-
utable to a wide variety of oceanographic
conditions of the study area, the geographical
proximity of the archipelago to the East Indies
(center of the diversity of the group), and
extensive collecting efforts over the last
175 years. The taxonomic compositions dras-
tically changed along depth and latitudinal
gradients. Hierarchal cluster analyses revealed
the presence of the upper bathyal (<1100 m)
and lower bathyal (1100-2000 m)
assemblages, with the former further
subdivided into the four regional faunas: Sea
of Japan, Kyushu-Palau Ridge, East China Sea
+ Pacific Ocean off southern Japan, and Pacific
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Ocean off northern Japan + southern Okhotsk
Sea. The faunal heterogeneity between the
four regions can be explained by differences
in physical factors such as water temperatures
and current flows, discontinuous distributions
of shelf and upper slope habitats between the
regions, and paleoceanographic history since
the Last Glacial Maximum.

Keywords

Biodiversity - Biogeography - Cluster
analysis - Macrouridae - Gadiformes -
Kuroshio Current - Oyashio Current

8.1 Introduction

The deep sea (>200 m depth) is by far the largest
habitat for fishes, occupying 93% of the total
volume of the world’s oceans. Despite recent
advances in technology, this vast environment is
hard to explore owing to its remote location and
the high hydrostatic pressure. Because of the
difficulties in accessibility, the diversity and dis-
tribution patterns of deep-sea fishes are still
poorly understood compared with shallow water
taxa. However, we have rather good knowledge
on taxonomy and distribution of deep-sea demer-
sal fishes in the northwestern Pacific Ocean off
the Japanese Archipelago, due to extensive
collecting efforts since the late-nineteenth century
[e.g., Temminck and Schlegel 1843, 1846;
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Giinther 1877; Steindachner and Déderlein 1887;
Jordan and Starks 1904; Kamohara 1950;
Okamura et al. 1982; Amaoka et al. 1983;
Okamura and Kitajima 1984; Okamura 1985;
Shinohara et al. 1996, 2001, 2005, 2009, 2011,
2014, 2020; Shinohara and Matsuura 1997;
Furuhashi et al. 2010; see Nakayama 2016 for a
brief review].

Comprising at least 370 species in about
27 genera, grenadiers of the gadiform family
Macrouridae (sensu stricto; excluding species of
bathygadids, macrouroidids, and trachyrincids)
are among the most dominant deep-sea demersal
fishes both in terms of species diversity and abun-
dance (Marshall 1979; Gage and Tyler 1992;
Iwamoto and Merrett 1997; Merrett and Headrich
1997; Iwamoto and Graham 2001; Shao et al.
2008; Iwamoto et al. 2015; Nakayama 2020).
The group is well represented in all major oceans,
with the highest diversity in tropical and subtrop-
ical waters (Marshall 1965; Marshall and
Iwamoto 1973; Iwamoto 1990; Iwamoto et al.
2015), particularly in the Indo-West Pacific.
Most species are tightly associated with the sea
floor (demersal, or more precisely,
benthopelagic), whereas a few species exclu-
sively inhabit pelagic layers of the open oceans
(Marshall 1965; Marshall and Iwamoto 1973;
Iwamoto 1990, 2008). Depth distributions of
demersal grenadiers are generally restricted to
the bathyal zone along the continental slope
(200-2000 m), and only a limited number of
species occur in much deeper (abyssal,
2000-6000 m; hadal, >6000 m) or shallower
(shelf or sublittoral, <200 m) zones (Marshall
and Iwamoto 1973; Marshall 1979; Iwamoto
1990; Nakayama 2020). Horizontal distributions
of bathyal species are also highly restricted espe-
cially in low- and mid-latitude regions, and there
are very few examples of trans-oceanic
distributions (Iwamoto 1990; Briggs 1995). Con-
sidering the high taxonomic diversity and the
relatively narrow spatial distribution of most spe-
cies (both vertical and horizontal), grenadiers are
suitable for exploring biogeographical patterns of
deep-sea demersal fishes.

N. Nakayama

Taxonomy of grenadiers has received great
attention in Japan, since Temminck and Schlegel
(1846) described the first species, Macrourus
Jjaponicus (= Coelorinchus japonicus), from the
East China Sea off Nagasaki. Since then, during
the last 175 years, a huge body of work has been
published (see Nakayama 2020, and references
cited therein), including comprehensive reviews
or monographs by Jordan and Gilbert (in Jordan
and Starks 1904), Gilbert and Hubbs (1916),
Okamura (1970), and Nakayama (2020).
Collecting sites of previous works almost entirely
cover the continental shelves and slopes along the
archipelago (see Nakayama 2020: fig. 4),
providing sufficient occurrence data to delineate
distribution limits of most species in the area.
Consequently, the taxonomy of grenadiers of
Japan and adjacent waters is stable compared
with other areas in the Indo-West Pacific, and
distributions of most species are known to very
high resolution. Using these data, this study
discusses biogeography of the regional grenadier
fauna to illuminate the distribution patterns of
deep-sea demersal fishes of Japan.

8.2 Materials and Methods

8.2.1  Study Area

The study area encompasses the northwestern
Pacific Ocean off the Japanese Archipelago
(23.9333-45.8000° N, 121.0000-150.6000° E),
including the East China Sea, Sea of Japan, south-
ern Okhotsk Sea, Kyushu-Palau Ridge, and
Shichito-lojima Ridge (Fig. 8.1). The area
includes vicinities of the northeastern part of
Taiwan and South Korea.

8.2.2 Data Sources and Treatment

This study analyzed species occurrence records
confirmed by Nakayama (2020), who thoroughly
reviewed the taxonomy of grenadiers of Japan
and adjacent waters. Taxonomic diversity of the
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Fig. 8.1 Map of the northwestern Pacific Ocean showing the study area in Japan and adjacent waters. (After Nakayama

2020: figs. 2, 3)

total regional fauna was briefly summarized
based on that study. Records without precise
locality data and those based on putative
midwater captures of juveniles were excluded
for the present analyses. The dataset used here
comprises 5876 records (catalog entries) based on
the museum specimens that he examined and
296 records from previous literature that he
verified (see Nakayama 2020, and references
cited therein). The mean value was calculated
for depth of capture when the original data were
expressed as a range (e.g., from minimum to
maximum, or from on-bottom to off-bottom).
Regarding coordinates of capture, only those for
a start position (on-bottom or net-in) were used
when data were also recorded at an end position.

8.2.3  Elucidating Bathymetric
and Biogeographical
Boundaries

Because horizontal boundaries of marine

organisms can be influenced by depth (Zezina
1997; Macpherson 2003; Macpherson et al.
2010), this study analyzed biogeographical
characteristics in the following two steps: (1) ver-
tical distribution analyses to explore the presence
of significant vertical separation of the total
regional fauna; and (2) horizontal distribution
analyses to delimit biogeographical regions
within the study area. In cases where capture
depth data were uncertain, records, particularly
those associated with specimens obtained at fish



128

landing sites or markets, were excluded for the
vertical distribution analyses. However, such
records were included in the horizontal distribu-
tion analyses, unless otherwise stated, when orig-
inal localities were unambiguous.

