ISSN 1348-1371

ENEHF

[LEXRFARZREVMERZMARKE $£55F 2016

[REER

AT L - O < B - i
R

BT - FrERRE - BT - B R
i - R - R B

KR 5 A SIEIRRY - PR -
B A — 5 - Y G -

INEUESE - hnggisifE - Dhugal Lindsay +
(e

/N =
s &
wHH B

REI0

SRR - P
ERA - LA

& M

=

1

13
19

31
39

57
71

85
113
116
121

R

H1 SriCa T & o THESE L 72 FIARIERELY < X o) ]t g iR
A7) N BT B KRB R 7 A
R RS0 & 0 $REE & N7z HAWIRLER O HAH

T NS & 0 $REE S N7 Caudina similis (Augustin, 1908)
(F~af, BEREH, 2774 FF)

T BMA B 2 HEEROFEO W REYE: | LA gE
W TREEAT Neocalanus cristatus (5 A 7 2 H) OB

18Pk Mg RZICX D 5ELZAF DT b =Y A2 WT

HARGE 2 4 BHAEICHF A $ 2 LM 7 ¥ T 4 ¥ Eudiplozoon
nipponicum & g A R E FEAS B 905 i
[f5% - oy THLOmZEER E )

HAGMEY 7 4 RO LR HEk - fi2 (20164%)

HAEfBICH4T 25 2 LAY E (Fi#) Philichthyidae
AT VEOHE (1924-20164F)

WRCEE

Lexipe |

e FHE R X 5 B gesis

N BN B R AT e SR SR 8% (20154F)

[LEXRFARZREYVERZMAR RILE™H
2016128 1T






A Rl Rt
Biosphere Sci.
55 :1—6(2016)

B4 Sr:Ca LIS & o THERE L 7ZMIAR/N EERE Y < X D [EldzRE
HATHEED - TR - iR B

VIR B RFRF A B R FI e, T739-8528 4 B UL BT B sl 1-4-4
P T 375-0011 T U7 [ 17 it 22 45
DR ESERYS, T371-0036 BEE IR RIIE TS T 13

E B FIRRI 538 CTHREE L 72 KB Y ~ 2 8K O [l M % H o Sr:Ca L3 #T & VW HGE L
72o ZORER, SMERA MR ST IERBER & g Shize b B THE S W BRE (B
WED 1%, 400 Z @ L, AR 2> 5243km # 1 LT 7z FRJINC I BEERY 27 5 < A
EIEEER ORTIY v AR LTBY, BN U CRKICEE Y — v 2B ST Bl fE
PEATRIZE S L7z

F—J— KRBV~ 2, WEEERE, 7T~ A, HfSr:Calt, FIRR)I

1

42 F < A Oncorhynchus masou masou |33 LEESHTH Y, H AT v v H45, R, P EHE, @
SRR, duilgiE, AN, JUNE TR AAIT 2 (AR, 1980 RE, 2014), AHTHESNLH 7 T< A
AHFEO P CHERDSERINICL ., WAKEIZBITAEEME 2o Twd (K¥, 2014). L2L, 19604
% T2,000t Fi % Td o 72 AERIHER 1L, 2005412500t Bt £ THHIAAZE (EF, 2008), &ifim T
135 AR & A NGO LR REEALSHE EZEZ 5N THY (HT, 1999 @k - gl
2006 ; 7k, 2008), A OBEEEF BT 2I5EME L CHER SN TWS (LIS, 2008)

— MR RI O EF R 2 /O 7 7~ AOFAIE, I ERE TR L L2, HERNIZIITc#E I L,
VEHOFEIKERT 5 R, 2014), BRilEHOT 7 < AR A 37 IHEIHEL 225 TlE L
3FEHOEPLM LEEIED, ZOEDI-11FIZITA LR CEINT 2 (R, 2014), —5 T, dbilEo
JEAFHR I IZAEI MET 2 b 00, RABUIERE L, KEALT 2 AR LA DL T 5 (Kasugai ef al.,
2014) .

AR R Bz ki E L, BSOS % Bt d 2 i ER322km, i #16,840km’ (25 L 5 H
BRI KO —Fm )¢, ERBIERT 2 KAy < 2 “FIR~ A" §LE BHY v~ A" LI,
HONGELR>TWD (FHHS, 2014), s FR~ A" OA4BIUII 5 5200km DL R FiiTH 5
LBELH), Lard, LitEF TIZIIWOP»DENRD L7290, R~ A" DI Ch L MEEIZE ST
Whhrolz, #ES (2014) 1%, AR EGIECRE SN2 KAV Y 2 DOH A St:Ca b2 4T L, Zh o)’
T b 2 L2 W O Lz, 72721, KICilk~<72 X912, ZRAEFENEZEOY 7 I ADMED 72
WIZIE, LV ELOREY Y ADEBIREZ RS 2 2 EDPEETH L, RIFIETIE, ZEITHZY FIR)I
R S o KEIY % A O H A SriCa & JV TR % 32 L 72,

i

MRE KUFE

HARDOEE
BRI A 3254 cm OFBMEMET, 1999 —20154F124F C, FIHBYIEAT 22 5180 — 243km _E 3o St.1
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—4THE SN (Table 1)o AT #1 - TOTEARIZARTO St. 1 -312BWT4-8HICHES N2 L DT,
o P OBREM T & 722 St 3O FHICIE, Iy A, AR, FIARJNCHE, FISRAEDSS 5 (Fig. 1),
MRS #81X TR O P B (St 4) T20154E6 A I289E SN2 d 0T, Fththp SR L O E TI2IE
KHBEE LB & OCEEE Y LAFET 5o

LSBT SR IS RIE G HE TRE SN TW b 0T, Ralith, ®PEAE2HE L, B SruCa koo
W2, $72, SO B NED I ZEAEMSEZIIV, N SH, sravH, rFRE, A% AT
B2V, B G - A, 1985 MIZY, 1993 5 Fuil - @k, 2000 ; £33, 2014) (2HE-> T, WEERR
DELAVECHEL, BEEY0.01g T TRAIIL 72,

130° E 135° E 140° E 145° E
45° N /
,
,
,
,
,
;
J Watarasegawa River
’ Ayado Dam B
o / St. 4 Pacific
40" N /'l St.2 ~— Ota Weir Ocean
, ) .
Sea of Japan I,’ Bandou Weir Oura Weir
/ Tonegawa
,
a =
%N \\ Edogawa River Tonegawa Riye
N ir
Pacific . Edogawa and
Ocean Gyotoku Weir
N
N
\\
AR

Fig. 1. Map showing sampling stations (St. 1 - 4).

Table 1. Summary of specimens Oncorhynchus masou masou used for Sr:Ca analyses.

FishID Sampling site  Distance from the Tonegawa Sampling date Total Body  Migration patterns inferred
River mouth length weight from Sr:Ca ratio
(km) (cm) (kg)
#1 St. 3 243 June 2010 32 0.5 Non-anadromous
#2 St. 1 211 August 1999 44 1.0 Anadromous
#3 St. 3 243 April 2011 35 0.6 Non-anadromous
#4 St. 2 221 May 2010 45 1.2 Non-anadromous
#5 St. 3 243 June 2012 54 1.6 Anadromous
#6 St. 1 211 July 2013 40 0.6 Non-anadromous
#7 St. 1 211 July 2015 51 1.5 Anadromous
#8 St. 4 180 June 2015 38 0.6 Non-anadromous
EA Sr:Ca LbAR

Mt faslE 2 SH LR PADOMNEA LIC B X )ICATA KT ALICESE, e TR F VB
(Epofix, Stuers #L#) TWH L7z, Wit;, HAOEPENT S F T H#220 - 24000 KWK Z F - CHF
L, BB um DY A YVEY FR—Z M THIHM LT L7z BAMBIHIC Y — K285 % i L 72,
HA SrCa b % i ESHIET R~ A 707+ I 4% — (JXA-8200%!, HARET) THM L7z FHi5t
RS (2001) 12HEL, IRA > M40 ) 05T Z 108, ¥ — 28585 um, HHEEE S L OISR
ZENZNISKy BEI0nA & L7ze T, HAPFGHSBEBLICELHM TV, Fv— M3y —>
BTz ANV TAEA IO YT AD X BIREOWRELWE (FEE %) &, 121 SITiosB L U8 CaSio,
ZEHESEHI W, AT AT A A MO YTy LD 105 L% B4 SrCa b & L7z,
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BRELVER

FIRI B3I B & O Bl T8 S 78R D B A SriCa O ZEBIIZZ DDy — PR b/
(Fig. 2) o —2\&, AL BB FE CHAT Sr:Ca LB t4 2 MR 3 5 /3% — o C, A5 #1, 3,
4, 6, SOSKICFED HNze b9 —2iF, HAHOEL» S HA SriCa AR # 2R T2 00, 1200
— 1500 u m 2> SAFAFA ANV CHA Sr:Ca e 4pith 2 R T2 /85— Thotze 29 L7y —>
AT #2, 5, 1O TR 7z,
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Fig. 2. Changes in the Sr:Ca ratio between the core and the edge of the
sagittal otolith of Oncorhynchus masou masou at 180-243 km
upstream in the Tonegawa River.
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FEHEI A 7 5 < AR %< A Oncorhynchus masou ishikawae OE A7 Sr:Ca i, kI T1 -2, K
T3 - 4REOME LR T 5 L9 (Arai and Tsukamoto, 1998 ; #EEF 5, 2001 ; Ohji et al., 2007 ; HiH: 5,
2014 ; Kasugai et al., 2014), & - C, H i Sr:Ca FL2S#am2fHt = #ER L 725M1k (#1, 3, 4, 6, 8) &,
MR L HELR S N7z, TIUTH LT, B SriCa O ZEBIAK & ho 7230k (#2, 5, 7) 1%, BEifphl &
HELEE N Tzo 1999 — 20154 (2 94 S AL FIARJI i O RALY ~ A X Rl & IR R S FETE L, )1 B
(25 U CIRIBER 2 ik (22 L & & 72 R IE S 7z,

HEERf O BN & MegE U 7oRE R, M3k (#2, 5, 7) 13ZEF <, JEmIBERISEMA (#1, 3, 4, 6, 8)
MHETF AT NET TR (Stenopsyche sp.), 7 FoNa K a gy (Baetiella sp.), 714 bk
VREAH (Cercion sp.) A2 7%> 72 (Table 2)o 72, FEMEROFAEWIZIE, BEHBIOT 7T
NYIEfH (Phoxinus sp.) b & FE NIz WIAGHOY 7 7~ 2B LORMEY 7 7~ A, e75F 778
TMEF IR EOKERR, AEHARLNMAHEEHET S (K% 5, 1980 L1115, 2000 FHS,
2004 : AR 2014 0 FIES, 2014), F7z, FIMINOREMSEL T 7 H 7 M T (Stenopsyche
marmorata) W& L7z M T BAPL CERESIL (S, 2008), ¥ E#E)I O TELTL e s
FHAAT PETIBRELELRESN TS (HAKS, 2004), MMz T, 777 ,% (Phoxinus lagowski
steindachneri) \IFIMRKIED S LRI CTHBLT 28 CTH 2 (FEHEAREBIIGEE 1998), Lo,
FIRN OIERBERE AL Z S LzkAERR/NIEEY F28REY E LTRIFLCw b LR sh s, —
F7, B EL &R S N23ERIE T BE Th o Foe — R, WD S IINCR - 72 BRI 7 5~ A
I Z BV E SNDE (KRE, 2014). L L, REFFEL [H U <RI R CHE S -y 7 5
YADL L, ST AT NS TBYBAEE LT (FIES, 2014). Ko T, WJINS B B Rl
B 7 9~ ZAOEREEZ 1L, BPRERBEC A BUIREE 7 10 X o TR A U A W RetESd % o

R & ) e S 723 0§l AL, FIARJIIT 12> 5211 —243km BT o 720 WA 5 0 R
BElE, 200km #1232 & SN B ETROENNLIFEEO R & LRl > TEINTRETH 2 ielEN D 5.
$72, INOOREERNL, FARJETIE, FIRIRICAR SN AEZBELTBY, &b LIRTHES N
7ofEfR (#5) ICRAL T, BRORMEB LU Y Al s ML @B L2t EXbNb, —FH, it
5 BRI A O B A 5L E S e D HoId, WoKAETE 2 SO L CATR 2 R L T2 b 00, 2HiIHOH HE
WL ENTHLZ s, THEO) BIELEE L, $EbI~NE ML EX N5,

I U Al D MLRRI 2 f0R 3 A 2 & T, MBI AR S T HUE R 0 E Ak O & B EHE AT BE T 1)
(FAT5, 2015 : #E S, 2015), SRISFBRINAROERIY 7 F < A 0M E & fGERREIEIZ O W TRE
THZEL—FETHbD,

Table 2. Stomach contents of five Oncorhynchus masou masou.

. Weight (g)
Stomach contents (species)

#1  #3  #4  #6 #8
Trichoptera (Stenopsyche sp.) 0.12 0.93
Ephemeroptera (Baetiella sp.) 0.03
Odonata (Cercion sp.) 0.18
Oligochaeta (species unknown)  0.38 0.31
Fish (Phoxinus sp.) 10.68

I

HEBEGETEEOIR FRICESEL 207 I~ A% THRM L CTHW 72, BERE AL
—HBRICIIFIR Y ZICH T 2 2 0F A TERE VW, 72, BA SnCa LTIl L, IRERS
HARBHAIIZE SR v 7 —, NS, JRERFHEI v & — OLEHNEREICE, EF 7 —7~x (70
TFIAYF AL DI LT 72, Z ISR LIE#HOEEZERL T,
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Insight into the migratory history using otolith Sr : Ca ratio of the anadromous
masu salmon Oncorhynchus masou masou from the Tonegawa River

Atsushi Tsuyuki", Kouken Sormvacur”, Hajime Arar’, Tetsuya UmiNno”
y

Y Graduate School of Biosphere Science, Hiroshima University, 1-4-1 Kagamiyama, Higashi-Hiroshima,
Hiroshima 739-8528, Japan
? Okanogou, Fujioka, Gunma 375-0011, Japan
» Gunma Prefectural Fisheries Experimental Station, 13 Shikishimacho, Maebashi, Gunma 371-0036, Japan

Summary

The migratory histories of Oncorhynchus masou masou in the Tonegawa River were evaluated from
the ontogenetic changes in otolith Sr:Ca ratios. We sampled 8 fish at 180-243 km upstream from the river
mouth. Three fish were categorized as anadromous whereas five individual were categorized as non-
anadromous life mode with the constantly low Sr:Ca ratios. Intraspecific variation in the migration modes
recorded for O. masou masou suggest a plasticity strategy for anadromous behaviors.

Key words: Anadromous, Migratory history, Oncorhynchus masou masou, Sr/Ca ratios, Tonegawa River
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BT VHRICE T HRRERROFE
A

R BRI EFZ8RE, T 739-8528 A B IR HUA Bl $E111-4-4

2 B ARG R TR S LT W72 7Y Seriola quinqueradiata X122 O RN REI L 0%
HERDT, TORBUIERICUEARD SE L, ERFOBEHT-15mm T, bAEOEHE Y /3T
POMEENTVD [T 1 A FTHRHE] (2L CPTWie, FAEADREEN/-01320154E5A
AT, FEFEAE T IE 2 O 12 B NS S AR O LA T S 7z B ORE IXE AT
PR TMINZ A L, BRI A SERES Lz 8 E 2 5B REiYr i sz,

F—T— N KR, WOREE, AAESFAN, 7)), Hirudinellidae

&

7"1) Seriola quinqueradiata DFEHEE, DOAEOWKMFBIHO LA TR OKWVIER A L, ZikEAE? S
TRIO24FEDOZEA M (e RgRfE, MEREIE, 7 vy 7O, ARG, WOREME, SR,
MR, e VU, h 4 7 VEBHM, U9 YL VEIM) A SR TwS (62 1E Ogawa and
Yokoyama [1998 : table 1]; RHEM4Z 131 - Bi# [2014] 12669 T HRETT ) F =2 ER Y VT a
7 Microsporidium seriolae, Spraguea sp. ; MTEHIE T F+ I A7 7 » F 277 Cryptocarion irritans ; I 7
VI THTT ) I F AT Ceratomyxa buri, KV 77 71) X717 F LAY Ceratomyxa seriolae, <N
A 7 I v Myxobolus acanthogobii, ™7 A< ¥ ¥ X 77 L 3 Myxobolus spirosulcatus, 7 ~ 3 7 F 7 Kudoa
amamiensis, {77 % 27 N7 Kudoa iwatai, %A % a2 /77 F7 Kudoa megacapsula, 7)) > > )77 N7
Kudoa pericardialis, /77 N7 Kudoa yasunagai ; H.A2FT 7 ) )N¥ L Benedenia seriolae, > > IN% I
' Neobenedenia girellae, 7'') T L3 Heteraxine heterocerca - WWHFE CTH A F 7 I aF 2 F a7
Galactosomum sp., Paradeontacylix buri ; 53 C Callotetrarhynchus nipponica ; #iHFHT7 ) et F 2
7 Philometroides seriolae ; © VTt 5 YV Limnotrachelobrdella okae ; 71 4 7 Y TEY ¥ A 4T 7 3
Caligus lalandei, 7') .5 2 X Caligus spinosus, 7') 3 4 F 77 ¥ L5 Parabrachiella seriolae ; 7 7
JAVHHTTY) T XY Mothocya parvostis T %o TNHAFAROFEZELFEICE L TIX, MRFOHFHE
() 2 EOREEFT, 1974 5 LEE, 1978, 1983 5 M - /NI, 2006) CTHIEAAHA SN TWD, 7, D
PETHEIES LTV LUERAD 2T, FERIHET2HRPRLLVARTSH 5,

ERIFOL, 7)) A OFAICREI RS A L 72 F I EE L7z, oI FREOAE ) 25
DOFEFICFEENTB LT, FHUOWHRIZ X 2 FEPS=ZFROEH T ) a5 EN TS0 (INH,
2001), 1EHEEETORLIMTH VB R D%\ SROBHE LT H720, FEFPBGELoHRE 2 212
HT 5,

i

BHET V) PRAICE T DRERROFTE

=51
20154E5H15H, SHEOHEETEBENTW 27 )A (EY v ) 127 7 F VT BB, a0
BRI RTIE IR D%k % 380 720 SEMIZR T EMN5em, HREH50g OMET, G MiELER% T &

201649 H 13H#  *E-mail: ornatus@hiroshima-u.ac.jp
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BB B N REIC M 2 A L, Z ORI O—AH Ao THENEZ B TE 5 &9 ZIRIK
TAFANZBEASDHTZ S N7z (Fig. 1A-B)o WM EFHET o COIRT 5 &, WML E D A RHE
WIZEHEOBERZDFR SN (Fig. 10), ILFNSEVWERERYELOMA (Fig. 1C oS % ¢
Uly N CHERCOENT S & KB VAR HIN . 2oL, fFERROMBE Tl L 2 L%,
RERT - 15mm GGG — I C©, MR ICIEREEES AR, BEfirERErs 2L, FEHO
FR &8 L CNEIC R H 2 72 (Fig. 1D) o 2 OB A 10% AV~ 1) Y CILHEEL, 9% =5/ —
IVIRIZ RS L7212\ FRBEm B Tl 3 2 &, $iMoFitRn 2 A3 2 HEE (FKES53mm, AlE2.5mm) %5
L, REIRIE AN S 2 O, BB TICRE R IEWERD D 0, i A & ER R 7 ORZITIIKTFEIZ
ELPNLHA S NIz FEERIAAET, bRl S &I T TINEO BEESH T 21258 TR
72 (Fig. 1E).

Fig. 1. A juvenile Japanese amberjack, Seriola quinqueradiata (ca. 15 cm in fork length), infected
by a trematode in the anterior ventral muscle. A, infected fish, lateral view; B, uneven skin
of affected area with hole-like wounds (asterisks); C, trematode (circled) and black
substances (arrows) in host’s muscle; D, trematode taken from host's muscle; E, formalin-
preserved trematode. Scale bars: A, 30 mm; B, 10 mm; C, 20 mm; D, 5 mm; E, 2 mm.



A7) A L 7R B 9

Fig. 2. A juvenile Japanese amberjack, Seriola quinqueradiata (ca. 15 cm in fork length), infected by
a trematode in the caudal peduncle muscle. Trematode (arrows) and black substances in
affected area of fresh (A) and formalin-fixed (B) fish. Scale bars: A and B, 10 mm.

=752

20154E5H13H, LitoHE6I & E R 2 mHME LB TEBEIN TV 2TV R (£ v a) 277 F
VAT BB, MWK %A & R 7z S OWRIIE, 7)) SRRSO FME 12 A AR LBk
FTLHI e {HFEL T (Fig 2A) . AERFOEERN1Smm C, RIZM#ERIGEVWEEZ 2L, FEHOZ*E
B gl L CEBIC RIS R 2 72 (Fig. 2A) 0 S OWH 2 Bl & FMERICWE L CHEMABEME CHE T 5 L
SEM ORIt % A3 5 M8 ((RR6.5mm, o AMFIE4.0mm) %2 L, RRIEZIC/NS 2 O, HIok
TR E R JEWRAED B - 720 RWEAEA L TW2HAIILIE, EEoBREREY L S5N17 (Fig 2A-B). &
WO - BEERE HIARNICH 5 BEEHIET TR A7 (Fig. 2A-B).

WEROBEE

A SN2 dE, DAE ORI T ) LI CNTF DS FNENHE SN NI TV AE | ed (N
MM, 2001) & [eVT 4 A ZHWH ] (LTS, 2012) EHME, K4 X (EROFERII2-3em 12ET 5 ¢
INF S [2012]), FAEIL (HA, B 2O THUTED, 210 & R—MErEaEOEE’ D 5,
F 72, WY 0~ 7 aOEIEND S EOE R SNz Hirudinella sp. & [~ VAR Wl E TeLF 1 %
FHEWH ] LR TH D REEDSRIE S LT WD (K, 2015), #RIHEE 7 ) ICRB Szt [A
IUNAR] & LRI IAA TS % 2%, FHAER OB NBREICEDS W TRES N bDOTIE R,
VFOHAIHHLFE DL W HFERKD L) TH Do #HA 3T IZHET D [T 4 A 7HEH] b
FEET, [N U VAIE] LR L TWHREM SR O BRAEHE DT H bo EHDVHILIRY, b
SE O FE 7 ) B O JERER R R E AT H RII A Gk BT Te V7 R SR ] LRt Lzoidil
TH (2012) EMTHY [T A A THIETL2WNEZEZ LMD, KA THL-DFRESNT
W] EiRRTWv D,

vV 7 4 + 7 F} Hirudinellidae WU IZ3E (5 > 7Y b L V& Lampritrema, )V 7 4 3 7 & Hirudinella,
RV A& Botulus) 7» 55 S35 (Gibson, 2002) o W ILDJED K H & ALtk Ao HlomA L,
FryT)MLRBRT AR VRTERLY A YA, sy F A A, VT A R TR IR A A
RIS N BAE), RV VARIE I X7 HEPHIETETH S (Gibson, 2002)0 TNBIED I B, HHEE
W HREFNRDHLDIET T PLYBEELT A A TIETH L5, BIHOKE (Lampritrema nipponicum)
WBELIMELAAEZ DT L 255 (Yamaguti, 1940), DAE O 7 ) JEAEH» O R S - d e
X827 %, —7, Yamaguti (1938) (XY ¥ F 5 5 Hirudinella spinulosa % FE# L, Z 1UTIT4E Hirudinella
ventricosa DI T4 L LT b (Gibson, 2013)s L2 L, fIED 5 FAWFEIIFSE (Calhoun et al.,
2013) I2& o T, BT A R TBOGENTHEE SN, A~ AW T2 AT DA Hirudinella ventricosa
T, ¥ 7 0@AEIIHFLET M3 Hirudinella ahi Td % L\»9 o Fhlh 27350 [RIVF 1 F ZHB I (12
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FLT, TS (2012) 1& [AAEORBASKELZE L CHEESNLD, FHESNTH R, (i) [[
WA EIENOBREORIKEARMIZS AOND | LR TWL, 51, BHHDOLL L THERDD D
SR /T, RIS T 5L b1, S TEYFNETFESIHHLC, MoREZIT) LHE
753‘%60

REEEE T EEOHBFR

BRI EO R L2HFTC, U7 F Y E T 5 728305 R O T ) HEO b SIEFEEORE D20
W2 L2#91000R 0 ) 5, S0R % @E L C LRl RoFEAEERL L2, 7 DEICB T 2 RBRoHA
RIIMD TN EF A 5o

FRR2DFTO T ) DL, WIS 2015454 H 10 H AT S B AR T O LV T S iz Al [
O 2 FE W L 7- 03 ME RG22 A O20154F5H13H L 1ISHTH V), FiiHoE S s, 47
WARIC Z O RATEGE L T REEA R Ve ZEIRIZBIT S [N 7V AE IR oFAF S 7 i U
i, 2001) THo72OT, FAELRILPZFZ ANV, &k, WS (2012) &, HE2SHEE %
FA L7230 7 » 8712 [e VT a1 2 98RE] #RIHLTw5,

FESMUICH T ZEEEY

Alul, B L7V GMOFEETVORBEIZ, BB iiGEo S/ (Fig. 1C, Fig. 2A-B).
BLoOFYE, 25l 7) DS [N 7V AR WHROFAZ 272846 CME, 2001) 207 2 /3F25 [t
VT4 2 THRHR | OFEEZITEE (LTS, 2012) ICHEEINTBY, ZERo [HEtw] &%
ABNTWD, &, EBROWIRZEELzE A, FEWLERYEL TRNICEGII RO N &
nh, FEAOHRICAS N RERY S WHAHEE L2 Z2 615,

SR OEF)TER LT ) G OFHAFIZFRD SN7225, [ANI TV RE] Wl E [ 71 T
] AENENEIE T ) S CNME, 2001) E3GES 2 o8F (UT S, 2012) 12254 L2 3a 13 EEA
WHRONAe SOZEIWCELT, INFS (2012) & TRIVF 1 2 FHWMR | & [H o8 F 258 m3 e L
THBTRNZD, 7 SF RN TEATETICRNEZBE LT 5] Lk, Zo3R% [HRBITE]
LTV,

5| Xk

Calhoun, D. M, Curran, S. S., Pulis, E. E., Provaznik, J. M., Franks, J. S., 2013. Hirudinella ventricosa (Pallas, 1774)
Baird, 1853 represents a species complex based on ribosomal DNA. Systematic Parasitology. 86: 197-208.

LR =, 1978. AOEGE. HEMEAER, WHTH © 554 pp.

LR = (W), 1983. fiEY URGWiE - A uuiiE). EEMEER, . 352 pp.

Gibson, D. 1., 2002. Family Hirudinellidae Dollfus, 1932. In “Keys to the Trematoda, Volume I" , Eds., Gibson, D.
1., Jones, A., Bray, R. A., CABI Publishing, Wallingford: 375-378.

Gibson, D., 2013. Hirudinella ventricosa (Pallas, 1774) Baird, 1853. World Register of Marine Species at http://
www.marinespecies.org/aphia.php?p=taxdetails&id=109357. Accessed on 20 September 2016.

JHEERE - NI (B6), 2006, #rfamash. &ED, HEH 295 pp.

R, 2015 #E7 0~ 7 0lZHE LT KB W Hirudinella sp. 4WEF. 54 81-87.

ANHIESE, 2001, PROI24EEEEAH OGRS (ME - FEEEMIR) . AEFEH/L Y 16, =T
WREFARA IR 2 > & —IREERFZEES, U H il

Ogawa, K., Yokoyama, H., 1998. Parasitic diseases of cultured marine fish in Japan. Fish Pathology. 33: 303-309.

KEER (W), 1974, fUmRZBWHESt, a4 - v+ F - N~ F. OAKEGFEERS, 3508 160 pp.

Yamaguti, S., 1938. Studies on the helminth fauna of Japan. Part 24. Trematodes of fishes, V. Japanese Journal of
Zoology. 8: 15-74, 9 plts.

Yamaguti, S., 1940. Studies on the helminth fauna of Japan. Part 31. Trematodes of fishes, VII. Japanese Journal
of Zoology. 9: 35-108, 2 plts.
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IFHAE - AT - R - NITATR - ), 20120 VT A T AR RIS X A YR BBATE
(Hirudinellid larva migrans). [#58 7 > /X F OfIRS Wi~ = = 7V J, F5a AL R R ke, BT
97-98.

B 1 REA, 2014, FEEANHOTEROERIY Hik. EYEFF. 53 73-97.
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Infection of a big trematode in juvenile Japanese amberjack,
Seriola quinqueradiata, cultured in Japan

Kazuya Nacasawa

Graduate School of Biosphere Science, Hiroshima University,

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

Abstract

Two big trematodes, provisionally identified as a hirudinellid, were found individually in the muscle of two
juveniles (ca. 150 mm fork length) of Japanese amberjack, Seriola quinqueradiata Temminck and Schlegel, 1845,
cultured in mid-May 2015 in coastal waters of Tosa Bay off Kochi Prefecture, Shikoku, western Japan. The
trematodes were 7-15 mm long in fresh conditions. The juveniles were caught in the western North Pacific Ocean
off Kochi Prefecture around 10 April 2015 and then cultured in net pens. The body surface of the infected
juveniles was uneven in the affected area, and black substances, probably excreted by the trematodes, were found
in the host's muscle.

