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On an Outline of Small Trawling in the Seto Inland Sea off Yamaguchi Prefecture

Hiroshi KIMURA and Keigo NAKAMURA

The small trawling which consists of beam trawling and dredge net trawling (excludes demersal
trawling ) stands in the first rank of both harvest yield and number of fisherman in the Seto Inland Sea
off Yamaguchi prefecture. In order to find a way to promote the marine products industry of this area,
authors analyzed the present situation of small trawling, and concluded as follows.

1) Total number of boat which worked on beam trawling or dredge net trawling in a year is found to
have declined from 2,503 to 1,132 (45.2%) between the years of 1986 and 2005.

2) The histogram of the boat age which has a peak between 25-years old and 30-years old indicates a
50 percent or farther decline of the small trawler within the next ten years.

3) It is necessary to improve the fishing efficiency of the small trawling for sustaining harvest in the
contex of the declining fishing effort.

4) It is an important subject for fishery research to monitor the current status of main fishings and

main fishery resources.

key words : small trawling, Seto Inland Sea, license, harvest, fishery boat age
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On Cash Flow and Labor Productivity of Trawling in the Seto Inland Sea
off Yamaguchi Prefecture

Hiroshi KIMURA

The cash flow information on the trawling was collected from monthly forms which were submitted
by fishermmen engaged in several kinds of fishing during April 1992 to March 2007. Informations on
working hours in a trip and amount of harvest were obtained from diaries submitted by trawlermen
during 1989 to 2006.

Both a number of trip and the amount of harvest decreased in relation to aging of fisherman society.
Working hours on shipboard at a trip, amount of harvest at a trip, number of trip in a year and the
ratio of ordinary income to the amount of harvest were 11.9 hours, 40,201 yen, 101.2 and 0.285
respectively in 2006. With a few assumptions, they were estimated as follows. Ordinary income of
trawler was 1,197,040 yen, total working hours on shipboard and on land was 1,432 hours, so per hour
labor productivity of trawler was 836 yen in 2006. Comparing the trawler in terms of labor economics
with a male company worker who workes in a company of scale between ten and ninety nine workers in
Yamaguchi prefecture, the working hours was 63.8 %, the annual income was 31.5% and the per hour
labor productivity was 49.4% respectively. If the trawler earns the same amount as the company worker
including recapture of depreciation, it needs a harvest of 8,883,096 yen a year or 740,258 yen a month,
and it was equal to 221 trips or 3,072 hours work a year.

The author concluded that policy actions which aim at increasing fishing effort of the trawling should
be adopted in such a way of improving fishing efficiency. It is effective to maintain marine products
industry of the region, because the trawling is a main fishing in the Seto Inland Sea off Yamaguchi
prefecture.

key words : cash flow, labor productivity, trawling, break even point, Seto Inland Sea
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Distributions of fishes and decapod crustaceans in the inland water
in Yamaguchi Prefecture - (1)

Toshihiro Hatama, Yutaka OHHASHI

The distributions of fishes and decapod crustaceans were surveyed at 141 stations of 65 rivers of 26
river systems in Yamaguchi Prefecture during 1991 - 2008, then 80 species of 29 families for fishes and
13 species of 5 families for crustaceans were collected. Adding previous sampling records, distributions
of 133 species of 42 families for fishes and 28 species of 11 families were confirmed. Animals in
threatened categories of the red list by Ministry of the Environment and/or that of Yamaguchi Prefecture
were 41 fishes and 1 crustacean. Diadromous and non-diadromous fishes were 24 and 109, respectively.
45 species of non-diadromous were brackish water and/or marine fishes.
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Fig.1 Map showing study sites in the inland water in Yamaguchi Prefecture
% Numerals denote the site name in Tables 1-1. and 1-2



Table 1-1 Study sites investigated in the present study (The Seto inland sea) .

Site River system River Location Area name Year
1 Oze River Oze Dam Lake Yasakakyo 2004
2 middlestream Oze 2008
3 Nishiki River Usa upstream Nakanose 1991, 2008
4 Nekasa upstream Yamanouchi 1993
5 Nishiki middlestream Deai 1994, 1997
6 middlestream Nekasa 1992-2008
7 middlestream Kitagouchi 1992-2008
8 middlestream Minamigouchi 1992-2008
9 middlestream Mishyou 1992-2008
10 downstream kawanishi 2008
11 Imazu the uppermost part of the tidal river area  kusunokityou 1991, 2008
12 Yashiro River Yashiro Dam Lake Jikouji 1992, 2006-2008
13 Aki River Aki downstream Aki 2008
14 Miya River Miya downstream Nishiagenosyo 2008
15 agricultual ditch Yashima 1993
16 Shimada River Azuma upstream Obata 2004
17 Shimada taidal river Shimada 1996
18 middlestream Tateno 2004
19 middlestream Hirosue 2004
20 middlestream Kamiichikami 2004
21 middlestream Sohshimohigashi 2004
22 middlestream Arase 2008
23 middlestream Kanekiyo 2008
24 middlestream Miyagen 2004
25 Suetake River Suetake Dam Lake Nukumi Dam 1994
26 middlestream Nakase 1994
27 Dam Lake Suetakegawa Dam 1994
28 Kanba River Kanba irrigation canal Edomari 2002
29 Saba River Shirai upstream Kitadani 2001
30 Mitani upstream Sugaki 2001
31 Shimaji upstream Nihozu 1992, 2005, 2008
32 Dam Lake Shimajigawa Dam 1992, 2005, 2008
33 middlestream Hori 2003
34 Saba upstream Yusuno 2003
35 upstream Deai 2001
36 Dam Lake Sabagawa Dam 1995, 2001, 2004
37 middlestream Funaji 1996
38 middlestream Kamikouchi 2001, 2003, 2007
39 downstream Takai 2003,2007,2008
40 the uppermost part of the tidal river area  Ohsaki 1993-2007
41 taidal river Uematsu 1993-1998
42 Kojima irrigation pond Kojima 2002-2007
43 Su upstream Hinomoto 1998-2008
44 Saba irrigation pond Nishinoura 2005
45 Akasaki River Akasaki downstream Aiohigashi 2004
46 Nagasawa River = Amada farm pond Miyanodan 2004




Site River system River Location Area name Year

47 middlestream Higashiamada 1998-2008
48 Senbou farm pond Aiofutajima 2000-2008
49 Kurogata River Kurogata irrigation pond Aionishi 2000-2008
50 irrigation canal Kurogatakita 2000-2008
51 Nannyaku River = Nannyaku downstream Natajima 2000-2006
52 Momotani upstream Goukami 2008

53 Fushino River Niho upstream Nihoshimogou 2002

54 farm pond Tkaida 2006, 2007
55 Aratani mountainstream Miyanokami 1994-2008
56 Dam Lake Aratani Dam 1994-2008
57 middlestream Izumi 2006, 2008
58 Fushino middlestream Furukuma 2002

59 middlestream Yabara 2002, 2004-2008
60 downstream Kamigou 2002, 2004-2008
61 farm pond Mihori 2007

62 the uppermost part of the tidal river area ~ Shimogou 1999-2008
63 irrigation canal Natajima 1999-2007
64 Toida farm pond Shimoosaba 2006

65 Kuden middlestream Kurokawa 2002

66 Hirano farm pond Kurokawa 2008

67 Sijyuuhasse mountainstream Yabudai 1996-2003
68 Yaishi River Yaishi middlestream Fukamizo 2006, 2007
69 irrigation canal Nagisa 2004-2007
70 Kotou River Hinomine mountainstream Kama 2001

71 Fujigase middlestream Kibe 2001

72 Ohta middlestream Sasagatouge 2005

73 middlestream Ohda 2005

74 middlestream Tonogatani 2005

75 Kohyama middlestream Yamanaka 2001

76 Kotou agricultual ditch Kama 2008

77 middlestream Iwanagahonngou 2001

78 middlestream Kotougawa Dam 1999-2008
79 middlestream Arase 2001

80 middlestream Kurumazi 2001

81 AsaRiver Asa upstream Kamisouzai 2004, 2005
82 middlestream Atsu 2004

83 middlestream Matsugase 2004, 2008
84 middlestream Yanagase 2004

85 downstream Kutsu 2004, 2007, 2008
86 taidal river Shimozu 1996, 2004, 2008
87 agricultual ditch Ushirogatashimo 2008

88 irrigation canal Nishitakadomari 2006

89 Koya River Koya irrigation canal Utsui 2008

90 Kanda River Kanda downstream Kiyosuesenbou 2008




Table 1-2 Study sites investigated in the present study (The Sea of Japan) .

Site River system River Location Area name Year

91 Kawatana River =~ Kawatana middlestream Nakaguri 2008

92 Awano River Sugitani mountainstream Kamimukuroji 2007

93 Mukuroji middlestream Makiizumi 2007

94 Ichinomata upstream Honekikami 2007

95 Ohta upstream Shimohata 2007

96 Futanoi upstream Futanoishimo 2007

97 mountainstream Houhokukyo 2007

98 Awano middlestream Tasuki 2007

99 middlestream Ichinose 2007

100 downstream Miyazako 2007

101 downstream Kozako 2007

102 Fukawa River Ohchi mountainstream Ohgasako 2006

103 Okuhata upstream Okuhata 2006

104 upstream Maki 2006

105 middlestream Ichinoo 2006

106 Taineiji mountainstream Kakinokihara 2006

107 Fukawa middlestream Seto 2006

108 middlestream Kawara 2006

109 middlestream Itamochi 2006

110 downstream Kamikawanisi 2006

111 taidal river Higashifukawa 1999, 2006, 2007
112 Misumi River Misumi taidal river Misumishimo 1997, 1998, 2006
113 ' upstream Yamanaka 2006

114 Abu River Sasanami Sasanami Dam Lake inret Shimonagase 2000

115 middlestream Shimomukai 2000

116 Ochiai upstream Komatsugatani 2001

117 Zoumeki middlestream Takamata 2008

118 Abu middlestream Tsubonouchi 2006, 2007
119 middlestream Nagusa 2006, 2007
120 middlestream Watarikawa 2004-2006
121 middlestream Choumonkyo 2006-2008
122 middlestream Efune 2003

123 Dam lake Abugawa Dam 1991-2008
124 middlestream Kyodoko 1996-2008
125 downstream Okinohara 1996-2008
126 Matsumoto taidal river Hijiwara 1996-2008
127 Hashimoto taidal river Kawasima 1996-2008
128 taidal river Kawazoe 1998-2002
129 Ooi River Ubuka upstream Ubuka 2008