In the vertical distribution analyses, depth
intervals were set at 100 m from 0 to 2000 m,
and thereafter at intervals of 1000 m down to a
depth greater than 7000 m. The taxonomic
compositions were compared between these
depth strata to describe trends in faunal changes
along depth gradients, with particular reference to
the five major genera (Figs. 8.2 and 8.3a;
Table 8.1), viz., Coelorinchus, Coryphaenoides,
Hymenocephalus, Nezumia, and Ventrifossa. In
addition, a hierarchical cluster analysis was
performed to investigate the presence of vertical
separation of the total regional fauna; the abyssal
and hadal zones (>2000 m) were excluded due to
scant collecting efforts in such depths. Based on a
presence/absence data matrix of species and
100-m depth strata (generated from Fig. 8.2), a
dendrogram was constructed using unweighted
pair-group method using arithmetic averages
(UPGMA) and Jaccard similarity coefficient
(Fig. 8.3b); a similarity profile (SIMPROF) test
(Clarke et al. 2008) was conducted to identify
statistically significant cluster groupings at the
95% confidence level.

Targeting the shelf and upper bathyal zones
(>1100 m), the taxonomic compositions were
compared (with particular reference to the five
major genera) between the following 15 local
areas (Fig. 8.4a, c; Table 8.2): (1) East China
Sea off northeastern Taiwan; (2) East China Sea
off Nansei Islands (southern Okinawa Trough);
(3) East China Sea off Kyushu (northern Okinawa
Trough); (4) Pacific Ocean off Kyushu and
Shikoku, including Hyuga-nada and Tosa Bay;
(5) Pacific Ocean off Kinki and Tokai districts,
including Kumano-nada and Enshu-nada;
(6) Pacific Ocean off Kanto District, including
Suruga and Sagami bays, Izu Islands (north of
Miyake-jima Island; 34.0600° N), and off Boso
Peninsula; (7) Pacific Ocean off Kitakanto and
southern Tohoku districts, including Kashima-
nada and Sendai Bay; (8) Pacific Ocean off
Sanriku coast; (9) Pacific Ocean off Hokkaido;

N. Nakayama

(10) southern Okhotsk Sea; (11) Genkai-nada and
east of Korean Peninsula; (12) Sea of Japan off
southern Honshu; (13) Sea of Japan off northern
Honshu; (14) Sea of Japan off Hokkaido; and
(15) Kyushu-Palau Ridge. In addition, a hierar-
chical cluster analysis was performed to elucidate
positions of biogeographical boundaries within
the study area. A dendrogram was generated
using UPGMA and Jaccard similarity coefficient
(Fig. 8.4b), based on a presence/absence data
matrix of species and local areas (Table 8.3);
significance of cluster groupings was evaluated
using a SIMPROF test at the 95% confidence
level. A record of Coryphaenoides rudis collected
by a local fisher from Suruga Bay (in Area 6;
capture depth uncertain) was excluded from the
horizontal distribution analyses because the spe-
cies appeared to be restricted to the lower bathyal
zone (>1000 m) in the study area (1100-1481 m;
see Nakayama 2020).

8.2.4 Data Analyses and Visualization
Cluster analyses were performed in R 4.1.0
(R Core Team 2021) using the packages
“clustsig” (Whitaker and Christman 2014) and
“vegan” (Oksanen et al. 2020). Maps were
generated using the Generic Mapping Tools
(GMT ver. 4.5.12; see Wessel et al. 2013), with
temperature data from World Ocean Atlas 2018
(Boyer et al. 2018; Locarnini et al. 2019) and
bathymetric data from ETOPO1 (Amante and
Eakins 2009; NOAA National Geophysical Data
Center 2009).

8.3 Results and Discussion

8.3.1 Taxonomic Diversity
and Biogeographical
Characteristics of Total
Regional Fauna

The northwestern Pacific Ocean off the Japanese
Archipelago yields a taxonomically rich fauna of
grenadiers, with 76 species representing 18 genera
reported to date (Nakayama 2020). Of these,
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are excluded due to uncertainty of depth of capture (see
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25 species were of Coelorinchus, accounting for
33% of the total regional fauna. In terms of spe-
cies diversity, Coelorinchus is by far the largest in
the family with about 120 species worldwide
(Nakayama 2020), most of which occur on the
outer shelf and the upper slope between 150 and
800 m depth (Iwamoto 1990). It is considered
predominantly an Indo-West Pacific group
(Merrett and Iwamoto 2000), with its center of
diversity in Southeast Asia (Nakayama and Endo
2017; Nakayama et al. 2020), particularly in the
East Indies or the Indo-Malay-Philippine Archi-
pelago. Coryphaenoides was the second-most
speciose in the study area with 15 species (the
number seems to be the highest in the world’s
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clustering of 19 different depth strata in the upper 2000 m,
based on Jaccard’s similarity coefficient calculated from
presence/absence data of 73 species (data matrix was
generated from Fig. 8.2). Bold lines indicate cluster groups
where SIMPROF (P < 0.05) suggested that the structure is
not random

oceans; N. Nakayama, pers. observ.), accounting
for 20% of the total regional fauna. Comprising
about 65 species worldwide, the genus is the
second largest in the family (Nakayama and
Endo 2016; Nakayama 2020), typically found
on the slope between 700 and 2000 m depth
(Iwamoto 1990), with seemingly high abundance
in mid- and high-latitude regions (Nakayama
2020). Besides these two genera,
Hymenocephalus (6 of the 27 known species
occurred in the study area), Nezumia (7 of
ca. 50 spp.), and Ventrifossa (8 of >25 spp.)
also contributed well to the species richness of
the study area (Nakayama 2020). With respect to
global  diversity  patterns,  Coelorinchus,
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Fig. 8.4 (a) Horizontal distribution patterns of grenadiers
occurring shallower than 1100 m depth in Japan and
adjacent waters. (a) Map showing 15 local areas (1-15)
involved in the analysis presented here; the boundaries of
these areas, as shown in the map, are as follows:
A Yonaguni-jima Island (123.0000° N), B Takara-jima
Island (29.1497° N), C Cape Satamisaki (130.6592° E),
D Kii Channel (134.9227° E), E Izu Peninsula
(138.8452° E), F Choshi, Chiba Pref. (35.6963° N),
G Oshika Peninsula (38.2926° N), H Tsugaru Strait
(41.3500° N), I Cape Soyamisaki (141.9366° E), J Noto
Peninsula (137.3455° E), K Hamada, Shimane Pref.

Hymenocephalus, and Ventrifossa are especially
diverse in the tropical and subtropical Indo-West
Pacific (Merrett and Iwamoto 2000), with most
species found on the upper slope (Iwamoto 1990;
Schwarzhans 2014). By contrast, Nezumia is
apparently rare in low-latitude regions, whereas
the genus is abundant in temperate waters in the
world’s oceans (Iwamoto and Merrett 1997,

[[f] Coryphaencides [T] Ventrifossa
[C] Hymenocephalus [] Other genera

(132.0598° E), L Jeju Island (33.4703° N). (b) Dendro-
gram from UPGMA (unweighted pair-group method using
arithmetic averages) hierarchical clustering of 14 local
faunas (excluding Area 14, where no species were
recorded), based on Jaccard’s similarity coefficient calcu-
lated from presence/absence data of 63 species (Table 8.3).
Bold lines indicate cluster groups where SIMPROF
(P < 0.05) suggested that the structure is not random. (c)
Pie charts showing the total number of species and per-
centage contribution of five major genera in the 14 local
faunas involved in the cluster analysis

