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FIE  Fam o KIRBITRT 2R BORAE
1 K

KPRV VLI PN BRI LS B AL S R P 7 O Bl 60km, ALPEA> 5 FE T
[ DOFEHIKT 30 km ORI A L7-mifER 1,860 km? OB TH Y, A7 CHHAVEE A8 L
TIRIEHEC, FEE ORISR A8 U CROVKIEIZHE 2 > T D, IBHEERECIE)1, KFn
JIHE WS Te— NN LTS PRSI T, B OB DN T TORE AR
LS REV, FROBRIENIERPENSRLS, 2o QRN L, EENREESR LT 5l
R 7R BRI S L TRBN T e, Ly LT, KB %2 ST el NI O T
WO TICE2EREBILE, ZRUIHEI WEEORDDER IND LT TE T
(Yamamoto, 2003) , FEM)7' 7 > 7 b UBHEITARER O CHAVERER L L THERET 5 =
D, FEEORTIZL > THEMICKEL ST L E X BRD,

E2fi BREMERELRRSZ 7 b

BB EIFBEEETL T 707 N2 “HHESOMEBEDHET 5 2 & THRARICE
FRL, SOICHH LM EEEZ APMER T2 2 LICL DV IET 2 BRETEO R TH D,
JERIC L0 pREPE B, TRIEETE, SRR RER SN DD, R Th R HE
LS R EFRRDIERZ R L, HEFFIGEHDH 2 ENDEREINBER SV TE 72 (Carson,
1977) . WREMEHBAEAT DT T 7 Fo e LT, iR ROMMTHLT L3
RUDLABRX L) T 4 =T LR, EREOT TXTRBRBIONT 7 7r=y A VREIZET
DN ODDOFEDE BTV 23, [EN TIEEPED Alexandrium tamarense (Lebour) Balech,
Alexandrium catenella (Whedon et Kofoid) Balech 35 & UY Gymnodinium catenatum Graham @ 3
FNERFNT T 7 b b7poTd (Table 1-1) , BREMERFRT, HPH0EESCHAL
DR H T F4 Patinopecten yessoensis Jay 73 FE72 I SHE T - 72038, ITH-E O
IR L, HHHIRES: &~ B % Crassostrea gigas (Thunberg)<°7 - U Ruditapes philippinarum
Adams & Reeve, t 477 %774 Mimachlamys nobilis (Reeve), 7" 7% 771 Anadara broughtonii
Schrenck 72 & "R HTZF TR, HOREA TH %A 277 = Charybdis japonica A. Milne-
Edwards, k727U 77 = Telmessus acutidens Stimpson 72 & O HBFHIZONWTHEbT 252 &
MOIEEMEN 2SN TWD, HEIIHER Y707 MR T2 LI W RET LT
W, RKRTZ 7 b O E B LORENEREICE > T D, 2078, FEEKE
EYHTHICHI-TT T 7 OB ZET 5 Z ENEE L 2> TWND,
HFEREO—FETdH 5 A. tamarense [ IR HBEIRIN T 7 7 ho & LTEL BT
BY, HANEE CIIAMERE AR E LD S TN N T TR T 5 RE
2007) . foRRHNEHFFEIKNFECTH D A catenella & Ll LC A, tamarense (2135 &% 5 7%
DOEENH D (FH, 2000) ., A catenella 23 LEGFSHEN R &2 TS D (TN, 1992 72
E) DITHL, AEOIRPRAFNTIT E A EHRE STy, Z 2T, Johnetal. (2014a)
X A catenella-tamarense 27 /L— 7" D431 AAEMENT 21TV, 5 DO FEREZ b Z L &
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RUTZ BT, Acatenella OFEA ZBESET 5 2 & 424 L7=(Johnetal. 2014b), = DOHREIINHE
9 <‘: A. tamarense |3 Alexandrium fundyense (Z, A. catenella |3 Alexandrium pacificum & 72%

, KFEORIFIZOWTTEROB ETH L Z & h, AHEICEWNTIIEREY A
tamarense 33 X OMA. catenella & L7z,

Table 1-1. List of PSP causative phytoplankton.

PSP causative species Taxon Occurrence in Occurrence period
Osaka Bay in water column
Alexandriuum acatenella  Dinoflagellate
Alexandriuum catenella Dinoflagellate
Alexandrium tamiyavanichii Dinoflagellate
Alexandrium fundyense Dinoflagellate
Alexandrium minutum Dinoflagellate
Alexandrium tamarense Dinoflagellate
Gymnodinium catenatum  Dinoflagellate
Pyrodinium bahamense Dinoflagellate

spring to early summer
autumn to winter

early spring to late spring
summer to autumn

OO0 0O

Anabena circinalis Cyanobacteria

Table 1-2. Occurrences of PSP causative phytoplankton in Osaka Bay before 2002.

Year Month Species Maximum cell density
(cells ml)

1978 May Protogonyaulax tamarensis 660

1994 April Alexandrium tamarense 13

1995 May Alexandrium catenella 60

1999 June Alexandrium catenella 147

2001 March Alexandrium tamarense 7

B3I RRBIZRT 2REMERERRTZ 7 hroRE

KIGBIZIBWNTIE 1960 FFROE RIS E R LT LIREERE L7203, 13
& A E OWIFIEESR) e R & 72 > Tl 0, HagR RS KL 384 L CRTIEIZ 2 5
ZEiF ot Ein, MEMEERKTZ 7 FrOHBLLER STV b OO0, It
FE TR EZ T2 2 L <, REOER MRS TUVRM 272 (Table 1-2) .
ZD7=, midR @Y [EANTIX Alexandrium tamarense, Alexandrium catenella 3 X OF
Gymnodinium catenatum @ 3 FENE/RJFK 7T 7 hr b7goTHRY, KBBIZBWTIRD
AUZ Alexandrium tamiyavanichii 2Nz 72 4 FEHEFER S 40TV D  (Table 1-1) 723, BREMER



FHOFRAEY A7 T NGEHMi S, EFEETRKTZ 7 F OB, HEORES
Bil72 EIZOWTIEW R B2 T — & LIMFLE L7y o 7=, LarL, 2002 £4E(Z A. tamarense (2
K07V CHEHEAZ B X D et R Sz (BEF S, 2002, (LA, 2004) ., LK, &
FHEED O IZEINIIAE I L, “HEOFERA LD X D170, BifE M
OB THERER NS D, & 522007 45, 2011 4F, 2013 45, 2014 4, 2016 4F(21E, AfE
TlEENE SND [HRE ORI (UL, 2009, [LIARIEE)

Table 1-3. Annual maximum cell density of A.tamarense, maximum toxicity and length of self
regulation period in Osaka Bay during 2002 to 2016.

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Annual maximum cell

density (cells mL") 37 7 4 4 83 609 169 7 27 121 7 714 202 30 552

Manilaclam 18 24 22 - 425 140 99 - 907 20 22 271 751 418 2286
Maximum
. Arc shell 21 - - - 148 16 73 24 105 42 - 21 41 29 39
toxisity
» Japanese
MUE™)  ockle 21 - - - 30 45 16 21 126 20 - 176 61 14 32
Brackish - - - - - 46 - ND - 22 - 152 27 ND 63
water clam
Manilaclam 23 - - - 49 49 56 - 43 43 - 50 58 64 77
Le’;‘-’gl'f‘ of  Arc shell - - - - 43 63 49 - 22 - - 69 106 - 70
regulation Japanese
(days) cockle = - - = - 17 42 - 46 - - 49 37 60 44
Brackish
waterclam - - - - - 36 - - - 42 - 62 38 - 35

Baf KIRBIZRIT 2 B EDOFLORE L ifaZE~DRE

IR D —FE T d 5 A 75 Alexandrium tamarense O R/ HGE & | [EAS7lE O E
DOBGNE MU (v R2=v ) Jg) ZBZ 5 RREMEHFEOZEFED 2002 4248 T
RS TLRE, 1 HFEE TR & BB OEEN B S D L 5127572 (Table 1-
3) o & HIZ2007 FEOFRIEAERHTIE, FBETIIWIOFHF & 725 U A4 Fulvia mutica
Reeve &, VUKIICAET 5~ FI T3 Corbicula japonica Prime 235\ T & }iflfiE % -
0] % BFEOERNRD bz, BRI 2007 EOFFTIETH U, ThAHA, I TABLW
Y~ b VUTONT, 1-2 » HOEMIZh - THItR E B2 720, ISRE
ICRERFTEEL 7p o7z, DT A tamarense OEFEEIFLIMEIICH YV, HHH B
Bk S 0% < 7po7 (Table 1-3) ,

Table 1-4 35 X OV Fig. 1-1 12 2016 4= F TIZRBIBIZ I\ TR E B O S FED ifERs S 47z
HffEZR LTz, RIRFSLAREAZEFTOREIZ L 5 &, ik CEICHEE 72> T D
THU, v HXBIOAL T34 A Mytilus galloprovincialis Lamarck <°JEE R, & f@ifaZE Dift
WERIGFETH DT I HA L NV A DA, 3T 774 Mactra chinensis Philippi X°2 57377 A
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Coecella chinensis Deshayes, & 521X A % 77 A Glossaulax didyma Réding <°7 7 =3
Rapana venosa Valenciennes & o 72 RS B B & R HF3 2 W & v ORI ST
INRAGTEMTSERT, 2008) o KRZT I HA & N U HAITERESHEITIT 2 FEJRIED TH Y,
RN RN ERT D FFIIME L b b Bl & < R ORI TH D Z Lnh, E~D
ANTRE VW, KRBT 5 HEOREIE, FBEE R 5EMNRT X TR TERISNS
I THY, RETHARLTHF L VST EH MEAD L ICHBERDE=4) 7R
WEETH D Z &b D, LIeni->T, REBICBW TR T 77 hroE=41
VT hRFERE LT2 ) A7 ERARIEZ B> TV D,
Table 1-4. List of shellfish species accumulating PSP toxin in Osaka Bay

Year Month  English common name
2002 March Manila clam

2006 April Arc shell

2007 May Chinese mactra
2007 May Oyseter

2007 May Brackish water clam
2007 May Japanese cockle
2007 May Bladder Moon shell
2008 February Mussel

2008 April Rock-shell

2008 May Kuchibagai

2008 May Koshidakagangara

Mussel

Rock-shell

Fig. 1-1. Shellfish species accumulating PSP toxin in the Osaka Bay.



Fig. 12 IZKIFHZIIT D8 =2 U o 7Rl 2 Ulc, EFDETR T 2 /KESIrE 2 —
IZEBWCHE 1 [E)NS A 2 [BIOSEE GBI L 2T/ELAIT, HRTT o7 o D EICE
DB E RO T EREE 2 B2 1250 _MEOREICBITT 5, 20 _MEOKRE
THIIED 4aMU ¢! % Elalo 735813 EE I i B R OEZEEZ1T 5, ERlS720-
G ERRINT 7 07 N OF=2 Y TRk L, FETSEEE 2 LRl A T R
ICKEOREZITH D, BRI oT5EAIT BEOBREITITOIR, T,
— A FE > TWEE LTHZEDBRDT T 7 b OFRARIIRE T A B Ot
DTN DD D, TIVETZOESITHGIZIET 5 B O EEFIL/2 0>
7273, 2008 AT LT XA T AN K > TRIRIBTHI & 72 D a8 4 LTz CRIRIFF, 2017)

Food safety

) el Fisheries division
Promotion division

Fisheries research center

[ Monitoring of toxic phytoplankton ] [ Checking on bivalvesJ
o ,-'weel:Feb.ﬂ-Sep. Manila clam 1f\rc shell, Japanese cockle,
twice / month : Oct.~Jan. 1~2 times / month: hesivomter tiam R
n Mar.~ Jun. when cell density reaches
Density for attention or caution B attention or caution level

(counsist of 2 phases)
with Alexandrium tamarense
5 cells mL-" and 10 cells mL-1

Mouse
bioassay

Mouse
bioassay

respectiveli
attention phase: Bivalves may be Request 'fOI' self regl‘”at.ion
contaminated before long. Mouse bioassay : one time / week
caution phase: Bivalves may be already
contaminated. <4amMmug?
X 3 weeks
| Lift shipment self-regulation ]

Fig. 1-2. Flow diagram of current PSP monitoring system in Osaka Bay.

Table 1-5 |2 H ARENIZI T 2 st B P ES0 2R Ls, AiE) 5B R £ TIA<
PEFHIHER S D08, 2000 FARLIED 4 1D 5 6 3 HERKIRIBIZIS T 2 Fraggil & 72
STHRY, THFEEEREMEE L THIERARREE 2> TnD, IIHIETT, HifrE FH8
HIslEARE LTRSS " HEICE 2 b0 THY, T TOfmE V) STIEY A7 &
BT 2<ET LTS VWA 5D, JlEANMETHENIEZ > TN EiTng, F
AR I STRWeHA R L ERE TR =2 U U TIRHIORER VI L E 2 i
Do



Table 1-5. Reported cases of PSP in Japan after 1947 updated to Imai and Itakura (2007)

Period Location English common name Number of patients
(year/month) (city, prefecture) of hazard bivalves (Number of deaths)
1947/July Toyohashi, Aichi Manila clam 12 (1)
1961/May Ofunato, Iwate Akazara-scallop 20 (1)
1962/February Miyazu, Kyoto Oyster(culture) 42 (0)
1979/January Senzaki, Yamaguch Oyster(culture) 16 (0)
1979/April Asahikawa, Hokkaido Mussel 3(1)
1982/May Ofunato, Iwate Sea squirt 2 (0)
1987/June Kagoshima, kagoshima Manila clam 1(0)
1989/April Ofunato, Iwate Scallop 5(0)
1989/April Ofunato, Iwate Mussel 1(0)
1989/July Shimokita, Aomori Mussel 6 (1)
1991/May Nanae, Hokkaido Scallop 1(0)
1996/April Nobeoka, Miyazaki Mussel 2(0)
1997/March  Tamanoura, Nagasaki Oyster (natural) 26 (0)
1998/February Yawatahama, Ehime Oyster(natural) 4 (0)
2008/April Kaizuka, Osaka Mussel 3(0)
2013/May Osaka, Osaka Mussel 2(0)
2015/May Tochigi Scallop 4 (0)
2016/March Hannan, Osaka Manila clam 2(0)

Bold-faced data indicate those added to Imai and Itakura(2007).

FESH ABFEOBR

PLEORRIT, KRBRBIZHT 2R B ORI LW b O TH Y, ARFFELLAT
IZIERBRBIZIBWCRIK T 7 v 7 b o2& ORI R FRIC W CEFR LT rbhu e
B2, F D72 F T IERIGE CITH-RUI I ME R B3 BEINEEHR L dGD 7- B[R 2 BH & >
IZTDMENRD D, iz EROEY, KPBIZIT 5 REN: H B Alexandrium
tamarense % JRIKFE & 9 2 BN RN-2 D D, AT EICERIHET 5 (k) 23, Z
ORHAT YV OFIFFFY O —XTh Y, BUEEICK L TRERKE VY, £72, Fig.1-3
TRTERY, KBS CTHET 2RI EREOEEREAN TH LT WA, NI HA
TIX 1ED ) LEA RO E < 2 RIS D72, FREMEH RIS X 2 HIfTE HREN
FRRENIRE B E 525, ZO X D ITAFEOIIC X 5 HBmOERIL, KBS
IZERWTIHRRHCRE 2RE & 72 D,

ARFFECBNTIE, F9°5 2 3 CHIETEIC SO CRIIE IR 2 BRI H 25K i
HHERE A, tamarense O HBUEREBIZOW T HNIT 5, e 5 3 B TIE, KIRBIZBITS
AFEHGEOFHEA) 70 F5] & UC, IS C 380 2 HEL & A AR T 2~ h oy
Lok, FIEIEG DR O O & KFIEIEAE & OBURIZOW TR U D, 54 B TIIKR
B CERRE =4V v 7 OF — &2 I GERBEER O R HZEH) & AREOHBMRR A ST L,
TR Z 72 > TR CAFROHFEBE LR L CE 2 ERIZOWTIRGTT 5, I HIZE 5
BECIE, AFEOHELE “HHEFMEORE, HEOBEWIC X 23 boERELZ, KIED)K
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REMEOEERETRTH Y, MOMHE CIIFFINDR2NT I HA L R Y HAITONTH
ST D, MAT, FO6ETT T T AL DFEE=X ) U 75455 T 5 B THE
i L7z, fESOHHEIC L DM RER LT =42 U v VOt E a5, Zh b T
LITAERERAE L, BT EIBWTUL, A%OKIEIZIT DB X7 O
IRHI O E R D,

Unit value (yen kg™")
&
3
S/

1 2 3 4 5 6 7 8 9 10 11 12
=@8=Arc shell

=O—Japanese cockle

Fig. 1-3. Monthly changes in the unit values of Arc shell and Japanese cockle caught in Osaka Bay.
Values are means during 2011-2013.



