ISSN 1348-1371

ENEHF

JRZE 5

Kazuya Nacasawa and
Shinji TaNAKA

Kazuya NaGgasawa and
Hiroki Nakao

Kazuya NaGasawa

ETHEE TN

KT
KA
H A -
Ik -
ik B Z

0y =
s &
Kazuya Nagasawa and
Hirotaka KATAHIRA
Kazuya NaGasawa

R - B R

REMN

& M

iR -
TR
LRI - KK 2
T -
JEHEHEN -

13

23

27

33

71

87

105

123
176
179
185

[LEXRFARZREVMERZMARKCE B56%F 2017

>,
= A
A rare infection of Ceratothoa verrucosa (Isopoda:

Cymothoidae) on red seabream, Pagrus major,
cultured in central Japan

Chub mackerel, Scomber japonicus (Perciformes:
Scombridae), a new host record for Nerocila
phaiopleura (Isopoda: Cymothoidae)

Two species of copepods, Lernanthropus atrox and
Hatschekia pagrosomi, parasitic on crimson seabream,
Evynnis tumifrons, in Hiroshima Bay,western Japan
HILETIZBIT A I K7 F 4/ 3 Chaetopsylla
mikado 7 #)FLE%k
KEFBERCTRES N I A~ bT
Podosphaeraster toyoshiomaruae »17E)#{%2

A revised and updated checklist of the parasites of eels
(Anguilla spp.) (Anguilliformes: Anguillidae) in Japan
(1915-2017)

A synopsis of the parasites of medaka (Oryzias
latipes) of Japan(1929-2017)

HAEAEICEET A AT I IR A T VHED
H## (1898-20174F)

HAIZEE L7z 74 v o 2 BHaHE3fE (7)1 —
FW, FF7FNA, arzFNR) OFARHE
(1962-20174F)

R e

BtamsCER
WFeRHREERRE 12 X 2 B ge iy

Jis B R &R e A iy PEL R 22 F 7R B B S B 6%
(2016-20174F)

[LEXRFARZREYVERZMAR RILE™T
201 7128 1T






AWy P R
Biosphere Sci.
56 : 1—5(2017)

A rare infection of Ceratothoa verrucosa (Isopoda: Cymothoidae) on red seabream,
Pagrus major, cultured in central Japan
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Abstract An immature female of the cymothoid isopod, Ceratothoa verrucosa (Schioedte and Meinert,
1883), was found to be attached ventrally to the roof of the buccal cavity of a red seabream, Pagrus
major (Temminck and Schlegel, 1843), cultured in Kamisakiura Cove, Mie Prefecture, central Japan, in
July 2008. Since April 1985, data on the diseases of marine fishes cultured in this prefecture have been
taken at two prefectural organizations, but only two records of C. verrucosa infection, including the
present case, were found in those long-term data from an examination of more than 14,591 farmed red
seabream from April 1985 to July 2017. This indicates that C. verrucosa is an extremely rare parasite of
farmed red seabream in Mie Prefecture.

Key words: aquaculture, Ceratothoa verrucosa, Cymothoidae, fish parasite, Isopoda, Pagrus major

INTRODUCTION

Isopods of the family Cymothoidae are found on marine fishes cultured in various countries (e.g.,
Horton and Okamura, 2001). In Japan, three species of cymothoid isopods have been reported to date:
Mothocya parvostis Bruce, 1986 from Japanese amberjack, Seriola quinqueradiata Temminck and
Schlegel, 1845 and mejina, Girella punctata Gray, 1835 (Hatai and Yasumoto, 1980, 1981, 1982
[reported as Irona melanosticta]; Bruce, 1986); Ceratothoa verrucosa (Schioedte and Meinert, 1883)
from red seabream, Pagrus major (Temminck and Schlegel, 1843) (Hatai, 1989, 2006 [as Rhexanella
verrucosa]); and Nerocila phaiopleura Bleeker, 1857 from Pacific bluefin tuna, Thunnus orientalis
(Temminck and Schlegel, 1844) (Nagasawa and Shirakashi, 2017). Of these species, little is known
about C. verrucosa because the available information on this species in aquaculture is only Hatai's (1989)
one-page account in a reference book about fish diseases of Japan. A similar account (Hatai, 2006) was
used in a revised version of the book. In other words, no scientific paper has been published on the
infection of C. verrucosa on red seabream cultured in Japan.

Red seabream is one of the major fishes cultured in coastal marine waters of Mie Prefecture, central
Japan. For their efficient treatment and control, fish diseases are routinouly diagnosed at the Mie
Prefecture Fisheries Research Institute, Hamajima, and its Owase Branch, Owase. During a recent fish
examination, we found an infection of C. verrucosa on farmed red seabream, which is reported herein.
We also report that this parasite is very rare in red seabream farming based on long-term data on the

diseases of marine fishes cultured in this prefecture.

Accepted on September 19, 2017 *E-mail: ornatus@hiroshima-u.ac.jp
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Fig. 1. A female of Ceratothoa verrucosa being attached ventrally to the roof of the buccal cavity of a farmed red
seabream from Kamisakiura Cove, Mie Prefecture, central Japan (A) and a fresh specimen of C. verrucosa
(B), dorsal view. Scale bars: 10 mm in A; 4 mmin B.

A CASE REPORT

Six individuals of age-0 farmed red seabream (108-123 mm in fork length [FL]) were examined
from Kamisakiura Cove, Minami-Ise, on 9 July 2008 because a mortality was found by a fish farmer
among those age-0 farmed fish. One of these fish (108 mm FL) was infected by a cymothoid isopod in
the buccal cavity (Fig. 1A). The isopod was attached ventrally to the roof of the buccal cavity with its
cephalon being oriented anteriorly. It was an immature female of C. verrucosa (Fig. 1B), measuring 13.8
mm in total length and 6.0 mm in maximum width. It has a rectangular and slightly elongate body; a
subtriangular cephalon; pereonite 4 being widest; pleon as wide as pereon; and a slightly rounded
posterior margin of the pleotelson. The infected fish was emaciated and parasitized by several worms of
the acanthocephalan, Longicollum pagrosomi Yamaguti, 1935, in the rectum, but it is not clear whether
the observed emaciation was induced by the isopod and/or acanthocephalans.

DISCUSSION

Ceratothoa verrucosa is a parasite found in the buccal cavity of sparids in Japanese waters (Saito et
al., 2000; Yamauchi, 2016; Nagasawa, 2017). The known sparid hosts are red seabream (e.g., Hiraiwa,
1934; Sanda, 1941; Shiino, 1951; Yamauchi and Nunomura, 2010; Hadfield et al., 2016) and crimson
seabream, Evynnis tumifrons (Temminck and Schlegel, 1843) (Nagasawa and Isozaki, 2016; Hata et al.,
2017). Currently, darkbanded rockfish, Sebastes inermis Cuvier, 1829 (Scorpanidae), was also listed as a
host of the isopod (Hata et al., 2017). No published information exists on prevalences of C. verrucosa in
wild populations of sparids, but this parasite has been recorded from red seabream in various localities
of Japan ranging from northern Honshu to Kyushu (Nagasawa, 2017), which suggests that it is not a rare
parasite of wild red seabream in Japanese waters.
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Since 1985, data on the diseases of farmed marine fishes including red seabream have been
accumulated at the Mie Prefecture Fisheries Research Institute, Hamajima, and its Owase Branch,
Owase (Tanaka, 2001), and more than 14,591 individuals of red seabream were examined a total of 3,822
times for 32 years between April 1985 and July 2017. Nevertheless, only two cases of infection of C.
verrucosa, including the case reported herein, were found in those data, which indicates that this parasite
is extremely rare in red seabream farming of Mie Prefecture. The other case was recored as occurring in
two individuals of age-0 fish (78 and 189 g in body weight) cultured in Hikimotoura Cove, Miyama
(currently Kihoku), in September 1985: these fish were emaciated and harbored cymothoid isopods
identifiable as C. verrucosa in the gill operculum region (not in the buccal cavity). No further
information, such as the morphology of the parasite, was present.

A similar rare occurrence of C. verrucosa on farmed red seabream may occur in such other
prefectures as Oita and Ehime, whose aquaculture production of red seabream is high, because there is
no report of the isopod from farmed fish in these prefectures (Fukuda, 1999; Matsuoka, 2000).

Unlike C. verrucosa, another species of crustacean parasite, Caligus sclerotinosus Roubal, Armitage
and Rohde, 1983 (Copepoda: Caligidae) frequently and heavily parasitizes red seabream cultured in Mie
Prefecture (Tanaka et al., 2013). As both parasites have direct life cycles without any intermediate hosts
(Sanada, 1941; Maran et al., 2012), they are considered to easily find and profierate on their hosts when
once they succeed in invading the culture cages. This is, however, not the case with C. verrucosa, and at
present, the reason why the species cannot establish its populations within the cages is unknown.
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Abstract An ovigerous female of Nerocila phaiopleura Bleeker, 1857 was collected from the caudal

peduncle of a chub mackerel, Scomber japonicus Houttuyn, 1782 (Perciformes: Scombridae), at the Hoyo

Strait located between the western Seto Inland Sea and the Bungo Channell in western Japan. This represents

a new host record for N. phaioplueura and its fourth record from the Seto Inland Sea and adjacent region.

Key words: Cymothoidae, fish parasite, Isopoda, Nerocila phaiopleura, new host record, Scomber
japonicus

INTRODUCTION

The Hoyo Strait is located between the western Seto Inland Sea and the Bungo Channell in western
Japan. This strait is famous as a fishing ground of two perciform fishes of high quality, viz., chub
mackerel, Scomber japonicus Houttuyn, 1782 (Scombridae), and Japanese jack mackerel, Trachurus
japonicus (Temminck and Schlegel, 1844) (Carangidae), both of which are currently called “Seki-saba”
and “Seki-aji”, respectively, as registered brands (e.g., Ishida and Fukushige, 2010). The brand names
are well known nationwide, and the price of the fishes is very high (up to 5,000 yen per kg). Under these
situations, the fishermen working in the strait pay much attention to the parasites of the fishes they catch
because those fishes are almost exclusively eaten raw as “sashimi.” Recently, a chub mackerel infected
by a large parasite on the body surface (Fig. 1A) was caught by a fisherman in the Hoyo Strait and was
sent to us for identification. The parasite was identified as the cymothoid isopod Nerocila phaiopleura
Bleeker, 1857, which is reported herein as a new host record.

MATERIALS AND METHODS

The fish was commercially caught using hook and line in the Hoyo Strait off Saganoseki, Oita
Prefecture, on 30 January 2017. It was found to harbor a large skin parasite before auction and immediately
transported to the Oita Prefectural Agriculture, Forestry and Fisheries Research Center, Saeki, where it was
examined for the parasite after being photographed and measured for total length (TL). The parasite was
carefully removed from the fish, fixed and preserved in 70% ethanol. This parasite specimen was sent to
Hiroshima University, Higashi-Hiroshima, for identification. It is deposited in the Crustacea (Cr) collection
of the National Museum of Nature and Science, Tsukuba, Ibaraki Prefecture (NSMT-Cr 25583).

Accepted on September 19, 2017 *E-mail: ornatus@hiroshima-u.ac.jp
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Fig. 1. A chub mackerel, Scomber japonicus, infected by an ovigerous female of Nerocila phaiopleura (A, B) and
a fresh specimen of N. phaiopleura (C), dorsal view, NSMT-Cr 25583. The fish was commercially caught
in the Hoyo Strait off Saganoseki, Oita Prefecture, western Japan, on 30 January 2017. Scale bars: 5 cm in
A;10mminBandC.

RESULTS AND DISCUSSION

The parasite was firmly attached to the caudal peduncle of the fish (306 mm TL) and oriented
parallel to the fish's body (Fig. 1A-B). The parasite (Fig 1B-C) is an ovigerous female, measuring 32.2
mm in total length (including uropod rami) and 13.5 mm in mximum width (in ethanol). It has a
cephalon with a broadly rounded anterior margin, large eyes, straight and long uropod exopods, and
black stripes on the uropod exopods and lateral sides of the pleon and posterior pereonites. These
morphological features fit the previous descriptions of N. phaiopleura (Bowman and Tareen, 1983;
Bruce, 1987; Nagasawa and Shirakashi, 2017).

Nerocila phaiopleura is a skin parasite of various marine fishes in the Indo-West Pacific (e.g.,
Bowman and Tareen, 1983; Bruce, 1987; Bruce and Harrison-Nelson, 1988; Trilles et al., 2011, 2013,;
Aneesh et al., 2013; Nagasawa and Shirakashi, 2017). In this study, the parasite was found infecting S.
japonicus, which belongs to the family Scombridae. To date, four species of this family are known to
serve as the hosts for N. phaiopleura: Indian mackerel, Rastrelliger kanagurta (Cuvier, 1816), in India
(Rameshkumar and Ravichandran, 2010; Trilles et al., 2013); Indo-Pacific king mackerel,
Scomberomorus guttatus (Bloch and Schneider, 1801), in India (Trilles et al., 2011: table 1); Japanese
Spanish mackerel, Scomberomorus niphonius (Cuvier, 1832), in Japan (Nagasawa and Tensha, 2016;
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Hata et al., 2017); and Pacific bluefin tuna, Thunnus orientalis (Temminck and Schlegel, 1844), in Japan
(Nagasawa and Shirakashi, 2017). Thus, the collection of N. phaiopleura in this study represents a new
host record for this parasite.

Nerocila phaiopleura has been reported three times before from two fish species in the Seto Inland
Sea close to the Hoyo Strait: Japanese sardine, Sardinopsis melanostictus (Temminck and Schlegel,
1846) (Saito and Hayase, 2000) and Japanese Spanish mackerel (Nagasawa and Tensha, 2016; Hata et
al., 2017). This paper is the fourth record of N. phaiopleura from the Seto Inland Sea and its adjacent
region. Another species of cymothoid isopod Ceratothoa carinata (Bianconi, 1869) is also known to
parasitize Japanese scad, Decapterus maruadsi (Temminck and Schlegel, 1843) (Crangidae), in the
western Seto Inland Sea near the Hoyo Strait (Nagasawa et al., 2014).

ACKNOWLEDGMENTS
We thank the staff of the Saganoseki Fisheries Cooperative for their cooperation during the study.
REFERENCES

Aneesh, P.-T., Sudha, K., Arshad, K., Anilkumar, G., Trilles, J.-P., 2013. Seasonal fluctuation of the
prevalence of cymothoids representing the genus Nerocila (Crustacea, Isopoda), parasitizing
commercially exploited marine fishes from the Malabar Coast, India. Acta Parasitologica, 58: 80-90.

Bowman, T. E., Tareen, 1. U., 1983. Cymothoidae from fishes of Kuwait (Arabian Gulf) (Crustacea:
Isopoda). Smithsonian Contribution to Zoology, 382: 1-30.

Bruce, N. L., 1987. Australian species of Nerocila Leach, 1818, and Creniola n. gen. (Isopoda:
Cymothoidae), crustacean parasites of marine fishes. Records of the Australian Museum, 39: 355-412.

Bruce, N. L., Harrison-Nelson, E. B., 1988. New records of fish parasitic marine isopod crustaceans
(Cymothoidae, subfamily Anilocrinae) from the Indo-West Pacific. Proceedings of the Biological
Society of Washington, 101: 585-602.

Hata, H., Sogabe, A., Tada, S., Nishimoto, R., Nakano, R., Kohya, N., Takeshima, H., Kawanishi, R., 2017.
Molecular phylogeny of obligate fish parasites of the family Cymothoidae (Isopoda, Crustacea):
evolution of the attachment mode to host fish and the habitat shift from saline water to freshwater.
Marine Biology, 164: 105. DOI 10.1007/s00227-017-3138-5.

Ishida, T., Fukushige, M., 2010. The effects of fishery harbor-based brands on the brand equity of shore
fish: an empirical study of branded mackerel in Japan. Food Policy, 35: 488-495.

Nagasawa, K., Tensha, K., 2016. Nerocila phaiopleura (Isopoda: Cymothoidae) parasitic on Japanese
Spanish mackerel Scomberomorus niphonius in the Seto Inland Sea, Japan. Biogeography, 18: 71-75.

Nagasawa, K., Shirakashi, S., 2017. Nerocila phaiopleura (Isopoda: Cymothoidae), a cymothoid isopod
parasitic on Pacific bluefin tuna, Thunnus orientalis, cultured in Japan. Crustacean Research, 46: 95-
101.

Nagasawa, K., Fukuda, Y., Nishiyama, M., 2014. Further record of Ceratothoa carinata (Isopoda:
Cymothoidae) parasitic on Decapterus maruadsi in Japanese waters. Biogeography, 16: 59-61.

Rameshkumar, G., Ravichandran, S., 2010. New host record, Rastrelliger kanagurta, for Nerocila
phaeopleura parasites (Crustacea, Isopoda, Cymothoidae). Middle-East Journal of Scientific Research,
5: 54-56.

Saito, N., Hayase, Y., 2000. Note on an aegathoid stage of cymothoid isopod, Nerocila phaiopleura
Bleeker, 1857 (Crustacea: Isopoda: Cymothoidae) stranded at Miho beach, Suruga Bay, middle of



10 Kazuya Nacasawa and Hiroki Nakao

Japan. I. O. P. Diving News, 11(10): 2-6. (in Japanese with English abstract).

Trilles, J.-P., Ravichandran, S., Rameshkumar, G., 2011. A checklist of the Cymothoidae (Crustacea,
Isopoda) recorded from Indian fishes. Acta Parasitologica, 56: 446-459.

Trilles, J.-P., Rameshkumar, G., Ravichandran, S., 2013. Nerocila species (Crustacea, Isopoda,
Cymothoidae) from Indian marine fishes. Parasitology Research, 112: 1273-1286.



Nerocila phaiopleura from a new fish host

IHNEA TS AN OHEBEE
EiE AHY - R

VR BRER B W RN AT SC R, T 739-8528 [ I UL B i 1111-4-4

2RI MK EERF AR o 7 —KEERFZEES, T 879-2602 KAty bifi A Tt 4Fii194-6

E B ROREEBOE TR TIRES N Y ONO RIS ERE Y 4 ) 2R oA T2

23 Nerocila phaiopleura Bleeker, 1857 D2 E % F2H 720 X /NEA T2 ) ANV OFHETH
Bo REEE, WAL LKA S DA T Y ) AN DA D,
F—T—R:1 AT anNy, vk TH, BHEFER, FiEd, SEWE <9

11






AWy P R
Biosphere Sci.
56 : 13—21(2017)

Two species of copepods, Lernanthropus atrox and Hatschekia pagrosomi, parasitic
on crimson seabream, Evynnis tumifrons, in Hiroshima Bay, western Japan
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Abstract Two species of copepods, Lernanthropus atrox Heller, 1865, and Hatschekia pagrosomi

Yamaguti, 1939, were collected from the gills of crimson seabream, Evynnis tumifrons (Temminck and

Schlegel, 1843), in Hiroshima Bay, the Seto Inland Sea, western Japan. This collection represents a new

host record for L. atrox and the first record of H. pagrosomi from E. tumifrons in Japan. The hosts and

geographical distribution of these copepods are also reviewed.

Key words: Copepoda, Evynnis tumifrons, fish parasite, Hatschekia pagrosomi, Hiroshima Bay,
Lernanthropus atrox

INTRODUCTION

Sparids are widely distributed and commercially caught in coastal temperate and subtropical waters
of Japan, where they consist of 13 species in three subfamilies and four genera (Nakabo, 2013). Of these
species, red seabream, Pagrus major (Temminck and Schlegel, 1843), is the most important species in
fisheries and abundantly caught in various waters of Japan. The parasite fauna of this species has been
well studied in Japan: for example, as many as 24 species of metazoan parasitic helminths (3
monogeneans, 13 digneans, 4 cestodes, 3 nametodes, and 1 acanthocephalan) were reported only by Dr.
Satyu Yamaguti (Kamegai and Ichihara, 1972), and four species of parasitic copepods are known to
infect the fish species in the Seto Inland Sea, western Japan (Nagasawa, 2011). In contrast, much remains
poorly known about the parasites of other Japanese sparids. Crimson seabream, Evynnis tumifrons
(Temminck and Schlegel, 1843), is one of such sparids, and as its crustacean parasites, only the
cymothoid isopod, Ceratothoa verrucosa (Schioedte and Meinert, 1883), and some unidentified parasitic
copepods have been reported in Japan (Madinabeitia and Nagasawa, 2013; Nagasawa and Isozaki,
2016). The latter unidentified copepods were recorded from Hiroshima Bay, part of the western Seto
Inland Sea, and belong to five families (Bomolochidae, Philichthyidae including “Colobomatus sp. 1",
Lernaeopodidae, Lernanthropidae, and Caligidae) (Madinabeitia and Nagasawa, 2013: tables 1-2), but
their identification has not been made to species level. Recently, I examined individuals of E. tumifrons
caught in Hiroshima Bay and collected two species of parasitic copepods, Lernanthropus atrox Heller,
1865, and Hatschekia pagrosomi Yamaguti, 1939.

MATERIALS AND METHODS

Eleven fresh individuals of E. tumifrons commercially caught in Hiroshima Bay on 8 April 2015
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(n=2), 19 November 2016 (n=7), and 15 April 2017 (n=2) were purchased on the same days at a fish
market in Higashi-Hiroshima, Hiroshima Prefecture. They were brought on ice to the laboratory of
Hiroshima University, where they were measured for standard length (SL) and examined for copepods
on the gills. When copepods were found on 19 November 2016 and 15 April 2017, their sites of
attachment on the gills were recorded. The copepods were fixed and preserved in 70% ethanol. These
specimens are retained by the author but will be deposited, together with other specimens of parasitic
copepods from fishes in the Seto Inland Sea including Hiroshima Bay, in the Crustacea collection of the
National Museum of Nature and Science, Tsukuba, Ibaraki Prefecture. The scientific and common names
of fishes used in this paper follow those recommended by Froese and Pauly (2017), except for those of E.
tumifrons, which follow Iwatsuki et al. (2007).

RESULTS

Order Siphonostomatoida Burmeister, 1835
Family Lernanthropidae Kabata, 1979
Genus Lernanthropus de Blainville, 1822
Lernanthropus atrox Heller, 1865
(Japanese name: Tai-no-hitogatamushi)
(Fig. 1A-B)

Ten (90.9%) of the 11 individuals of E. tumifrons examined (150-218 [mean 180] mm SL) were
found to be infected by L. atrox. The number of copepod per host ranged from 1-12 (mean 3.5). In total,
35 specimens of L. atrox were collected, consisting of 19 females and 16 males. Eighteen (81.8%) of the
22 specimens of L. atrox collected on 19 November 2016 and 15 April 2017 were attached to the first
gills, whrereas the remaining four specimens (18.2%) to the second gills. No infection was found on the
third and fourth gills. The cephalothorax of the female specimens is wider than long (Fig. 1A-B), as
previously illustrated by Shishido (1898: third figure on page 216), Shiino (1955: fig. 3A-B), and Ho and
Do (1985: figs. 52 and 54). Body (from cephalothrorax to abdomen excluding caudal rami) of L. atrox
collected on 19 November 2016 is 2.1-2.4 (mean 2.3) mm long in female (n=5) and 1.5-1.6 (mean 1.5)
mm long in male (n=5).

Remarks: Lernanthropus atrox is a gill parasite of sparids in Australia (see below for the literature),
Japan (Nagasawa and Uyeno, 2011, also see below for the literature), and China (Song and Chen, 1976;
Song and Kuang, 1980). This species has been recorded exceptionally from Pacific rudderfish, Psenopsis
anomala (Temminck and Schlegel, 1844) (Centrolophidae), in Japan (Ichihara et al., 1965, see Ho and
Do, 1985). The copepod is also known from the Sea of Japan off the Russian Far East without providing
any information on its host(s) (Markevitch and Titar, 1978). Despite extensive research on the
lernanthropids, L. atrox has not been found from New Zealand (Roubal et al., 1983; Roubal, 1996) and
Taiwan (Ho et al., 2008, 2011; Liu et al., 2009a, 2009b). In addition, a record of L. atrox from the
Persian Gulf (Bassett-Smith, 1898; see also Gnanamuthu, 1949) has been regarded as a misidentification
(Shiino, 1955; Ho and Do, 1985). While Chin (1947: 29) gave a new name, Lernnathropus shishidoi, for
L. atrox, but the former name has not been accepted.

The known sparid hosts of L. atrox include: silver seabream, Pagrus auratus (Forster, 1801)
(reported as Pagrus guttulatus in Heller, 1865, and Heider, 1879; Chrysophrys auratus in Roubal et al.,
1983), yellowfin bream, Acanthopagrus australis (Gunther, 1859) (as Mylio australis in Kabata, 1979),
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Fig. 1. An ovigerous female of Lernanthropus atrox (A, dorsal view; B, ventral view) and an ovigerous
female of Hatschekia pagrosomi (C, dorsal view) removed from the gills of Evynnis tumifrons in
Hiroshima Bay, western Japan, on 19 November 2016. Scale bars: 1 mm in A and B; 0.5 mm in C.

black bream, Acanthopagrus butcheri (Munro, 1949), and yellowfin seabream, Acanthopagrus latus
(Houttuyn, 1782), from Australia (Heller, 1865; Heider, 1879; Kabata, 1979; Roubal, 1981, 1986, 1989,
1990a, 1990b, 1995, 1996; Roubal et al., 1983; Byrnes, 1988; Byrnes and Rohde, 1992); blackhead
seabream, Acanthopagrus schlegelii (Bleeker, 1854), and red seabream, P. major, from Japan (Shishido,
1898; Yamaguti, 1936; Shiino, 1955, 1959; Ho and Do, 1985); and blackhead seabream, A. schlegelii (as
Sparus macrocephalus), from China (Song and Chen, 1976; Song and Kuang, 1980). In the present
study, L. atrox was collected for the first time from E. tumifrons, which represents a new host record for
the copepod. This fish species is a third sparid host of L. atrox in Japan. The unidentified species of
Lernanthropidae reported from E. tumifrons in Hiroshima Bay (Madinabeitia and Nagasawa, 2013: table
1) may be identifiable as L. atrox because the present material of copepod was collected from the same
host species of the same locality.

The localities of L. atrox recorded from Japan are: Tokyo Bay and Sagami Bay (Shishido, 1898, see
Nagasawa and Uyeno, 2011); the Seto Inland Sea including Hiroshima Bay (Yamaguti, 1936; this paper);
Momotori and Tsu, Mie Prefecture (Shiino, 1955, 1959); Tassha, Sado Island, Niigata Prefecture (Ho
and Do, 1985); and Seto, Wakayama Prefecture (Izawa, 2014) (Fig. 2). These localities are in the
temperate region of Japan and more or less affected by the warm current, Kuroshio, and its branch, the
Tsushima Current (Fig. 2). Toward a further understanding of the geographical distribution of L. atrox in
Japanese waters, it is desirable to examine sparids in southern Japan ranging from Shikoku through
Kyushu to the Ryukyu Islands. It is interesting to note that L. atrox occurs in coastal waters of Hainan
Island off southern China (Song and Chen, 1976; Song and Kuang, 1980) but has not been discovered
from Taiwan (Ho et al., 2008, 2011; Liu et al., 2009a, 2009b).
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Fig. 2. Map of the Japanese Archipelago, showing the localities where
Lernanthropus atrox was collected in the previous (open circles) and
present (closed circle) studies. Localities 1, 2, 3, 4, 5, 6, and 7 are:
Tokyo Bay (Shishido, 1898); Sagami Bay (Shishido, 1898); Momotori
and Tsu, Mie Prefecture (Shiino, 1955, 1959); Seto, Wakayama
Prefecture (Izawa, 2014); the Seto Inland Sea (Yamaguti, 1936);
Hiroshima Bay (present study); and Tassha, Sado Island, Niigata
Prefecture (Ho and Do, 1985), respectively. The routes of the warm
current, Kuroshio, and its branch, the Tsushima Current, are also
shown.

In Australia, the famale of L. atrox did not prefer any gills of A. australis (Roubal, 1981: table 8, fig.
251) but was slightly more abundant in the first and second gills than the third and fourth gills of P.
auratus (Roubal et al., 1983: table 7). These distribution patterns of L. atrox on Australian sparids are
different from those observed in the present study: most specimens of L. atrox were found on the first
gills of E. tumifrons from Hiroshima Bay.

Comments are necessary on the names of the hosts reported in Japan. In the first paper of L. atrox
from Japan (Shishido, 1898), only Japanese common names, ‘kudodai” and “madai”, were given as the
hosts" names, which are currently A. schlegelii and P. major, respectively. Subsequently, P. major was
reported using different scientific names: Pagrosomus unicolar (Yamaguti, 1936), Pagrosomus major
(Shiino, 1955, 1959), and Chrysophrys major (Ho and Do, 1985). Also, A. schlegelii was reported as
Sparus macrocephalus by Shiino (1955). Moreover, Shiino (1965, 1979) reported “madai Sparus
macrocephalus” as one of the Japanese hosts of L. atrox, but because “madai” and “Sparus
macrocephalus” represent two species of sparids, P. major and A. schlegelii, respectively, the host’s
name reported by Shiino (1965, 1979) is not correct.
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Order Siphonostomatoida Burmeister, 1835
Family Hatschekiidae Kabata, 1979
Genus Hatschekia Poche, 1902
Hatschekia pagrosomi Yamaguti, 1939
(Japanese name: Madai-no-eranomi)
(Fig. 10)

Two (11.1%) of the 11 individuals of E. tumifrons examined were found individually to harbor three
and one ovigerous females of H. pagrosomi on the gills (three and one on the first and fourth gills,
respectively). These females measure 1.5-2.1 (mean 1.9) mm (n=4) in body length (from cephalothorax
to abdomen excluding caudal rami).

Remarks: Hatschekia pagrosomi is a gill parasite of sparids in Japan (Yamaguti, 1939; Nagasawa
and Uyeno, 2012), Korea (Kim, 1998), Australia (Roubal et al., 1983; Kabata, 1991; Roubal, 1996), and
New Zealand (Roubal et al., 1983). The species has also been reported from two non-sparid fishes in
Japan: Chinese emperor, Lethrinus haematopterus (Temminck and Schlegel, 1844) (Lethrinidae)
(Yamaguti, 1939), and Japanese jack mackerel, Trachurus japonicus (Temminck and Schlegel, 1844)
(Carangidae) (as Trachurus trachuri) (Yamaguti and Yamasu, 1960; see Jones, 1985, for synonymy).
The known sparid hosts of H. pagrosomi are: red seabream, P. major, from Japan (Yamaguti, 1936);
crimson seabream, E. tumifrons (as E. tanaka), from Korea (Kim, 1998); and silver seabream, P. auratus
(as Chrysophrys auratus in Roubal et al., 1983; Kabata, 1991), from Australia and New Zealand (Roubal
et al., 1983; Kabata, 1991; Roubal, 1996). The collection of H. pagrosomi in this study represents its
second record from E. tumifrons and its first record from this fish species in Japan. The Seto Inland Sea
is the only known locality of H. pagrosomi in Japan (Yamaguti, 1939; Yamaguti and Yamasu, 1960; this
paper). While Kabata (1991) states that H. pagrosomi was collected by Ichihara et al. (1964) from T.
japonicus in Sagami Bay, central Japan, his citation is wrong because the latter authors did not collect
the copepod from the bay.
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Fig. 1. Male (upper) and female (lower) specimens of Chaetopsylla mikado from a raccoon dog Nyctereutes
procyonoides in Saijo-chd, Higashi-Hiroshima city, Hiroshima Prefecture, western Honsha, Japan. Scale
bars: 1 mm.
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A new record of Chaetopsylla mikado from Higashi-Hiroshima city,
Hiroshima Prefecture

Masato NiTTa

Graduate School of Biosphere Science, Hiroshima University
1-4-4 Kagamiyama, Higashi-Hiroshima, Hiroshima 739-8528, Japan

Abstract: Three male and six female specimens of Chaetopsylla mikado Rothschild, 1904

(Siphonaptera: Vermipsyllidae) were collected from a raccoon dog Nyctereutes procyonoides in Saijs-cha,

Higashi-Hiroshima city, Hiroshima Prefecture, western Honshi, Japan, on 26 January 2014. This collection

represents the first record of C. mikado from Higashi-Hiroshima city and the second report from Hiroshima

Prefecture.

Key words: Chaetopsylla mikado, Higashi-Hiroshima city, new locality record, Nyctereutes procyonoides,
Siphonaptera
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Fig. 1. Bottom conditions of Oshima-shinsone observed with the ROV Hyper-Dolphin on September 29, 2009. A.
Bottoms covered with sponges, octocorals, and hydrozoan polyps (28°52'98"N, 129°33'136"E, 182 m); B.
Isolated sponges on sandy sediments (28°52'181"N, 129°33'63"E, 182 m) (by courtesy of Professor Shigeki
Matsunaga).
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HARAVEREDRCEREBE L) T2 ZERTRELE 2o T02000 LR, 74 X VS THE
ENTW D ZWICIIHHE 2 RO E, BOGE s EOBRETTlX, Pa oA~ e bTo LX) %/
BT, HEOEKILHECHTHL00b Ltk
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Fig. 2. Walking behavior of Podosphaeraster toyoshiomaruae Fujita and Rowe, 2002 collected around Oshima-
shinsone on May 21, 2017. A. Viewed from dorsal side; B. Viewed from lateral side; C. Viewed from
ventro-lateral side. Tube feet for walking and sensing indicated by large and small arrows, respectively. g:
ambulacral groove; R: radius; r: interradius. Scales =5 mm.

Table 1. Comparison of locomotion rate and body moves of some sea stars.

Mean locomotion rate  Body moves

Species (diameter in cm) (cm/min) (cm/min) Reference
Podosphaeraster toyoshiomaruae (1.2) 1.65 1.27 16 Present study
Archaster typicus (2-10) 458 11.7 29 Mueller et al. (2011)
Acanthaster planci (8-38) 35.3 6.3 38 Mueller et al. (2011)
Linckia laevigata (8-30) 8.1 14.5 29 Mueller et al. (2011)

Protoreaster nodosus (4-28) 18.8 8.9 38 Mueller et al. (2011)
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An observation of the walking behavior of Podosphaeraster toyoshiomaruae
collected from the bank Oshima-shinsone, Kagoshima Prefecture, Japan

Mari Yonetani”, Ken lipa®, Taiki Fun®, Katsushi Hirano”, Yusuke Konpo®, Susumu Onrsuka®

Kazumitsu Nakacucr®, Shuhei Y amacucni®, Mikio Karo?, Masato Hirose” and Toshihiko Fusta®

YTakehara Station, Setouchi Field Science Center, School of Biosphere Science, Hiroshima University, 5-8-1
Minato-machi, Takehara, Hiroshima 725-0024, Japan
ATraining and Research Vessel Toyoshio-maru, Faculty of Applied Biological Science, Hiroshima University,
7-4 Takara-machi, Kure, Hiroshima 737-0029, Japan
¥3chool of Marine Biosciences, Kitasato University, 1-15-1 Kitasato, Minami-ku, Sagamihara, Kanagawa 252-0373, Japan
“Department of Zoology, National Museum of Nature and Science, 4-1-1 Amakubo, Tsukuba, Ibaraki 305-0005, Japan

Abstract ~ The podosphaerastrid asteroid Podosphaeraster toyoshiomaruae Fujita and Rowe, 2002 is
small-sized, nearly spherical in shape. The species exclusively inhabits on the bank Oshima-shinsone at
depths of 100 to 200 m, northwest of Amami-Oshima Island, Kagoshima Prefecture, Japan, where the
bottom is entirely covered with sponges, octocorals, and hyrozoan polyps with patches of sandy bottom.
The bottom conditions were clearly observed with a ROV on September 29, 2009. A living specimen was
collected from this locality on May 21, 2017. During locomotion by tube feet, the body was depressed
dorso-ventrally in contrast with the spherical body shape with tube feet unexpanded. The locomotion rate
of the specimen was about 1.65 cm/min. Two types of tube feet were identified. Presumably one is for
locomotion with a sucker terminally, while the other for sensing.