Nakayama and Endo 2015; Nakayama 2020),
with the richest diversity in the eastern Pacific
Ocean (Merrett and Iwamoto 2000; Nakayama
2020). Other genera are small in number, and
were poorly represented in the study area, with
one or two species only (Nakayama 2020):
Asthenomacrurus (1 of the 2 known species
occurred in the study area), Cetonurus (1 of
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Table 8.3 Presence (1) or absence (0) data matrix of 63 species of grenadiers x 14 areas (see Fig. 8.4a) in Japan and
adjacent waters, based on records from the layer above 1100 m depth

Regions (area no.)
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PSJ

PNJ
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N
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Species

Cetonurus globiceps

Coelorinchus anatirostris

Coelorinchus brevirostris

Coelorinchus cingulatus

Coelorinchus divergens

Coelorinchus formosanus

Coelorinchus fuscigulus

Coelorinchus gilberti

Coelorinchus hexafasciatus

Coelorinchus hige

Coelorinchus hubbsi

Coelorinchus japonicus

Coelorinchus jordani

Coelorinchus kamoharai

Coelorinchus kishinouyei

Coelorinchus leptorhinus

Coelorinchus longissimus

Coelorinchus macrochir

Coelorinchus matsubarai

Coelorinchus multispinulosus

Coelorinchus nox

Coelorinchus parallelus

Coelorinchus sheni

Coelorinchus smithi

Coelorinchus tokiensis

Coryphaenoides acrolepis

Coryphaenoides cinereus

Coryphaenoides longifilis

Coryphaenoides marginatus

Coryphaenoides microps

Coryphaenoides nasutus

Coryphaenoides pectoralis

Hymenocephalus hachijoensis

Hymenocephalus lethonemus

Hymenocephalus longibarbis

Hymenocephalus papyraceus

Hymenocephalus striatissimus

Hymenocephalus
yamasakiorum
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Hymenogadus gracilis 1 1 1 1 1 o |0 |0 |0 |0 0 0 0 0
Kumba japonica 1 0 1 1 1 1 1 1 0 |0 0 0 0 1
Kuronezumia dara 1 0 1 1 1 0 (0 (0 |0 |O 0 0 0 0
Kuronezumia endoi 0 |0 |0 1 1 o |0 |0 |0 |0 0 0 0 0
Lucigadus nigromarginatus 1 o |0 |0 (0O 0 |O |O |0 |O 0 0 0 0
Malacocephalus nipponensis 1 1 1 1 1 1 o |0 |0 |O 0 0 0 0

(continued)
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Table 8.3 (continued)

Regions (area no.)
ECS PSJ
Nezumia condylura
Nezumia kamoharai
Nezumia proxima
Nezumia rara
Nezumia shinoharai
Nezumia spinosa
Nezumia tomiyamai
Odontomacrurus murrayi
Pseudocetonurus sp. cf. septifer
Spicomacrurus kuronumai
Trachonurus villosus
Ventrifossa garmani
Ventrifossa johnboborum
Ventrifossa longibarbata
Ventrifossa macroptera
Ventrifossa misakia
Ventrifossa nigrodorsalis

=il el Sl S i=llellelleliehiehlelle) e
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Ventrifossa saikaiensis
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Area numbers correspond with those in Fig. 8.4a; Abbreviations: ECS East China Sea, KPR Kyushu-Palau Ridge, OS
southern Okhotsk Sea, PNJ Pacific Ocean off northern Japan, PSJ Pacific Ocean off southern Japan, SJ Sea of Japan

2 spp.), Hymenogadus (1 of 2 spp.), Kumba (1 of
9 spp.), Kuronezumia (2 of 8 spp.), Lucigadus
(1 of 7 spp.), Malacocephalus (1 of 7 spp.),
Odontomacrurus (monotypic), Pseudocetonurus
(1 of 2 spp.), Pseudonezumia (2 of 5 spp.),
Sphagemacrurus (1 of 6 spp.), Spicomacrurus
(1 of 4 spp.), and Trachonurus (1 of 6 spp.).
Considering that the family comprises at least
370 species in about 27 genera worldwide
(Nakayama 2020), the study area contributes
roughly 21% of the global species diversity of
the family (63% of the global generic diversity).

The remarkable taxonomic diversity of
grenadiers of Japan and adjacent waters is attrib-
utable to several factors, particularly to (1) a com-
plexity of oceanographic conditions in the study
area (Fig. 8.1), (2) the geographical proximity of
the archipelago to the East Indies, and (3) exten-
sive collecting efforts of Japanese deep-sea fishes
since the late-nineteenth century. Japan is located
in the mid-latitude region along the northwestern
margin of the Pacific Ocean, surrounded on all
sides by vast seas (i.e., Pacific Ocean, East China
Sea, Sea of Japan, and Okhotsk Sea). Reflecting

its geographical location, Japan’s coast is washed
by contrasting warm (Kuroshio and Tsushima
currents) and cold (Oyashio and Okhotsk
currents) currents. Due to their strong influence
on the oceanographic characteristics of Japan and
adjacent waters, the study area (despite its rela-
tively small geographical coverage) encompasses
six marine climatic regimes, viz., tropical, sub-
tropical, warm-temperate, middle-temperate,
cool-temperate, and subboreal (Nishimura 1992;
Fujikura et al. 2010). The wide variety of climatic
regimes enables both tropical-subtropical (e.g.,
Coelorinchus, Hymenocephalus, Ventrifossa,
and many other genera) and temperate-subboreal
(e.g., Coryphaenoides and Nezumia) groups to be
diverse in such a small region. The high diversity
of  Coelorinchus,  Hymenocephalus, and
Ventrifossa is further attributable to the geograph-
ical proximity of the Japanese Archipelago to the
East Indies, the latter of which hosts the highest
species diversity of these genera (Merrett and
Iwamoto 2000; Nakayama and Endo 2017;
Nakayama et al. 2020; see also above). A close
faunal similarity between Japan—Taiwan and the
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East Indies was also suggested in other deep-sea
benthic organisms such as galatheid squat
lobsters (Macpherson et al. 2010). By contrast,
the mid-latitude location of the Japanese Archi-
pelago allows occurrence of boreal North Pacific
species of Coryphaenoides, viz., Coryphaenoides
acrolepis, Coryphaenoides cinereus,
Coryphaenoides filifer, Coryphaenoides
longifilis, and Coryphaenoides pectoralis. The
southern distribution limits of these species in
the western Pacific Ocean are located within the
study area. The rich representation of
Coryphaenoides 1is also due to underestimated
species diversity of the genus in other regions
or, in other words, extensive collecting efforts in
Japanese waters over the last 175 years (see Sect.
8.1). Numerous trawl hauls have been conducted
in the study area, not limited to the shelf and
slope, but also the rise, abyssal plain, and hadal
zone (e.g., Nakayama 2020: fig. 4). Of these, at
least 54 hauls reached depths of 2000 m or
greater, resulting in successful captures of abyssal
and hadal representatives of Coryphaenoides,
viz., Coryphaenoides altipinnis, Coryphaenoides
armatus, Coryphaenoides asper,
Coryphaenoides leptolepis, and Coryphaenoides
yvaquinae. Two of these species (Cor. altipinnis
and Cor. asper) are so far known from Japanese
waters, while additional investigations in adjacent
regions of the western Pacific Ocean will add
their new localities. While the other three species
(Cor. armatus, Cor. leptolepis, and Cor.
yaquinae) are widely distributed across several
ocean basins (Gaither et al. 2016), their known
localities are somewhat sporadic, particularly in
the Southern Hemisphere (Wilson Jr and Waples
1983; Wilson Jr and Waples 1984; Endo and
Okamura 1992; Nakayama 2020). The high
diversity of grenadier genera in the study area
may also be attributable to the above three points.