FRE RBRIBICISIT 2 R H 3R KSR SR Alexandrium tamarense O HHERERE

RMNERRAPEAET DT 7 Forl LT, RO TH 5 Alexandrium JE<°
Gymnodinium J&, B Anabena JE72 E DWW OO THIHN TV D, ENTIE
Alexandrium tamarense, Alexandrium catenella, Gymnodinium catenatum ¢ 3 A3 =72 JFK ~°
T bl oTRY, FTH A tamarense [XRBRIBIZISIT B 172 B R B 75 R K FE
Lo TS, AFEIC L BB EEL, YWHERESCHEACD R X T T A N E R T
bole, L, IFEEOIEFEHRIIALL, IR IXT7 VY, e A uXhA, 7
NAA 7R EOZATET TR, HOWMBETHLA T H=, "Nr7 ) T=2 EOREIA
IZOWTHIEBMREN 2SI TWD, HEIIEH Y 77 N2 d 52 Lok o TH
AT D720, RRTZ 7 ko OB E B LORRENFREIC D> T D, ZD72D, %
EEKRBEETHT DICH--TC, FKNT T 7 brOEfEREiE OB &R 5 2
EWNEETH D,

ARETIIRRIBIZB T 2 ARSI oA NOHBEELZH O NNCT 5D, IBIT, §F
BRI & U CHER ST ATE O AR DI AR & A~ DB DWW T E & Tz,

B KRIRBIZRT S IR D R & HERF OREE
i

il

H1FEORLIZEY, KBRIZ T Alexandrium tamarense 73 KECICHESE L, BREMEH
IR & 72 272 DIF 2002 FELAE TH 5, LIRS, ATRRFEAEO HELIfEER S LTV
DS, KBUEZHERES 5 Z L1372 o Tz, ITFRIC 7R > CRIE CHRIIBIEIR ST 5 XL 9
(272 > 2R 2 SN 5 720121%, £ A tamarense D RSRIHBIZI51T 2 HEFHER 5L &
HONZT DR D D,

ATETIE, 2002 4525 2016 KB TITo 7o E=4 U ZHREDT — 4 38 LTV 2009
LRI Z TN U 7= BRI ORI Z VY, KIREIZIIT 5 A tamarense SREEHEIEO HBLIR
Dt & BRI O BREZ R Z DUV TR 2 N2 72,

L E Fi

Alexandrium tamarense SR IS L OBREEER OFAIL, 2002 F5 2016 4D 2
A6 5 AICH 2[5 5 BIOSEE CI{T-7-, AHO EAICKIRE SO 20 &4 (Fig. 2-
1A) C, 7Y OB % KBGEHEERO 14 ES720 LES d ZBRV 2 13 88 (Fig. 2-1B) 128
WCHE L7z, 728, ¢ & COMBEITETRRDN, T—XON ERICESRE L, R
BT RBRSTEREE MK BERR ABFZERT (IR KPR SR PERBRY) A [ X2 (1998
F4 A-20134E2 H :28¢, 2013 4E3 H- 1 19t OFEA) | X ViTo7, FESTRE
KENTINZEDEIKL, —EBIZOWTIEEY T 25% 7 V2 VT VT b R7KIRIR & Bek&is
FE2.5%1272 % K WA THEE LTz, Bk LIZKIZFER=ICE IR Y, EEE Ok
AEWBASEE T C 1 mL P OMIlE A FHEL L, EIE L7Z#UKIE Calcofluor white THefa, (Fritz
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and Triemer, 1985) L 7=HMEfROSEMREIZZ ATV, 55— TARDIEFLOFMERIZ L W 2 FE LT,
AKIBIZOW T EREFIARIC, 7V EoK L= RE/K 2B THRIOKSE RS R CHIE L
7o FREICRBIF - 725 UK E AW, U ) A —F— (FBRIEERLT 24— b Model3-G +
721E Model-5) THAr ZIE L7z, 2009 4ELAREIS B4), HAICH 2 [0S TEREKDR
RIS &, 2011 AELIRITSEEIRIOINZ CTr a7 4 )b a JBEE AT Uiz, S o
SSHTITIE, 400 °CC 2 BREVLIR L7~ /5 A7 7 A /"—7 4 )L Z— (Whatman GF/C) T
T L 7=3Kiz oW — F 77 4 — (BLTEC #H# swAAt) &V, ISfFIEREREZE %
2R (NOs-N, NO2-N, NH4-N : 7235, NOs-N, NO»-N, NHs-N O#afn% DIN & LT D) ,
T EHERERe ) RS (DIP : PO4-P) , HAERET A FIREE (SiO-Si) ot Lic, 7 mr >
4V a BEIXT V2 — EOWEYE 90%7T 2 b T 24 B L, Holm-Hansen %
(Holm-Hansen etal., 1965) (Z & W @R (% —F—F 1 AL TD700) THIE L7z,

c/kj 1
n

e
<

Seto Inland Sea

B 135 ' 13520’ '

Fig. 2-1. Location of sampling stations for monitoring of Alexandrium tamarense in Osaka Bay. A:
stations for the samplings at every first Monday and Tuesday of each month and B: stations for
the samplings of the other Monday in a month. a and b: station for quantify all phytoplankton
species (especially diatoms). ¢ and ¢’ : nearby stations, so treated as the same station. d: station

for samplings usually on every third Monday (middle of month) (modified from Yamamoto et
al., 2017).
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2011 4, 2013 #-2016 4D 10 =T o7z, 10cellsmL! 2 2 72413340 Hifar B 58
HfEZ 2 2 “HEBOB SR SN U, b i HEiEs, hbiaHis
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100 .‘ln 1
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3 "™ 5003 2008 2013
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Fig. 2-2. Temporal changes in cell densities of Alexandrium tamarense in Osaka Bay from February
to May, during 2002-2016 (modified from Yamamoto et al., 2017). Note that cell density scales

are in log-scales.
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Alexandrium tamarense SRESHIIE HERRF D /K IER B

Fig. 2-3 ICH4FEIZHIT 5 A, tamarense SREARHBIRFO/KIR & Ml %, Fig. 24 [
7 E M DOBIR AR LTz, A tamarense SEAIIEOHHELL, 7.7 C-214 C&JAVVKIR
HAPH CHERE STe, M EE D B — 713 15 CHIfE D/KIEAT CHERR SIVAIENR LD - T273,
2002 4F, 2006 4F, 2011 FED X 91210 CHiETE—7 & o FEbBUL Sz, o3
32 30 Hiif% ORFZ BB FE OBEFEINE R LCUz23, 2003 45, 2008 42, 2015 420 L H 12 20
A DRIy CEEE O FTENHER SN T — A b b o T2,

1000
2002 2007 =7, 2012
100, ‘z.
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1000,
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Fig. 2-3. Relationships between cell density of Alexandrium tamarense (>1 cell mL™') and water
temperature in Osaka Bay during 2002 to 2016 (modified from Yamamoto et al., 2017).

1000

2002 2007 . o 2012
100 . a4,
10 ;: ": S
1000 —— s el —
= 2003 2008 . 2013 °
T, 100 i . . v
E 10 _ e 1L o 2
o - i L et 2
© 1000
=2 100, 2004 2009 2014 .
> PR
= .-t
g " : vt L%
° 1 ——— —omemm . eme—
o 1000
= 2005 2010 2015
> 100
O Tl : e
; MY S WY 1. A A
1000 .
100. 2006 ] 2011 - 2016 ° .
° ia By R 3
"5 20 25 30 35 15 20 25 30 35 15 20 25 a0 s

Salinity(PSU)
Fig. 2-4. Relationships between cell density of Alexandrium tamarense (>1 cell mL') and salinity in
Osaka Bay during 2002 to 2016 (modified from Yamamoto et al., 2017).
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Fig. 2-5. Relationships between cell density of Alexandrium tamarense (>1 cell mL™') and nutrient
concentrations (NHs-N, NO2-N, NOs-N, DIN, POs-P, SiO2-Si) in Osaka Bay. For these
punels, whole data from 2009 to 2016 were plotted (modified from Yamamoto et al. 2017).

12



(cells mL-)
]
’.

Cell density of
A. tamarense

0 5 10 15 20 25 30 35 40 45 50
Chlorophyll a (ug L)

n=191 b

60

40

Frequency (%)

10 15 20 25 30 35 40 45 50
Chlorophyll a (ug L)
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obtained from 2011 to 2016 (modified from Yamamoto et al. 2017).
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Fig. 2-7. Horizontal distributions of cell densities of Alexandrium tamarense at surface water

showing maximum bloom phase for every year from 2002-2016 (modified from Yamamoto
etal. 2017).
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Fig. 2-8. Changes in horizontal distributions of cell densities of A. tamarense at surface water in
2008 during February to May.
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Fig. 2-9. Changes in horizontal distributions of cell densities of A. tamarense at surface water in
2013 during February to May.
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Fig. 2-10. Temporal changes in vertical profiles of cell density of Alexandrium tamarense during
February to May of 2011 to 2015 at Stn. a (from March to May in 2013) in Osaka Bay,.
Number of asterisks indicate magnitude of A. tamarense bloom (*<**)
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Fig. 2-11. Temporal changes in vertical profiles of cell density of A. tamarense during February to
May of 2011 to 2015 at Stn. b (from March to May in 2013) in Osaka Bay. Number of asterisks
indicete magnitude of A. tamarense bloom (*<**),
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Fig. 2-12. Temporal changes in vertical profiles of temperature and high density of A. tamarense
(shaded areas) during February to May (during March to May in 2013) at Stn. a in Osaka Bay
of 2011 to 2015. Number of asterisks indicete magnitude of A. tamarense bloom (*<**),
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Fig. 2-13. Temporal changes in vertical profiles of temperature and high density of A. tamarense
(shaded areas) during February to May of 2011 to 2015 (during March to May in 2013) at Stn. b
in Osaka Bay. Number of asterisks indicete magnitude of A. tamarense bloom (*<**).
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Fig. 2-14. Temporal changes in vertical profiles of salinity and high density of A. tamarense (shaded
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Fig. 2-15. Temporal changes in vertical profiles of salinity and high density of A. tamarense (shaded
areas) during February to May of 2011 to 2015 (from March to May in 2013) at Stn. b in Osaka
Bay. Number of asterisks indicete magnitude of A. tamarense bloom (*<*%*).
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Fig. 2-16. Temporal changes in amount of global solar radiation at sampling date in Osaka city
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of asterisks indicete magnitude of A. tamarense bloom (*<**).
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Fig. 2-17. Temporal change in cell density quantified by three different sampling methods at Stn. a
(upper) and Stn. b (lower) during February to May of 2011 to 2015.
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2008 FEEBFEONZ— & L THIR LIZD, RIE DO/RZ —2 Tho7z 2011 A2l
IR AHEFELEEETH Y, WO/ Z—BH L TIE L W= SR S D, —
05, B OEUE] & U7z 2013 4RIZB8WV T ORI /e HBL A WL &, IR TRl S 5 1)
DO BBECIIMAE & & 2B AL OWER CHEISHER SN T\ e, 372b5, eI iz
B TEEE CHREMINHER SN D /3 — o T, AR E N LA 2 DIk L,
ZEHSJENL CHIHS 5 /34— TlL, RAIEED LT 2 b o7, 52 B 4HiT
Bib T 5703, KERBIZIHIT DT A MIZEELALDO FERID RIS @ WEE TIFEL, FrIRK
HN D FFHERE TEVMERD S 5, BRI I51T 5 220 8 T O/ o HELE,
ZDE DI A MO LR L TWARIEEMD D, T 70 b RIS SR ki s )
T, BRAAO U T R R BIHF L, N TR L AR 2 L —ya &
PRSI CYER S D7 — &, IR CHHF LIV R FHROARE 2 L—v g &~
IZE DA L VBT D5 b D L HEHI SN D, T OHE Y — U OFEWDOERIZOU
TIIAWZE TIE K72 > 7=, LA>L Yamamoto et al. (2013)13, &)@kl Z 35
T2 HEFEANAT LHED D OFUK B R E S B EZ T 5 2 L, TRbbEKEN D<A
HE7 & DK IR AT KBRICHTE L, BUKDOZ\GEITIIHTE N2 L 2R LT
WA END, FHFEEICIIT DBKOREEEIZ K » THB N Z — 2 OF WA T 5 & HEER
SN,

A. tamarense (3B CRRNEEZRTZEHH LD, < OFET SmJEHND 10m BIT5
HDHFDHAFLE L T (Figs.2-10,11) , [FED Acatenella Tl H HRBIEF 54T 5
ZEBHILMNTIeoTWDA (T, 1988) , AFRIIKIIECTHLERE LY LHEEENGH
JEIZEIZAT D Z ERHA LN T, BEOERTHAMTH hRETE TR ET
HNRMENZETHZ E1370< #1982 ; Anderson and Stolzenbach, 1985) , JABE D
A TIIRIGE &[RRI Sm EZ2 OISR STV (el s, 2002) o SREMIRO HEL
EKIR, M & TR BRI MR T E T, ASIEEIZ 2 D BT H IS ERE D
JEIZ AT 5 Z EDBIER SN, R AE CIIZ < O CHESREREN 21T Z L 2VE]
BINTEY, #MZERIC, B EEICEFRT 2 (Cullen and Horrigan, 1981; /NE D,
2001 72 &) o T B 0 HESHEREEN I EHCE T EE TR STV 528 (Kamykowski
etal,, 1999 72 &) , W ODDFEIZIWTIIBFDESTRT E D LioEttEa R L, FEIC
HE L HBE SN TS (Heaney and Eppley, 1981; Ault, 2000) . Atamarense (23 T
[FERROBIG D EZR S AU TE Y, 300 pmol photons m™ s LL_ED LS DOTREE TITEERE L 72>
ST DA ST S (Fauchot et al., 2005) , AFHARHZIUWNTIE, _HE CHllus
IREoT12 2013 424 A 14, 2014 424 A HA), 2015453 A R)7R 8T, A OFALS
e, AR ASEMEVMER 278 L7z, 7REHEESE Karenia mikimotoi T, #IHoOKE:
JERFIZ 1L CHEgE L 7= 1%, JRIMRREIC 72 5 L g CHEFET 5 (Honjoetal, 1990) 73, A
FIZB W T RAITREPRBICE CTHFET 2 2 e ER L ENDH 2 Db, £ O5E
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FRE TR L, BRSOIAIHIBOTRBICOT 2 L Sh b, ADE=4Y
LI, BERBADTAICE DT TOAS, AREA | mL &7 b Hlao s
THEADNEET 2, BOKERNCHE U TRRE, BREE), T SR ORI AR
NEL RBMERNRDS = L 2EET D E, L0 IEHICAEO AR 2R 5 72010
1, S%E=F Y T GEEHRRETTORERH D LB BND,

FEI3E HEESE MY - HEEOEL
e

KIRBTIE, W6 AARTHESEHBEOB LD HBEICHR SN T I RL TR A A2
T T, BORLRMERIZAERL, EREMOBEIRENFETCHLT I HA, NIT
AR LB THE ARSI TS (IUAD, 2009a) , BIFEIZISVT Alexandrium
tamarense 7328 X VU & 5 m 225 10 m JEIZE\O IR TIEET 5 2 E BB SN~ 7
0, HEAVROEHBIC AR T 5 26 OFIREATHIS Ao/ Z &1L, FEERZE D
AKEETRENL TS ATEEMEAZ R LTS, UL, RIS CEEREIZH LN LT
FHT D72 <, St. Lawrence ) [{i] (38 CTOHFI  (Fauchotetal., 2005) 72 EA3HE STV DI
WERUN,

2007 FEITARBRIBIZ I T ER B A, tamarense OOHI5E & 55 722 7RI O TERR DS HERR.
STz (UKD, 2009a) . AT, RS SV KBRS BUTALE T DI TR
BV TERERHBII ATV, A tamarense @ HESRIERSE) & BREER L OVH AR e D%
{BIZOWTHTT= 72 R a5 20 Z LN TE o THET 5,

BREE T

BiGHA

A A 35 Z 72 o 7o DIIRBRIE BN E T S P ETAENIZ & 2 7KK 4 m OFMETH 5
(Fig. 2-18) . Z DYEEIE 2007 F£FM D A, tamarense 7 /L— L F A, S0 b &
BEECHEBL UG 7R CTH Y, FIKOFREND D 722 2 O s BRN ZE LT
%AW LT, IR V— LD TH S 2007 £ 4 H 29 H 14 FE30 73025 30 H 12
IRFLZ 2T T 1-3 IR CF Z 72 o 7, WEDKGHIE U 36 L UNREEHE, Chlorophilla, /i
mEoNTHFENL, HEOmIsN T, A& 1 L oJURAEKEGEE O CTHEE E 0.5 m
JE, WE L 15mE, MK E25mE, REO 4 EIZOWTIKREZERIRLTZ, 7ok, #WFIC
KV IKGENHE LT 30 B 6 FEOFHTIdEE L 3 m BICBWTHRERISHKRZ IR LT,
AR E R RBHC DWW TIIEG T 25% 7V Z L7 VT & KKK AR B DR 7%I278
HETMATHEEL, FOMOFEHZSOWTIIRBAIAY DV —F—R v 7 AZIE L
Teo ETZRIFEZ 0.5-2.5 KERIARE ORISR (T Ly 7ETFR, sunT v s
MODEL ACL215-DK) Z# AL, KR, #5r, @6, KPREIZ-OVWT 0.1 m EFEO
T2 & UTc, BRI L 723 UKIFARARE THREREICEFBIFY, 1 mL F oML A%
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BAMEE N CIEEEGE L7z, A tamarense [T8HRBIZEZATVY, B (ventral pore) DRERRIZ K
WREZFE LT, &S HICREEREO—EIZ- OV T LAMP ¥ (Nagai and Itakura, 2012) %
fi L, FONFIRIEEIT->T-, &S 72 5 ONT Chlorophill a 70T FEKIZOWTIE, A7
ZASAEEAT (GF/C,47 mm ¢ , Whatman #H8) TURiE%, K, A LOFRE L $-30°CTH
L CENTIURE LT, REEODHTIIA— N7 74 % — (BLTec SWAAL) %\,
NH4+-N, NO2-N, NOs-N, POs-P (22 T4T57=, Chlorophill a DZ3H1IE7T & b ARHIZ &
HHAEE EEBIAEE, 1990) T Chlorophill a 1 L 7-0 O&ERHT-, T
AREHZ WY, SRk L7=BEORKE 3 mL T O%EIRA L7- b O & HHERIT Lo
U7z, &7, FRRICIRE LIaBHT DU Cllia s s L ONESHHIla 0Bl G 2 BildatE L

7
i

t} ugo

/ Sakai-dejima
[ fishing port |— --...,‘|

Fig. 2-18. Location of Sakai-Dejima Fishing Port, study site of this study. Alexandrium tamarense

and environmental factors were determined at edge of landing pier (4 m depth) (modified from
Yamamoto et al., 2010).

HIRRFEEDO DT

ABEIOFEHT A tamarense 23 IRIEE FE £ THEH L CUN 2o, ARIRHEOHEKEED 59
NTOFMDERIT HZ LN TEI, W, RO RREZHET 2B Thivd 7
T hoFy MEIZ X HIEEOmIE 0 BE & ORI EZ BN L CHRO T & I L
T7o b, HEIRA LR S7=30kE (A tamarense O 2 &3 o Bi51HK) 12, 04%

(Vv) 12725 X 912 05N FHiRZ L C pH % 3-4 fhT$ C NP7 RIECifstk, 8
WP ZAT > T2, T OWGHE— R — B A 2 [ I 2 & THIlaNICE £ 55
oK oM EE T, OMREAKRREE 250 ulL 2V T 7Y —
C3GC (M.W.50,000, Millipore 1) TREAMEEIZHE L, Z D AWKIT- DV THEE HPLC {EIZ &
% PSP %57 D347 (Oshima, 1995) %47 > 72, mD/3HTEM5IL Oh et al. 2009)IZHEL 7, C-
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toxin FEDSIHTIC 2 uL, GTX BEDSHTZ 20 pl, STX FEDZHTIZ 100 uL Ol a4 45 1
HEALToWra Tolz, E&ElT () HAKEERRE S D DB ST RERARA O
FEURENL 2 B RE OB E 21T o 72, M4 720 OFE (f mole cell) 1IFEHIZE Fi
TV DFEL, s/KFITIEE LTV /= A tamarense JIfEZ Chr L CEH L=,

AER
FFRE B X OVEOEDSRE 7 v 7 7 A NV ORREEEAL

TAEHOAENT 11.6 G 726 12,6 (FEIEA) (2T ThHo7-, F7-, 4 H29 H
DO BT 18:41, 30 HOHDHIX5:10 TREXMH & g CThH o7,
10°
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—o—B-0.5m
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Fig. 2-19. Temporal changes in cell density at each layer (upper) and vertical profiles of cell density
(lower) of Alexandrium tamarense in Sakai-Dejima Fishing Port during 29 —30 April 2007
(modified from Yamamoto et al., 2010).