Key words: fish parasite, Hirudinellidae, Japanese amberjack, mariculture, Seriola quinqueradiata, trematode
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BYERKVRESNIBARYIEED R
BRECT - AR IR T R B

D 2 1 A U T 442-6-3-504
DE LB R OHAE, T240-0111 A2 E = EREE (LT —f£2123-1
DR B RFRF Y BRI R, T 739-8528 i IS B i gl 1-4-4

E 5 Jujubinus geographicus Poppe, Tagaro and Dekker, 2006 (= ¥ 7 X4 A1 &) B L O
Genotina genotae Vera-Peléez, 2004 (% > I A F) HHEEEBEE S OKEI02m L Y EFESN
oo TNB2MIZT 4 ) ¥V E & A THEE LCRESNATBY, I TICHARELE
W6 OEREDS BN LS, HAMREE L THET %,

F—D— KNI THIFTHHA, AT EYSY, WEEY, EEM BT

&

T SR A Wy A e A R TR AR T2 AL (S X AT B oIRBHEYRAEIC LY, 740 E R
w5 A TS L TR S 7z Jujubinus geographicus Poppe, Tagaro and Dekker, 2006 (=3 ¥ 7 A7 1 £})
B & U Genotina genotae Vera-Pelaez, 2004 (~ > I WA Fh) OMEARE S N7z HARBLEED S 252
TEORERSRL R <, HEAWRSRE LTHiET 2L L 12, Az iEsT %,

i

RERBE K ORESE
BRESEAHL, 20164F3 8 H IR Ky KA M AR FEAAHEMP AR AR T80 ) 12 & 0 VR IR 7B (30°
49'866"N, 130° 59'499"E) ®JKi102m THibN7z FL v D12k ) FRIE S okER 2 H v

DERF RS
I 2#  Class Gastropoda
=¥ XHAF Family Trochidae
F 7477 A #iFt  Subfamily Cantharidinae Gray, 1857
Genus Jujubinus Monterosato, 1884
Jujubinus geographicus Poppe, Tagaro and Dekker, 2006 7 # I F 7444 (FI&H )

BoadEk  UE 7m (L)=7.5 mm 7 0E (W)=5.4 mm (%7

Z #

AL CRRTHIZ AR B o REITIROAE T, #ETITEHG LR GOTER D ABANIIE S, S
T MEAITH G TRB OB Z TS L, §5 <R L ¥ —VIRIC % 20 R EIZIEZ7TROBR RO 2 b 2,
B OISR DD 5o BIRIXRARETITCIRNDH Y, RRW 5 G BLIERH <o BT
T, WEDRBIAED, WEIIEL, THIZIADOEEZ b D0

201649 H22HH  *E-mail: takn@hiroshima-u.ac.jp



14 BRECT - A - R - BB OB

Fig. 1. 1a-1c. Jujubinus geographicus Poppe, Tagaro and Dekker, 2006 la. Ventral view,

1b. Dorsal view, lc. Bottom view. 2a-2b, Genotina genotae Vera-Pelaez, 2004 2a.

Ventral view, 2b. Dorsal view. (Scale bar: 5.0 mm)

DR RIRE

THIFTHHAAE, 74 EY - 7 % V5 Punta Engano OKEES0-150 m & D HRE SN/ EAE S &
ZEH A (Poppe ef al., 2006). HAEMMEEA 51, AMH L OARICRESNAMIZIhECloR
RSN T2\, Poppe et al., (2006) 1%, A% Jujubinus J& )R8 ST\ 205, Jujubinus J&I1X, 1 F)
A%y A THEME L CTRUEE L7z Trochus matonii Payraudeau, 1826 (f:\ff CT& % T. matonii Payraudeau,
1826li J. exasperatus (Pennant, 1777) D> ) Z A EEZ H5NTW5S) #EXFEE L CTRIBINZETH D,

AR A LRV EDL DR O RMEICO OB LM SN D, REZ I LD LT 5 KFEED
Ju/ubinus J& (J. escondidus Poppe, Tagaro and Dekker, 2006, J. guphili Poppe, Tagaro and Dekker, 2006, J.
hubrechti Poppe, Tagaro and Dekker, 20067 &) OFIZREIL, AL KPEHECH G H RUFk S LT 2 18 | ZHL
a‘zufﬁ NS DEDBZMN R AR IZOVWTIINE THRE ST, KHEETIE, Poppe et al., (2006)

FHNHENARTE % Jwjubinus JB\ZRE S 720, KFEPLRESN TV AEOREICE L Tk, BEo
»’%ﬂi?ﬁ HHEEDNS,

HAJE A 7> & F 75 4 iR o fdEIE, N F Tl26lE (Genus Cantharidus Montfort, 1810, Genus
Kanekotrochus Habe, 1958, Genus Komaitrochus Kuroda and Iw. Taki, 1958, Genus Pictodiloma Habe, 1946,
Genus Pseudotalopia Habe, 1961, Genus Thalotia Gray, 1847) 9% (5 74 7' A Cantharidus japonicus (A.
Adams, 1853), L' F 7' C. jessoensis (Scherenck, 1863), 7N+ F 7 C. callichroa (Philippi, 1849), )
7 b F 7 ¥ C. bisbalteatus (Pilsbry, 1901), 71 A4 R’ = F 7 4 C. hirasei Pilsbry, 1901, 71 4 2 F 7 4
Kanekotrochus infuscatus (Gould, 1861), I~ A F 7% Komaitrochus pulcher Kuroda and Iw. Taki, 1958, X
27 i1 Pictodiloma suavis (Philippi, 1849), I ¥ 71~ ] I~ Pseudotalopia sakuraii Habe, 1961, * =
/2 Thalotia attenuatus (Jonas, 1844) 25iedk 2 LT % (Higo et al, 19997 &), TN HOFHIX, Wit d il
F'ﬁ%"??ﬁ‘i} WERE FAELIEEE LTELL TV LI eI SN TwD (A, 20057% &),

RIENTRENI LS % A & 3 F 74 Kanekotrochus infuscatus (Gould, 1861) (%, MEIZ6E 5% 1),
ENEIMEYE ,Jb‘ir-'ﬁﬁ@%éﬂ’”’ﬂﬁ bOo7s, WEICHIZZ , BILSH2A LW L TREE XSG, F72,
A 7 %77 F 7Y Cantharidus urbanus (Gould, 1861) i, F'%'E‘)T;Wﬂf b, KEPOLIIES A, REHITW
S, BUEICHNEZ <, BOEMIEICE 205 2 & O & 77

F 74 ' 4 Cantharidus japonicus (A. Adams, 1853) I, mmﬁﬁ']f}@ﬂfa: bH, mEIIGEME LT, 1T
FE R L TARMEEXSND, ) 7 MF 7 C. bisbalteatus (Pilsbry, 1901) (&, AFf| _Lt«ﬁwPﬁFE
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Witz b b, KRREIIHEES A, BRI MABhoAE O LTSNS,

7
ARHEIL, Poppe et al., (2006) 12 & AFEHLIEE, 7 4 1) € ¥ B EEE DA S OFREFLE I A S N,

s &

HAaE, BASEMES D SRR EN T DD T 7 7 A HEROREIL, #2045 5 DIk
L. AHEE, K80 m LIED [HRA ] 5T 2 2 L IZHHKT %0

Family Mangeliidae Fischer, 1883 ~ > ¥ /"1 £

Genus Genotina Vera-Pelaez, 2004

Genotina genotae Vera-Peléez, 2004 A5 7€~ (&I
Mtk Mk #E (L)=17.9 mm 7#%lE (W)=6.3 mm (3L

£ O#W

FAIHHEIE TR R BFIITH IR A5 Btld e T, #ET LEEH2E PO oiFER
BRHAET %0 BB, BEOB & Z40%. #EI13E5 < CUND. BEIZRWHE 2 b DR CH
K Bo NIRRT THVFIZIZ Ve JLE TR, RINIFHNEMT 50 Jritid e T3%, 3FHIC
WEDRAN D % o

DFRF RS

LT 7 E Y Genotina genotae Vera-Pelaez, 20041%, 74 )V >Y - 7 77 A BOKEIIOm L% 5
A TS LTRSS~y VAR O—FTH S (Vera-Pelaez, 2004) .

Genotina J{IZ1E, WL 74V v %y A THEME L TRLIk S 172 Genotina adamii (Bozzetti, 1994) & A
RO D AL ST D (Vera-Pelaez, 2004) . G. adamii (Bozzetti, 1994) %, BIEH OB 55 R Y
L, BiREARFEICHER L TR 25 2 L, BEICIE, Bt KIEiikk & BI %% 2 186 0 2SIt Y 7 A
A OCLIETLT 7 EY Y P EXAEND (Vera-Peldez, 2004) .

G. adamii (Bozzetti, 1994) (&, 4% Conorbis B \JGIET 5 7 ¥~ F A FtO—Ffi L L TR L7228
(Bozzetti, 1994), Vera-Peldez (2004) 3 & U Bouchet 2011) I & V), v~ VA FHIETE SNz, 7B, &
H O LA — WS S G. adamii (Bozzetti, 1994) (20 TITT A 5E7% S ERE L T 525, RO RAFIREDTE
CHEBIZIEEL o7,

Vi) ivl
557 EY VUL, Vera-Pelaez (2004) 12 X AFEHkLLE:R, 74 U ¥ 2 LIAA S OFERFIIA SNV,

s &
FREOMAIE, BRIZHASNDIERARIC IR T 5.

I
BUEHRIEICH 72 ) TV 72220 72 R BRI AR R AR A S AR A [ ] ot R AR 2 IE U
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OARBAAL, RO L TOH & 7 WAL T 77272 )7 1 BRI L B 5.

5| Xk

Bouchet, P., Kantor, Y. 1., Sysoev, A., Puillandre, N., 2011. A new operational classification of the Conoidea
(Gastropoda). Journal of Molluscan Studies. 77: 273-308.

Bozzetti, L., 1994. A new species from Philippines. World Shells. 9: 60-62

Higo, S., Callomon, P., Goto, Y., 1999. Catalogue and bibliography of the marine shell-bearing Mollusca of Japan.
Gastropoda, Bivalvia, Polyplacophora, Scaphopoda. Osaka, Japan: Elle Scientific Publications. 749pp.

AFREE], 2005, MBS B2 F 7Y A A Ok &R OFEZEAL. Venus. 63: 159-162.

Poppe G. T., Tagaro S. P., Dekker, H., 2006. The Seguenziidae, Chilodontidae, Trochidae, Calliostomatidae and
Solariellidae of the Philippine Islands. Visaya Supplement 2: 1-228.

Vera-Pelaez, J. L., 2004. Genotina genotae new species and new genus and Genota nigeriensis new species of the
subfamily Conorbiinae (Gastropoda, Turridae). Systematic, biogeography, stratigraphy and phylogeny of
Conorbis, Genotina and Genota genera. Pliocenica, Publicaciones del Museo Municipal Paleontologico de

Estepona. 4: 95-106.
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First record of Mollusks in the Japanes water that were collected from off
Tanegashima Island

Atsuko KuramocHt”, Takashi Kuramocnr”, Akiko Kor® and Takeshi Naganuma®

D 2-6-3-504 Ashina, Yokosuka, Kanagawa, 240-0104, Japan
2 Hayama Shiosai Museum, 2123-1 Isshiki, Hayama, Kanagawa, 240-0111, Japan
Ly Ly & P
Y Graduate School of Biosphere Science, Hiroshima University 1-4-4 Kagamiyama,

Higashi-Hiroshima, 739-8528, Japan

Abstract We hereby report that the specimens of Jujubinus geographicus Poppe, Tagaro and Dekker,
2006 (Family Trochidae) and Genotina genotae Vera-Pelaez, 2004 (Family Mangeliidae) were newly
collected from off Tanegashima Island, at the depth of 102 m. The type locality of both species has been
listed as the Philippines. This finding records the first occurrence of these species from the Japan water.

Key words: Jujubinus geographicus, Genotina genotae, Mollusca, Gastropoda, Tanegashima Island
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R RBREH K V) RE XN/ Caudina similis (Augustin, 1908)
(F~¥aM, BRH. hvT«1F®)

st - IR - R R

DL B &R T240-0111 #0431 =i Al 0T — 4221231
D B RN E R SR, T739-8528 IR B HIA B il -4-4

Z B uFvaE RE (AP Caudina similis (Augustin, 1908) 75, 7 N#EREREE £ 0
BRESNIz, AMEIZTNE CHRFEHEKE, MEEOIZ, FIEZ)NTE dEFEIEET > 5
ORERGFDV D Do WHND L OAREOREIIVLFHTH D Z &b, Frichiofimists L Cid
T 5o

F—"7)— K ! Caudina similis (Augustin, 1908), > W F~ IE N, &, #0770

&

Caudina similis (Augustin, 1908) (¥, FRUETTHE/KESL L O, HEELZ & 1 T s L CRilis iz n
774 FEO—FETH S (Augustin, 1908)s 7 7 7 1 FEHIZ4E (1 €S~ T E F*E Acaudina Clark,
1907, 717 4 FJ& Caudina Stimpson, 1853, 7 41 ¥ 7' 4 €+~ 3J& Hedingia Deichmann, 1938, 115
~ 2J& Paracaudina Heding, 1931) 25& 4, HABIEE L S ESHEA LSS TW 25 (BF, 2012),
WM OFERE D AN L BEDS T I AThILTw 5 L IEE willv,

WD SRS N 2L, FREE1988) 12X D T Lo H6NT WA, Az EtEEHDF~
JFRE S T v, F 72 C osimilis (X, Augustin (1908) 12 & 2 RedRLLE:, BRI AT (JH
1939) B X UE RS (Pawson and Liao, 1992) 7° 5 DAtk SN T\ 5,

i

FERFRARES
BN Phylum Echinodermata
F~ 3#i  Class Holothuroidea
[Z/2 H  Order Molpadida Haeckel, 1896
71777 4 FFF  Family Caudinidae Heding, 1931
Genus Caudina Stimpson, 1853
YuF~IENF (FGHM)  Caudina similis (Augustin, 1908)
Trochostoma simile Augustin, 1908: 38-39, pl.2. fig.7, textfig. 25.
Molpadia similis: Oshima, 1919. 144-145.
Caudina similis: Heding, 1931, 283: Clark, 1935. 278: Deichmann, 1938, 112.
Hatanaka, 1939. 348-353: Pawson and Liao, 1992. 379, fig. 4.

WEhek 3k KE (L)=68.8 mm, L=61.1 mm, L=37.5 mm (7 )L 2 — V[ 5K % 5HHl)
PREH  34.18.403N, 133.14.100E (FJINRBIEFM)  KEI3m  RIE

201649 H22HH  *E-mail: takn@hiroshima-u.ac.jp
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SLERTRE

IR R8I (Fig. 1, a)o FIRDIRWVIFIE , FIEOFCETRIZS S, Bz, #usiciir %
b0, BHOE S IIMEEDB X £30-46% % (5 5 Rl H . HREEIZE . il T3 154K TR (Fig.1, ¢).
fillF O BB AMLN 5 I B Fe T AL, ARSI AT O D 2T OMREE FIZdh 5o HLMIZIESAROAT
ISR ZERE S D, R—1) IREEL 1A,

Fig. 1. Caudina similis (Augustin, 1908) Collected from the Seto Inland Sea, Hiuchi-nada,
17 m depth. a. Ventral view, b. part of calcarceous ring, c. tentacle.

g A
HEEHIZT — 7VIRE R (Fig. 2,2) RS VIREN (Fig2, b) 2HEL THET 2. 77— 7 VIRE I
’Wﬁ"%’f@%}ﬁé AL, FRIZIERY VIRER PSRN D, 72, ROFHHHICIET — 7 VIRE A%
. RomE (25 I3RS YRR 2% v, 7— 7 VIRE R ORI OEIL, 4RoEE S0, 3%
@mé 1390~100 um T, 1DDOfHEE b D, BT ~FMIE CERE100~150 umo HF.0I2IZ4DDIFIT
HELWREEOILE b2 FBIZEKELRILOADR DL LD E, WNERfLlae b 022008 H 5, Ry VIk
BHIZER60~80 um, FE60~70um T, 1FIFHELWAREED2~4o0fLlx b L, F—7VIRER I
ANEDK G TFIIEH TRAAEORKEF (Fig. 2,¢) DADPHLILD,

B "o 0@
® & @&

100um

Fig. 2. Caudina similis (Augustin, 1908). a. Table ossicles from body wall, b. Buttom
ossicles from body wall, c. Rods ossicles from tentacle.
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BIKER
BISEARDOBHFH O S132.1 mmo HiiRlZ®H 5 RIIR L, BiEETRICT 2PN S0 MG T
IR CHVIGREE O b, &ixEFE<EAT S (Fig.l,b)o

DERFRIIRET

Augustin (1908) 1, (B /KE CGREEL) O/KEFE350 m B X UHEE OKGES0-110 m X 0 $FRE S 7-418
ROEAR%L b L 12 Trochostoma simile Augustin, 1908 & L CARMZ LK L 720 K& (1919) &, KfEAT —
TIVIRER (KRB (1919) 1, HEIRER LRd) 2025206, £ EF~ 3| (Molpadia) |2)fE S+
Flk L7z F72, Heding (1931) 13, B %2 b L ICAMEEZ 7Y 714 FIBIZJHE & &7z Clark (1935) B L O
Pawson and Liao (1992) &, &ffE& 7 2V 5, % F 22—+t v VI Chelsea & ¥ 1 TEEH# & L TRl S 7z
Caudina arenata (Gould, 1841) % L L, C. arenata \3REI2OK E MM L2 O/ E 2 IEOILE
LORY VIRERZIZEAER I ERL U FVYIERFEXPENDE LT, L2L, TORY
R ORI, AL VIRESNZ O FYIE RFOERICOALN, SHOIEMEL TR D 220
LEZONL, M (1939) 1, C arenata L >0 F<XIEFFIE, AKEROBEBLIORESEZLLZ
ETHHIEND & LTWaA, M (1939) 23S L 72 E RN oA, BEHOE S 2R DF150%
RHODEEINDY, WIANES HERE L ERIIRHOR S L, RRICH L T30-46% O#FiFHIZH - 72,
CAUEM (1939) OME CTIHARIAREBHORSZFU L2018 LT, ARE T T VI —VH
EEAREFHIL-Z S IC X A2EEHEN SN S, REIZHTT 22O EEIX, Pawson and Liao (1992) (2 & )
HER AR D S SR D RO Z30% &3 2 5HIMEIZ AL T2,

KR A 51> 0~ 3 E F ¥ Caudina similis (Augustin, 1908) % & 2L E TIZ4ED 7 7 74
F & OFEAEATFLEE S LTV A (Pawson and Liao, 1992; Liao and Pawson, 1993). Tonkin {& D 7Ki#63-91 m %
Y4 TEEHE LR S L7z C. atacta Pawson and Liao, 19921%, 1£8£40-53 mm. 7 — 7 WVIKE o8
HE180~280 umo AEEIIO—E L WEINE DO & THRE D, IKHARILOKEIOT m % & {4 T
Hi & L CREH & L7 C. intermedia Liao and Pawson, 1993131819 mm & /N & ARG IR P8 ARBE (2 7 —
TNVIREFDOHRDBDY, Ky VIREFEZRZETRR L, R FMEOKGES3-89 m & ¥ A T & L TRl
& 7z C. zhejiangensis Pawson and Liao, 19921%, K535 mm. 7 — 7 I)VIRE - O ZEARIZEE150~180 um,
HEEITEO—E LI E b D L TERL L,

W+ < 3 Paracaudina chilensis (Miiller, 1850) 13, @310, HKEELH <, AR, IEHEANAE LT
THRZ %, BHOKIIIEEDIITREIZHAE, FFIZEROEE L b O/NAE L - I AR 04
FEbLH, Iz dlownwl e ThvT1FBERL D,

2

a4+~ aE FFIE, Augustin (1908) (2 & D HEUE THE KB D KEEI50 m &AHBREOKEFET10m &1 $
FENTEARE L LIRS Nz, Mk (1939) 1, EIRIEZIINTHOKEI0~25 m & D155 N A%
s L T\ %, Pawson and Liao (1992) &, # R RO KIEI6~48 m 70 & A% Fldk L T\ %o FiZE (1988)
ZARTEDFEERE 7 < WA S 1 3RFLER & %2 %o

Augustin, (1908) D521, ARfEDj#EHL & LT [Sagamibucht: Dzishi, 1 Exemplar aus 110m] & ik &
T\, Dzishi i, BAEOMAENEETHMOKEIIOmM 2R $ LN SN 5. Augustin (1908) 1, Franz J.
Theodor Doflein (1873 — 1924) A% H RIZHEFEF 01904 (WiA37) 4E9HAA S DB X220 HIM, 7w E
REFZIGREME IR AL L, ASE R 2 IUE L 728k %2 b L ICHARICBEES 5 -~ 20557
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Record of Caudina similis (Augustin, 1908) collected from Hiuchi-Nada in the
Seto Inland Sea (Holothuria, Molpadida, Caudinidae)

Takashi Kuramoct”, Akiko Kor” and Takeshi Naganuma?

Y Hayama Shiosai Museum, 2123-1 Isshiki, Hayama, Kanagawa, 240-0111, Japan
* Graduate School of Biosphere Science, Hiroshima University 1-4-4 Kagamiyama,
Higashi-Hiroshima, 739-8528, Japan

Abstract Three specimens of Caudina similis (Augustin, 1908) were collected from Hiuchi-Nada in the
Seto Inland Sea of Japan. The archived occurences of this species have been reported so far in the Uraga
Channel (Tokyo Bay), the Sagami Bay adjacent to Tokyo Bay, off Onagawa (Miyagi Prefecture, Japan)
and the south Yellow Sea. We hereby report that additional specimens were newly collected from the Seto
Inland Sea.

Key words: Caudina similis (Augustin, 1908), Hiuchi-Nada, Seto Inland Sea
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BFESRRICHITIHFBMEBEROIEOR M | LA FHEEFTISIZE
Neocalanus cristatus (H1 7>8) OHIR

KGO - AR - ST - HEEE D - AEARE —ERY - Rk EEY -
HEADE - IS - gt - Dhugal Lindsay” - b JE 44"

VIR B REFER B Y BERE R RS R 7 4 — L FRFEBEIIZE L v ¥ — T H AT — 3 >~
T 725-0024 L BEATETESET 5-8-1
VIR BRI RS B AR A B AL T 737-0029  JA IS EINT 7-4
) ESTIFZE B S N EITSE B SSHERE T 237-0061 A4S 1 VLRRE S T & S T 2-15

Z B KEVFESENE A A4 7 2 $ Neocalanus cristatus (ALK T I2HA L, HAVBEOK
SEEANCIR o CREE T 2 BRI\ SR 89 5 o BUEIER IS BV TR O R b NI BT 2 #5:
O BIFLERIZAHE28”, BifE134° Th o 720 201545 HIZFEM L 7234 <, 7549300 km HF (At
#30°50", FHE131°30) 2BV CARBO IR 1 KV HILMEBLL 72720, B s o
HbE DOIKEE600~950 m F T3 L TW AU REMDTRIZ S 17z,
F—"— K : Neocalanus cristatus, B, 2#, E1TB

]

HAEIIZIIER TH 5 BB L O HIRET A BRI, =R Th LB, )~ VRIS FEEdT 5
(H AU A T ge 30 4x 1985) 0 2o 0l OKBE) OfEfE s LT 2877 > 2 b vas
MHNTHBY, ERIFEME LTI ¥ ¥ Y L ¥ Parasagitta elegans (Verrill, 1873), 71 4 7 3 $8 Neocalanus
cristatus (Kroyer, 1848) 7z & 2815115 (Marumo 1966, Omori 1967, Omori and Tanaka 1967), %7z, B3k
WDSERREI (0l BRI AR BT AN T T v 7 b VAN R LR E TR L T B BIR A
SNTEY, BMoORALHDZ L TES (Kado 1957, Hirota 1962) ,

BUMEACSF I IR BR D TSN RO T BYRIDWICE N L, &R RES, =FEhzdk- T, =
PRI~ TR F T 2 (HAMRES ST R 804y 1985)  dbff 42° 3 CIEGE & 8 L Clia7K
LY, —HOLAABDIE T o TEEER 2 IR 50 KM TIE 2 OIS 400 ~ 1000 m % B
Wi, PR a2 R CRAERMEE TEL TS (Omori 1967), & 512, Z ORI
KRBT AN G TR & OGRS, TENER 2 & OWIKIIE O 81C X o THEMEZR TN 2 TR
TAHZEMHN, WERE TR oMM AIE 3 % (Sekine and Miyamoto 2002),

PUTEIEAETd 5 Neocalanus cristatus O ACHEE ~ A O ISFEMI G2 BT 2 #7534 25 Omori (1967) 12
FoTRELIMAE SN TRY, ZEMTIEIET 1 BV I/ BARIZKEE 500 ~ 750 m, I, BREA T
TUEAKIZE 600 ~ 1200 m, LA 55 1 )7 DAL 30° £ T IEAKIEE 1100 ~ 1400 m 2B L, #EEEAMR S %2 B 1 26E -
THEBIREDEL, POFEIXIMRA LT\ <, Neocalanus cristatus O453A5 7 S BEE RIS ARINIGRIZIE > T
VOS2 g R AN O A % il > TREWLIHISE L T A THEREAEIN S N Tw 5, ZOEEE
AR B BT ATES 2 MR 28°, BURE 134° fhECTH 5 LIEE E N TV 72 (Omori 1967) .

015 4R IZEM L 724 DT T v 7+ VIREIZB T, FETEHEIME (i 30°49.98', HifE 131°29.947)
DG S N. cristatus OIEDFERL SN, TEROHE L) BUIER2 S S IZHICHE L CTW 2 1RMEYRD
DT ZITRLEL TH <,

i
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MR ERE

7oy s b OREFETBAE NS (L 30°49.98', FURE 131°29.94, K 1223 m) 2B\ T
2015 4E 5 H 25 [ 09:18 ~ 12:32 |2 ST-8 T4T- 7> (Fig. 1), ORI net (Omori 1965 : [I£% 160 cm, #§H 0.33
mm) %, [k EKSEA BEEE AR AL % 2 kt THUT SRS TA V=2 RAIRY L, 7
A X —KAT1900 m 1Z3# L 72 RE[] 20 HAE A 60° & IR H 2535 30 0 I AKRFRE Lz VA X —REMEMADLE v
b OIRIEIZHI 950 m EHEEEND, BT, BEHIC3LOEY) Y lay Ry FNOREY % ANT,
HerDE ) 2K THR LD EERBMEE T CTHA 7 U HEEN Lz BRESNH A 7 VHIILEIIL T
T99.5% HAH VT T0% T8/ — L TREEL,.

B, K, 5 OMEIZ JAMSTEC 4E:4% VPR 123555 | 72 CTD (Citadel CTDNV, Teledyne RD Instruments,
FSI NIXC CTD Auto-7000 m) |2 & = CIHE % HEOKIE 470 m F ClllsE L7zf 5% 53,

BREEBE

CTD DOJKFE 470 m T TOKL, S OME 7T 7 7 4 V% Fig. 2 12R$ . KiRIEEE TR L5 21.6C
Kﬁkt%’@ﬁ’ﬁTLTK&MOmeﬁﬁﬁCT%OtOE 13T 3451 THo 7205, KiE 89 m
T 3470 1 2E L, FAULLRIZAR 4 12T L CKEE 470 m T 3420 Th - 720 BRITEIZB W THEIREO
IKIRIZAER 2508 U TR 3 ~ 11T, His4r 342 ~344 LEHREN TS (HARMBESAI B ET e
1985) M BAHETEH Z OHPAAEIL T E 2D TH UL, KiFE 300 m 245 DKL FEICHYS T %,

Tl B E A ST-8 |2 HEB L 72 Neocalanus cristatus 1 HARIZ 2 REFT 1 FVEISETH - 72 (Fig. 3),
BEER S~ RO TR ) FTOEREIZ 796 mm TH o720 JAUISZEILD, B, BRis
PO g SN KT 1 BV RO KE (6.80 ~9.30 mm) OHFPANIZH D, 4F1C 4 B ICa# 1Lk
10 FIZBE, FBE D O EREE SN 72 P9 E 7.91 ~ 8.06 mm & X { —F$ 2 (Omori and Tanaka 1967) ,
AEORRIZHREE I Lo THAT =Y TH2LT 5 2 LA M5N T4 (Tsuda et al. 2001), AL
B RIEE TN, RPNIZIMERD A EBIZ S 72D T, lkeda et al. (1990) @ intermediate type (273 3E SIS o
oy 4TI, :1/\“1“"%“4 R IV #IL) R A & O B K2 1 1% TR A 2SR 563% THIER D 72 > transparent type & 5 £
Z L CHIADYESE L TR IS IIER ST 5 solid type D HIHEEHSCTd 5 (Ikeda et al. 1990)

PUITEI %2 & OATHE TR RS b, KES FEELBEETH B 720 ICIFFICREL KFgE LT
W25 (Miller et al. 1984, Tkeda et al. 1990, Kobari and Tkeda 1999, Tsuda et al. 2001, 2004) , JFE7 & &1, F
SAABEIETOMW 79 > 7 by 7V — LM L BB N E O ETH DL, LRFEHIZBI 2R LD
AT, 7V — A DHE S AHTNISARIZAZE 500 m DIETEIN L, BALL7 —7 ) 7 ZALEIZFREA~
BEHILTCaKTA NI~V FTEKEOWY T T > 7 M 2FHLTHE, BEL, BFIZaKT4
NV ISR R B L CAEOREIM F CIRIRS %0 —J7, BUREGTC B1 2 AFE AR L EIN IS S ne 5,
R T b EE 2 5T s (Omori and Tanaka 1967, Oh ef al. 1991)

ZNE TN cristatus (TIRET 4 F V) PEEERICBW LB L2 R TEICA#ET 2528 (144 in
Fig. 1) O#FEITHAE 134°15" (Omori 1967) ToH - 72D T, SRIOFAEIZ L - TH 300 km & 5 (ZTHH T T
BB RASE L T b Z EDMEI SN 7ze S RIOFTATIX N. cristatus O JRE I ETE R WA, HA
PHR 950 m LR & F 2 b ib . BRIE A T OB RIZAKLE 600 ~ 1200 m (ZFF/ES % (Omori 1967)
Zehs, FETEMATIEKE 600 ~ 950 m OIJICAERIEN D 5 LHEESND, Kili, WHTOT—5FH» 51
JKEE 300 m DGR OKSL & g SN D 0s, BEIARKOEHR (600 ~ 800 m) (FHH) 1981) % EE$
LEZOHMIZYTHS ),

B O, WS IZFELTAE LT (Sekine and Miyamoto 2002), HLEIE A3 & T & 2 #ipH b F4
BATFHEEINL, B, BEOWEROE, 2978 BEERORIEROFEME 2 L2V TEE 5I2H
LVHlESVETH S ),
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Fig. 1. Sampling site (closed circle, ST-8) of deep-sea zooplankton off Tanegashima
Island, Kyushu on May 25, 2015. The westernmost collection site (open
circle, 144) of Neocalanus cristatus in submerged Oyashio waters was
previously recorded by Omori (1967). The main passage of the Kuroshio
Current on May 25, 2015 is superimposed on the chart based on the data
from The Japan Coast Guard (http://www 1 .kaiho.mlit.go.jp/KANKYO/

Depth (m)

Fig. 2. Vertical profile of depth-water temperature-salinity at ST-8 on May 25, 2015.
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Fig. 3. Neocalanus cristatus (copepodid V) collected from off Tanegashima Island,
Kyushu on May 25, 2015. Antennules and legs were partially damaged. OS:
oil sac.