8.3.2  Vertical Distribution Patterns

The taxonomic compositions of grenadiers of
Japan and adjacent waters showed considerable
changes with depth (Figs. 8.2 and 8.3a;
Table 8.1). The vertical distribution of the total
regional fauna varied from a shelf depth of 70 m

N. Nakayama

(Coelorinchus kishinouyei, from Sagami Bay off
Izu Peninsula) to a hadal depth of 7387 m (Cor.
armatus, Cor. leptolepis, and Cor. yaquinae,
from Japan Trench off Miyako). The depth
range of each species tended to be broader with
increasing depth of occurrence (Fig. 8.2). Most
species occurred on the upper slope, from which
the taxonomic diversity decreased toward
shallower and deeper depths (Figs. 8.2 and 8.3a;
Table 8.1). Although the family is predominantly
a deep-sea group, 16 species in five genera were
recorded from the 0—199 m stratum. The greatest
diversity was on the upper slope, particularly in
the layer between 300 and 799 m, where 30 or
more species in at least seven genera occurred in
each 100-m stratum. More specifically, the diver-
sity peaked in the 500-599 m stratum, where
37 species in nine genera were recorded.
Grenadiers of the upper slope were further
characterized by rich representation of four
major genera, viz., Coelorinchus,
Hymenocephalus, Nezumia, and Ventrifossa
(Figs. 8.2 and 8.3a; Table 8.1). In Japan and
adjacent waters, species of these genera were
mainly restricted to the area shallower than
1300 m. Depth ranges of several minor genera,
including Hymenogadus, Kumba, Kuronezumia,
Malacocephalus, and Spicomacrurus, were also
confined to the layer between 200 and 799 m
(Fig. 8.2). By contrast, grenadiers of the lower
slope were poorly diverse both at species and
generic levels. The trend was especially notewor-
thy in the layer between 1200 and 1999 m, where
fewer than nine species in 1-3 genera occurred in
each 100-m stratum. Poor representation of
grenadiers was similarly observed in the abyssal
(rise and plain) and hadal zones, where fewer than
10 species in 1-3 genera occurred in each 1000-m
stratum. Coryphaenoides was by far the dominant
genus in deeper layers from the lower slope to the
hadal zones, although the species composition
obviously changed with depth (Fig. 8.2; e.g.,
several species, viz., Cor. altipinnis, Cor.
armatus, Cor. asper, Cor. leptolepis, and Cor.
yaquinae, were restricted to the abyssal and/or
hadal zones, not occurring on the slope). Species
of Asthenomacrurus and Pseudonezumia also
exclusively occurred on the lower slope and/or
the upper abyssal zone.
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A hierarchical cluster analysis based on spe-
cies occurrence across 19 depth strata (<2000 m;
100-m depth intervals) revealed the presence of
two vertical assemblages of grenadiers in the
study area (Fig. 8.3b): (1) the upper bathyal
assemblage (C-1 in Fig. 8.3b) extended from the
shelf to the upper slope above 1100 m; and (2) the
lower bathyal assemblage (C-2) occurred in much
deeper waters (1100-1999 m). As outlined above,
the taxonomic diversity was notably richer in the
shelf and upper slope than in the lower slope. The
boundary between the two assemblages (1100 m)
generally corresponded with marked changes in
the taxonomic compositions along depth
gradients. For example, more than 15 species
constantly occurred in each 100-m stratum in
the upper bathyal assemblage, whereas in the
lower bathyal assemblage, the number was
lower (Fig. 8.3a; Table 8.1). Furthermore, most
species (48 spp. accounting for 66% of the total
regional fauna) exclusively occurred in the upper
bathyal assemblage (Fig. 8.2). The generic diver-
sity was also richer in the upper bathyal than in
the lower bathyal assemblages (usually 7—-
10 vs. usually 1-3; Table 8.1).

8.3.3 Horizontal Distribution

Patterns

In the following horizontal distribution analyses,
species occurrence records from only the layer
above 1100 m were analyzed, considering the
faunal differences between the upper and lower
bathyal assemblages (see Sect. 8.3.2). The treat-
ment was also due to heterogeneous sampling
effort in much deeper depths across local areas
around the Japanese Archipelago (e.g., only a few
trawl hauls were made in greater depths of the
Kyushu-Palau Ridge).

The species compositions of the upper bathyal
assemblage showed significant horizontal
changes across the study area (Fig. 8.4c;
Table 8.2). Grenadiers were well represented in
the East China Sea (Areas 1-3) and the Pacific
Ocean off southern Japan (4-6) both at species
and generic levels, with at least 24 species in 8—12
genera occurring in each local area. The
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taxonomic diversity along the Pacific coast gen-
erally decreased with increasing latitude, and only
seven species in two genera were recorded from
the Pacific Ocean off Hokkaido (Area 9). Com-
prising 12 species in five genera, the local fauna
of the Kyushu-Palau Ridge (Area 15) was not
especially rich, despite its close geographical
proximity to the East China Sea and the main
islands of southern Japan. For example, many
species typically found in the East China Sea
and Pacific Ocean off southern Japan were not
distributed in this oceanic elevation (see
Table 8.3). Particularly, no species of
Coryphaenoides have been recorded from the
Kyushu-Palau Ridge, whereas Coelorinchus
matsubarai was exclusively confined to the area
in Japanese waters (although the species is also
known from the Emperor Seamounts). By con-
trast, grenadier faunas of the Sea of Japan (Areas
11-14) and southern Okhotsk Sea (10) were evi-
dently poor, with fewer than eight species in 1-3
genera occurring in each local area, except for the
Area 14 (Sea of Japan off Hokkaido) where no
species have been recorded. The poor representa-
tion of grenadiers in the Sea of Japan was espe-
cially noticeable in comparison with areas located
at the same latitudes in the Pacific Ocean (7 spp.
in 3 gen. in Area 11 vs. 33 spp. in 8 gen. in Area
6; only 1 sp. in Area 12 vs. 20 spp. in 7 gen. in
Area 7; 2 spp. in 1 gen. in Area 13 vs. 12 spp. in
5 gen. in Area 8).

Patterns of latitudinal gradients in species
diversity differed among the five major genera
(Fig. 8.4c; Table 8.2). The total numbers of spe-
cies of Coelorinchus, Hymenocephalus and
Ventrifossa generally decreased with increasing
latitude, except in the Sea of Japan and Kyushu-
Palau Ridge. Patterns in Coryphaenoides and
Nezumia were inverse, with the highest diversities
in the Pacific Ocean off central Japan (Areas
6 and/or 7), and the total numbers of species
gradually decreased southward. Furthermore,
Coelorinchus was the best represented genus in
local faunas through the East China Sea, Pacific
Ocean off southern Japan, Kyushu-Palau Ridge,
and Sea of Japan, whereas Coryphaenoides was
most speciose through the Pacific Ocean off
northern Japan and southern Okhotsk Sea.
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A hierarchical cluster analysis based on spe-
cies occurrence across 14 local areas around the
Japanese Archipelago (Fig. 8.4b; Table 8.3;
excluding the Area 14 where no grenadier species
were recorded) suggested the presence of four
faunal regions for the upper bathyal assemblage
of grenadiers: (1) Sea of Japan (Areas 11-13; C-I
in Fig. 8.4b); (2) Kyushu-Palau Ridge (15; C-IV);
(3) Pacific Ocean off northern Japan and southern
Okhotsk Sea (7-10; C-1I); and (4) East China Sea
and Pacific Ocean off southern Japan (1-6; C-III).