Fig. 2-19 (Z/@RIERKIC X 0 3 U 7= 8K g B ilass B R b &7~ L7, A.tamarense
WEAHIREI K L7 TR C oK CHERR S i, FABHAERFD 4 A 29 H 14:30 121, /&g
THlEE N b E <, KB ER) -T2, RETIE 16:00 OBLRIRE CFRA AR H KD
HIFREEEE (7.27 X 10%cellsmL™) SRS S 3072728, BT BERIZHENT TR A I LT g,
FHITRITD 4:00 OELHIT 6.46X 103 cells mL" THRIK & 72~ 7%, &HIT & & HIZHOHIN
L7z, B-2.5m @ CldRE EMRFEOZbZ m L, RO 1:.00 (ZHIfRE TR E % LA
STED, ZOMOEFHRFIIHIZRE L 0 IROla%E CTh - 7=, B-1.5m & Tl 16:00 (2
OB E DS = 272 > 7245 19:00 £ Tl L7228, ZO%BOMIIEEIZ ES L, 22:00 121%
0-25m g% FED RELREHZED L~V E 75T, X5 8:00 F THAMEAR TH - 714,
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BHEEILZ, B-0.5m B TIIhoE & 13aic 14:30 2> 5 22:00 £ THIMEM 2~ L, 1:00
PIREI X ME R & 72 o 72,

y =48.487x - 466.17

P=0.9669 -

Cell density (x 104 cells mL")
o = N W s O N 0
[ ]
\

0 200 400 600 800 1000 1200 1400 1600 1800
Chlorophylla (ug- L")

Fig. 2-20. Relationship between cell density of Alexandrium tamarense and Chlorophyll a in Sakai-
Dejima Fishing Port during 29 — 30 April 2007 (modified from Yamamoto et al., 2010).

Fig. 2-20 (ZHOEIZ K % Chlorophyll a ##5 & A, tamarense Al fE OBHRZ R LTz,
AR A tamarense DN OREMIE T T v 7 R L OB 72, A tamarense FAEEEE b
Chlorophyll a DFHBI IR TEdr-72 (p<0.01) . ZD7=8, BRI A HERED T
7 7 A /UL A tamarense DA AR L TV 5 EE X bz, KPR L 5
HOTREE DENE 7 1 7 7 A VORI L E Fig. 221 (R LTz, HEHEOSHE 1~ 7 A )L
1% 14:30 12KEE 1T m DR TEBUZAR T LTUWE2, 18:30 & THOLED v —7 13k & 125K )E
(T 5 X 512720, 21:00 £ TIIREEIZEOLEO B — 27 B3R biviz, £0D1%, JE
JEFHEIZ NS Raot B B — 27 PR S, RIEOEEMET LTS & & BITEEDH
MAEDO B — 7 NBEEIZ/2 0, 30 A 2:30 OBLHITIT AR L IRV S ODJEEIZ
PR 72 B A D B — 7 DISHERR S 4072, 4:00 205 5:00 (12T TIEFOHEOEEO B —27 28 |5
T DR DB S, 8:00 (1L T < FEIZET /041 LT 223, 10:00 2>5 12:00 OBLHIC
B =27 1 3HON0.5m JEIZ PR L TV,
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Fig. 2-21. Temporal changes in vertical profiles of fluorescence (relative units) observed in Sakai-
Dejima Fishing Port during 29 —30 April 2007 (modified from Yamamoto et al., 2010).

RIBEER ORI L OSEra HER & OREfR

Fig. 2-22 \Z/Kil, 85 OFRE AT ORI L A R Uiz, BUHl S oKiREHIEL 15.24-
2240 C, ¥571%28.11-30.11 TH o7z, KiITBHIZE L CRETEL, ERIZ/RDI1FE
RVMEEAS R B 7=, RETIE 29 H 18:00 £ T 21 ‘CLLEDOKENERIE N, T 16:00
OBITIL 22 CHERTWe, £0%, REOKIRIZAESE & HITRAIIRTL, &Y
FRNZIZ 18 CHETIKT L7, 30 H 8:00 LARRIIFHO EA- L, fRAR T 12:00 121X 22 C
B2 HKRE o7, REICEIT BT OKIEETIRE L, K14 CLkirolz, —HE
JETIXHELE 16 CLATTLE L T\ e, Hoiiinadkg o<, &R TEWMERTH
S727%, 29 H 18:00 725 21:00 (ZHMT TR L m Iy OB HEL Sz, KIS
OWTIEHESY 29 PLETZE LTz,
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Fig. 2-22. Temporal change in vertical profiles of water temperature (upper) and salinity (lower)
during 29 — 30 April 2007 (modified from Yamamoto et al. 2010).
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Fig. 2-23. Temporal changes in vertical profiles of dissolved inorganic nutrients: NO2-N: upper left,
NOs-N: lower left, NHa-N: upper right, POs-P: lower right in Sakai-Dejima Fishing Port during
29 —30 April 2007 (modified from Yamamoto et al., 2010).

30



Fig. 2-23 | CAFRE IR AR IR OB A ORI 2 LA~ LT, 3 BBIEREFR DS b
NO2-N, NO3-N O ARIFEEI L TH Y, 2‘%):*(%% JKECEVME Th o7z, F-EM L
IZOWTHERAFERT, 29 H 22:00 F TIHEREICEIRE TFEEL TV, EOHIRLIC
EREDOKD EF-L, 30 H 4:00 AR 13&)%35< i’(ﬂ:@dﬁl’ﬂmb‘/)i%};i)@ﬁ{ﬁﬂéﬂf:o —77,
NHe-N TIEZA S & IFTFEOBHA T, RE T <RENIEL 72 DI DV TR Mgm 23
BT, FFIZ 29 H 22:00 £ TERETIIMO TERE Th o7, & % Z22:00 [ZI3IE E 1.5
m OB S ERENHER SN, TD%, 30 HD 1:00 225 3:00 (21348 TIK L 22 o 7273,
30 HOBRHITHIEDD 10:00 £ T, HORBICBWCERE L fxoto PO4-P (22Tl
THEZBL T M ELFO L~V THERE L7223, 29 H OFFABIAAIR2S 20:00 £ THOHE
T, 19:00 DELRIRFZERE 2.51 uM 2> HIcK 21.59 uM- & HReD T RS TR S 47z,

Fig. 2-24 |ZHIRREEE & K583 & OBIfR %7~ L2, NO2-N, NOs-N CIIHifamsE & o x4tk
& REHRE OMIITADOBMRN A B, AT & 3&7&% HEE R | L M T
72, NHa-N IRV MERITH - 72208, NO2-N, NO3-N & TSRl & ofizidss
UWNEDBHRINI BT, POsP SR L~V CHIFES EE & ORIRIT/ N E o727, B
73 10%cells mL™! LA CHwIZ BV MBS 2 B 2177,

25 r ) 350 |
s . * S 250
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= o
.. 100
0.5
50 | \.. I
0 | 0 .M.
100 10% 102 102 104 108 10° 101 102 102 10* 10°
2 . ®TPpo,P
10 NOs-N o’ , 4 .
s AL 220
= 8 ?.‘ =
P =15 .
o 6 L ] a.'
o . 3 .
= (L & 10 -
: e
2 --..‘- 5 .
: .
0\ son 0| ocdbandnnss
100 10t 102 10°  10* 10° 10° 10t 10?2 100 10 10°
Cell density (cells-mL™") Cell density (cells-mL™")

Fig. 2-24. Relationship between nutrients concentrations and cell density of A. tamarense. NO2-N:
upper left, NOs-N: lower left, NHa-N: upper right, PO4-P: lower right (modified from
Yamamoto et al., 2010).

Fig. 2-25 {Z/KFFREE DSRE AT OREIGEAL 2R LTz, RBORREEITFHABIMAD 14:30 12
i B < 10 pmol photons m? s D L~ULToh 7273, KHIZEIT HHEITIEFITRE <,
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&b EN- T2 1430 128V TH 0.5m F TSR 10 umolphotonsmzs1 EFBED 100 77D 1 LA
TOL~NZE TR L TV, REOREIZZ DR ABIIHT TRAIIETL, Bk
D 19:00 (ZIXIFIZ 0 1272572, 30 HIL 5:00 OBLUAIRFIZIZEN N 12720, 6:00 121 10 umol
photons m? s, 8:00 {Z1% 10% pmol photons m2s™ Z#4 2 72723, ﬁ}ﬁﬁn’é‘T@ 12:00 % C 10 pmol
photons m?s™ A X 5 Z L1070, 30 HIFRTH & B2, KHIZEIT 2RO
T, 8:00 LARRIZJESE & T 10 pmol photons m? s 288 2. 5 FREE MBI X 7=,

10° 102 10° 10°10' 102

05 roe,
. .
~— 15
Q 20
2.5
3.0

35 (umol photons-m=2-s1)

14:30 18:00 21:00 0:00 3:00 6:00 9:00 12:00
16:00

Time
Fig. 2-25. Temporal changes in vertical profiles of light intensity during 29 — 30 April 2007
(modified from Yamamoto et al., 2010).

AR L Ol HEE ORI L

Fig. 2-26 (Z A. tamarese RKINMNLD BRI OHERS 7R Lz, A 208 U Crnldy
FHEIZIZ & A EERITR B> 1o, TR EIS CIES9mas CTh 5 Cl,C2 DEIE D ik
B <, KI60mol% s DTz, TDIFEAEN C2 TH o7, RIZED-T-DIF GTXI,
47T, ZD4 5 TERIED 80-90mol% TH -7, ZAUTHIE, GTX2,3, neoSTX, STX A%
ERIY E L TR SN, GTXS BLOGTX6 NEL B SN o7=2 Lind, ik
FHNZR T, A catenella 235EAE L TNz AlREMEIIIRW ST S v b,

Fig.2-27 (2 A tamarense flifld& 7= U Fid: (fmolecell’) OHERE &, HEHHlaDOEIS OHER
;5_’/7‘ L7z, Hiiud7- 0 FHElXHABRAED 29 B 14:30 121359 200 fmole cell! TéH 7273, H
BRI DR~ | Lﬁiq30E@1ﬂ&¢MHUi2%ﬂiﬂH@%0ﬁm%cw4kﬁok@
%0)@1, WHHITRITD 30 H 5:00 25 6:00 ([ZW > 72 A RS- 722%, BN ER-L, 8:00 (21358
ABAGERED 2.5 f5D#) 500 fmole cell' & 72 ~7-, —JF, HEGHIROEIATL29 H 14:30 225
17:00 F TIFEMN L7225, ZO®%ITRIMER & 720, 30 H 5:00 (W72 AL, &5
OB LIRSS T 0 12:00 1213 T & A ERER S ie < 7o o 70, @EHIfIE T~ T 2 @8 T

3 HSHLL EORIIIMER S e o T,
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Fig. 2-26. Temporal changes in toxic composition of A. tamrense in Sakai-Dejima Fishing Port
during 29 — 30 April 2007 (modified from Yamamoto et al., 2010).
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Fig. 2-27. Temporal changes in toxic content (upper) and frequency of chain-forming cells (lower) of
A. tamarense in Sakai-Dejima Fishing Port during 29 — 30 April 2007 (modified from
Yamamoto et al., 2010).
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EE
Alexandrium tamarense FEXHEIRD H EEAEREE)

IR ZTERT DIIERIES T 7 ¢ REEDZ < OFECTHYIIRBICHMA L, KRITEE
\ZRBEIT S LW\ oo HESREREN AT 5 Z L AE BTV S (Eppley et al., 1968; Yamochi
and Abe 1984; Koizumi et al., 1996; /NE 5, 2001 72 &) , AFIZEWTH HEERERBEN) &
RIZHE STV D (MacIntyreetal., 1997; &%, 1982 72 &) 728, HHFRBETE TF LT
HMNRMENCETH Z L1370 < #1982 ; Anderson and Stolzenbach, 1985) , JABE D
BT SmEZTOCHER STV (RRILS, 2002) . AE], FEHGHIBORE M, B
FOHENREDT 0 7 7 AN D, FENG TES, TE»D FE~E 0o e—
7 DBENIFED BRI T2, A Iim BRI HNT TERBEIZEF L, KIS TR E)
Lo DJEREE T, KATITIIHORBIZERM L%, D LT ok Blgg s i,
Z OIEAENTEVEIZ I 1T % Alexandrium catenella DENEREEN <2 —2 (77PN, 1988) (ZXE(L
LTBY, ZhFE TSy Alexandrium J& CHu@ L7 7 — L 1E 2 b,
—5C, Atamarense [33%)8 L 0t FBFHI CTERBEICHET 528, MAD L ITERIFC
ITEEERENPERBICA LI, TOHEE L OBREOKTIZE 20, MldnREE Tl
BLEZLICRD BB LTV 2HRELH D (R, 1999) . 2 =H2HTIE, KL
THIRREERA SR < IS T D ATietE AR Lic, AAIZHIT 2 29 HO4A1% 30 H
X 0 KRR MEBI TH 57273, KEEICHOWTIEIm A & b E TEBORE Y 102-10°
umol photons m? s (Z&H V), T L 529 HOMENREWMEM ThH -7, AEIOFRNTIFIEAR
HHEMOLOTHY, KFHREDOSE SFA~OWEIIAEE FOEFBI LD EE 25
N5, ZIZT, KESHZY OMREEELZ 25 & 29 HD 30 BIZHNT TRE B LT
7oo T7205 30 HIFERED O OMEOREIEHIT, EEIZBWTH 10! pmol photons
m? sTREOREIIH 72 LoD, 29 H LD IFOMAN FHIZoBLIZAREELE 2 61
%o BIERIZEBT 2D T2 0 ORIFaEE DB Lo B IZ DUV TIIED TR,
KRGS & 29 A idBEar )R (FUE 1.1-4.4 m), 30 HidbHaE. (EiE 0.5-4.1 m)
Th o7z (http://www.jma.go.jp/jma/index.html, KET) . —J5, WRYIXHEIT, FRHARRHH
DTG AT R bITWVWRKEREICBWT 29 HA 48 ecm, 30 H A 86 cm

(http://www1 kaiho.mlit.gojp/, Vi FORZTHREIGHRES) LBEIZ TN o7z, FHENTO
NI XS0 T2 2 2D, KEECEBT 1, UEOSKMEE HibtEic L
BRI L EZDDONZETHS D,

TN — LA L R L OBR

RERFEBRIC X 5 A tamarense ORSFEE /KR, My OMAEHOITILBEREMRT 15 C,
30, EAFPERRT 15 °C, 30 EHE SN TWD (LA - B4, 1997) , £O—5T, B
W C O 7L — DIA TSR ST O L2 Bi/KIR L 0 HIEKIRMICBIE SN TR
D (FJHF, 2007 ; Ichimi et al,, 2001) , JABE CTIX@EHE /KR 15 CE EES EKFNL G
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72 < 72 % (Itakuraetal., 2002) , 4RI S 072 /KIEIE 15.24-22.40 °C L2212 A tamarense
DIEFE TS SNTKIR & T2 LD EinoTz, 61, KETIE1 HTH4 Co
HKIBZEDE U A7 ERLINRE o7, IR, AR CH A, tamarense (DHEFE) R
STV (IUARD, 2009) , ZALOHBKRITIEEAKRIZEWS D THo7Z &
5, ZOX D RENOBERIEHE & (35722 - T ARSI IR TH S -—RTh -T2
AHEME LB Z DD, — 07, AT OWTIH 28.11-30.11 THEEEBRIZRBIT 2 HbiE s
NiZH -7,

St & OBRIZOWT, LS (2000) (XA FEERTEN A, tamarense OHEFEIZ MIE T
WAL AT FER, NO2-N, NO3-N 728 NHa-N [ZEb~FHRAE DRI 2 5855 Z & 2R LT,
AEIOFERTH NO2-N, NO3-N (2O TIEMasE & & B OB N o= Z £,
FhesFERE LTSN W Z ER RIS, IR EOSZ OFET, HEHMER
N OREE AZFHATH7-OICEF] &R DA RN RIZ XN TE Y  (Yamochi and
Amprh%azmn,imﬂ%ﬁék%x%m5NmNyM»NﬁEE_ﬁfﬁé_

L, WEDEEA~DSE, BEBNRAFEIZBWCHREOERNH DL Z ENEZ NS,
—7J5, NHs-N D743 ﬁiMbN&N&N&iLu%FTm<rFTﬁw@ﬁT,ﬂ@&r
DFENN29 HO HEIZNT TORESL, 22:00 D B-1.5m &, 30 HDOHOHLIEDORKE R L
T, HFLEEE DSRE AT ORI Lie o b A~ Uiz, £72, BED 10
ScellsmL! 25 X 572 & Z ATIIRHTEWIRE CRIZ S, KR, HoOENSLRR D
KL EFZ 2 BD 29 HREZEROTHAMIEEE & ORI EOFERE MR Sz, A
tamarense (% NHs-N H288RE L CRIHARRETH 5 Z Enh, MluEE & OBWR & 13 )&

fwéio Hbid, Fiz, @% NO:-N & NHe-N B B p5@z k92 L 15

Z<uy,

ﬁiﬁ FEAOMT 20 FEEELL BN STV DS, [EINFE AR THER S D 13777
AT =4 bR (GTXERC R AT F L FF T2 (neoSTX) Th D (K- 1EEF, 2007) ,
AR 2 T L7 RICkB W T =4 X UHED Cl, C2, GTX1-4 7 ER=E
Eﬁm\fhotoxﬁ A ATIRF ORI CIE, BRI REBMICE £iub 10-20%
DMK EEDS AURESITIRN T 5, AT 1 MY 72 0 O fE% 200 fmole & L, ZD 9
%m%wﬂg(Mfmm)ﬂFL X o TAEFRDICRH Lz &35, K IL 720 O
HNREENOHET 572 01F, IRHEFEIT 0.1-29 M &72%, FREMEEEFEOS FRICIE
NH-23 2 A FnsZ 0D, NHa-N SHiEO 7 )V U IR B I SO R AR M 2k
L7 2B SHUNHeN & U TR SV RTBEMED B 5, & B A ABLS THLH
N7 NHaeN BEEIL LD SEETH- =0T, FHHC W TS BBFNVLETH 5,