130 Yamanokuchi upstream Shibuki 2008

131 Dam lake Yamanokuchi Dam 2008
132 middlestream Konishimi 2008
133 Tono upstream Tonokawa 2008
134 Ooi middlestream Shimosasao 2008

135 middlestream Konishimi 2008

136 middlestream Shibuki 2008

137 middiestream Nihodani 2008
138 downstream Ryouge 2008
139 downstream Ichihashi 2008
140 the uppermost part of the tidal river area  Syouya 2008
141 Tama River Suzuno upstream Abudai 2006
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97KR 13 ACTHERE NIz, WA, 2 TEF NG
kR TH -7,
J1YJ1 Pseudogobio esocinus esocinus (Fig 2-3-D)
9/k% 36 MTHER I N, ARG, RN 6
k%R 19 5. BAMEE 47kFKR 17 TH- Tz,
AFH=dA Hemibarbus longirostris (Fig 2-3-E)
47KHR 6 MTHEER S iz, NERIE. 2T AN
KRTH Tz,
a5 A4 =d4 Hemibarbus labeo (Fig 2-3-F)
27K%R 6 STHERR S tee WERIE. 2 TP MR
IKRTH- Tz
=dA4 Hemibarbus barbus (Fig 2-3-G)
27KFR 3 A THER S NIz, WA, £ TH#EF MEl
IKRTH Tz,
A bETa  Squalidus gracilis gracilis (Fig 2-3-H)
87K%K 14 RCHEREE Nz, MERIE. BP MERl 5
KFR 10 H. BAREH 3/KR 4R TH-> T,
RZaw  Misgurnus anguillicaudatus (Fig 2-4-A)
117K%R 16 TR I Nz, WaRIE, BF N 8
k&R 10 K. HAHEH 3/KR6 HThol, LYy RTF—
ZTwIRESHEATIV—T EN) IKFVI7EN T3,
A R¥aw  Cobitis takatsuensis (Fig 2-4-B)
47K%R 10 S THER SNz, WL, R AT 1
KFR 1R, HRMEI3/KRIRTH oz, REEHT
dYU—7T (EN), Ly RF—&T v rRpEIBEHTT
Y—7 (VU) IS5 7 ENTWV5,

YR RYaw  Cobitis biwae (Fig 2-4-C)

3IKFR 7 W THERRE Nz WERIE. A N 2 K
F 3, AAREN 1 KkR4RTHH T,
¥~ bR aw  Cobitis matsubarae (Fig 2-4-D)

87KF%R 13 MICTHER S Nz WAERIE, MRS
KF5m. BERBHIS /KRS HTH»Tz. REEHT
d)—7T (V) iY77 ENTWVW5,

AVYRRY 3y (A Cobitissp3 (Fig 2-4-F)

R NEHKRTH 2 EBH)IIKR 3 ETHEREE N
Too BEERATIY—T (VU) 2573 NTN5,
¥F Pseudobagrus nudiceps (Fig 2-4-F)

97KK 38 M TCHEER E Nz, WERIZ. P PENl 6
KFR 21 S, HAM 37KR 17 HTh - T,

F X Silurus asotus (Fig 2-4-G)

13 7Kk% 28 S THERR X Nz, WERIE. R AR
KR 13 . HAEHI4KR 15 RTH -7z,

7 HY  Liobagrus reini (Fig 2-4-H)

6 /K%K 12 I THREEI NIz, WERIE. HEAMHEH 4
KF6 M, HARMEH 2/KR6 5TH- Tz, BEEHNT
dY—, Ly RTF—RT vy IRESBATFIV—T%
nEh, VU Ko7 TN THha%,

T hYF  Hypomesus nipponensis (Fig 2-5-A)

47KFR 5 MTHERR E Nz, WA, P a4 7k
ROHTHOETELHTH -7z
7. Plecoglossus altivelis altivelis (Fig 2-5-B)

137K%R 59 M THERR E Nz, MERIE. HEF PENI 8
KF 33 s, HAME 57Kk 26 siTH o 7z,
7592859+ Salmo trutta (Fig 2-5-C)

B NBRIKR TH L) KR 4 RTHEERE N,
=R Oncorhynchus mykiss (Fig 2-5-D)

5/k% 13 RCHR I Nz, MERIE. WE MBI 3
KR 9, HAMEHI 2/KkHR4ETH -T2,

Y Oncorhynchus keta (Fig 2-5-E)

67KFR I MTHER SNz, PMERIE. BRI 1 kR
155, HAEWEH S5 KREETH 7z, LYy RF—&Ty
IRESBEATIV—T EN) I 7ENTWS,

Y X (BEERD  Oncorhynchus masou masou
(Fig 2-5-F)

2KFR 2 RTHERRE NI, WERIE. PN R &
FENIKR 1. HAMER ZBEIKR1RTHD, W
TheE7<dEREL TV, BEEHNFIY—T
(ND. Ly RF—=2T v 7% SEA73Y—T (EN)
K7V 7ENTVS,

YA (%%  Oncorhynchus masou masou
(Sea run form) (Fig 2-5-G)

HAMEHARTH 2MRSKkFR 2 S THESI N,

BEATIUV—T (ND., Ly FF—&T v Ir®x<



LH7dV—T (EN) KT 7Ehh T3,
7d (EHRD  Oncorhynchus masou ishikawae
(Fig 2-5-H)

207K% 20 HCHER S iz, ARG, HEF PITEEI 4
K%K 16 . HABR 4AKR A4 HTHo T, BEHT
JY—T (ND. Ly RF—=2 Ty 7% <bAh5d
U—7T (EN) &5/ 7&h T3,
7=d (BER)  Oncorhynchus masou ishikawae
(Sea run form) (Fig 2-6-A)

3/KF% 10 s CHERR S Nz, NERIK. R NTER 2
K% 6 Bl BAMEH 1 KR4MTHoTz, HEATI
U—T (ND.Ly RF—& Ty r0EIEH7FIV—
T (EN) £V 7Eh T3,

A4 b3 (BAHEED) Gasterosteus sp. Japan Sea type
(Fig 2-6-B)

HABHKRTHSENNKR1 STHERIO
Too BREEHT IV — THEDOBND B 5 Mk {F ARE
LR Ly FF—=2Tw rRELEAH7FIY—T (DD)
o7 ENTV5,

AN\L A Odontesthes bonariensis

17K%R 1 M THER S Nz, BPWNEIkRTH M
HKFRDHTH >z,

HhEX  Gambusia affinis (Fig 2-6-F)

27KR 2 ATCHERR E Nic, NI, 2 THEF AEH
RTHoTz
AXH Olyzias latipes (Fig 2-6-G)

16 /K% 28 M CHEEEI Nz, NERIE. B PIIEI 11
K% 22 A, HAMAI5KR6 HTH-oTe, HEF AR
DOWMERGICIIBBEHTHS LETNABLEEEhTY
%o 5. HERRUTHIBHD A X ITIINEBIR, B AKX A,
VXX HEOYRELHRTZAEEIR NGNS
Teo BEEANTIV—T (VU), LY FF—ETv 7%
FLSBATIV—T EN) KTVTENTVS,

X Strongylura anastomella (Fig 2-6-H)

2IKFR 2 ATCHER E N, WERIR. 2T MNEH
KR TH o7z
71=F Y  Cottus kazika (Fig 2-7-A)

3IKFRI A THRE N, WERIE. 2 THAREM 37K
FRThH-oIz, BEEANTITV—T (VU). Ly FF—4
Ty IRESHBATIV—T EN) KT/ 7ENTNS,
KT (KERE!)  Cottus sp. LE (Fig 2-7-B)

27KFR 2 CHERR E Nz, AR, R AMER 1K
R, AREBH L KR1EATHo Tz, BEEAT I
Y—T (ND. Ly FF—2 7w IR b Ah7dY—
T EN) 5V 7ENT N5,
h¥h (h§RAEY)  Cottus sp. ME (Fig 2-7-C)

ERWERKRTHS8/IKHR 3 A THIEI N,

REEAHT7TIV—T (EN). Ly RF—&2T v 0%
RBEATFIV—T (CR) SV I ENTW3,
A¥Y =53 Coreoperca kawamebari (Fig 2-7-D)

97K% 30 M THER I Nz, WERIE. P NHER 6
K% 20 . BAMEBHI3/KR 108 TH-o Tz, REE
ATFIV—T (VU) KFVT7ENTW5,

AXF Lateolabrax japonicus (Fig 2-7-E)

7 KB 9 EATHEEE NI, WERIE. #F Wil 37k
%3, HAER 4/KkR6 1 THH- T,
abeF Terapon jarbua (Fig 2-7-F)

27KFR 2 HTHEER E Nz, WIRIE. 2 THEFE N
IKRTH->T,

ALY F  Rhyncopelates oxyrhynvhus (Fig 2-7-G)
2KFR IR THEREN, NERIE. HAER 2/kF%

Mo TH->Tz,

TIV—F)  Lepomis macrochirus (Fig 2-7-H)

9/KFR 12 HTHER SNz, WERIE. P WN#EH 5
IKRT . HAER 4 KRS M TH -,

A& 7 FINA  Micropterus salmoides (Fig 2-8-A)

14 KR 29 S CHERE NIz, WERIE. P BRI
107k% 21 |, AW 4 KRR TH- T,
FUHATY Carans sexfasciatus (Fig 2-8-B)

37KFR 3 M THERE Nz, NRZ. B AHEH 27K
%2/, BEREA1/KR1ETHoTz,

O =r7Y Caranx ignobilis (Fig 2-8-C)

27KFR 2 THERR S Nz, WERE. 2 THEF NYEl
KR TH- T
A 5F Leiognathus nuchalis (Fig 2-8-D)

HAEAKROFENIIKR 1 HCTHES N
raX A Acanthopagrus schiegelii (Fig 2-8-E)

WP NEBRDKRTH H1E8)IIKR 1 ACHRIE LT
K> Odontobutis obscura (Fig 2-8-F)

197/Kk% 61 R THERI N, ARIE. BENER
14 7K% 34 si. AR 5/KFR 27 KTH - T
#1773 Eleotris oxycephala (Fig 2-8-G)

R NERDKRTH H4ER)1IKR 1 mRCHERE L7
vk Leucopsarion petersi (Fig 2-8-H)

5/K% 6 M THEER S Nz, NERIE. EPMEA 2K
%2, BARBRIIKRA4RTHTz, REEATI
U—T (VU) ko7& hTW3,

I XY Luciogobius guttatus (Fig 2-9-A)

3/KHR 3 MTHERE N, NARIE. BFAWEH 1K
F1fH, ARER 2/KkR2H/TH> T,

AIUF Y Gymnogobius petschiliensis (Fig 2-9-B)