Key words: locomotion, Oshima-shinsone, Podosphaeraster toyoshiomaruae, ROV, tube foot
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REVIEW

Arevised and updated checklist of the parasites of eels (Anguilla spp.)
(Anguilliformes: Anguillidae) in Japan (1915-2017)

Kazuya Nacasawa”* and Hirotaka Karamra®

Y Graduate School of Biosphere Science, Hiroshima University,
1-4-4 Kagamiyama, Higashi-Hiroshima, Hiroshima 739-8528, Japan
? Faculty of Bioresources, Mie University,

1577 Kurima machiya-cho, Tsu, Mie 514-8507, Japan

Abstract Information on the protistan and metazoan parasites of four species of eels (the Japanese
eel Anguilla japonica, the giant mottled eel Anguilla marmorata, the European eel Anguilla anguilla,
and the short-finned eel Anguilla australis) in Japan is summarized in the Parasite-Host and Host-
Parasite lists, based on the literature published for 103 years between 1915 and 2017. This is a revised
and updated version of the checklist published in 2007. Anguilla japonica and A. marmorata are native
to Japan, whereas A. anguilla and A. australis are introduced species from Europe and Australia,
respectively. The parasites, including 54 nominal species and those not identified to species level, are
listed by higher taxa as follows: Sarcomastigophora (no. of nominal species: 0), Ciliophora (6),
Microspora (1), Myxozoa (6), Trematoda (12), Monogenea (8), Cestoda (3), Nematoda (7),
Acanthocephala (6), Hirudinida (3), Bivalvia (1), and Copepoda (1). For each parasite species listed, the
following information is given: its currently recognized scientific name, any original combination,
synonymy(s), or other previous identification used for the parasite from Japanese eels; habitat (freshwater,
brackish, or marine); site(s) of infection within or on the host; known geographical distribution in
Japanese waters; and the published source of each locality record. Of the 54 nominal species of parasites
listed, 50 are from A. japonica, six from A. marmorata, nine from A. anguilla, and one from A. australis.
Five species, viz., Gyrodactylus anguillae, Gyrodactylus nipponensis, Pseudodactylogyrus mundayi
(Monogenea), Bothriocephalus claviceps (Cestoda), and Raphidascaris acus (Nematoda), have been
regarded as introduced parasites from other countries, and the remaining 49 nominal species are
indigenous parasites of Japan. Nine nominal species of marine and/or brackish-water origin, viz.,
Lecithochrium musculus, Proctotrematoides pisodontophidis, Tubulovesicula anguillae (Trematoda),
Gyrodactylus nipponensis, Pseudodactylogyrus kamegaii (Monogenea), Nybelinia angullicola (Cestoda),
Cucullanus filiformis, Heliconema anguillae (Nematoda), and Limnotrachelobdella okae (Hirudinida),
have been reported from A. japonica. Individiduals of A. japonica known as “sea eels” and “estuarine
eels” inhabiting coastal marine and riverine brackish waters are considered to serve as hosts for those
marine and/or brackish-water parasites.

Key words: Anguilla anguilla, Anguilla australis, Anguilla japonica, Anguilla marmorata, bibliography,

checklist, eels, parasites

Accepted on September 19, 2017 *E-mail: ornatus@hiroshima-u.ac.jp



34 Kazuya Nagasawa and Hirotaka KATAHIRA

INTRODUCTION

In 2007, A checklist of the parasites of eels (Anguilla spp.) (Anguilliformes: Anguillidae) in Japan
(1915-2007) was published based on the literature published for 93 years between 1915 and 2007
(Nagasawa et al., 2007). This checklist contained the information on both protistan and metazoan
parasites reported from three species of freshwater eels (the Japanese eel Anguilla japonica Temminck
and Schlegel; the giant mottled eel Anguilla marmorata Quoy and Gaimard; and the European eel
Anguilla anguilla (Linnaeus)) in Japan, and 44 nominal species of parasites were listed by higher taxa as
follows: Ciliophora (6), Microspora (1), Myxozoa (6), Trematoda (7), Monogenea (7), Cestoda (3),
Nematoda (7), Acanthocephala (4), Hirudinida (2), and Copepoda (1). It also contained the information
on unidentified species of Sarcomastigophora, Ciliophora, Microspora, Myxozoa, Trematoda,
Monogenea, Cestoda, and Nematoda.

The checklist is revised and updated herein based on three sources of the literature: 1) the papers
cited in the 2007 version; 2) those overlooked in the 2007 version (Nagao, 1956; Isobe, 1956, 1962; Irie,
1958; Egusa, 1958; Furukawa and Kobayashi, 1966; Ito, 1968; Horiuchi et al., 1988; Nagasawa, 1991;
Rahhou et al., 2005; Shimazu and Araki, 2006; Shimazu, 2007); and 3) those published between the
years 2008 and 2017 (Shimazu, 2008; Wielgross et al., 2008; Fang et al., 2008; Tanaka et al., 2009;
Shimazu et al., 2011; Katahira et al., 2011, 2012, 2016: Laetsch et al., 2012; Nagasawa et al., 2013;
Shimazu, 2014a, 2014b, 2015, 2016a, 2016b; Katahira and Nagasawa, 2014, 2015; Nagasawa and
Utsumi, 2015; Ogawa et al., 2015; Kan et al., 2016; Nagasawa and Kan, 2017). In this revised checklist,
we deal with the parasites reported from A. japonica, A. marmorata, A. anguilla, and the short-finned eel
Anguilla australis Richardson. Anguilla japonica and A. marmorata are native to Japan, whereas A.
anguilla and A. australis are introduced species from Europe and Australia, respectively. A total of 54
nominal species of parasites and those not identified to species level are listed herein, and the following
11 nominal species are newly included:

. Coitocaecum plagiorchis Ozaki, 1926 (Trematoda) from Anguilla japonica (Shimazu et al., 2011);

. Genarchopsis anguillae Yamaguti, 1938 (Trematoda) from Anguilla japonica (Shimazu, 2015);

. Genarchopsis chubuensis Shimazu, 2015 (Trematoda) from Anguilla japonica (Shimazu, 2015);

. Genarchopsis gigi Yamaguti, 1938 (Trematoda) from Anguilla japonica (Shimazu, 2015);

. Isoparorchis eurytremus (Kobayashi, 1915) (Trematoda) from Anguilla japonica (Nagasawa et al.,

2013);

6. Palaeorchis diplorchis (Yamaguti, 1936) (Trematoda) from Anguilla japonica (Shimazu et al.,
2011);

7. Pseudodactylogyrus mundayi Ogawa, Iwashita, Hayward and Kurashima, 2015 (Monogenea) from
Anguilla australis (Ogawa et al., 2015);

8. Acanthocephalus longiacanthus Katahira and Nagasawa, 2014 (Acanthocephala) from Anguilla
marmorata (Katahira and Nagasawa, 2014);

9. Southwellina hispida (Van Cleave, 1925) (Acanthocephala) from Anguilla marmorata (Katahira

aa B~ wWw NN -

and Nagasawa, 2014; Nagasawa and Kan, 2017);
10. Limnotrachelobdella okae (Moore, 1924) (Hirudinida) from Anguilla japonica (Nagasawa and
Utsumi, 2015); and
11. Hyriopsis schlegeli (Martens, 1861) (Mollusca) from Anguilla japonica (Furukawa and Kobayashi,
1966).
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A new scientific name is adopted herein for each of the following species because their scientific
name has currently been changed: Pseudophyllodistomum macrobrachicola (Yamaguti, 1934)
(Trematoda), Anguillicola crassus Kuwahara, Niimi and Itagaki, 1974 (Nematoda), and Heliconema
anguillae Yamaguti, 1935 (Nematoda). These species were reported as Phyllodistomum anguilae,
Anguillicoloides crassus, and Heliconema longissimum, respectively, in the 2007 version. Moreover,
Genarchopis goppo Ozaki, 1925 (Trematoda) listed in the 2007 version has been re-identified and
separated by Shimazu (2015) into three species, itself, Genarchopsis gigi Yamaguti, 1939, and
Genarchopsis chubuensis Shimazu, 2015, the latter two species of which are listed herein.

Like in Nagasawa et al. (2007), the information on the parasites reported from Japanese Anguilla
spp. is assembled as Parasite-Host and Host-Parasite lists. In the PARASITE-HOST LIST, the parasites
are arranged by higher taxa in the following order: Sarcomastigophora, Ciliophora, Microspora,
Myxozoa, Trematoda, Monogenea, Cestoda, Nematoda, Acanthocephala, Hirudinida, Bivalvia, and
Copepoda. Within each higher taxa, genera and species are listed alphabetically. For each species of
parasite, the following information is provided:

1) The current scientific name, including author(s) and date(s), followed by any original combination,
recognized synonym(s), or other identifications(s) that have been used in establishing records from
Anguilla spp. in Japan.

2) The habitat in which the parasite was acquired and normally completes its life cycle is given as
FW for fresh waters, B for brackish waters, and M for marine waters.

3) The Site(s) of infection of the parasite in or on its host. If the site was not given in the original
record, the likely site was determined from other records and is enclosed in square brackets.

4) The Distribution of the parasite is indicated by prefecture (boundaries shown in Fig. 1), in
geographical order from northeast to southwest in Japan.

5) The Record(s). The authors responsible for the records are listed in chronological order. If a
parasite has been reported more than once, the references are numbered, but not when there has been
only one record of the parasite. Each reference is followed by the locality or localities given in two parts,
first the prefecture and then the detailed collection locality or localities from which the parasite was
reported. If no locality record was given, the geographical locality is shown by a dash (-). When all
records are from the same prefecture, only the detailed collection locality or localities are listed.

6) Under Remarks, explanatory comments are given on systematics, nomenclature, useful references,
and notes on specific items such as tentative parasite identifications in the original reports.

In the HOST-PARASITE LIST, Anguilla japonica is first listed, followed by A. marmorata, A.
anguilla, A. australis, and Anguilla sp. The scientific and English common names of the four nominal
species of Anguilla follow Froese and Pauly (2017). After these names, a Japanese name is also provided
for each eel species excluding A. australis. Based on the Parasite-Host List, all the parasites reported
from each of Anguilla spp. are listed in alphabetical order in each higher taxa, and after the name of each
parasite, its geographical distribution in Japan is given in parentheses. Under Remarks, the parasite
fauna of each eel species is summarized.

The REFERENCES section includes works directly cited in the Parasite-Host List. If only a Japanese
title was given by the original author(s), our translation of the title into English is provided in square
brackets.
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Fig. 1. Map of Japan showing the prefectural boundaries. The following prefectural names are arranged in
alphabetical order: Aichi-24; Akita-7; Aomori-5; Chiba-15; Ehime-41; Etorofu Island-1; Fukui-26;
Fukuoka-43; Fukushima-10; Gifu-23; Gunma-14; Hiroshima-37; Hokkaido-4; Hyogo-33; Ibaraki-12;
Ishikawa-25; Iwate-6; Kagawa-39; Kagoshima-49; Kanagawa-18; Kochi-42; Kumamoto-47; Kunashiri
Island-3; Kyoto-29; Mie-28; Miyagi-8; Miyazaki-48; Nagano-20; Nagasaki-45; Nara-30; Niigata-11; Oita-
46; Okayama-35; Okinawa-50; Osaka-31; Saga-44; Saitama-16; Shiga-27; Shikotan Island-2; Shimane-36;
Shizuoka-21; Tochigi-13; Tokushima-40; Tokyo-17; Tottori-34; Toyama-22; Wakayama-32; Yamagata-9;
Yamaguchi-38; and Yamanashi-19.

PARASITE-HOST LIST

SARCOMASTIGOPHORA

Cryptobia sp. (FW)
Hosts: Anguilla anguilla
Anguilla japonica
Sites of infection: skin, fins
Distribution: unknown
Record: Niwa 1979 (-)
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Ichthyobodo sp.
Includes: Costia sp. (erroneously as “Chostia”) of Niwa, 1979
Hosts: Anguilla anguilla
Anguilla japonica
Sites of infection: skin, fins
Distribution: unknown
Record: Niwa 1979 (-)

Trypanosoma sp.
Host: Anguilla japonica
Site of infection: blood
Distribution: Shizuoka
Records: 1. Hoshina and Sano 1957 (Yoshida); 2. Egusa 1967 (Yoshida)

CILIOPHORA

Ambiphrya sp.
Host: Anguilla japonica
Sites of infection: gills, skin
Distribution: unknown
Record: Egusa 1978 (-)

Apiosoma sp.

37

(FW)

(FW)

(FW)

(FW)

Includes: Glossatella sp. of Nishio et al., 1970; Egusa, 1970; Hatai and Egusa, 1973; Niwa, 1979

Hosts: Anguilla anguilla (3, 5)
Anguilla japonica (1, 2, 4)

Site of infection: gills

Distribution: Shizuoka

Records: 1. Nishio et al. 1970 (Yoshida); 2. Egusa 1970 (Yoshida); 3. Hatai and Egusa 1973 (Yaizu,

Yoshida); 4. Egusa 1978 (-); 5. Niwa 1979 (-)

Capriniata piscium (Buetschli, 1889) Jankowski, 1973
Previous identification: Trichophrya piscium of Egusa, 1978

(FW)

Includes: Trichophrya sp. of Egusa and Ahmed, 1970; Nishio et al., 1970; Egusa, 1970, 1971; Niwa,

1979
Hosts: Anguilla anguilla (1, 2, 4, 5, 6)
Anguilla japonica (1, 3, 4, 6)
Site of infection: gills
Distribution: Shizuoka

Records: 1. Egusa and Ahmed 1970 (Yaizu); 2. Nishio et al. 1970 (Yoshida); 3. Egusa 1970 (Yoshida);

4. Egusa 1971 (-); 5. Egusa 1978 (-); 6. Niwa 1979 (-)

Remarks: Matsui (1972: 577-578, figs. 27.44, 27.45) reported, in addition to Capriniata piscium (as
Trichophrya sp.), two species of ciliates, “Sayphidia or Sayphydia sp.” and “Sudonia sp.” were
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found on the gills of A. japonica. His identification of the latter two species, however, is definitely
not correct.

Carchesium polypinum Linnaeus, 1758 (FW)
Host: Anguilla japonica
Site of infection: skin
Distribution: Tokushima
Record: Naruto Station, Fish. Exp. St. Tokushima Pref. 1966 (-)

Chilodonella sp. (FW)
Hosts: Anguilla anguilla (2)
Anguilla japonica (1, 2)
Sites of infection: gills, skin
Distribution: unknown
Records: 1. Egusa 1978 (-); 2. Niwa 1979 (-)

Ichthyophthirius multifiliis Fouquet, 1876 (FW)
Hosts: Anguilla anguilla (1, 3, 4,5, 6,7, 8,9)
Anguilla japonica (1, 2, 6, 7, 8, 9)

Sites of infection: skin, fins, gills, buccal cavity

Distribution: Shizuoka

Records 1. Egusa et al. 1970 (Yaizu); 2. Nishio et al. 1970 (Yoshida); 3. Egusa 1971 (-); 4. Oka 1973a
(near Lake Hamana); 5. Oka 1973b (-); 6. Egusa 1978 (-); 7. Egusa 1979 (-); 8. Niwa 1979 (-); 9.
Egusa 1983 (-)

Trichodina acuta Lom, 1961 (FW)
Host: Anguilla japonica
Site of infection: gills
Distribution: Mie
Record: Imai et al. 1991 (Tsu)

Trichodina jadranica Haider, 1964 (FW)

Host: Anguilla japonica

Site of infection: gills

Distribution: Mie

Record: Imai et al. 1991 (Tsu)

Remarks: This trichodinid was reported from the gills of A. japonica cultured in freshwater ponds in
central Japan (Imai et al., 1991). However, it was later found on marine fishes (the bastard halibut
Paralichthys olivaceus and the stone flounder Kareius bicoloratus) in China (Xu et al., 2001),
suggesting that T. jadranica is a euryhaline species.

Trichodina japonica Imai, Miyazaki and Nomura, 1991 (FW)
Host: Anguilla japonica
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Site of infection: gills

Distribution: Mie

Record: Imai et al. 1991 (Tsu)

Remarks: This trichodinid was described from the gills of A. japonica cultured in freshwater ponds in
central Japan (Imai et al., 1991). However, it also occurs on marine fishes (the Japanese seabass
Lateolabrax japonicus and the red seabream Pagrus major [as Chrysophyrys major]) and a
brackish-water fish (the barramundi Lates calcarifer) in China and India, respectively (Xu et al.,
1999, 2001; Mitra and Bandyopadhyay, 2005), indicating that T. japonica is a euryhaline species,
like T. jadranica (see above).

Trichodina sp. (FW)
Hosts: Anguilla anguilla (3, 6, 7, 8)
Anguilla japonica (1, 2, 3, 4, 5, 6, 8)

Sites of infection: gills

Distribution: Shizuoka

Records: 1. Egusa 1967 (Yoshida); 2. Egusa 1968 (Yoshida); 3. Nishio et al. 1970 (Yoshida); 4. Egusa
1970 (Yoshida); 5. Egusa et al. 1971 (Yoshida); 6. Egusa 1971 (—); 7. Hatai and Egusa 1973
(Yaizu, Yoshida); 8. Niwa 1979 (-)

MiICROSPORA

Heterosporis anguillarum (Hoshina, 1951) Lom, Dykové, Korting and Klinger, 1989 (FW)

Original combination: Plistophora anguillarum Hoshima, 1951

Previous identification: Plistophora anguillarum of Hoshina, 1972; Awakura, 1974; Hashimoto and
Takinami, 1976; Hashimoto et al., 1976; Niwa, 1979
Pleistophora anguillarum of Kano and Fukui, 1982; Kano et al., 1982; Buchmann et al., 1992

Includes: Plistophora sp. of Niwa, 1979

Hosts: Anguilla anguilla (6)

Anguilla japonica (1, 2, 3, 4,5, 6, 7, 8, 9)

Site of infection: musculature

Distribution: Hokkaido, Kanagawa, Shizuoka, Aichi, Kagoshima

Records: 1. Hoshina 1951a (Kangawa: near Odawara; Shizuoka: Yoshida); 2. Hoshima 1972
(Kanagawa:—; Shizuoka:—; Aichi:—); 3. Awakura 1974 (Hokkaido: Shikabe); 4. Hashimoto and
Takinami 1976 (Shizuoka: Hamanko Branch of Shzuoka Pref. Fish. Exp. St.); 5. Hashimoto et al.
1976 (Shizuoka: Hamanko Branch of Shzuoka Pref. Fish. Exp. St.); 6. Niwa 1979 (Shizuoka:—;
Aichi:—; Kagoshima:—); 7. Kano and Fukui 1982 (-); 8. Kano et al. 1982 (-); 9. Buchmann et al.
1992 (Shizuoka:-)

Remarks: The present species was transferred from the genus Pleistophora to Hetrosporis by Lom et
al. (1989). Although Awakura (1974) found this parasite in Hokkaido, the infected fish had been
transported from Shizuoka, central Honshu (see Fig. 1). The species is known to infect A. japonica
in Taiwan (T’sui and Wang, 1988; T’sui et al., 1988; Tsai et al., 2002) and Korea (Suh and Chun,
1988; Joh et al., 2007) as well. Hoshima (1972) reported the presence of this parasite in young A.
japonica imported from Taiwan to Japan.
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Unidentified Microspora (FW)
Host: Anguilla japonica
Site of infection: gills
Distribution: Shizuoka
Record: Egusa 1967 (Yoshida)

MyxozoA

Myxidium giardi Cépede, 1906 (FW)

Synonyms: Myxidium anguillae Ishii, 1915; Myxidium enchelypterygii Hoshina, 1952

Previous identification: Myxidium anguillae of Ishii, 1915
Myxidium enchelypterygii of Hoshina, 1952

Includes: Myxidium sp. of Ishii, 1916b; Iwata, 1972

Hosts: Anguilla anguilla (5)

Anguilla japonica (1, 2, 3, 4, 6)

Sites of infection: skin, fins, gills

Distribution: Tokyo, Shizuoka, Miyazaki

Records 1. Ishii 1915a (Shizuoka: Numazu); 2. Ishii 1916b (Tokyo:—); 3. Hoshina 1952 (Shizuoka:
Yoshida Fish-Cultural Laboratory); 4. Iwata 1972 (Miyazaki: Hosoda River); 5. Hine 1980 (-); 6.
Oka and Egusa 1983 (Shizuoka: Hamamatsu)

Remarks: Although Hoshina (1952) reported that the spores of Myxidium enchelypterygii were clearly
differentiated from those of M. anguillae by thier size and shape, Hine (1980) regarded both taxa
as identical, which was supported by Oka and Egusa (1983). Hine (1980: table 1) listed a record
of M. giardi from the gall bladder and musculature of the American eel Anguilla rostrata from
Japan, but this record is not included herein because no references were found to support it.

Myxidium lentiforme Fujita, 1929 (FW)

Synonym: Myxidium fusiforme Fujita, 1927

Host: Anguilla japonica

Site of infection: kidney

Distribution: Shiga

Record: Fujita 1927 (Lake Biwa)

Remarks: This parasite had been originally described by Fujita (1927) as M. fusiforme, but it was later
renamed as Myxidium lentiforme by Fujita (1929: 249-250) because the former had been
preoccupied.

Myxidium matsuii Fujita, 1929 (FW)
Host: Anguilla japonica
Site of infection: skin
Distribution: Kanagawa, Shizuoka, Aichi
Records: 1. Fujita 1929 (Shizuoka: near Lake Hamana; Aichi: Toyohashi); 2. Hoshina 1952
(Kanagawa: Odawara); 3. Egusa 1978 (-); 4. Hine 1980 (-)
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Myxidium uchiyamae Fujita, 1927 (FW)
Host: Anguilla japonica
Site of infection: kidney
Distribution: Shiga
Record: Fujita 1927 (Lake Biwa)

Myxidium sp. (FW)
Hosts: Anguilla anguilla (3, 4, 6)
Anguilla japonica (1, 2, 5, 6)
Sites of infection: gills, kidney, liver
Distribution: Shizuoka
Records: 1. Egusa 1967 (Yoshida); 2. Egusa 1970 (Yoshida); 3. Oka 1973a (near Lake Hamana); 4.
Oka 1973b (-); 5. Ushiyama and Misaki 1977 (suburb of Hamamatsu); 6. Niwa 1979 (-)
Remarks: There is no information on the morphology and identification of this parasite. Niwa (1979)
reported that its spores are more commonly found in the kidney of A. anguilla than A. japonica.

Myxobolus dermatobius (Ishii, 1915) Landsberg and Lom, 1991 (FW)
Original combination: Lentospora dermatobia Ishii, 1915
Previous identification: Myxosoma (Lentospora) dermatobia of Hoshina, 1952
Host: Anguilla japonica
Site of infection: skin
Distribution: Tochigi, Shizuoka
Records: 1. Ishii 1915b (Shizuoka: Numazu); 2. Hoshina 1952 (Tochigi: Lake Chuzenji)
Remarks: The present species originally described as Lentospora dermatobia by Ishii (1915b) was
transferred to the genus Myxobolus by Landsberg and Lom (1991).

Myxobolus fujitai (Fujita, 1929) Eiras, Molnar and Lu, 2005 (FW)

Synonym: Lentospora anguillae Fujita, 1929

Previous identification: Lentospora anguillae of Fujita, 1929

Host: Anguilla japonica

Site of infection: skin

Distribution: Ibaraki

Record: Fujita 1929 (Lake Hinuma)

Remarks: The present species originally described as Lentospora anguillae by Fujita (1929) was
renamed as Myxobolus anguilli by Landsberg and Lom (1991). However, because of the
preoccupation of the latter name, Eiras et al. (2005) proposed a new name, Mybobolus fujitai, for
M. anguilli.

Unidentified Myxozoa (FW)
Host: Anguilla japonica
Site of infection: gills
Distribution: Shizuoka, Gifu
Records: 1. Nishio et al. 1970 (Shizuoka: Yoshida); 2. Nishio et al. 1971 (Shizuoka: Yoshida); 3.
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Anonymous 2002 (Gifu: a tributary of the Kiso River)
TREMATODA
Azygia gotoi (Ariake, 1922) Shimazu, 1979 (FW)

Synonym: Azygia anguillae Ozaki, 1924

Previous identification: Azygia anguillae of Ozaki, 1924; Yamaguti, 1934a; Iwashita et al., 2003;
Shimazu, 2007

Includes: Azygia gotoi-like trematodes of Shimazu, 1979

Host: Anguilla japonica

Sites of infection: stomach, esophagus

Distribution: Aomori, Ibaraki, Chiba, Tokyo, Nagano, Shiga

Records: 1. Ozaki 1924 (Tokyo:-); 2. Yamaguti 1934a (Ibaraki: Lake Kasumiga-ura [as “Kasumiga-
ura"]); 3. Shimazu 1979 (Aomori: Lake Hira-numa; Nagano: Lake Kizaki, Lake Suwa; Shiga:
Lake Biwa); 4. Iwashita et al. 2003 (Chiba: mouth of the Tone River); 5. Shimazu 2007 (Nagano:
Lake Kizaki, Lake Suwa); 6. Shimazu et al. 2011 (Shiga: Lake Biwa, Uso River); 7. Shimazu
2014b (Aomori: Hiranuma; Ibaraki: Lake Kasumigaura; Chiba: Tone River; Tokyo: vicinity of
Tokyo; Nagano: Lake Nakatsuna and Lake Kizaki; Shiga: Lake Biwa basin)

Remarks: The taxonomy and life history of this trematode was reported in details by Shimazu (1979).
Although A. anguillae was proposed by Shimazu (2007) as the scientific name of the species, A.
gotoi has been currently adopted (see Shimazu et al., 2011). Information on the species is
available from Shimazu (1999a, 2003).

Bucephalus sp. (M)

Host: Anguilla japonica

Site of infection: digestive tract

Distribution: Chiba

Record: lwashita et al. 2003 (mouth of the Minato River)

Remarks: This species has been suggested to be a marine parasite (Iwashita et al., 2003).

Centrocestus formosanus (Nishigori, 1924) Price, 1932 (metacercaria) (FW)

Host: Anguilla japonica

Habitat: gills

Distribution: Kagoshima

Records: 1. Yanohara and Kagei 1983 (Tanegashima Island); 2. Kagei and Yanohara 1995
(Tanegashima Island)

Coitocaecum plagiorchis Ozaki, 1926 (FW)

Host: Anguilla japonica

Habitat: intestine

Distribution: Shiga

Records: 1. Shimazu et al. 2011 (Uso River); 2. Shimazu 2016b (Uso River)
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Genarchopsis anguillae Yamaguti, 1938 (FW)
Host: Anguilla japonica
Site of infection: intestine
Distribution: Ibaraki
Records: 1. Yamaguti 1938 (Tsuchiura [as Tutiura]); 2. Shimazu 1995 (Tsuchiura); 3. Shimazu 2015
(Tuchiura)

Genarchopsis chubuensis Shimazu, 2015 (FW)
Previous identification: Genarchopsis goppo of Shimazu, 1995
Host: Anguilla japonica
Site of infection: stomach
Distribution: Nagano
Records: 1. Shimazu 1995 (Lake Suwa); 2. Shimazu 2015 (Lake Suwa)

Genarchopsis gigi Yamaguti, 1939 (FW)
Previous identification: Genarchopsis goppo of Shimazu, 1995; Shimasu et al., 2011
Host: Anguilla japonica
Site of infection: intestine
Distribution: Shiga
Records: 1. Shimazu 1995 (Omatsu); 2. Shimazu et al. 2011 (Omatsu); 3. Shimazu 2015 (Omatsu)

Hemiuridae gen. sp. (FW?)

Host: Anguilla japonica

Site of infection: stomach

Distribution: Tokyo

Record: Ozaki 1924 (-)

Remarks: When Azygia gotoi (as A. anguillae) was described, Ozaki (1924: 426) reported that another
trematode beloging to the family Hemiuridae occurred in the stomach of A. japonica. No
description of this trematode is yet available.

Isoparorchis eurytremus (Kobayashi, 1915) Shimazu, Cribb, Miller, Urabe, Ha, Binnh and Shed’ko, 2014  (FW)
Synonym: Isoparorchis hypselobagri (Billet, 1898)
Previous identification: Isoparorchis hypselobagri of Nagasawa et al., 2013
Host: Anguilla japonica
Sites of infection: stomach wall tissue, mesentery, outer surface of airbaldder wall
Distribution: Shimane, Ehime
Record: Nagasawa et al. 2013 (Shimane: Lake Shinji, Lake Nakaumi; Ehime: Sozu River)
Remarks: Information on this species (as I. hypselobagri) is available in Nagasawa et al. (2013).

Lasiotocus sp. (M)
Host: Anguilla japonica
Site of infection: intestine (digestive tract)
Distribution: Aomori, Chiba
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Records: 1. lwashita et al. 2003 (Chiba: mouth of the Tone River); 2. Shimazu 2005 (Aomori: Lake
Ogawara)
Remarks: This species has been suggested to be a marine parasite (Iwashita et al., 2003).

Lecithochrium musculus (Looss, 1907) Nasir and Diaz, 1971 (M)
Synonym: Sterrhurus musculus Looss, 1907
Previous identification: Sterrhurus musculus of Yamaguti, 1934a
Host: Anguilla japonica
Site of infection: stomach
Distribution: Mie, unspecified prefecture facing the Seto Inland Sea
Record: Yamaguti 1934a (Mie: Ise Bay; unspecified prefecture: Seto Inland Sea [as Inland Sea])
Remarks: The identification of this trematode by Yamaguti (1934a) needs confirmation (Gibson and
Bray, 1986: 83-90).

Metagonimus spp. (metacercaria) (FW)
Host: Anguilla japonica
Site of infection: fins
Distribution: Shizuoka
Records: 1. Ito and Mochizuki 1968 (Tenryu River); 2. Ito 1968 (Tenryu River)

Palaeorchis diplorchis (Yamaguti, 1936) Szidat, 1943 (FW)
Host: Anguilla japonica
Site of infection: stomach
Distribution: Shiga
Records: 1. Shimazu et al. 2011 (Omatsu); 2. Shimazu 2016a (Omatsu)

Proctotrematoides pisodontophidis Yamaguti, 1938 (M)
Host: Anguilla japonica
Site of infection: intestine
Distribution: Chiba
Record: Hoshina 1951b (Urayasu)

Pseudophyllodistomum macrobrachicola (Yamaguti, 1934) Cribb, 1987 (FW)

Previous identification: Phyllodistomum anguilae of Shimazu, 2005, 2007, 2008

Host: Anguilla japonica

Sites of infection: urinary bladder, intestine

Distribution: Aomori, Nagano, Ibaraki, Shiga, Tokushima

Records: 1. Shimazu 2005 (Aomori: Lake Ogawara; Ibaraki: Tsuchiura); 2. Shimazu 2007 (Nagano:
Lake Suwa); 3. Shimazu 2008 (Tokushima: Kaifu River); 4. Shimazu et al. 2011 (Shiga:
Momose); 5. Shimazu 2014a (Aomori: Lake Ogawara; Nagano: Lake Suwa; Ibaraki: Tsuchiura;
Shiga: Labe Biwa basin; Tokushima: Kaifu River)



A revised and updated checklist of the parasites of eels in Japan 45

Tubulovesicula anguillae Yamaguti, 1934 (M)
Host: Anguilla japonica
Site of infection: stomach
Distribution: Miyagi
Record: Yamaguti 1934a (Matsushima Bay [as Matusima Bay])

Tubulovesicula sp. (M)
Host: Anguilla japonica
Site of infection: stomach
Distribution: Chiba
Record: Iwashita et al. 2003 (mouth of the Minato River)
Remarks: This species has been suggested to be a marine parasite (Iwashita et al., 2003).

MONOGENEA

Gyrodactylus anguillae Ergens, 1960 (FW)

Host: Anguilla anguilla

Sites of infection: skin, gills

Distribution: Shizuoka

Record: Ogawa and Egusa 1980 (Maisaka)

Remarks: This species was introduced into Japan with A. anguilla from France (Ogawa and Egusa,
1980). Hayward et al. (2001) showed the current worldwide distribution of the species. Ogawa
and Egusa (1978) redescribed it based on the specimens from England.

Gyrodactylus egusai Ogawa and Hioki, 1986 (FW)
Host: Anguilla japonica
Site of infection: skin
Distribution: Shizuoka
Record: Ogawa and Hikoki 1986 (Yoshida)

Gyrodactylus joi Ogawa and Hioki, 1986 (FW)
Host: Anguilla japonica
Site of infection: skin
Distribution: Shizuoka
Record: Ogawa and Hikoki 1986 (Yoshida)

Gyrodactylus nipponensis Ogawa and Egusa, 1978 (B)
Host: Anguilla japonica
Site of infection: gills
Distribution: Chiba, Shizuoka, Tokushima, Miyazaki
Records: 1. Ogawa and Egusa 1978 (Shizuoka:—; Tokushima:—); 2. Ogawa and Egusa 1980 (Chiba:—;
Shizuoka:—; Tokushima:—; Miyazaki:—); 3. Hayward et al. 2001 (Chiba: Minato River; Shizuoka:
Lake Hamana)
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Remarks: This monogenean appears to have been introduced into Japan on eels imported from
elsewhere in the Indo-western Pacific region, perhaps originating in Southeast Asia (Hayward et
al., 2001: 422). This species prefers brackish waters (Hayward et al., 2001: 422).

Gyrodactylus sp. (FW)

Host: Anguilla japonica

Site of infection: gills

Distribution: Shizuoka

Record: Ushiyama and Misaki 1977 (suburb of Hamamatsu)

Remarks: There is no information on the morphology and taxonomy of this gyrodactylid.
Identification needs to be confirmed in comparison with the above four species of Gyrodactylus
reported from eels in Japan.

Pseudodactylogyrus anguillae (Yin and Sproston, 1948) Gusev, 1965 (FW)
Synonym: Pseudodactylogyrus microrchis Ogawa and Egusa, 1976
Previous identification: Pseudodactylogyrus microrchis of Ogawa and Egusa, 1976; Imada and
Muroga, 1977, 1978, 1979
Hosts: Anguilla anguilla (1, 2, 3, 4,5, 7, 9, 10, 11)
Anguilla japonica (5, 6, 11, 12, 14)
Anguilla marmorata (13)
Anguilla sp. (8)
Site of infection: gills
Distribution: Chiba, Shizuoka, Aichi, Hiroshima, Tokushima, Ehime, Kagoshima
Records: 1. Ogawa and Egusa 1976 (Chiba:—; Shizuoka:—); 2. Imada and Muroga 1977 (Hiroshima:
Hiroshima University); 3. Imada and Muroga 1978 (Hiroshima: Hiroshima University); 4. Imada
and Muroga 1979 (Hiroshima: Hiroshima University); 5. Ogawa et al. 1985a (Chiba:—; Aichi:—;
Tokushima:—); 6. Horiuchi et al. 1988 (Shizuoka: ecl pond); 7. Iwashita et al. 2002 (Shizuoka:
Maisaka); 8. Hayward 2004 (Aichi:—; Kagoshima: Yaku Island); 9. Yoshikawa 2005 (Shizuoka:
Hamanako Branch of Shizuoka Pref. Fish. Exp. St.); 10. Umeda et al. 2006 (Kagoshima: Ibusuki
Branch of Kagoshima Pref. Fish. Center); 11. Fang et al. 2008 (experimental infection); 12.
Katahira et al. 2012 (Ehime: Renjoji River, Sozu River); 13. Katahira and Nagasawa 2014 (Ehime:
Renjoji River); 14. Ogawa et al. 2015 (Shizuoka: Yoshida)
Remarks: Ogawa et al. (1985a) synonymized P. microrchis as a junior synonym of P. anguillae.

Pseudodactylogyrus bini (Kikuchi, 1929) Gusev, 1965 (FW)
Original combination: Dactylogyrus bini Kikuchi, 1929
Previous identification: Dactylogyrus bini of Kikuchi, 1929
Hosts: Anguilla anguilla (2, 4, 6)
Anguilla japonica (1, 5, 6, 7, 9)
Anguilla marmorata (8)
Anguilla sp. (3)
Site of infection: gills
Distribution: Chiba, Shizuoka, Aichi, Ehime, Kagoshima
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Records: 1. Kikuchi 1929 (-); 2. Ogawa and Egusa 1976 (Chiba:—; Shizuoka:—); 3. Hayward 2004
(Aichi:—; Kagoshima: Yaku Island); 4. Umeda et al. 2006 (Kagoshima: Ibusuki Branch of
Kagoshima Pref. Fish. Center); 5. Sato and Tanaka 2007 (Shizuoka: near Lake Hamana); 6. Fang
et al. 2008 (experimental infection); 7. Katahira et al. 2012 (Ehime: Renjoji River, Sozu River); 8.
Katahira and Nagasawa 2014 (Ehime: Renjoji River); 9. Ogawa et al. 2015 (Shizuoka: Yoshida)

Pseudodactylogyrus kamegaii Iwashita, Hirata and Ogawa, 2002 (B)

Host: Anguilla japonica

Site of infection: gills

Distribution: Chiba, Ehime

Records: 1. Iwashita et al. 2002 (Chiba: Minato River); 2. Katahira et al. 2012 (Ehime: Misho Cove,
Renjoji River, Sozu River); 3. Ogawa et al. 2015 (Chiba: Minato River)

Remarks: This species was found on A. japonica collected in brackish waters (Iwashita et al., 2002;
Katahira et al., 2012).

Pseudodactylogyrus mundayi Ogawa, Iwashita, Hayward and Kurashima, 2015 (FW)
Host: Anguilla australis
Site of infection: gills
Distribution: Shizuoka
Record: Ogawa et al. 2015 (Shizuoka: Hamamatsu)
Remarks: This species was recovered from A. australis which had been caught in Tasmania and then
shipped alive to Japan (Ogawa et al., 2015).