PO4-P (2O CIEHIIEE L2230 R ME Th - 7223, 29 H 21:00 £ TDF
JETIE NHeN & & HIHIFMIN S EIREE TR S 417, POs-P 23 miREEICBIE: S T2 DIE 29
HOREOHTHY, REOEY , HRITAHATHLNRRDKEZ 2 6N LD,
B L7= U REED AT 7= 29 H ORBIZHAMNES LI ReE b B 2 bivd,
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FRE DR & Mfad 7= D BEOE(L

FEOOR B IO, BRESRMIEIC L > TED D Z L n#iE ST D (Kimetal., 1993a;
IE S, 2006) . AME], FAAEBIEREORBIZER DKMBFE LT EZZ DNDD, HD
FHRITIEE A EB L LT iedvo Tz, 72, A catenella 234295 GTXS X° GTX6 23 H
SNoT2Z B, Alexandrium JBOMFENDNRE L TV ATEEME B IRV, T720 D,
AR XA, [F—REEOMEARREME S L Qs EHEZR S, Z OFA0ES
AHLEOKIR, oy, REEPZ 2 BT HHTHIEE AL L TV oo
Z &9, BERSME T CIIEREEERN & Fhliy DBURIC OV THIASTHIR STV D D!,
RKERAIAD B JE A ZBER LT-AFRiRE & A EFID 72D & b s,

Kim et al. (1993b) (IEZEAMIBIZIB WV TERZITY, Mlad7- 0 OmEITIHH OB 1D
RAAOHEE F TRx I ER L% AR L 2 L2 L TR Y, BBy B
RO EHT K DI A~D L « FRRICE 2 B D EELRL T D, ARIOMEETH, Kim
etal. (1993b) & [AlEE, Al 72V BEIFAWIZ G EA- L TRV, RINEEIZIHEWTHE
RPN ST D 2 E B MER SNz, —FH T, ERTE OO T 22 L72<, ®HT
IR bitke L C ERBMThH o7, MoiiiEsal 23\ C O M 20 3T 512 Z 241
%< (R + 1L, 1980), Kimetal. (1993b) DFEFM D HAFRIZ BT S 24 L E H
FHATONS EEZBND, L, SENIEEHaS - v OFE & hiHkof)
(Kim et al., 1993a) & tb_XTHR 0 &<, FIRHZEHEL L /sgifila 0B &S g L2 v
— Z\ZBT AR IR & e o T e, MR OE S Sl IPEFEEE OB WK & < e
HZ D (Ogataetal, 1987) , JRIKIIARBATdH 2 23ABEA I THIIE 208 E & - 7R EE
T, SIOICHENETEST-bOLHEEIND,

A MBI 24T o T IRPRIIKIR 4 m B L VRS 72\ Tehd, T iA, N ARG THD,
WA OAKE 10 m BZOWBEKIZIBWT, AENEEE TBEICX 2003 RHTH D, L
L, St. Lawrence JI[{A] 0 Ci 10m %282 57K TH BRIV TWS Z & (Fauchot et
al., 2005) , [FJB®D A. catenella TIZBEREEN 1.6 mh'-25mh! LEHINTEY, 10m
DBE TR L T2 E0D (T, 1988) , flaOINEEERNIZE A LRI T TH S A
tamarense (23T H, FIRREOBENRE ZFFOR[REMEIIH H B oNE, O & LilF
VKA D3R DMK JESE £ TIRMA DMEMABIEE SN2 &, Miladh 7o 0 BmEI MK
RKLTW ZExEDLEDE, THHA, NITAFEBNTHELY A7 TEmWEE X
BB, EBIZTAHA, NITAEFTHY, b~ bV TREAl, WaEn EL v
MBI SNTND (UARIHETE) . “HAHTIHHEIC X > CTHOSHECHHTRRICZEN &
HLZEDNLNTEY (EHD, 2004) , BIZ L OFLRIUTOWTIEE HITH R4
TROMENRDD, SOIZT T FrOHBLEEDZ A LT THRRENZ END, BE
B ORHIZE =X Y T 5 FECOWTHRST DM ERH A 9,

36



FA4F TR MK ERREEL
e

T E R AR RO HPITARIRII A R o b 0032 <, T X 9 7o Ol IHFEl - R
REBEREE T TIXT A N RIREEST) L, MEJRF THEE L TWD, Alexandrium
tamarense & A AT D Z ENHBNTWD Z EnD (&, 1997 72 L) , KBRET
TTEDOFEIT L AFED S A MK EITIER SN2 Z LIS D, A MIFED Sy
HIROPER, 77— L OBIEOKE, TNERRE T COAZRD ICEEREEZ R LT
WD Z EDEIBHILTUD (Anderson and Wall, 1978) , 723 & M seed population & LT
WEAFINROBETR & 72> TH Y (Andersonand Wall, 1978) , RAEEE LG D H B33 D AIRE
MAEHERT2H A7 CTH 5 Z &5 (Shimada and Miyazono, 2005) , <A D3AiiR
MAEHRET S Z LITEETH D,

ATHTI, KEBICRT 2R RERA Y 27 251l 2 HEOT, FHNCARE) H5H
L, FBE RIS L2 “HE OFERHER S 4172 2006 4EI2 T o 7o AlERA, 35 L OSKIGE
(BT X 2 7R THER S HL72 2007 LIRS CRERIIIZAT > TV
DYVANE=LZ Y U TPFEDRERIZONWTIERD,

PrEEE YR
KRBk R MR

FHATIE, 2006 4E 10 H 24-25 HIZ, Fig. 2-28A (2R L2 KBBND 17 EAIZHBWT, i
SATBUE NOKEERR G SE o & — WP PN OKBEERFSEFTARA AR T L 55 UL (138 h)IZ
Lo TTo7e, FERITBWT G S. BREHRG (T =27 MG HLUIAIA
< v XA YRR BRBERE0.1m?) &AW EIERE BRI LT, G.S. MU EE
JESRTIX 13 AOK a7 —DOREND 1 em IBE TOJe%E, AI A~ vF U XA TEIESR
TITEBETEK Lom 2L 2 F D X OB L, REWRRT T AT v 7 BETAI, T E
TR 10 ‘CORFFTICIRATE LT,

KBRS RIZBIT AV A =Y

AT 2007 F5-2016 4E0> 9 4E[E], 5 H 35 TN 10 A2 Fig. 2-28B 127~ L 72 KB B vk
D 6 ERIZIBNT, KINIFEREEMKERASIFZE TR Tk Iny 28 hy) I2k-
TITHo72, 172721, 2008 4E-2012 4R ZOWTCIIWT A IIC LT — X ZEUS L T ipnz &
D, FENTIZIZEIT 2007 4R34 KON 2013 AELAE DT — 2 Z Ve, SRIEITAI A~ v ¥
Z A YEEsy BHREAE 0.1 m?) AV, BIUCHETEIIRBIRAELS e D L5120
B U7z, F722007 DA, FEHNIRBORBENHEL SN (UARD, 2009) 2 fA# (A
Mk U EIEYE | Fig. 2-28Ba,b) (28T 2007 4E 10 A 19 HIZERRZ B Z 72~ 72, HRA
HPE CIRERAWT T O S, S B CIIEAEITER LT 2R OGN D,
KK AARREEREE ORMRS, 1960) % W CHEEIERE 2 1-3 ABLE LT, &2 7 OFRME
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25 1 em WETOREZNZIVRL ThbEm b2 NI L7z, KaEHIrREH
IR T AT JAEIANI, SHTE TIREK 10 COREFTIIRAE Lo, FHAMR) HEI L
TCRIZOWTIE, JesrE (<63 um ORI F-DEEY%) OREIE LI TITo 7,
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Fig. 2-28. Location of the sampling stations for collecting bottom sediments in Osaka Bay. A:
stations in 2006, sampling by G. S. type core sampler (closed circles) and by Smith-McIntyre
bottom sampler (open circles). B: stations in 2007, a: Tajiri Fishing Port, b: Sakai-Dejima
Fishing Port (modified from Yamamoto et al. 2009b).

A N DEHEEHK

A FOFHKIE, Yamaguchi et al. (1995)1Z & - CTHA%E & 417z primuline |2 & 20t 4uh &
WG aOCBAEE 2 W CBEHG A Ko7, 77205, e Sg 2550V L, 20-150
um By, VLT VT RTHEE, AKX —/LTUERZLT\, primuline ¥AE
TYt LT, S DICHRBKTHESE, 10 ml IZERL7ZH D05 0.1 ml Z257H L T
ST CBIZR LT-, AIETYLE LT- Alexandrium J&3 2 ME B ilke (F@mhi) T Tkt
BOENAFET %S (Yamaguchi et al., 1995) , @EAGRO LT A Fd 9 6 A, tamarense
& Alexandrium catenella (ZRHEII 72K TH D EABHED T A MTHOWTHEEITY, &5
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AREHC 3 EOFEEMD IR L, FAE EARHERZEZ RO, 2006 FFEIZ DOV TITFHEHRE RO
XD DX NKREDS T2 OFRREOEBAEAZ FHEITV, 26 [HDOFH & L7~ A tamarense D
A R & A catenella DA MIFEEIL TEBY, BRIZETOEWNIH DB DD (Itakura and
Yamaguchi, 2005) , JEREAYIZIZXBITE 722U e S5 (Fukuyo, 1985) ., 2012 4FE TR
BFCIZEIEF > A R ORGEIEEIC L AHMEFEZIT > TR 8, AR b & fifiT 9
AERIZ1% A tamarense & A. catenella % &8 T 7= (BLF, Alexandrium > A k&4 2)
B ONTAEITERIRRESH 72 Y OFUE & 725 72, Kamiyama (1996)IZ7EVED LB ZHIE L,
BT ARFESHT-0 DY A S EZRDT-,

Alexandrium tamarense 33 X OV A. catenella 22 ~ OFERIEIS OHEE

FEBORER L ORIE 2013 4EH2 5 2016 4E0D 10 HGERIEY > 7 U\ T T o7, HE
FEH > A tamarense & A. catenella DIt % EHE PCR ICLVH#EEL, hETFT—F %
Alexandrium > A MNEEIZFTET H Z & TRV A MItERH L7, E& PCRIZEHMFED
HELEIE OHEEIZLL T O FETITo 72, Vel 0.5g 7»5% » & (Fast DNA SPIN Kit for soil,
MP Biomedicals) % F\ T DNA Zflii L7=, A tamarense & A.catenella D77 14 ~—%
> b (Nagai, 2011) %\, SyberGreen {512 LV WfEOBRFEXEE LT, 77 AIR
CHAIR L 72AFR9E S DNA IZ R DEMAEk L, A N 1L OFREERE
BaEEl, ZoEERACTIERE O A NOHBIEIGZHE L, SHIE6H
BEG 2 EHEHC TR ONEMEORFH A MITH U TR A FOHBEAEFE L,
7Ef PCR CHEPHS GV A MiA g LT,

(EES
Alexandrium tamarense FREIFEARTEIZI1T 5 Alexandrium 222 ~ DEEEE

2006 FDOEIFHEICI TS Alexandrium > A b DO43ARIRILE Fig. 2-29 2R LT,
Alexandrium > A MIFAEZAT 72 17 ERT X TTHR SN, KOEERENS 2O
FEVRRED Stn. 12 T 112428 CEEHERERZE, LUTRE) cystsem® Tho7z, /3 AidH
OIIBIEERRZE (LU FREZE L FRd2) UAEOAENRAEIC A D, S BIZHIATE & 4l
YU IR E T 5 BEZE) HIRIERSIZT TOER (Stns. 5,6) TH LI E (£
ALEI 29424 cysts cm™, 55426 cysts cm®) TEIEEI NIz, —F5, BAZELIEORETG
FCRIERROD TE . (Stns. 1-4,7,10) , BAATHEBAZITVVER (Stn.8) TIEAME IR, i
WSRO E R TIL 2E5-13 £8cystsem™ &RV 7o T2,

2007 FEIZRT TR L OVEHEIC I T 2 Alexandrium & A kO3 ARIRIL % Fig. 2-30 12
L7z, Alexandrium 2 ME5 H, 10 H & bfEZITo/o B TOER THEZRE SN, 5 HD
VA MIGEEPRE SR> TEY, KBIFHEHORFR CREEICHER SN, &b
BEEE DB T OIXFFH TN O Stn. 12 T5,683£631 cysts cm™ THh 72, 72, RK
HETTIR O Stn. 19 T 5277157 cysts em™,  BEZEF{H]D Stn. 10 T 1,230=46 cysts cm™ &
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N DZ < DERT 10° cystscem™ ZHEZ D EE L o7, Fiz, hoES (Stns. 1, 17,

18) THZENZEH 355 =131cystsem™, 40778 cystsem™, 291+125cystsem™ & 10%cysts
em? ZHR HEETHEL, FROEREE~D wm\m@ 2006 4ED L~YL % K X
< EEISTW e, 10 HDO YA R BB 20/ S A SIEIERERCTH 7203, £
(RENZBEE K T LTz (190+54-3275+534 cystsem™) . £72, FifapkicBir o4
T% Alexandrium A M2 < fifgd8 S, B HFLAME (Fig. 2-28B-a) T 2,1154177 cysts
m?, L OB R (Fig.2-28B-b) Tl 33048 cystscm™ & W T ILOFHATH 102 cysts
cm® D LV ThoT,

|
. 500-1000 . 100-500 @) 50-100@ 10-50 ¢ 1-10

Fig. 2-29. Distribution and abundance of Alexandrium (A. tamarense and A. catenella) resting cysts
in Osaka Bay in October 2006 (modified from Yamamoto et al. 2009b).

10 20 |

cysts cm3

.5000 .IOUU 5000 . 500- ]()UO. 100- ‘\0(]. 50-100@ 10-50 e 1-10

Fig. 2-30. Distribution and abundance of Alexandrium (A. tamarense and A. catenella) resting cysts

in Osaka Bay in May 2007 (left) and October 2007 (right) (modified from Yamamoto et al.
2009b).
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Table 2-1. Resting cyst densities (cysts cm™) of A. tamarense and A. catenella at each station in
October 2006, May and October, 2007 (modified from Yamamoto et al. 2009b).

St. Oct. 2006 May 2007 Oct. 2007
St.1 27 355 289
St.10 31 1230 628
St.9 34
St.18 291 190
St.12 28 9271 3275
St.15 112
St.19 9683 2025
St.17 65 407 289

Table 2-1 (Z 2006 4, 2007 FZIL@ET 5 ERIZEIT D Alexandrium > A~ DEFEDZAL
LTz, 72721, 2007 4E0 Stn. 18, Stn. 19 {22V TI 2006 4F & Hofd 2 @803 2 0o
727, BN R BTV Stn. 9, Stn. 15 & Hlg L7z, 2006 F0~5 2007 45 HITIE, L
7T _RTOERTUA MEEITIMLTEY, FHIEMHETRFEDO Sn.12 TiX 2006 4tk
T 905 fEDFRE L 72> T, I Stn. 10 T40.2 %, Stn. 19 T 50.6 £ & HEMME X
EROINFIR CHEE CTh o7, —F, 2007 &5 A0S 10 HIZOWTI TR TOERTU A
NI LTz, RRZ 5 HISER BB ED > 72 Stn. 12 TiE 2,025+343 cysts cm™
ThHY, 5 HiERD 35.6% & K& <P LTz, £72, Stn. 19 TlX 3,275 cystsem™ T,

5 HRAEED 6 BIFRE L 72> TNy, St 12 12D LRIV NS L, 10 AFREICE
Wb RBEDERE 725> TV,

KRB FEEVERIZ 33T B Alexandrium 22 Ry4a & BIEROE(L

Fig. 2-31 12 2007 225 2016 FF-D 5 HIZBIT H VA MOy fiz s Uiz, 72721, 2011 4F
? Stn.2, FELTN2012 HD Stn. 4 LSO ERIT DOV TIEREN & 72 o 72728 2012 FE D434
DWTIERIPR LTV, 72, ET—ZDBKHAIOENRHHT-2DFIT 1 g HT= OEE
THRFL LT, 2007 FE EFRO# Y 2 MEEEARE L, BHRO Sn. 6 USOERT
103cysts g! 48 2 DI CAE LT, 2008 A3 5 2011 4RI2-DU N TIE 2007 4R X O g Lz
L DODGHEAT ST T X TOERT 10! eysts g LLEDO T X MR S 7z, 2013 LI,
VA NEEIIFHOMINL, HFZ 2014 451 Stn. 4 T 33,642 cysts g (42,052 cyst cm™) & KPS
THER ST i KB Fidk L7e, RBREHGHHHEIZ 31T 5 Alexandrium A2 MIhFT%
SHENBLHEECTLIRMEBITH Y, ZE L TEVWEE TH - =0T Stn. 2, Stn. 4,
Stn. 6 TH 7228, BHO Stn. 6 TITHFEIZ L VD72 b b oiz,

Fig. 2-32 (2 2013 4E°5 2016 420D 5 A5 10 AT HERBIV A MEEDELZ R
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L7-e A ROEEEIL 2007 L [FERE, 5 A 10 AT TRUTED LT\, &

=

)

BB L&, HEFEO Stn. 1, Stn.2, Stn.3, Stn.4 T T5—F, BHEO Sm.5, Sn.6 T

(TN DR 8 o Tz,

Fig. 2-31. Yearly changes in distribution of resting cysts of Alexandrium (A. tamarense and A.
catenella) from 2007 to 2016 (note that no data in 2012).
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Fig. 2-32. Spacial — temporal changes in cyst density at each station in May and October of 2013 to

2016.
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FRAPAO LI L OV E A MEEDORR

Fig. 2-33 12 2013 405 2016 FED T A MRAZAT - T2 E SIS EIT 2 KBS O Rl
NS & o A NEEOBREZR LT, 1g OV A MEE, 1em? OB L L8 U Tk
EAIEE DEWVER T A MEEbEVMEATh -7z (p<0.1) . L2L—FT, 5H
IZOWTUIAEREER R BRI T2,

Total May Oct.
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Fig. 2-33. Relationships between resting cysts density and annual maximum cell density at each
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Fig. 2-34. Relationships between abundance of Alexandrium resting cysts and mud contents of