According to the dendrogram, the grenadier
fauna of the Sea of Japan is readily separated
from those of other regions in the study area.
This is obviously associated with the poor repre-
sentation of grenadiers in the region. The unique
faunal characteristics can be attributable to a rela-
tively recent origin of deep-sea fish fauna of the
region. The Sea of Japan is a semi-closed mar-
ginal sea in the northwestern Pacific Ocean,
connected to adjacent seas by four narrow and
shallow straits (Fig. 8.1), viz., Tsushima Strait
(maximum depth 130 m), Soya (or La Pérouse)
Strait (55 m), Tsugaru Strait (140 m), and
Mamiya (or Tatar) Strait (15 m). Due to the
enclosed nature of the Sea of Japan, the hydro-
graphic environment of the region has dramati-
cally changed since the Late Pleistocene. In
particular, high anoxic conditions dominated the
deep-water layer of the Sea of Japan between
27 and 20 ka BP (Oba et al. 1991, 1995; Itaki
et al. 2004), during which most deep-sea
organisms were likely eliminated from the region.
This anoxic condition resulted from the develop-
ment of a well stratified water column caused by
the combination of a large fresh water inflow
from China and the lowest level in eustatic sea
level in the Last Glacial Maximum (Oba et al.
1991, 1995; Itaki et al. 2004). The present-day
grenadier fauna of the Sea of Japan appears to
originate from about 12 ka BP, when the
Tsushima Current became stronger and restarted
to flow in the region through the Tsushima Strait
(Oba et al. 1995; Ishiwatari et al. 1999; Itaki et al.
2004). This hypothesis is further supported in that
most grenadiers recorded from the Sea of Japan
are subtropical-temperate species with high abun-
dance in the East China Sea (e.g., Coelorinchus
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formosanus, Coelorinchus kamoharai,
Coelorinchus multispinulosus, Coryphaenoides
marginatus, Coryphaenoides microps, and

Hymenocephalus striatissimus).

The poor development of the grenadier fauna
of the Sea of Japan may also be attributable to the
present hydrographic characteristics of the region.
The Sea of Japan is geographically connected to
the East China Sea where grenadiers are dominant
deep-sea demersal fishes in terms of taxonomic
diversity (Okamura and Kitajima 1984;
Shinohara et al. 2005) and abundance (Furuhashi
et al. 2010). Considering the midwater occurrence
of grenadiers in their early life stages (Stein 1980;
Merrett 1989; Endo 2014) and the flow direction
of the Tsushima Current, eggs and larvae would
be transported to the Sea of Japan from the East
China Sea. However, the deep layer in the former
region (ca. >300 m) is occupied by the Japan Sea
Proper Water (JSPW), which is characterized by
uniformly low temperature (0.0-1.0 °C) (Uda
1934; Sudo 1986). Because JSPW is distinctly
colder than at the same depth in other parts of
southern Japan (Fig. 8.5b), deep waters of the Sea
of Japan are likely unsuitable for settlement of
most subtropical and warm-temperate species. In
fact, occurrence in the region was very rare for
most species, except Coe. multispinulosus. This
species typically occurs on the outer shelf
(<200 m) in the study area, commonly known
from the southern margin of the Sea of Japan
along Honshu (Yamada et al. 2007; Nakayama
2020). The shallow water temperature of the Sea
of Japan is not especially low (Fig. 8.5a), likely
allowing penetration of the species into the
region. The Sea of Japan is also connected with
the Pacific Ocean and Okhotsk Sea via the
Tsugaru and Soya straits respectively. However,
currents flowing in the two straits are directed
eastward, possibly preventing westward transport
of subboreal and cool-temperate species in early
life stages (Figs. 8.1 and 8.5a).

Apart from the Sea of Japan, the Kyushu-Palau
Ridge is highly distinctive in its unique grenadier
fauna. As shown in the dendrogram, it (Area 15)
is significantly different from a large cluster com-
prising the remaining areas across the East China
Sea (1-3), Pacific Ocean off Japan (4-9), and
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Fig. 8.5 Maps of the northwestern Pacific Ocean
showing hydrographic characteristics of the study area.
(After Matsuzaki and Itaki 2017: fig. 1; Nakayama 2020:
fig. 3). (a) Annual mean sea surface temperature (SST); (b)

southern Okhotsk Sea (10). Despite their close
geographical proximity, the species composition
of Kyushu-Palau Ridge is quite different from
those of the East China Sea and Pacific Ocean
off southern Japan. The Kyushu-Palau Ridge is
geologically isolated from other regions in the
study area, being located on a different tectonic
plate (Philippine Plate vs. Eurasian and North
American plates), and surrounded by abyssal
depths (>2000 m; Fig. 8.1). In most species of
grenadiers, adults are primarily benthopelagic and
closely associated with the sea floor (see Sect.
8.1). Therefore, the abyssal waters around the
Kyushu-Palau Ridge are considered an effective
biogeographical barrier for bathyal species to pre-
vent migration between the ridge and other
regions [see also Nakaya and Shirai (1992) for a
similar discussion on scyliorhinid sharks and rajid
skates]. In addition, larval dispersal between the
Kyushu-Palau Ridge and the main islands of
Japan is also likely restricted, considering the
presence of the Kuroshio Current, which flows

30°C

O B I
0 25 5 7.5 10 12.5

Annual mean temperature at 500 m

15°C

Intermediate water hydrography (200-1,000 m)

Intermediate water temperature at a depth of 500 m.
Abbreviations: ECS East China Sea, JSPW Japan Sea
Proper Water, KOTZ Kuroshio-Oyashio Transition Zone

between the two regions (Figs. 8.1 and 8.5a).
Moving across the current seems to be difficult
for drifting larvae of grenadiers.

The remaining 10 local faunas were separated
into two large clusters, of which one comprised
those in the Pacific Ocean off northern Japan
(Areas 7-9) and southern Okhotsk Sea (10), and
the other included those in the East China Sea
(1-3) and Pacific Ocean off southern Japan (4-6)
(Fig. 8.4b). The boundary between the two
clusters is geographically located in the
Kuroshio-Oyashio Transition Zone, where hydro-
graphic conditions at the surface, as well as in
deeper layers, abruptly change across latitude
(Fig. 8.5). The boundary generally corresponds
with northern distribution limits of many
subtropical-temperate species (Table 8.3; e.g.,
Coe. japonicus, Coe. kishinouyei, Coelorinchus
longissimus, Coelorinchus parallelus,
Coelorinchus smithi, Cor. marginatus,
Hymenocephalus longibarbis, Malacocephalus
nipponensis, Trachonurus villosus, Ventrifossa
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longibarbata, and Ventrifossa rhipidodorsalis).
Undoubtedly, the above discussion further
indicates that temperature plays an important
role in determining the distribution of bathyal
grenadier species in the study area.