Pseudodactylogyrus spp. (FW)
Includes: Dactylogyrus sp. of Kikuchi, 1929; Egusa and Ahmed, 1970; Egusa, 1970, 1971; Oka,
1973a; Hatai and Egusa, 1973; Ushiyama and Misaki, 1977 (as “Dactylogirus”)
Pseudodactylogyrus bini or P. anguillae of Tanaka and Sato, 2007; Sato and Tanaka, 2007
Pseudodactylogyrus bini and P. anguillae of Tanaka et al., 2009
Pseudodactylogyrus sp. of Niwa, 1979
“Pseudodactylogyrus sp. ang. 4" of Hayward, 2004
Hosts: Anguilla anguilla (2, 4, 5, 6, 8, 10)
Anguilla japonica (1, 3, 7, 11, 12, 13)
Anguilla sp. (9)
Site of infection: gills
Distribution: Shizuoka, Kagoshima
Records: 1. Kikuchi 1929a (-); 2. Egusa and Ahmed 1970 (Shizuoka: Yaizu); 3. Egusa 1970
(Shizuoka: Yoshida); 4. Egusa 1971 (-); 5. Oka 1973a (Shizuoka: near Lake Hamana); 6. Hatai
and Egusa 1973 (Shizuoka: Yaizu, Yoshida); 7. Ushiyama and Misaki 1977 (Shizuoka: suburb of
Hamamatsu); 8. Niwa 1979 (-); 9. Hayward 2004 (Kagoshima: Yaku Island); 10. Yoshikawa et al.
2006 (Shizuoka: Hamana Branch of Shizuoka Pref. Fish. Exp. St.); 11. Tanaka and Sato 2007
(Shizuoka: near Lake Hamana); 12. Sato and Tanaka 2007 (Shizuoka: near Lake Hanama); 13.
Tanaka et al. 2009 (Shizuoka: Hamanako Branch of Shizuoka Pref. Fish. Exp. St.)
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Unidentified Monogenea (FW)
Includes: Gyrodactylus sp. or Dactylogyrus sp. of Nishio et al., 1970
“monogenetic trematodes” of Shimazu, 1979

Hosts: Anguilla anguilla (1)

Anguilla japonica (1, 2)
Site of infection: gills
Distribution: Nagano, Shizuoka
Records: 1. Nishio et al. 1970 (Shizuoka: Yoshida); 2. Shimazu 1979 (Nagano: Lake Kizaki)

CESTODA

Bothriocephalus claviceps (Goeze, 1782) Rudolphi, 1810 (FW)

Host: Anguilla japonica (?)

Site of infection: intestine

Distribution: Shiga

Record: Scholz et al. 2004 (Shiga: Lake Biwa)

Remarks: Identification of the eel from Lake Biwa examined by Scholz et al. (2004) was uncertain:
these authors tentatively identified the fish as A. japonica but it may be identified as A. anguilla. If
the eel was actually the latter species, the cestode may have been introduced into the lake via
imported fish from overseas (Scholz et al., 2004).

Bothriocephalus japonicus Yamaguti, 1934 (FW)

Previous identification: Bothriocephalus claviceps of Luo et al., 2002

Host:s Anguilla japonica (1, 2, 4)

Anguilla marmorata (3, 4)

Site of infection: intestine

Distribution: Ibaraki, Nagano, Gifu, Shiga, Kagoshima

Records: 1. Yamaguti 1934b (Ibaraki: Lake Kasumiga-ura [as “Kasumiga-ura']); 2. Anonymous 2002
(Gifu: a tributary of the Kiso River); 3. Luo et al. 2002 (Kagoshima: Yaku Island [as Yako
Island]); 4. Scholz et al. 2004 (Ibaraki: Kasumiga-ura; Nagano: Lake Suwa; Shiga: Lake Biwa,
Kagoshima: Yaku Island)

Remarks: The cestode reported as “Bothriocephalus claviceps” by Luo et al. (2002) was re-identified
as B. japonicus by Scholz et al. (2004). In the 2007 version of this checklist (Nagasawa et al.,
2007: 103), “Bothriocephalus claviceps” reported by Luo et al. (2002) was listed as the species,
but it was wrong (Nagasawa, 2015: 98-99). Information on this cestode is available from Shimazu
(1997) and Scholz et al. (2004). The scientific name was misspelled “japonicum” in Anonymous
(2002).

Bothriocephalus sp. (FW)
Host: Anguilla japonica
Site of infection: intestine
Distribution: Nagano
Record: Shimazu 1979 (Lake Kizaki)
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Remarks: There is no morphological and taxonomic information on this cestode (Shimazu, 1979: 230,
footnote).

Nybelinia anguillicola Yamaguti, 1952 (larva) (M)
Previous identification: Nybelinia sp. of Yamaguti, 1934
Host: Anguilla japonica
Site of infection: encysted in submucosa of intestine
Distribution: Mie
Records: 1. Yamaguti 1934b (Kuki); 2. Yamaguti 1952 (Kuki)

Unidentified Cestoda (FW)
Host: Anguilla japonica
Site of infection: intestine
Distribution: Shizuoka
Record: Ushiyama and Misaki 1977 (suburb of Hamamatsu)
Remarks: There is no information on the morphology and identification of this cestode. It was
frequently found from June to September in cultured A. japonica (Ushiyama and Misaki, 1977).

NEMATODA

Anguillicola crassus Kuwahara, Niimi and Itagaki, 1974 (FW)
Previous identification: Angullicola globiceps of Egusa et al., 1969
Anguillicola crassa of Hirose et al., 1976; Egusa, 1979; Niwa, 1979
Anguillicola (Angullicoloides) crassus of Moravec and Taraschewski, 1988
Includes: Anguillicola japonica of Matsui, 1972
Anguillicola sp. of Egusa and Ahmed, 1970; Ushiyama and Misaki, 1977
“swimbladder nematode” of Egusa, 1970
Hosts: Anguilla anguilla (1, 2, 5, 6, 9, 10, 11)
Anguilla japonica (1, 3, 4, 5,7, 8,9, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21)
Site of infection: swimbladder
Distribution: Chiba, Tokyo, Shizuoka, Gifu, Aichi, Mie, Wakayama, Okayama, Tokushima, Oita,
Miyazaki, Okinawa
Records: 1. Egusa et al. 1969 (Shizuoka: Yoshida); 2. Egusa and Ahmed 1970 (Shizuoka: Yaizu); 3.
Egusa 1970 (Shizuoka: Yoshida); 4. Matsui 1972 (-); 5. Kuwahara et al. 1974 (Shizuoka: near
Hamamatsu); 6. Hirose et al. 1976 (Shizuoka:—; Aichi:—); 7. Ushiyama and Misaki 1977
(Shizuoka: suburb of Hamamatsu); 8. Egusa 1978 (Chiba: eel farm, Lake Inba-numa, Tone River;
Shizuoka: eel farm, Lake Hamana; Aichi: eel farm; Mie: eel farm; Okayama: Kojima Bay;
Tokushima: eel farm; Oita: eel farm; Miyazaki: Oyodo River; Miyazaki: eel farm; Okinawa: eel
farm); 9. Egusa 1979 (-); 10. Niwa 1979 (-); 11. Moravec and Taraschewski 1988 (Shizuoka
[erroneously as “Shizuka']:-); 12. Nagasawa 1991 (Aichi:—); 13. Inui et al. 1998 (Shizuoka:-);
14. Hirose et al. 1998 (Aichi: Mikawa); 15. Ushikoshi et al. 1999 (-); 16. Inui et al. 1999
(Shizuoka:—); 17. Anonymous 2002 (Gifu: a tributary of the Kiso River); 18. Moravec et al. 2005
(Aichi: Isshiki); 19. Rahhou et al. 2005 (Tokyo: Katsushika [as 35°45'N, 139°50°E]); 20. Wielgoss
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et al. 2008 (Aichi: Mikawa Bay; Yamaguchi: Fushino); 21. Laetsch et al. 2012 (Wakayama:
“natural water system”)

Remarks: The biology of this nematode was reviewed by Nagasawa et al. (1994) and Moravec (2006).
Information on the species is also available from Shimazu (1998). A brief note on the nematode is
also published by Salati (1987). Although Matsui (1972: 571) stated infection of “Anguillicola
japonica” in the “gall bladder” of Anguilla japonica, the worm is identifiable as A. crassus, based
on a picture (fig. 27.36) shown by him (see Nagasawa et al., 1994: 128). The records (Inui et al.,
1998, 1999) were based on the species from A. japonica imported from Taiwan to Japan.
Information on the life cycle of the nematode in Japan is available in Hirose et al. (1976) and
Moravec et al. (2005). The distribution of the species in Japan is shown by Lefevre et al. (2012).

Anguillicola globiceps Yamaguti, 1935 (FW)
Hosts: Anguilla japonica (1, 2, 3, 4,5, 7, 8)
Anguilla sp. (A. japonica ?)(6)

Site of infection: swimbladder

Distribution: Aomori, Nagano, Chiba, Shizuoka, Aichi, Wakayama, Okayama

Records: 1. Yamaguti 1935b (Shizuoka: Lake Hamana); 2. Suyehiro 1957 (Okayama:—); 3. Egusa
1978 (Shizuoka:—; Aichi:—); 4. Egusa 1979 (-); 5. Shimazu 1979 (Aomori: Lake Hira-numa,
Nagano: Lake Kizaki); 6. Moravec and Taraschewski 1988 (—); 7. Hirose et al. 1998 (Chiba: Tone
River); 8. Laetsch et al. 2012 (Wakayama: “natural water system”)

Remarks: The biology of this nematode was reviewed by Nagasawa et al. (1994) and Shimazu (1998).
A brief review on Anguillicola is available in Salati (1987). Although Egusa et al. (1969) reported
A. globiceps from Japanese eels cultured in Shizuoka, Hirose et al. (1976: 27, footnote) reported
that Egusa et al.'s worms were not A. globiceps but A. crassus. The latter authors also mentioned
that the morphology of the worms collected at an eel farm in Mishima, Shizuoka was similar to
that of A. globiceps. The distribution of the species in Japan is shown by Lefevre et al. (2012).

Cucullanus filiformis Yamaguti, 1935 (M)
Host: Anguilla japonica
Site of infection: intestine
Distribution: Mie
Record: Yamaguti 1941 (Hamajima)
Remarks: This nematode was originally reported from the conger eel Conger myriaster in Japan
(‘Yamaguti, 1935b).

Gnathostoma spinigerum Owen, 1836 (larva) (FW)

Host: Anguilla japonica

Sites of infection: musculature, viscera

Distribution: Kagawa, Fukuoka, Kumamoto

Records: 1. Nagao 1956 (Fukuoka: Mizuma); 2. Isobe 1956 (Kumamoto: Yoshima, Tensui); 3.
Kikuchi 1956 (experimental infection); 4. Irie 1958 (Kagawa:—); 5. Isobe 1962 (Kumamoto:
Kikuchi River); 6. Miyazaki 1963 (unspecified prefecture in Kyushu:—); 7. Miyazaki 1966
(unspecified prefecture in Kyushu:—)
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Heliconema anguillae Yamaguti, 1935 (B)

Previous identification: Heliconema longissimum of Katahira et al., 2011

Host: Anguilla japonica

Site of infection: stomach

Distribution: Ehime, Saga, Kagoshima

Records: 1. Yamaguti 1935b (-); 2. Matsui 1972 (-); 3. Katahira et al. 2011 (Ehime: Misho Cove,
Renjoji River); 4. Katahira and Nagasawa 2015 (Ehime: Misho Cove); 5. Kan et al. 2016 (Saga:
innermost part of the Ariake Sea; Kagoshima: Shin-kawa River estuary); 6. Katahira et al. 2016
(Ehime: Misho Cove)

Remarks: Matsui (1972: fig. 27.33) showed pictures of the stomach of A. japonica heavily infected
with this nematode. Information on the nematode is available from Shimazu (1998). Intertidal
crabs serve as the intermediate hosts for the species (Katahira and Nagasawa, 2015; Kan et al.,
2016). Its seasonal infection dymamics in A. japonica was clarified by Katahira et al. (2016).

Heliconema sp. ?
Host: Anguilla japonica
Site of infection: digestive tract
Distribution: Okayama
Record: Suyehiro 1957 (-)
Remarks: The morphology of this nematode is different from that of H. anguillae (Suyehiro, 1957).

Philometroides anguillae (Ishii, 1916) Rasheed, 1963 (FW)

Original combination: Filaria anguillae Ishii, 1916

Previous identification: Filaria anguillae of Tshii, 1916; Tshii, 1931

Host: Anguilla japonica

Site of infection: orbit

Distribution: Tokyo, Aichi

Records: 1. Ishii 1916a (Tokyo: Fukagawa-Fuyuki; Aichi: Toyohashi); 2. Ishii 1931 (Tokyo:
Fukagawa-Fuyuki; Aichi: Toyohashi)

Remarks: Yamaguti (1935b) suggested that “Filaria anguillae” described by Ishii (1916a) should be
placed in the genus Philometra. Later, Rasheed (1963) transferred it to the genus Philometroides.
Matsui (1972: 584) mistakenly reported the species as “Philometra parasiluri.” Information on
the species is available from Shimazu (1998) and Moravec (2006: 425-427).

Raphidascaris acus (Bloch, 1779) Railliet and Henry, 1915 (FW)
Host: Anguilla japonica
Site of infection: intestine
Distribution: Shiga
Record: Grygier and Urabe 2003 (Lake Biwa)
Remarks: This nematode is not native to Japan. It has been suggested that the nematode was
introduced into Japan by the import of A. anguilla from overseas (Grygier and Urabe, 2003).
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Unidentified Nematoda @)
Host: Anguilla japonica
Site of infection: caecum
Distribution: unknown
Record: Shimazu and Araki 2006 (-)

ACANTHOCEPHALA

Acanthocephalus gotoi Van Cleave, 1925 (FW)
Hosts: Anguilla japonica (1, 2, 3)
Anguilla marmorata (4)
Site of infection: intestine
Distribution: Tokyo, Aichi, Ehime
Records: 1. Van Cleave 1925 (Tokyo: fish market); 2. Yamaguti 1935a (various localities in Japan); 3.
Fukui and Morisita 1936 (Aichi:—); 4. Katahira and Nagasawa 2014 (Ehime: Renjoji River)
Remarks: Information on this acanthocephalan is available from Shimazu (1999b).

Acanthocephalus longiacanthus Katahira and Nagasawa, 2014 (FW)
Host: Anguilla marmorata
Site of infection: intestine
Distribution: Ehime
Record: Katahira and Nagasawa 2014 (Renjoji River)

Echinorhynchus cotti Yamaguti, 1935 (FW)
Host: Anguilla japonica
Site of infection: [intestine]
Distribution: Shiga
Record: Amin et al. 2007 (Lake Biwa)
Remarks: Information on this acanthocephalan is available from Shimazu (1999b).

Longicollum alemniscus (Harada, 1935) Fuki and Morisita, 1937 (immature worm) (M)

Host: Anguilla japonica

Site of infection: [intestine]

Distribution: Aichi

Record: Fukui and Morisita 1937 (-)

Remarks: Information on this species is available in Fukui and Morisita (1938). While Petrochenko
(1956) considered this species as a junior synonym of Longicollum pagrosomi, his suggestion has
not been supported by Yamaguti (1963), Golvan (1969) and Amin (1985). Thus, the species is
treated herein as a valid species.

Pseudorhadinorhynchus samegaiensis Nakajima and Egusa, 1975 (FW)
Host: Anguilla japonica
Site of infection: [intestine]
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Distribution: Shiga
Record: Amin et al. 2007 (Lake Biwa)
Remarks: Information on this acanthocephalan is available from Shimazu (1999b).

Southwellina hispida (Van Cleave, 1925) Witenberg, 1932 (cystacanth) (FW)
Host: Anguilla marmorata
Site of infection: encapsulated in mesentery
Distribution: Ehime, Kagoshima
Records: 1. Katahira and Nagasawa 2014 (Ehime: Renjoji River); 2. Nagasawa and Kan 2017

(Kagoshima: Okinoerabu-jima Island)

HiruDINIDA

Batracobdella smaragdina (Oka, 1910) (FW)
Host: Anguilla japonica
Site of infection: skin
Distribution: Aichi, Kagoshima
Record: Ogawa et al. 1985b (Aichi: Isshiki; Kagoshima:—)
Remarks: While Sods (1967) regarded Glossiphonia smaragdina as a junior synonym of
Batracobdella paludosa, Ogawa et al. (1985b) did not follow it.

Hemiclepsis marginata (O. F. Miiller, 1774) Vedjovsky, 1884 (FW and B)
Host: Anguilla japonica
Site of infection: skin
Distribution: Aichi
Record: Nagasawa and Miyakawa 2006 (river near Akabane Port)
Remarks: Although this species usually occurs in fresh waters (Burreson, 2006), Nagasawa and
Miyakawa (2006) found the specimens on elvers from brackish waters.

Limnotrachelobdella okae (Moore, 1924) Epshtein, 1968 (B)
Host: Anguilla japonica
Site of infection: skin
Distribution: Oita
Record: Nagasawa and Utsumi 2015 (lower reaches of the Katsura River)

BivaLviA

Hyriopsis schlegeli (Martens, 1861) (glochidium) (FW)
Host: Anguilla japonica
Sites of infection: gills, fins
Distribution: Shiga
Record: Furukawa and Kobayashi 1966 (experimental infection)
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COPEPODA

Lernaea cyprinacea Linnaeus, 1758 (FW)

Original combination: Lernaea (Lernaeocera) elegans Leigh-Sharpe, 1925

Previous identification: Lernaea elegans of Matsui and Kumada, 1928; Nakai and Kokai, 1931

Includes: Lernaea sp. of Egusa, 1958; Niwa, 1979

Hosts: Anguilla anguilla (11)

Anguilla japonica (1, 2, 3,4,5, 6, 7, 8, 9, 10)

Sites of infection: buccal cavity, nostril, orbit, fins

Distribution: Chiba, Shizuoka, Aichi, Mie, Okayama, Hyogo, Shimane, Miyazaki

Records: 1. Leigh-Sharpe 1925 (Aichi: Kitajima near Toyohashi); 2. Matsui and Kumada 1928
(Shizuoka: on the coast of Lake Hamana; Aichi: near Toyohashi, Hekikai County); 3. Nakai and
Kokai 1931 (Chiba:-); 4. Yamaguti 1939 (Shizuoka [as “Sizuoka’]:-); 5. Kasahara 1957 (-); 6.
Egusa 1958 (—: Fisheries Laboratory of the University of Tokyo, and adjacent fish ponds); 7.
Kasahara 1958 (Shizuoka:—; Aichi: Toyohashi; Mie:—); 8. Kasahara 1959 (-); 9. Kasahara 1962
(Shizuoka:—; Aichi:—; Mie:—; Okayama:—; Hyogo:—; Shimane:—; Miyazaki:—); 10. Tsutsumi 1978
(-); 11. Niwa 1979 (-)

Remarks: Information on this copepod as a parasite of A. japonica is available from Matsui (1972).

HOST-PARASITE LIST

Anguilla japonica Temminck and Schlegel, 1847 Japanese eel, “nihon-unagi”
Sarcomastigophora
Cryptobia sp. (=)
Ichthyobodo sp. (-)
Trypanosoma sp. (Shizuoka)
Ciliophora
Ambiphrya sp. (-)
Apiosoma sp. (Shizuoka)
Capriniata piscium (Shizuoka)
Carchesium polypinum (Tokushima)
Chilodonella sp. (-)
Ichthyophthirius multifiliis (Shizuoka)
Trichodina acuta (Mie)
Trichodina jadranica (Mie)
Trichodina japonica (Mie)
Trichodina sp. (Shizuoka)
Microspora
Heterosporis anguillarum (Hokkaido, Kanagawa, Shizuoka, Aichi, Kagoshima)
Unidentified Microspora (Shizuoka)
Myxo0zoa
Myxidium giardi (Tokyo, Shizuoka, Miyazaki)
Myxidium lentiforme (Shiga)
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Myxidium matsuii (Kanagawa, Shizuoka, Aichi)

Myxidium uchiyamae (Shiga)

Myxidium sp. (Shizuoka)

Myxobolus dermatobius (Tochigi, Shizuoka)

Myxobolus fujitai (Ibaraki)

Unidentified Myxozoa (Shizuoka, Gifu)
Trematoda

Azygia gotoi (Aomori, Ibaraki, Tokyo, Nagano, Shiga)

Bucephalus sp. (Chiba)

Centrocestus formosanus (Kagoshima)

Coitocaecum plagiorchis (Shiga)

Genarchopsis anguillae (Ibaraki)

Genarchopsis chubunsis (Nagano)

Genarchopsis gigi (Shiga)

Hemiuridae gen. sp. (Tokyo)

Isoparorchis eurytremus (Shimane, Ehime)

Lasiotocus sp. (Aomori)

Lecithochrium musculus (Mie, unspecified prefecture facing the Seto Inland Sea)

Metagonimus spp. (Shizuoka)
Palaeorchis diplorchis (Shiga)
Proctotrematoides pisodontophidis (Chiba)

Pseudophyllodistomum macrobrachicola (Aomori, Nagano, Ibaraki, Shiga, Tokusima)

Tubulovesicula anguillae (Miyagi)
Tubulovesicula sp. (Chiba)
Monogenea
Gyrodactylus egusai (Shizuoka)
Gyrodactylus joi (Shizuoka)
Gyrodactylus nipponensis (Chiba, Shizuoka, Tokushima, Miyazaki)
Gyrodactylus sp. (Shizuoka)

Pseudodactylogyrus anguillae (Chiba, Shizuoka, Aichi, Tokushima, Ehime)

Pseudodactylogyrus bini (Shizuoka, Ehime)
Pseudodactylogyrus kamegaii (Chiba, Ehime)
Pseudodactylogyrus spp. (Shizuoka)
Unidentified Monogenea (Shizuoka, Nagano)
Cestoda
Bothriocephalus claviceps (Shiga)
Bothriocephalus japonicus (Ibaraki, Nagano, Gifu, Shiga)
Bothriocephalus sp. (Nagano)
Nybelinia anguillicola (Mie)
Unidentified Cestoda (Shizuoka)
Nematoda

55

Anguillicola crassus (Chiba, Shizuoka, Gifu, Aichi, Mie, Wakayama, Okayama, Tokushima, Oita,

Miyazaki, Okinawa)
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Anguillicola globiceps (Aomori, Nagano, Chiba, Shizuoka, Aichi, Wakayama, Okayama)

Cucullanus filiformis (Mie)

Gnathostoma spinigerum (Kagawa, Fukuoka, Kumamoto)

Heliconema anguillae (Ehime, Saga, Kagoshima)

Heliconema sp. (Okayama)

Philometroides anguillae (Tokyo, Achi)

Raphidascaris acus (Shiga)

Unidentified Nematoda (—)

Acanthocephala

Acanthocephalus gotoi (various localities including Tokyo, Aichi, and Ehime)

Echinorhynchus cotti (Shiga)

Longicollum alemniscus (Aichi)

Pseudorhadinorhynchus samegaiensis (Shiga)

Hirudinida

Batracobdella smaragdina (Aichi, Kagoshima)

Hemiclepsis marginata (Aichi)

Limnotrachelobdella okae (Oita)

Bivalvia
Hyriopsis schlegeli (Shiga)
Copepoda
Lernaea cyprinacea (Chiba, Shizuoka, Aichi, Mie, Okayama, Hyogo, Shimane, Miyazaki)
Remarks: This Host-Parasite List shows that 50 nominal species of parasites have so far been
reported from Anguilla japonica. They are distributed among Ciliophora (6 spp.), Microspora (1 sp.),
Myxozoa (6 spp.), Trematoda (12 spp.), Monogenea (6 spp.), Cestoda (3 spp.), Nematoda (7 spp.),
Acanthocephala (4 spp.), Hirudinida (3 spp.), Bivalvia (1 sp.), and Copepoda (1 sp.). Of these species,
three species, Gyrodactylus nipponensis (Monogenea), Bothriocephalus claviceps (Cestoda), and
Raphidascaris acus (Nematoda), were most probably introduced from overseas (Hayward et al., 2001;
Grygier and Urabe, 2003; Scholz et al., 2004), and the remaining 47 species are native to Japan.

Based on their habitat, the 47 nominal species are categorized into two groups: 39 species as
freshwater (FW) parasites, and eight species as marine (M) and/or brackish-water (B) parasites.
Excluding Nybelinia angullicola (Cestoda) occurring as a larva, the following seven nominal species in
the latter group parasitize Anguilla japonica as an adult: Lecithochrium musculus, Proctotrematoides
pisodontophidis, Tubulovesicula anguillae (Trematoda), Pseudodactylogyrus kamegaii (Monogenea),
Cucullanus filiformis, Heliconema anguillae (Nematoda), and Limnotrachelobdella okae (Hirudinida),
and three of them, T. anguillae, P. kamegaii, and H. anguillae, are very likely to be host-specific. The
introduced monogenean, Gyrodactylus nipponensis, is a brackish-water species. Three unidentified
species of Trematoda, viz., Bucephalus sp., Lasiotocus sp., and Tubulovesicula sp., are also likely to be
marine parasites. Since the Japanese population of Anguilla japonica includes individiduals known as
“sea eels” and “estuarine eels” inhabiting coastal marine and riverine brackish waters (Tsukamoto et al.,
1998; Tsukamoto and Arai, 2001), these eels are considered to serve as hosts for the above (at least nine
nominal) species of marine and/or brackish-water parasites.
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Anguilla marmorata Quoy and Gaimard, 1824 Giant mottled eel, “5-unagi”

Monogenea

Pseudodactylogyrus anguillae (Ehime)

Pseudodactylogyrus bini (Ehime)

Cestoda

Bothriocephalus japonicus (Kagoshima)

Acanthocephala

Acanthocephalus gotoi (Ehime)

Acanthocephalus longiacanthus (Ehime)

Southwellina hispida (Ehime, Kagoshima)

Remarks: Only six species of parasites have been reported from Anguilla marmorata in Japan. This is
caused by the past insufficient investigation in Japan into the parasites of Anguilla marmorata, on which
only two papers are available (Luo et al., 2002; Katahira and Nagasawa, 2014). As Anguilla marmorata
is commonly found in the subtropical region of Japan, it is desiable to clarify the parasite fauna of the
species from the region.

Acanthocephalus longiacanthus was described from Anguilla marmorata and has been reported
only from this eel species (Katahira and Nagasawa, 2014), but, like other echinorhynchid
acanthocephalans, A. longiacanthus does not appear to be host-specific. If this is true, no parasites which
are specific to Anguilla marmorata have been reported from Japan to date because Southwellina hispida
utilizes a variety of freshwater fishes as its paratenic hosts and the remaining four species of parasites
also can infect Anguilla japonica.

Anguilla anguilla (Linnaeus, 1758) European eel, “yoroppa-unagi”
Sarcomastigophora
Cryptobia sp. (-)
Ichthyobodo sp. (-)
Ciliophora
Apiosoma sp. (Shizuoka)
Capriniata piscium (Shizuoka)
Chilodonella sp. (-)
Ichthyophthirius multifiliis (Shizuoka)
Trichodina sp. (Shizuoka)
Microspora
Heterosporis anguillarum (Shizuoka, Aichi, Kagoshima)
Myxozoa
Myxidium giardi (-)
Myxidium sp. (Shizuoka)
Monogenea
Gyrodactylus anguillae (Shizuoka)
Pseudodactylogyrus anguillae (Chiba, Shizuoka, Aichi, Hiroshima, Kagoshima)
Pseudodactylogyrus bini (Chiba, Shizuoka, Kagoshima)
Pseudodactylogyrus spp. (Shizuoka)
Unidentified Monogenea (Shizuoka)
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Nematoda

Anguillicola crassus (Shizuoka)
Copepoda

Lernaea cyprinacea (-)

Remarks: Due to a shortage of Anguilla japonica elevers for pond culture in Japan, numerous elevers
of Anguilla anguilla were imported from several European countries (mainly France) to Japan during the
late 1960's and 1970’s (Egusa, 1979; Tanaka, 1979). Currently, the elever import of the species from
Europe has been very strictly regulated because it has been registered as a critically endangered species.
The nine nominal species of parasites* listed herein were all reported from culured or experimentally
reared Anguilla anguilla between the years 1969 and 2008 (Egusa et al., 1969; Fang et al., 2008). There
is no recent work on the parasites of Anguilla anguilla in Japan. Although some individuals of the
species have been reported from Japanese rivers and lakes (Zhang et al., 1999; Okamura et al., 2001),

nothing is known about the parasites of those fish.

Anguilla australis Richardson, 1841 Short-finned eel
Monogenea
Pseudodactylogyrus mundayi (Shizuoka)
Remarks: As a pathway to import non-native eels alive to Japan, smoll-lot commercial tradings from
Oceania currently exist (see Ogawa et al., 2015). Further attentions are needed to monitor introductions
of non-indigenous parasites, accompanied with such international eel transportations, into Japan.

Anguilla sp.
Monogenea
Pseudodactylogyrus anguillae (Aichi, Kagoshima)
Pseudodactylogyrus bini (Aichi, Kagoshima)
Pseudodactylogyrus sp. (Kagoshima)
Nematoda
Anguillicola globiceps (-)
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Abstract Information on the protistan and metazoan parasites of medaka, Oryzias latipes (Temminck and
Schlegel, 1846), from Japan is summarized based on the literature published for 89 years between 1929
and 2017. This is a revised and updated checklist of the parasites of medaka published in Japanese in
2012. The parasites, including 27 nominal species and those not identified to species level, are listed by
higher taxa as follows: Ciliophora (no. of nominal species: 6), Cestoda (1), Monogenea (1), Trematoda
(9), Nematoda (3), Bivalvia (5), Acari (0), Copepoda (1), and Branchiura (1). For each parasite species
listed, the following information is given: its currently recognized scientific name, any original
combination, synonym(s), or other previous identification used for the parasite from medaka; site(s) of
infection within or on the host; known geographical distribution in Japanese waters; and the published
source of each record. A skin monogenean, Gyrodatylus sp., has been encountered in research facilities
and can be regarded as one of the most important parasites of laboratory-reared medaka in Japan.

Key words: bibliography, medaka, Oryzias latipes, parasites, synopsis

INTRODUCTION

Medaka, also known as Japanese rice fish, Oryzias latipes (Temminck and Schlegel, 1846), belongs
to the family Adrianichthyidae (order Beloniformes) and is a small freshwater fish which is distributed in
Asian Far East including Japan, Taiwan, Korea, and China (Kinoshita et al., 2009). In Japan, this species
was commonly found in inland waters, but, recently, its wild populations have declined markedly and it
has thus been designated as “vulnerable” (Hosoya, 2015). Medaka is also reared in many research
facilities in Japan and other countries because the species is an important model animal for biomedical
research (e.g., Yamamoto, 1975; Egami et al., 1990; Iwamatsu, 2006; Kinoshita et al., 2009).

A checklist of the parasites of medaka of Japan was published in 2012 based on the literature
published between 1929 and 2012 (Nagasawa et al., 2012). This checklist contained the information on
both protistan and metazoan parasites reported from medaka in Japan, and 18 nominal species of
parasites were listed by higher taxa as follows: Ciliophora (5 spp.), Cestoda (1 sp.), Trematoda (7 spp.),
Nematoda (2 spp.), Bivalvia (1 sp.), Copepoda (1 sp.), and Branchiura (1 sp.). The checklist also
contained the information on unidentified species of Ciliophora, Tematoda, Monogenea, and Acari. Since
the checklist was published in Japanese, it is almost impossible for scientists in countries other than
Japan to use it.

The checklist is revised and updated herein based on three sources of the literature: 1) the papers
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and books cited by Nagasawa et al. (2012); 2) 14 papers overlooked by these authors (Ichioka, 1930;
Matsumura, 1933; Okabe, 1936; Mizumoto and Kobayashi, 1956; Ikuyama, 1960a, 1960b; Furukawa et
al., 1965; Furukawa and Kobayashi, 1966; Suhama, 1968; Saito and Moriyama, 1993; Ponpornpisit et
al., 2000; Miyabe et al., 2007; Beatte et al., 2008; Baba and Urabe, 2011); and 3) five currently
published papers (Nagasawa et al., 2012; Ito et al., 2014, 2016a, 2016b; Nitta and Nagasawa, 2017). In
this synopsis, the following eight species of parasites are newly added:

1. Tetrahymena pyriformis (Ehrenberg, 1830) (Ciliophora);
. Dactylogyrus oryziasi Nitta and Nagasawa, 2017 (Monogenea);
. Centrocestus nycticoracis Izumi, 1935 (Trematoda);
. Parabucephalopsis parasiluri Wang, 1985 (Trematoda);
. Cristaria plicata (Leach, 1815) (Bivalvia);
. Hyriopsis schlegeli (Martens, 1861) (Bivalvia);
. Pletholophus tenuis (Gray in Griffin and Pidgeon, 1833) (Bivalvia); and
. Pronodularia japanensis (Lea, 1859) (Bivalvia).

Information is herein assembled in a List of the Parasites of Medaka of Japan. In this list, parasites
are arranged by higher taxa in the following order: Ciliophora, Cestoda, Monogenea, Trematoda,
Nematoda, Bivalvia, Acari, Copepoda, and Branchiura. Within each higher taxa, genera and species are
listed alphabetically. For each species of parasite, the following information is provided:

0 N O OB wWwN

1) The current scientific name, including author(s) and date(s), followed by any previous or other
identifications that have been used in establishing records from medaka in Japan. The scientific names of
unionid bivalves used in this paper follow those recommended by Kondo (2015).

2) The Site(s) of infection of the parasite in or on its host. When the site was not given in the original
record, the likely site was determined from other records and is enclosed in square brackets.

3) The Distribution of the parasite is indicated by prefecture (boundaries shown in Fig. 1), in
geographical order from northeast to southwest in Japan. When no prefectural name was given in the
original reports, the distribution is shown by a dash (—).

4) The Record(s). The authors responsible for the records are listed in chronological order. Each
reference is followed by the locality or localities given in two parts, first the prefecture and then the
detailed collection locality or localities from which the parasite was reported. When no locality record
was given, the geographical locality is shown by a dash (—). When all records are from the same
prefecture, only the detailed collection locality or localities are listed.

5) Under Remarks, comments are given on nomenclature and the infection of the parasite on wild-
caught or laboratory-reared medaka.

The References section includes works directly cited in a List of the Parasites of Medaka of Japan.
If only a Japanese title was given by the original author(s), my translation of the title into English is
provided in square brackets.

In Japan, Oryzias sakaizumii Asai, Senou and Hosoya, 2011, also occurs (Asai et al., 2011) and was
previously recognized as medaka of the “Northern Population” occurring along the Sea of Japan coast of
the northern half of Honshu Island (Sakaizumi, 1986). A trematode, Exorchis oviformis, has been
reported from this population (= O. sakaizumii) (Saito et al., 1964). Also, glochidia of a unionid bivalve,
Pletholophus tenuis (reported as Cristaia tenuis) can experimentally infect O. sakaizumii in tanks (Itoh
et al., 2016a). No further published information is available on the parasites of O. sakaizumii.
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Fig. 1. Map of Japan showing the prefectural boundaries. The following prefectural names are arranged

ALIST OF THE PARASITES OF MEDAKA OF JAPAN

Phylum CILIOPHORA

Chilodonella sp.

Sites of infection: body surface, gills
Distribution: —

Records: Iwamatsu 1993, 1997, 2006 (—)
Remarks: This species induces dyspnoea, and the affected skin looks whitish (Ilwamatsu, 1993, 1997,

2006). No taxonomic study has been done using material from medaka.

in alphabetical order: Aichi-24; Akita-7; Aomori-5; Chiba-15; Ehime-41; Etorofu Island-1;
Fukui-26; Fukuoka-43; Fukushima-10; Gifu-23; Gunma-14; Hiroshima-37; Hokkaido-4;
Hyogo-33; Ibaraki-12; Ishikawa-25; Iwate-6; Kagawa-39; Kagoshima-49; Kanagawa-18;
Kochi-42; Kumamoto-47; Kunashiri Island-3; Kyoto-29; Mie-28; Miyagi-8; Miyazaki-48;
Nagano-20; Nagasaki-45; Nara-30; Niigata-11; Oita-46; Okayama-35; Okinawa-50; Osaka-31;
Saga-44; Saitama-16; Shiga-27; Shikotan Island-2; Shimane-36; Shizuoka-21; Tochigi-13;
Tokushima-40; Tokyo-17; Tottori-34; Toyama-22; Wakayama-32; Yamagata-9; Yamaguchi-38;
and Yamanashi-19.
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Ichthyophthirius multifiliis Fouquet, 1876

Including: Ichthyophthirius of Kinoshita et al., 2009

Sites of infection: body surface, gills

Distribution: —

Records: Iwamatsu 1993, 1997, 2006 (-); Kinoshita et al. 2009 (—)

Remarks: Laboratory-reared medaka get infected by this species, which induces “white spot disease”
(Kinoshita et al., 2012). Infected medaka become weakened and finally die (Iwamatsu, 1993, 1997,
2006). No taxonomic study of material from medaka has been conducted.