5/k% 13 HCHREI N, Wi, 2 THANEH
KR TH o7z,



WwExdY  Gymnogobius urotaenia (Fig 2-9-C)

4KF 5 HTHER I NIz, WERIE. U7 Al 1K
R, HABAI3KRARTH T,

Yt Glossogobius olivaceus (Fig 2-9-D)

27KFR 2 SUTHERR I N, WERIE. BB A 1 7K
R, HABEU1KRLATH T,

B Acanthogobius flavimanus (Fig 2-9-E)

37K%R 5 M THERRE Nz ARG, P gl 1K
F 15, AR 2KkR4RTH- T,
a2 5%\ Rhinogobius giurinus (Fig 2-9-F)

37K% 5 M THRE S Nize AR, 2 THAMEMIK
RT. W1 U EAVRATREZ BT KRR 2 ) 15
L#iTH o7z,

A4 /RY  Rhinogobius sp. LD (Fig 2-9-G)

57k% 11 JCHER S Nz WERIE. W= iR 4
KFR 10 1. HABHI1 AR RTH- 7,
a3 )RY  Rhinogobius sp. DA (Fig 2-9-H)

3KFR AR THERE Nz, WA, BANEN 2/k%R
28, HEXRBAIIKR2ETH -2, EREWERIKRD
WA BRRINA L LR THREEN I, Ly F7—&
Ty oRESEHTIV—T (EN) 527 ENTW\5,
=3/ RV Rhinogobius sp. CB (Fig 2-10-A)

11 7K% 29 S CHERE NIz, WERIE. BRI 7
KF 15 K. BAMR 47K% 14 HTH-> 7z,

#1732 /R Rhinogobius flumineus (Fig 2-10-B)

9IKFR 42 SATHER SNz, WERIE. WFE Wl 6
KR 18 s, HAHHH 37K% 24 JiTH - Tz,
r© 3> /3RY  Rhinogobius sp. OR (Fig 2-10-C)

12 K% 19 A THERE NI, WRIE, P AN
117k% 16 52, HAEN 1 KkR3H[TH-7. HEiE
HIZKFRDON 2 s IR KR & M1 2 LD LR T
Holz,

VY 32 7RY  Rhinogobius sp.CO (Fig 2-10-D)

WRENEAKRTH 2 BHNIIKSR | R THRLZ,
Ly RF—=2TwIrRELHEHATFIV—T (EN) IK5
VIENTVWAS,

RXF-F T Tridentiger brevispinis (Fig 2-10-E)

9IKFR 23 ) TCHEER E NTz, WERIE. B WM 5
KR 13 . HAMEMH 47KkFR 10 ATH -T2 TON.
U= NIRRT N KR B | X LR O
JNEZ LD 2 mUTHERR. HARWEAKSR TR 1k%R
20X LI CHER S Mz,

FF7  Tridentiger obscurus (Fig 2-10-F)

27KFR 2 ATCTHERR E Nz, WERIK. R PIHERl 1 7k
F 1. BAEBW1KR1RTSH- 7,

K1 LVF—  Channa argus (Fig 2-10-G)

7KK 10 HCHERRE Nz, WA, #P Wil 6

K% 9. HAMI 1 KR1RTH> T,
2975  Takifugu niphobles (Fig 2-10-H)
2 K% 2 S CHER I Nz, PERIE. P A 1K
F 1A, BEEN1KR1ETH T
RS
X LY (FEREE) Paratya compressa compressa
(Fig 2-11-A)
- BAREBHKRTH D AKHNKR 1 KTHERRL 7.
MNP RRLE  Cardina typus (Fig 2-11-B)
HARIKRTH 2 KRR 1 A THEREL T2,
IVULRARIY Cardina leucosticta (Fig 2-11-C)
87K% 16 M TCHER S Nz, WARE. P AR 4
KF 5, HAREM 4KR 11 HTHo T,
Y F XY Carding multidentata (Fig 2-11-D)
HAMHIKR TH S FE/ KR 1 FITHEREL 72,
Y ARXIY  Cardina seratirostris (Fig 2-11-E)
27KFR 2 MTHER S Nz, WERIE, 2 THAMERADK
ZTHo, Ly RF—RT w70 SB A7) —
T (ND K57 EhTna,
IS IRXLYE  Neocaridina denticulata (Fig 2-11-F)
21 /K% 55 M CHER E N ize WARIE. BRI
16 K% 31 |, HAMH 57K%K 24 fiTH o Tz,
AY LY Palaemon paucidens (Fig 2-11-G)
12K%R 21 STHEREI N, NARIE. BENEH
107k% 18 )i, HAWH 2/KR 3[R TH -7z,
FFHILYE  Macrobrachium nipponense (Fig 2-11-H)
107KHR 17 S THEERE Nz, MNERIE. P iERI 8
K% 14 fi. HARWHI 2/ KR I ETH > 7. HAREN
IKROW, FIENACRBTE 1 2 L & RKFHIDKR LD
X LD 2 SHhEENS,
IFIFFHLYE Macrobrachium formosense (Fig 2-12-A)
57KFR 15 FTHERR S Nz, WERIE. A N 2
K%R 3, HARBHI3Z KR 12 5TH- T,
557 HLE Macrobrachium japonicum
(Fig 2-12-B)
57Kk% 8 RTHERR S Nz, MERIE. BERNHER] 17k
F 1. BRBA4KRTRTH-> 7,
TAYHAYFY K= Procambarus clarkii (Fig 2-12-C)
7K%R 8 RTCHERR E Nz, WERIE. HEF AMMERI 5 7K
R 5. AR 2/ KR3MTH> 7,
YU H  Geothelphusa dehaani (Fig 2-12-D)
11 7k% 31 W THER T Nz, WL, BANHEH 6
KR 11 . HAMER 57KkFR 20 STH-o 7z,
€2 XK= Eriocheir japonica (Fig 2-12-E)
12 7K% 48 R CHERR E Nize NARIK. B WM 7
KR 26 . HEREH 6 7KFR 22 HTHoTz,
Fig 2-1-2-12 A




A Lethenteron reissneri

C  Cyprinus carpio

D Carassius cuvieri

3 G Tanakialimbata

4 H  Rhodeus ocellatus ocellatus

Fig.2-1 Sites cofirmed distribution of the species.




A Ischikauia steenacker 3 E  Zacco sieboldii 3

D
D Zacco temmincki 3 H  Tribolodon hakonensis 3

Fig.2-2 Sites cofirmed distribution of the species.
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A Pseudorasbora parva 3 E  Hemibarbus longirostris

o>
C  Gnathopogon elongatus elongatus } G Hemibarbus barbus

O ®

D  Pseudogobio esocinus esocinus S H  Squalidus gracilis gracilis

Fig.2-3 Sites cofirmed distribution of the species.




E  Cobitis sp.3

C  Cobitis biwae 3 G Silurus asotus 3
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D Cobitis matsubarae 3 H  Liobagrus reini 3

Fig.2-4 Sites cofirmed distribution of the species.
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B Plecoglossus altivelis altivelis 4 F  Oncorhynchus masou masou 4

<3 ’a

Y %

C  Salmo trutta

D  Oncorhynchus mykiss 4 H  Oncorhynchus masou ishikawae 4

Fig.2-5 Sites cofirmed distribution of the species.




o>
A Oncorhynchus masou ishikawae(Sea run form) E  Odontesthes bonariensis
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B Gasterosteus sp. Japan Sea type 3 F  Gambusia affinis
4 4
L e g .
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A
)
RS S
G Olyzias latipes
[
o % .
D Chelon haematocheilus 4 H  Strongylura anastomella

Fig.2-6 Sites cofirmed distribution of the species.
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A Cottus kazika 3

B Cortus sp. LE 3 F  Terapon jarbua
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. gy %
r
Y
S
5N % .
C  Cottus sp. ME 4 G Rhyncopelates oxyrhynvhus

D  Coresperca kawamebari 3 H  Lepomis macrochirus

Fig.2-7 Sites cofirmed distribution of the species.
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S Lo
A Micropterus salmoides 4 E  Acanthopagrus schlegelii 3

D  Leiognathus nuchalis H  Leucopsarion petersi 4

Fig.2-8 Sites cofirmed distribution of the species.




D
A Luciogobius guttatus 4 E  Acanthogobius flavimanus

Rhinogobius sp. LD

D  Glossogobius olivaceus 3 H  Rhinogobius sp. DA

Fig.2-9 Sites cofirmed distribution of the species.




Tridentiger obscurus

G Channa argus 3

lw)

Rhinogobius sp.CO 4 H  Takifugu niphobles 3

Fig.2-10 Sites cofirmed distribution of the species.
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B Cardina typus 3 F  Neocaridina denticulata
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°EX
D  Cardina multidentata 4 H  Macrobrachium nipponense

Fig.2-11 Sites cofirmed distribution of the species.
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°H
C  Procambarus clarkii 3

E  Eriocheir japonica

Fig.2-12 Sites cofirmed distribution of the species.
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Table 2-1 Distributions of fishes and decapod crustaceans in river systems flowing to the Seto Inland Sea.