Conclusions and Future
Perspectives

8.4

The distribution patterns of grenadiers in Japan
and adjacent waters can be explained by the com-
bination of the geographical location of the archi-
pelago (in relation to the East Indies), physical
factors such as water temperature and current
flows, discontinuous distributions of shelf and
upper slope habitats, and paleoceanographic his-
tory since the Last Glacial Maximum. Because
grenadiers are dominant deep-sea demersal fishes
in the world’s oceans, the knowledge on their
distribution provides a fundamental basis for bio-
geographical discussion of other deep-sea taxa,
especially for those having a similar early life
history and adult lifestyle. Further investigations
are necessary to elucidate whether similar
patterns of distribution are found in other groups
of deep-sea demersal fishes. In addition, more
in-depth studies regarding the ecology, physiol-
ogy, and early life history of grenadiers are
required for better understanding the biogeogra-
phy of the group.
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Abstract

Estuarine ecosystems are important habitats for
many fish species. Large-scale patterns of estua-
rine fish communities can be affected by geo-
graphical factors, such as water temperature and
latitude, which either limit or allow fish dis-
persal, and/or by environmental factors that
select locally adapted species. Furthermore,
increased human activity has also altered fish
diversity through the modification of estuarine
environments. In this study, we used environ-
mental DNA metabarcoding to study a large-
scale pattern of estuarine fish communities
across 26 watersheds in the Japanese Archipel-
ago, and assessed the effects of geographical,
environmental, and anthropogenic factors in
structuring these communities. Of the 197 fish
species detected, 40 species were red-listed by
the Japanese Ministry of Environment and seven
were alien. Non-metric multidimensional scaling
showed that both latitude and water temperature
affected river mouth fish communities. Although
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other anthropogenic factors were not found to
affect these communities, the bank artificia-
lization rate was influenced. Furthermore, the
relationship between the fish community and
ocean currents was weak. The number of
red-listed fish affected fish community
structures, whereas that of alien species did not.
The numbers of red-listed fish were negatively
correlated with the bank artificialization rate and
the rate of tetrapod formation. These findings
provide useful information that may be used to
conserve estuarine ecosystems.

Keywords

Environmental DNA metabarcoding - River
mouth - Fish community - Red list - Bank
artificialization

Abbreviations

BAR Bank artificialization rate
DO Dissolved oxygen

eDNA Environmental DNA

NMDS  Non-metric multidimensional

e-mail: kume.manabu.6x @kyoto-u.ac.jp scaling
SR Species richness
E. Lavergne f .
Research and Educational Unit for Studies on TFR Tetrapqd ormation rate
Connectivity of Hills, Humans and Oceans, Kyoto N Total nitrogen
University, Kyoto, Japan WT Water temperature
Present Address: Université de Bretagne Occidentale,
Plouzané, France
© The Author(s), under exclusive licence to Springer Nature Singapore Pte Ltd. 2022 143

Y. Kai et al. (eds.), Fish Diversity of Japan, https://doi.org/10.1007/978-981-16-7427-3_9


http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-7427-3_9&domain=pdf
mailto:kume.manabu.6x@kyoto-u.ac.jp
https://doi.org/10.1007/978-981-16-7427-3_9#DOI

144

9.1 Introduction

Estuaries are important fish habitats for feeding,
growing, and spawning. They also facilitate
freshwater/seawater adaptation when the fish
migrate upstream/downstream, (Potter et al.
2015). Flooding and ebb tides subject estuaries
to spatiotemporal changes in their physicochemi-
cal environments (e.g., water depth, water tem-
perature, and salinity), which result in the creation
of various types of fluctuating habitats. The river
mouth is particularly characterized by high level
of primary production and complex hydrodynam-
ics due to sustained terrestrial and marine nutrient
supplies (McLusky and Elliott 2004; Kasai et al.
2010; Sugimoto et al. 2021). Thus, estuarine
environments  provide highly  productive,
fluctuating ecosystems for fish communities that
are composed of many species with varying life
history types, such as those from freshwater, estu-
arine, and marine environments, and those that
are diadromous (Potter et al. 2015).

Large-scale patterns of estuarine fish
communities can be influenced by geographic
factors, including historical events, that either
limit or allow fish dispersal (e.g., latitude and
the presence of land-bridges) and/or by the selec-
tion of environmental factors selecting for locally
adapted species (e.g., water temperature, salinity,
and their fluctuations) (Pasquaud et al. 2015;
Watanabe et al. 2017). However, human activities
can cause the loss of estuarine biodiversity via
multiple stressors (Teichert et al. 2016) such as
habitat modification (urbanization and engineer-
ing construction; Yoshimura et al. 2005), eutro-
phication, water pollution, and the loss of tidal
flats and seagrass/seaweed beds (Lotze et al.
2006; Airoldi et al. 2008). For example,
modifications of river mouths (i.e., channelization
and bank protection) reduce habitat complexity,
and domestic and factory effluents cause eutro-
phication (Simpson and Sharples 2012). As a
consequence, the amount of the coastal fishery
catch in Japan has been decreasing since the
mid-1980s (Ministry of Agriculture, Forestry
and Fisheries 2019). This is the most likely due
to overfishing, land reclamation, river water
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pollution, and the construction of concrete
protections along the coasts and rivers. Thus,
long-term assessment of estuarine fishes and stud-
ies on the effects of anthropogenic factors on
estuarine fishes are required for the sustainable
use of fishery resources.

In this chapter, we first demonstrate that
eDNA metabarcoding reveals a large-scale pat-
tern of fish diversity and distribution across
26 watersheds distributed over the Honshu,
Shikoku, and Kyushu Islands in the Japanese
Archipelago. We also characterize the species
richness of native, red-listed, and alien fish
along the geographical and environmental
gradients. Second, we determine the geographi-
cal, environmental, and anthropogenic factors

that determine estuarine fish community
structures.
9.2  What Is eDNA?

Environmental DNA (eDNA) is a genetic mate-
rial originating from cell fragments, feces, saliva,
urine, and skin cells found in various
environments (e.g., soil, sediment, water, or air).
Recently, various aquatic organisms, including
aquatic plants, aquatic insects, bivalves,
salamanders, and fishes, have been detected by
eDNA (Fukumoto et al. 2015; Matsuhashi et al.
2016; Doi et al. 2017b; Takahara et al. 2019).
Thus, eDNA metabarcoding (Bohmann et al.
2015) has proven to be a powerful tool for moni-
toring fish communities and their composition in
various aquatic environments, such as bays,
rivers, and lagoons/estuaries (Yamamoto et al.
2017; Stoeckle et al. 2017; Nakagawa et al.
2018). The eDNA metabarcoding has also been
found to be more useful for studying fish distri-
bution and diversity than traditional fish sampling
(e.g., electrofishing, traps and nets, and visual
census) (Sard et al. 2019; Zou et al. 2020).
Another advantage of this technique is its ability
to sample a greater number of sites in less time
than what is required for traditional techniques,
thereby allowing for greater geographical cover-
age. Moreover, this method is nonintrusive and
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does not necessitate the sacrifice of any organism.
Recently, fish abundance has been estimated
(Yamanaka and Minamoto 2016; Doi et al.
2017a), and genetic diversity has been evaluated
using eDNA (Uchii et al. 2016; Tsuji et al. 2020).
Thus, eDNA is a technology that is expected to be
applied to various approaches in the future. The
methodology of eDNA metabarcoding is
described in detail by Miya et al. (2020) and
Minamoto et al. (2021).