Tetrahymena pyriformis (Ehrenberg, 1830)
Site of infection: body surface
Distribution: —
Record: Ponpornpisit et al. 2000 (—)
Remarks: This species can experimentally infect laboratory-reared medaka (Ponpornpisit et al., 2000).

Trichodina domerguei (Wallengren, 1897)

Previous identification: Cyclochaeta (=Trichodina) domerguei of Sanchez-Bayo and Goka, 2005

Sites of infection: body surface, fins

Distribution: —

Record: Sanchez-Bayo and Goka 2005 (—: a paddy field)

Remarks: An infection of this species has been reported from medaka experimentally reared in paddy
fields with a photograph of a heavily infected fry (Sanchez-Bayo and Goka, 2005). Nevertheless,
this identification of the species needs verification because it infects marine, brackish-water, and
freshwater fishes and is a taxonomically problematic species (e.g., Lom and Laird, 1969; Lom,
1970).

Trichodina fujitai (Suzuki, 1950)

Previous identification: Cyclochaeta fujitai of lwamatsu, 1993, 1997, 2006

Including: Cyclochaeta sp. of Suhama (1968)

Sites of infection: body surface, gills

Distribution: Hiroshima

Records: Suhama 1968 (Hiroshima: a pond in Hiroshima University); Iwamatsu 1993, 1997, 2006 (—)

Remarks: This species was originally described as Cyclochaeta fujitai by Suzuki (1950) based on
material from the fins and gills of three species of freshwater fishes (Carassius auratus [as Cyprinus
auratus], Cyprinus carpio, Tribolodon hakonensis [as Leuciscus hakuensis]) and the gills and
branchial chamber of tadpoles of a frog (Glandirana rugosa [as Rana rugosa]). Recently, Nagasawa
et al. (2012) transferred the species to the genus Trichoodina. Like Chilodonella sp. and other
Trichodina spp., this parasite induces dyspnoea (Iwamatsu, 1993, 1997, 2006). The specimens
reported as Cyclochaeta sp. from the body surface of wild medaka were almost identical as
Cyclochaeta fujitai (Suhama, 1968), which is currently a junior synonym of T. fujitai.

Trichodina gotoi Ariake, 1929

Sites of infection: fins, gills
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Distribution: —

Record: Ariake 1929 (—)

Remarks: This species is known to infect crucian carp (Carassius auratus), goldfish, and common
carp (Cyprinus carpio) as well as medaka (Ariake, 1929). No paper has been published on this
parasite since its original description.

Trichodina mirabilis Ariake, 1929
Site of infection: [fins]
Distribution: —
Record: Ariake 1929 (—)
Remarks: This species has also been reported from goldfish, crucian carp (Carassius auratus), and
common carp (Cyprinus carpio) (Ariake, 1929). It has not been found since its original description.

Trichodina sp.

Previous identification: Trichodina of Iwamatsu, 1993, 1997, 2006; Kinoshita et al., 2009

Sites of infection: body surface, gills, eyes, mouth

Distribution: —

Records: lwamatsu 1993, 1997, 2006 ( —); Kinoshita et al. 2009 (—)

Remarks: Various pathological changes are induced by this species in laboratory-reared medaka
(Kinoshita et al., 2009). Photographs of the species are shown by Iwamatsu (1993: fig. 35, 1997:
fig. 47, 2006: fig. 58) and Kinoshita et al. (2009: fig. 2-29).

Phylum PLATYHELMINTHES
Class Cestoda

Schyzocotyle acheilognathi (Yamaguti, 1934)

Previous identification: Diphyllobothrium sp. of Nakai, 1930; Bothriocephalus acheilognathi of Fukui,
1964

Site of infection: intestine

Distribution: Tokyo, Shizuoka

Records: Nakai 1930 (Tokyo: Suna Town); Fukui 1964 (Shizuoka: Fujieda City)

Remarks: Hoshina et al. (1965: 307-309) regarded Diphyllobothrium sp. reported by Nakai (1930) as B.
acheilognathi, which is currently treated as a junior synonym of S. acheilognathi.

Class Monogenea

Dactylogyrus oryziasi Nitta and Nagasawa, 2017
Site of infection: gills
Distribution: Tokushima
Record: Nitta and Nagasawa 2017 (an irrigation canal in Tokushima City)

Gyrodactylus sp.
Previous identification: Gyrodactylus elegans of lwamatsu, 1993, 1997, 2006
Including: Gyrodactylus of Kinoshita et al., 2009
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Sites of infection: body surface, fins, gills

Distribution: —

Records: lwamatsu 1993, 1997, 2006 ( —); Kinoshita et al. 2009 (—)

Remarks: The gryrodactylid parasitic on medaka was reported as G. elegans by Iwamatsu (1993,
1997, 2006), but since this identification was not based on morphological study using material from
medaka, the species is reported herein as Gyrodactylus sp. According to Harris et al. (2004: 8),
“many host records are erroneous.” This monogenean is sometimes heavily found on laboratory-
reared medaka in Japan and one of the most important parasites of those medaka (Nitta and
Nagasawa, unpublished). Monogeneans including this species have direct a life cycle without using
any intermediate host and can easily proliferate in laboratory tanks. An unidentified gyrodactylid-
like monogenean is also known to parasitize medaka kept in home aquaria (Nishikawa, 201643,
2016b, 2017). One and two photographs of gryrodactylid reported as G. elegans and Gyrodactylus
from and on medaka are shown by Iwamatsu (1993: fig. 35, 1997: fig. 47, 2006: fig. 58) and
Kinoshita et al. (2009: fig. 2-32), respectively.

Class Trematoda

Azygia gotoi (Ariake, 1922)
Site of infection: intestine
Distribution: —
Record: Shimazu 1979 (—)
Remarks: When cercariae of this species are eaten by medaka in an aquarium, they are not encysted
but found as juveniles in the host’s intestine (Shimazu, 1979). Medaka is regarded as a transport or
paratenic host of this parasite (Shimazu, 1979, 2014).

Centrocestus formosanus (Nishigori, 1924)
Sites of infection: gill filaments, spaces between cartilaginous tissues
Distribution: Tokushima
Record: Toyo-oka 1965 (Naruto City)
Remarks: Metacercariae of this species are found encysted in wild medaka (Toyo-oka, 1965).

Centrocestus nycticoracis Izumi, 1935
Sites of infection: —
Distribution: Saga
Record: Ikuyama 1960a (Ota, Morodomi-chd in Saga City)
Remarks: Metacercariae of this species are found in wild medaka (Ikuyama, 1960a).

Clinostomum sp.
Site of infection: muscle
Distribution: Fukuoka
Record: Ichihara and Takeishi 1998 (Kitakyushu City)
Remarks: Metacercariae of this species are found encysted in wild medaka (Ichihara and Takeishi,
1998).
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Diplostomatidae gen. sp.

Previous identification: Ornithodiplostomum or Neodiplostomum of Toyo-oka and Okada, 1954

Site of infection : body cavity

Distribution: Tokushima

Records: Toyo-oka and Okada 1954 (vicinity of Tokushima City); Toyo-oka 1961 (lower reaches of
the Yoshino River)

Remarks: Metacercariae of this species are found unencysted in wild medaka (Toyo-oka and Okada,
1954; Toyo-oka, 1961). When metacercariae removed from medaka are artificially given to a
pigeon, they become adults (Toyo-oka and Okada, 1954).

Exorchis oviformis Kobayashi, 1915

Sites of infection: scales, fins, muscle

Distribution: Yamaguchi, Fukuoka

Records: Okabe 1936 (Fukuoka: Katakusu in Fukuoka City); Okabe 1940 (Fukuoka: Umi River);
Takabayashi 1953 (Yamaguchi: Yoshida River); Ikuyama 1960b (Fukuoka: Gebayashi in Okawa
City; Yanagawa City)

Remarks: Metacercariae of this species are found encysted in wild medaka (Okabe, 1936, 1940;
Takabayashi, 1953, Ikuyama, 1960b).

Metagonimus miyatai Saito, Chai, Kim, Lee and Rim, 1997
Previous identification: Metagonimus Miyata type of Saito, 1984
Site of infection: scales
Distribution: —
Record: Saito 1984 (—)
Remarks: Cercariae of this species can experimentally infect medaka but most of them do not become
encysted (Saito, 1984: table 7).

Metagonimus takahashii Suzuki, 1930
Site of infection: scales
Distribution: —
Record: Saito 1984 (—)
Remarks: Like M. miyatai, this species can experimentally infect medaka but does not become
encysted (Saito and Moriyama, 1973; Saito, 1984: table 7).

Metagonimus yokogawai (Katsurada, 1912)

Sites of infection: scales, fins

Distribution: Toyama, Yamaguchi

Records: Ichioka 1930 (Toyama: Ishizutsumi Village); Takabayashi 1953 (Yamaguchi: Ube City,
Yoshida River); Saito and Moriyama 1973 (—); Saito 1984 (—)

Remarks: Metacercariae of this species are found encysted in wild medaka (Ichioka, 1930;
Takabayashi, 1953). However, when cercariae of the species experimentally infect laboratory-reared
medaka, they do not become encysted (Saito and Moriyama, 1973).
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Ornithodiplostomum podicipitis Yamaguti, 1939

Site of infection: surface of visceral organs (liver, kidney, gonads, mesentery, heart, gall bladder)

Distribution: Hiroshima, Tokushima, Ehime

Records: Toyo-oka and Okada 1954 (Tokushima: vicinity of Tokushima City; Ehime: vicinity of
Matsuyama City; Hiroshima: vicinity of Hiroshima City); Toyo-oka 1961 (Tokushima: Tokushima
City, Naruto City, lower reaches of the Yoshino River)

Remarks: Metacercariae of this species are found encysted in wild medaka. When they are
experimentally given to a pigeon, they become adults (Toyo-oka and Okada, 1954).

Parabucephalopsis parasiluri Wang, 1985
Site of infection: [fins]
Distribution: —
Record: Baba and Urabe 2011 (—)
Remarks: Cercariae of this species can experimentally infect laboratory-reared medaka (Baba and
Urabe, 2011). Medaka was reported as Oryzias sp. by Baba and Urabe (2015).

Unidentified trematodes

Tetracotyle sp.
Previous identification: Tetracotyle of Tokyo-oka, 1951, 1961
Site of infection: body cavity
Distribution: Tokushima
Records: Toyo-oka 1957 (near Nikenya Town, Tokushima City); Toyo-oka 1961 (lower reaches of the
Yoshino River)
Remarks: Encysted metacercariae of this species are found in wild medaka (Tokyo-oka, 1951, 1961).

Unidentified species
Sites of infection: skin, fins
Distribution: Shimane
Records: Iga 1964, 1965 (Matsue City)
Remarks: Metacercariae of this species are found encysted in wild medaka (lga, 1964, 1965).

Phylum NEMATODA

Camallanus cotti Fujita, 1927
Site of infection: digestive tract
Distribution: —
Records: lwamatsu 1993, 1997, 2006 (—)
Remarks: No paper has been published on this species from wild medaka. It is highly likely that the
species infects laboratory-reared medaka and can complete its life cycle because “it can proliferate
countlessly in tanks” (Iwamatsu, 1993, 1997, 2006).

Gnathostoma nipponicum Yamaguti, 1941
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Site of infection: muscle
Distribution: —
Record: Ando et al. 1992 (—)

Remarks: Medaka can experimentally get infected by this nematode by eating copepods harboring its
larvae (Ando et al., 1992).

Phylum MOLLUSCA
Class Bivalvia

Cristaria plicata (Leach, 1815)
Sites of infection: [fins, gills]
Distribution: Aomori
Record: Itoh et al. 2016b (experimental infection)
Remarks: Glochidia of this species can experimentally infect Oryzias sp., which is O. latipes and/or O.
sakaizumii, or a hybrid of both species, in tanks (Itoh et al., 2016b).

Hyriopsis schlegeli (Martens, 1861)
Sites of infection: fins, gills
Distribution: Shiga
Records: Mizumoto and Kobayashi 1956 (experimental infection); Furukawa et al. 1965 (experimental
infection); Furukawa and Kobayashi 1966 (experimental infection)
Remarks: Glochidia of this species can experimentally infect medaka in tanks (Mizumoto and
Kobayashi, 1956; Furukawa et al., 1965; Furukawa and Kobayashi, 1966).

Pletholophus tenuis (Gray in Griffin and Pidgeon, 1833)
Previous identification: Cristaria tenuis of Itoh et al., 2014, 2016a
Sites of infection: fins, gills
Distribution: Okinawa
Records: Itoh et al. 2014 (experimental infection); Itoh et al. 2016a (experimental infection)
Remarks: Glochidia of this species can experimentally infect medaka (Itoh et al., 2014, 2016a) and a
closely related species, Oryzias sakaizumii, in tanks (Itoh et al., 2016a).

Pronodularia japanensis (Lea, 1859)
Previous identification: Inversidens japanensis of Miyabe et al., 2007
Sites of infection: fins, gills
Distribution: Chiba
Record: Miyabe et al. 2007 (experimental infection)

Remarks: Glochidia of this species can experimentally infect laboratory-reared medaka (Miyabe et al.,
2007).

Sinanodonta japonica (Clessin, 1874)

Previous identification: Anodonta woodiana of Fukuhara et al., 1986
Site of infection: fins
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Distribution: Osaka

Record: Fukuhara et al. 1986 (a pond in Toyonaka City)

Remarks: Glochidia of this species can temporally attach to wild medaka because this fish species is
not a preferred host (Fukuhara et al., 1986). The pond mussel reported as Anodonta woodiana in
Japan has recently been separated into two distinct species, Sinanodonta japonica (Clessin, 1874)
and Sinanodonta lauta (Martens, 1877) (Tabe et al., 1994; Kondo et al., 2006; Kondo, 2015), and
Fukuhara (2014: 350-351) states that A. woodiana reported by Fukuhara et al. (1986) might be
identical as A. japonica, whose scientific name is currently Sinanodonta japonica. No glochidia of
the species experimentally infect medaka in tanks (Akiyama, 2011).

Phylum ARTHROPODA
Class Arachnida, Subclass Acari

Unidentified species

Previous identification: “water mites” of Iwamatsu, 1993, 1997, 2006; Kinoshita et al., 2009

Sites of infection: body surface, fins

Distribution: —

Records: lwamatsu 1993, 1997, 2006 ( —); Kinoshita et al. 2009 (—)

Remarks: Water mites are found on laboratory-reared medaka: one and two photographs of water
mites are shown by Iwamatsu (1993: fig. 35, 1997: fig. 47, 2006: fig. 58) and Kinoshita et al. (2009:
fig. 2-31), respectively. No paper has been published on water mites from medaka.

Class Crustacea, Subclass Copepoda

Lernaea cyprinacea Linnaeus, 1758

Previous identification: Lernaea elegans of Nakai, 1927; Matsui and Kumada, 1928; Nakai and
Koumi, 1931; Suzuki, 1965

Site of infection: head embedded in the host's tissues with body protruding externally

Distribution: Tokyo, Nagano, Shizuoka, Aichi, Nara, Osaka, Fukuoka, Saga

Records: Nakai 1927 (Tokyo: Shimo-6i Town; —); Matsui and Kumada 1928 (Aichi: vicinity of
Toyohashi City: —); Nakai and Koumi 1931 (—) ; Matsumura 1933 (Shizuoka: canals near Yoshida
Fisheries Training Station); Kasahara 1957, 1959 (—) ; Kasahara 1962 (Nagano: Lake Suwa; Aichi:
Toyohashi City, Atsumi Town, Isshiki Town); Suzuki 1965 (—); Tsutsumi 1978 (—) ; Ilwamatsu
1993, 1997, 2006 (—); Beatte et al. 2008 (Nagano: a pond in Matsumoto City); Nagasawa et al.
2012 (Nara: Ide, Yamato Takada City; Osaka: Tanagawa-nishibata, Misaki Town; Fukuoka: Honjo,
Kitakyushu City; Saga: Kohoku Town)

Remarks: An excellent study on the life cycle of this species using laboratory-reared medaka as its
host was made by Kasahara (1962).

Class Crustacea, Subclass Branchiura

Argulus japonicus Thiele, 1900
Previous identification: “fish louse” of lwamatsu, 1993, 1997, 2006
Site of infection: [body surface]
Distribution: —
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Records: lwamatsu 1993, 1997, 2006 (—)

Remarks: While this species was figured as a parasite of medaka by Iwamatsu (1993: fig. 34, 1997:
fig. 46, 2006: fig. 57), this author did not mention its occurrence on laboratory-reared medaka. No
published information is available on the species from wild medaka.
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BAEX X HOFERBEHE (1929-20174)
B A
I B KSR B A BRI R, T 730-8528 1 By UL B T HILIL-4-4

E B 1929-2017F MR S ke VT, HAREA & OFARHEEER L
720 ARHERI20124FICHARGE CHIMR L 72 M4 B8RO BHER Th 5. REHERTIX, x4
D SN KFENOERE R OFH, 8L, FEIA, HIEENGA, GEEk (R
L WG (I L/, ZOKE, 20174 F TICHARE A 77 20 52T/ FM O T
RO GHFED S THEENTWAZ EDPHSPIh o 72 - MEIUHE (67F), 4cddd (1)
HoASE (UF), Wl (9ff), @l (3fE), “AH#ME (5ff), #4748 (1), =
FAM (W), FAABFTIE, TNSHIMAT, fFE THE SN2 o 7B, H
ASE, W, YOS T A 1EMb S0, HADO X 7 WHsehiax CREIZ 2 5
FHEME LT, RRIZEAET L HEAEHOLEE Gyrodatylus sp. 2% 1), EEEET 5,
F—T— N FAd, CHE, 28, HE






AWy P R
Biosphere Sci.
56 : 87—104 (2017)

BAERRBICTFET D UX DT IRDA 7 RAOBR
(1898—2017%)

REABY* - R

Uk Bk ASEE BRI ESER, T 739-8528 I IR HL B s 11-4-4
Y BB RS AEBEF T 2R FE R, T890-0065 HE U i Al C1-21-35

2 B 1898-20174F IZ IR S M7= CRKIC A D &, HAREMRE A SR ENTTF AT T IR I A
TV OL6IE 24T L R FEEMICH T 2 (HE, FEIM, HWMIEASm, k) 2RI L 1%
H L 7z, Achtheinus, Cecropus, Demoleus, Dinemoura, Gangliopus, Nesippus, Orthagoriscicola,
Parnnosus, Paranesippus, Philorthagoriscus, Pseudopandarus ®11g 25 L C, ZNZit7 kN
THRATVZI, Ky /) Fay, FYFHFATII, IUNFFRTIFTI IVIFATT I,
KYVIVRATTI, VKTV TI, YRMRATTI, ATV IHFRTITI, Ry e7
TR, FAVTIENFOPIEENZZIREL 72,

F—T—=RIAATVHEH, AT IR, HEGAER, BEE, SCREKH

]

KHFETHW S U AT F 3 E Pandaridae 13 77 1 7+ Hifi Copepoda @ % 1 H Siphonostomatoida (2 )& 3 % H
TR TCTH Do AFHIET AL TR ClARMICEE L, K MISHET 2 Id v ZORFIRT &1,
FROL L OMITT AEIZHFET 255, LEOHHFMIE (Tang et al,, 2012) 2L -C, Iy Ro i L
WZHFAET LRy ) 25 IF Cercropidae 71 4 7 VL ARRNCE I N Z LIl o7z, AESNAZ A Y
FTIBHIEENE A T VHOMBEIIIA T3 TH Y (Boxshall, 2009), MHBFAEMEY A 7 P& LTIk
KEGETE RV, 7272, < Ry ORFICFET S~ R /5 3 Orthagoriscicola muricatus ({4 &
18 mm b H 57z (HEEF, 1965b), DAE TIEZ OB - 2AFENIMM K~ S ML THB Y (554,
1898b), ARHIBT WD EELIZR

REFHE, HARET 2 DT IFOL165E24TE & R FEHEIZOVC, 1898-20174% D 1204 M |2 UMK S 41723C
Warbels, FHEOBMABHLLDOTH 5, 189841, W EHBKEORT—AF AV IR A
T VA DYETRMICHRE LZETH D (59T, 1998a, 1898b) . € D%, AFHIBT A HI%ElL, AHE
% (FH, 1916a, 1916b), C.B.Wilson (Wilson, 1922), AR LI, 1927) 251 &A%, HUHEAS:
(AR IRS) OO & ZE IR 7R F O R A AT IE TR TR E ZRCR 2272
(Yamaguti, 1936 ; Yamaguti and Yamasu, 1959, 1960 ; Shiino, 1954a, 1954b, 1955, 1957, 1959, 1960), 7%
RS TS LM RIE, I A%19634F 12 [Parasitic Copepoda and Branchiura of fishes] (Yamaguti,
1963) 1ZNEE L TUBDERE Z M- 720 FAEIL, ZHARFEZBME, FHBEELEDFUIET % 1545
FHEIRZ DS = WIGE % R IMIZ 50 L < % (1zawa, 2010a, 2010b, 2010¢, 2012), F 72, KEAFOE
EEAIE & HEBfZE E Td - 72 D. Tang (Nagasawa and Nakaya, 1997 ; Tang et al., 2010, 2012 ; Nagasawa and
Senou, 2012), FEJEE KO K (Uyeno et al., 2016) b FZE% 17> T\ %o RIEFIIWEEEI 7S OH

i
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BEE [HEER e T AV T IR A 7 VHOMH 2 T-o T b (K, 2009, 2014, 2017 ; Ki#5
2013),

RHETE, FAYIIRAOEREEZT VT 7y MEZIER#, SETRENGOTIVT 7y ME
BTl L7 EEMALRFTOFA 2 FTIHL, BA) A MEEE, FESVERLHE, BHEY
PATE R U720 ) A MIORLZZZIEDDVETHWONZDDIZBRY, ITNa KD DIFRL TOHE
MHODVENZ VI L 2RT, FRADERIZIE, N0 2#iG L-FEL L IBBELR L. BEoMEE,
b (2013) 2SR L7253 BRRICHES TIAI L, BEMA L FHERL L, OB, #BEOFRLTIHIED
XM E R DS OWED NG E TN Z NS 250 L7z MBEAY A 12 B4 2 [0, sk (I
KV, HAME, W HiE) TEIZEEM L, WGERRA & O 2R e & s (FE 4 & IR
R L7zo HBENFIRA AL S IMEICES] L 7ze EHLCFEM 2 BREIOIERE K S HEICIE [ -] TRL
7o KIGFESIE 25 OBREREI T TR L7z, METIE, L0 EYFIHER (SR ME < 054
FIHT B HI) RS ORI &AL L7,

FHERORLEET LR L) IO cn L, SHIHE-FAERY AP LTERLL, 20 X T,
e LTHE sz bl (2013) ORI - TUER, SR, SRS NIHA T VH%E
R L7z FRHCBWCE MBI E ISR,

PATTIRAA T VEOSEMERICHE LTI Yamaguti (1963), Kabata (1979), Boxshall and Halsey
(2004) HBEI D, BT Y TICBT 2 ARFHIMT 2 MR IG#E (Kim, 1998), 1 (Yu, 1933 : Song
and Kuang, 1980), 57 (Ho, 1963 ; Cressey, 1967 ; Hoetal., 2012) # R\ CHgD TR SN T b, AHEEZL,
EHRLICL D AREFEEN A7 VHEAFOELRHETHD (=TT IR [RES, 2007] A4 4
%} [Nagasawa et al., 2007]; 7+ ¥ J 3 J& [Fi8 5, 20101 ; = NMEE 2 A E 7 7 4 (2%)t) [Nagasawa,
2011,2015]; & v H & A VR (B - BF 20110 vy v VI IR 25 3R —k 50 3R [EiE-
EE¥ 2012] 0 v T AR [RES, 2013al v V& 4 VR [EE - BB, 2014] 0 S C L VR [EE -
L%, 2015 ; H o L AR [ - LB, 2016]).

BAREY XD T IRIA 7 EOER
HA 7 > i

Subclass Copepoda Milne Edwards, 1830

MHA 7T

Infraclass Neocopepoda Huys and Boxshall, 1991
OB (74 /ANAE)
Order Siphonostomatoida Burmeister, 1835
AHEZEOH (Y74 /A MAH) EFERHEICOVWTIZEES (2010) 255 LTw5,

YATTIR
Family Pandaridae Mile Edwards, 1840

P AT T IR EEBENCE LT, 4, KRB RFOHE-EISEE TH - 72 D. Tang H OHFZE (Tang et al.,
2012) 12Xk o TREBELEMN TNz, FUd, 19T, REICDIZo T LRI THo 72~
v R /2 F I F} Cecropidae Dana, 1849 & 20084F- 12 # 7% & #1727 ~ 7 7 A%} Amaterasidae 1zawa, 200872
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B AT T IBORZKERLEIN, FATVTIFHMAESNIZLETHL, AT T IFHIZDATDIIR
T LIS A (REE) ICFAETH20ICx L, M FEIT L A LG (GEEM) CFET S
(Kabata, 1979 : Boxshall and Halsey, 2004 ; lzawa, 2008), = ®7:&, Tang et al. (2012) ®OHfsEic L > T,
P2 DT IFHIGHFANKRE 70 2 M R & ) CHFAET L2 A T VA ST I LIl o7z,

REF OIS & LT, d UE [232 v A% GUINL 1947) 28 SR 7228, HEEF (1957 : 138) 75 [
AT IR ML TCLE, ZoMarHwsNTWwA (HEEF, 1965a, 1979 ; £, 2009, 2014, 2017 ;
FE#5, 2013),

BB, SR AV IRORLTHL YLKy 2 2T IFHIBIE L T, Yamaguti (1963: 86, 336) 13 HiEH
(Cecropidae Yamaguti, 1963) # i\ 72%%, ZHUEZITANLNTEL T, Y2V I IRORELL ST
% (Boxshall, 2009) o

TINSHXTT IR i)

Genus Achtheinus C. B. Wilson, 1908

PrAERERLZE, REICEETNL 7 MXTH AT T3 (FHiFr) Achtheinus pingius OFEHERIZ 1HE ) o

T hNSHXTTI (FFR)

Achtheinus pingius C. B. Wilson, 1912

E41) A b 1 Achtheinus japonicus (cf. Wilson, 1922), Achtheinus galeorhini (cf. Yamaguti, 1936), Perissopus
oblongatus (cf. Yamaguchi et al., 2003)

f8E : & v X Mustelus manazo (= Galeorhinus megalops), 7<) *7 /X Squalus brevirostris (= Squalus
megalops), 7 /¥ 4 J&®14f Squalus sp. (= Acanthias sp.)

BFADBAL - fE, B SR

HIRA9AE - dLAFEE (BUEGE ¢ Yamaguchi et al., 2003 ; Izawa, 2010c ; #i43) UL =I5 © Wilson, 1922 ; & if]
VRGHELIEE © 1zawa, 2010c 5 i IE97EE @ Yamaguti, 1936)

5 @ AR REM 7 3 FEF 52 1zawa  (2010c) 12 & o TITbivzze RRLKRIGEE, 1 >~ Fig, dbFEkR
P H T ST 5 (Izawa, 2010¢) o B TIEHE (Yu, 1933 ; Song and Kuang, 1980) & i & (Kim,
1998) (23 Ai S 4. FHEMA L, AEOEKBHLAFME D KW &I/ S, [7 YT 11 [RIE]
Thbo

< AR/ FavRE GhFn)
Genus Cecropus Leach, 1816
KIEIDHI~ > R /2 F 3 F Cecropidae (20 5 1T 72%% () 21X Yamaguti, 1936 ; Boxshall and

Halsey, 2004), JE4EZORHEH 2 2T IR DR E SN TwD (Tang et al., 2012) . FAEHER AL, K812
GENb~ KRy /T 3 Cecropus latreillii DELHEFIZIZHE D o

VR Fay

Cecropus latreillii Leach, 1816

f8F : ¥~ K7 Molasp. B, 7%~ K7 Lampris guttatus
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BFAEBAL - B, I

HIBRY AR - LR (IR DSRE, 1898a ; KL FTE ¢ Shiino, 1959 ; — : Yamaguti, 1936),
B il (REARILE © Shiino, 1959)

& . AL~ Y RYEAHOMFEAER L LT, ZN505MROL L DR bridk s T\ 5 (Kabata,
1979: 232), HE» 5 HELERDH S (Kim, 1998), EHEFI4, (X557 (1898a) It [~ Kw /7 7]
LRL L7,

RIFAYXADZ IR G

Genus Demoleus Heller, 1865

PEHENZE, RBICEINDE FYF A AT 53 (k) Demoleus latus OFEHEFIZIZHED o

ROFHYXTTI (FiFR)
Demoleus latus Shiino, 1954
18X : ~F v /X Deaniacalcea (= Acanthidium elantina)
AL - k&

HIREVDT AT (Rl (S IR & 845C] M ¢ Shiino, 1954a)
&% | HEENRIE, AEOLHPRNC EIZHL, TR F7] 1k [HE] Th o,

AHRIAFXTZ IR

Genus Dinemoleus Cressey and Boyle, 1978

EHERIA IR (2009) 129

AHRITAFXTZ X

Dinemoleus indeprensus Cressey and Boyle, 1978

T&E : A # < A% X Megachasma pelagios

BAEERL ¢ Rk

HIBA9 DA ALK (R4S EAI B35 © Nagasawa and Senou, 2012), H A HE (1 ] IR 48 %35 © @ H,
1994 ; Nagasawa and Nakaya, 1997)

E  AMEOEWFIMA % EE (2009) ML TWh, BEH#EMZIZEE (2003 :95) 126t) . A%
mH (1997) & [Favo k) addd], BE - MMa (1997) X (A~ AV T3] LIFATZ

YNYBXTTIR )

Genus Dinemoura Latreille, 1829

PIRER AL, KBICEENL YN X5 3 (HFR) Dinemoura latifolia DFEHERIZIZHE ) o
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YNYH XTI (FiFR)

Dinemoura latifolia (Steenstrup and Litken, 1861)

F£4£1) X~ : Dinematura latifolia (cf. Shiino, 1954a, 1957)

183 © 7 ¥ 4 Isurus oxyrinchus (= Isuropsis glauca, Isurus glaucus), # A 3+ * Lamna ditropis, =+ ¥
1) 4 * Prionace glauca

BB ¢ s (im), %

HIRHIAAE - LA (IR AUIB B © Shiino, 1957 ; i IS F BRI 4 Shiino, 1954a ; Ikl IEAL T
T AT ¢ 1zawa, 2010)

fBE  AEET A AR, ARXIFRE, SETVOFREOIEITHEEIZHFAET S (Cressey, 1967) . itk
&L, H2MEOBRM T MBI OFRHSEO L HI1ZH 25 2 EICH S,

FAYNYY XTSI (FiFF)

Dinemoura producta (Mdiller, 1785)

EZ') AN : Dinematura affinis (cf. Shiino, 1957)

TEX : 4 X 2 2 Lamna ditropis

TSI - AR5, g

HERRY DG AL (BRI RANAD - Shiino, 1957)

BZ: AHIIALIFABRLT AT ABOY AFITHEEICHEEL, AR EELZ SN TS
(Cressey, 1967) ., #i [ 7 5 b3k 2H 5 (Kim, 1998), FIEAEF 41X, ARMEATY N H 2T 5 3
Dinemoura latifolia £ ) K&wZ L ICK %,

IVFIUIIIR

Genus Echthrogaleus Steenstrup and Liitken, 1861

WA I HER (1964 : 125) 126D o

IYFUTF3

Echthrogaleus coleoptratus (Guérin-Méneville, 1837)

T8 : 7 A4 A Isurus oxyrinchus (= Isuropsis glauca), # & 3 ¥ Lamna ditropsis, & < %35 Rhizoprionodon
acutus, = ¥ %) 4 % Prionace glauca (= Glyphis glauca)

BB ¢ fhEE, R DR

HIBRAFE - LT (IR AUITEH © Shiino, 1957 ; ZAIELESE B b [ M#E] © 1zawa, 2010a ; =
IR BT A5 © Shiino, 1954a 1 =EILBETAE © 1zawa, 2010a ; FIHK LA GHIFH N A5 © 1zawa,
2010a ; — : Yamaguti, 1936)

& - bAETIIAIN (1927) »° [AARBYESE] O 7% TR H)d TRtk L7z (FREMITA) . MR
PROTZEEASIEREICRER S N 7ze HARORLR G, 1947) 13 [CLETHsH HA®EWES] T Aons,
R AR IO BFFES 12 & > T HREE S 4 (Yamaguti, 1936 ; Shiino, 1954a, 1957 ; Izawa, 2010a), M =1
A7 4 NI LR S 7z (1zawa, 2010a) o AFEIZIL AR, AL RVEEE, 1 >~ FEEIZIL {343 % (Cressey,
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1967). ks TlEEE (Kim, 1998) & A (Ho et al., 2012) 2 5iliEdid 5. HAEIZ BT 5 RFEDH
RafE (2017) 2V L TW 5, EEMZLIIAUIN (1927) 126E) .