@ : present, — : absent,
Family Scientific Name Japanese Name Oze Nishiki Aki Miya Yashiro
Petromyzontidae Lethenteron japonicum KAWAYATSUME — — - — —
Lethenteron reissneri SUNAYATSUME ® o — — —
Elopidae Elops hawaiensis KARAIWASI — — — — —
Anguillidae Anguilla japonica UNAGI [ [ ] — ® [
Clupeidae Konosirus punctatus KONOSHIRO [ J o — ® [ ]
Sardinella zunasi SAPPA — @ — @ —
Engraulidae Engraulis japonicus KATAKUCHIIWASI — — — — —
Cyprinidae Cyprinus carpio - KOI [ ] [ ] — [ ] [ ]
Carassius cuvieri GENGOROBUNA ® — — — —
Carassius auratus langsdorfii GINBUNA [ J o — @ o
Carassius auratus subsp.2 KINBUNA — ® — — —
Carassius auratus buergeri OHKINBUNA — — — - —
Carassius sp. FUNA sp — — - — —
Tanakia lanceolata YARITANAGO - - — - -
Tanakia limbata ABURABOTE o [ J — — —
Acheilognathus rhombeus KANEHIRA — ® — — —
Acheilognathus c tig ICHIMONJITANAGO — ® — - —
Acheilognathus tabira tabira SHIROHIRETABIRA o — — - -
Rhodeus ocellatus ocellatus TAIRIKUBARATANAGO — - - - -
Hypophthalmichthys molitrix HAKUREN — - - — -
Aristichthys nobilis KOKUREN — — - - -
Ischikauia steenackeri WATAKA ® @ — — —
Opsariichthys uncirostris uncirostris HASU ® o — — —
Zacco platypus OIKAWA o ® — — [ ]
Zacco temmincki KAWAMUTSU ® o — o @
Zacco sieboldii NUMAMUTSU — - - - -
Ctenopharyngodon idellus SOUGYO — @ — — —
Phoxinus oxycephalus TAKAHAYA o ® — — —
Tribolodon hakonensis UGUI [ ] [ ) — — —
Pseudorasbora parva MOTSUGO — — — — -
Sarcocheilichthys variegatus variegatus KAWAHIGAI — — — - —
Sarcocheilichthys variegatus microculus BIWAHIGAI — ® — — -
Pungtungia herzi MUGITSUKU ® ® — — —
Gnathopogon elongatus elongatus TAMOROKO [ J - - - -
Gnathopogon caerulesceus HONMOROKO o e — - -
Biwia zezera ZEZERA — - - - -
Pseudogobio esocinus esocinus KAMATSUKA ® [ J — — —
Hemibarbus longirostris ZUNAGANIGOI ® ® — — —
Hemibarbus labeo KOURAINIGOI [ ® — - -
Hemibarbus barbus NIGOI [ ] o — — -
Squalidus gracilis gracilis ITOMOROKO o @ - — -
Squalidus japonicus japonicus DEMEMOROKO - - - - —
Squalidus chankaensis biwae SUGOMOROKO o ® - — -
Squalidus chankaensis subsp. KOURAIMOROKO [ - - - -
Cobitidae Misgurnus anguillicaudatus DOJYO [ ] @ — — —
Cobitis takatsuensis ISHIDOJYO — ® — — —
Cobitis biwae SHIMADOJYO o @ — — —
Cobitis matsubarae YAMATOSHIMADOJYO — - — — -
Cobitis sp.3 SUJISHIMADOJYO(CHYUGATA) — — - - -
Bagridae Pseudobagrus nudiceps GIGI ® ® - - -
Siluridae Silurus asotus NAMAZU o ® — — —
Amblycipitidae  Liobagrus reini AKAZA ® L J — — —
Plotosidae Plotosus lineatus GONZUI — — — _ _
Osmeridae Hypomesus nipponensis WAKASAGI — — - — —
Plecoglossidae  Plecoglossus altivelis altivelis AYU o ® — [ o
Salangidae Salangichthys microdon SHIRAUO - — — — —
Salmonidae Salmo trutta BRAWN TOROUT ® — - — —
Oncorhynchus mykiss NIJIMASU ® ® — — —
Salvelinus fontinalis KAWAMASU — ® — — —
Salvelinus leucomaenis imbrius GOGI — e — — —
Oncorhynchus keta SAKE - - - - -
Oncorhynchus masou masou YAMAME — — — - -
Oncorhynchus masou masou SAKURAMASU - - - — -
Oncorhynchus masou ishikawae AMAGO ® o - - -
Oncorhynchus masou ishikawae SATSUKIMASU o o — — —
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Table 2-1 (from previous sheet)

Family Scientific Name Japanese Name Oze Nishiki Aki Miya Yashiro
Gasterosteidae Gasterosteus sp. Japan Sea type ITOYO(NIHONKAIGATA) — — — — —
Syngnathidae Hippichthys penicillus GANTENISHIYOUJI — — — — —
Mugilidae Mugil cephalus cephalus BORA ® ® o o L
Chelon affints SESUJIBORA — — - - -
Chelon haematocheilus MENADA [ J [ J — — —
Atherinidae Qdontesthes bonariensis PEHEREI o o — — —
Hypoatherina valenciennes TOGOROIWASI — - - - -
Poeciliidae Gambusia affinis KADAYASHI — — - — —
Adrianichthyidae Olyzias latipes MEDAKA o [ — o o
Hemiramphidae Hyporhamphus sajori SAYORI o o — — ®
Hyporhamphus intermedius KURUMESAYORI — — — — —
Belonidae Strongylura anastomella DATSU — o — — —
Tylosurus crocodilus crocodilus OKIZAYORI - - — - -
Platycephalidae  Platycephalus sp.2 MAGOCHI — - - - -
Hexagrammidae Hexagrammos otakii AINAME — o — — —
Cottidae Cottus kazika KAMAKIRT — — — — _
Cottus sp. LE KAJIKA(TAIRANGATA) o o — — —
Cottus sp. ME KAJIKA(CHYURANGATA) - o - - -
Sinipercidae Coreoperca kawamebari OYANIRAMI  J [ - - —
Moronidae Lateolabrax japonicus SUZUKI o @ — — —
Terapontidae Terapon jarbua KOTOHIKI — o — - —
Rhyncopelates oxyriymvhus SHIMAISAKI ® L — — ®
Centrarchidae  Lepomis macrochirus BLUEGIRU [ L — — —
Micropterus salmoides OOKUCHIBASS ® o — — —
Sillaginidae Sillago japonica SHIROGISU L J — — — -
Carangidae Trachurus japonicus MAAJI - - - — -
Caranx sexfasciatus GINGAMEA]JI — — — - —
Caranx ignobilts ROUNINAJI — — - - -
Leiognathidae Leiognathus nuchalis HIIRAGI ® o — — —
Sparidae Acanthopagrus schlegelii KURODAI ® o — — o
Acanthopagrus latus KICHINU — — - — -
Blenniidae Omobranchus punctatus IDATENGINPO - — — - -
Odontobutidae ~ Odontobutis obscura DONKO o o — — o
Odontobutis hikimius ISIDONKO - - - - -
Eleotoridae Eleotris oxycephala KAWAANAGO — — - - —
Gobiidae Periophthal destu. TOBIHAZE — — — — L
Leucopsarion petersi SHIROUO — ® — o ®
Luciogobius pallidus IDOMIMIZUHAZE — — — -
Luciogobius guttatus MIMIZUHAZE e o — — —
Eutaeniichthys gilli HIMOHAZE - - - - -
Chaenogobius gulosus DOROME — — - - -
Gymnogobius petschiliensss SUMIUKIGORI - — - - -
Gymmnogobius urotaenia UKIGORI o o — — —
Gymnogobius breunigii BIRINGO ® o — — o
Glossogobius olivaceus UROHAZE — ® — — —
Acanthogobius flavimanus MAHAZE [ [ — — ®
Acanthogobius lactipes ASHISHIROHAZE — o — — —
F igobius gy h HIMEHAZE o — — - o
Mugilogobius abei ABEHAZE o — - - -
Acentrogobius pflaumii SUJIHAZE — - - - -
Rhinogobius giurinus GOKURAKUHAZE o o — { —
Rhinogobius sp. LD OOYOSHINOBORI e o — ® —
Rhinogobius sp. DA KUROYOSHINOBORI — — — — o
Rhinogobius sp. CB SHIMAYOSHINOBORI ® o ® ® -
Rhinogobius flumineus KAWAYOSHINOBORI [  J — — —
Rhinogobius sp. OR TOUYOSHINOBORI o o — — —
Rhinogobius sp. CO RURIYOSHINOBORI — - - - -
Tridentiger trigonocephalus AKAOBISHIMAHAZE — — - - -
Tridentiger bifasciatus SHIMOFURISHIMAHAZE - — - - -
Tridentiger brevispinis NUMACHICHIBU ® o — - -
Tridentiger obscurus CHICHIBU { ] o - ® ®
Parioglossus dotui SATSUKIHAZE — - - - -
Channidae Channa maculata TAIWANDOJYO ® — — — —
Channa argus KAMURUCHI - - - - -
Paralichthyidae  Paralichthys olivaceus HIRAME — — - —
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Table 2-1 (from previous sheet)
Family Scientific Name Japanese Name Oze Nishiki Aki Miya Yashiro
Pleuronectidae  Kareius bicoloratus ISHIGAREI @ — — — @
Pleuronectes herzensteini MAGARE! — — — — —
Tetraodontidae  Tokifugu niphobles KUSAFUGU [ J [ J [ [ ) [ J
Takifugu pardalis HIGANFUGU — o — — —
Atydae Palratya compressa compressa NUMAEBI @ - - - -
Cardina typus TOGENASHINUMAEBI — — — — —
Cardina leucosticta MIZORENUMAEBI — — o — —
Cardina multidentata YAMATONUMAEBI — — - — -
Cardina seratirostris HIMENUMAEBI — - - - -
Neocaridina denticulata - MINAMINUMAEBI ® ® ® o o
Palaemonidae Palaemon paucidens SUJIEBIL o — — - ®
Palaemon serrifer SUJIEBIMODOKI - - — — -
Macrobrachium nipponense TENAGAEBI [ J @ — — —
Macrobrachium formosense MINAMITENAGAERI — [ ) - — —
Macrobrachium japonicum HIRATETENAGAEBI — - - - -
Exopalaemon orientis SHIRATAEBI — - - - -
Cambaridae Procambarus clarkii AMERIKAZARIGANI — — — — —
Potamidae Geothelphusa dehaani SAWAGANI @ @ — ® o
Grapsidae Eriocheir japonica MOKUZUGANI ® ® — — —
Gaetice depressus HIRAISOGANI ® — — — -
Hemigrapsus penicillatus KEFUSAISOGANI @ — — — —
Helice tridens ASHIHARAGANI - - - - -
Chir tes h tochei; AKATEGANI @ — — — —
Chiromantes dehaani KUROBENKEIGANI o — - - -
Chiromantes bidens FUTABAKAKUGANI — - - - -
Ocypodidae Camptandrium sexdentat MUTUHAARIAKEGANI — — — — —
Deiratonotus cristatus ARIAKEMODOKI - — - - -
Portunidae Portunus trituberculatus GAZAMI — — — — _
Callianassidae Callianassa japonica NIHONSUNAMOGURI - — - - -
Upogebiidae Upogebia major ANAJYAKO — — — — —
Penaeidae Metapenaeus moyebi MOEBI — — — . —
Hippolytidae Heptacarpus geniculatus KOSHIMAGARIMOEBI — — — - —
Table 2-2 Distributions of fishes and decapod crustaceans in river systems flowing to the Sea of Japan.
@ : present, — : absent,
Family Scientific Name Japanese Name Kawatana Awano
Petromyzontidae  Lethenteron japonicum KAWAYATSUME - —
Lethenteron reissneri SUNAYATSUME — —
Elopidae Elops hawaiensis KARAIWASI — -
Anguillidae Anguilla japonica UNAGI — [ ]
Clupeidae Konosirus punctatus KONOSHIRO — @
Sardinella zunasi SAPPA — —
Engraulidae Engraulis japonicus KATAKUCHIIWASI — —
Cyprinidae Cyprinus carpio KOl — ®
Carassius cuvieri GENGOROBUNA - -
Carassius auratus langsdorfii GINBUNA ® [
Carassius auratus subsp.2 KINBUNA - -
Carassius auratus buergeri OOKINBUNA — —
Carassius sp. FUNA sp - -
Tanakia lanceolata YARITANAGO — o
Tanakia limbata ABURABOTE — o
Acheilognathus rhombeus KANEHIRA - -
Acheilognathus ¢ g ICHIMONJITANAGO —
Acheilognathus tabira tabira SHIROHIRETABIRA — —
Rhodeus ocellatus ocellatus TAIRIKUBARATANAGO — —
Hypophthalmichthys molitrix HAKUREN -
Aristichthys nobilis KOKUREN - -
Ischikauia steenackeri WATAKA — —
Opsariichthys uncirostris uncirostris HASU - —
Zacco platypus OIKAWA o [
Zacco temmincki KAWAMUTSU @ o
Zacco sieboldii NUMAMUTSU - -
Ctenopharyngodon idellus SOUGYO — —
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Table 2-2 (from previous sheet)