A A

KPR TR B EFE S E B AR S AL O T E, IS IRE TV 272 v o T
LTEH L2ve T/, BEfReEiin/2E, BELT A Y M2 W20 iU R H
FOZ VAL L 720 RWFZE O —H03 H AP AT RIS AL 78 2 (ZEAEIESE C, No. 16K07825, {83 K% 20
2 & o TIirbi7z,

5| Xk

Hirota R. 1962. Species composition and seasonal changes of copepod fauna in the vicinity of Mukaishima.
Journal of Oceanographical Society of Japan, 18: 35-40.

Ikeda T, Hirakawa K, Kajihara N. 1990. Some characteristics of a coldwater copepod Calanus cristatus from
regions of the Japan Sea covered by the Tsushima Warm Current. Bulletin of Japan Sea National Fisheries
Research Insttitute, 40: 51-65.

Kado Y. 1957. The seasonal change of the chaetognath and pelagic copepod fauna of Hiroshima Bay in the Inland
Sea of Japan, with special reference to the appearance of oceanic species. Journal of Science of Hiroshima
University, Series B, Division, 1: 121-129.

Kobari T, Ikeda T. 1999. Vertical distribution, population structure and life cycle of Neocalanus cristatus
(Crustacea: Copepoda) in the Oyashio region, with notes on its regional variations. Marine Biology, 34: 683-
696.

Marumo R. 1966. Sagitta elegans in the Oyashio undercurrent. Journal of Oceanographical Society of Japan, 22:
129-137.

Miller CB, Frost BW, Batchelder HP, Clemons MJ, Conway RE. 1984. Life histories of large, grazing copepods
in a subarctic ocean gyre: Neocalanus plumchrus, Neocalanus cristatus, and Eucalanus bungii in the
Northeast Pacific. Progress in Oceanography, 13: 201-243

H AR A D IR DFZE R 2%, 1985, HARSENR MRS, AORA RS, Wat, 1106pp.



FE- B A (2 W8 L 72 Neocalanus cristatus 29

PORT=HR. 1981, EROME L Adr, AR BB, Hal 284pp.

Oh B-C, Terazaki M, Nemoto T. 1991. Some aspects of the life history of the subarctic copepod Neocalanus
cristatus (Calanoida) in Sagami Bay, central Japan. Marine Biology, 111: 207-212.

Omori M. 1967. Calanus cristatus and submergence of the Oyashio water. Deep-sea Research, 14: 525-532.

Omori M, Tanaka O. 1967. Distribution of some cold-water species of copepods in the Pacific water off East-
Central Honshu, Japan. Journal of Oceanographical Society of Japan, 23: 63-73.

Sekine Y, Miyamoto S. 2002. Influence of Kuroshio flow on the horizontal distribution of North Pacific
Intermediate Water in the Shikoku Basin. Journal of Oceanography, 58: 611-616.

Tsuda A, Saito H, Kasai H. 2001 Geographical variation of body size of Neocalanus cristatus, N. plumchrus and N.
flemingeri in the subarctic Pacific and its marginal seas: implications for the origin of large form of N.
[flemingeri ain the Oyashio area. Journal of Oceanography, 57: 341-352.

Tsuda A, Saito H, Kasai H. 2004. Life histories of Eucalanus bungii and Neocalanus cristatus (Copepoda:

Calanoida) in the western subarctic Pacific Ocean. Fisheries Oceanography, 13 (supplement 1); 10-20.



30 KIE M- HPEEN RS - R - ARARR IR - R B P ERDE - B - hiiEEE - Dhugal Lindsay - £ 3:(k

Possible westward extension of submerged Oyashio waters to off Tanagashima
Island, Kyushu, western Japan: based on the occurrence of the subarctic
copepod Neocalanus cristatus

Susumu Ontsuka', Hayato Tanaka", Yusuke Konpo"” Hayato Uchiumi”, Shuichiro Hasnmvoto",

Masashi Kataoka"”, Kazumitsu Nakacuchr”, Shuhei Yamacuchr”, Mikio Kato?,

Dhugal Lindsay” and Keisuke SUNAHARA”

Y Takehara Station, Setouchi Field Science Center, School of Biosphere Science, Hiroshima University,
5-8-1 Minato-machi, Takehara, Hiroshima 725-0024, Japan
? Training and research vessel Toyoshio-maru, Faculty of Applied Biological Science, Hiroshima University,
7-4 Takara-machi, Kure, Hiroshima 737-0029, Japan
¥ Japan Agency for Marine-Earth Science and Technology, 2-15 Natsushima-cho, Yokosuka, Kanagawa
237-0061, Japan

Summary

The large-sized planktonic copepod Neocalanus cristatus is distributed in the subarctic Pacific Ocean,
and also occurs in the submerged Oyashio Current flowing southward along the Pacific side of Japan as
pseudopopulations. These have been recorded from 28°N, 134°E, suggesting this may be the westernmost
and southernmost boundary of the submergence. The present survey implies that the submergence reaches
further westwards to off Tanegashima Island, Kyushu (30°50'N, 131°30'E) (ca. 300 km), based on the
occurrence of the fifth copepodid stage of N. cristatus at presumed depths of 600 to 950 m.

Key words: Kuroshio, Neocalanus cristatus, submerged Oyashio, Tanegashima Island
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Chronic hypomagnesaemia on bovine ketosis

Shigeru YosHIDA

Professor emeritus

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

Abstract Cows in the dairy farm of Hiroshima University were affected by abnormal milk secretion
named “the Utrecht abnormality of milk”, and these cows were suffering from osteoporosis. Calcium
was released from bone to milk by the increased serum calcium level. The increased serum calcium was
caused by the decreased serum magnesium level by a low magnesium intake from roughage less than 0.2
% in dry matter. These cows were suffering from chronic hypomagnesaemia. Mass outbreak of bovine
ketosis was occurred in this dairy farm. The levels of the blood serum Ca, Mg and inorganic phosphate
(Pi) were 3.93 mEq, 1.84 mEq, and 4.95 mg/dl, respectively, in the average of milking 20 cows. These
cows showed a low level of serum magnesium for many years. The 72 cows suffering from ketosis were
also showed low serum magnesium level (1.77 mEq), a low serum calcium level (3.91 mEq) and low
serum Pi level 5.06 mg/dl), compared with normal 93 cows (Ca 4.28 mEq, Mg 2.00 mEq, and Pi 7.81
mg/dl). They also showed low serum magnesium level as well as the cows of University dairy farm.

In the relationship between ketosis and chronic hypomagnesaemia, ketosis was caused by the
metabolic disturbance from a -ketoglutarate to succinyl-CoA, i.e., oxidative decarboxylation in TCA
cycle. This reaction needs TDP, Lipoate, CoA, NAD, FAD, and Mg as cofactors. This disturbance must
be act the accumulation of acetoacetate and ketone bodies, such as acetoacetate, acetone and £ -OH-
butyrate. The injection of magnesium, such as MgSO, and MgCl,, have an effect on bovine ketosis. New
hypothesis can be proposed that ketosis and downer cow, suffering from chronic hypomagnesaemia,
must be come down with beriberi of human, because beriberi is a one of metabolic disturbance of
oxidative decarboxylation reaction.

Key words: Oxidative decarboxylation reaction, Low serum magnesium, Chronic hypomagnesaemia,

The Utrecht abnormality of milk, Osteoporosis.

A certain dairy farm reported frequent occurrences of ‘the Utrecht abnormality of milk”, of
reproductive disturbances, and ketosis among lactating dairy cows. Through clinical, biochemical and
pathological analysis, all the cows in this dairy herd were diagnosed as suffering from osteoporosis
accompanied by a low serum Mg level. All cows were closely observed in order to follow this metabolic
disorder. These dairy cows had been fed on rations with adequate in Ca and P but they low Mg for
several years. The Mg content was below 0.2% of ration dry matter as shown in the former paper
(Yoshida, 2015).

Accepted on September 1,2016 *E-mail: yosida_sigeru@yahoo.co.jp, http://www.osteoporosis-cow.com
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Fig.1. Changes of blood serum values (mean of 20 cows) during a mass
outbreak of ketosis in Miyuki dairy farm.

Table 1. Blood serum values of ketotic cows of mass outbreak of ketosis of Miyuki dairy farm

Body weight Milk yield Ca Mg Pi Al Gl GOT GPT ALP
(kg/day) (kg) (mEq) (mEq) (mg/dl) (%) (%) (K-unit)  (K-unit) (KA-unit)
Before outbreak (Jul. 7) 536 18.0 4.17 1 1.76 6.82 332 4.79 58.2 18.2 59
After outbreak (Aug. 7) 533 153 13.93 1.84 14.95 332 4.65 53.7 16.1 6.1

P <0.001 N.S. P <0.001

Urinary acetone levels after ketosis were +++ for 10 cows, ++ for Scows, + for 2 cows, and - for 3 cows.
P: calculated by t-test

Most of the lactating cows spontaneously exhibited ketosis at the same time in the summer of 1971.
Abnormal changes in blood serum values were noticed in Miyuki dairy farm as shown in Fig. 1. The
observed changes included marked decrease of serum Ca from 4.17 mEq to 3.93 mEq and Pi from 6.91
mg/dl to 4.95 mg/dl, while, serum Mg was slightly increased from 1.76 mEq to 1.84 mEq. A veterinarian
who regularly came to the dairy farm diagnosed the cows as ketotic after analysis of urinary acetone and
observation of related clinical symptoms, such as lack of appetite, loss of body weight, decrease of milk
yield, and lethargy. Fifteen of the twenty cows were ketotic at the same time as indicated in Table 1. As
shown in Fig. 1, 7 ketotic cows of the Miyuki dairy farm were at low serum Ca and Mg. These lactating
dairy cows were diagnosed with disturbances of Mg metabolism, and Mg-deficiency was suggested to be
associated with a shortage of Mg intake. The therapeutic effects of Mg salts have been tried on these
ketotic cows.

Table 2. Blood serum values of ketotic cows of Miyuki dairy farm

Ca Mg Pi Al Gl GOT ALP Glucose  Acetone  Urinary
(mEq) (mEq) (mg/dl) (%) (%) (K-unit)  (KA-unit) (mg/dl)  (mg/dl)  acetone
Control (93 cows) 428 2.00 7.81 2.73 4.58 56.3 5.12 57.1 - -

Ketosis (7 cows) 13.88 1 1.69 14.02 3.06 4.61 47.9 8.12 53.2 8.12 -+
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Case 1: Cow No.10, one of the 20 cows of the same dairy farm, was a lactating Holstein cow whose
last calving was on July 15, 1971. This cow was 7 years old, and 504 kg in body weight, and produced
17 kg of milk per day in October, 1971. Cow No 10 had been kept under close observation and was
declared ketotic on August 10, 1971. Ketone bodies had been evacuated in the cow” s urine for two
months, from August to October. Magnesium salts were given to this ketotic cow after based on the
hypothesis of a possible relation between ketosis or ketone body metabolism and magnesium
metabolism. One gram of net Mg content in 10 gram of MgSO,-7H,0 with 50 ml distilled water was
given for 5 consecutive days by intravenous injection. Ketone bodies in blood serum and urine came
down to normal values after this treatment. Blood serum samples were collected before and after

treatment, and are shown in Table 3 and Fig. 2.
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Fig.2. Changes of blood serum values in Cow No 10 at treatment of ketosis with MgSO,

Table 3. Blood serum values for ketotic cow (Cow No 10) before and after MgSO, treatment.

Ca Mg Pi Al Gl GOT GPT ALP Acetone  Urinary
(mEq) (mEq) (mg/dl) (%) (%) (K-unit)  (K-unit) (KA-unit) (mg/dl) acetone
Before treatment (Oct. 5) 4.11 1.69 4.49 3.31 3.61 52.0 15.0 3.82 7.09 +++
After treatment (Oct. 10) 3.76 2.19 3.84 3.51 3.97 70.5 23.0 4.53 1.0 -

Case 2: Cow No 8, one of the 20 cows of the same dairy farm, was a lactating Holstein cow. Her
last calving was on May 29, 1971. This cow was 7 years old, and weighed 517 kg, and it produced 17.5
kg of milk per day in November 10, 1971. It was also found that this cow was suffering from the same
metabolic disorder as Cow No 10. Urinary acetone had been detected from August, 1971, until this
experiment began on November 10, 1971. The experiment in which the cow was treated with MgCl,,
began on November 10. One gram of net Mg content in 8.4 grams of MgCl,-6H,0 with 50 ml distilled
water was injected intravenously every day for 5 days. Ketone bodies in blood serum and urine came
down to normal values after this treatment. Blood serum samples were collected before and after

treatment, and are shown in Table 4 and Fig 3.
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Fig.3. Changes of blood serum values in ketotic cow (Cow No 8) at treated with MgCl,.

Table 4. Blood serum values for ketotic cow (Cow No 8) before and after MgCl, treatment.

Ca Mg Pi Al Gl GOT ALP Glucose  Acetone  Urinary
(mEq) (mEq)  (mg/dl) (%) (%) (K-unit) (KA-unit) (mg/dl) (mg/dl) acetone
Before treatment (Nov. 10) 4.01 1.63 3.85 3.28 4.51 39.5 8.8 60.8 5.98 ++
After treatment (Nov. 14) 4.16 1.82 5.12 3.49 4.30 49.0 43 60.0 1.17 -

Abnormality in the levels of blood serum Ca, Mg, and Pi was observed in ketotic cows of the
Miyuki dairy farm. Blood serum samples were then collected from ketotic cows as well as normal cows
at other dairy farms in the immediate vicinity. A veterinary surgeon diagnosed the pathology cases as
having ketosis on the basis of serum samples and clinical symptoms such as urinary acetone excretion,
lack of appetite, nervous disturbance, decreased activity of stomach and intestine, deceased body weight,
and decreased milk yield. It can be observed clearly that serum Ca, Mg and Pi were lower than the
normal control samples at the time of ketotic condition as shown in Table 5 and Fig. 4. A decrease in the
glucose level of serum was also observed, while the levels of serum GOT, ALP, and globulin were higher
than those in normal controls.

Ketosis is a metabolic disorder of the carbohydrate metabolism in which the level of ketone bodies
in the fluids, including milk, and urine, is too high. However, it has not been revealed the mechanism
that the ketone bodies accumulate in the living cow. It has been recognized that the accumulation of
ketone bodies develops when the formation of acetoacetate is accelerated in the liver. But, ketone body
accumulation is also supposed to be due to the reduction of the disintegration of acetoacetate in the
muscles. From the results of the present investigations, a theory on ketosis and the ketone body
metabolism can be proposed. The accumulation of ketone bodies, develops when the rate of formation of
acetoacetate in the liver exceeds that at which acetoacetate can be oxidized in the muscle. The most

important mechanism in ketone body oxidation depends on the conversion of free acetoacetate into
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Fig.4. Relationship between Ca and Mg in blood serum of ketotic and normal cows.

Table 5. Mean values of blood serum for normal cows and ketotic cows.

Ca Mg Pi Al Gl GOT ALP Glucose  Pyruvate
(mEq) (mEq) (mg/dl) (%) (%) (K-unit) (KA-unit) (mg/dl) (mg/dl)
Control (93 cows) 428 2.00 7.81 2.73 4.58 56.3 5.12 57.1 -
Ketosis (72 cows) 1391 1 1.77 15.06 2.88 5.25 67.1 6.75 54.4 0.375
P <0.001 P <0.001 P <0.001

P: calculated by t-test

acetoacetyl-CoA by succinyl-CoA transferase, which is limited to muscles and heart and absent from the

liver. The following reaction occurs in the presence of succinyl-CoA, as shown in Fig 5.
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TDP, Lipoate, CoA, NAD, FAD, Mg

o -Ketoglutarate » Succinyl-CoA

« - Ketoglutarate decarboxylase

« - ketoglutarate dehydrogenation complex
Lipoamide dehydrogenase

Lipoate transsuccinylase

(in Muscle)

Succinyl-CoA + Acetoacetate ————————» Succinate + Acetoacetyl-CoA
Sucinyl-CoA transferase

(in Muscle)

Fig.5 Oxidative decarboxylation in muscle
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Fig.6 Map of TCA cycle and ketone bodies production

CONCLUSION

When succinyl-CoA is depressed, acetoacetate accumulates and converted into acetone and [
-hydroxybutyrate. Reduced oxidative decarboxylation reaction from a-ketoglutarate results in a reduced
yield of succinyl-CoA. Accumulation of a-ketoglutarate and reduced succinate have been reported. The
complete reaction system is summarized in Fig 6. An inhibition or metabolic disturbance occurring in
oxidative decarboxylation of carboxyhydrate from pyruvate to citrate and from a-ketoglutarate to succinate.
However, further research with partially purified enzyme preparations associated with this reaction
showed that the process as a whole requires the presence of a considerable group of small molecular
materials, including TDP, Lipoate, CoA, NAD, FAD, and Mg. Thus, the oxidative decarboxylation

reaction can be hampered by a deficiency in one of these cofactors leading to a deficit in succinyl-CoA.
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E B WieT RENERSGOETOAFPRERE_FALWILL, TOAFMICEMBRENFA LT
W ZEEm Uz HlG, Z2olERISHE RO Mg AR & ) FLAEO MG Mg 23T LI Ca 238400 L 72
720, BERSLmO Ca B FITITBAT LI BIEL D TH L, BBFAHFICCan B Ta—)
AR CALEIL D ZEPMOENT VA, HERFO Mg HRIEDM F L& LT02% LT T IATH =—
WHEET D EnbNTWD, ZOFLAH200H 2 BRI AT 2 #F8 T P O S KT 2 5B EE 0%
HEIRIE L, BEMASE L2 2A 7 b — YV ADHERIZEA L T D 2 LAV L7z. FRANILE Ca4.17
mEBq, Mgl.78 mEq, P 6.82mg/dl I2xF L, 54 IIM{E Ca3.93 mEq, Mgl.84 mEq, P 4.95 mg/dl Td -7,

Z DI MgSO, & MgCLZE#H G- L7z 2 A7 +— Y AR EIE L 720 TIi Mg 257+ — ¥ 23 12i% <
B LTwb I ERHEESN L, 7 b — Y AZERILIE T O a -Ketoglutarate 231 L T 5 & OHEA
HY, TCAHA 7 VOBACHIB KRS O @R CHiFER & LT Mg B UWHTH L, ZOFFHTOT b —
TVADFEAT Mg ARIZERNPH L EHEZOND, AOBMRIZE Y I Y BRZIETH L0407 b—2
AEF—OFMORHEETH Y, FFORTARESECHEL T EHESINL,

KRFFDO RIS T b — Y ZAH3FE4 U7z, 1HE 2 FLR935H 0 P41l Ca 4.28 mEq, Mg 2.00 mEq,
P 7.81 mg/dl (2T, fMREFFHET2I TlE Ca3.76 mEq, Mg 1.77 mEq, P 5.06 mg/dl TH V), @M
I Ca, Mg, P & BT AMHMAZR L7,

COBGTRIFOEMEBTH LZRIATED T AT 5 =—Di3h, BHEETH HREE_EAL
FHEMENSFAEL TBY, HAEDT M=V APFE L. IO OHRFORKITHEEHkS 2 Mg ®
AINRRNT L EEZ5N5,

F—T—K 7 b=V, BALMBREERS, K Mg E, Mg KZE, NERE 557, SHERE
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BAREIARIBRICTFE T HHEAIRT XTI LY Eudiplozoon nipponicum &
iR REIEIEICRAT 2880 (8% B8R THEHITOMAFEER]

REMW *

[ R B ER AR T 739-8528 [ B IR HUA BiligHIL 1-4-4

E B 1891-20164FICHARTHRESN/AHCIIHLDE, HAD I A FHABIZHFAET 2 HAHD
7 % I L Eudiplozoon nipponicum (Goto, 1891) & [Diplozoon sp.] & #i5 ST & 72K EHMIC
BT 2R Z D720 75 TLVIB LTI, AMOGHE TH 2 FEHRIIC X 258K, il
TR, R, BN, LG, R - EINOFEIZL, mEY A X TR L OBIR,
Exie, KEZEL ORRR EEFLA L7z E72, [Diplozoon sp.] & &N T & 72 RFZEMED
% {13 7' A 7 % T L Paradilpozoon skrjabini Akhmerov, 1974 2[5 T X 2 W etk % ~g L

oo B THLIZXZ 75 TLVHONIEERE MRS LTORL,

F—T—R: 7475 T8, B4 T, SEEFAR, oA FHE HEARE T5TAY,

Diplozoon sp., Eudiplozoon nipponicum, Paradilpozoon skrjabini

L

Jis s R PR B A W BB R A S R A Bl A A i 2 R L DR 9 % K ESE AR AT 8 28 T, 20064F 125 51
RS & B B RICB W TRKBHOFERM L KO 2, TUL, FRLOEETH L EED
2005F9 H IR B ARSA IR L 728, ST AE IR 21T 720, IR BRI S 2 BUL BT & T BTy
BV CHRE M A P2 L7458, BUIDKRICIEESEZICE OARRR LR DI S OB KFED
HELIZHY, FLAEPEECINOOREVED THo/zZ Lnb, AL LRKAHOZNA R Z 1T
IDIWIFHETHL LW L7205 Th b, TN E TIEHEHREN L DA S Tw 5 (Nagasawa et
al., 2007, 2013, 2014 ; Maneepitaksanti and Nagasawa, 2012 ; Nagasawa and Obe, 2013) o

C OWFEERE T, 200748 ICWIE BT R X 2 N S BEIARRTE > 7 F0MIZ7 5 TA Y
Eudiplozoon nipponicum (Goto, 1891) DF#HAEZ GRS, FHTOMAEZITo72 (72721, 20094 ZFEFTOF > 7
FEEREA A O F ML, BAEE CTHEL TWiawnizo, BRI L Cws), 2L 7T, ZoOhf
TeERED DTN T, IARABIIHFET L 75 T E20mFEM (LT, 74 TAVH) 1250w T
DETHIR SN2 E AT L, BEOHMIET 2B, EEPHMARY, bHPETT7 Y TAY
BT 2 MR ARG L2084 (1976) OAT, Uk, H40ERB L7z, oM, DHEO
T TILNTVHEICHET AW HEAIZZ LITNZ, &k, 75 IL T PUINIT 7 A 7 % T LY Paradilpozoon
skrjabini Akhmerov, 19745315 £ 1172 (Shimazu e al., 2015)s 29 L72IRIEZ B F 2 C, A TIix, 1891
FIFHESNTLEE, DPETRWIROEREZE TS 7Y TLAVICHTLIEEOMBALEML, HiHe L
TRT &Lz REME SN 7475 TAVIZOVTE, M5 OMADOEREZTES T, Jlokk
RUIEHEAT) FETH S,

20154EI2 7' A 78 TAYDSOAER St S/ 2 SIE LT, ZALIEN BARRE I 1 BHEED S
[Diplozoon sp.| & L CREEkENFEOR\, THhbLET Y TLAI LI A T TLThHHEERL, A

[

201649 H 13H#  *E-mail: ornatus@hiroshima-u.ac.jp
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Wz, vl o 7 A JE 84 [ Tribolodon spp.] 7> & #iily & 7172 [Diplozoon sp.| (8.4, 1976 ;
Nagasawa ef al., 1987 ; Ogawa, 1994), £ RIRFEII - FARIIAKR O 3 A Bk 535 S L7z [Diplozoon

sp.] CREDS, 1985; KKk 5, 1985 #AK - KA, 1987, 1988), FEHKIREED Y r 2 57 7 A H b #ih
SNz [ 74 T L2 D1 Diplozoon sp.) GERE, 1997), #ENEKEII - BNKROT TINY &4 A7
72 b & 7z [Diplozoon sp.] K¥F 5, 1999), ZEBEERINOY 74 Ly Ay hrom&ani
[ Diplozoon sp.| (HF 5, 2000), BEEERENNAKLZOT 74, TTI0Y, 7F008HE SN [Diplozoon
sp. (7% T0Y)] (HERL, 2002) THb, CNHIZOWTIE, 75 TLYOMHEOD L2 [ 3 A FHaHE
POE SNEHERAEME] BT, INETIHEON TV MAEZEMT L & & 012, FEFICHET
LERERIT) o

OYPEOT7 7 TAVEIZE LTI, AmBEEANERSERFEORRE Th 2iRs  THL2S O
ZERATVY, 1965-19974FE D M2 A ARZ A M CTHT0MNII L S#EECTHREEZ HBR L, TNLDE d%E
M LTS N 57228, fEHERICEEERBHRSE I N T L7720, KR ClEaEzme e
§& LR L7z RS TIREBENEICERES L L2 h o 725 LIS U THIEIC (TSR] L8l T
WA L7z,

AT B OIS L F2IEHE (2013) 120Eo720 BB, F 2 Fa0FL4ITEHS (1976) 126E-72,

72 ILVEORRENE
HOHYEO A RN S 2B 2O 7 ¥ T A VEMFEH SN T WA *', Khotenovsky (1985) %° Shimazu et
al. (2015) 12X, 2N 2 MOSEFIMEIZLTO L) ITREN S,

HiA=# Class Monogenea van Beneden, 1858
% 14 W% A Subclass Polyopisthocotylea Odhner, 1912
~ 7 T A H Order Mazocraeidea Bychowsky, 1937
7% I5 TR (BULT-HAE #FR) Family Diplozoidae Palombi, 1949
75 T VHiE (BT-HHEEE, #HiFR) Subfamily Diplozoinae Palombi, 1949
7% T4 V)8 (BT HUE) Genus Eudiplozoon Khotenovsky, 1985
7 % I 1Y Eudiplozoon nipponicum (Goto, 1891) Khotenovsky, 1985
(HzH4, : Diplozoon nipponicum Goto, 1891)
X757 IAVIE (WEATHE, FH) Genus Paradiplozoon Akhmerov, 1974
v 7A Ty TNy (BT H) Paradiplozoon skrjabini Akhmerov, 1974

MHD [5S7:20 L1 IZELT, SORFDPHETRAICH S N20L, EEIMALRY, s (1919 :
364) DI T, HE [BWERE] OARLT [ 57228 L Diplozoon], WOHMHT [57:T8L
Diplozoon nipponicum Goto| X L& M7z. FAE, JIAS (1918 1 168) b ZDFE [HAWKEWE] O %
T [Diplozoon nipponicum & [ 5728 L] &ML, BEOHK, ZMHEXFRIHET 22U THARD ]
ERLLTWd, TNHHFHITHIM SN LEIIERE TSI LI OMAPHWS N LR SN 5D,
HE S CIEIARHTH Do DAED 7% T4 252 i3 Diplozoidae £ & Diplozoinae TiEHIJE L TH
D, TNEIICT Y TLIRE TS TAVERONLZRET 5. &b, HH - IF (1965 1336 1 1979 :
124) ZREDOHRPTTE TLIDIBT HF % [FA A3 7 LA L, W (1972 172) & FBRICH
L7275, Z OFHE Diplozoidae X 1352742 LD TH 5,

Goto (1891) @ X 2 JFFLHL LIk, HAETIX 7 ¥ T4 ¥ % Diplozoon B2 H &€ T& 72, L2 L
Khotenovsky (1985) I IARFEDTLREFWEMMMRTE L e 2 2 &6, RFEIZR L T Eudiplozoon J& % £l

ARSI B (1984) 1, [RBOYS R avns 75 TAVICHSL SN0 D] (Fh%E—Ek
BIE) #15TCwh, TN M2 E B2 52 51E, DPEIRALRCEL3HO 7Y TLAVEIVLZ LI
ho YNV a vHOREAEEMIEI NS, (B,
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elL7ze ZOBII LT, Ml - K (2014 1 80) (IR [75 TAVE] 2HWTEY, REHTLZ
MIHED o Paradiplozoon JE\Z3 LClE, RIBIZEENL Y7 A 7Y TALOEMAT ¥ TLLOFMEY
A ZDNECZ LS, EXTY TAVEOHFMEIRETS o 774 78 T LY OMAILHE (2016
79) 2L o TRES NI,

75 TR OFHIZE LT, Sicard er al. (2013) L {fiEh (2016) (FFE/N4 % 5L & 97I2 Eudiplozoon sp. &
L 725 Shimazu et al. (2015 : 138) (XFIFHIZ BT 5544 d Eudiplozoon nipponicum T % L iR T\ %,

72IL0EYMFE

AEHARBBIC K DEH

7Y TAUIE, WERFEARY (BIEORGURERF B RAIIZER - B ORIEHRABIC L - C
B i 24 4 |2 Diplozoon nipponicum & L CH L& & 1172 (Goto, 1891), ¥ 4 T £ 7 FE D 1
Carassius vulgaris & & S 7205, EEO 7 FHICHET 5508 & B 54 1S3 25 (Gii#, 2013)
WZHDFIE, ¥ 7 Carassius sp. 7*F ~ 7 Carassius buergeri subsp. 2 T&H 5 L HEZ2 & 14, Shimazu et
al. (2015 :138) & [most likely referring to Gin-buna] &L LT, ¥¥7F Tho W HELEZRIEL T,
7Y ThUIE, HEOEBIEMZICEHFEL T

75 IR LZEIL (Goto, 1891) ITIFFRELINICH T ARLiA % <, ERLO 7 FH L 2 THRE
ENTDEANATH L. Lo LIRS, S (1966 12) & Kamegai (1968 : 1) 1%, #REME ZNZN [H
FORAROEAR O], [a pond in the Shimura district, a suburb of Tokyo City | &L L7, HFEOBES THLS
WED LI L THREMICET 2 1HRE B0 IAHTH 525, ZOBFNIBIED [ BRTEHUE XER ] 12
4S5,

TR L2 7% TH Y OFERLEIE, BFENRERPIRLNTWZ I9HRERICH - TY, Mgz iRz
bOTH o7z, HHONWNEEREORLE»HIHE Y, RE, HRR, FEERE, M3 HILER NRSR,
MR, Adfs R & AR 2 T2 O CERINCRRR L 720 SoCE BISARF S NU2ITES, YRGS
DEERLTH L LRENTVDLY, ZONBEDEDOESPS, WOBRPLL7ER S 2MNL LN TE
%o HBIZRICHGFERFHIZICR Y, DOEICB T 2 WO ERFEZ#ET| L7,

DIPETIE, AFMOILAEIL Goto (1891) L EAS (1966) 12X - TEEL < HF Iz, A TIE,
75 (1966) DML O—FHABIHL T, AMEOKBMOILEZFAT 2L (KESIGHbE TBIE LM - 7
M3 %) (Fig. 1A, REFEAE 1B, FEFMEAE) .