IYVFUTTIERF

Echthrogaleus denticulatus Smith, 1873

T8=E : 74 2 Isurus oxyrinchus (= Isuropsis glauca), =% ' Alopias pelagicus, = 3 & 1) % X Prionace
glauca (= Glyphis glauca), @3 2~ # % Sphyrna zygaena

TABBAL : R, DR

HIRRIHAE - AL (ZEIRRET AT ¢ Shiino, 1954a ; =EILJZE - #L1 © Shiino, 1959 ; Tkl
AT T A 7135 © 1zawa, 2010a)

e - ARG, KW, A ¥ REEICIESCAaH L, AT AP 2| AL RSN 5 (Cressey,
1967) . HHENI BT RO % KiE (2017) VML T b, BHEMAIIRE (2017) 12669,

FIIATHATISX

Echthrogaleus asiaticus Ho, Liu and Lin, 2012

E41) A~ : Echthrogaleus denticulatus (cf. Ho and Kim, 1996)

8= : k& T 1 ¥ x Carcharodon carcharias

BFAEBAL - [HE]

HIRA9AE AL (ARiEE SR Ho and Kim, 1996)

% AHIE, DHETIEYH, I %) YT 3IE N+ Echthrogaleus denticulatus & L CTH#is 4172 (Ho
and Kim, 1996), L72°L, BE THESINZERIZIEDONT, HAREEA D AR L L7 (Hoetal.,
2012) 0 DDENZ BT 2 AMOME % B (2017) 2B L T2, BEEAEEE (2017) 12669,

IYIUHATTI

Echthrogaleus mitsukurinae 1zawa, 2012

f8F : 3 v~ ) ¥ 4 Mitsukurina owstoni

TFAIBAL - hE

HIBE DR AL (TR T i O B 4+ HET © 1zawa, 2012)

&% bOPEICB L2 AROMRZ R (2017) AL T b, BEERITES (2017) 1269,

RIVIYXTZIRE (FiFR)
Genus Gangliopus Gerstaecker, 1854
PRI, T~ )L 3% XY 5 3 Gangliopus pyriformis D% & 2o = &,

VIVIHYXATTI (FFR)

Gangliopus pyriformis Gerstaecker, 1854
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8% . ~ 74 J 7 Alopias vulpinus

FFAEERL ¢

HIRARF  ALICTE (RIFOLIEILEM © 1zawa, 2010a, 2010b)

fBE . AT RKECLCAAL, FTF)FR0MICE@ICHL S5 (Cressey, 1967), Yamaguti and
Yamasu (1960) Z&EE #E~ 7 ¥ F Kajikia audax (= Tetrapturus mitsukurii) OfifiA & AR ff (=Gangliopus
tetrapturi) % f#7-. PEEMZIIAEO LTI SAVIZR (=18) 22552 LICHS,

YA PAXTTIE
Genus Luetkenia Claus, 1864

KIg\E LT~ » R 7 25 3%} Cecropidae 120U 5 11T 7228 (6] 21X Boxshall and Halsey, 2004) , JT4F,
CORHIT ATV T IFOBRZLE ENTWD (Tangetal, 2012), ZH#EFI4 13 Uyeno etal. (2016) 126t o

YA PYATTX
Luetkenia elongata Shiino, 1963
T8X : 7~ 4 F Luvarus imperials
BFAEBRL ¢ R
HIRRIAE AL (MA)IEYToO K - Uyeno et al., 2016)

% A HARDSLCIERES ) 7 4 V=T ilh Satskn d 5 (Shiino, 1963) . AHEAEAE L Tz T~
VA TILOBHERIZES L7z D TH S (Uyenoetal., 2016) . ZHEMI4 13 Uyeno et al. (2016) 1259 o

RYIYATDTIRE GFF)

Genus Nesippus Heller, 1868

FHEHEMNA L, TRLo&R Y 39 4P 5 3 Nesippus orientalis D 2 2R 2 &,

RYIYADTI ()

Nesippus orientalis Heller, 1868

f8E | v 0¥ 2E 2 ¥ 2 Sphyrna zygaena

BN ¢ RE, 815

HIRRY A AL (ZEEEE ¢ 1zawa, 2010)

B AHEEL L O AP SW|END Y, PTG A TS EEZ 5N Tw5 (Cressey, 1967) . Hii
WAL, AREOAFEE AR 2 LT TRl (=fE) 2 212l 5,

RYIYADSTIRBDIE
Nesippus sp.
f&% : 3 T L Carcharhinus longimanus (= Pterolamiops longimanus)

AL - Rk
HIBRI A - dL K (Kabata and Gusev, 1966)
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NIRRT TTIR )

Genus Orthagoriscicola Poche, 1902

RIFIEILEI~ ~ R 7/ ¥ F 3 F Cecropidae (20 5 LT w724 (] 2 1 Shiino, 1954b ; Boxshall and
Halsey, 2004), ¥4, ZOFHEIH AT T IBORL L SNTW2D (Tang et al., 2012), HHEEMNL L, KR
e ENLME—DFfE, ~ K™ /35 3 Orthagoriscicola muricatus OFEH#ERI 44 12HE o

RURI )T

Orthagoriscicola muricatus (Krgyer, 1837)

24 A M : Laemargus muricatus (cf. 577, 1898b), Orthagoriscicola sp. (cf. £i:, 1916a), Orthagoriscicola
muricata (cf. £53f, 1916b ; Shiino, 1954)

f8E : ¥ K Molasp. B (=Molamola), 4B unknown host

TAEBAL - E, R

HIRRYAE bR G - A9, 1916a, 1916b ; M%) =8 - 527, 1898b 5 Ikl :
Shiino, 1954b)

B% AL~ v Ry ORRICIFICES LCHAEL, RIEEHE - #iHf - RFFEICHA T 5 (Kabata, 1979:
234) . AFEIZBT 2503 H 4 (HEEF, 1965b) . AEHEFIS1E537 (1898b) (2FE9)

YAXTTIRE

Genus Pandarus Leach, 1816

EHERI AL IHER (1964 : 125) 12HE) o

A YXISX

Pandarus cranchii Leach, 1819

E41) A~ Pandarus satyrus (cf. Shiino, 1954a, 1957, 1959, 1960)

T8 : 7 4 # Isurus oxyrinchus (= Isuropsis glauca, Isuruss glaucus), =% ') Alopias pelagicus, = 1)
# # Prionace glauca (= Glyphis glauca), & 3 =& 7 # 4 Sphyrna zygaena, '/ / A7 ¥ 4 X
Rhina ancylostoma, FE/4<BA+ * %8 unspecified shark, ~ 7% ¥ Kajikia audax (= Makaira mitsukurii)

BFEBRL ¢ R

HIBAI R ¢ AL CE IR AEDT © Shiino, 1957 5 S ANRES S0 [E)H#E] © 1zawa, 2010a ; =
RS - RIS ATIYS - KEW @ Shiino, 1954a, 1959, 1960 ; FI# LI AL FHE R 1zawa, 2010a)

fEE  AFILKFERE KRWE A~ FEEICIE 54§ % (Cressey, 1967), Shiino (1957) 7 Pandarus
satyrus & L CTHiil L 72f# 44122 C Cressey (1967) & lzawa (2010a) 5 M L TV 2R WSKFEIZEH O
TBLo DHFETESHWHNTWBKEIZBWT [H 227 3] (HEEF, 1957, 19653, 1970) & L Tf#
BMENTVLHIATETH 5o HEMAITESE (2014) 126E9 .
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DUNRIYATITI (FiFR)

Pandarus rhincodonicus Norman, Newbound and Knott, 2000

f&E : ¥ XX x Rhincodon typus

BRI ¢ R

IR AT | KA (iRifEfs - P32, 2015)

fBZ A4 — A T ) TIHOBERIHED VTR S 7z (Norman et al., 2000) . FriE#ERfI44 1L, REAS
VIUNIHFRIHFETH LIRS,

BPAITX

Pandarus satyrus Dana, 1852

T : 7 4 ¥ & Isurus oxyrinchus, = 3 % V) ¥ 2 Prionace glauca, = = L Carcharhinus longimanus (=
Pterolamiops longimanus)

BFEBRAL ¢ MRS,

HIBEISAE AL AR (- Yamaguti, 1936 ; Kabata and Gusev, 1966; Ho and Nagasawa, 2001)

fB% AL O F PRI CHFEL, KB, K, A~ FEICHAT 5 (Cressey, 1967) . HEHER]
ZIHEE (1957) 126E9 o

AP ITHATFX
Pandarus smithii Rathbun, 1886
8% : I %) ¥ X Prionace glauca (= Galeus glaucus), 3 @3 =€ 2 4 X Sphyrna zygaena, >/ / A
71 % 4 * Rhina ancylostoma
FFAEBRL ¢ fhsR
HIBMIAE LT (BAIEESE S [EME] @ 1zawa, 2010a ; =FILEE - B © Shiino, 1959)
&% | AT EE, KW, A > FEEICIL <0 5 (Cressey, 1967) RIS IZREE (2014) 12HE9H o

YIYRXTDSIRE GFR)

Genus Pannosus Cressey, 1967

PZsER 20, N ICEFNLME—OF, Y~ M AT 3 (FrFR) Pannosus japonicus DFZHERIZ IZHE ) o

Y MYXTTI (FFR)

Pannosus japonicus (Shiino, 1960)

241) A b 1 Gangliopus japonicus (cf. Shiino, 1960)
fBE : > 1 22 ¥ £ Sphyrna zygaena

BFABBAL - AR

WIS (ZEEGES ¢ Shiino, 1960)
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52 : Shiino (1960) |2 X o CRl#K & N7z AL Cressey (1967) 12X o THIFONHEY~ M XV T
IFZED SN FEENLL, AEPSHA (HIRIEAH) »58RE - TSNz LICH S,

NSV I YXTZIR (FiFR)

Genus Paranesippus Shiino, 1955

PrEENAZIL, RBICEINILIATY JHF AT T3 (FHiFh) Paranesippus incisus OFEHERIZIZHE ) o

NTY I YPXTDSZI (FiFF)

Paranesippus incisus Shiino, 1955

fE8X |~/ # # Deania calcea (= Acanthidium elantina)
BRI - 1R

HIBRAE AL GE IR o : Shiino, 1955)

& FIEEN L IIATEOEERICH T,

NIRRT/ eTYRUE GRER)

Genus Philorthagoriscus Horst, 1897

RIEIZLLRI~ R 7 25 I Cecropidae 20U 5 4L T Vw7275 (] 2 (£ Shiino, 1954b ; Boxshall and
Halsey, 2004), 4, ZORHIH A VI IR OEZ L SNCTw2 (Tang et al., 2012), FiZHERIZIE, A8
CEIENLME—DfE, ~> AR /7% K1Y (H#r) Philorthagoriscus serratus OFZ#EFZIZHE D o

NIRRTV R (FER)

Philorthagoriscus serratus (Krgyer, 1863)

241) A N : Philorthagoriscus sp. (cf. i3, 1916a)

8% : ~ K Molasp. B (=Molamola), <73 unknown host

BAEERL ¢ R

HIRR D - ALK Rl © /3, 1916a ; FIHK L Shiino, 1954b 5 FTak LR 1% © Shiino,
1959)

fEZ  AZ~ Ry ofERICEEL, LIZLIE~ K /¥ 5 3 Orthagoriscicola muricatus < > K
/ F a7 Cecropus latreillii & & H 12 50, RIGFERLKFEIZGH T2 (Kabata, 1979: 235) 0 HridEfl
Zid, A< AT ORFE (BE) IKFELTWEZ LIRS,

DUNRIYAIZVTIR

Genus Prosaetes C. B. Wilson, 1907

EHEFI AL REEIE A (2013) 126ED .
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IUNIYXITIVTR

Prosaetes rhinodontis (Wright, 1876)

E21) A~ Dysgamus atlanticus (cf. Williams and Williams, 1986)

f8F : ¥ ¥ X % Rhincodon typus

BFAEERNOL ¢ AT, R

HIBR DT B i (MPARIEAERIT (L)1 o £ 5 : Tang et al., 2010, 2012), JKFEfE (ElE G & A5
IKHERE (PSS S R EE ORI & ] - Williams and Williams, 1986 ; #EizfE © 37 5, 2016)

@ AL A ¥ FERPREHEDO Y Y RIS FAEL T b (Tang et al., 2010 5 K5, 2013h), &
TEOGHFRAEL L 2O, DYBENI B 2 REORIEN & Z0iEsk, JBIZERC MO &Y 715 i A
F#S (2013b) 12X o TREL KA EN T 5, BHERIAIZRES (2013b) 12169 o

BYXTDZTIERTRE )

Genus Pseudopandarus Kirtisinghe, 1950

PERIZE, AB OB BIRT 2 #005 Pseudo & 7 ¥ 3 8 & /R 3 Pandarus DA A&
ETHDHILIZHD,

AaOYATT I (FFR)

Pseudopandarus gracilis Kirtisinghe, 1950

8% . > o x Mustelus griseus

THEBBAL k&

HIREIAE AL FIRILIELE S - 1zawa, 2010)

&% 2 2Tl lzawa (2010) DFEAERICE S CTARIE L HINT 2755, WLPTFROF AT I IENF
Pseudopandarus scyllii 137D ¥4 & L CHfbi/ze —F, Z <&, Bernot and Boxshall (2017) 1%+ #
VIIERNFEAMEEL LCRROH, lzawa (2010) OFRERKFEICEZR Lo 2D, s
ENC B 2RO FEICITER S D> TB Y, Bh2MaAPUETH Do FILKEIL AL, 3
VEYFROMICEEIZHL SN D (Cressey, 1967) . Fr#eMI4 130 E &I W T,

BXTTIERE FFR)

Pseudopandarus scyllii Yamaguti and Yamasu, 1959

fEE : FFH £ Triakis scyllium

BFAEBAL :

HEIRRYDE KRR (BRI R A E K B AE © Yamaguti and Yamasu, 1959)

fi§Z © AHT 1zawa (2010) TlE ¥ TH 2 ¥ 5 3 Pseudopandarus gracilis ¥4, & L CHhbnzz. L L,
Bernot and Boxshall (2017) IAMEA AL L CRROTWLDOT, RAHED U)o TNHMHFED
FEICET AREIE, U AV T I0MELSRO I &0 REDEFE L Tz FF 9 3T HE TR
FEINTZEHEM S NG, FEEMZITEAICHS .
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BE-FERVAb

#5404 Chondrichthyes
MRS A Elasmobranchii
H A [X Selachii
7 ¥ 7 ¥ X B Orectobiformes
¥ v~z X F} Rhincpdontidae
¥ v Rz AF 2 Rhyncodon typus @ & > XIH X 5 I Pandarus rhincodonicus, ¥ v NI R LT T T
3 Prosaetes rhinodontis
4 X 34 4 H Lamniformes
3 v ) AF} Mitsukurinidae
3w 7 ) * Mitsukurina owstoni : X 7 1) 4 x 25 3 Echthrogaleus mitsukurinae
A 77 = A AR Megachasmidae
A I~ 7 AH A Megachasma pelagios : # %'~ 7 A+ 2 25 3 Dinemoleus indeprensus
A A I AR Lamnidae
7 A4 A Isurus oxyrinchus : 7 /¥44F 2 2 3 Dinemoura latifolia, = % ') 2 I Echthrogaleus
coleoptratus, 3 ¥ ¥ 1) ¥ F I £ I & Echthrogaleus denticulatus, 1 /4 X ¥ Z I Pandarus
cranchii, # x < X Pandarus satyrus
H X3 A 4 Lamna ditropis : 7 /N # 4 X 2 5 3 Dinemoura latifolia, #+ %+ v N 2 V5 3
Dinemoura producta, = 3 ') 2% 3 Echthrogaleus coleoptratus
77k B X Carchardon carcharis : b7 3 74 X 2 3 Echthrogaleus asiaticus
7+ 774 A} Alopiidae
=% 1) Alopias pelagicus : 33 ¥ 1) 2Z 3 & Echthrogaleus denticulatus, >4 /X% I Pandarus
cranchii
~ 7% 77 Alopias vulpinus : <)L 3 % ¥ F I Gangliopus pyriformis
AT X H Carcharhiniformes
I 74 X %} Triakididae
a2 Mustelus griseus : 2 1+ X 25 3 Pseudopandarus gracilis
R4 X Triakis scyllium : 4 x 25 3 & F % Pseudopandarus scyllii
A A Mustelus manazo : 7 k2N F X 25 3 Achtheinus pingius
A 2 a4 2l Carcharhinidae
t 7 7> Rhizoprionodon acutus : 3 3 ¥ 1) 5 I Echthrogaleus coleoptratus
3 F 1)+ X Prionace glauca : 7 /N4 X 25 3 Dinemoura latifolia, 33 % 1) 5 3 Echthrogaleus
coleoptratus, 3 3 ¥ 1) ¥ 7 I £ N & Echthrogaleus denticulatus, 3 1 /4 X < I Pandarus
cranchii, ¥ x5 3 Pandarus satyrus, A #77 4 x5 3 Pandarus smithii
3 'L Carcharhinus longimanus : -k v I # % 2 F 3 J§ ®17# Nesippus sp., ¥ #* ¥ I Pandarus
satyrus
¥ 2 & 7 4 A F} Sphyrnidae
U 2 €7 A Sphyrna zygaena : 3 > ¥ ) ¥ F I % [ Echthrogaleus denticulatus, 7 I x
27 3 Nesippus orientalis, 34 /4 x " Z 3 Pandarus cranchii, A %7 # x " Z 3 Pandarus
smithii, v~ M X5 I Pannosus japonicus
v /X B Squaliformes
7 A 4 A%} Centrophoridae
N7/ % Deaniacalcea : K774 x5 3 Demoleus latus, ~F 7 /4 X3 Z I Paranesippus
incisus
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v /2L Squalidae
v 1)y /A Squalus brevirostris @ 7 b /N4 22 F 3 Achtheinus pingius
v /X &GO Squalus sp. @ 7 bYF 4 2 Y5 3 Achtheinus pingius
FliRB3H 4 48 unspecified shark © & 4 /% % 25 3 Pandarus cranchii
I A [X Batoida
& > 77) ¥ 71 & 4F 2 B Rhynchobatiformes
& > 77) #7142 F} Rhynchobatidae
2/ 7 A7 % 2 Rhina ancylostoma @ 2 1 /4 X 25 I Pandarus cranchii, %7 H 2T F 3
Pandarus smithii
T4 4 Osteichhthyes
ZeUETAH Actinopterygii
7 1< A7 H Lampridae
7 1~ v AR E Lampridae
7 /1= ¥R Lamprius guttatus : ~ > 2Ky / 5 3 77 Cecropus latreillii
A X% H Perciformes
7~ A4 7% Luvaridae
7~ 4 7 Luvarus imperials : ¥ 3 {4 X2 I Luetkenia elongata
~ 71 ¥ %%} Istiophoridae
~ 71 ¥ % Kajikiaaudax : > 1 /x5 3 Pandarus cranchii
7 7" H Tetraodontiformes
~ A7 % Molidae
~ v KR 7 Molasp. B: ¥ ¥ Kw /F 37 Cecropus latreillii, ~ > &> /5 I Orthagoriscicola
muricatus, ~ >R~ / t 7 1) Philorthagoriscus serratus
ARBfFE unknown host : < >~ AR 7/ ¥ 5 3 Orthagoriscicola muricatus, ¥~ > Kw / & 7% F )
Philorthagoriscus serratus

SHOMERHE

ARHETIE, 1898-20174FE DI204FE M S /- ke b & 12, HAEY AV T IB 04 7 VHLHED
HRABLHEL 720 TOREE, DHPEOSHISE (RELFHS H1LEL © FREEFHIHAR) Ok H16/E24HE D
PRAVTIPNA T VENREESNTVDL I ENHEHL NI o7 B, AV T IFHI2IEE3MAE
NTwA (Boxshall, 2009) s ZDEAEIZIED &, DAED S IZEHIEDOKIT0%, BRI DK38% D AT
FIBAA T VEPME SN TND I LR B, DYETREESN BB E @R Y, a7 2 EHs
LW SN Tw5 A~ F (9k8214% ¢ Pillai, 1985), #[E (5/E5%E : Kim, 1998), ==2—Y—J v F (78
12f# : Hewitt, 1967a, 1967b), 77 )V (5/@12f& : Luque and Tavares, 2007), * ¥ 2 (7/%97 - Morales-
Serna et al., 2012), % 7% (6/&8fl : Kabata, 1988), Jilxl (9E9fli & K[F7E21E : Kabata, 1979) (W31
ELHATVTIIREY YRy VT IROMEEEDEE) LR THLE, DAETOMEI R TR D
SN ENGD D, b, HRZHRTRLEL LT AT T IRMIA T VEMEET AETHL, T
1, E A ik (Yamaguti, 1936 ; Yamaguti and Yamasu, 1959, 1960), k%7 2% i 1§ 1 (Shiino, 1954a,
1954b, 1955, 1957, 1959, 1960), HHEFZ L (1zawa, 2010a, 2010b, 2010c, 2012), D. Tang fii-: (Tang et
al,, 2010, 2012) 5DF L WIFZEMRIZ L 2 L TAHDRE W,

—7J5, ERO X, DPEET AV T IRBAA T VEMA MR CROLFEL SO LAZETSH 575,
W WD D 5o ZIUE, AROFEFETH 59 A4 (3 A [X Selachii i2& N 2HE) @ O AFEH
AY125FE (thif, 2013) THAEDITH LT, ATV T IFH A 7 VHEARM SN0 ABIIE»LTHE (T4
RIZEINDLY ) I AT HIFRAZHRL) THLHZENLHATH L. 418, TAVT IR A 7 VHEIGE
FESN o 72 AR ERICHANRD 2L LD, R - REFFEOEAR A CRBML, KEA A7 V8
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MHOHEZL DM EZHL Z ENEETH L, DOEOIREHR TRk A 2B 2 W ESEEE M ThN
YA WS ND DS, WM O AEER B THFESND LB\, BRI ATT IFIAT
THMBHOD, TOL) Y AFERHRL L LLETHS ),

OYEENCBIT 2T AV T IFOMETIE, BELEAA T VHORELTICKRERRY VDL, TOIELA
EDRPHERFITRE S NS D TH b WHAWIBINREOKEETOLF 2R L, WANEE - FR—
7D B OReERIZ R <, HAME (Nagasawa and Nakaya, 1997) X°Hi J# (Tang et al., 2010, 2012) %5 (%
VRO D DB E v F72, WK S ORENE LY, TEYE % &G HSETKE» 5 o
FLERIX 7 <, WEEEAT KL CIIALIEE 2 6 O1FEE (Ho and Kim, 1996) 7% % DA TH b, SHOIZETIL,
IR A B e T S HE D W I E ORENEETH 5,

DOENLT A A S OB ONIIEEAS {, 20174E8H B, HAREEHNIZES 1220080528 &
LCEHL TS (HABRBEIEEAD R —LX=2 5 0), AV I IFEZELHFEED 1 7 L HOMTE
ZAED B2 M7z, FARBIEE IXZO L) 2R E L KFT 52 L AR TH A9, ZOHFEF
T LT, HETHAIWBI L FERTH LI A7 VEHOMAME R LT A2 M EOHEIEE L Z &8
Hifeshs,

R, YAV I IROBRBETH LY AT T IBICMNTB L HAREY 2D T IBEHLE, 4 (F
A F 3 Pandarus satyrus, > A /% x2F 3 Pandarus cranchii, A 74 x5 3 Pandarus smithii,
¥ ARIAF X T F 3 Pandarus rhincodonicus) 2SEI 545, AU L, EBEOHE D& Pandarus carcharini
Ho, 1963 & Pandarus niger Kirtesinghe, 1950 (Ho, 1963 ; Cressey, 1967), ¥ 7-#[%%> 5 Pandarus niger (Kim,
1998) ARFESN TV L, TNHIEFEVWTN L HARL S KRFTH 2, TIL, HREY VARIHF AT T I0
o (HA 5, 2015) ICIZTEREOFHHIBRSEEN T A, Y2V T IBITb2SETRD L (RS
T AT T IRAATVHETHS L DD (Yamaguti, 1936 ; Shiino, 1954a, 1957, 1959, 1960 ; Izawa, 2010 ;
i 2014 5, 2015), COLH AT REIHAHH D, HEGTEHSL HARETOMED FOTHL
LUV EE NS,

5| Pk
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A checklist of copepods of the family Pandaridae (Siphonostomatoida)
from fishes in Japanese waters (1898-2017)

Kazuya Nacasawa® and Daisuke Uyeno?

Y Graduate School of Biosphere Science, Hiroshima University,
1-4-4 Kagamiyama, Higashi-Hiroshima, Hiroshima 739-8528, Japan
2 Graduate School of Science and Engineering, Kagoshima University,
1-21-35 Korimoto, Kagoshima, Kagoshima 890-0065, Japan

Abstract Based on the literature published between 1898 and 2017, a checklist is compiled for the 24
nominal species in 16 genera (Achtheinus [1 sp.], Cecropus [1 sp.], Demoleus [1 sp.], Dinemoleus [1 sp.],
Dinemoura [2 spp.], Echthrogaleus [4 spp.], Gangliopus [1 sp.], Luetkenia [1 sp.], Nesippus [1 sp.],
Orthagoriscicola [1 sp.], Pandarus [4 spp.], Parnnosus [1 sp.], Paranesippus [1 sp.], Philorthagoriscus
[1 sp.], Prosaetes [1 sp.], and Pseudopandarus [2 spp.]) of the copepod family Pandaridae from Japanese
fishes. This checklist contains information for each taxon regarding its host(s), attachment site(s), known
geographical distribution in Japanese waters, and references. A host-parasite list is also given.

Key words: bibliography, checklist, Copepoda, elasmobranchs, fish parasites, Pandaridae
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BRICESELEY T4y aBRE3E (TIV—F, FFI7FNX,
AT7FNR) OFERBHF (1962-20175)

3t il

I BREEREA e M e R A 7E R T 739-8528 UL S ifidEIL11-4-4

B B 1962-20174EO56EM ISR S HOLZ IO &, HARISER LY ¥ 74 v v 2kl
*E‘s?ﬁ (TN=FN, FATFNZ, a7 FNA) »po#E SN FERORWREER L2 20
, 21% il - Bl & RIEE O FERDIROSHEIEL S PG SN T 37 VY TH (4
:ﬁ‘cﬁ‘iﬁ DOME], GedlgE (2], MLARAH [6fd], WhdukE (5], MUZENY (2], sysHshyy [14E],
TRCHAE 3 - AL, A 7V 2], TV —Fu 51285 M, 44 s FNAS 51313
YFEHE - W, a7 FNAHS iS%#&:E(D FEHRATEES N TV e, S b AT, HARDE
KA L HME P DEEE & QICHLAEFNISRENS 20, LHELE (K s TR Eas TN
AFFEDINAINA N7 P a7 F 27 Proteocephalus fluviatilis) & HAEREGH (70— FNVAFED
Actinocleidus fergusoni, Onchocleidus dispar, Onchocleidus ferox ; % % 77 F /5N A5 @ Onchocleidus
furcatus, Onchocleidus helicus, Syncleithrium fusiformes) AL KIRFEZ G TAETH 5, AMEIC
HHETLHME, Fo L A H Gnathostoma doloresi & H AR ER 14 Gnathostoma nipponicum 75 %
NENTNV—FN A+ T FNADPLHE SN, BEDNEFEL S H o7,
F—TJ—R:FF s FNR EGFER, a7 FNA, T4y Y a B MEFESR, TV —
v, HEk

]

7V —F)v Lepomis macrochirus Rafinesque, 1819, F # 7 F /XA Micropterus salmoides (Lacepéde, 1802),
a7 57N A Micropterus dolomieu Lacepéde, 180203 T VTN L AXFHY v 7 4 v ¥ 2FHIE L, JLKIE
FEDWKMTH Do TNTNOMITEL o 72FEITOAENEA SN, BUE, W - 3 2 &K CE5H L

TEA LTV D, FIZHT = FOAEBHITEEIC R, ERERENOEZE R &, e zBEzREZ LTy

5 (AR TS HRRERES, 2002 0 B5EA RSB A A RE, 2004 © U€ - H1T, 2004 ; % -
=1, 2006) .
HHE S B B AT LB, FIEET &SI AV ARME, '*éEE*E@J“Ei%%%%P_\i&\A‘
&“C?)E) LAL, DPEN, 2O THRERIIVSAT G772 l28Y), SED?OEA LKL
bIZE L OWFEEY (B 213 7 BHEEOBHIER 7 A VA & [7{5% EH, 2004%ZH]) ORAE
?xﬁ“b, KEFETREGHEELW o TELBELEET 20 AMTHO > 74 v v aRHBEIZERTIUL, &
B D LS, HREROFARDIZIAZ, FEBOICRISERZ  OF AR L SN TEY, Z2hbid
WMELEDICHRIIHBAINZDDEEZ LN TS, RIRTIE, DAENIESE LYY 74 v 2FHA
BMOFERME MBS 5720, TNETICHARTARBMA MG S NAFEROERTERLC, Hikk
LTORL7ze BABEDY > 74 v v a B SIRMICH B S 23 E 0L, FE (1962: 130) 12Xk T
WUON/T Ty 2N (=FF 7 FNA)IZHFELTOIAA T VHEDA S ) LY THhHbo KHERIE

|

20174E9H 19H =28 *E-mail: ornatus@hiroshima-u.ac.jp



106 REW

ZNLIE, 20174F F TOS6FMIC AL SN HARDIFRIEH I N TV 5,

AHERL, 2200 A b (FAER-FFE) AN FE-FERY AN EZIUHEL3E (HAES Y74 v
T a BHEEOFE MO, HAREY Y 74 v ¥ 2 BHEICR S D MESAER, SHRoMeiEE) »5
MR SN D,

FHEBR-TFEY A NTIE, v 71y v 2 BHEESH A S8 S F R i A Sk EsEE Cilfasi [
7T, WIEEY [Sedu, BAE, WO, SIEmY, SoUEDNY, sRAmy [TROIED, EiESh
W (A7 D) THATL, S0EEICBWTEFEREFZHZOT VT 7 Xy MEIIER L 72, %545
ROWEHZ, ®FOFL, DHENIBIT 2 #EOEEER, HE, FAEML, MMM, LEziil, %
UG U THE 2 Etre FERICERMAD S DG, FNEFELORNIIGE L. ABEICHRPEET S
WAL, FHOHEIFORAT— Y EFIMAICR L7z UiGEERAHE D S B A F NASE 121348k
T, EANICD &L AT ASAICIERMEE LT, 2805 L ITAIEINIOIR Lz, Eb5 L T
HWHEHEIIAHE Lz, BEOREMREOEIIE, HLHETREFINFEROFELRLEHRPRTOLD &
RGDWE, TOFREAHE LB, TNOEME L CER GRiia s L 38EE) 2R L, FE
TR E R S EIIEIAR L L72hs, STk 30w i) 2 S 2 R 2 LA CE 241213
FRMAIZEE L 720 B, 7V —F), FF 7 FNA, a7 FNADMEIZIERT2, #PRSAOETIE, &
ARSI FRAEEEL, b2 OmICme ) HE Tz, REFkOIETIE, Ko5E R % ask U723k
T GREBERERFE) 2L E, BMPICRE CORENZEME R L7z, FEIZEROERIF S
NTVRWEHEILIE - TR Lz, T2, H2FERPEBOBLTHRE SNHEILE, ORI o &EFS
A EEDIC, WEOHICBWTEHHI DG L2EEE XT 5720, HELOEEOIERANICES
L7 METIE, YEEAERICELBEREL L. 2B, THRHEBEONENY » 7 1 v ¥ 2 BRI
FHEFT LI EPHOENTVED, THABEOSLI T EH— SN TR VIR EA, A HETITEE
(2015) 12fto 720

EE—-ZFAER) AT, ZV—F), T4 27 FNA, 7 FNADNEIL, ZHMED SRS N5 ER
RERSEBES IR L. BAER R A MO, 54 OSBRI R CHEC
ERVEEHIIAN) ThrhriT e s bl KRR SNFRY (RHORAIL-) 2R L7,

BAEY > 71y aRRBOFERER

A checklist of the parasites of three species of centrarchids in Japan
FER—TEE AN Parasite-Host List

T A% Cnidaria
X9/ J 7¥8 Myxozoa

Myxozoa sp. [NH]

BE: 7NV—FN, FTF7FNA
BAERAL © AN

HIBEY G ¢ IR

S8R © R4 (2002 0 AR (SR

"RE4) Platyhelminthes
248 Cestoda

INANA NP awF oy ONAFREEZH) Proteocephalus fluviatilis Bangham, 1925 [4}55fd ]
BE: 447512 (1,2), 37FNA (3)



HARFES > 74 v ¥ 2 B3O 2R H §% 107

BB ¢

HIBRY 3T | BB

5C8% © 1. Shimazu (1990) CAKIEiH) ; 2. Hypsaetal. (2005) (Ej5i) 5 3. Scholzetal. (2007) (% j7il)

5 @ AL, LR SERICREL AT N EEZ 5N T 5 (Shimazu, 1990), Hypsaetal. (2005) i&
By Lit & 3> C [Lake Noiri] &G L7zo WERBOCHED 7 FNZAOFE RS [V 7550 ] H4H5
w5 (EHEIEA, 2002), £ (2015) 1X, 20 [V 7 F5M | PRETH 5 THelk 2 HE§ 22
B bHEL TV,

TaINA NIV avF oy (WIESHR) Proteocephalus plecoglossi Yamaguti, 1934 [£3FE ]
BE: 7 V—Fu
LRI (]
HIBEY DG I
5C8%  Shimazu (1993) (GEEW [REA])

BiZ-¥E Monogenea

Actinocleidus fergusoni Mizelle, 1938 [#}34¢4 ]

BEDREERESR © another member of Ancyrocephalinae (cf. Muroga et al., 1980: 30)

BE: 7 Vv—Fu

BFAEEBAL ¢

R | L EE

0% © Muroga et al. (1980) (f#ILTiT-3%ith) ; Maneepitaksanti and Nagasawa (2012) CRIZET LB
NS & )

& AfElx, 7rv—FrLEdildkrofbiinizeHE L5 Twah (Maneepitaksanti and
Nagasawa, 2012) .

Ancyrocephalus sp. [FH]
BE 47 FNR
FPAERRfL - Y
HIBRYIH ¢ AL
S8R DR - =l (2003) (B - SR Y —/8T7 A X)
e . AFEDI I 7 FNAL EBICHARIZEEBRA TN 2EAHE STwd (3] - =i, 2003), A
DEEFEZZEE L+ 7 FNADEEIL L7 (B8 - =i, 2003).

Onchocleidus dispar Mueller, 1936 [4}34¢#]
BE: 7 V—FL
BFAEERAL ;i
HIBEI DG L S0
508% : Maneepitaksanti and Nagasawa (2013) CRIZET Uk BRFHEHN S E S ith])
fEZ . R, 7 —FubldildbkrofHEbiinizeEz 5N Twa (Maneepitaksanti and
Nagasawa, 2013) .

Onchocleidus ferox (Mueller, 1934) [¥}3f#]
BEDOREERR : Urocleidus ferox (cf. Muroga et al., 1980)
BE: . 7Vv—F)

BFAEERAL ¢
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HIBRY A WE IR, RER

5C8% : Muroga etal. (1980) (& BUL @ it [T35ith]) : 777 A 77— - %6 (2003) (@B« BEE) |
Ogawa (2011: 1496) (FB UL @ FEEH) ; Maneepitaksanti and Nagasawa (2012) CRIL T A B KRS
HENA &9 b))

fB% R, TU—FNLEBICRPLRFEERTFNLEEZ LN TS (Murogaetal., 1980),

Onchocleidus furcatus (Mueller, 1937) [¥} k7]

BEDRERESR : Haplocleidus furcatus (cf. 777 A 77— - iifi#B, 2003), Haplocleidus furcatus (cf. Ogawa,
2011: 1496)

BE: A4 F R

BFAEERAL ¢ [HR]

HIEBEY DR I

0% 7T A A — - fiEB (2003) (GEEM) ; Ogawa (2011:1496) (FEEH)

8% AL, A4 7T NALLEBICARPOHARIIHLAENZEZEZONTND (FT A 7 — - ¥,
2003) . HAGEREARIZE D  RFEOILEE - ST T 7247 LT 7>, Wheeler and Beverley-
Burton (1989) (& Haplocleidus furcatus % AFEO A & LTEB Y, Hrl (2017 : #3) d 1> T b,

Onchocleidus helicus Mueller, 1936 [¥}357% ]

TBE A4 7 FNA

BFAEERAL ¢ (]

HIBR D - wE R

ﬁﬁ.774w—-ﬁﬁﬁ@m@<ﬁﬁﬁ>

8% AL, A A7 FNRELBIAKRDA S HRICFLAENEEZ LN TWE (VT4 H— - {ili#,
2003) s HARFEEARIZHED S AFEOILEE - HHSENIZEIE £ 7217 b LT vy, Wheeler and Beverley-
Burton (1989) (dAFE % Kffi M (species inquirenda) & T\ 575, HH (2017 : #3) X Lit%4%
EHWTWA,

Syncleithrium fusiformes (Mueller, 1934) [¥}57#]

BEDREFER - Actinocleidus fusiformis O FEPFE (cf. 77 4 77— - §#fi#, 2003), Actinocleidus sp.,
similar to A. fusiformis (cf. Ogawa, 2011: 1496)

BE A4 7 FNA

FPAEERGL ¢ (A

HEBRY AR | W

et S 77— . (ﬁ%ﬁ (2003) (EEEM) © Ogawa (2011:1496) (FEEH)

% AL, A7 FNRE L BIAKRD S HRIFRbAINEEZ 6N TWE (VT 47— - {ifi#l,
2003), Ogawa (2011) %4 L 72K A HH (2017 @ F£3) (IARMICFE L7z (L RS H HE A
TS DORME) 72720, BAREERIZES CAMOILRIZHT 2 W13 T 2% v, KO 57T
Beverley-Burton (1986) (299 o

Monopisthocotylea spp. [1~1]
BE: ITNV—FN, T+ 7FNA
BFAERAL ¢ [fR]
HEBRY G IR
F8% ¢ R4 (2002) ORHEI [FEBR1ND)
% - HARIIEIHERES RO O T, INSORARIIFT & & D Idke S HIA F N TR
Vo SFENIIE S E E N5,
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I R¥E Trematoda

Azygia gotoi (Ariake, 1922) [ 3]
BEDEERER © Azygia aguillae (cf. Shimazu, 2007)
BE . 3751
B
HIBRI DR - KB
5C$% © Shimazu (2007) (F/Ai#l) ; Shimazu (2014) (BLith)

Fay 7Ty RE¥ayFay (PEITy RLH) Genarchopsis chubuensis Shimazu, 2015 [1£ 34 ]
BEDEELER  Genarchopsis goppo (cf. Shimazu, 1995)
BE: A7 FNA
A H
HIBRY DR - BRI
528% : 1. Shimazu (1995) CREFHI, FEEHM) 5 2. Shimazu (2015) (RN, HEH#)

Genarchopsis sp. 15354

BEDEELER  Genarchopsis goppo (cf. Shimazu, 1995; Shimazu et al., 2001)

BE . 7Vv—F)

BABBAL - Y, B F oL

HIBRI R HE R

528% 1. Shimazu (1995) (FEEEW [EMR]) 5 2. Shimazuetal. (2011) (#EW : BEHM BRI, 72%ith)

BZE  GEBETIV—FIVICHFEL T AREE, Ty RFayFay (T RWH) Genearchopsis
goppo Ozaki, 19257 F XX 2 F 2 (¥FFXWH) Genarchopsis gigi Yamaguti, 19390\ 1 2 [Al 52
Ens LN E NS (Urabe et al., 2013 ; Shimazu, 2015 ; &0, 2016% ZM), LA L, [FEET L —
FN D5 OARFEEA (Shimazu, 1995 ; Shimazu et al., 2011) (ZHRFHLIE SV TRIEEI N TRz
@ (Shimazu, 2015), FH/NZERE L TH <,

FRYAX X2 F oy (BREWR) Isoparorchis eurytremum (Kobayashi, 1915) [£5A#]
BEDRERER : Isoparorchis hypselobagri (cf. 77 A 77—, 2004 ; Shimazu et al., 2011)
BE: 7NV—FNL (1, +F+7F1A (1,2)

BTAENL : A
HEBRY 275 ¢ (2?’,’95'
F2E% 1 1. 77 A 7 — (2004) (¥EEEM) ; 2. Shimazuetal. (2011) (EEEEH)

Metagonimus spp. (X % )V 7) [FE34F]
BE: 7 V—Fu
BAERAL  [85]
HIBEY DG ¢ IR
FoE% ¢ MECA (2002) OR¥II DHAEIND)
fEZ REMELO S XX LTI FNE IV Y F 27 F 27 Metagonimus miyatai & 5 1N F 277
F- 2.7 Metagonimus takahashii DA E 5N CTW5S  (MERL4, 2002),

FYAX Ty ayFayFay (EEEOWH) Parabucephalopsis parasiluri Wang, 1985 (&)L 711) 7, KKK
o) [H)sefiE]
BEDORERER - JEILHE (of iz 2, 2001)



110 REW

BE: 7V—FN (2), +F+7F 1A (1)

BERG B (FA s FNR), B (TL—F))

HIBEI DR - SO, KBUE

SC8% ¢ 1L AEEIZ A (2001) (HUERIE 92911 5 2. Urabe etal. (2007) (KB : 3811

B AN RETHE05, Fr 74y v afHEEE L QIR SEBEATFN DO TIER V. F—
FEEEOT TN T L LB ICT VT REPOHRICHBATNEEZLNTYS (G,
2002 : {ii#ik, 2016: 44) o PAKAFANE HBEEET, 7V —FNWIE A F s ) THEFEET S (Urabe
etal, 2007) AFEDOTHEENE AT VA ) TR 7 FANRZASNE LD (BY - #E,
2011), 73, fHEED (2001) WXFEINEEL F 7 FNAD A E BN 5 E OO RE KR Z 5T
WA, ek (Urabe etal., 2007 : B35 - &6, 2011 ; Baba and Urabe, 2015) TiZZ D2 & iZfiliiTw
R\,

FTHF Ty arxays oy (RIGEOWH) Prosorhynchoides ozakii (Nagaty, 1937) (2 % £ H 1) 7) [4f
e ]

BE: TM—FN

BAERAL SR E

HEBRY G KRBT

Sk Urabe etal. (2007) ()l

&% AL, LROFYRATvavFayFay LEES, BomEEEOr TN F AL ELICH
RIZBALILEZ SN TS (Urabe etal., 2007 ; ¥ - i#i#h, 2011).