Fig.2-34 12, 2013 4E005 2016 HED v A N AT > T2 E SIS DIe5r3 (hifk 63 um
LITF) &2 MBEDMEA R LI, 1g TOY A MEEE, 1em® TOBE L HIRSROE
WE ZATUA MEENEE EZRIEOHR (5 A D 1 om?® O (p<0.05) LIS T p<0.01)
HA PR SN2, 61, S ALV S 10 HICBIT 208 L 0 AT, M WEBIREL
Lot

2007 LD A MNEEE DRREZA Y & SRR EREAE D BIfR

FEESHY RGN 70 < & A MBEEDSE Stn. 5 1ICBIT D, 5 DY A MNEEDORELEL &
SAEANE D TE SRS 3T 2 ARl mib e B R bt L OMHBERIMR % Fig. 2-35 12,
10 H DT R NEE DRI & S MIE O f] e mflass B OfRRFEZ bds L OV OFF
BARSF% % Fig. 2-36 (ks L7z, F7z, Fig. 2-36 1213 10 A DA NERE & FUEO B milfn s
FEORRZ TR LT, 2 2T, BEUROFHEGR RS DFEOYE T A MEE & St
4 DUA NEREEOBRERGET LI L 2 A, WA MEE L S, 4 [Z1E\VWEBIRIRRAS
RS- (Fig.2-37) Z &5 Stnd DY A MEEZRFME L L THWD Z L1322 &f)
Wr =i7=,

Stn. 5128155 5 HDO VA MEREEIIIREPFE A% D 2007 412 8,380 cysts g TH 7223,
2010 4= THAERD L, 2010 121 453 cysts g & 722 o772, 2011 AR FFOHIIN L 7= 2012
FISD L, HEHPRIEETH S 112 cysts g &722o72, ZOBRFUEINL, 2014 42
MR KRIETEH D 28,163 cysts g ZFiEk L7z, —F, KEHROFERIGREKMEL, 2007 0
TR AERRFIZ1 607 cells mL™ £ THYFE L7223, 2009 45F Tl L, 10 cells mL™! R & 72
ST, TDF%, 2011 £EIZ 10%cellsmL”! D LU THEFE L7223, 2012 4RICITHOYW L, 10
cellsmL"! il & 72 5 72, 2013 LRI IEUE 28580 e X, 2014 4ELISMN L 10%cells mL! D
LYV TTHER S LT,

AR OERREMIREE L 5 HDO VA MEEOMIZITA B/ IEOMBNHER S iz

(Fig. 2-35:n=10, ’=0.49, p<0.05) 7%, 10 H D> A NEE & 134 B2 BR CldZeh - 7= (Fig.2-
36:n=8,r°=0.27) , L22L7e3 s, 5 H LIAER HIRREEED @ RFS A MEEE § iy A ¢
bolz, —177T, 10 HDOT A MNERE & FUEO Femallns ORI IXBIRIEII MR S e

-7,
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Fig. 2-35. Yearly changes in cyst density in May and annual maximum cell density of A. tamarense
at Stn. 4 in Osaka Bay (a). Relationship between cyst density at Stn. 4 in May (b) and annual

maximum cell density in Osaka Bay.
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Fig. 2-36. Yearly changes of cyst density at Stn. 4 in October and annual maximum cell density of A.
tamarense in Osaka Bay (a). Relationship between cyst density r at Stn. 4 in October and annual
maximum cell density in Osaka Bay (b). Relationship between annual maximum cell density in

the next year in Osaka Bay and cyst density at Stn.4 in October (c).
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Fig. 2-37. Relationship between average density of 6 stations and cyst density at Stn.4.

Alexandrium tamarense 38 X TV A. catenella 2 & + OFER!| BRI

Fig. 2-38 {2 2013 475 2016 420D 10 HIZF1F 5 A tamarense 35 K. VA, catenella & A F @
ESBIFEEIG OE L E R LTz, 2013 0D 2015 FF TIETRCOESTHE L
Alexandrium A k™ 90%LL_E73 A, tamasrense TH Y, WINOEL 6 B4 2 ERTIE
A.tamarense DOEIE 23 100% CTH -7z, —7H, 2016 4 Stn. 6 2[RV NT A catenella DEIE A3
KEHML, 2V AT Alexandrium <A B @ 30%723 A, catenella & 72>7-, RRZEEINN
BHE CH - - OITBREEINED S, 1, Sn.2, Stnd Thotz, HHEIEDSHEE L-fER)
S0 CIE A, tamarense 23 A HIEBLZNT TOIRFIR CRB IS0 L, &) I 1D
WVESTH BB TIEE L7=DIZ L, A. catenella 1RG22 38 B AL LAAL DV IR AFAE
32 H OOIE) ] LHZITVE £ COHELIE A tamarense (2~ 72y M) T - 7= (Fig. 2-

39) .
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Fig. 2-38. Cyst ratio (percentage) of A. tamarense and A. catenella at each station in October from
2013 t0 2016
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Fig. 2-39. Distribution and abundance of A. tamarense (upper) and A. catenella (lower) resting cysts
in Osaka Bay in October from 2013 to 2016.

L5
KBREBIZI1F % Alexandrium <& s D43 A

IS (1995) DIAETETITo 7= A MHEO#E TIL, Alexandrium 3 A~ D& 5545
PSS TAEAGRRE 23 i 6 B CERR STl & — B B EAA H D & LTRY, oz
BOWTHRBEOMEAINRH 722 ERFEINTND TN D, 1990 ; B D, 2006) ., K
BB 31T 2 2006 A CITABRIE O BGHEHKICRE L, 2007 FELARED > A R34l
HUEEE C b BAZE AL DVR I TR BE D AR A VT2 s CHal LT, Z ik
IIEAEDT T 7 b AT ORI < fER SR CH 0, KO HELC
BOWTHEHBIDO—2>THD L WVR D, IkmfilaFEE & v A MEEOBR T HEIIED
HmCThH 7203, 5 A OFEF CTITABEBIRI ML S 2 n - 7=, 5 Hi A tamarense 7 /L—
LEZORHITH Y, FHIA 7 —/V CREBMIBOHIIE LN > A NI S b Z &
DHERISN7=23, 10 H X0 HIROEIRMEE 7e o7, & A OEBRREHEICOWTCIE, BEI%
(1997) X A. tamarense | TS HIIAANE /T HEHE L TN A R kR A TR S 1,
Ly E DI S NTolidkEEE 70 9 B TH NI SN b DTET N A M Dd &
WL QWD —JF, BIGHEHE CIEAREDEANCEGE L QO DI A O SITIE L
A ETRL, RO E— 7 O IICET LTRSS LW ®E S H S (Ichimi et al,
2001) , HBETHIUR, HeEflins O HERR S0 OIXEREEDEE ANTHITE L T 2 REH]
THY VA MY & e b EHERIS N D720, Mo mELE 5 HDOv A MNERE &
DOBEUERMHEIMEL 72 o T — R & 72 T=mlHEMEN & 5, A C Ichimietal. (2001) TiZT A hA3
TERE ST KIRDY 7.5-9°C LK<, A FOFARER D HEEIZ L0 B2 5 FREME L H D =
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&G, RIRBHEMHRICI1T 5 2 2 N OIBEEIC OV TCIE R DRGTNNETH A 9,

VA NOSAINEEE KIFTH 5 —DOHR & L TUIREINE 2 bivd, A MNIEHE)
PER N2, WBIEIR & R U < JRAVOEEE ST, SO @\ KII EE EES A Rk &
% (Tyleretal,1982) , ILHEA D (1995) 1%, A NOEEESAIEN, 7707 MU RE
FEECHER S NIk & —BT 2 LW I FHEE & b1, TEDROEmNE ZATU R NEE
NEVMERN D D Z & 2R L TN D, [FREOFERITFTREN R0 =, (FEEICRIT5
FETHRONTND UIAED, 1998; [LF - /MR, 2001 ; A5, 2007) . KIRBIZIST
BB DAL, W (1986)12 & 5 &=k 238 2 F ALRR O B OYEHR N E /73 95% LA | T,
KV TR A 1ER GBS, 1989) 1278 - TIPS Fr el A 255 3R 90%LA - DiE
EHR L 7p o Q0N D, BHEFHR AT 572 2006 FED T A S EE AT I Z DRsr R
DE\EE & —E L Tuve, RIRIE Tid 1993 4F12 % Yamaguchietal. (1996)I2 5 0 & Kifi
BEIMTHON TS, ZONMIRNE RS &, BENFECTEENE <, T TR &)
{815 C 2006 F=D5ArfEE) EEELEL L TR Y, 1993 F£0D 2 A R3AA<e 2006 FEFHAED T A Ry
Tilx, KRERBIZBT DEERIRDAA/IE— E L THEBZD I ENTE LI,

2013 4F-2016 FOT7 — X TRLH &, R EOBMRIZ S ALY 10 HOHN L KT
bole, BRG (2001) 1TNBEIZBWTHEIZ L DERND DOEE B 28175 & &
HliZ, BT ML DFEETo MR, WL £ TERENEE LT Tnsg Z & 2R
L7z, F77, &L (1998) 13HESCATEORMEIC L0 EIED v A N HSFERE S 7=
A, U X DEREFEERTREIC X 0 hoAdS~ LTk - IR S A, R OMES i CHEOYE
e, HEFET 22 LML TCWD, bbb, 5 FICIBEKIIBHE E > 2 ORI
IZE 0 R NOSARERNE—E TRV, KHHORGE & & HIZJRIS K AMIEOELL: &2
X VRGO @ MERHITI AN E LT TREME S R S, 20— T, BROER
(Stn.5) TITIEITZEMN 100% 21TV N D BT VA ROEENMRNZ 215D (Fig. 2-
34, [LARD, 2009) , 2007 FHIIRBWNTIL, BHITHAT D3 R AN CHRgIA R S a7z
(LARS, 2011) HOD, A NOEBEELEIR AT ERR S AUT2 Stns. 12,19 % & Frilg LT
A OIS NAED o To, =08, FEBOFITHIRDERENOND &N o T
VLG Alexandrium JEDO T A MEENEWVMETH -T2 &V DI TR -7e 2 L &R
L, KEEHFCOSEMEOAYEAETC X 5 2 FOMEHEDS FREICEEL L £ LT 5
E)ID, 2007) o ERCITHGERTIC S KB D L S HERIND 2 ENBNT2Z &M
5, VA MBRHEHYD o 2B R E LT, VA MIFER LSOOIV EOERICLY
WS 5 ECloiEikicBE Lo, b L <IRBR CIEREMIIIZ NS DDV R MSERK
SN oTe, 7R EORREMHERI S5, KRBREEE O & L CTIIBBIZRFEHE D
WALE UCFET D E MRS, BN O HERWICH T2 3 EERTERH Y (IR
5, 1989) , JENHBFAVH7ZIR)ZKIR 02y S OGS BRI T2 2 &b
TW5, KRIRBEFEORILEHEE CEVWEEDO VA MpMEIE SN2 L%, 2oL H72E
MORBUZ S EES D Z & D, FIMEHR CITHETE U7 ilf ki 5720 T <, IBHIEHK
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TSI A P bFiS A, W LICREERZ 2 b b,

HOHITRIT B REBMEDRMBETRERE A NROER

2007 AEFHN IS Tl AT A tamarense 235 L, AETCIXENTHD & &
MDD bR ST (UARD, 20092) . SR ZTT 72 2 kT & ISR
MRS TH D, ZNHOWIKIZISIT 52 A FOMEBURDUE, B #EEE CI3EkoO
BEEXD b—HE <, SR CIROSIOROBERE L0 &Mk o7z, — kAl
T, WP S HIZ 10% cells mL! OFFE THRIIDMNERS STV e, WHROERIZIIT DA
FEs BE Ve 10%cellsmL! OA—X—TH Y (IUARD, 2009a) , (EHEN TIIEDRIZ I
-3 MO E DBEHIIA N HER STV 2 L 03bn D, KR HELIRI & 2 A
N DOSARRIDI T2 DB DWW TIIEIC BB LD, EOHRIZBW T HHEND D DR
HE, AR CORBHIROAMEAETNC L 52 A N OGRS I-EIC 2 5 & Bbh b,
PR SIS IR BUR AL O R B ALE L TR 0, EMICITBRSR LT 5 70 EHIKAS
O E L Tab, HAMBIEE D BMICE A IR L & 13E 2 1cdv, 8]
HESIEERIZBW T, A IICRER S & HICRBITHEE L= 2 LB S TRBY (L
AD, 2009a) , A NOFERMBNETNEST Lo T2 mlREMERH D Z 2D, BT 4 AV
cRNT o TR EOFEIC L DT L DOV R MEMEREZA LN T 0B RHA D,
TRIFFEIZ 3N T, FEG ORI Axtak & FTHHEATED B A 78135 Z & 13D Tl
HEE B 2 DI, VA NOSHHSCENEBOREX, ThoZHoNTH7 77—
FDO—o L LTHEHTI O TE 72 (53, 2012) , 77PN (1994) 13X HZIEIZ 31T 5 A. catenella
D—HDOHIFEDTF T, A NOBARBEEENE DN T BEHHRON / i CER 2 TR L<e
TN L, EEMN G EEEICHRT A2 L E D, A catenella OFE )~ OREFHIE & HE
TE LTz, KBRBIZBWTEZ O X 9 2/ NEBITTFE LARWVD, I Sl R/ il sH N7 C
RN LERERFICL Y, MO FIZREIAME N L7z & 672 5 BB AL S 4T
W5, ARG 21T > 7o ETREEI 2 O #RIR) 2K & & 2 B, A tamarense LISMT 6
TER NSRS TEA LT D K RN Ao T s, =Ry A T O S
Karenia (Gymnodinium) mikimotoi O¥SFEIZ 35V NTlE, WIHIHELAN 7L & 3 2 Vs Jifi Ak A8 s
L OIBATIZ el L CHAZE AL, Z 0FH & L CTBA A~ HIC L D loEH s D72 <,
F U R FTE OIS EICEES D720 LB LT D (Uchidaetal, 1998) . HFAHEIC
e, X0 B O s R BT R S OBENMED S T RKIIAHTH 503, F&
VA MEEPHERINT-Z &, 2007 HEITTRFAOFEDHER SRR Z 0 K 5 7epk
B ChH-ol2Z L a%E2 5L, BHHICHE LIZKETH Y, 5% 25 OMEAKIGEIZER
T HFEGORIHIE AR & U CHRE T 2 ATREMEIT m O SRR S LD,

TN —LIERAIRNCRBIT B VA MBEORD KOS HEEER
2007 FFRRAECTIE S ABXON10 HD 2 BIESFAEZI T T2/ER, T XTOESRTS Al
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R, 10 HO VA MEEDNME T L CWODIRIDBIZE STz, S 51T, 2013 FLIBEOFER)
OHEEEEIL S Hob 10 AT T LTS Z &R S, iz 5
VA NEEORIFELETE LA D &, TR TS AR b
PRVR 3-4 HIZV A MEEOEME T L, BvMEZ/RL Wz (R - tid, 1999) , %
7o, =B TIOKIR FEESIO 12-1 A & EFWO 3-4 IV A MEEOHRBIEE ST
W5 (EHD, 2006) , ZiVHIE, FOREANLRIFZ LV EEEZIT WD HO LB
ENTWADR, SEIOBAL 10 HETOLOTH D BRHRRIZIZR 2 > T 5, Bl 2 1
RO IR RIF RN S EREE S U7~ A, tamarense 3 A~ DIEIERO A B 2 FHA
LTEY, mpks b 11 H ETORFER IO TRW A THE L Tv5, A tamarense |
WIRMERIRI 2 & D72 — T X M & TERT 5 &R IFRE 218157 2 DI B /KIR THAE
1% & S5 (Andersonetal, 1987 ; #A « [LIH, 2001) o 2007 fEDKIEIZF51T 2 HE5H
DE—71Z4 HMANL 5 H FAITHY (ILAD, 2009a) , 1HEHIAS 5 A HA)E T EHER
Sb, T7bbh, VA MRENMTOILZ 10 AIZBWTINRMERIRIRINIC S - 7= & H#E
ESND, £72, A tamarense |34 15 CLUT O/KIR CHEAIE IR ZRT— T,
15 CLLEDOAKRTIRIFE A ERIF L2 WA - 110, 1999) KRB D HBIEEKIET
— X CIIEET/KIEN 15 CZ2 FREIDZDIE 12 AU THS (FFIg, 1994) Z &b, Z0
BRAE CORFEIC L DA FOBDITDINWEEZ NS, BRROmEY, 5 ALK, i
ATz 10 A F TOMICIZTEREEDRIZ L D8k « iR H -T2 EZ2bLD, &6
12, KBRE T A MBS L MR SN-IHEEIT, 1 ITEEER X 8 ORENEAITD
NTWAHEHETHH D GEEF, 2002) , ZILHDOZ LD, S HNG 10 HDOY A NEFED
I IFIZL D O TIH RS, HEOEILTEE LT om0 LT L0
2 K DA E S CIBIRTEDSNEMIC AR SN b O LSRR SN D, FT-, SRAETRTOD
Stn. 12 TERIZ LA RIS TeD b, TS 54T, AU L DIBHE)DD Offifs
bdHolzTmd LRI SN D,

KBFEIZR1T D Alexandrium 3 A M5 EE DRREZAL,

Yamaguchi et al. (1996) {2 X 5 1993 DT A MRATIE, 0.5-58 cysts cm™ & [AIRFZA T4
AT FEREEE DM (2-869 cysts cm-3) & AT HIRVMETH 72, AFREICL Y, KBED
2006 FFED T A MEEEIT 1993 O &L L TR AKETR 2 5 Th o722 LR S 1L
7oo EHIT2007 FTIBNTIX 2006 4 L AT HILET 2T X TOERTU A MEERS
SlzRkE HIML Tz, Z 2T 1993-2006 FEDOBNMERIZOWTEERT 5720, Fig. 2-
40 (Z 2002 F=LIFED A, tamarense 33 1OV A. catenella B KHIIRO AR HBLIR L2 7~ L=,
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Fig. 2-40. Temporal changes in maximum cell densities (cells mL") of A. tamarense and A.
catenella (specifically Alexandrium spp. in 2002) in the surface waters at 20 or 14 stations from
2002 to 2007.