Family Scientific Name Japanese Name Kawatana Awano
Phoxinus oxycephalus TAKAHAYA — o
Tribolodon hakonensis UGUI — o
Pseudorasbora parva MOTSUGO — —
Sarcocheilichthys variegatus variegatus KAWAHIGAI —
Sarcocheilichthys variegatus microculus BIWAHIGAI —
Pungtungia herzi MUGITSUKU ® -
Gnathopogon elongatus elongatus TAMOROKO —
Gnathopogon caerulesceus HONMOROKO —
Biwia zezera ZEZERA — -
Pseudogobio esocinus esocinus KAMATSUKA — o
Hemibarbus longirostris ZUNAGANIGOI - —
Hemibarbus labeo KOURAINIGOL — -
Hemibarbus barbus NIGO1L — —
Squalidus gracilis gracilis ITOMOROKO ® L
Squalidus japonicus japonicus DEMEMOROKO — —
Squalidus chankaensis biwae SUGOMOROKO — —
Squalidus chankaensis subsp. KOURAIMOROKO -
Cobitidae Misgurnus anguillicaudatus DOJYO [ ) —
Cobitis takatsuensis ISHIDOJYO — o
Cobitis biwae SHIMADOJYO — -
Cobitis matsubarae YAMATOSHIMADOJYO o ®
Cobitis sp.3 SUJISHIMADOJYO(CHYUGATA) — -
Bagridae Pseudobagrus nudiceps GIGI — o
Siluridae Silurus asotus NAMAZU — ®
Amblycipitidae Liobagrus reini AKAZA — [
Plotosidae Plotosus lineatus GONZUI — —
Osmeridae Hypomesus nipponensis WAKASAGI — —
Plecoglossidae Plecogl ltivelis altiveli: AYU — ®
Salangidae Salangichthys microdon SHIRAUO — —
Salmonidae Salmo trutta BRAWN TOROUT — —
Oncorhynchus mykiss NIJIMASU — o
Salvelinus fontinalis KAWAMASU - -
Salvelinus leucomaenis imbrius GOGI - -
Oncorhynchus keta SAKE — o
Oncorhynchus masou masou YAMAME — o
Oncorhynchus masou masou (Sea run form) SAKURAMASU — ®
Oncorhynchus masou ishikawae AMAGO - [
Oncorhynchus masou ishikawae (Sea run form) SATSUKIMASU — —
Gasterosteidae Gasterosteus sp. Japan Sea type ITOYO(NTHONKAIGATA) —
Syngnathidae Hippichthys penicillus GANTENISHIYOUJI — —
Mugilidae Mugil cephalus cephalus BORA — o
Chelon affinis SESUJIBORA — -
Chelon haematocheilus MENADA — o
Atherinidae Odontesthes bonariensis PEHEREI e -
Hypoatherina valenciennei TOHGOROIWASI
Poeciliidae Gambusia affinis KADAYASHI — —
Adrianichthyidae  Olyzias latipes MEDAKA ® ®
Hemiramphidae Hyporhamphus sajori SAYORI e —
Hyporhamphus intermedius KURUMESAYORI — -
Belonidae Strongylura anastomella DATSU — -
Tylosurus crocodslus crocodilus OKIZAYORI - -
Platycephalidae Platycephalus sp.2 MAGOCHI — -
Hexagrammidae  Hexagrammos otakii AINAME - -
Cottidae Cottus kazika KAMAKIRI — -
Cottus sp. LE KAJIKA(TAIRANGATA) — ®
Cottus sp. ME KAJIKA(CHYURANGATA) — —
Sinipercidae Coreoperca kawamebari OYANIRAMI - ®
Moronidae Lateolabrax japonicus SUZUKI [ ]
Terapontidae Terapon jarbua KOTOHIKI — —
Rhyncopelates oxyrhynvhus SHIMAISAKI - -
Centrarchidae Lepomis macrochirus BLUEGIRU — (]
Micropterus salmoides OOKUCHIBASS — o
Sillaginidae Sillago japonica SHIROGISU — —
Carangidae Trachurus japonicus MAAJI . —
Caranx sexfasciatus GINGAMEAJI —
Caranx ignobilis ROUNINAJI -
Leiognathidae Leiognathus nuchalis HIIRAGE - -
Sparidae Acanthopagrus schlegelii KURODAI —-
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Table 2-2 (from previous sheet)

Family Scientific Name Japanese Name Kawatana Awano
Acanthopagrus latus KICHINU - —
Blenniidae Omobranchus punctatus IDATENGINPO — —
QOdontobutidae Odontobutis obscura DONKO ® o
Odontobutis hikimius ISIDONKO — —
Eleotoridae Eleotris oxycephala KAWAANAGO — —
Gobiidae Periophthalumus modestus TOBIHAZE — —
Leucopsarion petersi SHIROUO — o
Luciogobius pallidus IDOMIMIZUHAZE — —
Luciogobius guttatus MIMIZUHAZE — @
Eutaeniichthys gilli HIMOHAZE — —
Chaenogobius gulosus DOROME - —
G gobius petschili SUMIUKIGORI ® [
Gymmnogobius urotaenia UKIGORI ® [
Gymnogobius breunigii BIRINGO - -
Glossogobius olivaceus UROHAZE - -
Acanthogobius flavi MAHAZE — —
Acanthogobius lactipes ASHISHIROHAZE — —
Favonigobius gy hen HIMEHAZE — —
Mugilogobius abei ABEHAZE - -
Acentrogobius pflaumii SUJIHAZE — -
Rhinogobius giurinus GOKURAKUHAZE — o
Rhinogobius sp. LD OOYOSHINOBORI — o
Rhinogobius sp. DA KUROYOSHINOBORI - o
Rhinogobius sp. CB SHIMAYOSHINOBORI @ ®
Rhinogobius flumineus KAWAYOSHINOBORI — @
Rhinogobius sp. OR TOUYOSHINOBORI ® —
Rhinogobius sp. CO RURIYOSHINOBORI — —
Tridentiger trigonocephalus AKAOBISHIMAHAZE — —
Tridentiger bifasciatus SHIMOFURISHIMAHAZE — —
Tridentiger brevispinis NUMACHICHIBU — [
Tridentiger obscurus CHICHIBU @ ®
Parioglossus dotui SATSUKIHAZE — -
Channidae Channa maculata TAIWANDOJYO — —
L Channa argus KAMURUCHI - [
Paralichthyidae Paralichthys olivaceus . HIRAME — —
Pleuronectidae Kareius bicoloratus ISHIGAREI - —
Pleuronectes herzensteini MAGAREI - -
Tetraodontidae Takifugu niphobles KUSAFUGU — —
- Takifugu pardalis HIGANFUGU — -
Atydae FPalratya compressa compressa NUMAEBI — —
Cardina typus TOGENASHINUMAEBI — -
Cardina leucosticta MIZORENUMAEBI o [ ]
Cardina multidentata YAMATONUMAERI — ®
Cardina seratirostris HIMENUMAEBI — [ J
Neocaridina denticulata MINAMINUMAEBI ® [
Palaemonidae Palaemon paucidens SUJIEBI — o
Palaemon serrifer SUJIEBIMODOKI — —
Macrobrachium nipponense TENAGAERI — —
Macrobrachium formosense MINAMITENAGAEBI — ®
Macrobrachium japonicum HIRATETENAGAEBI [ J o
Exopalaemon orientis SHIRATAEBI — -
Cambaridae Procambarus clarkii AMERIKAZARIGANI — —
Potamidae Geothelphusa dehaant SAWAGANI — [ ]
Grapsidae Eriocheir japonica MOKUZUGANI o ®
Gaetice depressus HIRAISOGANI — —
Hemigrapsus penicillatus KEFUSAISOGANI — —
Helice tridens ASHTHARAGANI — —
Chiromantes haematocheir AKATEGANI — -
Chiromantes dehaani KUROBENKEIGANI — e
Chiromantes bidens FUTABAKAKUGANI — —
Ocypodidae Camptandrium sexdentatum MUTUHAARIAKEGANI — —
Deiratonotus cristatus ARIAKEMODOKI - -
Portunidae Portunus trituberculatus GAZAMI — —
Callianassidae Callianassa japonica NIHONSUNAMOGURI — —
Upogebiidae Upogebia major ANAJYAKO — —
Penaeidae Metapenaeus moyebi MOEBI — d
Hippolytidae Heptacarpus geniculatus KOSHIMAGARIMOEBI — —
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Table 3-1 Number of species categorized by the life type in river systems flowing to the Seto Inland Sea.

Taxon Life type Nishiki Miya Yashiro  Shimata  Suetake
Fish Non-diadoromous 56 7 16 60 17
Fluval and/or lacustirne 36 38 4 6 29 16
Brackish water and/or marine 14 18 3 10 31 1
Diadoromous fish 12 6 6 11 12
Catadoromous 1 1 1 1 1 1
Anadoromous 1 1 1 0
Amphidoromous 8 9 4 4 10 11
Decapod crustacean  Non-diadoromous 1 2 2 2 —
Fluval and/or lacustirne 2 1 2 2 2 —
Brackish water and/or marine 4 0 — — 0 —
Diadoromous 2 — — 3 —
Catadoromous 1 1 — — 0 —
Amphidoromous 2 1 — — 3 —

Table 3-2 Number of species categorized by the life type in river systems flowing to the Sea of Japan.