2 AR ORI X ) 2Rk T UL TS L X FIRICR o T b, LEL X 0 R 2 HiREs, #
FreBmilie 2L, FATIEIMEREZE L TBY, BAEBITLLHEIRTHRmICIA 2o TIRE { o Tw
%o HEIZF 6.7 mm,

FIAEBOHT 1213 mouth 234 V), 2D RTITIC 1 X ORGEME sticky gland 258 % o FHE I DFETE AR D
FCd D MR 20 Vo RTEAR O HIm 123 L C 1 &F o W R oral sucker 258 1), 241 6 O IE R I ZNHEA
pharynx 23 % o WHEHIZ#5t\ > T intestine 3%° %2 K { 2 LEAL £ T O OTRMEEBIZHE < o AIRFRDOM A 5 1355
FeAEAICH BN O VEEFICHD B B o B IZIN# AR vitellaria 2SS HFFET 5o BIARESIZASLERAL
DI TRRML 2%,

BARITIE 2 R enrzfk, BOAELTIARE 2> THEEICKDY, A HE L, Bokimdz
W%+ opisthaptor DG THD B o TRIRTBZ R/ 2 H R TTICIE Do T3 FAS3IT 5 &, ZESAISHE < 5
LAY D K&, JIHE ovary & REHE testis & & deo 45 2 SIS E D MBI AL S 2D, IEOILL,
W BEETH Do 53 EAILBEWAERTH Y, WHNIIERE clamp ASHEIC 4 37 OW.5 (G516 ). L8
IS T, FFUEMEE AT S,

FHEOIREC BT 2 s [H H ARSI (R GEH - IUT, 1965 1 336) % [ H ARSI (5
M- WF, 1979 124) THELZ ENTE D,
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Fig. 1. Eudiplozoon nipponicum. A, entire body; B, flattened entire body. (Illustrated from Goto
[1891, figs. 1-2]). ¢, clamp; i, intestine; m, mouth; op, opisthaptor; os, oral sucker; ov, ovary;
ph, pharynx; sg, sticky gland; t, testis; v, vitellaria.

fax

DHRETT Y TLOEEE L THSNAMBFHIE, FHARHD 7 3 Carassius spp. (= Carassius vulgaris
Goto, 1891 : Carassius carassius - Kamegai, 1968 : Carassius spp. : B2y, 1976 ; 7 F Carassius carassius @ K
#F, 1976 ; crucian carp : Kawatsu, 1978), ¥ > 7 J Carassius sp. (= Carassius auratus langsdorfii © JLJ5 5,
1986, i &5, 1987 ; Carassius auratus subsp. : Nagasawa et al., 1989, Ogawa, 1994 ; ¥ > 7' ) 1 /KEF 5, 1999 ;
Carassius auratus - Sicard et al., 2003 [Shimazu ef al., 2015 : 138 Z%:[8]), % > 7'F Carassius buergeri subsp.
2 (= Carassius auratus subsp. : ALJE 5, 1986), T4 Cyprinus carpio (45, 1966, Kamegai, 1968, 1970a,
1970b, 843, 1976) THbo TNEFTHDEI A, 7H¥ TL VX7 FRAHE T4 DPOLOARLBENRTVS (A
2, 1976) ¥, 78 TA T R IACEBRMICI A EREEELILDTE L (RS, 1987), ML T,
F ¥ a3 (&f) Carassius auratus d 7 FIBETH HD, HDAETHBE I N TWLEIRIZ 7 ¥ T4 DOFEX
HMHNTWaw s, BB, BrREGIIE [7 9] 8K - K&, 1987) LIEERPEIE [7)] (Eis,
2002 @ f122) 2 HERE SN [Diplozoon sp.) \&, FIUHHNo o VA FIZHFET L7 TLVHE (974
T TLYOREEDRE) BELENTWAED, [ 75 ] 26617 [Dilpozoon sp.| %3 {I2iE7 %

2 OfHFESIE  EEE LTCo 7 FRAFEICE LT, BERESAERMICL 2HETIE, KL EIET Y T
Y7 79 Carassius cuvieri (= 7 7 F) (B4, 1977a) & @B EEEWN #E = T 0 7 9 Carassius buergeri
grandoculis (= Carassius auratus grandoculus) (F.4%, 1975b) I2H 7% TL L OFEAEZFHED TV 5,
*OfEEBE A (1972a) 13, WEE/NII 2L W ERClESNZa 4 O, 75 TA L
JERENZE | { 72 5 Diplozoon sp. 15720 &Fd 33 mm &/NE o722 86, i (RE) 32nhy
TATY TN ThHhoCHREDH D EEZTVD,

* RS 7y T A RERIICE VX 2 1R 5. HEFARETE, FrFa2EIICHVTY
Y IN VI Bk A HBENERET TS (B4, 1979 B4 5, 1980c, 1982b, 1983a, 1983b, 1985b,
1987a ; .4 - R, 1981a, 1981b), F 72, a1, 79, FrFallodkfaz w7y T4 0k
FEERLITbN T2 (fary, 1984),
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Fig. 2. Map of the Japanese Archipelago, showing the collection sites of Eudiplozoon nipponicum from crucian
carps (Carassius spp.) and common carp (Cyprinus carpio). 1, Lake Toro (Hokkaido); 2, Ishikari-
Furukawa (Hokkaido); 3, Yabuki Town (Fukushima); 4, Lake Yunoko (Tochigi); 5, Lake Kitaura and Itako
(Ibaraki); 6, Lake Kasumigaura (Tochigi); 7, Isezaki City (Gunma); 8, Ogawa Town (Saitama); 9, Tama
River system (Tokyo); 10, Tsurumi River (Kanagawa); 11, Sakai River (Kanagawa); 12, Chikuma River
(Nagano); 13, Lake Suwa (Nagano); 14, Lake Biwa (Shiga); 15, Kurose River (Hiroshima). Dotted lines
show prefectural boundaries.

TAYEHITTE W20, FREELSBRVTWS (ko [ a4 BHE D & s S N/ g R lm e |
EBROZ &),

FREo THAHO 7 78] 1L T, bHPENIET S 7 FIEAHEOH - Tl L~V TORELE FE O L
BEDPS, HEZTLIELIELROAFEMNO L ) ICHE SN TE 1, e omaiadds s, ehs 7
FHDOL L, SAHASF Y TFhF T HICRAETE D LN SN PR TIE 2V, FAERFEIIBY
T, (L COBED SEFEOGEFNEICHEHT 2 HHROEETH Y, 4%, 75 TLATONREEE
DHHBRIE T FHEOM - T E EMICFEET 52 EDPUETH D,

ER5

INFTILT7Y TSN L REME ISR T &, dbildE (FEEW - Nagasawa et al.,
1989, Ogawa, 1994 ; fi%¥ 7/l : Nagasawa et al., 1989, Ogawa, 1994), fREIE (4MKAT : Kamegai, 1968), ik
B (35 /i : Kamegai, 1968), FEREIL (BT : 45, 1966, Kamegai, 1968), ikl (il : 55
1966, Kamegai, 1968, 1970b ; Jtili - #15% : Kamegai, 1968), ¥ FIH (/NIIAT : Kamegai, 1968), B H{HE (£
JIAKR - dEE S 1986, BEiffi S, 1987 3T ALk s, 1986 [#k)11]; Kawatsu, 1978 [iFJI1]), FZs)I[E (5
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JI, BB JKEF S, 1999), EHFUL (F-ii)Il © Sicard et al., 2003 [Shimazu et al., 2015 : 138 %2/ ]; TR
KA, 1977), #EEL (EEM  Kamegai, 1968), KB (Bl : AEH) TH 25 (Fig. 2)* Birn L7z &
912, Goto (1891) IZIXBREEHIZBET % 5Cak X 7 VW As, %ﬂliﬁﬁ®%ﬁ%ﬁ*ﬁﬁ£i$“f‘%é L DIEHD B
% (45, 1966 ; Kamegai, 1968), 7 % T A Y O %L % 1T 72 IE F AP Tl S 7z (Kamegai,
1%@o:hift,ﬁ%ﬁ%@<%tmﬁ,t@-%ﬁﬂﬁ,@Eh%%<ﬁ&ﬂﬁ,ﬁ%M%h<¢u
W, PUE, UM, BETEREE ST S T A Y O R,

HESE

T TN I B L U724 >~ 3 35 3T A oncomiracidium & FHEN A B FIZKG L 72D b,
74 F)Vs% diporpa & FFIEN A LNHIZ R Y, 2RO T4 FIOVSHER L TRl & 7 B fiRed CRESL Y 72 A 4
MEAT A (B4, 1976 WH, 1997), G L7z 2 EE, Hzrd TEEKICE S IR 5, HTH (1997)
EAraITvVTaLTARMWFELIC [HM] & LAY, RFEHTIIBREOARE [HM] Lfd. F
72/ (2008) 1 ETE A THEALSE] EReL7zas, 22 TRIDT (1965) 2> T [l & ¥ 5,
oncomiracidium D4 ¥ H FEFLICH LT, [Fra3IsxIva] (BEES, 1987 /NI, 1983) % [+ o
37y Vayal (IH, 1997) &EPNLIEBH LD, Z2TE [HraIovIva] 2Hvs,

I A OEIZEA L7z SR S 2 INE R A £ 5 % (Kamegai, 1968) . K& SI2BT
% IEREZ: FR UL 22 A%, Kamegai (1968 : fig. 2) % WA, 2134285 um TH 5. I I 5RIKeE
filament 23\ T\ % ([SRARZER ] WEITH [1997] 126E9 )0 FEBRE TOBIZIC LAUE, IIIdKE25.5-
28.5°C THYSH THAL L, WIRImABIVCH v a3 52 U AH0kPIcEH 2 (Kamegai, 1968) . JEilf &
(1987) b, Fr 7 FICFEL COAREORMBEAEAE L L2 BEINL Ty v —LHIZEL L, Zhb
EKiE25°C CS-7THCHMLL, >33 VAL LB RTwL, B (1976) 12 XiUE, kil
30°C CREINDOF AT 2D O H o709,

F Y3373y AOERBUIFENIE, MHBIEMEIET, S LMEIZ394x122 ym (Kamegai, 1968) .
REICHREL A L CERICHEE) T 5. HREDIZS, S1xrolRa, JEIESF, larval hook # 3 2 (Kamegai,
1968)c >335V AnFEERIIZT A K S 03E0H 5 (I3, 1987) *°, Ziucdo L
FraAITTTVYAIEEOMICEIET L EMEL IS TT A RNVSER D, wb % e TR RIS
TEHT %o He#D4xt H ORIREIZRUILKIR25°C CERATH B2 S0 F 20 2EKO T 1 R i3 &R O,
VB D IETNC B 2 IR & A O ICH 5 Ry YRR 2 A S5, BB RIEEIO %I
WHED, SERITEREBAN BUBISRE S 5, SHEEDOS 3 OB EZ A LT\ 5720, 3% H iR
B B AR A RIE R 2 2 7B e 2 5N CTw b AFRERILRGE AR TR E 2 kT
Il mm #2505, REREEIZZDLHITKE B,

GR L7 2 ARIEREENS 2 &, RO BT THERLZEERE X TIREET 5, A
BRT D H5ERICRBR LI 2 A L CHEMERIR CH 245, K OMEEOREE D 5 58 L -k & 2 @k o up
HEE I ZFET 2720, BTHEEGHRLMERICH2I0L k35 (Goto, 1891 5 4+, 1976),

RF - ERDOFEEL

RIS (B, SCbH R, BEW) 0o »oRELZ 7Y TA Y ORMBREY FEBIZR L2
L2, RIIKDALAICEEL, IR IEMRICIITEET L, EINPAABENOIHRTE > TE L L{;L
LIOAH L VX0 12#b 5 2 L S L 02 7% - 72 (Kamegai, 1970) 0 B EHBEL BN AR OENNE 7 F12
HL7z78 T8 %100, 3H, 6, 9FIZBIZ L7zl ,mﬁ&sﬂhw&ﬁwmw(mW)#%%n
6H EORHIZT A R ZFEL Twize 2O, EINI3-6HIZIXBEICHEE > Twad EHEll S/

ARSI BERSAREIC L AFAETIE, ARLAFERICINA T, LiEEORHE (B, 1975b), £
RO & Tl (7, 1974b) 250 75 TAL 2B TWD,

W fHFSIE  HESERE T, F X078 TA Y R ERIEY ST, BRI T A5 R 4T o
Tw5n (WiE* %28H),
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(Kawatsu, 1978) s [6] U < ZEEJIARZOFIN - BJINFEX > 7 F L XV T HICHFETH 75 TAL T,
WIS SRR (4R LA 1A A IS5, RSB 2 FEFIZKIED10°C LETH 5 724-111
1285 <, FRICKIED20°C Hith CThH o 728 A Icie bz m L7z (LS, 1986).

INHOBERHRIIHED L, FEMAELTL2HEMATET Y TL 2, HFD OB L 724730
TEFICHFELCTT A RV E oo TR - BIR L7, BATICHEAL, BEOEPSENZHED L LE 2
5, ZL D78 TAVIFUFRETEINT S LH#RSNL, LaL, PIZIEWECEE L -HEEIE0R
KER 2R CTAIR D ETHRA LV EIFIE R, JLES (1986) 2MRLE T4 LIPS AT 2 ko1
FEERBLZEIIZ, 75 T H VTR & KR & OBRTUHEZ RS 2 & 2 U - IS 2 8E2 %
BERBHNR N T Y TAY OEIEREIN, ZOBROAEENE (G ICEL T, 4% BEPRETH 5,

BB, FIHIN-NESF Y T7FEF Ty TFICEETL 7Y TL Y TIEIAEPLWME WA TEH-3H) 12
LY T ATERR S NN T D (LS | 1986). 72, B HEI A EHAICHFEL W7y TAY
W2IE, BEABEY LIRS R SN2 EHRE SN TwD (Kamegai, 1970b) o

BEYA XEFERREDOBR

EESARXEL 75 TAYOFEIRNE OBMRICET 2HMAIZIZE ALV, FIIET Tk, kS
10 g Kl DIEAETOEARIZ60-80 % TH - 7205 L, 10 g L EOFK TIREFERA100% TH -7z L
9 (Kawatsu, 1978) o

RE M EXIR

75 TAVIIEREIHE IS H DI THEELSWINT 50 SO0, FEDBENE LS kbl FEE%
oI M AR, WEEEE [ 7)) TOWZE (Kawatsu, 1978) |2 X 4UE, 75 TA VKOS
EFoBEIE B2 RS2 &S IR, MEOMAMATSTY Y EFIZIZIFEMEICRD L, 7
5 INTHG 2 B BEE O A XL QBMR L, KEMERORAE % 21 728 B/ MR S L7236
L0 EELAMIREIZ ), KEVBEROANFET IAFICREREELGZHLEZLNTVWD, 75
TLYOFEEZI AR, MPANETOE BEORDOR TR, DERMIRO LB LA, 1) 2%
oA, —EIFhEkomA RS, KEZREINRINEREE MIZSEH I N Tn 5,

EINE [7F] #HWT, EFNCL D75 TL2ORHEEz T (Kawatsy, 1978), 7% TA T DS
FhLZT7F] 2HK) »RBEEFOOED, b7 alERy | ppm ERICASEMINELZE 2 A,
87% UL b > 7 5 TLATPIEENGHE L, BRHEIRIFED bz,

KEZEE DR

THTAVIIEEIAICOFET L (BAES, 1966 ; Kamegai, 1968) . HIET A ZBIT A 75 TLY D
ML, RSN & BB IR SIS T T2 N 2N 64.5% & 30.3% Toh - 72 (Kamegai, 1968), FHEEH O
BAMPSEEE2Z cm O3B FERII SR TH- 72 (BES, 1966), A THFALOBE
BT ST e,

7R ALVICET BRI

75 I LY QBRI A ME LM [HARBWEE] (GEH, 1927 0 1706), [SEIHHH A
Byl ] (H, 1951 0 1519), Dl HABME (1)) GEH - 10, 1965 : 336), [#iif H RS XE] (5
M- T, 1979 2 124), THABWRTI RS 78 MEFHERI) (ITHE, 1997) 12L& TW 5137, s (2001 ¢
56-65) |26 77 TAVIZHY HRLBA B b o

ARSI (1974b) 1, REIem T D7 HIC 78 TAVOHEENR SN Aad o7z ik, g
TLLGEIEEIScmAiRO 7 T2 BEAZ L 2R L T b,
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I BBED SRESNIOEBREERE

RIFFHOFEF TR L2 L 12, 1970-20004-F12 H A RE I A BHfJH 25 [Diplozoon sp.] & L TGS
7278 IUVEP DD, TNEHEIIIBEI LS N TV o720, ZOMPVI R LETHo 72
DEHERET HZ LIEWEETH o720 Lo L, Shimazuetal (2015) W2k o> Ty 74 75 TATHE SN
ZEEy, 2oENGA (uiEdE, R, R SZRE RER) RfEdE (7 74 Tribolodon
hakonensis, X7 7' A Tribolodon sachalinensis, ~ )% Tribolodon brandtii, 7 7 7 /N Phoxinus lagowskii
steindachneri [= Phoxinus steindachneri], % 717N Phoxinus oxycephalus jouyi [= Phoxinus oxycephalus]) 2
B3 200 s, 97 A7 TN T TLLLBRELZEERFAT LI EPWAL2II%Y, DT
[Diplozoon sp.] & ENIMEOBREMRTE EOEME H\\5 2 LI12X 5T, [Diplozoon sp.| OE%% &
LREEHEHETEXDIIL IR o720 KRR TIE, ZOX) TR, 8K [Diplozoon sp.] & L T
ENF2T7 5 TAVHOREICET 2 F5 %179 & & 412, [Diplozoon sp.] OEWFHHMA IR L TB <,

REEBEE

i D 7 7 A JE&BH [ Tribolodon spp.] 72> 5 &7z [Diplozoon sp.] (F.4, 1976 ; Nagasawa ef al.,
1989 ; Ogawa, 1994) : Nagasawa et al. (1989) & Ogawa (1994) (L [F] UAEARIZ DWW TR TE Y, Ogawa (1994)
DA (HERIEHBNEY 74, FIEY 74, ER#EY 74 - 2o 74, JIgIE~XVY) % g
A L7z Shimazu et al. (2015 : 152) 1&, NS TRTCI A TH TL T THo 72 LR Tn 5, B (1976)
A% [Diplozoon sp.] & L7fEDILIEICHT 2 1EHIE Wb 0D *° fFENY VA BEETH o722 L2 EX
beE, UTATETLYTH I EEED T,

Er BT - FIRIIAKGRD T 1 BHEEE D S S S 7z [ Diplozoon sp.] (KA S, 1985 5 Kk 5, 1985 ; &
KA, 1987, 1988) : 19804128 KUK ERY %S [ Diplozoon sp.| Ofe L#HH & 4347 (2B 3 2 KB 2 30
AT, TR EFIRNAKSRO 3 A BHaFEA S [ Diplozoon sp.] % 15%72c FFEDRERR S L7z a2 4 BHZEIL,
27 A, T 7 FNY, ¥ FEU 3 Gnathopogon elongatus elongatus, A T-EW 1 Squalidus chankaensis biwae [=
Squalidus biwae], 7 A 71 77 Opsariichthys platypus [= Zacco platypus], 717 &V Candidia temminckii [=
Zacco temminckii]l, 71~/ 71 Pseudogobio esocinus esocinus [= Pseudogobio esocinus], = =4 Hemibarbus
barbus, 7 Carassius sp. [= Carassius carassius] OFETH - 7z, MFEF CHFARNICKE L EZRN DD,
#iA - K& (1987) & [Diplozoon sp.| &7 7 A |\ZHF I THAH1294.7-99.7% £, RWTATED
2 (70.6-95.0%) &7 7 IV (33.3-83.3%) T, AR TOFESRIIED o7z LBRT V5, F5N72
[ Diplozoon sp.| DIEEEIZEE T 2 1EHRIE R VA, SOMENR Y 7 A L T TINVITERIZFEL W2 Lnb,
TIAT Y TAYTHo RN E . 72721, Lo I A BHEHED IS, [75] 1375 TA Y08
FeLTHoNTEDY, [7)] FEEOEAZHHET L IIEELLIBHPLETH L, ZORIZHLT,
$£E (BE) 3 U747 TLAVHERT D XD LA TEAROEETER [7H] 1297475
TAVHPBEETHFETLIWREELTRETERVEEZ TV, Z1UL, A - KA (1987) 2574001
D [ 75112813 % [Diplozoon sp.] OZFEZFRHINHTT0%, FFENRD SN/ 10FTHENIITT% Th -
P, 7 ILYHN [7F] REEL L THERL CEFEEEH LTI L3E2LNMT, LA 785T
AVRFEL TR0/ EZ NN THL, —F, FEFRDONIZLGAICBIT LY 74 TOFE
2IF100% TH Y, 77 A OFEMFICHRT 2 KEDOF > AIT7 VT 20— [7F ] 1ZERT L2

*OEBIRAn (1971) &, dbHEERIIEY 74 PSR A IE L, ZORREMEME L THEEIVNEL
(21mm), 78 TAVIHDHIRA RN LT TR L NSOy 74 75 TAI—5T 5 (B,
Fo B AN (1977) FALEERRN S AW (ERETIR [HRES L) By 7 A2 R LRI L Tw5,
OB LRLodblEEE Y A INA T, BE S XGRS EHRESEINE O 405 b
[Diplozoon sp.] =3 T\x 5% (4, 1994c; TilE - 7, 1994 B4y - Kk, 1995 @4y - s, 1995),
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Fig. 3. Map of the Japanese Archipelago, showing the collection sites of Diplozoon sp. from wild (closed circles)
and aquarium-held (open circle) cyprinids. 1, Lake Barato (Hokkaido); 2, Niigata City Aquarium (Niigata);
3, Tone River system (Saitama); 4, Ara River system (Saitama); 5, Oh-oka River (Kanagawa); 6, Sakai
River (Kanagawa); 7, Kiso River system (Gifu); 8, Takami River (Nara). Dotted lines show prefectural
boundaries.

EYHNBLOTIEZVALEEZTVD *Y,

HEKIEEED Y r 7 F o 7 A D biRE &Nz [ 75 T 42O Diplozoon sp.| (EJE, 1997) @ oK
BEEECHRTE LT\ 7 72 5% 7 A Tribolodon nakamurai 3858 L7 2 &6, ZOREKEZR/IZEZ A,
8812 [ 7 % T A3 O Diplozoon sp.| H3% 4 LTz ZOFERIE X IRICEE L 2MHET, FEIZ1.2-2.6
mm CH o720 KA XD 74 7% THUIZHE (2.09-3.89 mm : Shimazu ef al. 2015) Z &2z, ¥
FABBEICHFE L CWoZep s, MEOFAERIEY 7475 TLY Tho LRI FE V.

MZEINBRE - BINOT 7 F % &4 A 57 268 &7z [Diplozoon sp.] (KEF S, 1999) : KEF &
(1999) 1FFAFI2MED 7 ¥ TAVHEEET, ¥ 7F%4EM% 74 T2 ([Diplozoon nipponicum] &
Fiil) ICFEEL, T7INYEF AN TIZHFEL TWi2fli% [Diplozoon sp.| & L7ze L7255 T, 777
NV EF AN TIZHFAE LML TS TAYTERL EEILT 7T INYPEETN T2 L5, [Diplozoon

0 fHEREEE  BIEL (MR ) L2k 1S, B (1972a) 1F, BFEE/NIET 2505 5 B il s i
7oA DENS T 5 TLY ERENE L #7225 Diplozoon sp. #14TEY), AED 3.3 mm L/hEh o7,
g (BE) &, T T75TLYTERLYTATITLATTHohdbHNBEVEEZT0D,
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sp) &7 AT TLYThHo RN F V.

HREESRINOY 74 L5 X Hh 5 #iE S N7z [Diplozoon sp.] (W4 5, 2000) : Shimazu et
al. (2015) \X[E =AD& ANYDPOSBRIANERE T 74 75 TAY EFEELTWDEZ L5, 2O [ Diplozoon
sp.) LRFETH - 22 HELEATE V.

I R BAREN KR 74, TTIY, 7F5HE S/ [Diplozoon sp. (74 Thy)] (Eiis,
2002): COMELTIE, RLIZY Z7A LT TINYPIEFEE LTETLN, ARICSN ST [ 7]
PREELELTORENT VD, Y ZA LT TINYICEE LML, IhofEsmEE LTLFMT LY
TATE TNV THHLARMN DD, LL, [75 T2 0EWE] © [fFE1] OE TSR~ E 912,
[7F 1 IZHE LM E ZOEEICHESNT Ty T2y LIS 2 1IZEELREDPLETH S, 205
TR 6| &7z [Diplozoon sp.] DX HNZ, 7478 TAYHPHBETLEHTIZ [7F] 12bv 74
T TLYNEET LR ZTETELRVDRLTH D, EROIERICHESCFHEN LI NS,

DIl s b Z5212 30 k| 1970-2000 AR H AE 2 A RHCE A [Diplozoon sp.| & s & v -fil,
S O, OTATITLY THoWEEMENDH A EDVHL DR o7 72, FRENTER % Figt
LT, WZA 78 TAVICFEEENTBIL H o7 (Shimazu ef al., 2015), DHETY 74 75 TLY DETE
ELTHESNAAMIZSHE (v A, T T4, VY, TTIY, ¥ HNY) (Shimazu et al.,
2015) THAHH, Lo icfoS< &, [Diplozoon sp.| 3 ZNS UMD 8 (¥ E0a, ATEDTI,
FANT, HTLY, ARYA, =T, [TF], vr s Fo L) A EFEE LT, T2, w478
TLAYVDHEBT L EEZONLKIETIE, 78 TLAVOEETHL [7F] 17475 Tav bR
BHEAEAT LR RIE S 7z,

ER5

[ Diplozoon sp.] (EAtifEE (K © Nagasawa et al., 1989), ¥ER GRIIKR [EiEs o/, AR,
A, HREINT, FURNIZRS DRIRIL, #e/il] - RE S, 1985 85K - KA, 1987), g R,
BRIl OKEF S, 1999), MR OREIIZAGR DREN, #rBill] « #5304, 2002), ZHEE GERI B S,
2000) O T A BHEFICHFE L T/ (Fig. 3). 72, HBTKEEOAT RS ks d 5 (HERE,
1997)

FERROFHEERFERL

BEROFINMESICH 2 FEEY A T TI9844 4 F —1985 43 JICHRE SN2 VA 12BIT 5
[ Diplozoon sp.] O FBIHFAIREATHARS 7z (KEIEH, 1985), TNk B &, FERIFEEL (73.1-
100%), W RFEZILIERO SN ol —J7, 774 1 R472 0 OFHFERO ANEIc ko &,
20 LI EDSZ A L2 i3 6 A & 811 H TKIBDE VI < oFED R SNz,

MU ERTLDREBT, Y74, TTINY, + A5 TI2BF5 [Diplozoon sp.] DZ5HEHHT 1984
1986 400 3 AR SN2 (8K - KA, 1987), ¥4 LI CIL 1984 4R 121X 3 fafli b b £ o 72 Fk %%
FTWZe o725, 1985 SRS O T 3 MAICHAEZRRYD, B 1986 FIZIE Y 7 A &7 7T I NV TORFAEE)
FLLEL otz (YT ATI0%, TTINTYTT00%) 72751, TOEDF A H T TOHFERIL 0% T
Holze FATHIHTORABOMEITDOI, 774 T3 EMBOEEREMERFL, 779NV TldES
BoTEL BTN, AN T TOFERIFL B TR Bo7ze TORBICELT, A - K&a (1987)
X, 1985 4ED ¥ 4 Ltz 81 % [Diplozoon sp. | OWIFEEL, RIEIC T ADRES N2 &2z T, #
DAL D FEBOBEOIRENEZRIEL T0b, 5L, A4 7 TIZBT L FEROWPICET 558 %
To T, g% (KE) &, [Diplozoon sp.] OFEBERIEEIIT 7ARLT 7INYTHY, MLaA
BHAEOA A A TICHFETELPFEAEETE W20, ZELETE - FAEREREMHEEFETE I,
FEFEOWDEZHAT-OTIELZVWPLEEZ TN,

REMEE IR
[Diplozoon sp.] & 7% TA Y LRI, FEPSWINT S EICIVFEEZEMIIT LI EAMSNT
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Wb FHETAKIEEEDFRE Y r 7 57 7 A\ ZHAE L726ITIE, RINERER A~ 27 1) v MEPFEL AL
721370, FRAETBALRE L O bR O BR EEREGE & SR O AL BIEE S e GERE, 1997), —, B
fCOHREFITIE, 1984 SEDQEHFEEFTIIAKROMIE, 412 7 112 [Diplozoon sp.| SEFRIZEFE LTz,
FEMIE LWAINUEREZ 2L, BG83 L o7 (KKS, 1985) L D744 A h 7 5hH
WL, ZDJEKE LT [Diplozoon sp.] |2 X 2EEOAEIMIIHIZ T, WIOEKRLEKLEG L-EEZH
Nz (#AK - Ka, 1987),

LREOBFH ORI 2 L L C, S ERKERER T [ Diplozoon sp. ] OERHGRERRFINHERDTTHIL72,
Y 7 ANZE A L7z [ Diplozoon sp.| 2k L CEAEZE EREZN R AR L7201E 1) 7 0Lk >~ 0.5 ppm EEH D 24
e & T 2.5% VA0 30 47 IIR ThH o 720 RS VIFIERIEDS LD o7 MY 2 O )VEk VIETIC X
BIHZRZ 7 A OMERERIE 2 D I L7 (RKS, 1985). £72, 7 7 A12% 4 L7z [Diplozoon sp.]
DA% VT, BRI X DRI ELZRARIET A, A=) » 100 ppm i & 1 2.5% & 5.0%
BICBHE RN RS B 2 LW hode (8K - KA, 1988),