KRBT TIE 2002 4RIZ [FRERCCHI & 72 2 RE 2 2 5 HEgh il STk h, 2o & &,
A.tamarense 73 37 cellsmL! & CTHH L7- Z & 03 STV g (LA, 2004) , F7-, 2003
FE1Z1T A, catenella DFRIHA K 1,290 cellsmL! DFEFETHAEL, 2004 45 HIZ/T- 72 H4E
FETIE, TRFPHERR ST 1 EA (Fig. 2-28A:Stn. 12) OAHDFEFRTIXH D03, 753 cysts
g'wetsediment DT A MR I TWD (HARFER) o 2004 4F, 2005 FIEMFE L &/
HRRR38 I E B E D, Atamarense 73 & HITHcK 4cellsmL!, A catenella 23 %12k
17, 13 cellsmL! ThH o7, S HIZAERRE L2 L350 2006 FFRH1T A tamarense 73 83 cells
mL! £ CHHE L 7=— 75 C A. catenella DHEJEIT 8 cells mL [T F -7, 7233, 2002 4FLLRH(]
D HBUZ DWW TTHIEHIN RS SRR CTH DT & A EREEkZIIFR-> TR 5T, K
B2 b OTIE o Tz EHEIEND, 2D XK HIZ, A NOFHEMTOIR - T
A.tamarense, A.catenella ®HBUIMERE ST D, FKEIE TIIWEERIHRELEIZ L 0 $hiERY
IRASNTWD EEZ LD Z LD 2006 FEOFHA CHER S 1u7- Alexandrium & A &
ZNHDEREEZ R L TND D EHEEIND, 12721, KIRBOHERHEEIL 0.24-1.2cm
year' & RAES HALTW D (i, 1986) . AFHA CIIEME 1 om £ TOFEZ W= Z &y
5, 2006 FEITHTZICHERL S U7 A tamarense DY A M ERB ML TS HDE LTI
7259, F£77, 2007 4Ei% A tamarense OFFHITIE LR KBREOKE WH D TH-7-—5 T,
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A. catenella DFFEITI R S cells mL! &/ N ChH 7= Z LD, ML A FOZ M
[FAEICIER S 72 A tamarense DY A THDH Z ERHEE SN D, JRETE T 1992 4512 A
tamarense (2 X % 7 ORI HEE IO CRIBE (Asakawa et al., 1993) & 72> CLI, X
RO L9 \THRINCARRRIZ L 5B B3 & 72> Tz, 1993 FRIC ThiV =i
ClE Alexandrium JED T A F3 10° cysts cm® ZEE X HHE L 75T R HRBD HILTED,
1987 4E{ZATHOIUT-FHAS & LbT 6 4R TR 30 5D T A MEFEENHIN L7 Z &R HE S
TWa (a5, 1995) . ZOEINZOWTIEY > Z VO FETTEDE W L 0 i\ KR
DFBEME B IR STV D03, AlElbklk U 7= #5537~ C primuline (2 X 28309tk %
WEEHIC X A b0 TH Y, KIGETO Alexandrium A R 2SITAHEMN L TS LUy fi
Widzehrbo s Bbins, £z, =5, FEEIZBOTHIEERIZ 10° cysts cm® 2 %
DI L BB AR K 10 (EUL EOBIAHER SN TEY (F)b, 2007) , =
D X DT, 15 HARZ YL &3 5 R E O AL FEIZ 7 > T D (Imai et al.,
2006) DIZEBI LT A R OEEIMER H A5 THBEIC /2> TE TV D EE X LD, 2006
FED D 2007 40D KBRIE Ol Rl L Z AL & OUHSIZPLETT 2 ¥NERTH v 2007 FELARE b ikt
L CHREBE THERRSITWA Z D, KRIREIZH T 2EMERBFEORAEY A7 13E 1bx
JVTHERFSILTWD Z ERH BN STz,

PLED X 512 KBRE i 2002 ££-2006 40D A, tamarense 33 X OV A. catenella OHE5E, 35 &
V2007 4D A.tamarense |2 L D ARBIEAIZ LV, KRB D> A MEEIT2BIm L 7= 2
EMMBALNNI IR 5T, I BIZEDH HIFITEAE 10 cellsmL” LLED A, tamarense HEHE D SRR
ENTEY, AREOHBUIG L T A MEEOHITISH D OO, [HENIEEE CHofmh
LTCWAZ ERHALNTR -7, A tamarense D A ~MIHFETRH CREMIRIAELETRET,
FaL2-10F L SN TEY (Keaferetal,, 1992) , 100 4RO A RAFEIFE LTz L9
tHd 5D (Miyazonoetal,2012) , ZiILHDZ LD, 4% Atamarense OEANZIER LE
=BV T HEAT O MDD A D INFEE DRI B O TIERHF DT A R _THIFEL,
U ST H Bl Tt S D WA O E X 0 1-2 HH{K<, 7 /b— ADTERIZITNRSE
AR OIS EE L BRI TR (8, 1999) , VA NOFEENE HITIROFEDR
ARITHEO S DT TR, AFZEZENTY, 10 HDO VA MEEE L BUEOREMla 0
HEHRL O RN IBIRIEI IR S e o7, L, ABFSEIC L0 RIRIBIZHIT 5 A
N DA RN T ZEE U CHGEIE T <, 72l oo HEEm & bifa—% L
TWeZ EBHLNI o Te, ZOZ Db, BEMEEERAY A7 I 3RHHR LY &
WZ EBMEER SN, WMEMEEBFRKN T T 7 b= U AL I IS Ok
ZENINCHET 2 2 & T, 2RO RBORAEIM A5 2 ENAMRRIC e D L& 2
HiDd,

Alexandrium A ~ OFEBIH BRI,
Alexandrium tamarense & [FlJ&® A.catenella IZHBHRNIZETOTNRH 5 & O D[R
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Gz%iﬂ“ BHZEMEL, WFENRAE L CHAET HHHE T, FRIORAEY X7 Z3Hilid 5
IZHFER A NOHBURIZ BT 20 ERH L, LN LARRLEEROEY A
tamarense & A. catenella D A MIFZRERNZXRBITE /a2, Tk TiThiviz%< ®
ZE 5]l Atamarense & A. catenella Z -, Alexandrium J&2 A k& LT CE 7=
(um 5, 1995 ; Yamaguchietal., 2002 ; 4i)115, 201572 &) , LavL, dTEEHS (2011)
2D WE 2 BEHNGRRT 2 FIENBIR SN2 D, WA 2N - -8 To
RFEEF B S STUAD TS (KA D, 2017) , AFETIEIZOFEZHWD Z L i
D, KPGECTHELT S Alexandrium > A kO KERS7HS Atamarense Tdh D Z & 23 S
ST TDO—J7T, 2016 4TI A catenella A R OEIEAKE M LTZZ L AHER S
7z A.catenella (%, KB Tid 2003 414 1,300 cells mL! THRENZ 72 - 724413, Eyjrf?é
30 cells mL"! DR L)L THERS L CU = (Fig. 2-41) , Itakura and Yamaguchi (2001)(3 A.
tamarense & A. catenella 3 A @%\éﬁ%‘“%%ttﬁizb ﬁﬁ%ﬁiiﬁvfﬂ M5 6 i ATREE & g
ARV NIRIERIR I 2% CHREFFTREIZ 72 D DIT BT 1 BRI ORI T3
ERREIC /D Z L &R LT, — ol _EEZK }—“C i A. tamarense 2MEZKiEI O —HEHIZ
%E‘é?‘é@ 2R L, A catenella TIFEZFN OEFEZ HINIAT L B ATZIROWHIFIZIN T
FBAEPHER SN TS (A, 2006) , F7-, Ishikawaetal. (2014) |Z PETchamber (Ishikawa
et al, 2007) ZHWTHIRICIIT D A catenella F8HEDRIGFE L2548 L7-fER, BT A
RO DFFEMEER L TV D, KIRIBIZIBWTIE A catenella 1% 2003 FFEIZAR & L CHERR
SHTZLIRRY, KERZRBEICITE » T, T725, 2003 4E121% A catenella (2380
TEVWVEETY A MBERR SV FTREMEIZ S 523, MRerIlc Az U D 363EIC L D 246 ©
T EDOBENEN 72 o 72726 A, catenella D3 A MEEE IR L~ UIZIGR L 7= EHERI S 4
%o 2016 AEIZFHBUVTIT A, tamarense D7 /L— L #&E%, A, catenella 235k 285 cells mL™!
TR LUV CTHSE L7- (Fig.2-42) . DI & 7132016 4E0 A, catenella > A MEIEOHEN
’Eﬁiﬂbt EEBZ DI, EHIT 2016 FITIT D MR O RHEFHRE D434 &
NoARZ LES S % &, Wl & & RSO HEL L > 2 S o4 I3 3E LTz (Fig.
}%) Thbb, FHIGAMNDATHREMAOHBLE © A NAAICiXEm O BRI Z R
TZEBHLMNE ST,
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Fig. 2-41. Changes of annual maximum cell density of A. tamarense (upper) and A. catenella (lower)
in Osaka Bay from 1994 to 2016.
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Fig. 2-42. Temporal changes in maximum cell density of A. tamarense and A. catenella in 2016 in
Osaka Bay. Horisontal line indicates alart density of A.tamarense (10 cells mL™), and dotted
line indicates alart density of A. catenella (500 cells mL") in Osaka Bay.
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Fig. 2-43. Distribution and abundance of Alexandrium tamarense (left) and A. catenella (right)
vegetative cells (upper) and resting cysts (lower) in Osaka Bay in October 2016.

FESHE REIORAE L ANEOIEIE
e

2007 G KPR FERHEI O JAV VEPH T Alexandrium tamarense D K HIAE 72 HESE S 7
DA, IRFOUPETIIARTRIZ X 27RO TR S Nz, Z O L R 2[R U< LT,
TEENIZRB NV TEE SN T TERANMESOFRIRD 5T XA A TEIEMER STz, A
DS LIE TR ONWTE, 7T USRI KU A A Perna viridis Linnaeus (Li et al.,
2002) , 7 A YU HA %% HA Argopecten irradians concenricus Say (Yan et al., 2003) 25 C=
NEBRIZ L DBBEOWMENHDH OO, BIGHHEG OWEITR, £ TARHETIE, K
FEARPT AR O & 5% OJRlE L OEBEXIRICE T 27280, ARIOIRHOFR AR
CIEMEE LD DT,

L& JFiE

TETARNIZBWTRREINCE =2 U 7 %47 > T 5 [E LA TE) | BT b,
IR HER S A= 4 A 18 HOWE MG (Fig. 2-44A, Stn. 1) 2B 550Kk (EE) 25l
B TRER L TH D WA AT o7, F72, 4 A 26 BICIEARBRIBACHER AL E
T LY ETAEE (Fig. 2-44A, Stn. 1) DIRFEL ) GIRIHEHRAFTFE O, 4 H 26, 27 B
FTVR29-30 HIZHT T, BIAEEIZIWTRE AR & IREREOMRR, B LOREKICE
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\F DK RIR DG AT o T2, TN OV 70 L BIREOY 7 O TSR D
#2220 %, Nagaiand Itakura (2012) 23B8%8 L7= LAMP {E&fi L, LDy FRIEZIT -7,
4 A 27 BIZIE, Mo mAEE (Fig.2-44A, St (2B CHREIZEAE L EOBIRN H
D, #4428 AT, PHERE L FEROXISEIT o7, £0% S5 A 2 BIZKBRIBHER
DA KE LT, MK ORI & BB OMERZ FEITVY, 5 H 3 H UM & B & B
V) FAE A S LT

Fig. 2-44. Location of the sampling stations and observation sites in Osaka Bay. A: stations observed
by reserch vessel (closed circles) and observation sites along the coast (open circles). B:
sampling sites of bivalves; Manila clam (closed circles), Arc Shell and Japanese Cockle (open

circle), Brackish water clam (star) (modified from Yamamoto et al., 2009a)

(EES
Alexandrium tamarense |2 & 2 ZREIDFAIRIL
Alexandrium tamarense ZRI2 MERS S A7 & BAF, B LB EED IC X D HEERA
H% Fig. 2-45 (T LTz, AREDHER S 20X, WIAW () , SHE#EEN O)
K (©) , EaifdEnN () , RKEDLOEI (o) , FREREN ) , FMHIE#E
(g) , REFRS =S —8 (), HEEEN ), EATEE §) & KRBRIEHEERF
DIRVEPICRB LA, Z0o b, @INTAR, SRR, ERmiadksn, miagk
WNCIEERK, *ﬁfﬁ%ﬁﬁo TGS, BARG U <132 AlRE S HEE U 72 BEARDNERITEK L Cs
D, EHREBEEICBWT IR MER SN, S 51, @Ot 7 & U EREO Y
TIUZOWT LAMP B fi L7z & 2 A, M Z 757213 A& T A tamarense 77 A ~—
IO LT Z 22k, 26O CTHIGE L 7-01% A tamarense TH D &\ ) FERE:
bz,
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I [ I | I
135°E 135°20'E

Fig. 2-45. Coastal sites with A. tamarense bloom observed in 2007 and approximate dates of bloom.
a: Yodo River, b: Sakai-Dejima, c: Hamadera, d: Takaishi, e: Izumiotsu to Sukematsu, f:
Kishiwada Port, g: Old Kishiwada Fishing Port, h: [zumisano, i: Tajiri, j: Fuke (modified from
Yamamoto et al. 2009a).

Fig. 2-46. Pictures of the red tides observed at Sakai-Dejima Fishing Port.

PRI & U CHIDICHERR S AT DI B R BECALE S 23 Il AN (Fig. 2-45-a) T, @)1l
I RIZIBWTE=X Y 7 %2175 TV D ETASEAETE) [N NFEET G 4 A 18 HOHR
WPRAERBHRE L TRERD T, 20L& X OMIERE TR 1.29X10% cells mL! EiEEIK
B2 CHER S 7= Tl a2 R LT 2, ZORKICOWTCRE L3tz 7728 2 5,
1.40X10*cells mL! & NZIEFEROMETIH > 72, D% OE  HANFHFT O OFHIZ L 5D
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&, TENNOTIRENIEH THCIHIR LT D L THo T2,

PR (Fig. 2-45-b,Fig. 2-46) 0 LAREIEDORENRH-72DI% 4 H 26 H Th-o7-
2, 4 A 27 HOBHEREIZE T M E B HEIC LD &, W0 10 BREREFTD DG
LCWelWnd Zenb, BAERZEIAONEIZZFRIO 4 A 18 HEHEELZ, =
DU TRAE 21T > Ttk & [FER, PN OABR 1132 PASEM:O @ HE T 5 23,
PEJRDIR < LAREIDNELS 720, WAZEHEHLS 72D LD L THoTz, 4 A 26 BIZ T8
BT HERN OHIFREE S 3.77 X 10 cells mL!, DAY LHNIALE T 5 7-3 KN HIC
440X 10%cellsmL™t & AV HHIRPENIZ LT 7oz, i< 4 H 29 HvD 30 BT
TAT 2 T TIL 7.27 X 10* cells mL™ & AR D femfE A 7id L7z, 20, 5 H3 H
L) & B LIRS 22 0 ®, 7 BITIZIRIZHEBE LT,

IEFKES (Fig 2-45-¢) Ofaifapk (Fig 2-45-d) , BIOURKE LB (Fig. 2-45-
e) , FMMIEH (Fig. 2-45-g) , RMEFAMa - — b (Fig.2-45-h) ([ZoW i, 4 A
29-30 HOBRHTHEIEEEC I T 2T~ 9 WFE TR OB A Z R LT, S OIEA
HEHIZOWTIE S A 2 HOKEFAEIZIS WO T ORI S 72, 20D ORIz T
X, BAERHIIARHTH D,

FERNHEREE (Fig. 2-45-f) TidL5 A 2 BICKERRE 21T 72BNl 2 Lz, Zok
X ORI A TITHI 3 HANZE G LIKRBBIE SNz E VWD Z D, 4 H 29 HE%
AHEHEE LT, 5 H 2 BIZBIT 2FREKOBELTIL A tamarense OREH T 2.93 X 10°
cellsmL' TH-o7-,

HLfask (Fig. 2-45-) (281725 4 H 28 HOBEEV A TIL, 25 B FLATED
JE D NE A LED, 26727 BIZHT TEENRS 720, 27 HENCHEENBAE L&V ),
28 HIZIHEHE L 7B OFER T, femfilas X 1.43X10% cells mL! ThH o7, DA,
5 A 2 HOFRERHCIIAREIEIER L Tz,

FAUBOEE APk (Fig.2-454) TlX5 A 2 HOBZ R FHEICRBWT, Mk L Fkk
3 HEMEIZIRH CH -T2 E WO ERNELNT-Z EDIRMOIAEIL 4 H 20 BHEHEEL
72

ANEOERR

RIS & [RIRFRIFTAONS, 3259 £ 72138850 U 7= KRN FE DR ~DEESe, RIKMA
MEADOHFEITEY, SEANFHOBEICEN MR ST (Fig.2-47) , Table 2-2 (ZBEEH TR
NIz R LT, ARSEF MRS S 7= O3MA%E 12 8, HBJH 2 # (£ X4 = Eriocheir
japonicusde Haan & 7 v 7R 7 = £ Alpheu lobidens de Haan) , BE/&%8 1 ff (~ 4 =2 Octopus
vulgaris Cuvier) , —fH 1 fE (LT YFA U A1) ThHotz, TOfh, AXF Lateolabrax
japonicus Cuvier HEFASCIEHEED I o= ¥R EKIE THDL S LUK T D & Vo T2 BEAT
MBS ST,

LEMATIE, BEIREIC X 2988551077\ v~ T Seriola quinqueradiata Temminck &
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Schlegel, 712735 Seriola dumerili Risso 5 JX T8~ 7 ¥ Pseudocaranx dentex Bloch &
Schneider 72 K23 EbigI 2 < A5 L T2 —5C, A 2 %A Oplegnathus fasciatus Temminck
& Schlegel, ~ %1 Pagrus major Temminck & Schlegel, 7 = 41 Acanthopagrus schlegeli
Bleeker 35 1 OV 7= Conger myriaster Brevoort 72 73 Z 31 5 (2 HE37 - THESE T DAY
Aoz, EBIT, vF a TREENPKRE S, MOBNMFETEENALNLRWEGAE T
N F ADBBEIES D & D R R BIG 3 - b,

N B

Fig. 2-47. Pictures of aquatic animals killed by the bloom of Alexandrium tamarense at Sakai-
Dejima Fishing Port. a: Mussel, b Japanese Mitten Crab, c¢: Gobioid.

Table 2-2. Species list of aquatic animals killed by the bloom of A. tamarense in 2007 (modified
from Yamamoto et al., 2009a).