124 Nematoda

Contracaecum sp. (X)) [1£RF#]
BE: 7v—Fn
BFEERGL ¢ A
HIBRY 3T ¢ R
AC8% ¢ #ERCA (2002) OR®JIN [SEERIN])
% KO - SHEWZEIZE b T v, AEORGEEIXT A FTh s v (HEiLs,
2002) .

Eustrongylides sp. (%)) [1834AE]
BE: 7Vv—F0V (1,2), +F7F1NA (1)
BRAEERGL - N, IERE, BIA
HIBEY DR ¢ U, e
ECER 1L T4 — (2004) (BRHEIE : FEEWD) 5 2. AT (2011) (IR © Wik HbX)

FaLaxsyawFay (KoL AEIM) Gnathostoma doloresi Tubangui, 1925 (57H1) [F£34FE]
BE: 7V—FNn
BAERAL - A
HEBRY G IR
508% © Nawaetal. (1993) (—vifis 2iH)
fB% AT NKICHFET S ORI, 1999)0 AFSCoBEE (HAREY > 74 v v afHEICEs D A
REER) TAMOZ L 2T 5,
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Zv Ry HvarFay (HAFOHR) Gnathostoma nipponicum Yamaguti, 1941 (X)) [F£RFH]
BE AT NR
BAEBAL - SHES, AR, A
HIBRY 26 BKHIR
5C#% © Ishidaetal. (2003) (BkHHTH [RP4MEHh])
B2 AT AKICHET S (98, 1999), LFLo Fu L A v a7 F 27 Gnathostoma doloresi & [
FRIZ, ARESCoREs (HARET > 74 v v afHEICR O NS AMEFAER) TREDZ L 2 @3 T 5,

$0388h4) Acanthocephala

Polymorphidae sp. (#3E4)H) [FE84E]
BE: 47 FNA
BFAEERAL NI
HIBRY DG TR
S08%  IFdE (1984) (Pl
5% A, TIHROFYZAYTLIY by F 2y DRSS 5,

A Tvay by Fay (A T)VEITEHE) Southwellina hispida (Van Cleave, 1925) Witenberg,
1932 (Y A N7 > NEIH)  [HE k]
TBE A4 7 FINA
BPAEERGL - fEE
RIBRY DR i R
528% : Aminetal. (2007) (FEEEMIB & OGEAWIII)

ER{AEHY) Mollusca
M E%E Bivalvia

A /rF a7 I A Hyriopsis schlegeli (Martens, 1861) (7 0% 71 w7 Z4)A:) [FERAH]
BE: 7V—F)
BFEEBAL M, fE
HIBRI 35 1 W

{ IR
S0 I - R (

1966) (FBRIEGY)

5% 7R WA Nodularia douglasiae biwae (Kobelt, 1879) (70 %71 7 L 4hA:) [HEKFH]
BE A7 FNA
BFAERAL ¢ [H8, %]
KBRS R e I
FC8% ATk (1997) (FEEM [ASKALEREAIZE Y > & —wil)

A 2 J' A Nodularia douglasiae nipponensis (Martens, 1877) (7 0% 7 1 &7 24HE) 5 fE]
BE: 7V—FN (1,2), #F7FN2A (1,2,3)
BAERAL B, 6ESE
HERRY G RBFF
F28% 1. R& (2009) (E)II (3 > WEED) 2. A HIE 2 (2010) ()il [db ™ > BHED) @ 3. % (2013)
(FEBRIEGE)
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Sinanodonta sp. (7’0 % 7 1 7 NG)H) [ kFE]

BEDORTERZR : N7 47 A Anodonta woodiana (cf. 185 137>, 1986)

BE: 7v—Fn

BAERML 61, 6B

HIBRY 5 o KRBT

FCER  MWELT A (1986) (i [HEEEHEIB])

8% : > T N7 7 A Anodonta woodiana & | T S N72MiZ, L4, & A Sinanodonta japonica &
X <A Sinanodonta lauta D2FE\ZFEF STV B 720 (IHE, 2015), RN EOMEICEENT 0%
R LIFEEL , S CIRkRREEMRE LORT,

Sinanodonta spp. (70 %7 4 7 L 44) [1EkAE]
BEDRERLR : F7HAE (cf. KE,2009) ; K741 & Anodonta spp. (cf. filHIZA, 2010)
BE 7V —FN, FF7FNR
BAERAL ;- B, 6ESE
HEBRY G - KRBT
0% RE (2009) GENI [AL” >~ FEED) - AHNZ A (2010) (el (9%t ™ > REED)

BB &%) Arthropoda
- 7 4#8 Copepoda

A4 #11) 5 Lernaea cyprinacea Linnaeus, 1758 [f£347]
BE: 7V—F)N (2,3,4), +F7F A (1)
BPAEERML ¢ RETHE 2 1E RN A S, R EKTICERT 5
HIBEI DR B, EIRI
FCER 1. R (1962) (-) ;2. G AN (2004) (-) 3. 7T A A — (2004) (#@eH WL EEHNM)
Nagasawa (2013) (SFLEE @ BHJIT)

Y~ b=+t I 7 F 3 Neoergasilus japonicus (Harada, 1930) [7£f# ]

BEDREFER © Ergasilus japonicus (cf. ZEIH, 1974)

BE: 7h—FL (1,2,3,4,5,6,7,8,9,10,12,13), 42 F12 (8,12), a2 F1% (11)

BTAEML i, R

HIBRYAE | REIGIR, REIR, REE, BUE KRR, bR

F08% 0 L =3 (1974) (REE il [FHEKMD) ¢ 2. Urawa et al. (1980) (& &M« f@Ild [
1) ;3. Urawa et al. (1991) (fi &5 1%+ F 35 M) © 4. Yoshikoshi and Ko (1991a) (F Ml 1) 0 5.
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BF—F4H") X N Host-Parasite List

FAEROFELEZOMIERNI, T OMPIREP R » 2R L2 72, BREEEICL > TR D
SHARICHREAENAEIUTIZER (%) 2372,
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T I —FIU Lepomis macrochirus Rafinesque, 1819

I 7 VT H  Myxozoa sp. [ANBH] (I B IR,

SeHU
HUESH -

R

Proteocephalus plecoglossi [TERFE] (FH]

G U
Actinocleidus fergusoni [9VRAE]* (i EE—)

Onchocleidus dispar [FVIAE]™ (I BIL)
Onchocleidus ferox [HVRFE]™ (B, A
Monopisthocotylea spp. [ANHH] (I EIR)
Genarchopsis sp. [TER1E] (JEPIE)
Isoparorchis eurytremum [FEHAE] (5
Metagonimus spp. [fEAf] (I EIR)

512

I

y

Parabucephalopsis parasiluri [5VRFE] (KBUF)
Prosorhynchoides ozakii [944FE] (KRPRF)
SIZEN @ Contracaecum sp. [1EHAE] (I FIH)

Eustrongylides sp. [TERAE] (FKIEIR,
Gnathostoma doloresi [1r#AE] (EIGIE)

THCHHH © Hyriopsis schlegeli [{EFE] (2 15)
Nodularia douglasiae nipponensis [FERFE] (KFIF)

Sinanodonta spp. [1E%F&] (KPUF)

1A T VH : Lernaea cyprinacea [{E3RAE] (72815,

Neoergasilus japonicus [TERfE] (TR,

B

%
I

1% LEr)

o BRI RS b

FF 2 FINA Micropterus salmoides (Lacepéde, 1802)

37 VYV TH  Myxozoa sp. [AHI] (I E.I)

Se i

R

Onchocleidus furcatus [HVRAE]™ (F1 5
Onchocleidus helicus [HVRFE]™ (7 )
Syncleithrium fusiformes [FFRFE] " (4578 I
Monopisthocotylea spp. [ASHA] (I F I )
Genarchopsis chubuensis [TEFE] (&

557 |

Isoparorchis eurytremum [1£57%] ((AA IR

. Proteocephalus fluviatilis [F}3RAR]* (EHIE)
: Ancyrocephalus sp. [ANHH] (FhZ3)1115)

y

Parabucephalopsis parasiluri [4} 47 ] (m%ﬁfﬁ‘)
FOICEIW - Eustrongylides sp. [TERAH]] (HEIF)
Gnathostoma nipponicum [TERAH]  (FKHIR)
FBHENY) © Polymorphidae sp. [FEfE] (STEEEL)

Southwellina hispida [1ERFH] (FEE )

ZHE#  Nodularia douglasiae biwae [fEHeFE] (33674

Nodularia douglasiae nipponensis [FE3F#E] (KPRF)

Sinanodonta spp. [TER1E] (KPAF)

AT VH : Lernaea cyprinacea [{E#5%] (=)

Neoergasilus japonicus [TERFE] (FEREIE,

)

NS
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32 FI\NA Micropterus dolomieu Lacepéde, 1802

U3 Proteocephalus fluviatilis [HVRAE]* (EEFIL
W U - Azygia gotoi [FERFE] (KU
AT VH  Neoergasilus japonicus [TEHFE] (KEFIR)

BAEY > 71 v aRBEOFERBOME

LR HEERI & 5T, HARIZES L2V > 7 4 v ¥ 2 BHH D 51962-20174F O 564F [ 12214 364 -
A DA A I (S A2, HiA:AH6TH, WE*ESE FROICEy2fE, FuSHB)YLAE, M H 3 - HiAE, A
AT VHRAE) BRE SN TVDL I EPPAL NI o720 TV —F D 513124360 (S RHTE, BAEJH3TE,
W UE3ME, MBI LE, “HMCHE2TE, AT /ﬁE\2$§>, FA T FONAH S35 Feld - HifE (S,
HOAJ3M, WR 3N, MUPE)LTE, SVSHE) LM, TRCH2M - HE o A 7 D), a7 FoNADR
HIX3% Ml (Sl WL, A 7 OB Th b,

LSO > THO PR o 72 AREY v 7 1 v ¥ 2 R3OS A oo Lo L LT, &
NOHAFEIACKREETH 212000056 T, DPEOERFEROEREZITTVWD I LT ENL, &
AL, FFEOHEEICOARFTAET AHEEFREIRCOIE B TH DA, ZHI2I30E RFEMEAES fE E#f
BORNELHISN TV 5o CORIFIZE TN 5 HAROIRGFERE, AWRISEBEZHET LY 74 v v a
FHEHETHo T, HROERMICHFETLOLHE UL LI, BEELTHHTAZI LS TERLEZLN

bo SRS NI-FERO AT, MMWLMELZRTLE, WHEOFYAF /) oFXayFay
Isoparorchis eurytremum \35H 108} 28 9 %2678 (Nagasawa et al., 2013), /14 7 2D A 511) 4 Lernaea
cyprinacea (310 H17FHI B3 5 30fELL | (Nagasawa et al., 2007) O HAREFAK M2 SHE SN T b,

—7, GRERSNIZEEROLNT, Fr 74y 2 BHUEICERSRNEEZ SNLOEHAERETDH
bo TIW—=FNHh 53 (Actinocleidus fergusoni, Onchocleidus dispar, Onchocleidus ferox), # 7 7 FINA
25415 (Ancyrocephalus sp., Onchocleidus furcatus, Onchocleidus helicus, Syncleithrium fusiformes) 7%t
HEINTWD, 2OHL, T4 7 F AP HE STz Ancyrocephalus sp. \ZAVRIEDTERALMIARH & &
NCTwa (- =i, 2003). DOSENZET Y 74 v P aBHaEIZd L AR LRV ®, 215 ICfFE
%K%E?éiéﬁiUK@f%ﬁ#%W%Ltgwfu&< KDYV T 4y v aBHEHA A LT
B E L EDICHARIBALLD D EEZ NS, L2d > T, ELOBEFHD S L, Ancyrocephalus
sp. R\ 7-6FE 1, mazf&)é TN=FNRFF 7 FNALEHITHRITBRALIIBREGAEREF 2 5,

F7o, AF T FNARL T FNRIGAET BEMHO/NANA 7Y a7 F 2 Proteocephalus fluviatilis
b, INSHMIIRHRWZFERTHY, AP SHELZBEALZEBICFRLAINIBRFENRTH 5,

BAREY> 71 v Y 1aBRRICROND ANGHFER

DHENZEE LY > 7 4 v ¥ afHMEICIEAEICERR T 2F LR R OD D Do b FIZEELO
Ay ayFay GHAR) JEIZET 2 REOGIT, BREE 7V —-FVOFR»Ss FaL Ay a3y
F- 2.7 Gnathostoma doloresi, F 72K FET F 7 FINZADIHRDH = v KR H v 37 F 277 Gnathostoma
nipponicum 735 ST 5 (Nawa et al., 1993 ; Ishida et al., 2003) . 4FIZFEEICBEI LTk, 427 F/1NA
R LIS X B NMEFEBIDIRE ST 5 (Ishidaetal., 2003) . ZOFEMAE LI ICRl T %0

O VAT Y ayFavid, EE—25 A TL9924E9H ICHE S e 7V — FUSLRE & 1 1UE&R O
RA R E N7 (Nawa et al., 1993), ZOLhHIE, FREFMIEH 2 O E3HRMLHRICFE S, HEOR
WP LT/, SIRofRIELS-24 CE1.95) mm Tdh o 7z, BIFRO LA CIEARBINI L2 A
REEBPHRINTBY, FiATEUAFHOEENZORRKREEZZ5NLTWS (ZMIZD, 1993),

—7J7, 200L4EICAF 7 FRNADEEIZE D=y R Ay avrF oD SAOFEPKHIETHS 212
70, PR/ O WM CIRE L72ikok 3l (427 FNA9, 7 auw 7538, w7 A45R) oM
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L, A+ 7 FNR6RE (FAER66.7%) (ARBHOEIERML HOFA % B0 72 (Ishida et al., 2003) . 7%
7 FONALIRBIC B B EFEHIZL-MEMET, HHIEF F 2 FNZQEEBLHE, HHHALZ E0FEELT
Wiz IR OMEEIZ0.97 - 1.685mm Tdh o720 BHFIE, Hy v F 2 7EHOFAN L A MBI ERTH 5,
JEOMIRNCATIZE DER A B L 72 (Ishida et al., 2003) . ZAUIERBHOLGHDS L POETOENEZ A%
BEILTWEZEIZHS,

COEH, By Ty v aktaEE Ty Ay FavHOFENPMONL I LS, FEHEE AR &R L
AT EFRICEERETH L, TNHAFEANDEIE, B INE - a2 47 2 L P EET
HDo MEFARICEH L T, AWFMRICIZ T, WSR2 5R RS F 0 M R 27RT (1999) &
ZiE (1999) ICLk o TEREINTBY, AnMHEAERFEREO R - AR—IJTAHEIN TV,

7B, FRl2EOM I A T, BRIEE 7V — FIVIIFEI RO O N/ RHRE O Metagonimus spp. (HE
RR44, 2002) b, MEHOAEICE > TAKICHEET LRSS D D, L L, TRSFAEROEGRIIC
B9 53 L WIS R Tw v,

SHROMRRE

GEOEIIZ L T, SRETIZHMON TV L HARES > 7 1 v ¥ 2 BHHOZFE I OB 2 I 5 7012
THIENTE, LoL, ZORMOMEHRT, SHRI) ML REUIEHEPHEIC 2722 L HHETH
bo TZIZ, TOEODEILLTEL,

MEFoTH, DYPEIBITL2H Y 74 v v aRUBEOFEIMIHT 2 H 2 5% E21T) T EAPEET
Hbo WME, BIEWETAARIEZ220H5b00, HAIZEFEBOTESN TS, fIZIE a7F
INADFEBAIZET AWZEILIZ L A LTTONTE ST, M SN FARIIENIEIBE v, RO
WWET N —=FNRdd 7 FNZER U L) ICHAEPFAEL T0L EHEEINLD, FREEETHY, 5
AW B B EN D, F72, A4 7T NRIFET HHARE L THOND3%FEMIE, wIndiE
HD BN SNTBE e [IEICE - 72PN 2T RBCR OME RN b, WIIZLTY,
F A MEAR O A NFIE % S I CFAE DA OWIZE 2 e 2 2 212X ), dERpSmEEL L B ICHHAT
NIZHFERSMAHONIT 2L L D10, LOL) BERFERIIROY > 7 4 v v afirmEL L
THHALTW 2Rt 2 Epliffsng,

HARBEY » 7 4 v ¥ aRHEOFABUEIIZEICBIE L C, BRI IAT O N0 E B BB IE, A
BRG EROPOIIZROEN TS, LAL, TIV—FNRt+ 7 FNAGEEIS A EZ T Tnwb 2 &
M, IS OMEEOZE BB IE D 720 L U SR AT, F A R OISR O T D
P CET 5 2 LD TH D, FIZ, LR LALHE, v 71y v aBHBEICFET 2 BABIEEE
FREY TP SFLEAIN/MTH 2720, RRHIHOSER 2 %44 JUHTRIE, 2R 60EFAERD D
PETHAIEAZ EDO L) AT T 200 %2 FHT 2 RKREZMFICLRDEEZ HENL,

=, 74y v aBEEEMEHC VT, FAEROEBIIEEZIT) 2L ICH kT RETH L, T
TN —FNOFENRFES THDH I EITERL TWD, FAEMOERIEOREG ICEL 2 EROO L DIZTHE
FORE LR D 2, Th—FNIEL ORI TRl TREICHMET S 27:0, FAEROERIIEIC
ZHHRE T3 5 (Nagasawa and Inoue, 2012: 114) o 7V — )N OIS A: 4 2 BASH AR, fBIoFE$T LY
~ b=+ I1F YT 3 Neoergasilus japonicus 72 EWWIFER LI b L HE 2 SN b, T 9 LIz ERO A TER
FEIC LD, AKREEOFERPARTEDLIIICL THEEE S TEELTCEZO0EHL2IZTE 5130,
TERFERP TN —F N D L) RhRAEEEL L THHTABMELRT I LOWEICALTHSL I F
7z, MFEFEEA S WHGEHIC T CEREZSERAARTIE, ThPhoknm Cabk oG ehiE)ig -
TWLIEEND Y, TNOEHHT LI L QERLWIET —~EF 2 5. MAT, BT I TEHEDY
b=t T YT JEEE, WOREF /RS AT L L TRA LT3 (Nagasawa and Uyeno, 2012), Z D728,
HARICBIT2YY b=tk T DT I OEBFHIRIE, METORMD LG Z BT 2 B R 2 5 E
ERI-TLEEZOND,
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B, 74y v a BRI DYETIIBREE 12X o T [HEIBREY ] (e S EAE %R FHHE
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A checklist of the parasites of three species of centrarchids (bluegill, largemouth bass,
and smallmouth bass) in Japan (1962-2017)

Kazuya Nacasawa

Graduate School of Biosphere Science, Hiroshima University

1-4-4 Kagamiyama, Higashi-Hiroshima, Hiroshima 739-8528, Japan

Abstract: Information on the metazoan parasites of three species of the family Centrarchidae (bluegill
Lepomis macrochirus, largemouth bass Micropterus salmoides, and smallmouth bass Micropterus
dolomieu) in Japan is summarized in the Parasite-Host and Host-Parasite lists, based on the literature
published for 56 years between 1962 and 2017. These fish species were introduced from the U. S. A. into
Japan, where they have widely established. The parasites, including 21 nominal species and subspecies and
those not identified to species level, are listed by higher taxa as follows: Myxozoa (no. of nominal and
subspecies species: 0), Cestoda (2), Monogenea (6), Trematoda (5), Nematoda (2), Acanthocephala (1),
Bivalvia (3), and Copepoda (2). For each parasite species, the following information is given: its currently
recognized scientific name; previous identification used for the parasite from centrarchids in Japan; site(s)
of infection within or on the host; known geographical distribution in Japanese waters; and the published
source of each record. Of the 21 nominal species and subspecies of parasites listed, 12 species are from
bluegill, 13 species and subspecies from largemouth bass, and three species from smallmouth bass. The
parasites listed consist of both those native to Japan and those introduced from overseas. One species of
Cestoda (Proteocephalus fluviatilis) and six species of Monogenea (Actinocleidus fergusoni, Onchocleidus
dispar, and Onchocleidus ferox from bluegill; Onchocleidus furcatus, Onchocleidus helicus, and
Syncleithrium fusiformes from largemouth bass) are the parasites of North American origin. Two species of
Nematoda (Gnathostoma doloresi and Gnathostoma nipponicum) are among human parasites and have
been reported from bluegill and largemouth bass, respectively. A human infection by the latter species
occurred by eating the raw flesh of a largemouth bass from Japan.

Key words: bluegill, Centrarchidae, checklist, fish parasites, human parasites, largemouth bass,

smallmouth bass
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Ecological study on the Asian sheephead wrasse
Semicossyphus reticulatus (Labridae) in the western Seto Inland Sea

Yuichiro Ocri

Graduate School of Biosphere Science, Hiroshima University,
Higashi-Hiroshima 739-8528, Japan
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The Asian sheephead wrasse Semicossyphus reticulatus is well known as the largest labrid in
temperate waters around Japan including the Seto Inland Sea and for the well-developing humphead.
Only three Pacific temperate water species constitute the genus Semicossyphus, i.e., S. pulcher in the
eastern Pacific, S. darwini in the southern Pacific, and S. reticulatus in the western Pacific, and all three
species attain close to a total length of 1 m. There are few ecological study about S. reticulatus in
contrast to the other two congeners are attribute from their local importance of fisheries and recreational
fishing.

The aim of this study is to reveal ecological and biological characteristics of S. reticulatus with
comparing those of congeneric wrasses, which have geographically far isolated distributions each other.
I conducted sampling study focused on the following aspects, 1) age and growth, 2) reproduction and
sexuality, and 3) head morphology. All fish samples were obtained from fish markets and from bait
fishing by the author in the western Seto Inland Sea around Hiroshima, Ehime and Yamaguchi
Prefectures.

For the age and growth (Chapter 2), | conducted the age determination by reading annuli of sectioned
otolith extract from the fish. By Adapting von Bertalanffy growth equation model, | calculated the
relationship between the estimated age and standard length in the following equation: L, = 489 (1-e°** 7)),
The calculated growth model indicated that the wrasse maintains considerably slow growth particularly
after 10 yrs age, which is similar to the previous reports in a congener the California sheephead wrasse S.
pulcher. The estimated maximum age of S. reticulatus was 31 yrs and which individual was male,
indicating considerable long life of the wrasse even in Seto Inland Sea.

For the reproduction and sexuality (Chapter 3), | found that the spawning season occurred during
April - June in Seto Inland Sea, based on the gonadosomatic index (GSI) analysis. Histological
observation of gonads revealed that all males maintained secondary testis that possess ovariform
structures inside the testis, e.g., ovarian cavity and remnant of ovarian cells. This result strongly
suggests the occurrence of the protogynous sex change (female to male sex change) in this wrasse. Sex
ratio of sampled specimens was strongly biased to females. In addition, males appeared only in larger
size class over 400 mm in standard length (SL), and were significantly larger than females. No small
males possessing the primary testis (gonochoristic form testis) were confirmed in the samples specimens.
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These results suggest that the fish has a life history of monandric protogyny; all males are derived from
sex change of females. Of females, not all female individuals were smaller than males. Conversely, a
few fish reaching male SL size class remained to be females. This implies that the sex change of
female S. reticulatus is controlled not by the age or size automatically but by their social structures
probably dominance orders among individuals in the local groups.

For the humphead morphology (Chapter 4), | analyzed the elevation angle of the humps on
forehead of S. reticulatus as an indicator of the development. In general, it has long been
believed that individuals of S. reticulatus having well-developed humpheads could be males, namely
considered as a sex-specific characteristic without any evidential data. However, the results of my
analysis led the conclusion as the hump of the fish gradually enlarged with body growth, namely the
size-associated development. The growth pattern resulted in the often occurrence of the well-developed
humpheads even in large females.

In the present Ph D thesis, | first revealed the basic ecology of S. reticulatus. The fish shows
considerable ecological similarity to congeneric wrasses regardless of the world-scale geographical
separation in the Pacific Ocean. Considering a slow growth speed, a long life-span, a strongly biased sex
ratio and sex-related body size imply their potential weakness against to the fishery activities and
environmental change on the habitats. I am fortunate to conduct the present study on this large reef fish
S. reticulatus in this area. This is partly because the fishery pressure for this fish is not so strong in the
western Seto Inland Sea, in contrast to most of large reef fishes have be faced exploitations by fisheries.
I hope our data of S. reticulatus would contribute to further scientific understanding of a valued
bioresource in the Seto Inland Sea and the conservative control of the Sato Umi coastal ecosystem.

Key words: Semicossyphus reticulatus, Growth pattern, Protogyny, Humphead, Labridae
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Ecological studies on symbiotic relationships between large-sized jellyfish and other
animals in Asian waters

Yusuke KoNpo
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1. In recent years, various aspects of jellyfish have been actively studied, such as their mass
occurrence, application of useful compounds extracted from them, and their use as aquatic resources.
Accordingly, the role of jellyfishes in the marine ecosystem has also been reviewed. It is known that
various organisms associate with jellyfish. However, the information on the interaction between jellyfish
and symbionts is not enough. Therefore, | investigated the fauna that associates symbiotically with the
jellyfish species and their interspecific relationships in Japan, Korea, Thailand, Philippines, and
Malaysia.

2. Seasonal changes in the prevalence and intensity of metacercariae of Lepotrema clavatum,
Cephalolepidapedon saba, and Opechona olssoni in three species of host jellyfish, Aurelia aurita s.1.,
Chrysaora pacifica, and Cyanea nozakii, were examined. The prevalence and mean intensity of
metacercariae in C. nozakii were higher than in A. aurita s.l. and C. pacifica. It is presumed that
metacercariae were accumulated in C. nozakii due to their predation by other infected jellyfish. Cyanea
nozakii plays a role as a paratenic host rather than a second intermediate host. The adults and
metacercariae of trematodes were found together with nematocysts in the guts of the Japanese butterfish,
Psenopsis anomala, and juveniles of the black scraper, Thamnaconus modestus. In contrast, these were
not found in the guts of the juveniles of the Japanese jack mackerel, Trachurus japonicus, indicating that
it does not use jellyfish as a food source. The transmission of trematodes into a definitive host fish
occurs via predation of infected jellyfish.

3. In Japan and Korea, associations of two species of fish with jellyfish were common. The
juveniles of T. japonicus were associated with five species of jellyfish (Aequorea macrodactyla, A. aurita
s.l., C. nozakii, Netrostoma setouchianum, Morbakka virulenta), which were found only in Japan. The
juveniles of P. anomala were associated with three species of jellyfish in Japan (C. pacifica, C. nozakii,
M. virulenta) and Korea (A. aurita s.I., Nemopilema nomurai, Sandria malayensis). The host jellyfishes
of the shrimp scads, Alepes djedaba, were variable, with four species being the hosts in Thailand
(Acromitus flagellatus, Catostylus townsendi, Lobonemoides robustus, Rhopilema hispidum), two in the
Philippines (A. maculosus, L. robustus), and one in Malaysia (Chrysaora chinensis). All the juveniles of
these three species of fish occurring in East and Southeast Asian waters were 0-year in age.

4. The megalopa larvae to juveniles of the Christ crab, Charybdis feriata, were associated with
jellyfish in Thailand and the Philippines. The juveniles of the ophiuroid, Ophiocnemis marmorata,
occurred on jellyfish in Thailand and Malaysia. The final stages of planktonic larvae of these organisms
appeared to settle on the host jellyfish directly, and then grow during the early stages of their life cycle
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on the hosts. The caridean shrimp, Latreutes anoplonyx, was found on R. hispidum, L. robustus, and A.
Sflagellatus collected from Thailand, the Philippines, and Malaysia, and seemed to breed on the host. The
host jellyfish likely function in the settling, feeding, and growing spots of the crab and ophiuroids, and in
the breeding spot of the shrimp.

5. The nematocysts were detected in the Foods of all the symbionts, but the frequency of their
occurrence was low (14.3% in T. japonicus) to high (100% in P. anomala and C. feriata), depending on
the taxa. It is evident that the symbionts directly fed on the hosts or stole the prey captured by them.
The juveniles of C. feriata were powerful predators and devoured not only the host jellyfish but also the
other symbionts.

6. In Thailand, two species of rhizostomes, R. hispidum and L. robustus, were commercially
harvested. These jellyfishes harbored A. djedaba, C. feriata, L. anoplonyx, and O. marmorata.
Especially, because the ophiuroids are firmly attached to the host with specialized attachment organs,
almost all the individuals are probably killed by jellyfish fishery. The negative impact of jellyfish fishery
on these symbionts was estimated based on my original data and the statistics from the FAO fisheries.
The worst case, was determined to be for O. marmorata, which was estimated to be killed at the rate of
126-165 million individuals per year by the jellyfish fisheries in Thailand. It is likely that such
contaminations greatly influence the benthic communities. For sustainable societies, new alternative
collection methods should be proposed.

Key words: Asian water, Jellyfish, Jellyfish fishery, Predation, Symbiont
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Thai farmers still have faced the lower yield of rice production, paddy price and high production
cost, thereby suffering from low income. Therefore, private and government sectors have so far
encouraged farmers to cultivate top-quality rice or alternative rice for specialty markets such as organic
rice and Japonica rice in order to increase farmers’ income. These rice planting are handled by rice
mills, which are produced through contract farming (CF) systems. The production through CF system
may bring an increase of farmers’ income because its contract secures price and high yield.

This research focused on Japonica rice variety in the northern Thailand, especially Chiang Rai
Province. The research objectives are to explore the characteristics of Thailand’s Japonica rice
production through CF systems, analyze costs and earnings of growers, examine the current domestic
marketing system of Thailand’s Japonica rice, and evaluate the perspectives of Thai consumers towards
Japonica rice consumption. The results of each objective are to provide the answer toward the actual
benefits for farmers from the current Japonica rice production and marketing.

In Japonica rice production side in Chiang Rai Province, its planting through CF systems were
based on the intermediate model. The collectors who acted as a local coordinator and consultant for the
contract farmers played the significant role in CF systems. They could reduce the management trouble
of rice millers. In the system, contract rice millers guaranteed the purchase price of paddy, and provided
extension officers and agricultural inputs, especially Japonica rice seeds for growers. The seeds were
produced by the Chiang Rai Rice Research Center (CRI). Each rice mill adopted different management
policy on signing a contact, setting up purchase price, and commission and transportation fees for their
collector. The rice miller who established a good strategy of pricing could attract farmers to participate
in this contract. The high contract price, assured market and high yield were advantages of Japonica rice
production in the selected areas.

The fertilizer was the main cost of inputs for planting Japonica rice in the selected areas. Some
growers, particularly the collectors who also planted Japonica rice would mainly buy fertilizers from
their contract rice mills, in order to stock and sell such inputs to their farmers, and used for their Japonica
rice planting. However, some rice mills allowed the contract Japonica rice growers to purchase
fertilizers and agricultural chemicals from any other suppliers whose prices were cheaper than the
contract rice mills. Therefore, the collectors had higher production cost than contract farmers leading to
lower earning. This indicated that the use of fertilizers provided from extension service of contract rice
mills had a significant impact on the economic structure of growers. However, the systems of Japonica
rice contract farming could help farmers realize a higher price and high yields which brought more
income. Moreover, Japonica rice cultivation was more attractive because the growers had lower
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production costs and got higher income, compared to the results achieved by non-contract glutinous rice
farmers in the same region.

In Thailand’s Japonica rice marketing side, rice mills directly distributed polished Japonica rice to
distributors who are located mainly in Bangkok, retailers and Japanese restaurants. In this chain, the
main users of such Japonica rice were Japanese restaurants. In part of the positive aspects for Thailand’s
Japonica rice marketing, the buyers indicated that the government and private sectors should promote
the planted area and consumption of Thailand’s Japonica rice more.

The consumers were the final party involved in the process of milled Thailand’s Japonica rice
distribution. The consumers in Bangkok who were the respondents in this research were mostly a
salaried employee. They enjoyed Japanese cuisine consumption at restaurants especially in the shopping
malls. These restaurants mostly cooked and served Japanese cuisine using Thailand’s Japonica rice. The
respondents are increasing Japanese cuisine consumption, influencing the increase of demand for
Japonica rice as well. Analysis on their preference for different Japonica rice choices found that their
first preference was Japanese rice imported from Japan. Thailand’s Japonica rice was chosen as the
second best in all attributes, which its flavor, smell and soft sticky texture were similarly to the original
Japanese rice from Japan. Therefore, the respondents agreed that the northern region had a great
potential to produce Japonica rice for consumption in the domestic market.

According to the all results, selecting Japonica rice cultivation under the CF system make more
benefit for farmers, especially in Chiang Rai Province including a high yield, high contract price and
more income, as well as a certain market. The contract farmers received the better knowledge of
cultivation practices and other support services from extension officers of contract rice mill, except
supply of fertilizers. Moreover, consumers had a positive attitude toward Thailand’s Japonica rice
consumption. However, the CRI should more improve and develop a quality of Japonica rice seed
continuously, in order to be more suitable for the environment in the northern region and more resist to
disease.

Keywords: Japonica rice, Contract farming, Economic characteristic, Marketing system, Consumer
perspective
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Ruminants produce milk and meet through utilizing forages. Therefore, it is necessary to explore
the potential values of forages and to maximize their utilization of forages. Recently, consumers have
shown increased concern for livestock products enriched with bioactive compounds that impact on
human health. The ruminal degradation of chlorophyll in ingested forages liberates phytol moiety which
is metabolized by rumen microbes to phytanic acid. This phytanic acid, a natural ligand of peroxisome
proliferator-activated receptor, appears in meat and milk produced by ruminants, and presumably has
positive effect on human health. The study aims to investigate the factors affecting phytol contents in
Italian ryegrass (IR) herbages and extent of phytanic acid production in ruminants.

In Chapter 2, changes of photosynthetic pigments and phytol content in herbage were investigated
through 4 experiments. In experiment 1, three rates of nitrogen (N) fertilization levels (0, 60 and 120 kg/N
ha) were applied for IR and the contents of chemical components and photosynthetic pigments (B-carotene,
lutein and chlorophylls) in fresh herbages and hay were measured. The crude protein (CP), ether extract
(EE), photosynthetic pigments and phytol in IR (fresh herbages and hay) linearly increased with
increasing N fertilization levels, and depressed with hay preparation.

In experimental 2, time course changes of the photosynthetic pigments in IR during ensiling were
determined. The IR harvested at the heading stage was ensiled using a small scale pouch for 5-weeks.
B-carotene content decreased at 2 weeks after ensiling. Although the chlorophyll content decreased
rapidly in the first week of ensiling, phytol content did not changed over the five weeks.