HrE ARG ER O r 7 F 0 7 A12%5 4 L7z [Diplozoon sp.] (2% LC, <1 ¥ 250 ppm i T 45 45
M E LI NI EY I VB, ZRIL T2 722 24, BRSNS L L ICEMDSSE SNz E v (G
B, 1997),

SHEDRE

A, DAENCBIT S 75 TAYOETHEONMA LRI L7225, Q2 A+5Ths I LI1EH
L0 Thb, 75 TLTOME, B, EILERICHL T, ETOWRESTbhb o0, TR
Thbo 79 TLUIE, NSHLABNTINIAZ VT, EFDNEEsEs I eNTEDL, ENTT7S T
LAY xmaAARTFEME (F X a, 7HHESH - i) (D AAMNIORG S, RECAHE, Fay, 534
Bk, HEMSICHET AL OMREEL Z EAHIFEN S,

RIS 78 T OERBLENNAIBO TRE L TWb, BEO 7 FHEIZILERNES I ZHET
EDLDOT, PBMIZLE L CIRETE 2LATA L, FAERCHEMOFTZ, RREMKSC B O
FREAL: EERAN, AEOEY - SHOBEEEIELAHS 2T 22 EPMETH D, Bl T, HE
BT 2d0iE L IR BT AAMTIE, 75 TAYOEEREBRRITE LS LR SN L, S4BT
AL L b2, BHOMBIZBIT 2AERENIES KD 5L, T2, B 5B IEREIC L -
THAERBNERPETLEEZONDLDDOD, 7% T4 HMEEEEZ R 2 BRBEERICET 2 /R %
{, ZOX) BHEPLOWELLETHS ),

TETATDIENIT, KFEFTIE, DOEO I A BHEED S [Diplozoon sp.] & L TG &N/l
T, A OB EBE LT, £ OBE, TOMEET A 75 TAVICHEETE L EEERE L7, [
Rz, BUfE, w2 A 78 TAVORFREE LTSNS SHEDIEFNZ, 8F L OfFED [Diplozoon sp.] D
HEaZ Tl 2HONIC L, 2IUE, RENETLY 7475 TAVIZETH2ARIEE RSN
BDOTHY, 4tk IAFREEDLS 7Y TAVEHEBRLBEICIIHOMEE ZHEIATILENH LI L ERL
TWhe 974785 TN OFEMINIDR D ILL, L L OF - #E» 5 LS 2T REED S % o

MU RIERE L A, F -2 OAFIPS, 78 TAVHEICHREE L O— R RSLEVWETRIVLI1ET T
Hhbo 75 THVHIF, RKAIZHFETLIHEIEHEE LTIMAEIKREL (78T THTmm, 75474
TAYTHImm), L 2HELRhvin, APICEOTS LTRSS BFRZLXEFEALER) LR
CHETE, ABFEMIELWRETH 2. FRE LML T CITFEH L7 T, Wl - sl L M M
BFEFTLIENTE, KECTPIMIaIAREEE L ICHRFT 22 LOWETH L, 75 TATHEMEOTFES
M52, WIZERIEH SOz T, — TR AEWEFRITEZE 21T THFEZ RO TH 5V, H5
DI ERTENRLLEO KU TH A ) o PELCEROEY 2 7 TI2BVTH, 75 T A FIXIRIT R
WG 72 B A b HIL R,
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KIFFOME R L7zt TH-LOWMREELZ MO 5125720, A EEANE BHFEREORKE 2
REBMFEZ R > 70 FFIS, B L2534 OFREET, EHELMFEE-HEESET 2 2 &
T&E7zo TEERMED 2124720, AEZEHEROTERBIKATER L7z A EPREFRH CHh o7z, £72, IR
SRR BEE Y BEHE IR O LA & RFH O BRI #EY 22 2 2 v %372, L TR BHL%E
HLET%,
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A note on Eudiplozoon nipponicum and Diplozoon sp. (Monogenea: Diplozoidae)
parasitic on cyprinids in Japan, with a list of the works of Dr. Satoru Kamegai
on diplozoids

Kazuya NAGASAWA

Graduate School of Biosphere Science, Hiroshima University

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

Abstract The diplozoid monogenean Eudiplozoon nipponicum (Goto, 1891) is a gill parasite of crucian
carps (Carassius spp.) and common carp (Cyprinus carpio) in Japan. This note compiles information on the
host species, geographical distribution, life history, maturation and spawning, occurrence related to fish
size, pathogenicity, and control of the species based on the literature published in Japan for 126 years from
1891 and 2016. Since the 1970’s , an unidentified diplozoid has been reported as Diplozoon sp. from
various cyprinids in Japan. This diplozoid is very likely to be Paradilpozoon skrjabini Akhmerov, 1974,
another species of diplozoid reported from Japan in 2015. The titles of scientific papers, a book, and
oral presentations at academic meetings by Dr. Satoru Kamegai on the biology of diplozoids are listed in
the appendix.

Key words: cyprinids, Diplozoon sp., Eudiplozoon nipponicum, fish parasite, Monogenea, Paradilpozoon

skrjabini, Satoru Kamegai
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REVIEW

A synopsis of the parasites from cyprinid fishes of the genus 7ribolodon in Japan:
A 2016 update and supplement

Kazuya NaGasawa"* and Hirotaka KaTanmra'?

" Graduate School of Biosphere Science, Hiroshima University,
1-4-4 Kagamiyama, Higashi-Hiroshima, Hiroshima 739-8528, Japan
? Present address: National Research Center for Protozoan Diseases, Obihiro University of
Agriculture & Veterinary Medicine, Nishi-2-13 Inada-cho, Obihiro, Hokkaido 080-8555, Japan

Abstract The synopsis of the parasites from cyprinids of the genus Tribolodon in Japan was
published in 2013 and is here updated and supplemented using the recently published papers and those
not cited before. In this updated version, information on 15 species, including six newly added species,
is compiled as Parasite-Host List. For 108 years from 1908 to 2015, a total of 48 nominal species of
parasites of the following taxa were reported: Ciliophora (2 species), Myxozoa (1), Trematoda (20),
Monogenea (1), Cestoda (3), Nematoda (9), Acanthocephala (3), Hirudinida (1), Mollusca (1), Copepoda
(6), and Isopoda (1). Those nominal species and parasites not identified to species level are listed in
Host-Parasite List: 48, eight, four, and three nominal species were from T. hakonensis, T. sachalinensis, T.
brandtii maruta, and T. brandtii brandltii, respectively, and one unidentified species was from 7.
nakamuraii.

Key words: parasites, synopsis, Tribolodon brandltii brandtii, Tribolodon brandtii maruta, Tribolodon

hakonensis, Tribolodon nakamuraii, Tribolodon sachalinensis

INTRODUCTION

The synopsis of the parasites from cyprinid fishes of the genus Tribolodon in Japan was published
in 2013 based on the literature published for 106 years between 1908 and 2013 (Nagasawa and Katahira,
2013). This synopsis contained the information on both protistan and metazoan parasites reported from
the four species of Tribolodon (T. hakonensis, T. sachalinensis, T. brandtii, and T. nakamuraii) in Japan,
and 44 nominal species of parasites were listed by higher taxon as follows: Ciliophora (2 species),
Myxozoa (1), Trematoda (18), Cestoda (3), Nematoda (9), Acanthocephala (2), Hirudinida (1), Mollusca
(1), Copepoda (6), and Isopoda (1). The synopsis also contained the information on unidentified species
of Monogenea and Branchiura.

The synopsis is updated here based on the papers published between 2014 and 2015 (Skern-
Mauritzen et al., 2014; Shimazu, 2014; Shimazu et al., 2015) and those overlooked in the 2013 version
(Shiraki, 1974; Sicard et al., 2003; Amin et al., 2007; Shimazu, 2007, 2013; Nakano and Itoh, 2011). In

this updated version, the following six species of metazoan parasites are newly added:

Accepted on September 13,2016 *E-mail: ornatus@hiroshima-u.ac.jp
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1. Azygia rhinogobii Shimazu, 2007 (Trematoda) from 7. hakonensis (Shimazu, 2007, 2014);
2. Sanguinicola ugui Shimazu, 2007 (Trematoda) from 7. hakonensis (Shimazu, 2007, 2013);
3. Paradiplozoon skrjabini Akhmerov, 1974 (Monogenea) from I. hakonensis, T. sachalinensis, and T.

brandtii brandtii (Sicard et al., 2003; Shimazu et al., 2015);

4. Contracaecum osculatum (Rudolphi, 1802) (Nematoda) from 7. hakonensis (Shiraki, 1974);
5. Hysterothylacium sp. (Nematoda) from 7. hakonensis (Shiraki, 1974); and
6. Pseudorhadinorhynchus samegaiensis Nakajima and Egusa, 1975 (Acanthocephala) from 7.

hakonensis (Amin et al., 2007).

Shimazu et al. (2015) examined some institutional specimens of the monogenean listed as
Diplozoon sp. in the previous version and identified them as P. skrjabini. However, no other specimens
of Diplozoon sp. have yet been examined for identification. Thus, the information on Diplozoon sp. still
remains here after slightly revised. For the three species, viz., Asymphylodora innominata (Faust, 1924)
(Trematoda), Anisakis simplex (Rudolphi, 1809) (Nematoda), and Limnotrachelobdella okae (Moore,
1924) (Hirudinida), Shimazu's (2007), Shiraki’'s (1974), and Nakano and Itoh’s (2011) papers are newly
cited in this version, respectively, and the information on these three parasites is revised here. Moreover,
a new scientific name is adopted here for each of the following species listed before because their
scientific name has currently been changed: Isoparorchis hypselobagri (Billet, 1898) (Trematoda),
Bothriocephalus achelilognathi Yamaguti, 1934 (Cestoda), Hysterothylacium aduncum (Rudolphi, 1802)
(Nematoda), Pseudocapillaria tomentosa (Dujardin, 1843) (Nematoda), and Lepeophtheirus salmonis
(Kroyer, 1837) (Copepoda).

Like in Nagasawa and Katahira (2013), the information on the above mentioned parasites is
assembled as Parasite—Host and Host—Parasite lists. In the PARASITE-HOST LIST, parasites are
arranged by higher taxon in the following order: Trematoda, Monogenea, Cestoda, Nematoda,
Acanthocephala, and Hirudinida. Within each higher taxon, 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
Tribolodon 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.

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.

7) The References section includes works directly cited in the Parasite-Host List. If only a Japanese
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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.

title was given by the original author(s), our translation of the title into English is provided in square
brackets.

In the HOST-PARASITE LIST, hosts are listed alphabetically. The scientific, English, and
Japanese names of Tribolodon spp. follow Hosoya (2015), in which, in addition to T. hakonensis, T.
nakamuraii, and T. sachalinensis, two subspecies of T. brandtii (T. brandtii brandtii and T. brandltii
maruta) are listed based on Sakai and Amano (2014). Based on the previous and present versions of the
synopsis, all the parasites reported from Tribolodon spp. are listed in alphabetical order in each higher
taxon, and after the name of each parasite, its geographical distribution in Japan is given in parenthesis.

Information on the parasites not listed here are found in Nagasawa and Katahira (2013).
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PARASITE-HOST LIST

TREMATODA
Asymphylodora innominata (Faust, 1924) (FW)

Previous identification: Asymphylodora macrostoma of Yamaguti (1934), Shimazu (1992), Nakamura
et al. (2000), Shimazu and Urabe (2005), and Shimazu (2007)

Site of infection: intestine

Host: Tribolodon hakonensis

Distribution: Saitama, Nagano, Toyama, Fukui, Shiga, Nara, Hiroshima

Records: 1. Yamaguti 1934 (Toyama: Namerikawa); 2. Shimazu 1992 (Saitama: Oppe River; Nagano:
Nogu River, Torii River, Lake Suwa; Fukui: Obama; Shiga: Lake Biwa; Hiroshima: Eno River,
Saijo River); 3. Nakamura et al. 2000 (Nara: Takami River); 4. Shimazu and Urabe 2005 (Nara:
Takami River); 5. Shimazu 2007 (Nagano: Torii River, Lake Suwa, Hiroi River); 6. Shimazu et al.
2011 (Shiga: Lake Biwa)

Remarks: Although Asymphylodora macrostoma had been used as the scientific name of this

trematode in Japan, Shimazu ef al. (2011) used A. innominata for the species.

Azygia rhinogobii Shimazu, 2007 (FW)
Site of infection: intestine
Host: Tribolodon hakonensis
Distribution: Nagano
Records: Shimazu 2007 (Lake Suwa); Shimazu 2014 (Lake Suwa)
Remarks: Tribolodon hakonensis has been considered as an accidental host because this fish preys on
a true final host (small gobiids) (Shimazu, 2007).

Isoparorchis eurytremum (Kobayashi, 1915) (FW)

Previous identification: Leptolecithum eurytremum of Kobayashi (1915, 1921)

Site of infection: body cavity

Host: Tribolodon hakonensis

Distribution: Ibaraki

Records: 1. Kobayashi 1915 (—); 2. Kobayashi 1921 (—); 3. Yamaguti 1934 (Ibaraki: Lake
Kasumigaura [as Kasumiga-ura])

Remarks: Only immature worms of this trematode occurs in T. hakonensis (Kobayashi, 1915, 1921;
Yamaguti, 1934). Although Kobayashi (1915, 1921) gave no detailed localities of the species, its
adults were collected at various sites in Okayama Prefecture, Sawara in Chiba Prefecture, Lake
Kasumigaura (as Kasumiga-ura) in Chiba Prefecture, and Lake Biwa in Shiga Prefecture. Although
the species was listed as I. hypselobagri (Billet, 1898) in the previous version of the synopsis
(Nagasawa and Katahira, 2013), it has currently been treated as /. eurytremum based on a revisional
work on the genus Isoparorchis (Shimazu et al., 2014). Nagasawa et al. (2013) reviewed the
biology of the species (as I. hypselobagri) infecting Japanese freshwater fishes based on the
literature published between 1915 and 2013.

Sanguinicola ugui Shimazu, 2007 (FW)
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Sites of infection: blood vessels chiefly of the gills and rarely of the liver, kidneys, and heart.

Host: Tribolodon hakonensis

Distribution: Nagano

Records: Shimazu 2007 (Hiroi River, Lake Suwa, Tenryu River); Shimazu 2013 (Hiroi River, Lake
Suwa, Tenryu River, Sai River)

MONOGENEA
Diplozoon sp. (FW)
Site of infection: gills
Hosts: Tribolodon hakonensis (1-5, 7-8)
Tribolodon sachalinensis (5)
Tribolodon nakamuraii (6)
Distribution: Hokkaido, Saitama, Niigata, Gifu, Nara
Records: 1. Okura et al. 1985a (Saitama: Ara River, Iruma River, Toki River, Oppe River); 2. Okura et
al. 1985b (Saitama: Ara River, Saitama Prefectural Fisheries Experimental Station); 3. Suzuki and
Okura 1987 (Saitama: Ara River, Iruma River, Toki River, Oppe River, Tone River, Kanna River); 4.
Suzuki and Okura 1988 (Saitama: — ); 5. Nagasawa et al. 1989 (Hokkaido: Horobetsu River,
Teshio River, Lake Barato); 6. Shindo 1997 (Niigata: aquarium); 7. Nakamura et al. 2000 (Nara:
Takami River); 8. Anonymous 2002 (Gifu: Kiso River)
Remarks: Currently, Nagasawa (2016) has suggested that the monogenean reported as Diplozoon sp.
is most probably as Paradiplozoon skrjabini Akhmerov, 1974 (see below).

Paradiplozoon skrjabini Akhmerov, 1974 (FW)
Previous identification: Diplozoon sp. of Nagasawa et al. (1989) and Ogawa (1994); Paradiplozoon
sp. of Sicard et al. (2003)
Hosts: Tribolodon hakonensis (1-4)
Tribolodon sachalinensis (2, 4)
Tribolodon brandltii brandtii (2, 4)
Distribution: Hokkaido, Nagano, Hiroshima
Records: 1. Nagasawa ef al. 1989 (as “Ogawa, unpublished”: Mena River, Chitose River [as Ebetsu],
Lake Toro); 2. Ogawa 1994 (Mena River, Chitose River, Lake Toro); 3. Sicard et al. 2003 (Nagano:
Tenryu River); 4. Shimazu ef al. 2015 (Hokkaido: Lake Abashiri, Kotoni-hassamu River, Mena
River, Chitose River, Lake Toro, Kushiro River; Tokyo: Tama River; Nagano: Ueda City, Metoba
River, Sai River, Lake Kizaki, Tenryu River; Hiroshima: Oota River, Takiyama River)
Remarks: Some specimens reported as Diplozoon sp. by Ogawa (1994) were identified as P. skrjabini
by Shimazu et al. (2015). The latter authors also state that Paradiplozoon sp. reported by Sicard et
al. (2003) is identical as P. skrjabini.

CESTODA
Schyzocotyle acheilognathi (Yamaguti, 1934) (FW)
Previous identification: Coelobothrium oitense of Kugi and Matsuo (1990)
Site of infection: intestine

Host: Tribolodon hakonensis
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Distribution: Oita

Record: Kugi and Matsuo 1990 (Chikugo River)

Remarks: Coelobothrium oitense was regarded as a junior synonym of Bothriocephalus acheilognathi
Yamaguti, 1934 by Kuchta and Scholz (2007). Brabec et al. (2015) have recently transferred B.
acheilognathi to the genus Schyzocotyle.

NEMATODA
Anisakis simplex (Rudolphi, 1809) (larva) ™M)

Previous identification: Anisakis larva (I) of Shiraki (1974) and Anisakis sp. type I Miyamoto and
Kutsumi (1980)

Sites of infection: musculature, mesentery

Host: Tribolodon hakonensis

Distribution: Hokkaido, Iwate, Akita, Niigata

Records: 1. Shiraki 1974 (Akita: Yoneshiro River; Niigata: Agano River); 2. Miyamoto and Kutsumi
1980 (Hokkaido: Kushiro River); 3. Moravec et al. 1985 (Hokkaido: Lake Toro); 4. Hashimoto
2000 (Iwate: Hei River)

Contracaecum osculatum (Rudolphi, 1802) (larva) ™M)
Previous identification: Contracaecum—type larva (A) of Shiraki (1974)
Site of infection: body cavity
Host: Tribolodon hakonensis
Distribution: Akita
Record: Shiraki 1974 (Yoneshiro River)
Remarks: Shiraki (1974) suggests that this nematode is identical as Contracaecum osculatum

(Rudolphi, 1802). The biology of this species in Japan was reviewed by Nagasawa (2012).

Hysterothylacium gadi aduncum (Rudolphi, 1802) (larva) (FW)
Previous identification: Hysterothylacium aduncum of Moravec et al. (1985)
Site of infection: intestine
Host: Tribolodon sachalinensis
Distribution: Hokkaido
Record: Moravec et al. 1985 (Lake Toro)
Remarks: Hysterothylacium aduncum reported by Moravec et al. (1985) has currently been treated as
H. gadi aduncum (Moravec, 2013).

Hpysterothylacium sp. (larva) ™M)
Previous identification: Thynascaris sp. of Moravec et al. (1985)
Site of infection: [intestine]
Host: Tribolodon hakonensis
Distribution: Akita, Niigata
Record: Shiraki 1974 (Akita: Yoneshiro River, Omono River; Niigata: Agano River)

Pseudocapillaria (Pseudocapillaria) tomentosa (Dujardin, 1843) (FW)



An updated synopsis of the parasites of Japanese daces 63

Previous identification: Capillaria ugui of Yamaguti (1941) and Pseudocapillaria tomentosa of
Moravec and Nagasawa (1989), Moravec ef al. (1998), and Nakamura et al. (2000)

Site of infection: intestine

Host: Tribolodon hakonensis

Distribution: Tokyo, Shizuoka, Fukui, Nara

Records: 1. Yamaguti 1941 (Fukui [as Hukui]: Obama); 2. Moravec and Nagasawa 1989 (Tokyo:
Tama River); 3. Moravec et al. 1998 (Shizuoka: Okitsu River); 4. Nakamura et al. 2000 (Nara:
Takami River)

Remarks: The current scientific name of this species follows Moravec (2013).

ACANTHOCEPHALA
Pseudorhadinorhynchus samegaiensis Nakajima and Egusa, 1975 (FW)
Site of infection: intestine
Host: Tribolodon hakonensis
Distribution: Shiga
Record: Amin et al. 2007 (Lake Biwa and rivers flowing into the lake)

CoPEPODA
Lepeophtheirus salmonis oncorhynchi Skern-Mauritzen, Torrissen and Glover, 2014 M)

Previous identification: Lepeophtheirus salmonis of Nagasawa et al. (1994)

Site of infection: body surface

Host: Tribolodon hakonensis

Distribution: Hokkaido

Record: Nagasawa et al. 1994 (Furuu River)

Remarks: Skern-Mauritzen et al. (2014) have separated L. salmonis into two subspecies, L. salmonis

salmonis (from the Atlantic Ocean) and L. salmonis oncorhynchi (from the Pacific Ocean).

HIrRUDINIDA
Limnotrachelobdella okae (Moore, 1924) (B orM)
Sites of infection: body surface, fins
Hosts: Tribolodon hakonensis (2)
Tribolodon brandtii brandtii (1)
Distribution: Niigata, Tokyo
Records: 1. Nagasawa et al. 2008 (Niigata: Iwafune Fishing Port); 2. Nakano and Itoh 2011 (Tokyo:
-)

HOST-PARASITE LIST

Tribolodon brandtii brandtii (Dybowski, 1872) Jusan dace, “jusan-ugui” (Japanese name)
Trematoda
Metagonimus yokogawai (Hokkaido)
Monogenea
Dactylogyrus sp. (Hokkaido)
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Paradiplozoon skrjabini (Hokkaido)

Diplozoon sp. (Hokkaido)
Nematoda

Rhabdochona sp. (Niigata)
Hirudinida

Limnotrachelobdella okae (Niigata)

Tribolodon brandtii maruta Sakai and Amano, 2015 Maruta dace, ‘maruta” (Japanese name)
Trematoda
Allocreadium japonicum (Tokyo)
Clonorchis sinensis (Miyagi)
Exorchis oviformis (Miyagi)
Metagonimus sp. (Miyagi)
Pseudexorchis major (Tokyo)

Tribolodon hakonensis (Giinther, 1877)  Japanese dace, “ugui” (Japanese name)

Ciliophora
Chilodonella piscicola (Hokkaido)
Trichodina fujitai (Yamagata, Osaka)
Trichodinidae gen. sp. (Yamagata, Gifu)
Ciliophora gen. sp. (Nara)

Myxozoa
Chloromyxum richardsonii (Hokkaido)
Myxozoa gen. sp. (Gifu, Nara)

Trematoda
Allocreadium japonicum (Tokyo)
Allocreadium tosai (Hokkaido)
Allocreadium tribolodontis (Iwate)
Asymphylodora innominata (Saitama, Nagano, Toyama, Fukui, Shiga, Nara, Hiroshima)
Azygia rhinogobii (Nagano)
Centrocestus armatus (Shizuoka, Gifu, Oita)
Clinostomum complanatum (Tottori)
Clonorchis sinensis (Miyagi, Toyama, Nagano, Shiga)
Echinochasmus milvi (—)
Exorchis oviformis (Niigata, Tokyo)
Holostephanus nipponicus (Yamagata)
Isoparorchis eurytremum (Ibaraki)
Metagonimus katsuradai (Oita)
Metagonimus miyatai (Hokkaido, Hiroshima)
Metagonimus takahashii (Niigata, Toyama, Ishikawa, Okayama, Hiroshima, Yamaguchi, Oita)
Metagonimus yokogawai (Hokkaido, Aomori, Akita, Miyagi, Yamagata, Niigata, Gunma,

Kanagawa, Shizuoka, Toyama, Ishikawa, Mie, Shimane, Hiroshima, Yamaguchi, Tokushima,

Oita, Miyazaki, Kumamoto)



An updated synopsis of the parasites of Japanese daces

Metagonimus spp. (Hokkaido, Yamagata, Shizuoka, Gifu, Hiroshima)
Neoplagioporus elongatus (Shiga)
Pseudexorchis major (Tokyo, Shizuoka, Gifu, Oita)
Pseudozoogonoides ugui (Hokkaido, Iwate)
Sanguinicola ugui (Nagano)
Digenea gen. spp. (Hokkaido, Akita, Toyama, Nara)
Monogenea
Dactylogyrus sp. (Hokkaido)
Diplozoon sp. (Hokkaido, Saitama, Gifu, Nara)
Gyrodactylus sp. (Hokkaido)
Paradiplozoon skrjabini (Hokkaido, Tokyo, Nagano, Hiroshima)
Monopisthocotylea gen. sp. (Gifu)
Cestoda
Caryophyllaeides ergensi (Hokkaido, Aomori, Shizuoka, Nagano)
Caryophyllidea fam. gen. sp. (Hokkaido)
Caryophyllidae gen. sp. (Iwate)
Ligula interrupta (Hokkaido, Tochigi, Gunma, Kanagawa, Yamanashi)
Schyzocotyle acheilognathi (Oita)
Nematoda
Anisakis simplex (Hokkaido, ITwate, Akita, Niigata)
Camallanus cotti (—)
Contracaecum sp. (Akita)
Gnathostoma nipponicum (Aomori)
Hysterothylacium gadi aduncum (Hokkaido)
Hysterothylacium sp. (Akita, Niigata)
Pseudocapillaria (Pseudocapillaria) tomentosa (Tokyo, Shizuoka, Fukui, Nara)
Raphidascaris gigi (Shiga)
Rhabdochona coronacauda (Nara)
Rhabdochona denunata honshuensis (Nara)
Rhabdochona zacconis (Hokkaido, Aomori, Iwate, Tokyo, Nagano, Shizuoka, Shiga, Nara)
Nematoda gen. sp. (Hokkaido)
Acanthocephala
Acanthocephalus opsariichthydis (Nagano)
Acanthocephalus sp. (Iwate)
Pseudorhadinorhynchus leuciscus (Hokkaido, Twate)
Pseudorhadinorhynchus samegaiensis (Shiga)
Acanthocephala gen. sp. (Gifu)
Hirudinida
Limnotrachelobdella okae (Tokyo)
Mollusca
Pronodularia japanensis (Chiba)
Branchiura

Argulus sp. (Nara)
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Copepoda
Caligus orientalis (Hokkaido)
Caligus punctatus (Aomori, Miyagi)
Ergasilus hypomesi (Hokkaido)
Lepeophtheirus salmonis oncorhynchi (Hokkaido)
Lernaea cyprinacea (Hokkaido)
Neoergasilus japonicus (Hokkaido)
Isopoda

Nerocila japonica (Shimane)

Tribolodon nakamuraii Doi and Shinzawa, 2000 Long lowerjaw dace, “ukekuchi-ugui” (Japanese name)
Monogenea

Diplozoon sp. (Niigata)

Tribolodon sachalinensis (Nikolskii, 1889) Ainu dace, “ezo-ugui” (Japanese name)
Trematoda
Allocreadium tosai (Hokkaido)
Allocreadium tribolodontis (Hokkaido)
Metagonimus miyatai (Hokkaido)
Metagonimus takahashii (Hokkaido)
Metagonimus yokogawai (Hokkaido)
Digenea gen. spp. (Hokkaido)
Monogenea
Dactylogyrus sp. (Hokkaido)
Diplozoon sp. (Hokkaido)
Paradiplozoon skrjabini (Hokkaido)
Cestoda
Caryophyllaeides ergensi (Hokkaido)
Ligula interrupta (Hokkaido)
Nematoda
Camallanidae gen. sp.(Hokkaido)
Rhabdochonidae gen. sp. (Hokkaido)
Nematoda gen. sp. (Hokkaido)

Tribolodon sp.
Trematoda
Metagonimus yokogawai (Hokkaido, Yamagata, Niigata, Toyama)
Nematoda
Nematoda gen. sp. (Hokkaido)



An updated synopsis of the parasites of Japanese daces 67

REFERENCES

Amin, O. M., Nagasawa, K., Grygier, M. J., 2007. Host and seasonal distribution of fish acanthocephalans
from the Lake Biwa basin. Comparative Parasitology, 74: 244-253.

Anonymous, 2002. [The parasite fauna of fishes in an experimental river and its characteristics]. Annual
Report of the Aqua Restoration Research Center 2001: 206-218. [In Japanese].

Brabec, J., Waeschenbach, A., Scholz, T., Littlewood, D. T. J., Kuchta, R., 2015. Molecular phylogeny of
the Bothriocephalidea (Cestoda): molecular data challenge morphological classification. International
Journal for Parasitology, 45: 761-771.

Hashimoto, K., 2000. Comparison between fluvial and anadromous types of Japanese dace based on
Pseudozoogonoides ugui Shimazu, 1974 (Digenea, Zoogonidae). Japanese Society for Systematic
Parasitology Circular, 18: 1-4. [In Japanese].

Hosoya, K. ed., 2015. Freshwater Fishes of Japan. Yama-kei, Tokyo. 527 pp. [In Japanese].

Kobayashi, H., 1915. Studies of endoparasitic trematodes from Japan (2). Dobutsugaku Zasshi (Zoological
Magazine), 27: 50-57, 1 pl. [In Japanese].

Kobayashi, H., 1921. One some digenetic trematodes in Japan. Parasitology, 12: 380-410, 3 pls.

Kuchta, R., Scholz, T., 2007. Diversity and distribution of fish tapeworms of the “Bothriocephalidea”
(Eucestoda). Parassitologia, 49: 129-146.

Kugi, G., Matsuo, K., 1990. A new cestode, Coelobothrium oitense n.sp. (Pseudophyllidea:
Ptychobothriidae) from a Japanese freshwater fish, Tribolodon hakonensis. Japanese Journal of
Parasitology, 39: 255-257.

Miyamoto, K., Kutsumi, H., 1980. Studies on zoonoses in Hokkaido III [sic]. Prevalence rate of
Metagonimus yokogawai metacercariae on [sic] the daces over Hokkaido. Japanese Journal of
Parasitology, 29: 415-422. [In Japanese with English abstract].

Moravec, F., 2013. Parasitic Nematodes of Freshwater Fishes of Europe. Revised Second Edition.
Academia, Prague: 601 pp.

Moravec, F., Nagasawa, K., 1989. Observations on some nematodes parasitic in Japanese freshwater fishes.
Folia Parasitologica, 36: 127-141.