Taxon Life type Kawatana Awano Fukawa Misumi Abu Ooi Tama
Fish Non-diadoromous 9 32 18 12 48 28 26
Fluval and/or lacustirne 9 27 14 9 30 23 17
Brackish water and/or marine 0 5 4 3 18 5 9
Diadoromous 6 12 11 8 15 12 12
Catadoromous 1 1 2 1 2 2 2
Anadoromous 0 2 3 3 4 1 3
Amphidoromous 5 9 6 4 9 9 7
Decapod crustacean  Non-diadoromous 1 3 2 1 11 4 —
Fluval and/or lacustirne 1 3 2 1 5 4 —
Brackish water and/or marine 0 0 0 0 6 0 —
Diadoromous 3 6 2 1 3 7 —
Catadoromous 1 1 1 1 1 1 —
Amphidoromous 2 5 1 0 2 6 —
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Table 4-1 Thereatened Fishes and Decapod crustaceans confirmed at the inland water in Yamaguchi Prefecture.
(The Seto inland Sea side River system)

Scientific Name Japanese Name %;ggéf)fyl Red Data léc;ct):gggngguc}u*z Oze Nishiki Aki
Lethenteron japonicum KAWAYATSUME VU DD
Lethenteron reissneri SUNAYATSUME vu vu ® @
Anguilla japonica UNAGI DD { O
Carassius cuvieri GENGOROHBUNA EN [ ®
Carassius auratus subsp.2 KINBUNA NT ®
Tanakia lanceolata YARITANAGO NT
Tanakia limbata ABURABOTE NT o [ J
Acheilognathus stig ICHIMONJITAMAGO CR [
Acheilognathus tabira tabira SHIROHIRETABIRA EN o
Ischikauia steenackeri WATAKA EN o o
Opsariichthys uncirostris uncirostris HASU vu ® O
Zacco sieboldii NUMAMUTSU CR
Pseudorasbora parva MOTSUGO VU
Sarcocheilichthys variegatus variegatus KAWAHIGAI NT
Gnathopogon caerulesceus HONMOROKO CR ®
Squalidus japonicus jap DEMEMOROKO VU
Squalidus chankaensis biwae SUGOMOROKO NT ® ®
Misgurnus anguillicaudatus DOJYO EN o o
Cobitis takatsuensis ISHIDOJYO EN VU o
Cobitis matsubarae YAMATOSHIMADOJYO VU
Cobitis sp.3 SUJISHIMADOJYO(TYUGATA) VU
Liobagrus reini AKAZA VU vu ®
Salangichthys microdon SHIRAUO DD
Salvelinus leucomaenis imbrius GOGI vu EN
Oncorhynchus keta SAKE EN
Oncorhynchus masou masou YAMAME (SAKURAMASU) NT EN
Oncorhynchus masou ishikawae AMAGO(SATSUKIMASU) NT EN
Gasterosteus sp. Japan Sea type ITOYO(NTHONKAIGATA) LP DD
Olyzias latipes MEDAKA vU EN ®
Hyporhamphus intermedius KURUMESAYORI NT
Cottus kazika KAMAKIRI(AYUKAKE) VU EN
Cottus sp. LE KAZIKA(TAIRANGATA) NT EN o
Cottus sp. ME KAZIKA(TYURANGATA) EN CR O
Coreoperca kawamebars OYANIRAMI vu O
Odontobutis hikimius ISHIDONKO DD
Periophthalumus modestus TOBIHAZE NT
Leucopsarion petersi SHIROUO VU ®
Luciogobius pallidus IDOMIMIZUHAZE NT DD
Eutaeniichthys gilli HIMOHAZE NT
Rhinogobius sp. DA KUROYOSHINOBORI EN
Rhinogobius sp.CO RURIYOSHINOBORI EN
Cardina seratirostris HIMENUMAEBI NT

% 1 : Ministry of Environment(2007/8/3) : Red List - Brackish and Fresh Water Fishes

* 2 Yamaguchi Prefectural Office(2002) : Red Data Book Yamaguchi
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Table 4-2 Thereatened Fishes and Decapod crustaceans confirmed at the inland water in Yamaguchi Prefecture
(The Sea of Japan side River system).

Scientific Name Japanese Name RCe;it é‘égt:;} Red Data l?:g(t)é(g\ge[l;,ngguchi*Z Kawatana Awano
Lethenteron japonicum KAWAYATSUME VU DD
Lethenteron reissneri SUNAYATSUME VU vu
Anguilla japonica UNAGI DD O
Carassius cuviert GENGOROHBUNA EN o
Carassius auratus subsp.2 KINBUNA NT
Tanakia lanceolata YARITANAGO NT O
Tanakia limbata ABURABOTE NT O
Acheilognathus ¢ tigma ICHIMONJITAMAGO CR
Acheilognathus tabira tabira SHIROHIRETABIRA EN
Ischikauia steenackeri WATAKA EN
Opsariichthys uncirostris uncirostris HASU VU
Zacco steboldii NUMAMUTSU CR
Pseudorasbora parva MOTSUGO VU
Sarcocheilichthys variegatus variegatus KAWAHIGAT NT
Gnathopogon caerulesceus HONMOROKO CR
Squalidus japonicus japonicus DEMEMOROKO VU
Squalidus chankaensis biwae SUGOMOROKO NT
Misgurnus anguillicaudatus DOJYO EN @]
Cobitis takatsuensis ISHIDOJYO EN VU O
Cobitis matsubarae YAMATOSHIMADOJYO vu O O
Cobitis sp.3 SUJISHIMADOJYO(TYUGATA) VU
Liobagrus reini AKAZA VU VU O
Salangichthys microdon SHIRAUO DD
Salvelinus leucomaenis imbrius GOGI VU EN
Oncorhynchus keta SAKE EN O
Oncorhynchus masou masou YAMAME (SAKURAMASU) NT EN o
Oncorhynchus masou ishtkawae AMAGO (SATSUKIMASU) NT EN [ }
Gasterosteus sp. Japan Sea type ITOYO(NIHONKAIGATA) LP DD
Olyzias latipes MEDAKA VU EN O O
Hyporhamphus intermedius KURUMESAYORI NT
Cottus kaztka KAMAKIRI(AYUKAKE) VU EN
Cottus sp. LE KAZIKA(TAIRANGATA) NT EN O
Cottus sp. ME KAZIKA(TYURANGATA) EN CR
Coreoperca kawamebari OYANIRAMI VU O
Odontobutis hikimius ISHIDONKO DD
Periophthalumus modestus TOBIHAZE NT
Leucopsarion petersi SHIROUO VU O
Luciogobius pallidus IDOMIMIZUHAZE NT DD
Eutaeniichthys gilli HIMOHAZE NT
Rhinogobius sp. DA KUROYOSHINOBORI EN O
Rhinogobius sp. CO RURIYOSHINOBORI EN
Cardina seratirostris HIMENUMAEBI NT o

% 1 Ministry of Environment(2007/8/3)
% 2 Yamaguchi Prefectural Office(2002)

: Red List - Brackish and Fresh Water Fishes

* Red Data Book Yamaguchi
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Mating experiments of Japanese Flounder (Paralichthys olivaceus) using
Microsatellite DNA Marker

Minoru Murata, Keiji Matuo

Abstract
Microsatellite DNA was applied for identifying the parents of the progeny groups of Japanese Flounder
(Paralichthys olivaceus) , which mixed and reared in the same tanks.
Our experiments showed that the combination of parents with appropriate microsatellite DNA markers
should be selected and mixed in the same nursery tank, and microsatellite DNA was useful for the

identification of clonal lines.

Key words : microsatellite DNA, Japanese Flounder
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Information on the Ecology of Longheaded Eagle Ray, Aetobatus flagellum,
Appeared at the Coastal Waters of Suo Nada

I - Recent Trend on the Size Distribution and the Appearance Period
off Sanyo-Onoda Region in Yamaguchi Prefecture

Akihito WANISHI and Takafumi KOYANAGI

The longheaded eagle ray, Aetobatus flagellum, which preys on a large quantity of shellfishes such
as the short necked clam, Ruditapes philippinarum, appeared at the warm season in every year at the
coastal waters along Yamaguchi Prefecture in Suo Nada since 2002. Schools of longheaded eagle rays
began to appear at the coast of Sanyo-Onoda located in the northwest part of Suo Nada from May at
the water temperature exceeding 17°C and disappeared by the end of November lower than 17°C.
921 longheaded eagle rays (802 females and 119 males) were captured off Sanyo-Onoda region in
Yamaguchi Prefecture from May to November in 2007 and 2008, and measured disc width (DW). Mean
DW values of females (106.9cm=20.6cm) were much bigger than those of males (79.6 cm=10.9cm).
Monthly mean DW values of females decreased distinctly after July, in contrast, those of males showed
a tendency to decrease slightly from July to September. The sex ratio also varied monthly. Females
accounted for 93% of all longheaded eagle rays captured in May, but the ratio significantly fell to 29% in
September and it increased again to reach 63% in November. These phenomena were thought to be in
connection with their breeding behavior. It is suggested that the relatively high male ratio from August
to October synchronized with the mating period of this species at the coastal waters off Sanyo-Onoda. To
understand the ecology of this migratory longheaded eagle ray, habitat of males just before appearing at
the coast of Sanyo-Onoda, growth of juveniles and habitat in the cold season etc. should be elucidated.

Key words : Longheaded eagle ray; disc width; sex ratio; Sanyo-Onoda; Suo Nada
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Fig.1 Longheaded eagle ray, Aetobatus flagellum, captured off Sanyo-Onoda region in Yamaguchi Prefecture. (a)
Teeth. Notice the washboard-like surface. (b) Whole of a caudal spine {upper) and the tip showing the saw-like

structure (lower).
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Table 1 Number of the longheaded eagle ray,
- Aetobatus flagellum, removed in Yamaguchi Prefecture
at each year from 2003 to 2008

Number of individuals
Disposal

Year - Total Area

Shipboard Land (A+B)

(A) B)

2003 5,009 - 5,009 SO
2004 3,786 1,021 4,807 SO
2005 734 1,440 2,174 SO,Ub,FR
2006 120 1,909 2,029 SO,Ub,FR
2007 - 3,290 3,290 SO,UbFR
2008 - 3,086 3,086 SO,Ub,FR
Total 9,649 10,746 20,395

(A) After cutting tails off, longheaded eagle rays were
released into the sea, since they were thought not to
survive due to the damage.

(B) Longheaded eagle rays were disposed on land.