In experiment 3, the effect of N fertilization level and harvesting stage on the content of
photosynthetic pigments in IR silage were investigated. Three rates of N fertilization as experiment 1
were applied for IR. The herbage harvested at the booting stage or heading stage was ensiled for 60 days
using a small scale pouch. In silage, increasing N fertilizer application increased the content of CP, EE
and photosynthetic pigments and their derivatives. Lutein and phytol contents in silages were higher at
the booting stage or grown under higher N fertilizer treatment. In the pre-ensiled herbages, the molar
content of phytol was higher than those of the chlorophyll content. N fertilizer application and early
harvesting of herbage increased carotenoids and phytol contents in IR silage. Lutein and phytol in IR
herbages were indicated to be well preserved during ensiling.

In experiment 4, the effect of adding lactic acid bacteria (LAB) on the photosynthetic pigments and
phytol content in ensiled IR were investigated. The IR herbages grown with three fertilization levels as
experiment 1 were harvested at the heading stage. The chopped herbages were ensiled for 60 days with
or without LAB addition (5 mg/kg fresh grass). After ensiling, the LAB added silage showed lower pH
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and higher B-carotene content compared with the silage without LAB. However, LAB addition did not
affect phytol content in silages.

In Chapter 3, the ruminal phytanic acid production from herbage phytol was explored by in vitro
incubation experiments with fresh herbage (Experiment 5) and silage (Experiment 6 and 7). The IR
herbages grown at three levels of fertilizer as experiment 1 and harvested at booting and heading stages
were used. Two wethers fed basal diets of 50% hay and 50% concentrate at maintenance energy level
were used as donors of rumen fluid for the incubation. After 48 hours incubation of herbages, the
phytanic acid production was higher for both fresh herbages and silages at the higher N fertilization
levels and at the booting stage. The ratio of phytanic acid production to total phytol was found to be
higher for silage (15-36%) compared with those for fresh herbages (12-17%).

In Chapter 4, phytanic acid content in milk was investigated for cows fed total mixed ration (TMR)
containing IR silage or corn silage. Phytol content was higher for IR silage than for corn silage. The
feeding experiment was conducted with 17 lactating dairy cows for three 21 days periods. In the first
and third period, cows were fed the corn silage TMR while the cows were fed the IR silage TMR in the
second period. Milk yield and major component content in milk were not different between cows fed
the IR and corn silage TMR. However, phytanic acid content in milk was higher for cows fed the IR
silage TMR compared with those fed the corn silage TMR. Conversion ratio from dietary phytol to milk
phytanic acid was estimated to be only 2.6%.

In summary, the result of this study indicates that higher N fertilizer levels or harvested at early
stages are an effective way to increase the phytol content in the herbages. Ensiling of herbages
effectively preserves phytol compared with hay. The forages containing higher phytol could produce
higher phytanic acid in the rumen as well as in milk, although the conversion ratio of phytanic acid
production from dietary phytol is relatively low in dairy cows.

Key words: phytol, phytanic acid, silage, rumen, milk, dairy cow
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Many efforts have been paid to investigate the utilization of the agro-industrial by-products such as
crop residues, and these include soybean cake, cereal straws and bran, cottonseeds, root crop tops and
vines, and bagasse. It is not only used for reduction of feed cost, but also these by-products can expect
the advantage effects which they content. The present study was therefore designed to investigate the
effect of supplemental Japanese pepper seeds (JPS) on performance, physiological parameters, and heat
stress in broilers. This dissertation describes four studies that were designed to evaluate Japanese pepper
seeds as feed additives in broiler chicks.

1. Acute Effects of Supplemental Japanese Pepper Seed on Feed Intake and Physiological
Parameters in Broiler Chicks

Acute effect of Japanese pepper seed (JPS) on feed and water intake, and physiological parameters
using 5-20% JPS supplemental feeds was investigated. Feed intake in 5% group chicks did not differ
from that in control chicks, but higher levels (10 and 20%) of JPS suppressed feed intake in chicks at 2 h
post-feeding. Although the main effect of JPS level was slightly significant, an interaction between JPS
and time was not significant. Similar to feed intake, higher levels (10 and 20%) of JPS inhibited water
intake in chicks. However, a repeated measures analysis of variance for JPS and time revealed both the
effect for JPS and a JPS X time interaction were not significant. High levels of supplemental JPS
adversely affects starting of feeding behavior by its fragrance ingredient, but the effect disappears five
hours later.

2. Effects of Supplemental Japanese Pepper Seed on Growth Performance and Physiological
Parameters in Broiler Chicks

Effects of supplemental JPS on growth and physiological parameters were investigated.
Supplemental JPS did not affect feed intake and BW gain but feed conversion ratio in 5.0% JPS chicks
was slightly lower than that in control chicks. No significant differences were detected in liver glycogen
level and most blood parameters among the groups while the level of plasma triglyceride in 5.0% JPS
chicks tended to be lower than that in control chicks. JPS as feed additives can be included in broiler
starter diets without adversely affecting the growth performance, but that it may affect the lipid
metabolism in broilers.

3. Effects of Supplemental Japanese Pepper Seed on Muscles and Gastrointestinal Tracts in Broiler Chicks
Effect of JPS on weights of muscle, lengths of gastrointestinal tracts, or fat contents was
investigated. Although no significant differences were detected in weight and percent per body weight
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of pectoralis major and sartorius among the groups, the percent per body weight of pectoralis deep in 5%
JPS chicks tended to be higher than that in control ones. However, all intestinal tract lengths were not
significantly different between the control and the JPS supplement groups. Moreover, each “total body
electrical conductivity” value, which indicates fat content levels in animals was not significantly
different between the control and the JPS supplement groups. Supplemental JPS affect the development
of slow motor muscles, but that it does not may affect the development of gastrointestinal tracts or
lipoprotein metabolism in broilers.

4. Effects of Supplemental Japanese Pepper Seed on Thermoregulation and Blood Monoamines in
Heat Exposed Broiler Chicks

Effect of supplemental JPS on thermoregulation and plasma monoamines was investigated. After
6-day feedings, body weight gain and feed intake were not significantly different between the control
and the JPS supplement groups. However, feed conversion ratio significantly decreased in chicks fed
with 1% JP feed compared to control and 2% JPS chicks. Thereafter, all groups were exposed to high
temperature at 38° C for 3 h with water but not feed. The latency of panting or wing-droop during heat
challenge test were not significantly different between the control and the JPS supplement groups. The
temperatures of all groups were elevated by acute heat stress. The effects of JPS and time were
significant in heat exposed chicks. An interaction between JPS and time was considered to reflect a trend
towards significance. There were tendencies for rectal temperatures of control and 2.0% JP chicks to
decrease after the 2 hours while that of 1% JPS kept advancing. In the levels of plasma monoamines,
there were no significant differences in NA, Ad and 5-HT among the groups while the level of plasma
DA in 2% JPS chicks was lower than that in control ones. JPS affect thermoregulation via the
catecholaminergic system in chicks but it may become the adverse effect under the long term heat stress
in broilers.

Conclusion

The present findings suggest that (1) high levels (more than 10%) of supplemental JPS adversely
affects starting of feeding behavior by its fragrance ingredient, but the effect disappears five hours later
and have no adverse effect on the blood parameters, (2) supplemental JPS affect protein deposition, but
that it does not may affect the development of gastrointestinal tracts, (3) JPS affect thermoregulation via
the catecholaminergic system in chicks but it may become the adverse effect under the long term heat
stress. In conclusion, JPS can be a useful feedstuff as sources of fat and protein in poultry.

Key words: Japanese pepper, Growth, Palatability, Lipid metabolism, Heat stress, Broiler
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The class Monogenea (Platyhelminthes) is commonly parasitic on or in aquatic or amphibious
vertebrates, mainly fishes, but rarely on aquatic invertebrates. In Japan, 227 monogenean species have
been reported from only about 169 species of fishes, 3 species of reptiles, 9 species of amphibians, and 3
species of invertebrates. Of these monogeneans, 76 nominal species have been reported from freshwater
fishes, and most of these fishes are commercially important species and have been examined from the
viewpoints of fish diseases.

This doctoral thesis deals with taxonomy of monogeneans from Japanese cyprinids and alien
freshwater fishes in central Honsha to the Ryidkya Islands, Japan, and 10 monogenean species are
included. They are six introduced species (Ligictaluridus pricei, Unilatus unilatus, Unilatus brittani,
Trinigyrus peregrinus, Heteropriapulus heterotylus, and Salsuginus seculus) and four native species
(Dactylogyrus squameus, Bivaginogyrus obscurus, Ancyrocephalus pseudorasborae, and Dactylogyrus
bicorniculus), containing one endemic species (D. bicorniculus).

Dactylogyrus squameus, Bivaginogyrus obscurus and Ancyrocephalus pseudorasborae were
collected from the gills of topmouth gudgeon Pseudorasbora parva and shinai topmouth gudgeon
Pseudorasbora pumila in Ibaraki, Nagano, Okayama, Tottori and Saga prefectures. Dactylogyrus
squameus and B. obscurus are known as alien parasites in Europe, and all of the three monogeneans
found in this study are considered to be native to Japan. However, they might have become established
outside of their original range on these fishes in Japan as domestic alien parasites.

Dactylogyrus bicorniculus is described from the gills of kazetoge bittering Rhodeus atremius
atremius, an endemic species in Japan, from Saga Prefecture, northern Kyushti. A phylogenetic analysis
of 28S rDNA shows that D. bicorniculus is a basal species with the T-shaped ventral bar in the genus.
This species has strict host-specificity to R. a. atremius, one of the endangered freshwater fishes in Japan,
and may face the danger of co-extinction with its host.

The alien monogenean Ligictaluridus pricei from the gills of channel catfish Ictalurus punctatus, is
described from Lake Kasumigaura, Ibaraki Prefecture, central Honsha. This monogenean is native to
North America and is known as an introduced parasite in Eurasia. As it is not strictly host-specific to
ictalurids, native freshwater fishes in Japan have a risk of infection by this monogenean species.
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Four alien monogeneans, Unilatus unilatus, U. brittani, Trinigyrus peregrinus, and Heteropriapulus
heterotylus, were collected from the gills of vermiculated sailfin catfish Pterygoplichthys disjunctivus in
inland waters of Okinawa-jima island, Okinawa Prefecture. These monogeneans are all considered to be
native to South America and to have been co-introduced with the host fish into the inland waters of the
island by release of ornamental pet fish.

Salsuginus seculus was found infecting the gills of mosquitofish Gambusia affinis from Okinawa,
Aichi, Tokushima, and Kydto prefectures. This parasite was most likely introduced along with
mosquitofish from Texas (USA) through Hawaii and Taiwan into Japan in the late 1910s. It appears to
have low salinity tolerance.

A number of freshwater fishes occur as endemic and have been currently listed in the Red Data
Book in Japan, where endemic monogeneans also may occur. Extinction and sudden decrease of wild
hosts and alteration of local ecosystems have been suggested to cause co-extinction of their parasites,
and host-specific monogeneans may be under the same situation. In Japan, many fishes also have been
introduced into their non-native range and affected the endemic species, which has caused the verge of
extinction of the latter animals. The parasite fauna of those endemic fishes is poorly understood.
Moreover, despite the fact that some of them are regarded as endangered, only 10 monogenean species
have been reported from such endangered fishes. One species of Japanese freshwater fish is estimated to
harbor 1.3-1.8 species of monogenean. As about 500 species of freshwater fish occur, 650-900
monogenean species may be found in Japanese inland waters. It is highly desirable to clarify the parasite
fauna of the freshwater fishes being on the verge of co-extinction and to conserve biological diversity
including the parasitic species in Japan.

Based on the previous and present studies, a total of 31 nominal species of monogeneans have been
described in Okinawa Prefecture, the Rytkyi Islands, southern Japan. Subtropical fishes have been
suggested to shift their distribution northward to the Japanese main islands with global warming, and
research on the monogeneans should be more intensively conducted in southern Japan to monitor their
distributional change. Eight species of monogeneans have been identified to species level from
freshwater fishes in Okinawa Prefecture, but all of them are alien species. About 20 species of
ornamental fishes have been recorded from the inland waters of Okinawa-jima island, and it is most
likely that ornamental fish trade is one of the major invasion routes of alien fish monogeneans to
Okinawa Prefecture. As about 500 fish species occur in the inland waters of Okinawa Prefecture, more
study is needed to clarify the monogenean fauna of the fresh- and brackish-water fishes of the prefecture.

Several reports have described high negative impacts of alien monogeneans on certain wild fishes, and
dramatic decreases in wild fish stocks due to heavy and uncontrolled infections by introduced monogeneans
are known. In addition, the monogeneans can establish more readily together with their hosts than other
groups of parasites because of their simple life cycle. There are several comprehensive studies on the
monogenean fauna of introduced fishes in terms of dangerousness of alien parasites. Based on this and
previous studies, 15 species of alien monogeneans have been reported from nine species of introduced
freshwater fishes in Japan. In Japan, there are records of about 50 species of introduced fishes from other
countries, and almost all of those introduced live fishes are considered to bring foreign monogeneans to
Japanese waters. Therefore, the equivalent or more number of species of monogeneans may have already
established in Japan. Moreover, no information is available about parasites of Japanese domestic alien
fishes. The risk of introduced monogeneans is poorly understood in Japan, and it is necessary to clarify the
monogenean fauna of such domestic alien fishes to take necessary actions.

Key words: Monogenea, fish parasites, cyprinids, alien freshwater fishes, taxonomy
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The unique function of sperm storage tubules (SST) in the utero-vaginal junction (UVJ) to store
sperm for a prolonged period in oviduct enables hens to lay a series of fertilized eggs, after single dose
of artificial insemination (AI) or natural mating. The survivability of sperm in SST is related to hen
fertility. The aim of this study was to determine the factors involved in sperm survivability in SST and
their significance in hen fertility.

1. Protein and gene expression of carbonic anhydrase 2 (CA2) in the UVJ of oviduct: comparison
between before and after Al, and the correlation with aging and fertility

The CA2 plays a major role in pH regulation of the hen oviduct. The localization of CA2 protein,
the density of CA2 protein, and the expression of CA2 gene was determined in the mucosal tissues of
UVJ and SST cells in the hens of different age and fertility, without (not-inseminated) or with Al. The
results showed CA2 was localized in the UVJ mucosal epithelium and the SST cells. The RT-PCR
products of CA2 were identified in SST cells. However, no significant differences were found in the
localization, or the expression level of CA2 protein and gene between not-inseminated and Al hens, or
among different age hens. No correlation was found between CA2 expression level and hen fertility.

2. Expression of lipases and lipid receptors in sperm storage tubules and the possible role of fatty
acids in sperm survivability in the hen oviduct

Generally, cells accumulate lipids through receptors and store in lipid droplets, lipases hydrolyze
lipid droplets and release free fatty acids. In Experiment 1, the localization of lipid droplets in SST from
hens without or with Al was examined. In Experiment 2, the gene expression of lipid receptors and
lipases in SST cells were examined. In Experiment 3, lipids were extracted from UVJ mucosa and the
predominant fatty acid composition were analyzed. In Experiment 4, viability of sperm cultured for 24
h with different concentration of fatty acids identified in the UVJ mucosa were examined. In Experiment
5, the effect of oleic acid reagent or olive pomace supplementation on hen fertility was examined. The
results show the SST in contained dense lipid droplets. The PCR products of lipid receptors including
FAT/CD36, VLDLR and LDLR, and lipase ATGL were identified in SST cells. The relative expression
levels of ATGL were significantly higher in Al hens than not-inseminated hens. Saturated fatty acids
including myristic acid, palmitic acid and stearic acid, and unsaturated fatty acids including oleic acid
and linoleic acid were predominant in UVJ mucosa. The viability of sperm cultured with saturated fatty
acids was not different from the control sperm. However, the viability of sperm cultured with 1 mM
unsaturated fatty acids was significantly higher than control sperm. The oleic acid reagent
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supplementation did not affect the egg production. However, the hens fed with 2.5% or 5% oleic acid
reagent supplementation showed a higher fertility rate and a longer duration of fertile egg laying than
hens without the supplementation. No significant differences were found between hens fed with or
without olive pomace supplementation.

3. Changes in the localization and density of CD63-positive exosome-like substances in the hen
oviduct with artificial insemination and the effect of oviduct-exosomes on sperm viability

Exosomes are small membrane vesicles that play a role in intercellular communication. The CD63
is known as one of the exosome markers. The localization of CD63 protein in oviduct and the change of
localization and expression level of CD63 protein in mucosal tissues of UVJ with Al was examined. The
protein composition and the expression of CD63 protein were examined in UVJ- and vagina-exosomes
isolated from the medium of cell cultures. The viability and motility of sperm incubated for 36 h with or
without different concentration of UVJ- or vagina-exosomes were analyzed. The results show the CD63
was present in the mucosal epithelium, lamina propria cells and SST cells in UVJ mucosa, as well as in
the mucosal epithelium of the vagina. The localization of CD63 was decreased in SST cells surrounding
the sperm and tended to transfer into the SST lumen. The density of CD63 protein in the Al hens was
significantly higher than not-inseminated hens. Four different molecular weight protein bands, and
specific CD63 bands were identified in UVJ- and vagina-exosomes. Compared with sperm incubated
without exosomes or with UVJ-exosomes, the viability of sperm incubated with 1 pg/pL vagina-
exosomes was significantly lower. No significant differences were found in the motility of sperm
incubated with or without UVJ- or vagina-exosomes.

Conclusion

The results of these studies suggest that SST cells may accumulate lipids through lipid receptors.
Lipid droplets of SST may be hydrolyzed by ATGL. Unsaturated fatty acids such as oleic acid may be
released from SST and utilized by resident sperm for their survivability in SST. The supplementation of
oleic acid in chicken feed may facilitate SST function and ultimately improve hen fertility. Exosomes
may contribute to sperm storage function by delivering sperm key substances. These knowledges may
help us to establish a feeding strategy which aims to increase the SST function and hen fertility not only
in poultry but also in endangered avian species.

Key words: SST, Sperm survivability, Fertility, Fatty acids, Exosomes
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T2 OBEE [N 250 & AN, EROEINE 72 & FRN AmPUR LM 2 &1 F:g%é
NTRDZEns, AR RKORESE L LTOHIEL T b, F72, HETE, [HNIE S 0))%11?& Iz
BENTOBPIME B OS% L Z OIS S L 20, BNMEEO L L ~ @iﬁ%ﬂ)%{%ﬁ - B
( SRS, ABHEEESCHCRERR L L) WHFG T2 EPHLRIIR ) O90H 5, LA LEDDH,
JD; I BBV R OBFEAE M ED L) ICHFG LT 208, Tabh, EEEBNME L OHfE
EROGTF AN = ALFEFCTRIARLEETH 72,

RWFFETIE, SHEMREF O 2 — VRSB P A E i o — > Tdh 5 HYA (10-hydroxy-cis-12-
octadecenoic acid) ASBNERSE & fE £ E B O TR E LT, GPR4AO-MEK-ERK #%1 % /v L 7254 /) 7 1#

EERICHF ST AL EHLNII LT,

BRMERBEDOBE/N 7IREEROER

B AR A EE B O BB N ) 7 IREEH 2 E 3 4 72012 e MMEE LR ARk Caco-2f g %
Transwell system (255389 % Z & TRl L 720 Caco-2lld % 4S0iEEY 4 b 41 4 » Td % interferon-y (IFN-y)
& tumot necrosis factor-o. (TNF-o) TR 2 2 & TN THEEEFEL 72, SN 7THEEOIBEIX, &
R ESIEH (TER), FITC-dextran &5 35 X U538 EiHh @ interleukin-8 (1L-8) i TEEAM L 720
IFN-y 3 & OF TNF-o Hl31C £ ) TER @4, FITC-dextran @& # i it B X O IL-8REA D TLHEDS L & 7z
25, HYA ORI & ) ENZNE B S vz, —J, MoBPARAHEDRIIE, SEEEN IR
ENBHo720 HYA DIGEN) THERD A = AL EFAT 5720, 4 I x v 7> a v BEERT 0%
B Z T L 720 TR, SIEWY A b5 4~ 12X > T Occludin, Claudin-13 X U8 MLCK Z8812 2/t 7s
MEFR SN2, HYAIZZEN L ZIEH L AVICETUYEE L7z, 6o C, HYA BB/ N TIREEH 2 A3 %
ZEPIRENTZ,

HYA OBFE/N) 71REERICH T DS T FIVEEN

HYA OB N TIRFEEHO A 2 X 8% S 51X 572012, KIERHAES 7 )V Tdh %S NF-kB 125
HL7zo ZORE, SIEEWET A b B4 V12X > T, NF-«B p65DJEH&E & IkBo (NF-kB OFIES /27 H)
DY) YA ENENTCHE L 72T, HYA DRI L o TENSHIER LAV E Tl L7ze $72, IFN=y
% Caco-2#lflfE 8¢5 2 & T, TNF-a D%ERTH % TNF 241K (TNF receptors; TNFRs) 583
MEFET LML TBY, FEBEIZ, TNFR1E TNFR2OFEH OB ZER L 72 —F, HYA X
TNFRs ($#12, TNFR2) OFMAZHEIIE L7z, o> T, HYA IZHE LML TNFR2ESBL % Hl# L,
NF-kB DAL A HIHI$ % 2 & THEN) 7HEERA & 3T 5 2 LRI S /e,

W HHETE LT, HYADZHEEZH SR 52 &% HINICEIT 2175 72, BHIEDI®RZAGE LT
5 ST 5 GPR40, GPR120%° PPARy, & % \»| i%ﬂfﬁﬁuﬁﬁﬁx%qﬂfﬁﬁuﬁﬁﬁxw BARD S B fRAT L 72
FER, HYA R4 % 2 & T GPRAOD ZEHmDSTLHET 5 2 L S 6 0 & 72 5 72, GPRAOIEANT T 3EKD
GH NI HED T2y PELTGqIZHAEL, MATZLVY YA [Caz*]l AT D728, Caco-21l
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Jalzy) 7 — Vi, HYAD A2 WIEHYB #EH S &) S5 2 L TCa¥i # MR L 720 ZORKE, 1)/ —)b
Bi & HYA T [Ca?]i DIEADRER SN, ZOEHIE HYA DIV EAURENT, £ 2T, GPRAOTEHIFEH
HEK293#l[ia % iV T [Ca®i 7 v & A Z#E)#58, HYA 1Z GPRAOIZH L TEWEAMEZ R L, ZOEMIZ
WD > R THDHY) = VL ) LEEETH o720 F72, GPRAODIGE N 7 ~DHEEE MG 572
@12, GPR40 antagonist T& %5 GW1100% HIV: THET L 720 DR, GWIL100F7E F Tlk, HYA D%
N T REREUGEEANE S L, TNFR2EEBURIEMEH S HA L7ze £ 512, GPRAOY 7 F IV DIGE /N T~
DG EW ST 2729012, MEK-ERK #8127 H L7z Gq & » /87 B & % L7 GPCRs &, [Ca™ ]
DA & D MEK-ERK #E I & {H 1AL T 5o HYA XK, IR EUKFEIY1C ERK O VR L% i
HELTBY, 200 VERLL~ViE, GWI11008 5\ 213 MEK inhibitor T& % U0126754E F TilZe L 720 1
AT, UOL26-1E T ThH, HYA DIGE /N T IRFEEH B & O TNFR2ZEBUHIEEH SR L7z, Thbb,
HYA 12155 Rz LZ 81 5 GPRAO-MEK-ERK &% /- L C, TNFR2EH % Hl#I§2 2 & T, BHENY
TUREEH AR 5 2 LAVR SN,
HYA DR HE(ER

BALB/c ¥ 7 A1235% 7 F A b7 VHighk) VU 7 4 (DSS) #5HHHBEMHSKSE, BEET VYT A%
{E#L L 72 DSS % 5-BAMAR5 H A2 & f#5 £ ToOL10H M, H HYA (100 nmol/mouse/day) % #1455 T5-
2720 BERIE, ARIA, BEA a7, KEBEMB L OIS A 2 712 £ 0 Rl L 72, DSS #£5-#
Tlx, v ADKERAD, BHERA 7 OEAL, KBEOWHELRZENB L O LEoBEEEs N, —F
HYA 58T I NS IR B EICS#E L. T2, §A4 MY x v 7 v a Y BERT OB ME L7z
M DSS #5-% TElE X 117z Oceludin, Claudin-13 X O MLCK O 588184 %, HYA &G A =1
L7zo 72, BB ICBF 5 TNF SHEERO KB & BT L 72455, DSS #5-#H TN L 72 TNF 4RO %81 %,
HYA 3 5 HRI3ARICIER LAOVIC E T L7z (BRI2 TNFR2). S 512, 7H—H% A1 b X M) =12 THE
LRI 5B A TNFR2O B4 % Miat L 72468, HYA % 5.5 T INFR2F LIS L 2 ia o #14  wd
LTz 512, Edbdm T, BE AL NF-kB p65My MM 2 Mt L 7285 4, DSS #5-2 T
L 72 NF-xB p65F PEMI i D& A& %, HYAF GBI A EICEE L. T4hbb, HYA LS LMo
TNFR2ZEB 2 55 Z & C, BBE/NY 7REMEH % 385 L, DSS FEMMGKE TV~ 7 ADIER% (E
TAHIEDRENT,
ARIFZE L, HE OB ED ORE N) THRERR L 2D A7 = AL E2H B2 Lz REEE,
%k%$@&fb¢ [ N0 7 R tl?%ﬁﬁﬁﬁﬁ@Tﬁ‘ﬁﬂumﬁ?éﬁm&% Bk £ A O B

I EEZOND, 72, GPRAIZIGE RV E VMR A » A1) Viayhle EORESEER 2T
LIERETH o 72h, B AU?’W%iéﬁt&ﬂ%%kﬁLKOUL@;o . ARTRZE LR PR A
ﬁﬁ%@%%%ﬂXﬁ:XA%%%bt®&gtkigﬁ,h%%;i%gﬂU7®ﬁm&tl¢%P%®
FB - BRICFGTLEEZ LN D,
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Ascorbic acid (AsA) plays an important role of scavenging reactive oxygen species (ROS) through
its antioxidant properties. In higher plants, a plurality of AsA biosynthesis pathways, the mannose
pathway, the uronic acid pathway, the gulose pathway, the galacturonic acid pathway and the myo-
inositol pathway, have been proposed, and one major pathway is the mannose pathway, in which AsA is
synthesized via D-mannose and L-galactose.

Two tropical plants, moringa (Moringa oleifera) and acerola (Malpighia glabra), which are
originated from northwest India and Latin America respectively, contain large amount of AsA. However,
details of the high accumulation mechanism of AsA in tropical plants remain unclear. Thus, this study
focuses on mRNA expression and promoter activity of the AsA biosynthesis enzymes of the mannose
pathway, and aims to elucidate the high accumulation mechanism of AsA.

Chapter 1. Structural analysis and mRNA expression of AsA biosynthesis enzyme genes in moringa.

At the first, cDNA cloning of AsA biosynthesis enzyme genes in the mannose pathway was
performed. The deduced amino acid sequences of AsA biosynthesis enzymes of moringa show high
homology with those of Arabidopsis (Arabidopsis thaliana), suggesting that the primary structures of
AsA biosynthesis enzymes are highly conserved even in moringa. To evaluate AsA biosynthesis at
transcriptional levels in moringa leaves, mRNA levels of AsA biosynthesis enzymes were measured
using quantitative RT-PCR. As a result, the mRNAs encoding all six AsA biosynthesis enzymes showed
a different expression pattern between moringa and Arabidopsis. Among them, the mRNAs encoding
GDP-D-mannose pyrophosphorylase (GMP) and GDP-L-galactose phosphorylase (GGP) were higher
expressed in moringa than those of Arabidopsis, containing 1/3 volume of AsA compared to moringa.
The effects of light on AsA biosynthesis in moringa was analyzed by measuring mRNA levels in leaf
discs treated with continuous light exposure. As a result, mRNA expression levels of AsA biosynthesis
enzymes excluding GMP, as well as the amount of AsA, tended to increase by light stimulation, and in
particular, GGP expression level increased greatly. These results suggest that AsA is mainly
biosynthesized by the mannose pathway, and in particular, GGP may play an important role in AsA
biosynthesis in moringa.

Chapter 2. Cloning and promoter analysis of 5’-upstream region of GMP and GGP genes in
moringa and acerola.

To evaluate the promoter activities of the moringa and acerola GGP genes, initially, 813 and 1723

bp of 5’-upstream regions from initiation codon were respectively cloned. As a result of searching

transcription factors in the 5 -upstream regions using the PLACE program, several consensus elements
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involved in response to light and phytohormones were found in the 5° -upstream regions of both genes,
it suggests that the AsA biosynthesis may be regulated by phytohormones as well as light. Promoter
analysis by transient expression assay using Arabidopsis mesophyll protoplasts showed that these
5’-upstream regions have promoter activities.

In a previous study, the aceola GMP (MgGMP) promoter had only a 2.6-fold higher activities than
the Arabidopsis GMP (AtGMP) promoter in tobacco BY-2 cells, whereas quantitative RT-PCR showed
that acerola leaves had 100-fold higher GMP expression levels than Arabidopsis leaves. Then, MgGMP
promoter activity was re-evaluated using Arabidopsis mesophyll protoplasts, and 1185 bp 5'-upstream
region from the transcription start site of the MgGMP gene showed higher promoter activities than that
shown by previous studies.

Chapter 3. Analysis of transcriptional activating factor of acerola GMP gene.

To clarify cis-elements contributing to high promoter activity, promoter analysis using Arabidopsis
mesophyll protoplasts with several deletion constructs was performed. The results suggest that potent
enhancer(s) are present between -1100 and -1080 bp of the MgGMP promoter. From sequence analysis
of the MgGMP promoter using the PLACE program, a sequence similar to the MYB1AT element
(WAACCA)) was found to be located between -1097 and -1092 bp of the MgGMP promoter. In
addition, a palindrome-like sequence (ACCTCGAAGT at -1092 to -1083 bp) was found in the region.
Further analysis using deleted or mutated constructs of these elements suggests that he MYB1AT and the
palindrome-like sequences do not serve as regulators of MgGMP gene expression, whereas the sequence
(GAAGT) from -1087 to -1083 bp functions as an enhancer of MgGMP expression. After careful
review, an abscisic acid response element (ABRE)-like sequence was found. However, a replacement of
the sequence from AAGT to ACGT, a typical ABRE core sequence, was showed the significant reduction
in luciferase activity. Taking into consideration of the replacement of the sequence (GAAGT; -1087 to
-1083 bp) with its complementary sequence (CTTCA), it seems that the sequence dose not acts as an
ABRE cis-element. To further analyze the transcriptional activation ability of the MgGMP promoter,
AtGMP promoter was partially replaced by MgGMP promoter based on the position from initiation
codons. The results showed that the -1100 to -600 bp sequence of the MgGMP promoter is necessary for
high promoter activity, suggesting the presence of unknown cis-element(s), which function as enhancers
of MgGMP expression, present in the -1080 to -600 bp sequence of the MgGMP promoter.

Key words: Tropical plants, Moringa, Acerola, Ascorbic acid biosynthesis, Gene expression
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272572,
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ENTze TOE—=21F, AVCP TRBEIII SN h o720 b5, PHCPIZT REITHHEEZ AL, N4l
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PHCP O kK25, F ¥ ANV B L USHMHALZET LI EA452 D, COR NO I LTHAET
5T EAURIEE NI, PHCP EFEBEHICH LT COR NO 2EH &5 &, ZOWINARY LV hUE#
MR =272 R_RTIENTNY, PHCPBINHD Y H ¥ NICHT AR EZ AT 52 LAURIEE L7,
COZDWTZDOHAMMEZMET 5 &, 25°C I2B1F 5 PHCP ® CO x4 2 HAMEL, AVCP L 1) d kv &
WO RERDE ST, iU, NAFLOBKMERIEDE DG LT b EERE LT, 51, PHCP T
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T, PHCP IZZREILT A2 L& » T, SilEETLI N AXHEE L THEEL TW5E 2 EDVRBE N/,

[E&fME X 1) 5 Chironomus surfurosus Fa3E Hb D ELE 4SO #ZEA)

ANEZBE Y (Hb) &, AEHNTO% @M L THET 2N EHAETH S, Hb @ O,0FHMEIZIE, R
JER pH 2 EABE L THE Y, BT pH Tk 0,2 #A LI2< <D (Bohr 513 o IO S
£ SN PE 2 A ) # Chironomus sulfurosus @ % Bt (% pH 310 BEMEKIS 2 E BT %5, T 4b B C.
sulfurosus 1%, Bohr Zh12xt L TG T % £ 9 % OBV H 2 H 352 e E 26N 5, RKHHT
IZ, C.sulfurosus 12k Hb 1235 H L, Z RS & OREEREAO BG4 72,
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(pH2.0) BLX UM (pH7.0) OFFEREF T, $4iHE CHE Lz, TNENOLHRMATE % v C Native-
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BAAHEBEL T EpHL L o7z, DEO#EAS, C. sulfurosus ZyHi%, FRMEBREEICEILT 572
DIZ, NAHBOBIKMEE % EF72 L2 E0@maHb A LTBY, SHIZEFNLZEE L)V CHIE L Tw
LZEDNWSPE RS Te TN OIS TRIED LA L2 Hh 23R — 7RI L CiftEs H 452 &
PHIFTE L7720, SHRORBELE LTINS Hb Z MW7z OBAMEDBEITATE I NS,
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D)AY RIS EEREATHIEZWHLNIL, TOBARIIBRTIHTFINTHEZ LD Gh -
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AT 4 Y IREGFELEREO—>TH Y, ZOEKEAHIT W IR T 20 RS 7 FIVREIC
BYT, FWBEHEOEIRIC L o TR SN2 25 2 DG &4 L 257518, MRBEIZBIT % A
T4 Y TNREDONT Y ADOERNEETH LS EZ NS, ZOWRELRGES 5272012, A7 4 ¥
TIREEEDEAT v TIZB W THEFET 2 KT O#ETFARERE VT, IEEERTRE O > 7 F IV REN
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O EPIRIBE NI,

LCB L, U Y/ AL+ =rFF—H¥TH5sPkh12% 4 LT (1) target of rapamycin complex (TORC)
1OTHT7 =7 % —Sch9, (2) TORC2O T L7 =7 % — SIm1/28 £ U Ypkl1/2, (3) Pkcl# i3 2% =
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WS O 3 7 F WAZEIZ1X TORCL-SchOREIE DG DS B TH 5 Z L AURIE S 7z,
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SIm1/2(3 M E 124549 5 pleckstrin homology F 2 1 > % d 5, PI(4,5)P,I2 & > CTEDEMWEAHIM S5,
PI(4,5)P, A LI HERE S 2 Mssd b AR Y 7 FIVIREIZH G35 2 LR a N2 L h b, PI4,5)P,-Sim1/24E %
W WEEE TR O 3 7 F TS § 5 2 EDURIB S 7z,
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Fish supply from capture will be static over the next 30 years. A growing percent of world aquatic
production derives from aquaculture, whose importance is set to increase dramatically as a result of
overfishing of the world s waters and an increasing demand for sea food. Fish is free-living organism
exposed to stress problems such as diseases and deterioration of environmental conditions often results
in economic losses. Most of this causative agents in fish ponds is bacterial in source.

The most ancient and efficient line for defenses the fish against this microbes is the innate immune
responses. They respond in short time scale and efficient manner with one of its alarm arms represented
in my study by the antimicrobial peptides stimulated with LPS (lipopolysaccharides). The profile of the
ayu antimicrobial peptides stimulated with LPS was investigated. Fisrt of all, analysis of cathelicidin
gene expression from liver tissues which stimulated with LPS different doses in different life stages.
Next, analysis of hepcidin-1 gene expression from liver tissues which stimulated with LPS different
doses in different life stages. Finally, analysis of cathelicidin gene expression from various tissues at
portal of pathogens entrance (mucosal surfaces).

The second chapter included the first item, I have studied the relative transcriptional level of the
cathelicidin gene in vivo stimulated with LPS of different doses LPS. LPS was injected intraperitoneal
to ayu at different ages; young immature, mature and sexual mature adults. Liver tissues were collected
three times per season. First time (group 1), at the mid of April, internal observation showed complete
absence of the sexual organs. The second time (group 2), at the end of May. The third sample collection
(group 3), at the mid of October, they were sexual mature adults, internal sexual organs observed full
raipned in both sex just before the spawning. The relative expression level of the cathelicidin was
measured using semi quantitative RT-PCR and Image-J software for normalization against § -actin gene
expression level. The results showed a direct association between the cathelicidin mRNA expression
and the LPS used for the induction. Young fish showed significant up regulation in a time, dose
dependent manner while mature and sexual mature fish showed non-significant change. That |
concluded that young fish may relay mainly on it is innate immune response than adults.

The third chapter included the second item, we have studied the relative transcriptional level of the
hepcidin-1 gene using cDNA samples synthesized from liver tissues for the first experiment. The
relative expression level of the hepcidin was measured as same as semi quantitative RT-PCR. The
results showed a direct association between the hepcidin mRNA expression and the LPS used for the
induction. Young, mature and sexual mature adults showed up regulation mainly in age dependent
manner. As the young and mature fish showed up regulation in a dose and time dependent manner. In
the other hand, sexual matured fish showed significant down regulation. I could concluded from the first
and second experiment that the hepcidin may be involved more in the ayu defenses against stressors
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such as pathogens.