Class Scientific name Japanese name
Osteichthyes Pagrus major Madai
Oplegnathus fasciatus Ishidai
Conger myriaster Maanago
Sebastiscus marmoratus Kasago
Lateolabrax_ japonicus Suzuki
Suzuki (juvenile)
Acanthopagrus schlegeli Kurodai
Ditrema temmincki Umitanago
Seriola dumerili Kanpachi
Pseudocaranx dentex Shimaaiji
Seriola quinqueradiata Buri (Hamachi)
Omobranchus fasciolatoceps Tosaka—ginpo
Acanthogobius flavimanus Mahaze (juvenile)
Crustacea Eriocheir japonicus Mokuzugani
Alpheus lobidens Iso—teppouebi
Cephalopoda Octopus vulgaris Madako
Bivalvia Crassostrea gigas Magaki
Mytilus galloprovincialis Murasakiigai
Xenostrobus securis Kouroen—kawahibari
Petricola cf./ithophaga Usukara—shiotugai
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EE

Alexandrium tamarense 237 & L CHfgas S 47201, Baatm & (2B 09 % Hi pAgH
PEDOEVNBEHENTH Y, ERFHENF 2 72OV BT 7o CIIaR O FE IR S e
3o 72, IR B CIRERA BB L T (Fig. 2-48) , SR BB CrImEEss
RS LARANEL 720, HESL#< b LOMEBRVFERLHD Z LR EnD, BT
Mk L 0 S SIS KSR O STE T ORO JWEIRIC N, [RBRIT L 2HEBER 3R
HIOTERUTRE AHNTWZ LHERIS LD, RIS ZRIICH D L, £9°4 H 18 H
BB A CHREIMN R AE L, ZOMOHSE TIZZEN IV D LB THRELZZ E3bn
% (Fig.2-45) , FREIDSHERR SV M O U O3 A LT-ATREME B BT TX 2208, K
BRIV DS IINF a T T35 2 L 25 2 D SIBHECRA LR 4 HRE Tlaiith
ICEDIERL, MHENTE SIS L2 2 EBR R END, 512, FRBOMERRITHEE
BEDJRNNFEPHIZ A TND Z 2D, R TE 2> TOIEHRIZ IV CH IR N HEL L
TV RTREMIEE W &b D,

48], A tamarense DRIFIFE AR A FHDOBEIEN WD ThER Sz, ZiHvE THRIAHEIC
%L %< O#EE G 2 T X 7= Chattonella antiqua (Hada) Ono, Chattonella marina
(Subrahmanyan) Y. Hara & Chihara 33 JX X Karenia mikimotoi Miyake & Kominami 72 & Cld/~
~ T, T U RTE DN E N L QW= & 20 EE RN EROA VA A
VHABIOI 0 XA EREEIE LT T, 830 E SNDU~T UNRIRINE < AR L
TWEZ EDNAREIC L DEDORIE L TET oD, 70, v I TRICHENRE <,
MDBNFETEIEN A LW E THO~ X aDHBEICT 5 L\ o TBIRDGRD BTz,
A. tamarense IR ZTEZAT 5 Z E BERNENTH D720, BIFEICHEL H 2 7256
B2 RS- 570, LavL, FED Alexandrium catenella | X EIF IR T~ F & Z A
% WAL XT3 & St (Ogata and Kodama, 1986) , > 7 U £ Haliotis (Nordotis) discus
hannai Ino OITENZEZ 5.2 (oKD, 2001) , BEZEEIELZ LnHMbATND

(atll, FMB) o Fiz, EHFEF VO T 4 G0 RIZBWTERIEOY 7 2 KESE S 7= & D
WELHD (Craza, 2016) . SRS EAZ B S 2K & L TiX Chattoenlla J&72 &0
K OICEREA A—T %525 1 OO, Gonyaulax polygramma Stain @ X 5 (Z &M EESE %
HE L, AMBICLVAEEZIGESED 00D D, 40l WEN RSN Bk
CREFIEEEICRB O T, SRAIT =T L—ra BB L TEY, 4 A 29 B 30
HAZHN T TR B CIT > T BB IO T O, RN+l h o722 & D3k
SNTNDLZ b (IUARKE) , AFEICLDBEOREM TRV EEB X bz, K
FEIZ X DM FHOBEREE DRI OW IR Z A TH V, A% e L~k
FERIRIZONT ORI 2 LEN D D,
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Fig. 2-48. Fluctuations of wind velocity components in Osaka City from April 8 to May 8 in 2007.
Horizontal arrows at the top show the growth period of A. tamarense (modified from
Yamamoto et al., 2009a).
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FIE )RS I81F B Alexandrium tamarense (D34

2 EIZBWT, KBRBIZKIT 2 Alexandrium tamarense O BL & B PE[EIRRZe#AL
HOMFE CEICHER IS 2 & &R Uiz, 2007 FRFTER COMIIIN L, KBEHR
ZHRAT H3E) OGS C b AREIKABIC E THIR L7 (LIRS, 2010 ; (LIRS, 2011)
FENFIROBIR T, ITFEv~ MV INLE L TIESNTEY, ooy T
HLEFEME LTT 70 MEZ HIEL TWD, L L, 2007 FEOARFEIC K D RIFE AR,
TENEIR O~ b2 BN T HHHNEZ K& < _RR 2 BRENE R OEMEI ML S
7= (IUARD, 2010) . EHIZ, ZOHROBFHI LY e COBRENRE b LT
BY CREME) , FARICET 2R EBFORAEDNREICE 2 BN S <720y,
AFEETIE, KPGBIZBT DIRAIRD—>TH D Z & DVRER SN 518 B CoA
FROHTEME 2B BN L, KEBHETEZ ) T DT RITOW TR LT,

W1E RPN RIT% Alexandrium tamarense D5 & BREEER
E

2007 FEFEZRZ, KIS THID T Alexandrium tamarense |2 & 2RO T AN R S iz,
7] CARIZTE) B Z 3N T b AR SRR S 4, AT SN v~ oo In
R H B X 0 BlE A EEl-> T b Lz (LA S, 2009a) , ARETIE, 2007 4FHZFRIC
FRIFEAE U= B4ED 2008 4E, 2009 4R8I 235V T A, tamarense SR HIER
R, BIOBREHEE OFEZITH & & HIT, 2009 4% ELISA JEIZ X 2t HEOE
=X 7 FE i U, ) B30T 5 AL tamarense O HERIFOBRBIZEN, A
T KDL Y~ b2V R OB EOHEBIC O TR IR A RS T 5.,

BREE T

F7 A

PRSI 2008 453 H-5 A, HBXTN2009 422 A-5 Al To7z, @) IEWHED 4 &Rk &
OVREERD 1 E AU T 1 [BIOSEE T A, tamarense MDY 7" ) 7 &4TH &
EHITEREHEAZHE L7, S 1226 413> T, ZaEIKE4,4,2.5,3 m DFE
RTHY, WEBOEM (Stn. A) OKEITK 10m Th-o7= (Fig. 3-1) . A tamarense 5
FHROY 7Y 7 LEREEE ORIE, TE)IEEIK T, WO GEIIKEE) T
4 OO (TN BENEIUSIERRE, 1WEIKRE, +=KiE, WG 26, 1hEHOER
TR Ti 30y oIUE LT, FERICBWTERERE (-03m) 27 E2iX
1L OAUFEREARS T, JEE (K758 05m £T) 76 1L OdWFEREKERZ2 VT
KUT=, g EEREOKIRE, BHEHCREWTRIREERTRIEL, IOV TIImse=E
IZFFBIR D 557 (Digi-auto Model 3-G, B FRSHE) CTHIE L7z, #7K 300-750mL 1 A
tamarense <A AZ, HAW20 um D7 T2 7 by BT 10 mL £ Tl L7-H%EH
WZEEL, EMEY 1 mL R OMBEEZ BEMEE N CaE L7z, aUEtO—ERIX calcofluor white
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M2R |2 & Zaetieta s T A tamarense SREAINEOEAR A YA L, TEFLIRK (apical pore
plate) DOFZHEFS L OWEE (ventral pore) DAFFEDOAMETHRIZHIE L7 (FH, 2000) , 2008
FERATIE, ERRomBITA, SRFEEIREE L A tamarense LSO 77 > 7 kv D
R HIE LT, 3EE GF/C 7 4 V¥ —TAil L, %M (NO-N, NO-N, NH4+N,
PO4+P, SiOx-Si) %, A — 77 A% — (swAAt, BLTEC) %\ TH#r L7, okl
7T NREIZOWT D, 10% 7V NVT VT RTREEL, S TUWLRngEK
ImL Z#HWTBHMEE F Tt L7, BHOBEKET —ZI1XK%/T (http/
hitp://www.jma.go.jp/jma/index.html) 726 AF U7z, ] OHED D OPRHET — & 365 LU
T—21%, ELREENLELNTZLOTHD, P T — & & iAo
(ZAZE LTV 5 Stn. 2 TOWAERE (1,186 m?) 7»HEtk L7,

d

~ i Sea of Japan
/F,/ Hon = ‘
R
#53)
Set}mland Sea
Weir
Stn. 4
Stn.
Nagara Br.
Sj1 Juso Br.
Stn.2__~ <
A Stn. 1 Yodogawa Br.
Denpo Br.
odo Rive
5km
L 1 1 | 1 J
[

Fig. 3-1. Location of the sampling stations of water (Stns 1 to 4, Stn A) and the Brackish water clam
(Stn. Sj1). Inset map shows the location in Osaka Bay at the eastern end of the Seto Inland Sea
(modified from Yamamoto et al., 2013).

~ 7 ZAFRERE L OVELISA 1R X 2 BB B EO 24T

2009 43 H 30 Ho 5 5 H 19 HET, A & OHEORIINALET 2 Stn Sjl T, BREME
H7# (Paralytic Shellfish Poison: PSP) Z3H7 D72, ¥~ k¥ 2 AfFEINE L= (Fig.3-1) .
<AL FT A AOAC HHHTFIE (Horwits, 2000) (21t~ T, 0.1 M HCI FCHIRIAES
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BREVR— MR L, pH % 2.5-4.0 [ZFRFE L7=t%, 5 0M#E# L, 3,000g T 10 4y
SEELT-, oA~ v ARBRIER L, 5o/ HEE S 512 15,000rpm T 5 43
Mz 0 BE L7z B %, ELISA (BERoafgillEys) vEICHE L7z, AMFSETHV /2 PSP-ELISA
WL, KRBTSR AERIZEHT (Kawatsu etal,, 2002) 12X - TS Sz, GTX Hifk T
7k < #1172 Reacti-Bind Streptavidin =2—7 ¢ > 7 7°L— K % Tween-PBS Tyti4 L, Tween-PBS
T 2% 2R L7z 50 uL ORI F 72 1XAmR o “ M R 2 % 7 = WIZEiINL 7=, PSP
PEEER L, (M) BAR S ONTE 2 — GRR, BA) O AT Uiz, IRUWC, BRIk deSTX
IR S0 WL 2Nz, ©AF % GT-13 HuiR 50 uL 23RN L7, &7 = /VERA L, FEii
T30 01 > F2— kL7, D%k, 7'L— FZFO Tween-PBS T4 L, 100 uL @
IV X —BROIHE HK T 2 UZIRIIL, T =0 ARA NV CHESTELL, =
IR T 10 3 A o F 2— h Lz, IS, Bl (S0uL, 2M) Zilx ChunZz ek 4
7o KT 2 VOWSE R~ A 7 17 L— k) —4&— (GE Healthcare UK Ltd.) {2 Y 450 nm
THIEL, PSPIREEZ R L7z, 6 FEMEREE (0-1,440nM) ZHWTHREMAZTERR LT, #
IERHBROVEZEREPAIE, @FHAES 1g 721 0-1,000 nmol GTX OFIPHTH Y, HHEIEEE
HET LI L,

Alexandrium.tamarense iR B & BREREEA|

2008 4E33 L TR 2009 2D H R K&, 1] OB S Dok E:, Stn. 3 123817 % A. tamarense ™
HIIREE FE OHERS % Fig. 3-2 1 L=, BE/KEIE, 2008 42132009 10 £<, K4 AB X
W5 AIZE o7z, [ OHEN D ORUKER JOWmrtdElE, Bhakke & EoMERSH -
7o 2008 43 H FANCIE, BEKEDNIEFIZ D720 T DIZI DHED b D BOK &N D725 72
n, 3 HTFAE 4 HOREH S Clathauk &3 i Th o7z, *HHRIIZ, 2009 403 3
H RIS 4 H FRIZONT T, BKEEBOKEITIEF D72 o7, 10D OfukEN D
7275722008 4F 3 A BRI HAIRB L TN2009 4E 4 A BRI 5 A BRSNS T, Stn. 3
DRAHIL ORI TR, 3 H, 4 H, 5 HOHEN S ONHHUKENE, 2008 4(21%
ZHEN 131, 212, 148m’s?, 2009 41T 156, 20, 53mPs’ TV, 20094E04 AL 5 H
DOFUKEIT 2008 4E L 0 &/ 0727 o 72, Stn2 QW P4, 2008 4£1X3 A, 4 A, 5 A
IZFENEILLL, 18, 12ems! TH Y, 2009 4L 13, 1.7, 4.5ecmS! Th-o72, 2008 43 H
A), 2009 44 H EANCIE, HENSOHBUKBNIEE A LR oT272, Wikbitidlx 0.3, 0.6
cms! Tho7- (Fig.3-3) .
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Fig. 3-2. Temporal changes in daily precipitation (mm) (upper), daily outflow rate from the weir (10°
m?) and A. tamarense cell densities (cells L) (open circle) at Stn. 3 (lower) in 2008 and 2009.
Horizontal arrows at the top show the growth period of A. tamarense (modified from

Yamamoto et al., 2013).

- 2] 7 2008
3 0 : 2009
= g |
L =
[T
£$

> 0 72
® 250 -
=]
® 200 | ]

P

[ 150

57

%.E, 100 -

E 50

-3 0 .

o 8]

%) 1

5 J

s ¢

n M

A

o Q 1

A l_%

5 .

2 JIwm |
Mar Apr May

Fig. 3-3. Differences in average flow velocity (cm s™) (upper), average discharge flow (m® s™!) from
the weir (middle), average residence time (day) between 2008 and 2009.

65



2008 A& 2009 H-DAE MDORBIZ T DKIE LM ORREA L% Fig. 3-4 (TR LTZ,
2008 FED/KIRIE, T HHE O DOFUK D IginoT-Z &, 3 A BAsHaIc2iz B
U, BUKENEMT 5 4 A EAE TR I3 CTER LZ, £0%, 4 Ahns 5 Adh
WZNTFTT20 CETHRAIZER Lz, 2008 4= & AYIZ 2009 4200 3 H O/KIRIZ, KUK
NS T-Z &5 2008 H= L VAR 7208, 4 AFRANZix 19 Clz EJ- L7, #Eo13hok
B EWHBEORRETRL, 0005 25 FTRELSEE Lz, W)INOBRESRME, HokED
FD T O 7RI I T, TH & RIERDBREEIZ 2 > 72, 2008 42121%, 3 A FA)6 3 A
HFANZINT T, BUKED Do T2 2 EMBIESM 15 Ll bd o723, HukESHEMm L7z 3
HTAEICIZT R TOERTO /-T2, 2009 071, 2 A EAICIFHOKE D 7o
7T, FERINZ o 7273, 2 AHE)-3 H AN HOKEOHEIN & & HI25 Kiili & 7r o7z,
D%, 3 H FICHOBOKEND R 725 L LI 152512 ER- LT,

— 2008 2009

Temp.(°C)

Salinity

—®— Stn. 4 ---0--- Stn. 1
—O0— Stn.3 —%— Stn. A

"--@- Stn. 2

Fig. 3-4. Temporal changes in surface water temperature and salinity at five stations in 2008 and
2009. Horizontal arrows at the top show the growth period of A. tamarense (modified from
Yamamoto et al., 2013).

2008 EDOFTE RIS DR B OREFE L% Fig. 3-5 (I Uiz, W) ORI Re s 5

(NO3 -N+NO2-N+NH4-N=DIN) (%, 3 H EficERE, EEL bEm<Rony, 3 Ah)
(213, DIN (3 b FIRIAET 5 Stnd OREZ RO TEKEIZE TR T L7, 3 A T
55 A NAJO DIN 13>50 M & @iRETh o7, WAFHElE# D > (DIP) |%, DIN &[F U
A 2R L, 3 PRSI 0.1 pM IS L, SiO2 1, FREBHMAEZITI A 3
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EM (Stns.1,2,3) DOFRETIHLEE (0.8-6.1uM) ThH-o722%, K EFD Stn. 4 TILEEN
R Th-o7 B AFATK 10uM) . 3 H NG 5 HHRAENZHE, SiOxSi iE Biftd 2 &
M (Stns. 3 BELON4) 0GR L OVEET>50uM & HHERE TH 7228, FiKD 2 &
AL (Stns. 1 BXUN2) TIE, EEBIZBWTEH EROK 50% DIETH - T,
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Fig. 3-5. Temporal changes in dissolved inorganic nutrients (DIN; PO4-P; Si02-Si) in the surface
(upper) and bottom (lower) water at five stations in 2008. Horizontal arrows show the growth
period of A. tamarense (modified from Yamamoto et al., 2013).

ALexandrium. tamarense HERBEDHER

2008 FE35 K OV 2009 FEDOTESUIZIBIT D A tamarense DS D28 L% Fig. 3-6 I
LTz, 2008 4EI21E 3 H FANCT R CTOE M CREMENBIZER SN, 4 A ETlais
AR O Stn. A, BEOVFHED Stn.l IBE N2 ODADORERE 72> 7=, A E O i miE

(> 10 cells L) 1% 3 AHANC FIOE R CHER S AL, TIHb DR8I R B CIFAE
LTy, 5 APAICIET R TOER THER SN2 2o T,

2009 =1 2008 4 & 1TAIRAGIC, 3 A Fh-4 A BRAIE CIREECHRE L, KEDOESF L &
HIZHJIND Stns. 2 & 4 TEVVEE (910,000 cells L) (2 L7z, —J, #WH (Stn. A)
BXOWJINTRD FRICAET S Sn. 1 T, 2 HIZKL~UL (<10%cells L) CTHER S
Neboo, 5 HETIFIRILHEL L2 - 7oy, RnEEThoT,
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Fig. 3-6. Temporal changes in cell density (cells L) of A. tamarense in the surface and bottom waters

at five stations in 2008 and 2009 (modified from Yamamoto et al., 2013).

toOfE 77 > 7 b v DOHBREDZELL

ERBE, JREEESEE (A tamarense LISV 38 KU 2008 FEOAE RIZIS 1T 2 18 HREDHIfE
FE DAL % Figs. 3-7 (R L7c. EEREORMIZEE X 3 A E cm<, 3 A TaND
4 H BRI T L, 4 HPAIcBEOsIn L7z (K 10° /e cells mL™) . J##EE#ED
MRS FEVE 3 H H AR 10* cells mL! & &<, 3 HH NG 4 H BT TRBIZED
L, HEH (]9 102 e mL") @ 110 AR O &L 7x o7, 3 ACI3EEEROE S I
? Thalassioraspp., Skeletonemaspp., Chaetocerosspp. T ->7=—75, 4 HLIBGROEERROME S
FEIXHKPED Fragilariaspp. & Asterionella Formosa Hassall & 72->7-, 3 H FHOHfE#R D~
JL— L ZBWTHE S LT =D if#iE#2 > Prorocentrum minimum (Pavillard) J.Schiller 35
& OY Heterocapsa triquetra (Ehrenberg) Stein CTd> - 72,
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Fig. 3-7. Temporal changes in cell density (cells L) of phytoplankton in surface water at four

stations in 2008. Upper and lower left: total number of diatoms and flagellates, respectively.