SO, the region off Sanyo-Onoda; Ub, the region off
Ube; FR, the mouth of Fushino River at Yamaguchi
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Fig.2 Maps of Suo Nada in the western part of
the Seto Inland Sea showing the study area. The
longheaded eagle ray, Aetobatus flagellum, was mainly
captured around the mouth of Ariho River (Zone A),
in Onoda port (Zone B) and off Motoyama Cape (Zone
C). St.5 represents the sampling station for measuring
water temperature every month.
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Table 2 Number of the measured individuals and statistical values on the disc width (DW) of Aetobatus flagellum
captured off Sanyo-Onoda region in Yamaguchi Prefecture from 2007 to 2008

2007
Mar. Apr. May Jun. Jul. Sep. Oct. Total
01
13 26 24 30  Total 6 14 19 22 Total S 26 Total 11 19
(a) Female
n 0 0 34 70 104 43 55 1 34 133 43 1 44 2 14 297
[ Mean - - 1069 1159 113.0 1120 1120 1040 1110 1117 1126 1020 1123 850 926 1112
DW | SD. - - 13.4 152 15.2 150 11.7 - 16.6 14.0 14.6 - 14.5 8.5 12.5 15.1
(cm) | Min - - 7 80 71 85 88 104 65 65 60 102 60 79 66 60
| Max - - 136 145 145 144 142 104 134 144 135 102 135 91 107 145
(b) Male
n 0 0 6 5 11 3 1 0 2 6 4 0 4 5 1 27
Mean - - 705 790 744 84.0 750 - 835 823 85.0 - 850 74.4 81.0 78.0
DW | sD. - 12.8 74 111 9.6 - - 21 71 4.1 - 4.1 132 - 10.3
(cm) | Min - - 47 70 47 77 75 - 82 75 80 - 80 51 81 47
| Max - - 80 90 90 95 75 - 85 95 90 - 90 82 81 95
(c) Total
n 0 0 40 75 115 46 56 1 36 139 47 1 48 7 15 324
[ Mean - - 1015 1135 1093 1102 111.4 1040 1094 1104 1102 102.0 110.0 77.4 91.8 108.4
DW | sD. - - 186 174 187 162 12.6 - 174 150 16.0 - 159 124 124 17.4
(cm) | Min - - 47 70 47 77 75 104 65 65 60 102 60 51 66 47
{ Max - - 136 145 145 144 142 104 134 144 135 102 135 91 107 145
2008 Both
o
May Jun, Jul. Aug.  Oct. Nov.
Total years
21 29 Total 9 12 19 26 Total 3 10 17 Total 22 4 7
(a) Female
n 60 31 91 66 33 46 90 235 72 38 12 122 21 19 17 505 802
Mean 1119 111.0 1116 1170 1089 925 1151 1103 107.8 958 568 99.1 86.6 66.0 88.9 104.5 106.9
DW | SDD. 152 159 154 127 230 239 153 200 21.0 194 156 250 21.2 18.0 16.6 229 20.6
(cm) | Min 80 70 70 90 33 40 70 33 35 45 34 34 49 35 51 33 33
Max 138 146 146 145 140 135 142 145 145 120 82 145 123 104 116 146 146
(b) Male
n 2 1 3 4 2 5 10 21 12 4 2 18 13 27 10 92 119
Mean 920 900 913 81.3 950 650 854 807 80.8 888 670 81.0 74.7 78.6 84.4 80.0 79.6
bW | s.D. 28 - 23 6.3 7.1 11.7 55 120 11.0 63 255 127 152 6.2 8.6 11.0 10.9
{cm) | Min 90 90 90 75 90 55 5 55 50 80 49 49 28 63 72 28 28
Max 94 90 94 90 100 85 90 100 94 95 85 95 88 88 99 100 100
(c) Total
n 62 32 94 70 35 51 100 256 84 42 14 140 34 46 27 597 921
Mean 1113 1103 110.9 1149 108.1 89.8 1121 1079 1040 951 582 967 82.0 73.4 87.3 100.7 103.4
DW | S.D. 154 16.1 15.5 149 226 24.3 17.1 21.1 22.0 18.6 16.4 245 19.7 13.8 14.1 232 21.7
(cm) | Min 80 70 70 75 33 40 70 33 35 45 34 34 28 35 51 28 28
Max 138 146 146 145 140 135 142 145 145 120 85 145 123 104 116 146 146
30
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Fig.3 Changes in sea surface water temperature at
St.5 off Sanyo-Onoda region in Yamaguchi Prefecture.
(a) Monthly water temperature during 2007 and
2008. The proper water temperature for longheaded
eagle ray, Aetobatus flagellum, has been reported
higher than 17°C 1). (b) Twelve months running mean
temperature from 1972 to 2008, indicating 1.3°C
rising during the period.
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Fig.4 Disc width distribution of Aetobatus flagellum captured off Sanyo-Onoda region in Yamaguchi

Prefecture from May, 2007 to November, 2008.
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Fig.5 Monthly change in percentages of sex ratio and mean disc width values of Aetobatus flagellum captured off
Sanyo-Onoda region in Yamaguchi Prefecture from 2007 to 2008. n.d., no data.
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Detection of Edwardsiella ictaluri from Ayu
Plecoglossus altivelis and some other fish species sampled in the Nishiki River by PCR

Kozue Tensha and Toshihiro Hatama

In September 2007, Edwardsiella ictaluri infection emerged in wild ayu Plecoglossus altivelis in the
Nishiki River in Yamaguchi prefecture, Japan. In order to detect E. ictaluri by PCR and monitor the
disease outbreak in the river, ayu and some other fish species captured in every month from June to

November 2008.

E. ictaluri was not detected from the up running wild and hatchery-produced juvenile ayu.

Detection rates of E. ictaluri in the sampled ayu were lasted in high level at more than 40% from
September to November, however no mass mortality occurred.
E. ictaluri was also detected in the Japanese eel Anguilla japonica, Freshwater minnow Zacco platypus,
Fork-tailed bagrid catfish Pseudobagrus nudiceps, but they did not show any clinical signs.

From these results, E. ictaluri infection in the ayu in the Nishiki river 2008 might be caused by the
contamination with the bacteria from the latently infected fish species living in the river.

Key word : Edwardsiella ictaluri, Plecoglossus altivelis, ayu

2007 £ 9 A Lfuh 5 10 A LAl ¢, (g
Wi ZfRN 58T, BKIEESOMEREE LEHD
77 2L Plecoglossus altivelis BFETE L TV A DRI N
Teo SRINITORELAIERL T, AROEREET ST
AWRFE L LBROMITHRAThEZ Y, chb
DIFROEEI 5 1S E—DRIEH 78 £ 1. Nagai 5 7
1< & - T Edwardsiella ictaluri T % L FEE Nz, E.
ictaluri (RERRBE 7 7B B AHAHO
BBV TRLRZLHEELZLZOTRERTH S
WP YFFHAENICERRA L ENTED, 7ah
COIRBERITIBR LIz B b o 1z,

BH. 7 LEECHEED SFINCEE L, FKISPEDR
ERABDLHTTS 1 FATHD EHD, BERME
Eil) 2 AETRYYENRE LG EICEAR, Zok
BE DRI OEARE CHHT S ATREHIHEV & E X
5NTW5, ULH L. E ictaluri 137~ X H AL
e A HAERER VIS AN S EREENTH

DV FRICHAICBWT 7 b REREET B C
LMD SNz G, FOFETHBEIILNT &
MHERE NS,

F TR T, E. ictaluri BERFENFE U= 88
JNMEAEDEEL TV EHOENEFESMNITET &%
HRE LT, 8INCERLTWA T AR UTFDMDE
FRICDUWT E. dctaluri OIREIRIZ PCRIEZICK DEAN
5L EHic, YERBORERNZAXR,

BRI, BETHET LR CHEED 5 O KRMHE EHET 28
BEMRHCINZ 20

MHRRUTEE

1 #M7a
(1) HFmiMEY L

2008 I 811 HIH A 87 HEOMET L2 ik
LT3, MRS gt TR A E &



NrtE ) RIG THRER SN ALES 7 HE.
WEREEATEN 50 TR, W R U z®iE bk
HTERR LT EREERELLCEL 30 FRT. K
WMERD3HA~4 Blcgnay M5 20 BEY TV
27U, E.ictaluri DRERBLZ ATz,

(2) KA LMET 1

2007 FEORKICEIIE N, 2008 4 4 A 22 HIcHAN
HO/EEICH E LU TERMT7 120 BREBH L, E
ictaluri DLREIRIZ RN Tz,

2 TNERA
(1) FENGAE

TaADEMIC, Eictaluri B AEHT 5D TRk
Wh E R E NS F < X Silurus asotus [z 7% D5
8 0O ¥ X Peudobagrus nudiceps, 7 1 BRTH 5
v F & Anguilla japonica, X 5 ICWE4E E.ictaluri B
FEDFREEL TV RHICSECHERIN A A HY
Zacco platypus 7z LB RAEE Uiz, ICHSE
HT, TAZHBLIEDIEEEARRNEDTZ LEX
5N % 7 5 A Tribolodon hakonensis > 177 5 A = 4
A Hemibarbus labeo X E NIZH/HITEIMEL Tz,
I AR HRAE R AL, 51V 4 Pseudogobio
esocinus, 1 7 IV Zacco temminckii, L. ¥V 7
Pungtungia herzi L2 LTz,

BIKRICBN TR, 7I0OERIC X > TSI E
BHBEPHOENTVBDT, 7LICDWVTIETH
FIRRFL & RIRR L B3 B A e B Uz T
FHRRILOER L S 4 DT, HIR EARFIBEED 19

B EDORGZBEORKH LR E L, Zh iz A
THEBGRR E BN U2, RO TEEE. BR
FREARFAIC X D BCFNC ZDE T, AL L iERR
B L OPBNER#MERT EENTVEDTY KR
R ATHERRHORAICHEEINDGIETTH
B, TNHDORFNE Lo T,

(2) FR&EHFT

FRESEC AN S SRR I N8 hFiEo 5 E HIR
WKERZR T =, (Figl) 9B 17 HICRHt&D =%
2007 FEOFEAKEL O FHOWE)EHRE TS 7
ERE UK, 11 BICB 7P ENORHETL, H

fwakuni

Tahag Kinjobashi chiman dam

Junction o
the Negasa
River

Nishiki Rivar ’}

8]
{ Seto Inlamd Sea

Fig.1 Map showing the sampling sites of the fish
species provided for detection of Edwardsiella ictaluri
by PCR. Up running juvenile ayu was sampled on 22
Apr.2008 at Hachiman dam, down running adult ayu
for spawning on 11 Nov. at Kinjobashi, major fish
species from June to October at Tahara, and extra ayu
on 17 Sep. at junction of the Negasa River.