9.3 Estuarine Fish Species

Composition

Using eDNA metabarcoding with MiFish univer-
sal primer set (Miya et al. 2015), which targets a
hypervariable region of the fish mitochondrial
12S rRNA gene (ca. 172 bp), we investigated
the fish communities in 26 river estuaries
(Table 9.1; Fig. 9.1; see the methods of Ahn
et al. 2020 and Kume et al. 2021). A total of
197 fish species, belonging to 146 genera and
69 families, were detected in 52 water samples
(collected in both high and low tides) from
26 river mouths using eDNA metabarcoding.
Within the 26 rivers, we detected 25—-60 fish
species (Table 9.1; Appendix). Among these,
Mugil cephalus, Lateolabrax japonicus, and
Tridentiger spp. (present in all rivers) were
detected very frequently (Table 9.2).

Previous studies have revealed that several
factors, such as higher water temperature, longer
time, and greater distance, increase the eDNA
degradation rate (Nukazawa et al. 2018;
Murakami et al. 2019; Kasai et al. 2020). Never-
theless, primary freshwater fishes inhabiting mid-
to upper streams, such as Rhynchocypris
lagowskii steindachneri, Lethenteron sp. S sensu
Yamazaki et al. (2003), Tachysurus nudiceps,
Niwaella delicata, and Cottus pollux were
detected in the water samples that collected dur-
ing the summer, which is the warmest season in
Japan. Therefore, the eDNA of these fishes was
thought to be transported from the upper reaches
of freshwater to the river mouths. These results
support the hypothesis that eDNA has a high
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degree of sensitivity in the detection of fish
species.

It is known that eDNA is a powerful tool for
detection of rare, endangered, and alien species
(Bohmann et al. 2015; Balasingham et al. 2018).
In our study, a total of 40 red-listed species,
which were categorized in the Japanese Red List
of the Ministry of Environment (2017, 2019)
(20.3% of the number of total fish species
detected) were found. Among these, Lateolabrax
japonicus, Anguilla japonica (present in
20 rivers), and Misgurnus anguillicaudatus
(12 rivers) were the most common (Table 9.2).
Moreover, two locally endemic species with nar-
row distribution ranges, Cobitis takatsuensis and
Odontobutis hikimius were detected in the
Takatsu River. In addition, seven alien species
(3.6%) were found (Nakabo 2013; Hosoya
2019), but at a lower frequency (Table 9.2).
Importantly, the early detection of a Micropterus
dolomieu dolomieu invasion was found in the
Sagami River mouth (Kume et al. 2021). It was
confirmed that the potential of the eDNA method
enables a more accurate identification of the dis-
tribution range of species.

The eDNA metabarcoding showed evidence
that many species might have recently changed
their distribution ranges. In this study, five fish
species were found in previously uncolonized
river sites (Nakabo 2013; Hosoya 2019) possibly
expanding their ranges to adjacent rivers of higher
latitudes. Of those were Platycephalus sp. 2 sensu
Nakabo (1993) from the Yoneshiro River,
Pterocaesio tile from the Yahagi River,
Pseudolabrus sieboldi and Stethojulis interrupta
terina from the Naruse River, and Omobranchus
punctatus from the Arakawa, Onogawa, and
Kuma rivers. Recently, marine/estuarine fishes
worldwide have expanded their distribution
northward (Nicolas et al. 2011). In Japan, similar
cases have been seen in some tropical/subtropical
fishes including incidental dispersion or abortive
migration, possibly due to ocean warming (e.g.,
Masuda 2008; Onikura et al. 2013). Therefore,
eDNA metabarcoding may help to monitor fish
responses to climate change. Our study as well as
previous studies (Perry et al. 2005; Yamamoto
et al. 2020) suggest that the recent increase in
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Table 9.1 The numbers of all fish species, including species red-listed by the Ministry of Environment and alien

species, at each river estuary

ID River All Red-listed” Alien D River All Red-listed” Alien
1 Mabechi 37 8 0 14 Miyagawa 37 8 1
2 Yoneshiro 40 11 2 15 Yamato 29 3 4
3 Akagawa 46 10 2 16 Kinokawa 43 3 1
4 Arakawa 28 7 0 17 Kakogawa 25 3 1
5 Naruse 34 3 1 18 Asahi 31 7 0
6 Naka 43 3 1 19 Ota 47 7 0
7 Sagami 54 3 2 20 Nakagawa 46 3 0
8 Fuji 27 5 1 21 Niyodo 47 9 5
9 Kuzuryu 42 7 2 22 Hijikawa 60 7 4
10 Yura 36 4 1 23 Onogawa 34 3 0
11 Hino 43 11 2 24 Oyodo 41 3 0
12 Takatsu 38 10 1 25 Kuma 35 6 1
13 Yahagi 40 8 4 26 Sendai 46 3 1

This table is modified from Kume et al. (2021)

4Red-listed included CR, EN, NT, VU, LP, and DD categories by the Ministry of Environment (2017, 2019)

water temperature due to climate change may also
affect fish distributions and communities, espe-
cially in marine/estuarine fishes. Thus, long-term
eDNA surveys are required to monitor their
migration to non-native areas.

In addition, seven native invasive species were
detected far from their original distribution area

(Nakabo 2013; Hosoya 2019). These were
Gnathopogon caerulescens from the Hino River,
Sarcocheilichthys variegatus microoculus from
the Mabechi, Yahagi, and Miyagawa rivers,
Barbatula oreas from the Kuzuryu River,
Pseudorasbora parva from the Mabechi,
Yoneshiro, Akagawa, and Arakawa rivers,

Fig. 9.1 The 26 sampling
sites in the Honshu,
Shikoku, and Kyushu
islands of Japan. Closed
circles indicate the study
sites. Numbers indicate
sampling river IDs as
shown in Table 9.1. Arrows
indicate warm (solid) and
cold (dashed) currents. This
figure is modified from
Kume et al. (2021)
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Table 9.2 Top 10 frequently occurring fish species detected using eDNA metabarcoding
(a) All fish (b) Red-listed fish® (c)Alien fish
Order | Scientific name N | Order | Scientific name N | Order | Scientific name N
1 Mugil cephalus 26 1 Lateolabrax japonicus |26 |1 Channa argus 7
1 Lateolabrax 26 | 2 Anguilla japonica 20 |2 Rhodeus ocellatus 6
Jjaponicus ocellatus
1 Tridentiger spp. 26 | 3 Misgurnus 12 |3 Lateolabrax maculatus 4
anguillicaudatus
4 Cyprinus spp. 25 | 4 Gymnogobius 9 |4 Micropterus salmoides 3
petschiliensis salmoides
5 Carassius spp. 24 | 5 Squalidus spp. 8 |5 Oncorhynchus mykiss 2
5 Rhinogobius sp. 24 | 6 Oncorhynchus masou 715 Lepomis macrochirus 2
masou
5 Takifugu spp. 24 | 6 Cottus kazika 717 Micropterus dolomieu 1
dolomieu
5 Acanthopagrus 23 | 8 Taenioides snyderi 6
schlegelii
9 Acanthogobius 23 | 8 Cottus pollux 6
flavimanus
10 Konosirus punctatus |21 | 10 Cottus reinii 5

(a) All fish, (b) Red-listed fish by the Ministry of Environment, and (c) Alien species, in 26 river estuaries. This table is

modified from Kume et al. (2021)

N indicates the number of rivers in which the fish species were detected
“Red-listed included CR, EN, NT, VU, LP, and DD categories set by the Ministry of Environment (2017, 2019)