In the fourth chapter, the relative quantitation of cathelicidin expression level was analyzed. Tissues
sample were collected from various organs (liver, gill, skin and intestine) at time point 0 hr, 6 hr and 24
hr post injection. The expression of cathelicidin mRNA were analyzed in the three various tissues (gill,
skin and intestine) by RT-gPCR. And normalized to the - actin gene expression level. AC, and AAC,
value were determined using the auto setting of the system. The date shoed that the constitutive
cathelicidin expression from the mucosal surfaces were higher than that of liver tissues. While the
induced expression of cathelicidin with LPS showed only significant decrease in gill and skin at 24 hr
after stimulation. The results clear out that the constitutive and LPS inducible expression of the
cathelicidin is under developmental control and the recognition of LPS may be tissue specific although
the mechanism of LPS recognition still unclear and also how this mechanisms affect in organs set distal
to site of the immunostimulant administration.

In conclusion the ayu antimicrobial peptides seems to play important role in ayu immune defenses
against pathogens although it is age, time, dose and tissue-specific dependent production. Further
investigation is required for analysis both hepcidin isoforms and production of monoclonal antibodies to
clear the post translation regulation of ayu antimicrobial peptides.

Key words: ayu fish, innate immune response, antimicrobial peptides, LPS
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1. General Introduction

Human health is critically dependent on the maintenance of intestinal homeostasis. Inflammatory
bowel diseases (IBDs) are a group of gastrointestinal disorders including Crohn's disease (CD) and
ulcerative colitis (UC) and characterized by chronic inflammation. The number of individuals diagnosed
with both UC and CD has steadily increased in the past several decades. IBD patients experience
chronic and relapsing inflammation in intestines and suffer from diarrhea, abdominal pain and rectal
bleeding. Although the etiology for IBD is unknown, it is believed that the impaired intestinal barrier
resulting in hyperpermeability to luminal noxious molecules and robust chronic activation of immune
system contribute to the development of intestinal inflammation. Accordingly, it is meaningful for us to
develop the novel preventive and/or therapeutic approaches in the maintenance of intestinal homeostasis.

Dietary fiber (DF) is the edible parts of plants or analogous carbohydrates that are resistant to digestion and
absorption in the human small intestine with complete or partial fermentation in the large intestine.
Accumulating evidence shows that supplemental feeding with DFs provides various beneficial effects for our
health. Inflammatory status of intestines also seems to be regulated by feeding DFs and subsequent modification
of intestinal microbiota. Intestinal fermentation of DFs produces different metabolites including short chain
fatty acids (SCFAs). However, precise roles of DFs for regulation of intestinal inflammation are still unclear.

The objective of the present study was to understand novel roles of DFs for the maintenance of
intestinal homeostasis. | used the murine models of experimental colitis and CKD and the intestinal
epithelial models under inflammatory conditions.

2. Fermentable and viscous DFs reduce intestinal barrier defects and inflammation in colitic mice

In Chapter 2, | aimed to investigate the preventive effect of guar gum (GG) fiber on colonic
inflammation and barrier defects in dextran sodium sulfate (DSS)-induced colitis mice. GG fiber, a
soluble DF, is characterized by high fermentability and high viscosity. DSS administration caused severe
colon damage and inflammation, as indicated by body weight loss, increased clinical scores, colon
shortening, increased plasma lipopolysaccharide binding protein (LBP), elevated myeloperoxidase
activity, and decreased TJ protein expression in the colon. Supplemental feeding with GG fiber partially
or totally reversed these symptoms, suggesting that GG fiber ameliorates the DSS-induced colitis at least
partially through protection of the TJ barrier.

3. Fermentable DFs reduce intestinal barrier defects and inflammation in colitic mice
In Chapter 3, | aimed to examine the physicochemical properties of DFs contributed to protection of
colitis against DSS. Along with GG, mice were fed with partially enzymatic hydrolyzed GG (PHGG), which
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shares high fermentability with GG, but presents low viscosity due to the low molecular mass. The results
found that feeding PHGG and GG reversed the colitic symptoms, suggesting that high fermentability, rather
than viscosity, is important for the DF-mediated protection of colons against DSS. In addition, feeding GG
and PHGG suppressed the increased colonic cytokine expression by DSS and increased the production of
SCFAs through the microbial fermentation. These observations suggest that SCFAs at least in part contribute
to the anti-inflammatory effects of PHGG and GG through the suppression of inflammatory cytokines.

4. SCFAs suppress inflammatory reactions in Caco-2 cells and mouse colons

In Chapter 4, I aimed to examine the roles of SCFAs on the regulation of inflammatory reactions in
the colonic epithelium using human intestinal Caco-2 cells and mouse colons. Stimulation of Caco-2
cells with tumor necrosis factor (TNF)-a increased interleukin (IL)-8 and IL-6 expression through the
inflammatory cellular signaling, whereas pre-treatment of cells with acetate, propionate and butyrate
suppressed these inflammatory reactions by TNF-a. Pharmacological inhibition of monocarboxylate
transporter (MCT)-1 attenuated the SCFAs-mediated suppression of the TNF-a-induced inflammatory
responses. Administration of DSS to mice increased the CXC motif chemokine ligand 2 (an IL-8
homologue) and IL-6 expression in the colonic organ culture, whereas treatments with SCFAs mixtures
composed of acetate, propionate and butyrate decreased them. These results indicate that the SCFAs
acetate, propionate, and butyrate suppressed up-regulation of cellular signaling and expression of IL-8
and IL-6 in TNF-a-stimulated Caco-2 cells and in colons of colitic mice. Activity of MCT-1, located on
the apical membranes, was essential for SCFA effects.

5. GG fiber suppresses inflammatory response in small intestinal epithelial cells

In Chapter 5, | examined the anti-inflammatory effect of intact GG fiber in small intestinal
epithelium. Because ingested DFs such as GG pass through the small intestines without any degradation,
they directly interact with small intestinal epithelium. Although the SCFAs, microbial metabolites of
DFs, show the anti-inflammatory regulation in colons, the intact DFs may also present the biological
functions. I hypothesized that the intact GG has a role for the regulation of inflammatory responses in
small intestinal epithelium based on the observation that GG suppressed the inflammatory cytokine
expressions in the small intestines of DSS-administered mice. Pre-treatment of cells with GG suppressed
the production of the IL-8 in intestinal Caco-2 cells stimulated by TNF-a. Interestingly, the pre-
incubation of cells with anti-TLR-2 or anti-dectin-1 reduced the suppressive effects of GG fiber. In
addition, the reporter cells confirmed the direct interaction and stimulation of TLR-2 and dectin-1 with
GG fiber. Taken together, GG suppresses the inflammatory response in intestinal Caco-2 cells through
the activation of TLR-2 and dectin-1.

6. General Discussion (written in Chapter 7)

The present results demonstrated that fermentable DFs, such as GG and PHGG, had ameliorative
effects on intestinal barrier defects and inflammation in a murine model of colitis. Fermentable DFs
reach the colons and are metabolized to SCFAs by microbial activity without any degradation in small
intestines. My results show that both the intact DF and the SCFAs have roles for the regulation of
intestinal inflammation with the distinct molecular mechanisms. The present study suggested that
supplemental feeding with fermentable DFs might be beneficial for prevention and/or management of
different disorders associated with intestinal inflammation and barrier defect.
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Myanmar (The Republic of the Union of Myanmar) stands as the 10" position among the world fish
producing countries in 2010 and the 3" position in ASEAN, with the production of over 2.3 million tons
in marine capture fisheries. The Myanmar coastline stretches about 3,000 km and is characterized by
wide and numerous rivers, forming large and small deltas, estuaries, and extensive mangrove creeks.
Myanmar has diverse tropical monsoon climate and its coastal areas are influenced by strong monsoon
regimes; southwest monsoon (rainy season) and northeast monsoon (dry season). For the sustainable
capture fisheries, the key mechanisms and the characteristic environments supporting such high fish
catches should be investigated, however, very few survey have been conducted in the Myanmar coastal
areas so far and this fact leads to the lack of appropriate conservation or regulation in the coastal
fisheries.

In this study, seasonal primary productivity off the foremost fisheries ground, Tanintharyi coast, was
investigated for the first time in the Myanmar coasts. In the surveys, instead of using conventional bottle
incubation methodologies using carbon isotopes, primary production estimation was performed using a
principle of the pulse amplitude modulation (PAM) fluorometry. By applying this new PAM fluorometry,
and with other conventional oceanographic surveys, the mechanisms of the coastal primary production
off Myeik City was surveyed in three distinct seasons; at the onset of the dry season (December, 2014),
the end of the dry season (March, 2015) and the rainy season (September, 2015), and at 13 sampling
stations around Kadan Island covering characteristic coastal environments of the region (e.g. estuaries,
mangrove channels or creeks, and offshore region facing the Andaman Sea).

The lowest surface salinity value (7.11) in the rainy season indicated this area was largely affected
by river inflow and also throughout the seasons, as a result, nutrient concentrations were high especially
SiO,-Si and DIN-N. However, PO,-P concentration show different trend which might be supplied by
different mechanisms rather than river inflow. The most notable feature of the ocean production was the
well-defined seasonality, which has not previously been recognized as a typical model in a tropical ocean
system, regardless to the seasonal nutrient variation. According to the estimations employing the PAM
fluorometry, the primary productivity was highest in the dry season, 2.59 = 1.56 g C m? d", while the
productivities were low at the onset of the dry season and the rainy season (1.36 + 0.77 and 0.17 = 0.11 g
C m? d?, respectively). However, in account for the possible over estimation in the PAM fluorometry,
the overall primary productivities may decrease; when the productivity values were recalculated by
incorporating observed O,/ETR ratios (0.117 under PFD<500  mol photon m? sec™, or 0.073 under
PFD>500) in other literature, the annual primary productivity value was 129.6 g C m? yr, which is
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unexpectedly lower than the candidate values (300 — 500 g C m™ yr™) obtained from the world
eutrophic estuarine and coastal ocean ecosystems.

Based on the principal component analysis (PCA), the primary productivity was related with the
extensive river inflows, especially in the rainy season where turbid river water inflow deterred the
primary productivity. High primary productivity at the end of dry season related with the increase of
euphotic layer depth, probably due to approach of oceanic water as well as decrease of the river water
inflows and this was the main factor promoting primary productivity in this season. Interestingly, low
primary productivities might be compensated by microbial food chain at the onset of the dry season.
High DOC concentrations (average 7.48 + 4.22 mg L™) of this season probably led to abundant bacterial
populations (average bacterial density = 1.1 % 10" cells mL™), and the estimated bacterial biomass of
this season was 3 times higher than the estimated phytoplankton biomass. These DOC originated
bacterial cells may be incorporated to a so-called microbial food chain and may support further
production at the coast.

Through this study, the seasonal trend of primary productivity and controlling environmental factors
near the Myeik City were clarified for the first time. The main primary producers were the chain-
forming diatoms associated with euhaline and eutrophic natures. Their production was primarily driven
by the characteristic monsoon climates and showed well-defined seasonality; the end of the dry season
was the most productive period, while the onset of the dry season and the rainy season remained in
significantly lower productivities, 52.5% and 6.6% of that at the end of the dry season. These drops in
the productivities for more than half of a year led unexpected low annual primary productivity (129.6 g
C m?yr?). The long rainy season that delivered heavy precipitation and extensive river runoff brought
terrestrial nutrients to the coast, but as a trade-off, the coasts were largely affected by turbid waters,
which decreased light penetration into the water column and thus reduced primary production. This
highly turbid water was probably originated from soil erosion due to deforestations by industrial
plantations along the Tanintharyi River Basin. Especially, deforestation of mangrove trees along the
riverbanks and the estuaries seemed to be serious and was considered to lead to problems of soil erosion,
because mangrove forests could reserve fluvial sediments as buffer areas for ocean- land interaction.
Together with the findings that suggesting DOC derived from the mangrove sediment might enhance
microbial food chain and supplement the primary production, conservation of mangrove forests is
needed to sustain the coastal productivity.

Key words: Myanmar, primary production, diatoms, deforestation, mangrove
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Genetic engineering of Escherichia coli for protein production
for functional and NMR structural study
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Antimicrobial peptide Bac7(1-35) production using the PST-SPP system in E. coli

MazF, one of the toxins from E. coli, functions as an ACA-specific endoribonuclease in cells.
Taking advantage of MazF endoribonuclease activity in E. coli, a new expression system, the Single-
Protein Production (SPP) system was previously developed.

In the SPP system, all E. coli cellular mRNAs are eliminated when MazF is induced. However, the
mRNA of a target protein is engineered without ACA sequences while conserving the amino acid
sequence so that it remains singularly intact when MazF is induced. Therefore E. coli is converted into a
bioreactor producing only target proteins, making it especially effective for toxic proteins.

One of the difficult to express proteins in E. coli is an antimicrobial peptide (AMP) because of its
toxicity to bacteria. Since the first discovery of the defensing peptide, a number of AMPs have been
isolated. AMPs do not create drug-resistant bacteria because there are multiple intra-cellular targets for
AMPs. In addition, it is relatively easy to modify the peptide sequences and possibly enhance the
selectivity of its activity to bacterial cells with such changes.

Bac7(1-35) is a bovine AMP of 35 amino acid residues and is a Pro- and Arg rich peptide. Bac7(1-
35) inhibits protein synthesis by binding to 70S ribosome, thus it is difficult to express in E. coli in its
functional form.

Here | developed a novel expression system in E. coli, combining Protein S, a spore coat protein
from Myxococcus xanthus with the SPP system for antimicrobial peptide production. This system
produces a fusion protein which functions the same as the protein without the Protein S tag (PST). After
overexpression of Bac7(1-35) using the PST-SPP system, PST-Bac7(1-35) is not only soluble, but also it
functions as an antimicrobial peptide without cleaving the protein S tag from the fusion protein. This
technology enables us to obtain a large amount of antimicrobial peptide in E. coli in a cost effective way

Replacement of Arg residues in MazFbs with canavanine alters its specificity

I also explored expanding the capabilities of the SPP system to incorporate amino acid analogues, in
particular the toxic arginine analogue, canavanine, in order to observe how protein function is altered
with such substitutions.

Canavanine is originally extracted from jack beans, and well known as a toxic amino acid analogue
to cells. The mechanism of the toxicity is possibly due to the pKa of guanidino group in canavanine
being 7 while that of arginine is 11.

Here, the SPP system is combined with an arginine auxotrophic strain, allowing canavanine to be
incorporated into protein efficiently without showing its toxicity to the cells. This is because when MazF
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is expressed and cell growth is arrested, the cells use canavanine for only target protein production. As
an example, MazFbs, a MazF homologue from Bacillus subtilis and a UACAU specific
endoribonuclease, is used as a model protein. Incorporating canavanine into MazFbs caused
MazFbs(can) to become more helical in structure but less stable in comparison to MazFbs because the
conformation of the protein was changed. This is considered to be due to the change in the pl of
MazFbs(can), altering the recognition sequence for cleavage to UACAUA rather than the original
MazFbs UACAU recognition site. This is the first example of alteration of the RNA restriction enzyme
recognition site by incorporating a toxic amino acid analogue.

Construction of a residue- and stereo-specific methyl labeling method by engineering E. coli

Thirdly, since the auxotrophic strain is highly useful for specific amino acid labeling, I established a
cost effective labeling system for NMR structural studies. Large molecular weight proteins have some
dynamics, and their function and dynamics have been characterized by NMR spectrometry. However,
deuteration of proteins larger than 20-kD proteins is necessary and methyl specific protonation of Ile,
Leu and Val residues is commonly used to study its dynamics. For 80 kDa or larger proteins, Stereo
Array Isotope Labeling (SAIL) amino acids, in which the amino acid is stereo-specifically labeled, are
used as it can dramatically reduce proton density compared to proteins labeled with common labeling
precursors such as a -ketoisovalerate and a -ketoisobutyrate. However, since SAIL amino acids are
extremely expensive, they have not been widely used in the NMR community. Here, I engineered the E.
coli strain for residue-, stereo- and methyl-specific labeling systems, to use minimal SAIL amino acids.
As a result, 1 was able to reduce the usage of SAIL amino acids up to 10% compared to the standard
method while maintaining protein production efficiency.

Lastly, I developed an alternative expression/labeling system for residuestereo- methyl-specific
labeled sample preparation for NMR using the common precursor, 2-acetolactate. In this system, the
stereo specifically isotope-labeled 2-acetolactate is combined with genetically engineered E. coli, which
allows proteins to be labeled in residue specific manners. Using a standard strain, Val specific labeling is
possible but Leu-specific labeling is difficult when using 2-acetolactate. To circumvent this, I engineered
a biosynthetic pathway in E. coli to allow the cells to use 2-acetolactate for either Leu or Val synthesis so
that either Leu or Val in a target protein can be labeled in a residue- and stereo- specific manner.

key words: Single-Protein Production (SPP) system, E. coli, antimicrobial peptides, amino acid
analogues, auxotrophic strains, methyl labeling, solution NMR
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HK K2 Taxonomic studies on acanthocephalans parasitic in freshwater gobies Rhinogobius spp.
(Actinopterygii: Gobiidae) in Japan (HARE I >/ K1) B ANEHIZH AT 2 S8R D 5
FFIIWEE)
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RVFF TV = AR BIT S04 XF AT h 8T —EOMEICT 258
b= bR AR =¥ A,DOWEE & EIETFEBUI S 258

27 Shewanella EHIH kD 5°- X 7 L & F & — ¥ o JLixifse
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FEWl T % V> 72 Bacillus &M o il

Study on the beneficial effect of low dose of ethanol

By 7 — VBRI OR)FEICE S A7)

N BRSE % U 5 BEE RIS A5

Study on the physiological function of vitamin B6 (¥ % I > B6DEIEHICEE 3 % iF%E)
Study on the effect of low dose of ethanol on colon carcinogenesis (KB HEFEEI K ITT 4
wIY = )VORRIZET H5E)
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SN AR O A BRAYTRE] & 23 A 5t
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HEHOEMREICBI AR E o —27 ) ta R AR OREICET HH78
BAERNFEGMN K DD LR B L O A W3 AT 1 B 9 % F9E

R OREA I v 7 AENTIZ & BIFE 2 & R0 — LB O fEHT

TH S |2 B 1T B R R IR 53 (2 B B BE 9

DEPARTMENT OF ENVIROMENTAL DYNAMICS AND MANAGEMENT BB {ER R FEFEIX

MRFR < VNV a7 OFEIFE L RIZE T A%t

Growth and photosynthetic activity of the invasive aquatic plant Egeria densa in an
irrigation pond (if3ili2 3517 2 REGHISL KK E A A 71 F & E DRLR & LA RUTE)
W, HEE, SIEIC B 2 SR RAUKE O 5
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Molecular Physiological Study of Salt Acclimation in Rice
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FATSI PATRICK
SENAM KOFI

SUCI ANDIEWATI

T
OKTA PRINGGA
PAKPAHAN

Taxonomic study on microorganisms passable through sterilizing-grade filters

(BRI 7 4 v & — @ O 53 K- EgE)

Taxonomic studies on the parasitic crustaceans of the flathead grey mullet (Mugil cephalus)
and the red seabream (Pagrus major) in Hiroshima Bay,Japan (JX BB HER T L~ & A 124
H 9 B WA O 5 B IFSE)

I X7 T OWNTEHZEREF S B OWGET

The role of local agricultural cooperatives on implement food safety activities in food chain:
A case study of mandarin orange in Saga prefecture, Japan (7 — FF = — >~ 12815 % &l
TATEB O FERIZ AT 72 R D1 E] - EH BT D Ar ADRBIIZE.)
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AHMED
MAHROUS
SOLIMAN
DYAH AYU
SAVITRI
QIN DONG

AYU LANA
NAFISYAH

Molecular Characterization of Antimicrobial Resistance in Gram-negative Bacteria Isolated
from Clinical Samples

(BRIRIE & 0 3B L 72 27 T S BT O SRIIEAL D 55 L OV EAT)

The melting phenomena of chocolate : Investigation by artificial mouth model system and
sensory analysis (7~ = I L — M ORISR © NLOMEETVE L OERSITIC L 20%
Study on physiological characteristics of germination of plant differing in phytate content
(74 F Y RER O DRI BT 2 53RO A B R I2 B 2 F9E)
Microphytobenthos flora on mangrove sediment in the East Java coastal area, Indonesia: Their
ecological and physiological characters (£ >~ KA 7 - V¥ T BHEEINEICBIT A~V 7
0 — TR L O RA RS O AW ¢ F OEREFN - ERARREICOWT)
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Reports of Studies supported by Grant-in-Aid for Research from the Graduate
School of Biosphere Science, Hiroshima University

By X 53 M REL MAEAERE
TUIPE A o — )V TORE B L UKEOERIZE S 2 EE LB A R ok
EmemiEy<— ~  International Comparative Study on Management of Basin-scale Water Tamiji
Grant-in-Aid for Quality and Quantity YAMAMOTO
Fundamental -
Research BT FLH A D EZFEZ A ONEIG I B 2 W58 A

Research on acclimazation of prepubertal Holstein heifers for hot

summer season Miki OkITA
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International Comparative Study on Management of Basin-scale Water Quality
and Quantity

) Doddi YubianToYupianto?, Peter Davey DAVEY?

Tamiji YamaAMOTO, YAMAMOTO"
Graduate School of Biosphere Science, Hiroshima University,
Higashi-Hiroshima 739-8528, Japan

TIB A — VW TOREB L OKEOFHIZ BT 2 EBE B
AR %KY, Doddi Yupianto?, Peter DAVEYDAVEY?

VRSB Y IR ITGER, IR 702 o Mg > 5 —
Tamiji Yamamoto, Director of Center for Restoration of Basin Ecosystem and Environment,
Graduate School of Biosphere Science, Hiroshima University
®Viice Dean for Academic Affairs, Faculty of Engineering, Parahyangan Catholic University, Indonesia
YEnvironmental Protection, Program Director Bach of Environmental Management and Specialization

Convener Masters of Environment, Griffith University, Australia

MEDEREEH

MEARFRE L, SCRR A IR B s b2 [ERERYM =2 > v — 27 A INU (International Network
of University) ZI&H L7z - BB EFIC BT 2 1@ #E ] (2011-2015) 2B W T, KEELZ T —< &9
LEEY Y — A7 — VELERFCARIFEE L, BSNERIEYE - BEEGHOETU0RITEEFLFKL 7.
F7, HAPGEED TNENOBKICBW T —A 7 = VAL (7)) 7 1 ARF2E, RXTXY 7
Keg2lnl), IREBKRFOHE - FHELSIML 2,

20154 C FREOCIMHHENIRT L2 2 L 2 50F, INU BREEHE&S 1BV T, 2016405131 » B A
T ST X T REFEFRLE LKBRE T o+ — 5 AR GO ERI R RO L 2 b o T,
7272, TRETOL)ICTREDS DT R— MIEW 20, ST EERLHTOLROMEE T DL Z L &
L7z

LRoTu 7T AT, EREPLBLHEEFAELRE L CHERCORMEHED B & & 12, Wi,
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BLUOABERREOD ) Fr EOBCHFRERY Loz,

AV FAT 7T, TIDOFIIEENTHONT, BT IHTIHELTEY, KEDEIZLD, HAi
IKOFEARDEE L VIRILE e > T D F/2, A=A NT ) T CIREZEEE AR ULIT LITE D RENS720,
WEBEES Tl TARFIH O LRA R S5 L &I, WTHOBKMEPIRKE HRHREL o Tnd, TDMH,
FSESE TORIEEROEAE X VERROREEIZB VT, HAZMREZ Y — FTX 2 BRI, KE
B, ERRREHM A AT A I LA S Lz,

Z 2T, AWgE T, KIEBRICB ZIIKE L FORSY, B L ORI B U RKEOMER & i
W A r — )V COREBIZBIT B I E1T) 220 L, FEBEEEEOERIEZTH) L2 HY
LLTC, AENEA v A Y TiRRKOEBIK LS International Seminar on Water Resilience in a Changing
World” (ZHUE L 72D CTHET 5,

EHRRBESEDORRA
S INE 28 E A R R ER B IS L DR L2, 1Y P2 TiRAROEBKLSS
“International Seminar on Water Resilience in a Changing World™ 12, HIFERFEFIZE MR L L TR RES
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AYN—=O—N&LTHE L 77 —~<2% “Water Conservation and Risk and Impact of Extreme
Event” , “Water Security for All" , “Water Governance and Partnership” ®32&% 1), 1~ N4 7B X UEH
E 7 & G FHO5EDIERN D o 72,

KIGBRRKBEEINC T 2L DRREMES, BRELOTA AN v ary&2@LT, HRSHEITE T,
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Y% - wFKFE N RVTRRE 7574V YKE, TARRITORE 4V FAVTRE LA
TP IRFREDLDREELH T, FOM, T Y, BEORE, HAEIS D KEFEEEOREND -
7o GRIREA 7 — IV TOKE B L UOKEOEHIZE T 2 ERILENIR L ED 5121%, 0 X9 2EHE
BERLHZEDPEETHY, LFETIDY D 5 BANREE R s AEs R 2 T& 72,

FH OB NED S, RAE OB, o I B S A EAl & ARk, 25 ISR S
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Research on acclimazation of prepubertal Holstein heifers for hot summer season
Miki Okita, Yuzo Kurokawa, Takashi Bunco

Graduate School of Biosphere Science, Hiroshima University,
Higashi-Hiroshima 739-8528, Japan

HHTHFUR A O B R HAONISIZ B 5 2 b7t

SR, BB =, SR
I BARFER LY EFFAIHIEF,  739-8528 HUL 1T

[B= - B

B s (2012) (&, HREGHAAF IR T EESEOREL LT, MR - RO EA - miEkko
BALEEZWSPIC LTV AED, FNSIBREHERICBVTO/KRETH Y, B8 ’%i‘%énfu\éﬁﬁ%ﬂzi%ﬂ
Vo FHE OISO LEFZHICHE R AT, BB FUERE L AR PRI R T TR B A A
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WsE X1 (6H28H -7H3H), 28] (7H25-30H), 3 (8H23-28H) B L U4l (9H20-25H) o
FrAmISENE L 7ze WEE H L, FRHERGE - RE - 8- PRS- RE R - R (158E), B X UMK
IR TH o720 BFIIE, Lo S H - ,zq:y% - JE BT - AT o4 A HIE L 72,

M SAE IR ST, B LEamEBEIC LY, miEh 7S5 =073/ b5 A 725 —+F (ALT),
ZVva—A (GLU), #ILATu—) (T—Cho), TIVAY T+ AT 75— (ALP) &%, mdfiEA~
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[#ER]

HI5E L 72N oM RE, SRS, Mader 5 (2006) O3t % F W CTHIADIRIBEEIEE (THI) OF5ME
ko7 (U9 :73.9, 281 :77.0, 3 : 7578 X U4 69.6) . B 5 OMETIX, BHRATHIAL A~ OEIR

DL, MAHEEES0%, 28T 25w bt (THIHE TT79.7), RREEOL~3MASTVWEEEICH - /- & &
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ARG, 1, 28 BN, 3, M EEIT T A ICHE VA BT Lo, P HBRE, Ll
HREAOMICEEEZIIRO 5NL Do T2e RS X OEERIZ2, 3HIZ S~ THEIZKD» > 720 &
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720 IMEH ALT, T-Cho B L O Htfifix1, 212 S~ THEIZK 2 > 720 ALP 134812 < 52, 3T
HEIEHD o720
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B & RO R, S, 1~3HI3BROEELZ M TH Y, MIZZFORENRLRET LT
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5, 2007) & o#LEHHY, ALT, T-Cho BL U HIEOERLEZEET 2 &, SWOBHAOREIKED» 572
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List of Papers by the staff of the Graduate School of Biosphere Science,
Hiroshima University, published during January 2016 to March, 2017
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Animal Science Division FEIS B4 B 5 R

Nishibori, M., Osman, S.A.M., Ghanem, M.E., Kazymbet, P., Bakhtin, M., Meldelokov, A., Suleimenov, M.Z.,
Kazhmrat, A.M., Bibigul, S.B., Mannen, H., Yamamoto, Y., 2017. Mitochondrial genetic diversity
of Saiga tatarica tatarica (Saiga antelope) in Kazakhstan. Rep.Soc.Res.Native Livestock, 28:
27-35.

Mannen, H., Takahashi, Y., Yamagata, T., Yamamoto, Y., Tsunoda, K., Nomura, K., Kunieda, T., Onishi, R., Ito, F.,
Takeuchi, K., Meldelokov, A., Suleimenov, M.Z., Bakhtin, M., Kazymbet, P., Nishibori, M.,
2017. Outline of sampling and coat-color variations of the native cattle in Kazakhstan. Rep.
Soc.Res.Native Livestock, 28: 37-43.

Nomura, K., Takahashi, Y., Tahara, G., Kurosawa, Y., Mannen, H., Yamagata, T., Kunieda, T., Tsunoda, K.,
Yamamoto, Y., Onishi, R., Ito, F., Takeuchi, K., Nishibori, M., Meldelokov, A., Suleimenov,
M.Z., Bakhtin, M., Kazymbet. P., 2017. Microsatellite DNA polymorphisms observed in the
indigenous cattle of Kazakhstan. Rep.Soc.Res.Native Livestock, 28: 45-51.

Kunieda, T., Ezoe, H., Okuda, Y., Mannen, H., Takahashi, Y., Nomura, K., Yamagata, T., Yamamoto, Y., Tsunoda,
K., Bakhtin, M., Kazymbet, P., Meldelokov, A., Suleimenov, M.Z., Safronova, O., Nishibori,
M., 2017. Coat color variation and allelic frequency of the genes associated with body
composition and locomotion traits in Kazakhstan native horse. Rep.Soc.Res.Native Livestock,
28: 53-67.

Mannen, H., Tabata, R., Takahashi, Y., Yamagata, T., Yamamoto, Y., Tsunoda, K., Nomura, K., Kunieda, T.,
Onishi, R., Ito, F.,, Takeuchi, K., Meldelokov, A., Suleimenov, M.Z., Bakhtin, M., Kazymbet, P.,
Nishibori, M., 2017. Outline of sampling and mitochondrial DNA polymorphisms in
Kazakhstan domestic goats. Rep.Soc.Res.Native Livestock, 28: 65-73.

Nomura, K., Tahara, G., Suzuki, S., Takahashi, Y., Kurosawa, Y., Mannen, H., Yamagata, T., Kunieda, T., Tsunoda,
K., Yamamoto, Y., Onishi, R., Ito, F., Takeuchi, K., Nishibori, M., Meldelokov, A., Suleimenov,
M.Z., Bakhtin, M., Kazymbet, P., 2017. Microsatellite DNA polymorphisms observed in the
indigenous goats of Kazakhstan. Rep.Soc.Res.Native Livestock, 28: 75-82.

Yamagata, T., Tsunoda, K., Takahashi, Y., Nomura, K., Mannen, H., Kunieda, T., Onishi, R., Ito, F., Takeuchi, K.,
Yamamoto, Y., Nishibori, M., Meldelokov, A., Suleimenov, M.Z., Bakhtin, M., Kazymbet, P.,
2017. External morphological characters of local sheep breeds and populations in Kazakhstan.
Rep.Soc.Res.Native Livestock, 28: 83-96.

Tsunoda, K., Yamagata, T., Takahashi, Y., Nomura, K., Mannen, H., Kunieda, T., Sato, K., Onishi, R., Ito, F.,
Takeuchi, K., Yamamoto, Y., Nishibori, M., Meldelokov, A., Suleimenov, M.Z., Bakhtin, M.,
Kazymbet, P., 2017. Phylogenetic research on several local sheep breeds and populations in
Kazakhstan. Rep.Soc.Res.Native Livestock, 28: 97-113.

Yamagata, T., Yamamoto, Y., Meldelokov, A., Suleimenov, M.Z., Bakhtin, M, Kazymbet, P., Nishibori, M.,
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Nozawa, K., 2017. Morphological traits and related gene frequencies of cats in Kazakhstan.
Rep.Soc.Res.Native Livestock, 28:115-121.

Islam, M.A., Nishibori, M., 2017. Use of multivitamin, acidifier and azolla in the diet of broiler chickens. Asian-
Australas J Anim Sci, 30: 683-689.

Osman, A.M.S., Yonezawa, T., Nishibori, M., 2016. Origin and genetic diversity of Egyptian native chickens
based on complete sequence of mitochondrial DNA D-loop region. Poultry Science, 95: 1248-
1256.

PHIESCE - RVURRE - 20 - PRYBIESE . 2016, ARG A B3 2 By 200 G & L 7200 1 RH) B R o RS
JACBE3 4178, DNA %1 31 : 31-42.

FEYEIESR. 2017. JBH &Efn. (B EMEY ] (Plartii - BRI - B IER - JDaEEs ). 9l
H#IE 5 pp. 18-30.

Osman, A.M.S., Yonezawa, T., Nishibori, M., 2016. Origin and genetic diversity of Egyptian native chickens
based on complete sequence of mitochondrial DNA D-loop region. Poultry Science, 95: 1248-
1256.

Nakano, K., Nishio, M., Kobayashi, N., Hiradate, Y., Hoshino, Y., Sato, E., Tanemura, K. 2016. Comparison of
the effects of BPA and BPAF on oocyte spindle assembly and polar body release in mice.
Zygote 24: 172-180.

Nagatomo, H., Kohri, N., Akizawa, H., Hoshino, Y., Yamauchi, N., Kono, T., Takahashi, M., Kawahara, M. 2016.
Requirement for nuclear autoantigenic sperm protein mRNA expression in bovine
preimplantation development. Anim. Sci. J. 87: 457-461.

Lee, S-H., Hiradate, Y., Hoshino, Y., Tanemura, K., Sato, E. 2016. Localization and quantitative analysis of Cx43
in porcine oocytes during in vitro maturation. Zygote 24: 364-370.

Yu, G-M., Bai, J-H., Liu, Y., Maeda, T., Zeng, S-M. 2016. A weekly postpartum PGF2a protocol enhances uterine
health in dairy cows. Reprod. Biol. 16: 295-299.

Ogata, VY., Yu, G-M., Hidaka, T., Matsushige, T., Maeda, T. 2016. Effective embryo production from Holstein
cows treated with gonadotropin-releasing hormone during early lactation. Theriogenology 86:
1421-1426.

EL-Sabagh M, Taniguchi D, Sugino T, Obitsu T, Taniguchi K. 2016. Metabolomic profiling reveals differential
effects of glucagon-like peptide-1 and insulin on nutrient partitioning in ovine liver. Anim. Sci.
J. 87: 1480-1489.

ZHFA - M5 LAR. 2016, WFLIH QA EVEICEAE§ AL ORI,  HAB R 38 1 83-86.

BHFA. 2016, LA EEZ 4G O 4 )L F—C. Dairy Japan, 6 %5
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BB FBPERAT 10 1 13-17.

Hisaeda, K., Koshiishi, T., Watanabe, M., Miyake, H., Yoshimura, Y., Isobe, N. 2016. Change in viable bacterial
count during preservation of milk derived from dairy cows with subclinical mastitis and its
relationship with antimicrobial components in milk. J. Vet. Med. Sci. 78:1245-1250.

Abdel-Mageed, A.M., Isobe, N., Yoshimura, Y. 2016. Effects of viral-associated molecular patterns on the
expression of cathelicidins in the hen vagina. J. Poult. Sci. 53: 240-247.

Huang, A., Isobe, N., Obitsu, T., Yoshimura, Y. 2016. Expression of lipases and lipid receptors in sperm storage
tubules and possible role of fatty acids in sperm survival in the hen oviduct. Theriogenology
85:1334-1342

Srisaikham, S., Suksombat, W., Yoshimura, Y., Isobe, N. 2016. Goat cathelicidin-2 is secreted by blood
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leukocytes regardless of lipopolysaccharide stimulation. Anim. Sci. J. 87: 423-427.
ERIEM. 2016, LIt & HIRSRIERENE. AESEBIYIRIE ARSI T ¢ 123-130.
TEEBER. 2016, A RFE O THEL SN DHWE T O3 & 3. SR 9 2-T.
BEEBER. 2016. K3 ) REOIMII B AHRHEA T 7 ) ¥ ¥ Y ELEOFRERM L 2 OISH. BFES v —
7L 69 1 25-27.
TRERER , AfUE—. 2016 FL% 75 Q&A [ WIS b aR |2 528 & TS D> ) BRELIE 34 © 4-5.

Aquatic Biology Division 7KBE| 4 ¥4 FE R 8K

Kimura, Y., Sakali, Y. 2016. Emergence behavior of a tide pool fish Praealticus tanegasimae (Teleostei;
Blenniidae) on subtropical reefs. Journal of Ethology. 34: 175-181.
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