Moravec, F., Nagasawa, K., Urawa, S., 1985. Some fish nematodes from fresh waters in Hokkaido, Japan.
Folia Parasitologica, 32: 305-316.

Moravec, F., Nagasawa, K., Urushibara, Y., 1998. Observations on the seasonal maturation of the nematode
Rhabdochona zacconis in Japanese dace, Tribolodon hakonensis, of the Okitsu River, Japan. Acta
Societatis Zoologicae Bohemicae, 62: 45-50.

Nagasawa, K., 2012. The biology of Contracaecum osculatum sensu lato and C. osculatum A (Nematoda:
Anisakidae) in Japanese waters: a review. Biosphere Science, 51: 61-69.

Nagasawa, K., 2016. A note on Eudiplozoon nipponicum and Diplozoon sp. (Monogenea: Diplozoidae)
parasitic on cyprinids in Japan, with a list of the works of Dr. Satoru Kamegai on diplozoids.
Biosphere Science, 55: (in press). [In Japanese with English abstract].

Nagasawa, K., Katahira, H., 2013. A synopsis of the parasites from cyprinids of the genus Tribolodon in
Japan (1908-2013). Biosphere Science, 52: 87-115.

Nagasawa, K., Urawa, S., Awakura, T., 1989. A checklist and bibliography of parasites of freshwater fishes
of Hokkaido. Scientific Reports of the Hokkaido Fish Hatchery, 44: 1-49.

Nagasawa, K., Takami, T., Murakami, Y., 1994. Lepeophtheirus salmonis (Copepoda: Caligidae) from



68 Kazuya NAGASAWA and Hirotaka KATAHIRA

white-spotted charr (Salvelinus leucomaenis), juvenile chum salmon (Oncorhynchus keta), and
Japanese dace (Tribolodon hakonensis) from northern Japan. Scientific Reports of the Hokkaido Fish
Hatchery, 48: 95-97.

Nagasawa, K., Yamauchi, T., Umino, T., 2008. Synopsis of leeches of the families Piscicolidae and
Ozobranchidae (Annelida, Rhynchobdellida) in Japan (1895-2008). Bulletin of the Biogeographical
Society of Japan, 63: 151-171. [In Japanese with English abstract].

Nagasawa, K., Katahira, H., Nitta, M., 2013. Isoparorchis hypselobagri (Trematoda: Isoparorchiidae) from
freshwater fishes in western Japan, with a review of its host-parasite relationships in Japan (1915-
2013). Biogeography, 15: 11-20.

Nakamura, S., Urabe, M., Nagoshi, M., 2000. Seasonal change of prevalence and distribution of parasites
in freshwater fishes at Higashi-yoshino, Nara Prefecture. Biology of Inland Waters, 15: 12-19. [In
Japanese with English abstract].

Nakano, T., Itoh, T., 2011. A list of the leech (Clitellata: Hirudinida) collection deposited in the Department
of Zoology, The University Museum, The University of Tokyo. In: Catalogue of invertebrate collection
deposited in the Department of Zoology, The University Museum, The University of Tokyo (3).
Phylum Annelida (Class Polychaeta, Oligochaeta, and Hirudinida), ed. Ueshima, R., The University
Museum, The University of Tokyo, Material Reports, 90: 85-94.

Ogawa, K., 1994. Monogenean parasites of freshwater fishes of Hokkaido, Japan. Scientific Reports of
the Hokkaido Fish Hatchery, 48: 59-67.

Okura, T., Suzuki, S., Ootomo, Y., Tazaki, S., 1985a. [Distribution of Diplozoon sp. in the Arakawa River
system and seasonal changes in prevalence on Tribolodon hakonensis]. Bulletin of the Saitama
Prefectural Fisheries Experimental Station, 44: 82-85. [In Japanese].

Okura, T., Suzuki, S., Ootomo, Y., 1985b. [Treatment method of Diplozoon sp. infecting Tribolodon
hakonensis and changes in hematological features after treatment]. Bulletin of the Saitama Prefectural
Fisheries Experimental Station, 44: 86-93. [In Japanese].

Sakai, H., Amano, S., 2014. A new subspecies of anadromous Far Eastern dace, Tribolodon brandtii maruta
subsp. nov. (Teleostei, Cyprinidae) from Japan. Bulletin of the National Museum of Nature and
Science, Series A, 40: 219-229.

Shimazu, T., 1992. Trematodes of the genera Asymphylodora, Anapalaeorchis and Palaeorchis (Digenea:
Lissorchiidae) from freshwater fishes of Japan. Journal of Nagano-ken Junior College, 47: 1-19.

Shimazu, T., 2007. Digeneans (Trematoda) of freshwater fishes from Nagano Prefecture, central Japan.
Bulletin of the National Museum of Nature and Science, Series A, 33: 1-30.

Shimazu, T., 2013. Digeneans parasitic in freshwater fishes (Osteichthyes) of Japan. I. Aprocotylidae,
Bivesculidae and Haploporidae. Bulletin of the National Museum of Nature and Science, Series A, 39:
167-184.

Shimazu, T., 2014. Digeneans parasitic in freshwater fishes (Osteichthyes) of Japan. III. Azygiidae and
Bucephalidae. Bulletin of the National Museum of Nature and Science, Series A, 40: 167-190.

Shimazu, T., Urabe, M., 2005. Digeneans found in freshwater fishes of the Uji River at Uji, Kyoto
Prefecture, and the Takami River at Higashiyoshino, Nara Prefecture, Japan. Journal of Nagano
Prefectural College, 60: 1-14.

Shimazu, T., Urabe, M., Grygier, M. J., 2011. Digeneans (Trematoda) parasitic in freshwater fishes
(Osteichthyes) of the Lake Biwa basin in Shiga Prefecture, central Honshu, Japan. National Museum
of Nature and Science Monographs, 43: 1-105.



An updated synopsis of the parasites of Japanese daces 69

Shimazu, T., Cribb, T. H., Miller, T. L., Urabe, M., Van Ha, N., Binh, T. T., Shed’ko, M. B., 2014. Revision
of Isoparorchis Southwell, 1913 (Digenea, Hemiuroidea, Isoparorchiidae), parasites of the air bladder
of freshwater catfishes: a molecular and morphological study. Bulletin of the National Museum of
Nature and Science, Series A, 40: 15-51.

Shimazu, T., Kobayashi, K., Tojo, K., Besprozvannkh, V. V., Ogawa, K., 2015. Paradiplozoon skrjabini
(Monogenea, Diplozoidae), an ectoparasite on the gills of freshwater fishes (Cyprinidae, Leuciscinae)
of Japan and Primorsky Region, Russia: a morphological and molecular study. Bulletin of the National
Museum of Nature and Science, Series A, 41 : 137-154.

Shindo, J., 1997. Parasitism of trematodes, Diplozoon sp., on the gills of captive cyprinid fish, Tribolodon
sp. Journal of Japanese Association of Zoos and Aquariums, 38: 88-92. [In Japanese].

Shiraki, T., 1974. Larval nematodes of family Anisakidae (Nematoda) in the northern sea of Japan — as a
causative agent of eosinophilic phlegmone or granuloma in the human gastro-intestinal tract — . Acta
Medica et Biologica, 22: 57-98.

Sicard, M., Desmarais, E., Vigneux, F., Shimazu, T., Lambert, A., 2003. Molecular phylogeny of the
Diplozoidae (Monogenea, Polyopisthocotylea) parasitizing 12 species of Cyprinidae (Teleostei): new
data about speciation. In: Taxonomy, Ecology and Evolution of Metazoan Parasites, eds. Combes, C.
and Jourdane, 2: 199-211. Presses Unversitaires de Perpignan, Perpignan.

Skern-Mauritzen, R., Torrissen, O., Glover, K. A., 2014. Pacific and Atlantic Lepeophtheirus salmonis
(Kroyer, 1838) are allopatric subspecies: Lepeophtheirus salmonis salmonis and L. salmonis
oncorhynchi subspecies novo. BMC Genetics, 15: 32. http://www.biomedcentral.com/1471-2165/15/32

Suzuki, S., Okura, T., 1987. [Distribution of Diplozoon sp. in rivers of Saitama Prefecture in 1984-1986].
Bulletin of the Saitama Prefectural Fisheries Experimental Station, 46: 76-87. [In Japanese].

Suzuki, S., Okura, T., 1988. [Effects to kill the eggs of Diplozoon sp., a parasite of Tribolodon hakonensis].
Bulletin of the Saitama Prefectural Fisheries Experimental Station, 47: 88-90. [In Japanese].

Yamaguti, S., 1934. Studies on the helminth fauna of Japan. Part 2. Trematodes of fishes, 1. Japanese
Journal of Zoology, 5: 249-541.

Yamaguti, S., 1941. Studies on the helminth fauna of Japan. Part 33. Nematodes of fishes, II. Japanese
Journal of Zoology, 9: 343-396, 3 pls.



70 Kazuya NAGASAWA and Hirotaka KATAHIRA

BEREV /A RABOFERBE - e (2016%F)
FRAI - i

DR BRI B BRI e R, T739-8528 IR B HA B igsL1-4-4
DPUERT ARG RS HRIIZE ¥ —, T080-8555 AL 2 T RE HH MY 76 255 1375 Hh

E B 1908 LRI R S NSRS D &, 20134R IS HARRE Y 7 A IR BE4ATE (7 7 A Tribolodon
hakonensis, T.~)'%7 7 A T. sachalinensis, <)% T brandtii, 7% 27 F 7274 T nakamuraii) O&4 8|24
TLIEMEBEB LB IR L 720 4, ZORICHERS N7 E R E20134FE0 BENZIERS N o 72
EMEMAT, ZOHSEME L7z MEICELT, RO~V Y I32015F 1220 (V¥ T brandtii
maruta, Y 2.7 7 7' A T, brandtii brandtii) |25 7 5720 T, £HFEIZ BT AEAEROFERE &L 72,

ARHEHEETIE, FH7zI1BIML -6t ZE M (WM, HARME, o, mEmEIfE) > &t158
OFEIUIBT 2 A FER —fF3 ) A MOER L COR L7z, SROMEEIZLD, 1908~20154:0>1084F
MICOPEO Y 7 A JBBE P, O 3480 FMEoFA R (MELFME, 7 vy 7HIUE RHE208, HA
FORE, Selufi3fE, wRoigofE, SwSHBhME, COVEIEE, WRAEIIIE, A T O H6lE, 7T YA HITE)
PHE SN TN Z e ol T THE SN/ 2FEROBE A AR T L, 774 h 5480, =
VY TAMBYE, YNV NOAME, P au S ARLIET, YA NORDE L OFERPHEINT
Wre T F I A P SIZIRFEEMOADTEER S LTV,

F—D—KNI9T7A, 95 0FOTA, T TA, FER, Vaoro s A wvy, HEk



AWy PE R
Biosphere Sci.
55 : 71—84 (2016)

BAERFBICEETSHI L LR (#FFF) Philichthyidae
HAT7IEDBHE (1924-20165)

REMD s - LB

VIR BRFR B A BRI e R, T 739-8528 A BRI HA B igEil 1-4-4
DEVE B R R T SE R, T 890-0065 HEVE B HERIC 1-21-35

Z2 B 1924 2016 fFIC IR S N2 CKIC D &, HAERFE» SRS NI 7 LA TR G
#5) Philichthyidae 77 4 7 240D 6 J& 18 Tl & K [FEfd (6 ff) (2B 216 (fEE, 46,
PAEGAR, SCHR) R &I L 72, Colobomatus, Ichthyotaces, Philichthys, Procolobomatus,
Sarcotaces D SIBIZXFLC, Y/ AV Ay, ¥xATAY, hILVAY, bAYAY, AT b
VDA OFEERIS, & FRIE L 72,

F—D—=RNIAATVHE B LAVE, fAEESAER, SCHLE S

]

KREERTI) 77 L4 TF (FFr) Philichthyidae 174 1 7 3 #ifil Copepoda O 4 > 3 ¥~ 2 H Cyclopoida
BT 2 HRETH b0 AFHI20044E F TIIHR T4 FEdk S, MBEFEMED A 7 EE Ll ik
)/hE 7% FTdh % (Boxshall and Halsey, 2004) o AR 8T 2 FH L3 _Cl g MU FHA L, HRKMIZHT
AT HHEE Ve AFFORE ZHUL, FERLFEBI L BMLINTIERETH . AFROH A 7 VL, 18
EOMEMIEAL T, HEHIBEERECUBEONIEICHAET 5130, KEREROE (25, gall) OFT
BT 5. Thbb, AROMIINEFEETHY), MOL OFEWN A 7 VEMNFEETH LD L
KRECER DL TOFEMUOFHRIELBEL T, AFROMIL, FICMEEORErE L SEDY, A4 T
VHEEEZ VL) R BERATBEEATRT b O0S v, AROmEE L L ThAETHE & N7z KA1 IEK
ELEEZLOPETENLD, HEIRERESEICHFETAMPSHICMNG Z i3, MEICRLZ LiE%
Vo Ll BEOHENIZER SNIBE ZONEICEL a7 M) DA% Vg Gifr) Sarcotaces DMK,
FORBBEPLAN L ECHBICE 2205 (E, 1990 5 HLUHS T 3 @ A M7 A, 1990 ©
Nagasawa et al., 2015)

RESE, HARED 7 L AT FO6IE18H L RFEMIZOVT, 192420164 D934 1 |2 IR & 1172 3k
b LI, KMOWEMEERL 2D TH D, 19244013, UK F ORI HAH 7 LA RA AT V5
EHODETROICHE L2ETH S (Komai, 1924) 0 2D, AFHIBT 207813 ZRIEZ Y (BRICEE
KEE) OMERFFEHME (Shiino, 1932 1 #ERF, 1953) & AHEFZIIG] kAL, FRISHHEIIAR 0538 & il
W OWIFE TR E BB % 251572 (Izawa, 1973, 1974a, 1974b, 1975) F 72, HAE & HEFRLHTH SNz
AR, IHEZEMAS19634E12 [Parasitic Copepoda and Branchiura of fishes] (Yamaguti, 1963) 124Uk L 72
JEAELE, R R KS D Tone Madinabeitia & REFIB AT E 7 > THIZEZ D, L OHAEH TN LIER
(Madinabeitia and Nagasawa, 2013; Madinabeitia e al., 2013; Madinabeitia and Iwasaki, 2013 ; Nagasawa et al.,
2015), IKBRFENSERKS: - 70 FRF R CTHEIBERFAIE - 72 EEH R O 5P %17 - C
W5 (Uyeno et al., 2015) .

i
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KHETIE, BZLAVENOZEE T LT 7 Xy MEICEN%, KB CIIHNGO T VT 7y ME
KRR L7 EEMALEHTOFEARZF TR, BEREEFETVER LD L, BN SA R L7,
m;@ﬁ@i 5 (2013) AR L2 RICHE - TRAIL, H#MA LFZEFRL L7z, OB, Bk
DL CHAEOMAG EF0 LR 5 5 O bLN A I IZFEMMNICZ N2 FE L7z, B 56 B3 515
ik, sk LA, BARME, k= 2, W2, RN LIS, #ERA T ST
Mz PR & LR (FE S & MR 2R L7z MBI 4410 & B2 IEL mﬂbtoEE:%ﬁf
BEMDIERE K HEIE [ -] TRLZZ. Mi#E TR, MEEOAEYAER (5 MhE T 1%
B3 2 FH) PRI A ORFRL: L AT L7z,

KA ERORLERE RO L) IO h L, SOIEE-FAERY A P LTEM LA, 20) A MTIE
fEE & LTl SNz x it (2013) O HRRICHE - T, Ffaflirbigkshich 4 728 %
RL72e BRHIB W TE AT S IEIC B 72,

BT VAR AT VEOGEAERIZE LTI Yamaguti (1963), Kabata (1979), Boxshall and Halsey
(mm)ﬁ%%u&éoﬁ$7/7®mﬂubﬁéﬁﬂu@¢éﬂ%uﬁﬁ<MmeM % B TR D C
[RENTWA, %9 L7z27%7%, Madiabeitia and Iwasaki (2013: table 1) 2B L 27 VTN 7 L A TES
A7 VHICHTA2HEHREAEATH L, KA, $EEOICL D AREFENET A 7 VHAGKOENHRTH 5
(=t Y7 I8 [K&#S, 2007]; £ 41 &% [Nagasawa et al., 2007] 5 742 7 I8 [RED,
20101 ; #E T PIERESEME D A4 7 V4 (2#) [Nagasawa, 2011,2015] ; & b 7% 4 T FF [Ri# - L%
2011) ;v wA VIR, 53R, ks IR [(RiE- L 2012] ;s v T A VE [EEDS
2013] s e VF A VE [BE - L5, 2014]  FA 2 ELTHE [BE - EF, 2015])),

BARENI LLBAA 7 EOER

HA 7> HEiE

Subclass Copepoda Milne Edwards, 1830

MHA 7T

Infraclass Neocopepoda Huys and Boxshall, 1991

FrIYra8 (F/07Z8)

Order Cyclopoida Rafinesque, 1815

Kabata (1979) ZAREZZ11H (Y74 LH, RTF0T A M7 H) Poecilostomatoida |27 & & & 7225,
Z 2 T3 Boxshall and Halsey (2004) (27> TARHBIZILSD %, Cyclopoida %7 » I Ty T LIERZ LI
WIS - B s (1988) 12HED o

DI VLR (GRFR)

Family Philichthyidae Vogt, 1877

Yamaguti (1963: 211, 312-313) %, AFt &Ml 1#; (Lerneascidae) 2%t L CTHr H Philichthyidea % £l #%
L7213h, GRARHCEEN2 a7 P VAT Vg (i) Sarcotaces \Z%F L CHHiF} Sacotacinae, ¥ <
a7 hV)E GiFR) Ichthyotaces \2&F L CHi#ikl Ichthyotacinae % A% L, Widi#l % & 3l Sarcotacidae,
P2 Z OF % & EH H Sarcotacidea & Ali% L 720 PIH (1972 : 424) b 1-5i2)8 13 Sarcotacidae (2 & F L5 &
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L72o L2 L4, Yamaguti OF 2 EZ T AN SN T v, BRI, RELOMEAE L O KT
fE L HBBEONIEIHATYSD Z LI/,

HILLIRD 1 &
Philichthyidae sp.
83X . A X Lateolabrax japonicus
BFAEBRAL ¢ AE
HIBEYDE T il (RIFIRA I 0 KIES, 2007)

B AFEASMIEL S SN/ LI LT, KIEDS (2007) (EAROFATA TIL 2 Wil BEN: % f5HH
LCTwh,

VI HhIVLYVE (FFR)

Genus Colobomatus Hesse, 1873

FrEENZE, REOROFEEIC 1 O AIRERDSH 5 Z LI/,

aoFaohoL L (FiFF)

Colobomatus absens Madinabeitia, Tang and Nagasawa, 2013

18X . ¥ 1% I Pterocaesio digramma

FFARBAL : HFE A E

HIBAY  ALACEEE GBI AE B © Madinabeitia ef al., 2013)
8% FiER G, Al S CHRE SN2 LI/,

A ALV I ATNZCi)

Colobomatus acanthuri Madinabeitia, Tang and Nagasawa, 2013

TB=E £V ¥ /\F Acanthurus olivaceus

FAIBAL - IR AT

HIBRYE AL (PRI DPHE B DT Madinabeitia er al., 2013)

&% - FrEEfIE, RIS (EH & Bai 25O B) 2382 LIl T,

FTHIERHI VLY (R

Colobomatus collettei Cressey, 1977

B8X : &~ %3 Y Hemiramphus far

BFAEBRL ¢ AR E

HIBAYDFE - AL (ORIE PRSI - Madinabeitia ef al., 2013)

fB% A= 2 —F =7 TROICELIWMS 17z (Cressey, 1977) FIIRHEML L, AMEOSHH (SHE & Mo
RI/T2EEORM) RV IR,
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RIIHI L LY GER)

Colobomatus exilis 1zawa, 1974

f8E . 744 F Caprodon schlegelii (= Caprodon schlegeli)
AR ¢ AR ST

IR - AUREE (FIERILIR B3 - Izawa, 1974b)
i | FEENAE, BRI TH S LIZHT,

AYIHo L LY GFF)

Colobomatus fusiformis 1zawa, 1974

18X . 4+ =/\¥ % 7 %A Heniochus monoceros

BFAEBRL ¢ AR

HIREVRT  ALICTHE E 72138 il (MR ¢ Tzawa, 1974D)

fBE | AL, MPHE-CHME S o, BRI BRI E KRS TRE SN Tz a0 SHE
SNz (Izawa, 1974b) o FIEEHERMAE, AESFHEZHLIC L > TS L2 2 EICH .

INIYA DT VLY (FiFF)

Colobomatus gymnocranii Madinabeitia, Tang and Nagasawa, 2013

18X . 21 F ¥ 1 Gymnocranius griseus

BFEBBAL : SRS

HWIBRYA | ALSFEE GIARIRIIHEE I Madinabeitia et al., 2013)

s ®  FEEMSE, AEOEHFIIZGENELS, 720 b e LTwab LI/ 52 EIZRT,

JA814HhI L LY (8FR)

Colobomatus mylionus Fukui, 1965

T8=E | 7 0¥ A Acanthopagrus schlegelii (= Acanthopagrus schlegelii schlegelii), 7 * Acanthopagrus latus,
I 2785 A Acanthopagrus sivicolus

BFAEBLL ¢ B T

HIBEAFE LA (MBI PSR - Madinabeitia and Nagasawa, 2013), # N (5 B IRJL B :
Madinabeitia and Nagasawa, 2013), — (&, 1965)

fm®  AfEX, M (1965) 12 & - CHBLICELI S 117214, Byrnes and Cressey (1986) |2 &> TA4—A b
FVTHEI QYA BEHERED D RERICEO W THLE I N/, ZOE, HAEZ 0¥ (4 OFRIE
[ Acanthocephalus macrocephalus | & Foik S 1172, Madinabeitia and Iwasaki (2013, table 1) (&, &3 (1965)
HIAFE% [ Yohohama Bay | 2 0% A [Mylio macrocephalus] 75 AT % 1572 & i ~727%, B#HIZ1d 2
074 OERLFHLLIN TRV, KEOHAIE, W (1965) IC&h) [7as5fY F)rr3iy
val EEN, [ryIYyal 1% F 207 2H Cyclopoida IZB T AICH SN LD, 22
TlrasA4hrLay ]| IZ8HT 5,
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FINTLLY GRFR)

Colobomatus pteroisi Madinabeitia, Tang and Nagasawa, 2013

BE : /NF 3/ BT Prerois volitans

FAEERML - AR E

HIPRYFA AR REELIHER I - Madinabeitia ef al., 2013)

% @ RN, REASDAEOBER IR TRES N Z LR,

EXTHI L LY GREF)

Colobomatus pupa Izawa, 1974

B8X ¥ J & XY Parupeneus spilurus (= Pseudupeneus spilurus), =77 A & * ¥ Parupeneus ciliatus,
T ¥ Parupeneus multifasciatus

BFEBRAL ¢ AR, R

HIBESAE AL ACERE (UEILR I © Tzawa, 1974b, 1975 ; i IEIHEE 7 - Madinabeitia et al., 2013)

&% RMEOMPATERHWIIE S 7z (Izawa, 1975) 0 FEEHEMAIE, Al e A DRMEBICHFAET LI L
[ A7SEES

NoITHT L LS (ER)

Colobomatus westi Hayward, 1996

BE | 2 1 A Sillago japonica

BFHEERAL ¢ AR

HIRR D LR (ZEEILEDE - HIRRE S - Hayward, 1996), HAME (AT ? west Ishikawa :
i e VL 2 I - Hayward, 1996)

8% REOREMD V& DL LT [west Ishikawa] 75 STV %A% (Hayward, 1996), 1FFfEZ A7 1E 1%
AHTH D, T TIEEEISHINEROE L Lz RFEIEEERCHFEICS 04T % (Hayward, 1996,
1997) 0 #EHEMAIL, REAWT 2 TIHMAT 5 LIZHE,

VIAIVLVEDIE

Colobomatus sp. 1

18E . 7% A Evynnis tumifrons, <% A Pagrus major
BB —
HIBESTE TN (A BEL)L BT - Madinabeitia and Nagasawa, 2013)

VIHIVLVREDIE
Colobomatus sp. 2

BX : ¥ YL 775 L2 Dentex abei
AL —
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HIRRY 3 AL (IR 05 © Madinabeitia and Nagasawa, 2013)

A ATLVE GHiFR)

Genus Ichthyotaces Shiino, 1932

PEREMY ORI, TROY~aT 7Ly (HiFR) Ichthyotaces pteroisicola % 2R,

/AT LY (R

Ichthyotaces pteroisicola Shiino, 1932

B8X . & b3/ 4 I Parapterois heterura (= Pterois lunulata, P. tanabesis)

BFABBAL © KT DN

IR - ALCTE (FIFLSL L  Shiino, 1932)

%% : Shiino (1932) AR D15 % Pteriois lunulata (3 7 7 T) & L CTHE LD, HRE (HE,
1953 : p173DMIE) TZ AL Pterois tanabensis DFRV) Tdh -7z LF[IE L7z, BEIEINT I 2 A TOR
% Tdh b, Cressey (1984) A4 2 HEL# L7z FEENAIL, AEOGRICLVKRELBE D S 2
EIZH T,

TOF1TERNFRE
Genus Lernaeascus Claus, 1886

FRHEAMIZ4 IS Uyeno er al. (2015) 126690 S OfI44IE, MR (MR L 72EIC0 o 7201 - Bii#l e 9 54
B OMERAEDRIEDHILEY (BH) (2B TH L 2 LT b,

L FaTERF

Lernaeascus kabuto Uyeno, Tang and Nagasawa, 2015

f8E : A X L X v I Paracentropyge venusta (= Centropyge venusta), “~7 )V K 2 %% v I Centropyge
heraldi

AL ¢ AW

HIPRYT ALY il (R ACKE [REBHE] © Uyeno et al., 2015)

&% 4oL s, REOFEBMIIARAZY, 40L& s, REOFAEIMITAHEZY, HKh CEEM
DI L72BRIZ LI & vz (Uyeno et al., 2015) o 8R4 13 Uyeno et al. (2015) 129E9 o

HOVLYE (FiFR)

Genus Philichthys Steenstrup, 1862

PR OB, TRROA 7 LA GHiFR) Philichthys xiphiae % 2,
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Hho L LY (FFR)
Philichthys xiphiae Steenstrup, 1862
f8E | AU ¥ Xiphias gladius

FFERRAL © B E
HIRE ST - -

77

f&Z © Yamaguti (1963 : 213) IARFEOGA OO EDIZHAREZ T TS, FriEEMAIE, AEIEEO

FHEPESE R ENIEIZEA TV A Z LIZH T,

NHILVE GFR)

Genus Procolobomatus Castro Romero, 1994

PR Z ORI, T b H) A (FFR) Procolobomatus hoi % Z W,

NoH) LS (GRER)
Procolobomatus hoi Madinabeitia amd Iwasaki, 2013
T8E . /N\~Y ¥ A Etelis coruscans

TFELAL - TR E
HIBRYDFE ¢ LA (AR ATIE BT - Madinabeitia and Iwasaki, 2013)

&% | RENLIE, AEOBEIRICH 2 GEAKE < TRmIZH L > T 22 2 L ICH D,

AT MNIDPAY VR GRFR)

Genus Sarcotaces Olsson, 1872

HEEF (1953) OHITIZ L o THRIBIZHT 2 Mk 2155 2 L3 CTE L. DYEOATHTRBEDONA T &
QMBI R 22 DB, [Hvas s A (Sarcotaces spp.) ] F721& [y r A (Sarcotaces spp.) |
B ANNRF TETOEE, HRIZEIZA - 7RKETRO2 5 ] (1E, 1990 1 B T5 # AR AT,

1990)0 EFED [ ANV ] 1ZWVip e 2 M2 3AWTH 505, KHEDOHEHI,

il > 23V JE R EE IS

Sarcotaces verrucosus 73543 DT (B 21X Moser et al., 1985), [ A/N)V ] 13 A A NVERFETH > 72
LEZTWh, T/ [FI¥5 1% kv hs270sF+a7 ) (R Sarcotaces komaii DIGED D& D,
NFTTTRBRABLITREND S EHEEL Tnb, REOPEEMAIE, a7 M)A (FFR)

Sarcotaces pacificus & Z,

Y~ bhaT MY GHFR)

Sarcotaces japonicus Izawa, 1974

18 | 7V K Gymnothorax kidako

BFAEEBAL ¢ REE |29 & Tk

WIBEYA ¢ AL (IR HLLE ¢ I1zawa, 1974a)

&% FrifE L, AoMNAHA (ERRE TR Z2Rs 2 LIcl,
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a4 a7 M) GRFR)

Sarcotaces komaii Shiino, 1953

BX . v 7 ¥R KRY Scalicus amiscus (= Peristedion amiscus), 715 % % < Antimora microlepis

FEEM : SRR OE TSR AR (73R RY), HRTICEEZIER (X355 F)

HIBRG D ¢ LA OIS © Avdeev and Avdeev, 1975 ; = EILAEEFE © [zawa, 1974a © &AL 415
il HERF, 1953)

fig# : Moser et al. (1985) 1%, AFff % Sarotaces arcticus DFL & E 2 7275, B HEEISULE & HB S
5728, TTTIIMVAEL LTk o AL, SEFIICRE (R L2280 (v RY Ry [AXFH]
LW FE T [ TH]) POEONT WD, BT 55 THEMEPKTEL R —Th L0205 245
Bhbe AT Y ITOMARICEDTRENS 2 LIZHEFEELEN OV T Wiz (BE - &I, 1953
AR, 1963 1 1297)0 #EEF (1953) 3MEEOM/NG %L amissus &AL 720 #iE#E %u%ti RIEEDTE/N
BEASKRFOEH  Fl LA SN TnE 2 Lz, WLabyrEON 7 LV ATF A7 JHICHT
LHIOWIEICRE R EE SN2 LICH T,

A7 MDY GRFR)

Sarcotaces pacificus Komai, 1924

BX : I TIVT 2 Antennarius striatus (= Antennaris sp., A. tridens, A. nox)