Tachysurus nudiceps from the Yahagi River,
Stichaeopsis nana from the Hijikawa River, and
Omobranchus fasciolatoceps from the Onogawa,
Kuma, and Sendai rivers. However, it could not
be determined if 15 fish species (Anguilla japon-
ica, Acheilognathus cyanostigma,
lanceolata, Tanakia limbata, Biwia zezera,
Carassius spp., Cyprinus spp., Gnathopogon
elongatus elongatus, Opsariichthys platypus,
Oryzias sakaizumii, Misgurnus anguillicaudatus,
Plecoglossus altivelis altivelis, Salvelinus spp.,
Oncorhynchus masou masou, and Oncorhynchus
gorbuscha) were either native or native invasive.
Nevertheless, there are records of these species
being released into rivers or fishing/aquaculture
ponds in the past, as well as molecular evidence
of their presence in previous studies. For exam-
ple, Plecoglossus altivelis altivelis is widely
distributed in Japan; however, their stocks from
Lake Biwa, which had accidentally mixed with
other fishes (e.g., Gnathopogon caerulescens and
Opsariichthys platypus), were released into
numerous rivers for recreational fishing and
inland-water fisheries (Watanabe 2012). These
types of fishes can cause genetic disruption (e.g.,

Tanakia

reduction of local genetic diversity or extinction
of local genetic populations) via gene flow among
the individuals of both native and invasive spe-
cies (Rhymer and Simberloff 1996; Frankham
et al. 2002). Recently, eDNA methodologies
have been developed with improved detection
accuracy to evaluate intraspecific genetic diver-
sity (Uchii et al. 2016; Tsuji et al. 2020). Thus,
such methods might be useful for assessing native
invasive fishes and their effects on native fishes.

9.4  Anthropogenic Impacts
on the Estuarine Fish

Community

Figure 9.2 shows non-metric multidimensional
scaling (NMDS) biplots used to elucidate the
relationship between estuarine fish community
structure and geographical/environmental
factors—Ilatitude, bank artificialization rate
(BAR), tetrapod formation rate (TFR), population
density, water temperature (WT), total nitrogen
(TN), and dissolved oxygen of water surface
(DOgurface) and water bottom (DOpgiom). In
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Fig. 9.2 (a) Non-metric multidimensional scaling Raup-Crick dissimilarity index (Chase et al. 2011) derived

(NMDS) plots with predictor fitting (*p < 0.05, **p <
0.01, and *** p < 0.001) fish communities around Japan.
The NMDS plots fitting geographical and environmental
factors, and species richness. The NMDS was performed
using the dissimilarity matrix that was calculated using the

addition to this, the species richness of all species
(SR,y), species that are categorized in the Japa-
nese Red List of the Ministry of Environment
(2017, 2019) (SRyeqaistea)s and alien species
(SRjien) can be seen in this figure. The results of
NMDS plots and vector fitting revealed that geo-
graphic location (i.e., latitude and WT) was the
main factor in determining estuarine fish commu-
nity structure. In addition, our results revealed
that these structures might be affected by ocean
currents. These can be explained by the fish-
distribution patterns. In general, northern Japa-
nese regions are characterized by the distribution
of cold-water fishes, whereas the southern regions
are characterized by that of warm-water fishes. In
addition, there were weak, but non-significant,
relationships between each community structure
and the ocean currents. Thus, historical dispersal,
vicariant events, and ocean currents affect fish
distribution around Japan (Fukuta et al. 2017,
Watanabe et al. 2017).

from presence—absence species data. Numbers indicate the
sampling river IDs as shown in Table 9.1. Abbreviations
are shown in the text. This figure is modified from Kume
et al. (2021). Pearson’s correlation between SR cy.iisteds
and (b) BAR and (c) TFR

Freshwater fishes in Japan previously have
formed faunal structures that have recently been
disturbed by bank artificialization (Watanabe
2012). This suggests that estuarine fish
communities are influenced by latitudinal and
anthropogenic factors. The results of NMDS
plots fitting anthropogenic factors revealed that
BAR and TFR significantly affected fish commu-
nity structure at river mouth, indicating that river-
bank and shore reinforcements have a negative
effect on the presence of fish inhabiting the estu-
ary (Abdel-Fattah and Hasnain 2017). This may
be explained by the relationship between the
number of red-listed species, a significant effect
of SR eq.1isteq ON estuarine fish communities, and
the BAR including tetrapods. Indeed, natural
banks along rivers and coasts create complex
habitats that function as refugia against predators.
They also function as feeding, spawning, or nurs-
ery grounds, depending on the species. However,
concrete bank constructions, built for protection,
simplify habitat structures, and result in a
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decrease in SR and abundance (Kawaguchi et al.
2006; Potter et al. 2015). Although a previous
eDNA study revealed that man-made barriers,
such as dams and weirs, affect the distribution
of fishes because of the limitation of their
upstream migration (Yamanaka and Minamoto
2016), the effects of other artificial constructions
(i.e., estuary weirs) on estuarine fish community
structure remain unclear in this study.

Nevertheless, we have found some support for
the role of environmental factors. The NMDS
results suggest that water quality has a weak
effect on estuarine fish community structure. For
example, river inputs can cause chemical changes
in estuaries, which can modify the habitat quality,
the community structure, and species composi-
tion of aquatic organisms (Pages et al. 2020).
Between the 1950s and the 1970s, river pollution
due to wastewater from human activities was a
serious problem in Japan (Yoshimura et al. 2005).
As a countermeasure, the Japanese government
established regulations concerning water quality
standards for wastewater, leading to improved
water quality (e.g., TN level) in previously pol-
luted rivers (Ye and Kameyama 2020). As a
result, differences in water quality among rivers
have decreased over the last decades. This may
explain the weak effect of water quality on estua-
rine fish community structure in this study.

9.5 Conclusion

The effectiveness of eDNA in assessing fish dis-
tribution and diversity in estuarine habitats has
been confirmed, especially for red-listed fish spe-
cies. Our most recent study revealed the effect of
watershed land use on SRicq.iseqs €Specially
postive relationship between forest cover and
SR ed.1istea 1N estuaries (Lavergne et al. 2021). In
addition, the eDNA metabarcoding results
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revealed that both geographical and anthropo-
genic factors affected estuarine fish community
structure along the Japanese Archipelago. Among
the anthropogenic factors, estuarine fish commu-
nity structure was significantly influenced by bank
artificializations, but the structure was found to be
weakly influenced by water quality. In Japan, river
and coastal bank protections are essential for
protecting human life and property, and the use
of these measures has been increasing rapidly. This
is because catastrophic natural disturbances, such
as tsunamis and heavy rains, have occurred in
recent years and caused serious damage to human
living spaces around waterbodies, as well as to the
communities of aquatic organisms (e.g., Ohtsuki
and Nihei 2017; Kume et al. 2018). In light of this,
the eDNA metabarcoding method has the potential
to assess effects of aquatic organisms and
ecosystems on a variety of natural disturbance
events and subsequent applications for recovery
programs. Consequently, these studies enhance
the conservation and sustainable use of estuarine
ecosystems.
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Appendix

List of fishes from 26 estuaries in Japan using
environmental DNA metabarcoding (presence =
1/absence = 0). The river IDs are shown in
Table 9.1. R* indicates red-list categories (CR,
EN, NT, VU, LP, and DD) set by the Ministry of
Environment (2017, 2019) and “AL” represents
alien species
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