Table 1 Mean total length and body weight of sampled fish species in the Nishiki River provided for detection of
Edwardsiella ictaluri by PCR from June to November 2008.

Species Sampling date
5-Jun 25-Jun 15-Jul 18-Aug  26-Aug  16-Sep  17-Sep 7-Oct __ 11-Nov
Ayu TL (mm) 159 168 180 208 206 202 231 221 219
( Plecoglossus altivelis ) BW (g) 36 38 56 81 91 79 122 108 78
Freshwater minnow TL (mm) 136 146 152 118 143 109
( Zacco platypus ) BW (g) 30 36 52 16 16 14
Japanese common catfish TL (mm) 605
(Silurus asotus) BW  (g) 1,434
Fork-tailed bagrid catfish TL (mm) 250 222 187 166 225 178
({ Pseudobagrus nudiceps) BW (g) 136 104 61 37 80 4
Japanese eel TL (mm) 695 528 438 427
(Anguilla japonica) BW  (g) 7o 248 102 97
Japanese dace TL (mm) 245 113 220
(Triobolodon hakonensis) BW  (g) 153 19 75
Korai-nigoi TL (mm) 226 200 292 244 220 225
(Hemibarbus labeo) BW  (g) 250 67 200 144 88 92
Pike gudgeon TL (mm) 142 184 194
(Pseudogobio esocinus) BW  (g) 35 63 65
Dark chub TL (mm) 153 192 152
(Zacco temminckii) BW  (g) 36 65 32
Striped Shiner TL (mm) 13
(Pungtungia herzi) BW _ (g) 19
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(3) FAEWEHA
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(5) E.ictaluri DR
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s =R

1 HE7a
BEHT IR CRRPLHET 200nFhh b L E
ictaluri I3MH E Nixh -7z (Table 2),

Table 2 Detection of Edwardsiella ictaluri by PCR
from up running wild and hatchery-produced juvenile

ayu.

origin location Me]:nm}‘L Mea(;x)BW No.positive / No.examined
wild _ Nishiki Rive 10.0 1.6 0/20
hatchery Yamaguchi 9.7 82 0/40
Miyazaki 89 5.0 0/20
Tokushima 105 10.0 0/20

2 ERRA
(1) 72

6 BIZ7KIRHY 18 C LB -T2, 7 AlKiZREKE
LEZSND 20CHEBL 10 HE THEE L7z (Fig.2)
7 HICIX E. ictaluri BRPFEDIERZRT 7 232 R
5h9, E. ictaluri LTI Nixh -7 (Table 3), 8
HISHICR LM THRELEE7 LICRERRLSNT,

Table 3 Detection of Edwardsiella ictaluri by PCR from ayu and some other fish species caught at Tahara in the

Nishiki River from June to November 2008.

No. positive / No. examined

Species origin Sampling date
5-Jun  25-Jun _ 15-Jul  18-Aug 26-Aug 16-Sep 17-Sep  7-Oct _11-Nov
Ayu wild 0/2 - 0/4 0/6 /1 1) 3/5 1/2 2) 3/9 5/12 3)
(Plecoglossus altivelis ) hatchery 0/18 0/6 0/16 0/14 - 5/15 0/14 2) 10/12 4/8 3)
Freshwater minnow 0/6 0/20 0/20 0/4  1/1 0/5 0
(Zacco platypus )
Japanese common catfish
. 0/1
(Silurus asotus)
Fork-tailed bagrid catfish
(Pseudobagrus nudiceps) 0/18 o/n 0/19 0/2 1/16 0/1
Japanese eel
(Anguilla japonica) 0/3 1/3 0/1 0/1
Japanese dace
(Triobolodon hakonensis) o/1 0/t 0/2
Korai-nigoi
(Hemibarbus labeo) 0/2 0/4 0/1 0/5 0/12 0/9
Pike gudgeon
(Pseudogobio esocinus) 0/2 0/8 0/1
Dark chub
(Zacco temminckii) 0/2 0/1
Striped Shiner o/1
(Pungtungia herzi )
1):dead

2):Sampled at junction of the Negasa River
3):Sampled at kinjobasi
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Fig.2 Water temperature at the major sampling site
Tahara in the Nishiki River from June to November
2008.

Table 4 Clinical signs of sampled ayu at Tahara in
the Nishiki River from August to October.

No. positive / No. examined

clinical sings Sampling date
26-Aug 16-Sep 7-Oct
Exophthalmos /1 1D 2/21
External clinical sings Reddening of anus 2/21
Pale of gills 1/1 1/20
Hemorrhagic ascites 11 3/21
Hypertrophy of 1/1 2/20 1/21

Internal clinical sings Hypertrophy of heart 1/21

Reddening of gonad 2/21

1):dead
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Fig.3 Monthly changes of detection of Edwardsielia
ictaluri by PCR and exhibited clinical signs
characteristic to E.ictaluri infection in the ayu sampled

in the Nishiki River 2008.
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Some Hypotheses of Creation and Decomposition Processes
of Tetrodotoxin in the Body of Pufferfish (Tetraodontid)
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Although there have been many discussions on the origin of tetrodotoxin (TTX) and
its role in the body of pufferfish, a clear explanation has not been made.

Then 1 attempt to make these problems clear on the following hypotheses aiming at
a unique chemical constitution of TTX, that is the cage compound with a lactone ring, a
guanidine radical and five hydroxyl groups efc (Fig.1).

In this paper, the hypothesis is divided into two sections: one is a process of the
creation of TTX and the other is a process of the decomposition of it. The former is
based on the hypothesis that TTX originates in ecdysterone (a molting hormone of
crustaceans, Fig.2) through the feed, the latter is based on the hypothesis that TTX is

decomposed into the urea by “Ornithine cycle” in vivo.



In spite of the theory that teleost fishes generally have not “Ornithine cycle” for
lacking of necessary enzymes”, if pufferfish exceptionally had the cycle according to
the hypothesis, it woud become easy to explain the metabolic process of TTX in the
body of the fish.

Thus the main role of TTX for the pufferfish may be explained not only as a
protection against enemies or a male-attracting pheromone” but also a substance
concerned in an osmotic regulation.

Tetrodotoxin (TTX) ; CuuH17OsNs

Fig.1. The structural formula of tetrodotoxin (TTX) .

Ecdysterone ; C27HwO
molting hormone of crustaceans

OH
H:C OH _~
CH;
CH <OH
CH:
HO CH;
OH
HO

O

Fig.2. The structural formula of Ecdysterone.



Hypothesis — I

In this section, I suggest the hypothesis that TTX (CuH»OsNs) is created from
ecdysterone (a molting hormone of the crustaceans; C:yH«O-) in the body of pufferfish
and the hormone is taken through feeding on crustaceans.

On the above hypothesis, a process of the creation of TTX in vivo will be shown as
follows in the rough (Fig.3).

4 HzO\ + 40:
C»HuO7 (Ecdysterone) > CHuOs —j
2

C 7 460I6
cholesterol monooxygenase ------- ->E
methyltransferase ------- =
[ B -Oxidation of fatty acids] .
dehydrogenase ------->}. 1
= Acetyl CoA & — CsH2O0x “"IE
— 2C1H140y * < N N 2CH 1206 €======--

+ 2H:0 + 2CO:
\

Ornithine
/— aminotransferase cycle
_(guanidine) ..
NH:D N /T 2C0: + 2NH,
et HN - C < < — 2 1 0=¢c< ;< ——2 NH
: NH: ' — 2H:0 ' NH:.: — 2H:0

Y hydro-lyase
——> 2CiH1yOsN3 * ¢ > 2Ci11H17OsN; (Tetrodotoxin)
(TTX-precursor) \ L

Fig.3. A hypothetical process of the creation of tetrodotoxin (TTX) in
vivo.
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Hypothesis — II

In this section, I suggest the hypothesis that TTX is decomposed into the urea (CO

(NH:) ») by “Ornithine cycle” and TTX is concerned with an osmotic regulation in
the body of pufferfish.

On the above hypothesis, a process of the decomposition of TTX in vivo will be
shown as follows in the rough (Fig4).

Cu:H17OsNs (Tetrodotoxin)

dehydrogenase ------ 3‘5
— [l e
decarboxylase ------ >E
—co, ¢
CuHJON;
+ NH:
C10H1806N4
(Argininosuccinic acid)
— H:0 + NH;
— CH.O; CHuO:N: (N~ CHuO:N;
(Fumaric acid) (Arginine) (Cltl‘qullE)
v + H:0 \
Ornithine cycle
— CO(NH»):& |
(Urea) ¥
CsH1.0:N:2
©rnithine) 7~ O\

+ NH; + CO: — H:0
Fig.4. A hypothetical process of the decomposition of tetrodotoxin (TTX)

in vivo.
% tricarboxylic acid cycle (TCA cycle)



Although the substance of this paper might be an unrealistic assumption for the
present, but it becomes easy for me to answer various questions concerning TTX by
means of the above hypotheses; that is, “where does TTX rise ?”, “why does pufferfish
have TTX ?” , “why does not the cultured pufferfish have TTX ?” , “why does not the
pufferfish die of TTX-poisoning ?” and so on.

There is not sufficient evidence to prove these questions by the accepted theory of “
external cause” , a bacterial synthesis based on the food chain”, because we never had
any experience in the death of fishes caused by TTX-poisoning in nature, nevertheless it
must happen frequently.

The other side, the hypotheses in this paper are made by a joint theory of “external
cause ~ and “internal cause” in a sense, because TTX is created from ecdysterone
through the feeding on crustaceans, and is decomposed into the urea by “Ornithine cycle
" in vivo as occasion demands.

At the begining when the hypothesis was suggested, I considered that the origin of
TTX must exist widely in nature, and I marked ecdysterone with the chemical
constitution, because ecdysterone is similar to TTX with regard to the existence of
many hydroxyl groups (i.e. the former is six, the latter is five).

As a result of investigations, I have reached the above unprecedented hypotheses .

If the “Hypothesis- I ” wouldn't be wrong, pufferfish can get efficiently two
molecules of TTX from one molecule of ecdysterone without bioaccumulation, and it
will answer the question, “why does not the cultured pufferfish have not TTX ?” ;
because the cultured pufferfish are given the food without live crustaceans
(ecdysterone) in the cage. Furthermore, if the “Hypothesis-II ~ wouldn't be wrong, it
will be supposed that one of the main role of TTX is an osmotic regulation as well as a
protection against enemies and a male-attracting pheromone for pufferfish, and it will
answer the question, “why does not the pufferfish die of TTX-poisoning” , because there
may be TTX-metabolism in pufferfish.

Anyhow, it is necessary to investigate whether the hypotheses used in the theory are
correct or not in the future.
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