BFAEBRAL ¢ AR T I 2

HIBRA T AL (RZS)IE =% © Komai, 1924 ; Heegaard, 1947 ; T-4554k 1, —mIZREE, AL
WP« HEEF, 1953 5 ANFILIR LD @ 1zawa, 1973, 1974a)

f§Z : EFEICB L C, HEEF (1953) & Komai (1924) O#iis L7218 & Antennarius sp. \Z\32%E (4. tridens
EAonox) WEFN TV LB, SRTEHELE LI TLVT yav b InTwb, HE# (1953) 1k, &
TS D ASENZ 5 I A5 5 L BT %o REDORBIAT AT RS N7z (1zawa, 1973)0 %5
KB 2 & 2 KSR (b fE) TFRE SN CTWiz 1 TV T » 27 205 Sarcotaces sp. DS E LT % 25 (1r
W5, 2013), AEEEZ 5N HEEMAIL, RO 2T 135 < ORI L,
ZORTDRBLEFED [ZREDVHIA] 2SI EL T LIZHD,

>4 /378 GRFR)

Sarcotaces shiinoi 1zawa, 1974

18X : €7 I Acromycter nezumi (= Promyllantor nezumi)

BFAEBLL © ML D B2 TSI % T

HIRRYAE AL (ZEIEREEEE JREI] © 1zawa, 1974a)

% AMOR/NA X RS A 7 VT 2098 TH L& 250 I R IC A Sz o
T, HrEERS S 2T o
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ATRNIDAYVEDIRE

Sarcotaces sp. 1

f8E . 37 % 1 Semicossyphus reticulatus

FFAEBRAL ¢ MHSHFA T IR & 2 & TR

HIRRY T WA (B L TR SR e KA ¢ Yamaguti, 1963)

% © Yamaguti (1963 : 315) (IAFEZ fHE A L 22SE k2 1T b o 72 (MESAER, R & 2 0
R L72HAH S [pl. 314, fig. 41) o

AT7RNIPAYVEDIE

Sarcotaces sp. 2

8E . MW Saurida elongata

BFAEBRAL - Wk & CUE OB T I % TR

HEBRYDAE M (LR AR EE - Mkl - KA, 2006)

8% AMEOFERELZRTGERH L (Bhill - KA, 2006: fig. 25)

AT NIPAYVEDITE

Sarcotaces sp. 3

18X . 7 #1/\¥ Epinephelus fasciatus

FFARBLL ¢ JEENITR & 2 98 % T2

HIRAIAE AL F 2R il (BYERIREE RS | Nagasawa et al., 2015)

8%« AMEOFAE % 2 7S ATS TR A 72 v (Nagasawa ef al., 2015) o RFEDOFAEIREL RTH
B34 % (Nagasawa et al., 2015: fig. 1),

BE-FERVAb

fili45 ff Osteichhthyes
S=HETLAN Actinopterygii
7+ F H Anguilliformes
77 RE} Muraenidae
77 5K Gymnothorax kidako : '~ & 27 1) Sarcotaces japonicus
7+ TF} Congridae
b &7 F I Acromycter nezumi © > A J 27 ) Sarcotaces shiinoi
bt X H Aulopiformes
I F} Synodontidae
b 4172 Saurida elongata = 37+ 1) ¥ A4 4 2 JED15# Sarcotaces sp. 2
% 7 H Gadiformes
F T4 % Moridae
1) % 5 F Antimora microlepis - A< A 27 ) Sarcotaces komaii
7 >~ 2 H Lophiiformes
71 )V T > 3 # Antennariidae
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B TIVT ¥ 37 Antennarius striatus - 37 1) T A W Sarcotaces pacificus
4" H Beloniformes
# 3 1) F} Hemiramphidae
R I ) Hemiramphus far 5777 ¥ 71 7 L 3 Colobomatus collettei
A X% H Perciformes
73 714 IF} Scorpaenidae
/NG X/ J1H 3 Pterois volitans @ X F X 51 7 L &3 Colobomatus pteroisi
t b X/ 1 43 Parapterois heterura @ % < 27 L Ichthyotaces pteroisicola
F AR 7 K7 Percistediidae
v ¥ R Ry Scalicus amiscus © 2~ A 27+ Sarcotaces komaii
A ¥ #} Lateolabracidae
AR ¥ Lateolabrax japonicus : 71 7 L 2 ¥ Ft O 14 Philichthyidae sp.
/N5 F} Serrantidae
7 71 4 ¥ Caprodon schlegelii = 7= X 71 7 L n3 Colobomatus exilis
T /12\% Epinephelus fasciatus = 37 N1) ¥ A 4 V& D1 Sarcotaces sp. 3
7 L% A F} Lutjanidae
INT YA Etelis coruscans © &~ ¥ 711) 5 Procolobomatus hoi
% 714 TF} Caesionidae
% 71 O Pterocaesio digramma : ') 2.7 ¥ 2.7 51 7 L A3 Colobomatus absens
% A Bl Pagridae
FF X Acanthopagrus latus © 7 1% 4 71 7 L 3 Colobomatus mylionus
XY L7 H L3 Dentex abei V) / 717 L A D1 Colobomatus sp. 2
7 "1 ¥ 4 Acanthopagrus schlegelii : 7 145 A 71 7 L &3 Colobomatus mylionus
~ %4 Pagrus major - Y /717 L LV IED1HE Colobomatus sp. 1
F %A Evynnis tumifrons © 7 /) 717 L L@ D15 Colobomatus sp. |
I+ 79 ¥ A Acanthopagrus sivicolus © 7 1% 4 717 L 3 Colobomatus mylionus
7 L7 % % A F} Lethrinidae
A A F 5 A Gymnocranius griseus : /N A 51 7 L &3 Colobomatus gymnocranii
¥ ZF} Sillaginidae
v 1 F R Sillago japonica : 7 37 71 27 L 2 Colobomatus westi
t 4 T Mullidae
* ¥ J v X Parupeneus spilurus - & A 71 7 L 23 Colobomatus pupa
& U ¥ Parupeneus multifasciatus © & X 2 71 7 L A3 Colobomatus pupa
K7 T A v XY Parupeneus ciliatus © ¥ AT 71 7 L 2 Colobomatus pupa
F a7 a7 74 Chaetodontidae
F =IN¥ ¥ 7 ¥ A Heniochus monoceros : A Y77 751 7 L < Colobomatus fusiformis
* > F ¥ 7 ¥ A F} Pomacanthidae
A X L v I Paracentropyge venusta © ¢ >~ F 2.7 & N % Lernaeascus kabuto
NZ )NV K3 AX v 3 Centropyge heraldi - & > F 2.7 € N ¥ Lernaeascus kabuto
~F %} Labridae
375 A Semicossyphus reticulatus © 37 1) ¥ A Y Y IEO1HE Sarcotaces sp. 1
=% 1 %} Acanthuridae
E 7 FNF Acanthurus olivaceus - 7 ¥~ 1) 51 7 L &3 Colobomatus acanthuri
A # ¥ % F} Xiphiidae
A 71T % Xiphias gladius @ 71 7 L &3 Philichthys xiphiae
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b EDHL PR 5720 20044FE F TIZHARPSHMENTH 7 LA TE I A T VHIIIEMETH 5
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A checklist of copepods of the family Philichthyidae (Cyclopoida)
from fishes in Japanese waters (1924-2016)

: 2
Kazuya Nacasawa" and Daisuke Uyeno”

" Graduate School of Biosphere Science, Hiroshima University,
1-4-4 Kagamiyama, Higashi-Hiroshima, Hiroshima 739-8528, Japan
? Graduate School of Science and Engineering, Kagoshima University,

1-21-35 Korimoto, Kagoshima, Kagoshima 890-0065, Japan

Abstract Based on the literature published between 1924 and 2016, a checklist is compiled for the 18
nominal species and six unidentified species in six genera (Colobomatus, Ichthyotaces, Lernaeascus,
Philichthys, Procolobomatus, and Sarcotaces) of the copepod family Philichthyidae 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, fish parasites, Philichthyidae
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A study for developing the noninvasive method to select the good quality of
embryo

Chiaki IKEDA

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

22T D\ BIFIE R 0 72 & 0 IR 8- 1 70 FFAT T 2 O B 56

it TRk
INBRFR PR IEFFAITIEF,  739-8528 HA K117

de=
B>

v MESLHE - IR OFMNIAEE ORI 2GR E L LCGEASH, SlFUSE R L7, RS
DIFRFRIT W F 721K, ST B HRFE 272010, IEIRIEEEEBR S N CE /225, 20
FAL, IR L, R PR 0 R OB T %  OREDE U T & 720 EIMAHIIEEIZ BV
T, BRANZEMIZS o & b BIF 2R 8RS 2 31E, MHIREOM L, ZRIMERO R, jiEEOKT O
OILMOTEETH Ho UL, BIFILOSEIRE, BHH OILEFHEFMIC &L > TIT o TV A TERAT L A &
Thro LoL, BERFWFHITERENE, KB RTLZ 20, BELMOMEFMINETH), H
—IEREREIL, BEUERH L ) QIHRESMRVIER & 25 Tndo fEo T, & D KOS IREHGi: % fE73
572002, ROWBENRHESLETH D EF 272, U EDOZ EHnE, KB TIE, BIVHRS - IR O
HLDH oL YHPTDOEVIEEEIRT 5720 DIREN 2 THEOMIELZHWE L7z,

b NEISREIEDOE—REID X1 I > J ERFEE

INFETRE—FEORNZREIND O FE LRI, FEOERGIEE L TR IR & B RS AHIR
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Mechanisms of protection induced by atypical Edwardsiella tarda vaccine
in red sea bream Pagrus major
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In this study, I analysed the virulence-associated factors (genes) and pathogenicity between typical and
atypical Edwardsiella tarda strains (Chapter 1), and demonstrated the role of fimbriae as an important virulence
factor in atypical E. tarda infection under marine environments (Chapter 2). In Chapter 3, I developed an
inactivated injection bacterin for red sea bream edwardsiellosis and demonstrated the protection mechanisms

conferred by the bacterin (Chapter 4).

Chapter 1. Comparison of virulence-associated factors between two E. farda phenotypes

Two phenotypic strains of E. tarda, FK1051 (typical) and MEE0309 (atypical), isolated from diseased
Japanese flounder and red sea bream, respectively, were used in this study. Full genome data of the E. tarda
strains were analyzed to predict the virulence factors. Pathogenicity of the bacteria were evaluated by
intraperitoneal infection in Japanese flounder and red sea bream. Total of 116 virulence factor genes were
identified. Among them, 86 genes were found in both strains, of which 45 genes were identical. Infection
experiments indicated pathogenicity of both strains to Japanese flounder and red sea bream. The typical strain
FK1051 was highly pathogenic to Japanese flounder (LDs,=7 X 10° CFU/ 100g body weight). Both strains were
similarly pathogenic to red sea bream with LDs, value of 4 X 10° CFU/100g.

Chapter 2. Sodium chloride-enhanced fimbriae expression of E. tarda

Both typical and atypical E. tarda strains exhibited faster growth in liquid medium supplemented with 0% to
2% NaCl and slower growth in the 3% NaCl conditions. Hemagglutination activity against guinea pig
erythrocytes was detected only in the 2% NaCl and/or 3% NaCl cultures. Electron microscopy revealed two types
of fimbriae. The first type was wide (ca. 9 nm) and appeared only in the 0% NacCl culture of typical strain, and the
second type was thin (ca. 4 nm) and appeared in the 3% NaCl cultures of both E. tarda strains. Comparative
genomic analysis indicated that amino acid sequences of the fimbrial operon were highly homologous between
the strains. Expressions of the major fimbrial subunit gene (e#f4) in both strains were significantly higher in the
3% NaCl cultures than in the 0% NaCl cultures. In conclusion, the thin fimbriae structure, induced by the etfA
gene expression, might be required by the typical and atypical E. tarda as the mediator of adherence into host

cells to escape from such unfavorable seawater conditions.

Chapter 3. Effectiveness of atypical E. tarda bacterin in red sea bream
Inactivated atypical E. tarda cells derived from 2% NaCl culture was selected as a bacterin candidate. A

single IP-injection of the bacterin (10° cells/fish) to red sea bream juveniles induced high antibody production at 3
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weeks post-immunization. The bacterin induced no apparent abnormalities in fish conditions even at 10 times
higher dose. High protection with RPS values of more than 60% was achieved by the immunization, when the fish
were IP-challenged with the homologous strain. The protections were dose-dependent and lasted at least up to 4
months post-immunization. Minimum effective bacterin dose was 107 cells/fish. Serum antibodies were detected
at high titers from all immunized fish but no correlation between the antibody titers and the protection. The

inactivated injection bacterin will be applicable to red sea bream farming facilities to control edwardsiellosis.

Chapter 4. Protective mechanisms in red sea bream induced by atypical E. tarda bacterin

To clarify protection mechanisms induced by the inactivated bacterin, some in vivo and in vitro experiments
were performed. The numbers of E. tarda live cells in the blood, kidney, spleen and liver of the immunized fish at
48-h post bacterial challenge were significantly lower than those of the non-immunized fish, but with no total
bacterial clearance. Factors contributing to inhibition of the bacterial growth were then investigated. At the early
stage of infection both classical and alternative pathways of fish serum complement cascades have no in vitro
bactericidal effects to the atypical E. tarda. However, the immune macrophages with aids of the immune sera
exhibited higher phagocytic activity and inhibition of intracellular growth of E. tarda, though clearance of the
bacteria was not completed. Fish conditions at the late stage of infection were investigated by histopathological
and immunohistochemical methods. Development of granulomas were detected in the kidney, spleen and liver
with most dominant appearance in the kidney. Accumulation of phagocytic cells was detected after 4 days of
infection and different type of granulomas were found after 2 weeks of infection. Granulomas in the immunized
fish mainly composed of progressively developing granulomas in the forms of walled off phagocytic cells
aggregates, and localized aggregates from surrounding normal tissue with centralized or disappearing bacteria in
it, while those in the non-immunized fish were dominated by enlarging granuloma with spreading bacteria.
Melanomacrophage centers occupied the area of immunized fish tissue more widely than those of non-immunized
fish, and most of them were associated with granulomas. Based on these results, it was concluded that protection
of red sea bream by immunization with the inactivated bacterin was brought by cellular immunity; in the forms of
activated macrophages with aids of opsonins and granuloma formation composed by macrophages and other

unidentified cells.

Key words: Edwardsiella tarda, cellular immunity, granuloma, vaccine, fimbriae, Pagrus major
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In the realm of food safety, food control is a tool to achieve safety required either for hygienic-based or
priced-based demand of food. This dissertation is started with assessing the overall capacity of food control
laboratories assigned with trade-related quality assurance task and the functional capacities of the supporting
National Quality Infrastructure-NQI. Severity of supply-side constraints such as institutional capacity-based and
compliance-based constraints to agricultural production systems showed the main drawback in export-led growth
and that is a galvanizing issue for an agrarian country like Myanmar. It was reported that the trade-supported
industries failed to collaborate with the agricultural export promotion effort for achieving more foreign exchange
earnings by export that can contribute majority of Myanmar people. Moreover, it was also informed that the
market for high quality and safe food products hardly existed in Myanmar due to various kind of market
imperfection in credit, insurance, land and labor markets in the rural economy. For achieving export-led growth in
poverty reduction, it is requisite to capitalize in food production system at primary level, processing level.

Developing countries are generally concerned with food security.

Secondly, street food sector was selected to investigate the authority’s controlling aspects of street foods
towards safety, to investigate the vendors’ understanding of proper practices for safety and also to find out the
constraints that prevent adoption of proper food handling practices. It is an important sector for developing
countries where the numbers of informal businesses are majority especially in food sectors. Yangon City
Development Council-YCDC is mainly responsible for controlling food stalls in Myanmar. Interviews were
conducted with the authority from the health department of the YCDC.A total of seventy two(n=72) street food
vendors from the downtown area included. Demographic profiles of vendors, their food safety knowledge,
constraints regarding proper handling practices etc.were assessed using a semi-structured questionnaire. It was
found that YCDC had already established five key components of food control system for controlling food stalls,
however, street foods was not under control, if comparing with other stationary food stalls. That situation
prevented the opportunity to educate vendors. A total of one hundred and sixty seven (n=167) street foods
consumers took part in consumer’s attitude towards food handling practices and safety of street foods in Yangon.
Among other findings, this study found that more than 75 % thought that street food stalls should be under the
authority’s control for safety.

Myanmar fishery sector was selected for examining public food control provision and firm level food safety
standards adoption of 20 EU approved factories. It showed that competent authority-CA plays an essential role for
the export success of firms. Regardless of how small or big the approved firms are and whether they possessed

private certificates or not, firms needed to be under control of the CA. To comply with regulatory and customers’
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requirements and to get access to new markets are three major incentives towards the adoption of HACCP system.
The need to retain trained production staffs and managerial staffs are two major challenges in the adoption of
HACKCEP for the firms. It was also found that more than 86% of fisheries processing firms of Myanmar were still
inside the informality food control trap and only approximately 14% of the firms were eligible for export to EU

markets.

When it comes to food control in transboundary food trade either export or import, it is vital to have sound
NQI designed for supporting the implementation of food control measures. Thus, this case study accessed the
import food monitoring of Myanmar and Japan in transboundary food trade. With a number of food legislation,
regulatory framework of Japanese import food monitoring supported and guided the responsibilities of food
authority, quarantine stations, private inspection and testing agencies and importers. A strong negative correlation
was found between consultation at quarantine stations and violations of import food with r value 0.78.Even
though the number of delegated laboratories in 62 countries was 42 times higher than that of the domestic
laboratories, they shared only 10% of total testing. Import food monitoring in third countries revealed less
advantage in scope and food items, if comparing with EU. However, Japan chose not to rely on monitoring of
export country solely rather than giving consultation to exporters and training to importers. The national standard
formulation method is based on risk analysis in accordance with internationally accepted norms. The system was
streamlined in accordance with global restructuring trend. The characteristic of Myanmar’s import food
monitoring is generally in accordance with GL47/2003 CODEX, the international guideline other than uniformity
in nationwide implementation. The link between the food authority and food control at quarantine stations is
totally lost. Import food safety is, in fact, the concern of most Myanmar people including food importers, food
exporters and inspectors. For preventing the adulterated food import, monitoring of import foods needs the
integration of food control system in technical and managerial capacities so as to implement import food control

effectively.

It is obvious that Myanmar quality infrastructure particularly in food sectors is on the brink or in the middle
of quality assurance crisis due to insufficient capacity at institutional level and a widespread informality food
control at business level. The investments in food control at farm level, processing level and institutional level are
urgently required that must support and reflect the need of domestic food sectors and the priority of the nation’s

economy strategically in Myanmar.

Key words: Food Trade, Food Control, Food Safety Management System, Quality Infrastructure,

Consumer Protection
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5 A R 7= I EEM R, Y TEEERE, B X OTEOMEMESICER SN A HAFOBETH L5, T
W AN SN L, K OTRADHIR SN 720K EBRFEO HEZRsE L 2 ), TOfR, 4 F
7=V % G OIS 1L OB EIS L2 EAE ORI S AN D, B EBRECEMGEI T 2
LT ELMAEMIE (Air-breathing fish) 1 EFLC370M L EASHIE STV 245, Z0 9 B OFKT0RILH
M IERLTBY, BEEAOBIS L N)VIZ X - T skippers (P L5E1:fE), passive remainers (ZBjfYFE L
i AEAE), active emergers (FEEIYFE LFIHAE) O3DIZXFIEN TV D, TNHOBKIZAHIZFZIZ W
BREECTITON TG Z LR AMORAL % E OIS A S 3 <, FFIZ active emergers 12DV Tl
PSR N TOMEBNIIEFFICZ LWBIRTH o 72,

552, 3FETIIH HARSH T (BEEE B CHERE, TkRME, BERE, WHE, SIBES) 28W»TH
s O MAHTE R F I SE & FEhl L 720 2 ORER, TEMME = CIE3RI7RE, Tk RS Cld16FH47/, &K
B ClX14RH46RE, AR TIXIIRR20ME, SHRE S CE4ARTREIHER S N o R0 77— iE EEHED % <,
ELD T =V TUEA Y F U RERNEE R ER S N MEOANHBLL 720 72, ORKERBIZOWTIE,
19904F |2 [l Hh 25 TAT D I/ THRE S NEAROTEFIE 2 17\, 10B34 A R S, s ok
R ARBETH Y, I EAEIZIZEALALNT, TREHEIZEEOEE L O < 20 2 G K
WThbEEZLNT,

NS DOFAIC & o T active emergers & L Tl FZHEA S 5 =1 5 TV 7+ Istiblennius edentulus 734
ML CRERRE L, =k ) F ERPTYIC Y & X ¥ R Praealticus tanegasimae H3 A L TW5bH 2 EHHH S
METr DTz AV FARBY X F D ARITHEGT IO GHEMEHE, B 4 P T VIERT 288 TH 5,
INF TARIEEIZO W CTOEREEMIIZEIZITONTI o725, KM TORBEHEFIINIZEICL > T, K
LT O THR D TP O ENEILH 2 T— LV TOARA LN, HHRIZBWTIES & F 2 R
R ERBICEEMICER L TWD S EDHL N E o7z, BT — IV idsNED O @EES N DAY R 4 D
TeOIIRBEEEDS X DAL LR T WA, RO HH L ORELGTORRE, BT — IV EFHT 572012,
UL > GEEZKBEBRBED A SN EMA D X)X ho720THAHH,

NS OMEDEFT, AEHKP2 SR LTl LICHIET 217812 HE L7z, ZAUdkhaasz
FARE L A5 b HIEWIZEE B~ EAY active emergers Td 5 WM E 2 b7z, BIRBEOKE
MBEAL 74—V FELT, ¥AF ROREREROERIGEL Z L2 HMIZ, ¥ 4% 2 ROEQSHT
THHIA R T = VOMBEHEFWIIE & A X ROTNBREET 1281 B AR LR % Y C /T84
REFIOWEE % FEhti L 72

BAT CIIAM ORE FAETATENC O W CTEIIE 2 T L 720 2 ORGSR, Aok FAEN T ZEH72 1)
FHEM S LATE) GHMATE)) Ll KP2 LR T1TE) (BRIEATEY) 225 %25 2 e o7,
B FACTRAE LBl C OB NIZ4 — 6558 LIRIE VL D TH o 7275, Z DT & A EIX508 Kl 0 i o
BE LA Ch o 7ze B LIEAEHRICIZIZE A L DOMET T — VI ORBEA A STz, 7 — VINOKEBREE &
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WATENHEE & OBRICOWTIENT 24T 072 £ 22, BHFRFERICIFAOBEND, KIRICIZEDBEADS A SN
7oo F72, KEIZOWTIEBEIEDO 77— VOKIRSTEA V27—V L) MLV RSN, O F
D TANE 2 K EBREE A S Okl | 72012k B EQYY, T — VAN E BB L T B EEEDRIE S iz,

ST CIIARM O ZHATE) & FRETEIC DV CITEE B IIgE 2 £ L 720 REOZRERIE A v ¥
AEHEFICL AN LDIENHMELEEZZ SNDLHDTH o7z DF 0, HREREEL MM IZKRE
L, BRIZFSTHEIIL, ZORIMMALT 2 £ THEAUIREZIT) LD TH 5, skippers TH S I 5 L7
T FERE O BEATE) & ] LA Ok FBEECIT ) OIS LT, Ao £ v F 2 REHEEE & R T NTOK
PTITo TV, 2 ), REOZGEATHE) & B LA DATEIAERE IR L T b L 13F 212 v, FRETT
BB OMR, 7= VI L o TRETEHEDSRE CRL o Twiz, DF 0, 77— VI & o TSP, ¥ =
WG =i NG R T A EEZ BN D,

FREOPRMATE KT 2 2 4 2 & Lah s, EHBTEHEZITW RS HE R ThirbilCwniz, MBS TO
A 3SR 5 LT, ZER EORAATEIRER IS I3 A SN A 0o 720 RIS EEOEKRZEL T 5
WAL T MY F ZZFALTHB Y, REIKPFB L O ETHREZT > CWZKHEZHRNL 2L 25,
LB R 2SI EN2 0 O L ABEOHEEL T M) ¥ 20 &Sz, D Eo#EE,S, [HifafErFfH <
ERVEAPEROBTEER] O72DIZFE EIZ B> TOAIREENIE 2 5 b,

RWFFEORRD S, KLY A F 7 — )ik B & v ) AIIC L o TLBE 2B 2 # R IC R L Tw b
B, DX BKEABEET 2 EAROEEREIE Lo b, W2 HEME S > THIEWICE ENED S
active emergers T 5 Z LS NI o720 TOHK LI, RUIZEOREED ST [AE L AKEEREL? 5 D
] B LU [MAFELFIHCE R WITERORESE] 2R S, B—0RRTIER CEROBERASER L
TITbN TR EEZ BND, RIS TAHAS N-AEORE FEHRTEN, S0 5 2 F 2 R L O
WAERT Ao A v F o REAETOHE SN, RRIE Y A F 2 REEEICEE SNATE Tz <
ERIAT A BT A O ERCE T A ERETH B LR b,
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The gut mucosal tissue plays an important role in providing an effective barrier against pathogenic invasions.
Many feed additives including probiotics are suggested as a safe immunomodulators. The aim of this study was to
determine the effects of probiotics-feeding on the mucosal barrier functions including tight junction proteins,

antimicrobial peptides and cytokines expression.

1. Expression of claudins (tight junction proteins; CLDs) in the digestive tract of broiler chicks and effects
of probiotics on their expression
In Experiment 1, CLDI and 5 expressions were examined in 7-days-old chicks. In Experiment 2, the chicks
were arranged in 3 groups: control group, probiotics group I and probiotics group II, which were fed with starter
rations containing 0, 0.2 or 0.4 % probiotics from day 0 (DO) to D14. In Experiment 1, the expression of CLD/
and 5 was detectable in the proventriculus, ileum, cecum and colon. In Experiment 2, the expression of the CLD/
and 5 did not show significant differences between control and probiotics groups at D7 and D14 in each intestinal

segments except in the colon at D7, the expression of CLDI was higher in probiotic group I than other groups.

2. Expression of avian B-defensins (AvBDs) and effects of probiotics on their expression in the digestive
tract of broiler chicks with special reference to localization of AvBD12 in the chick proventriculus

In Experiment 1, chicks were reared form DO to D7 and were fed with starter ration. At D7, the
proventriculus, ileum, cecum and colon were collected for AvBDs expression analysis. In Experiment 2, chicks
were arranged in 3 groups: control group, probiotics group I and probiotics group II, which were fed with starter
rations containing 0, 0.2 or 0.4% probiotics, respectively, from DO to D14. Out of 14 AvBDs genes, seven AvBDs
in the proventriculus and colon (AvBD1, 2, 4, 6, 7, 10 and 12), nine AvBDs (AvBDI-7, 10 and 12) in the ileum and
eight AvBDs (AvBDI, 2, 4-7, 10 and 12) in the cecum were identified. The expression of AvBDs did not show
significant differences between control and probiotics groups at D7 and D14 in the proventriculus and cecum. At
D7 and D14, the ir-AvBD12 density in the surface epithelium was significantly lower in the probiotics groups

than in control group.

3. Effects of probiotics on the expression of antimicrobial peptides and cytokines in response to stimulation
by Salmonella Minnesota lipopolysaccharides in the proventriculus and cecum of broiler chicks
Day-old chicks were fed with or without 0.4% probiotics for 7 days (P-group and non-P-group, respectively).
Then, they were orally challenged with no Salmonella Minnesota lipopolysaccharides LPS (0-LPS), 1 ug LPS (1-
LPS), or 100 pg LPS (100-LPS) in Experiment 1, and with no LPS and 1 pg LPS in Experiment 2. Five hours
after LPS challenge, the proventriculi and ceca were collected to analyze AvBDs, Cathelicidins (CATHs), Toll-like
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receptors (TLRs) and cytokines expressions by RT-PCR. In addition to a total of 7 AvBDs in the proventriculus
and 8 AvBDs in the cecum, CATHI- 4 were identified in the proventriculus and cecum of chicks. All 7LRs, IL1p,
IL6, IFNy and TNFSF15 were identified. The density of ir-AvBD12 in the surface epithelium of proventriculus
was increased in response to 1-LPS and 100-LPS stimulation in the P-group in Experiment 1. The expression of 2
AvBDs in the proventriculus and 6 AvBDs in the cecum of 1-LPS chicks was higher in P-group than in the non-P-
group. In Experiment 2, the expression of AvBD/ in proventriculus and 5 AvBDs in cecum of 1-LPS chicks was
higher in P-group than in non-P-group. Expression of CATHI and 2 in cecum of 1-LPS chicks was higher in
P-group than in non-P-group. The expression of /L6 and TNFSF15 in the proventriculus and expression of /FNy

in the cecum was lower in P-group than in non-P-group challenged with 100-LPS.

4. Effects of probiotics on the expression of antimicrobial peptides and proinflammatory cytokines in
response to stimulation by Campylobacter jejuni lipopolysaccharides in the proventriculus and cecum of
broiler chicks

The same experimental design as the previous study was made by replacing Salmonella Minnesota LPS with

Campylobacter jejuni LPS (cLPS). In Experiment 1, the expression of AvBD12 in the proventriculus of 100-LPS

chicks was higher in P-group than in the non-P-group. In Experiment 2, the expression of AvBD4 and 6 in

proventriculus and AvBD2, 4, 6 and 7 in cecum of 1-cLPS chicks was lower in P-group than in non-P-group.

CATH1 expression in the proventriculus, and CATHI and 3 in the cecum of 1-cLPS chicks was lower in P-group

than in non-P-group. The expression of /L6 and TNFSF15 in cecum and /L6 in proventriculus was higher in

1-cLPS in P-group than in non-P-group.

5. Conclusion

Probiotics-feeding played beneficial role in enhancing CLDI expression in the colon at D7 suggests the
protective role against pathogenic invasions. Probiotics-feeding may affect the secretion or synthesis of AvBD12
from the surface epithelium of proventriculus. Moreover, the enhanced expression of AvBDs and CATHs in the
proventriculus and cecum in response to Salmonella LPS, but not to Campylobacter LPS indicates a stronger role

of probiotics in protection against Salmonella infection.

Key words: Innate immunity, Antimicrobial peptides, Cytokines, Probiotics, Chicks gut
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Increasing evidence indicates that lower status of vitamin B6 is related to higher risk of coronary heart
disease and atherosclerosis. Vitamin B6 is also reported to enhance the endurance of skeletal muscles. Pyridoxal-
5"-phosphate (PLP), the active form of vitamin B6, acts as a co-factor for several enzymes involved in amino acid
metabolism. Some reports indicate vitamin B6 deficiency modulates free amino acids concentrations in blood and
tissues. Meanwhile, certain amino acids and related metabolites including the branched-chain amino acids and
carnosine were reported to enhance muscle performance. Nonetheless, there is limited information that links
dietary vitamin B6 intake with amino acid metabolism in the heart and skeletal muscles. Accordingly, this study
investigated the effect of dietary vitamin B6 supplementation compared to a marginal vitamin B6-deficient diet on
the concentrations of free amino acids and related metabolites in heart and skeletal muscles, and on the gene

expression in skeletal muscle of rats.

Effect of dietary vitamin B6 on the level of histidine dipeptides in heart

In the first study, male rats were fed a diet containing 1, 7, or 35 mg pyridoxine (PN) HCl/kg for 6 weeks. As
a result, the concentrations of heart carnosine and anserine in the 7 and 35 mg PN HCl/kg (the recommended level
and excessive dietary level of vitamin B6 without any toxic symptom, respectively) groups were markedly greater
than in the 1 mg PN HCl/kg (marginal vitamin B6 deficient level) group. Carnosine is reported to exert anti-
oxidant, anti-inflammatory, and anti-ischemic effects on the heart. In cardiac myocytes, carnosine is suggested to
be a modulator of intracellular calcium and contractility. Anserine, methylated analogue of carnosine, also exerts
anti-oxidant and anti-inflammatory effects. Thus, the results imply that dietary supplemental vitamin B6,
correcting marginal vitamin B6-deficient status, might be favorable for heart function by elevating these histidine

dipeptides.

Effect of dietary vitamin B6 on the level of histidine dipeptides in skeletal muscles

Carnosine and anserine are abundant dipeptides in skeletal muscle. They constitute an integral part of skeletal
muscle contractility and homeostasis, presumably through their role as anti-oxidant, pH-buffering, anti-glycation
and/or calcium regulator. I hypothesized that dietary vitamin B6 also plays an important role in maintaining
carnosine and anserine in skeletal muscles. Accordingly, in the second study I investigated the effects of dietary
vitamin B6 supplementation compared to a marginal vitamin B6-deficient diet on the levels of these metabolites
in the skeletal muscles of rats. Male and female rats were fed a diet containing 1, 7, or 35 mg PN HCl/kg for 6
weeks. In the gastrocnemius muscle of male rats, carnosine concentration was markedly higher in the 7 and 35 mg
PN HCl/kg groups than in the 1 mg PN HCl/kg group, whereas that in the soleus muscle of male rats was
significantly higher only in the 7 mg PN HCl/kg group than in the 1 mg PN HCl/kg group. In both muscles of
female rats, carnosine concentration was remarkably higher in the 7 and 35 mg PN HCl/kg groups than in the 1
mg PN HCl/kg group.

Effect of dietary vitamin B6 on gene expression in skeletal muscle
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In the third study, I hypothesized that dietary supplemental vitamin B6 has a significant impact on skeletal
muscles. To examine this possibility, I investigated the effect of vitamin B6 on the expressions of genes of factors
relating to exercise, such as myokines and others. Myokines, muscle endocrine product, are released when muscle
contraction is occurred, such as exercise. A study reported that exercise up-regulated both antioxidant enzymes
and antioxidant defense system relating to Nrf2. Expression of myogenin is reported to be induced by acute
exersice in human skeletal muscle. HSP60 is also increased in cardiac and skeletal muscle after endurance
training. Male rats were fed a diet containing 1, 7, or 35 mg PN HCl/kg for 6 weeks. Gastrocnemius muscle was
used for Real time PCR analysis. Compared to the marginal vitamin B6-deficient diet (1 mg PN HCl/kg), the
recommended level of dietary vitamin B6 (7 mg PN HCl/kg) elevated the expressions of several myokines genes,
Nrf2-regulated genes, myogenin, and HSP60. However, excessive dietary level of vitamin B6 (35 mg PN HCl/kg)
was less effective. This implies the recommended level of dietary vitamin B6 is critical for the expressions of
these genes in gastrocnemius muscle of rats. Intriguingly, most of the expressions of such genes were well
correlated each other. Of great interest is that the elevations in the expression of such genes by dietary
supplemental vitamin B6 appear to be similar to those by exercise.

In conclusion, these studies indicated dietary vitamin B6 supplementation is a determinant of carnosine
concentration in the heart, skeletal muscles, and serum of rats. Carnosine is beneficial for heart disease and has
ergogenic effects. My study further indicated dietary vitamin B6 is a determinant of gene expressions of several
factors playing important roles in skeletal muscle. Taken together, my studies provide a novel insight into the role

of vitamin B6 in the heart and skeletal muscles.

Key words: vitamin B6, carnosine, anserine, heart, skeletal muscle, gene expression
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F1E BEHIEE SEDEVIBREREO 1 THi, BENIIEAET AN - KESELERNERD
7o, WEEICAERT AMAEME, ESER LEAEEAEL Tnb, TNETIE, WOrDLmkE
FEIZOWT, EHCEoTH T 2=y MREEL, W12 5 HF 2 BlS SN Tw 2%, s, 5 O
TSR F AR A3 e RIIZETIL, HEATHFRO/NEREALZ VT, EHEDAK
HEdENDIE ) OB TARDL . TN L o T, Wikl 6 OEAEOIE ) BEIEEEO ML EZ5 5 2 LA TE
%o Shewanella BT L FNHHEIEB L, ZO0MITEED SEMEICE TR > TWd, BHEHICAERT
% Shewanella J&HE IR S EICHEIGT A 2 L2 X o T, EEICEBT S Shewanella J&HH & 1387 %
WEEAFOERHETAEL TR EEZ ONL, AKIIETIE, HilER X OEBICA BT 5 Shewanella J&il
WHROHEREAE THD Y by O L c RIS, VARREEOBLED S E ) EISERE O E B,

F2E W, EEHRME O 16S IRNA SR T RN D W72 AMB DSER S, Shewanella JETH 73
IR L RHHRTREL2DD 7NV =TI 5 T EDTREN TS, KIFFETHZIZ, WLDDD
Shewanella EME FREEAEOT 3/ BREINCIEDS W 2R 2 K L2 & 25, 4 CiEuisk L &im
KTHPNDLZEDMHERTE 22007V —TFT3HET HMEDOETFOENIEZIENRR L 120,
Shewanella EMW OEE T I/ BRECH) & EFEINA S D OBRD S 5 2 L AR S N7z,

E3F EiE|\ZAE T 5 Shewanella benthica (E#EAFIES] © 50 MPa) B X OF Shewanella violacea (F A
BT - 30MPa), &4 9 % Shewanella livingstonensis (Z#AFES © 0.1 MPa) B X U Shewanella
amazonensis (Z#EAEFET] 0.1 MPa) HED Y b7t ¢ (LLFZNZILSB, SV, SL, SA) ZHF7Exi %
EL720 SVBIUSAIZOWTIE, SRETHICKEREEZ W RE5E, B OREES L ENT
Wk AWFETIE, #7212 SL, SB ORI & F /- RIEFEBLR ML L 720 IF5GMT TRIEM A O RE
W2y hranckEHL, INEAA R ax T 74—, FVERZ O NI T4 =15 T
ETREL 72,

EAE  AFEO Shewanella JBAIH HA Y b 7 0 4 ¢ OB EN &% L72RE, HRilEHIEO SV B XL °SB
R RO SA BEUSL &) dEWBRERE R Lz, T2, 77 = VIRREE % O EA %%
HE L72AEH, 13 h SV, SBIE SA, SL LV dEWAENAIN 2R Lz 72, HRTLMEOETE
N5 b E SB UL, HARICERIBHERO SV L0 &8, ZUFNICKH L THVWEERE R L. ThbnZ
Mo, YO cIIEWEIET B 720 EEIL L TWD 2 EAVRIEBE N,

FEEE NI TOMRNSL, ¥ N7 OA cHIENTHEILT 2720 D55 TR, BB MHNIN L TR
T B0 FHEEIBTH L EERT2 £ 2T, LEEZ M B 7202 RIHR D SV IOV Tk
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AL E ATV, AR 2 RE L7z iR SL oRrE & T 5 b, ki e LTiE, SL LD
LSVOHENay Ry MIFEFY), AEHOERI/NEL o> TWwWiz, SV & SL TR LMEN 2T I /1
I2& - T, SVIZHFROMEMEHZH L Tz,

F6E ZUHMIEOWEZMET TIT) 2 & T, DY b7 0O h clfm~o, EHOBECIKL 72
ZOFER, EORETT T LMK SV, SB O HNEMIIK SA, SL X0 b mWERHINIEZ R Lz, 2
ORI, BTN L 72K SV, SB DL EVEZELEZHRIFLTwH ) ZETHY, [EHHE
I =%EL] EVIHEREENITLLDTH S,

SBTE Rk L EEEkTT I VBB AR R ), BEEET 2RO H - 7237FE, 417
H, SOBEHO7 I /RIZOWT, SV & SL CHIIIC AN Z 2 B8R EA L7z, FEBEOBLEE T
EL7REE, HI250F B0 7 3 B (SL Tt Leu, SV Tl Lys) 2 EMICE G LCwb 2 e x RH L7,
F7, HEEMIT LD, SOEBO7 I VEOBEMARTIISIHEHO 7 I/ BHIH L TARRE 4 3 T feE
Wy o772, 51FBO7 I /B (SL Tld Asn, SV T Gly) % & bICEM L ZEmEREEZERL 72,
Z ORGSR, THEARIGHAER L) LREMICLEEF BT,

FEBE  — A, BRSSO BT IILEEEEN DD 5%, Bl ERT AR RO SB
£ SV L, ERBEHETH ) 2SS BREE 2R L, FilRERECTH L L LB ICEENRET
bHHILDL, FBHEY M7 UL e PREANOBES LD b EENOBLEZEL LEEL L TnwbsEZ L%
RIELTWwWa,

T/, RBEHREHEIIEAENIOEN* KRELTAHIET, EMIHLTr vy a vafFleTns
EVOBEOMBIIH L, AT, F#EHEY N2 T4 c OPROZERIGEERED b 0 L R T/NE
WIEDTRENTz, LA L, S TFREOZEEIVNS WG, 7 X BRSO BRI 2, SRSk
k7oA ¢ & RO TOREIZEI > TV,

VEORERIY, RIS N7 0L e BAENCHEIET 57207 I VA EERA 2P L, ZEbL7-HE
EEETHIEDRENT, THE, SETICHED VI RENNOBISEETH b &k, 20 [iL
iR ] &) B2 5 O % tho BEFREESR, LRARAEOF WA O 712y MO EHT
5 LT, HAEOEIEIGED R 205 2 L RS LD LIfET 5.

F—D—=RKN: T brule B E, VAR Shewanella
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Infections caused by multidrug-resistant Gram-negative bacteria represent growing problem worldwide. In
2014, The World Health Organization announced the beginning of a post-antibiotic era, and declared by 2050
antimicrobial resistance will be the first leading cause of death with 10 million estimated annual deaths at a cost
of $100 trillion to the global economy. Therefore, this study was conducted to develop strategies to overcome the
antimicrobial resistance problem. First, through analysis the molecular levels of antimicrobial resistance
mechanisms in bacteria isolated from different human and animal sources. Second, through investigation of the
antimicrobial, antivirulence, and mode of action of different plant extracts against drug resistant bacteria as a

novel effective approach for the treatment and the prevention of such bacteria.

First of all, I analyzed different antimicrobial resistance mechanisms in Gram-negative bacteria isolated from
both human and animal. I analyzed carbapenemase production in Gram-negative bacteria isolated from
hospitalized patients in Egypt in 2014. The results showed that, 50.8% of the isolates harboring at least one
carbapenemase encoding gene. The most prevalent carbapenemases detected in this study were OXA-48 (49.2%),
NDM-1 (47.7%), and VIM (26.2%). My study reports for the first time carbapenemase-producing Serratia
marcescens, Morganella morganii, and blaVIM-1-producing Pseudomonas aeruginosa in Egypt. These results are
of great concern, as carbapenems still used as the last line for the treatment of multidrug-resistant Gram-negative

bacteria.

During the screening of carbapenemase-producing Gram-negative bacteria, I discovered the co-occurrence of
two highly resistant Klebsiella pneumoniae isolates in the same patient, one isolate harbored 5/aNDM-4 and the
other one harbored b//laNDM-5. These finding is of great interest, as this co-infection may lead to therapeutic
failure and death. Moreover, these finding identified for the first time the co-occurrence of NDM-4 and NDM-5
producers in the same patient, NDM-4 and NDM-5-producing K. pneumoniae in the Middle East and the first

occurrence of blaNDM-4 in K. pneumoniae.

In this study, I also investigated the molecular level of antimicrobial resistance to different categories of
antimicrobial resistance gene determinants including integrons, extended spectrum f -lactamases (ESBL), AmpC
[ -lactamases and plasmid mediated quinolone resistance genes (PMQR) among Gram-negative bacterial strains.
The results were so striking, where I recorded high prevalence of nearly all the antimicrobial resistance gene

determinants in Egypt. Class 1 integrons were detected in 51.6% of the isolates, with seven isolates harbored two
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different gene cassette profiles. ESBL-encoding genes were detected in 73.4%, AmpC, blaCMY, was detected in
8.6% and was and PMQR genes were detected in 58.6% of the total isolates.

Recently, a new antimicrobial resistance mechanism was discovered in China, which was the identification of
the plasmid-mediated colistin resistance, encoded by the mcr-1 gene. Therefore, I investigated the prevalence of
such resistance mechanism in 431 non-duplicate Gram-negative isolates collected from different sources and
different countries. The mcr-1 gene was detected in only one E. coli isolate (M165), which showed 100%
similarity to the first discovered Chinese allele. This result is of great interest, as it confirms the rapid and global
emergence of colistin resistance, which still used as a last-resort for treatment of infections caused by

carbapenemase-producing Enterobacteriaceae.

According to the previous results, it is essential to develop new antimicrobial agents in order to overcome the
antimicrobial resistance. Therefor, I estimated the antimicrobial, the antivirulence and the mode of action of
different plant extracts against various bacterial isolates. The extracts exert interesting broad spectrum
antimicrobial activates against wide range of both Gram-negative and Gram-positive bacteria. Some plant extracts
exert antivirulence activities against Vibrio cholerae isolates by inhibiting their virulence genes expression.
Inhibition of bacterial virulence with plant extracts may provide a novel approach for the treatment of multidrug-
resistant because they interfere with the bacterial infection before damage is done to the host. The mechanism of
action of some plant extracts was determined by transmission electron microscopy. The results showed that both
bacterial cell wall as well as other intracellular components were alternated, indicating that these extracts induce

their broad spectrum action by the effect of their constituents on different cellular targets in the bacteria.

In conclusion, the results presented in this study showed that the antimicrobial resistance, especially in Egypt,
is a serious problem. Not only due to, the detection of high levels of antimicrobial resistant bacteria, but also due
to the detection of bacteria harbouring wide range of antimicrobial resistance gene determinants and the
emergence of new antimicrobial resistance mechanisms. Moreover, the results demonstrated that the plant extracts

may be potential alternative to overcome infections caused by multidrug-resistant bacteria.

Key words: antimicrobial resistance, multidrug resistance, extended spectrum / -lactamases (ESBL),

carbapenemases, integron, colistin resistance
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Soil salinity is one of the most severe problems in agriculture. Absorption of excessive salt inhibits both root
and shoot growth, reduces reproductive activity and affects viability of plants. To counter salinity stress, plant
cells have several adaptive mechanisms. However, the molecular mechanisms regulating biochemical and
physiological changes in response to salinity stress are not well understood. Rice, Oryza sativa L., is one of the
most important crop species and the major food crop for much of the world s population. Since it is a relatively
salt-sensitive crop species, it is important to understand the mode of adaptation of the plant to salinity stress in
order to produce new salinity tolerant rice varieties with increased productivity. In Egypt, soil salinization is
becoming increasingly challenging for agriculture, and the response of many rice cultivars to salinity stress has
not been clearly established. Thus, our study was conducted to investigate the physiological responses of two
important local rice cultivars to salinity stress and to elucidate differences in the mechanisms of salinity tolerance
between them by comparing the growth parameters, Na" and K* accumulation and the expression profiles of some
genes encoding Na" and K" transport protein. Also, to elucidate the further molecular mechanisms of stress
tolerance in the salinity-tolerant cultivar, through the isolation and characterization of genes which could be
involved in other tolerance pathways that might reveal other adaptation strategies of this cultivar in response to
salinity stress.

To investigate the mode of adaptation under salinity stress, the physiological parameters of two local
Egyptian rice cultivars, Sakha 102 and Egyptian Yasmine were examined under 50 mM NaCl stress for 14 days.
The results indicated that Egyptian Yasmine was relatively salt tolerant compared Sakha 102, and this was evident
in its higher dry mass production, lower leaf Na' levels, and enhanced water conservation under salt stress
conditions. Moreover, Egyptian Yasmine exhibited lower Na'/K" ratios in all tissues under salinity stress. In
contrast, Sakha 102 appeared salt sensitive and accumulated much higher Na" in the leaves, with reduced growth
and higher Na'/K' ratio especially in the leaves. Therefore, the adaptation of Egyptian Yasmine to salt stress
involves reduced Na" accumulation in the leaves, which might be due to a mechanism which excludes Na" from
shoot, and that this mechanism is not operating in Sakha 102. However, this mechanism of Na" exclusion needs to
be elucidated, in order to understand the basis for the differences in Na“ accumulation between the two cultivars.
Na'/K" transport proteins have been shown to control the transport of Na" and/or K across membranes and
regulate ion homeostasis in cells. We analyzed the transcript levels of some key genes encoding Na” and K"
transport proteins in different tissues of Egyptian Yasmine and Sakha 102. Moreover, in response to salinity stress,
Egyptian Yasmine showed induction of expression of some membrane transporter/channel genes that may
contribute to Na" exclusion from the shoots (OsHKT1I,5), limiting excess Na' entry into the roots (OsLti6b), K*
uptake (OsAKTT), and reduced expression of a Na' transporter gene (OsHKT2;1). Therefore, the active regulation

of genes related to Na' transport at the transcription level might be involved in salt tolerance mechanisms of
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Egyptian Yasmine. Differences in the mechanisms of salinity tolerance between the two cultivars may be partly
explained by the distinct regulation of gene expression of Na' and K transport proteins, and these mechanisms
offer the promise of improved salinity stress tolerance in local Egyptian rice genotypes.

To further elucidate the molecular mechanism of stress tolerance in Egyptian Yasmine, we set out to isolate
and characterize the salinity-inducible genes which could be involved in other adaptation processes under salinity
stress conditions. A metallothionein-like type 3 (OsM7-3a) gene was identified from rice plants (cv. Egyptian
Yasmine) grown under NaCl stress, through ¢cDNA library screening in Escherichia coli cells. Heterologous
expression of OsMT-3a in E. coli cells has induced their tolerance to NaCl and heavy metals, Cd*, Zn™, and Cu*
(mostly Cd*") than did control cells, in terms of growth performance. Under high concentrations of H,0,, OsMT-
3a-overexpressing E. coli cells showed enhanced growth, while the growth of control cells was completely
inhibited. Hydrogen peroxide levels under NaCl stress conditions in OsMT-3a-transformed cells were less than
one third those in control cells. Quantitative real-time PCR analysis revealed that expression of OsMT-3a was
highly induced by salinity stress in the leaves of the salinity-tolerant cultivar Egyptian Yasmine, but not in those
of the salinity-sensitive one, Sakha 102. In vivo localization of oxygen superoxide (O, ) and quantification of
H,0, in the leaves of the rice plants grown under NaCl and CdCl, stress conditions showed that, Egyptian
Yasmine maintained lower levels of O,  and H,0, concentrations compared to those in Sakha 102. Taken
together, these results suggested that, heterologous expression of OsM7-3a has conferred tolerance to NaCl and
heavy metals and reduced the deleterious effects of H,0, stress in E. coli cells, and that OsMT-3a can potentially
contribute to the tolerance of rice plants to oxidative stress brought about by salinity and heavy metal stresses,
through its ability to scavenge ROS.

In conclusion, the divergent regulation of Na" and K" transporters may be involved in the maintenance of
lower Na'/K ratios in Egyptian Yasmine under salt stress. Moreover, further evaluation of salinity stress-induced
genes in Egyptian Yasmine yielded the OsMT-3a gene, whose overexpression in E. coli showed that it is important
in mediating ROS scavenging. Overall, these studies have shown that the tolerance of Egyptian Yasmine to

salinity stress lies in its ability to exclude Na' in the leaf and to scavenge ROS.

Key words: metallothionein, Na transporter, rice, salinity stress
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A brief introduction of the reactive oxygen species (ROS) — hydrogen peroxide (H,0,), hydroxyl radical
(‘'OH), nitric oxide (NO") and superoxide radical (O,”) — measured in some natural waters in this study was
reported in chapter 1.

Chapter 2 presents a report on the monthly NO* measurements in the Kurose River at Higashi-Hiroshima city.
Results show that NO™ photoformation rate ranged from 0.01 to 35.4 (X 10" M s™) with steady-state
concentrations in the range of 0.02-68.5 (x 10""" M). There was a strong correlation (r* = 0.95) between NO'
photoformation rate and the nitrite concentration in the river showing NO,™ as a major NO" precursor. On the
average, 98% of the photoformed NO' came from river nitrite. The NO" lifetime ranged from 0.05 to 1.3 s in the
river and remained fairly stable in the upstream and downstream. The ‘OH radical, which was quantified during
the study, had a photoformation rate of 0.01 to 13.4 (X 10" M s™) and a steady-state concentration of 0.04 to 119
(X 10" M) with a lifetime that ranged from 0.3 to 23 ps. ‘OH only accounted for < 0.0011% of the total NO'
scavenged, showing that it was not a major sink for river NO'.

In chapter 3, monthly measurements of H,O, and ‘OH in rainwater and the Kurose River were carried out in
2013. H,0, concentrations in the rainwater and river were highly season-dependent. H,0, concentrations in the
rainwater varied from the lowest 0.03 uM in winter to the highest 14.3 uM in spring. In the Kurose River, H,0,
concentrations of 0.06-0.37 uM were measured. The lowest and highest concentrations were found in the winter
and summer, respectively. There was good correlation between solar intensity and H,0, concentrations measured
in the rainwater (r = 0.79, p <0.01) and the river (r = 081, p < 0.01), which indicate photoproduction as one of the
major H,0, sources in the natural waters. The ‘OH was 1 order of magnitude photoformed in the river (~10" M s™)
than in the rainwater. H,O, and the unknown (which probably include photo-Fenton reaction) were predominantly
‘OH photochemical sources in the rainwater, accounting for 0.2-48%, 43-84%, respectively. In contrast, NO, was
the major ‘OH source (49-80%) in the Kurose River, while H,O, contribution was negligible (<1%).

In chapter 4, daytime NO' concentrations in both the atmosphere and the Seto Inland Sea surface were
measured with a view to estimating NO™ flux at the sea-atmosphere boundary. The average daytime NO’
concentration measured in the sea surface was 1.9 X 10" mol L™ (~9.87 % 10” atm), while that measured over the
sea was 5.2 % 10" atm. Using an average wind speed of 3.2 m s measured over the Seto Inland Sea during the
cruise, a daytime NO" efflux of 0.22 pmol m™” s from the sea to the atmosphere was estimated. Assuming 8 h of
solar intensity per day, about 1.54 X 10° g NO yr" efflux of NO" from the 23,000 km” Seto inland Sea surface was
determined.

In chapter 5, a method was developed for the measurement of O, in sunlit seawater using a fluorogenic
probe. The reaction rate constant of the probe with O, was pH-dependent: (3.2-23.5) X 10’ M s at pHror 7.65—
8.50. The detection limit of O, photoformation rate was 1.78 pM s™'. The method produced results that were
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consistent with those obtained in literatures when applied to ten seawater samples from the Seto Inland Sea. The
0, photoformation rates were 3.1-8.5 nM s™', with steady-state concentrations ranging (0.06-0.3) X 10" M. The
method requires no technical sample preparation and can analyze large number of samples.

In chapter 6, O,”, "'OH, NO’, and H,O,, in surface seawater obtained from the Seto Inland Sea were
determined by concerted photochemical measurements. O, was photoformed at rates (range of 10* M s™) 2-3
orders of magnitude higher than ‘OH, NO’, and H,0,. O, steady-state concentrations were 0.03-0.16 nM. While
up to 1.4% of the O, photoformed was consumed by NO', >100% of the NO" was scavenged by O,", indicating
that O, is a major sink for NO". Estimated consumptions of O,” by the ‘OH and due to bimolecular dismutation
were negligible (<<0.1%). In the seawater, (+)-catechin- and humic-like fluorescent dissolved organic matter
contributed 3.2-4.1% and 3.6-4.8% of the O," photoformation rates, respectively.

Chapter 7 gives a general discussion and major conclusions of this study.

Key words: Reactive oxygen species, Superoxide radical, hydroxyl radical, hydrogen peroxide, Natural water
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In Thailand, taxonomic studies of marine calanoid copepods have been carried out by several researchers.
These copepods are composed mainly of planktonic taxa, and have so far accommodated over 120 species
recorded from Thailand. Since these have been considered to be main prey components of planktivorous fish,
taxonomic studies have been carried out since the 20th century. Recently morphology- and molecular-based
taxonomic and phylogenetic studies on calanoids have been intensively performed to disclose the speciation and
evolutionary patterns of these ecologically important crustaceans. These have been unveiled the presence of many
sibling/cryptic species in calanoids. However molecular studies on copepods have never been done in Thailand. I
have studied the molecular taxonomy of three common Indo-West Pacific species of calanoids occurring in
Thailand, using two mitochondrial genes (Cytochrome Oxydize I (COI) and 16S rRNA (16S5)): Acartia pacifica,
Tortanus forcipatus, and Labidocera rotunda.

Thailand is bordered by the Gulf of Thailand on the West Pacific side and the Andaman Sea on the Indian
side. These water bodies are separate subunits of the Indo-West Pacific, and have been influenced by geological
events such as the existence of Sundaland during the Pleistocene. Hence I have given attention to the physical
differences in calanoid habitats occuring in Thailand. Genetic variation of the above-menioned Indo-West Pacific
species of calanoids was also examined.

In my faunal surveys of copepods, I succeeded in collecting samples broadly from East Asia through the
Philippines and the Gulf of Thailand to the Andaman Sea. During my surveys in Thailand, I found one new and
three first-recorded species of calanoids: Pseudodiaptomus siamensis; Acartiella kempi; A. nicolae; and
Centropages brevifurcus. All genera are major components of coastal and brackish waters of the Indo-West Pacific
region. Acartiella sinensis was also redescribed from Thailand, because the original description was so poor.
These are carefully described or redescribed herein, following the Huy & Boxshall’s (1991) strict homology.

This study separated these five species of copepods into two distribution patterns, zoogeographically
restricted by water temperature and salinity to either the West Pacific Ocean or the Indian Ocean. Four species
were restricted to the West Pacific: P. siamensis occurred in brackish waters of temperatue of 28 °C and salinity
ranging from 0.7 to 23.3; Acartiella sinensis occurred in waters of around 31.3 ° C and around 5.0; 4. nicolae was
found in temperature and salinity ranges of 28-29.9 °C and 1-4, respectively; and C. brevifurcus occurred with
salinity of 32. The species restricted to the Indian was 4. kempi, which appeared in water temperature and salinity
ranges of 31.4-32.1 ° C and 13-22, respectively.

I have been revising the taxonomy of 4. pacifica sensu lato collected broadly from Asian waters with modern
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techniques. The population from the Philippines was revealed to be undescribed, and tentatively described as 4.
sp. herein. To elucidate the presence of sibling or cryptic species within three species complexes of marine
calanoids in the Indo-West Pacific, I analyzed nucleotide sequences of mitochondrial genes of 4. pacifica from six
populations in East and Southeast Asia, and 7. forcipatus and L. rotunda from various locations in Asian waters.
For A. pacifica sensu lato, two genes detected two species groups consisting of brackish-water (China, the Gulf of
Thailand, the Andaman Sea) and coastal water (Japan, Korea, Philippines) groups. The phylogenetic trees can be
further separated into four subgroups, (1) the Gulf of Thailand and China, (2) the Andaman Sea, (3) Philippines,
and (4) Japan, Korea, and 4. pacifica (DQO71177, DQ071175 in GenBank). A 636 bp COI fragment of 28
individual sequences revealed 23 haplotypes, and a 163 bp 16S region of 29 individual sequences revealed 17
haplotypes. The maximum genetic divergence between these subgroups was found between the Andaman Sea
(Indian) and Philippines (West-Pacific) (divergence values = 19-20 % and 33-34 % for COI and 16S genes,
respectively). These four subgroups most likely correspond to separate species, one of which has been evidently
revealed to be an undescribed species based on both morphological and molecular data.

In addition to 4. pacifica sensu lato, T. forcipatus and L. rotunda showed modertate genetic differences in
COI an 16S between the West Pacific and Indian Oceans. In 7. forcipatus, genetic differences were 10-11 % and
7-8 %, respectively, while in L. rotunda 11-12 % and 3-4 %, respectively. These suggest that the Indian and
West-Pacific populations of coastal or brackish calanoid copepod exhibit great to modertate genetic divergence.

This study is first to use two genes for the taxonomic and phylogenetic analyses of calanoid copepods from
coastal and brackish waters in Thailand. I suggest using morphological and molecular data to continue
investigating common species of calanoids throughout coastal and brackish habitats of the Gulf of Thailand and
the Andaman Sea. The present data on calanoids have clearly indicated the distinct zoogeographical separation
between the Indian and West-Pacific Oceans. Hence even a common species that is broadly distributed in this
region needs a taxonomic revision with modern techniques. It is likely that it is composed of several sibling/

cryptic species. The next step is to clarify what kinds of vicariant events have caused speciation.

Key words: calanoid, copepod, Indo-West Pacific, molecular analysis, Southeast Asia, taxonomy
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Study on evaluation and preservation of flesh texture of persimmon
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A study on characterization of novel environmental viruses
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“Temperament Related Polymorphisms Associated with Behaviors in Cattle”
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Study on the properties of low P tolerance of plants forming root-cluster
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