Upper and lower right: cell density of dominant diatoms and dinoflagellates, respectively.

Horizontal arrow shows growth period of A. tamarense (modified from Yamamoto et al.,

2013).
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Fig. 3-8. Temporal changes in maximum cell density (cells L) of A. tamarense in the river, i.c.
maximum of 4 stations (Stns. 1 to 4), and PSP toxicity in the brackish water clam in 2009
(modified from Yamamoto et al., 2013).
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Alexandrium tamarense D¥EFE & ¥~ kI D PSP %t

2009 £EDTE) | JEGHHRIZ 31T 5 A, tamarense DfranfiilZE R L OV~ P2 O PSP #
PEORRIGZA L% Fig. 3-8 lIR LTz, ¥~ b T ORMEEIZIIT 2 PSP Ml (GTX-2+3
CEHIM) 1L, A tamarense 73 200 cells L' THA L7z 3 A 30 BIZHHT&B4A L, 200 nM
(GTX243) T o 7=, ZDF%, A.tamarense OHINMNILEVEZIRIZEEMEAHE L, A. tamarense @
BENRKNIZELZ4 A 20 HOK 1 EE#O 4 A 28 HIZIX 950 nM (GTX2 + 3) CHARH
BNEE 7p o724k, 2RI Lz, RV 7TV ERNEETH D~ 7 AERIZ L0 T
LR, 3 _XTCoV A~ ZARBOMBHEA QMU g) Rilicth-o7-,

EE
18 | BB 381T 5 A. tamarense D34 L BREEEER & ORR

TENN ORI OHE GEJKRHE) 1T 25 10km EFRICALE L TR Y, koS BEe i
(2B DAk & RO TZ DI KPR S LD KO ITE S TnWD, LEedi» T,
FAKIFHE NS OBOKE D BB ESND T2, BAKENDIROCEIFIZIE, TAHEN S TR
PWARMITEALL, T FE 7o okENR2NT g, XD FROWJINE R (Stns.1-
4) 135K 25 O ORI EE R, WK ENRZ WS, T OKIBIFHES2UEX 0
L7200, WINOFHEZ T~ X D127 5,

B BT 2009 4R L U % 2008 FEDTT %<, FHZ4 H &5 HICEWMHR CTh -7, 1TH
186 OFUKETS KO Stn. 2 123680 2 WrmdiellE, k&S EOMBERH Y, iy laon
FABAMN o 7=, 2008 FEIZIE, A tamarense DI Iy 23 E <, FFHED AL (0.3
cms!) THH723 AFIDIZEH b E <, B0 5 Kl BRI E -7 3 A FaND S
H TFAINZNT T, MIREEIIIERITIRLS 7o o 7e, *HHRAIZ, 2009 F-0HE) 6 OFUK &I 3
H 25 HAMAIZEIIZHD L, ZAUCTHE S RO T & 5 o 513 A tamarense @
B 728NN B LT LB 2 BTz,

A.tamarense DFFE % 7% &, 2008 413 KIEN 9-13°CTh 723 H¥IbD 5 3 H A,
2009 H1FAIED 13-19CTH o7 4 H Bhj-4 AP aICiER SNz, =B L OVAEBE
& HiffE S 37- A. tamarense FROOEFREBRTIL, /KIR 5-20°C THFHFIRETH v, EmiEEIL
FI1ISCTH D Z LavrEiz (Yamamoto etal., 1995; [LIAS « H94%, 1997) . [AIREID, Kk
BOWHSIZ 31T 2 HBLEHCIX 11-14°CTHFE L T /e (LA, 2004 5 (LS, 2009) o 3
705, Atamarense [ ZIAFIFHOIRE CTAEF T 25 Z L3 TE, /KA A tamarense D KR
72 VERE 2 S 5 BB R B TR W S HER S D,

A FEBRI TR\ T, MR SE 30-32 TH 7273, A tamarense 1E 10-35 DR MLy
FH CHHE CXx 5 & X3 TV 5 (Yamamoto et al., 1995; LA « #84Y, 1997) . AWfHEDA
= 7 #E I, A tamarense |3 LIE LITHE3 723 32.5 LU T OZKSE T i T db - 7 (Shimada
etal.2010) ., [AIERIZ, & D St.Lawrence )II{7] 11 ClX, Hiras 20-26 (Weiseetal., 2002)
%>, 24.5 (Fauchotetal., 2005) &AM D & SNTEEE ThH o7z 2 L3t STz, S 51,
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Prakash (1967) 3 19-20 DHi4> T X < ¥ D8k & 0B L7, 26 OHAIE, A tamarense
DHFEITHEL Y 26 A O HIAY 700 AME 3 2 4fde 2 & 22 LTS, ABFSETCIE, HioiE
FOKEDZWEEINIL 0 (10D, BUKBRWGEEICIERK 25 £ TiEA< ZbL, A
tamarense DFEEFEIT 2008 A2 13Xy 15-30 T, 2009 H121E 12-25 CTHER STz, — &1
2, BIGAAAS IS I THES 23 10 AN CIEsRBMIaIXIT & A S MBI, B8R0 %
KR AHBIRILE 705 TS, T72bh, 2310 ZEZ DRI E o722 &3, 0
XD FIOERT A tamarense O¥JEZ 5| Xl Z T HERER ThH o722 L 2R LT
Do
IKBEDZZEMENE, I EREORIRNC & > THRERER THH Z LB RE S TWD
(Therriault et al., 1985; Uchida etal., 1998) , 2008 421X, ok~ 7 b, FRcih
OIRHIEAEIE) Atamarense & [RIFFIZIEHE LTV =, Z OHARIII DHED B DO HoK AT 0
Lo TRY, KIBOLEENEL 72T kER, A tamarense 7217 C7 < T RN 21K
FNCHBE L 7= D EHE SN D, T2 bAKIROZZEMNE, [RKEEIT % A tamarense @
D=3, Dok L OMEHES (10-26) 12Nz CTEEARRFTHH Z LIVRIE S
5,

2008 4F21%, Atamarense OSSR SAL72 3 A FANE, Si0-Si B8 XN & POs-P D
TREEDS, BB ORI B\ TRIEBRFUEI UL VIE & 72 - Tz CEEFIEE 12N 0.4-
1.3 uM, 0.5-3uM (Paasche, 1973; Conway and Harrison, 1977; 843 - [LA, 1994 7285) ) —
77, DIN [FHIFRER & 72> TWeho 7z, 2009 FITIERFEZEDIHIE SH TR0,
2007 KBRS T TN TR & I L= & 2 A, RBEENRKZ L CWDIRIT, EERE
FELLEA L=, A tamarense 23R ZTERL L T2 (DIN<5uM, DIP<0.05uM) (L
AR5, 2009) , Itakura et al. (2002) [dJAEE TORRAN D EEEIN AR 2 1HE L7121 A
tamarense 23E55E9 5 & iiE L QN D, £72, Maine B CHER SN X O ZREEREOT Lo
RU—ZhROAEEME D 5 (Townsendetal., 2005) , 2008 (23S 2007 4L 0 HiE
M7, 2007 4E & F2 0, Hie b A tamarense OESFILFERFICE Z > Tz, 2D k9
(ZEEREXA & Atamarense 23 [RIFREENCHESE L7 Z & 238, A. tamarense DEE)Y 2007 X0 1
Wi o2 DO—o>Th 5 LHEAI SN,

A.tamarense D3 — FARE =2 L —T g v

2008 4E-D A. tamarense DSl Z R THLH &, KMl 3 A HAIZATOER Tl
RS, IRWTHOKEDEINT 5 & EROE RN BIHK Uiz, MRAYIZ 2009 F121%, HKE
ARRRLE 93] DA CBOSIICBIZL S 4, 1 OHED B O HOKENED LTI B O E A
THIREE I L=, 9725, 2009 45121, )N CHY%E L7- Atamarense D — R
R = b— g 3R B A L, HK< SO U T ERICEE) L7 rrRetEss
bHb, AL (2011) 1%, Alexandrium J&> A hANE BIBRIZ 040 L TR Y, W OfHTo
X0 FROESTEENGS L RAMENH D Z L E2WELTND, S 52 Alexandrium J&
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DA M, WHHEOE FIZHAAEL, BRI E o2 (LARS, 2011) . 24
HDYVARMNRZOKIBIZE T D — RRE 2 L—3 g OFE 22— R L5 alReM:
DIRIBR IS, AAROEWREINDFETITONIZREIC L D &, FRIRE 72O 0 TR
VA NEEHMGR Sz (Ichimietal,,2000) , L7235 7T, v~ RFHRE 2L —y 3 offt
WIRAZI 5 NMNCT A 2 L1, Atamarense 7L — ADOHIERERE 2 X 5 IZHRT A - | ZEHE
ThoHEBEZBND,

18 BRI 381F B A. tamarense DEZFE & —#cE D PSP 12 L A F(L

Y~ bV OARICHE L7213 3-10 (Tanaka, 1984) CTH 5, EFEREM 7 7 K
AXZDE I BREH T TIRIEAEBIEL 2, D720, ORI o Y~ ¥
D PSP IZ X AHIHE @MUg!) % ERIZECITIEFICENREFITH Y, 2007 FOiE/l|
BGIZ B 57~ F VI 0 Y, AARTHBNELL EOBMEZ MR LRy DFiEk T
HD (LUARD, 2009) , 2009 FEOFHA TIL PSP IZ L DV~ U ofbiE, ~ v A3k
IZ Ko TR S0 o 7273, ELISA ¥ Tld PSP OFFED e S 317-, 2008 A-121%, ELISA
BIZE D00 EITH> TRV, 4 A BG4 A FRICHT T o AR L 5 e+
=2V 7S EFERmSN, v~ Yol S o7, L, 2009 4R &
bl LT, A tamarense O FEOHE N BHERT 5 &, ~ U AR B Tl S 51Z & Tl
WHDD, —ELLDHBEDOEITH -7 EHEI SN D, ILAS (2009) 1%, ¥~ b
U TENT 2007 FEIZ PSP IZ L AR bR S, IcmmElL46MUg! Tho7oZ &
S LT 5, 2008 4F & 2009 421 2007 A= L b9 5 &, A tamarense OHESE & PSP
IZEDFHUIFRN LV Th ol EHEE SN D, T@ID X D 2l HEN & DR RO
JIITH, Y~ ho o8B0 TEL~UL (<2MUg") Tixd 523 PSP (2 L D Ef b ieas S
LTWD (B, 2010) , F7ebh, AFEOFREERNG, W AHEZ AT DI T,
MRS > CHRKIEE DB LT IR O3 10 LA E L7205 Z E R ®AUL, PSP 2L
% THEOFAL I Z D ATREMENR N H D Z L AT L O TH D,

fEam e LC, BICHEZ A9 D Otk ClE, 180 S OBuKEDOWD, Hoo B >
10) , BLOKIKOZED, A. tamarense OHIFE & F D% D A H D PSP 12 L AFLIZ
HApEELRERTHDH Z EDRHONI o7, LIe- T, KIROBOZE, 220N
THEHOBLENOIE, BoKESKERAEIZ) DD BT, ZO/KIED PSP IZX D —HKEHD
LA T2, NSO —ERBOHKEHRFT D Z ENEETH D,

28T BRIz B Alexandrium B A N D43AR
s

2007 SR, KIENDZ < DY C Alexandrium tamarense (2 & 2 7REINVBIZL S =D
W&, BEEIIALET A3E) 1 AN T IR HERR Sz (LA S, 2009a) , 001 JE6H]
WAZ BT AT R OFRAEFTHNL N E THREN L, EBIZZOHREE, EWNTIEEL
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TR Do T=Y~ bV THREEZ 135 202 k0l 5 B B 3 O BE MR S -
(LA S, 2009a) , HHEIZFW TIIBREMEREOE =42 U & 7RG TITHEL L TO D03,
FEGEIIE =42 U 7 ORI L 132> TE LT, P~ Y ITHOWNTHEXS
GHECII o T, JEINGIRIC RN Ty~ MU IR LEEFETHL ORI LT,
Wl UTERIRENA Z 0 N2 &, BOZEOmENG AR ET-T
HVENG 5,

2 CAIETIL, 1) 31T D ATEO BRI OMEIA, 72 b ONIA R OFREIR &
DHERICE T 5720, FKETITo723 2 MR L O 2 b OFEHFABR O
\ZOWTHET 5,

R R

FHATIE, 2007 4F 10 H 22 HEB L 02008 4F 10 A 8 HIZ KM ZEHFHRRA o/ N 4
R LT o 7=, 2007 AEOFHATIE, Fig.3-9 (IR L7129 E M (Stns. 1-9) BIOW VI
200 (S 1, Sj.2) I28WT, KK AFHREEE ORMRD, 1960) % W TEJEZEH
L7z, FERTIEREZ 13 AREL, £a70ORAND lem FEE TORE DL TRE
L, YA REHSAREBHCHE U7, 72721, Stn. 8 TIIAVE CERIBHISRZR ) o 7272 K& L
72o 2008 FEDOFHATIE, 2007 4F L [FERD 9 FEAL (Stns. 1-9) BTV I (S52) (I
BT, KK BAEREER, b LTy~ o 3 — 8L (BLIRHEFE 20 cm X 20 cm) %
FWERR&21T o 72, KK SXFIRERIRSECTIE 2007 45 L [FRE 1-3 RO a2 7 RKEHS 1 cm DIE
Z, T UN—UBJeRR CIIRBEIR A E < LR E Lz, B2 RERe 77 X
T I BERTAI, T E TIREK 10 ‘CORFATIZRAE LT,

ﬁ£. J?f

Yodo-gawa lasher

S:smﬁm

: Stn.9

Yodo River ' Hansi

\I\ L | 1 1 ]

Fig. 3-9. Location of the sampling stations in Yodo River. Stns. 1-9 and Sj 1, 2: cyst sampling
stations, Stn. A: plankton sampling station (modified from Yamamoto et al., 2011).
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VA FDFHK
VA N OFHKIL, Primuline (2 & 2 a0GG A & ST EOGBAEE & O o B A

(Yamaguchi et al.,, 1995) (Z& o7z, WIESg #7707 hory hTHDWTL, 20-
150um #4532 457-1%, ZAZNVT AT RCREE, A%/ —/LCHita L, Primuline %5& T
Qutt LTz, S DICARKTHS, 10mLIZERLZH D0 H 0.1 mL 247 H L CHOLBAR
BT CHIZ LTz, AIETYA LT- Alexandrium J&T A M B b (FEBHE) T Tk
DHEZHT % (Yamaguchi et al., 1995) . H#OEDSFO LT A D H H A tamarense &
A. catenella [ZFFEHI72TEIR TH 2 EAEHIEO VA ORI O TEHEEITV (LLF,
Alexandrium > 2 k&%), FEEHZOWT 3 B AR R L, FHE & =R 4
KTz, HBOHNTAEITEIRE S T2 Y OBE & 72 572 Kamiyama (1996) [ZHEV WED HLE
ZHIEL, HAAREHT-D DA & (cystscm™) ZRed7z,

A b DORFFER

2008 11 H 1 B2 12 A 1 IS TR 1T o 7o, #BRIZIEL 2007 4 10 H D4y
A TERIEL, 10 CTEOLLRAF L7250k, 5L 082008 4 10 AT Stn. 3 THAJE L725lk}
Z e, B AR A O TR E RRROLER 21TV, & A R &2 & Te 20-150 pm [H4)
13T, FEFEOHFEDRIBNNNZFEFREEFF OV A N OBE LA D70, k2 B
PINZATR LR A T o 70, 97205, 5075 2 A1EEK T 10mL (2 A AT >
L, PoEOSmL % 15mL F2—7 1B L2, GeO223 25% A ~7- MP1 £ (I -
B, 1993) THONI0mL IZA AT v 7Lz (I5mLtube X) , & 512 GeO2 AV MPI 5%
#5mL 2NN 72 6 X7 L— FZ 20-150 pm #5305 YD S5mL 2°5 1mL #SI L 72 EER X (6
well plate X)) , 3L GeO2 AV MP1 £5:11 0.9 mL %12 7= 48 737 L— KZ 0.1 mL @S0
L7=58RIX (48 wellplate [X) ZA{EKL7-, 2N H% 13 CITRE LA FaX—F—H
T12L:12D DG T TR L, ZOBMETISmL F=—7, 6 X L— |, 48 X7
— D 1 FHBRRICENFNER25g, 05g, 005g2mML=Z 8725, 15mL F=2—
TEONRTL— I ERIZOE 11X, 48 X7 L— MI1ERIIOX 16 XKEHE LT,
15SmL F=—71311 A21H, 2A1HD2[E, 6 X7L—hX11 H10H, 18 H, 20 H
D 3[E], 48 /X7 L— ~iE 11 A 20-21 BIZHEOH BEA R LT,

i S
18 |BIRIZ331F B Alexandrium 32 ks D53Ar

2007 4F 10 H @ Alexandrium > A M, BHETE 20 o7 St 8 ZBRS T XTOEMT
MR s N7z (Fig.3-10) . FEMITHIT DU A MOF(ERE (5 HEHERZS) 129.9+11.2
cysts cm™ (Stn.7) -178.9%512cystsem™ (Stn.3) O#EPHIZH 7z, A FOEENE S H
oI DI ADGK 3 km EROMRIERE L (Stn. 3) T, ZORE & Ml dH =5
Stn. 1(117.3 cysts cm™) @ 2 FEAT 100 cysts cm™ 22 TV 2, Stn. 3 6 _EJiiZmn 9 1
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W TU A FOFEEEITIRL 22 o727, e LR Stn. 9 T 65.616.2 cysts cm™® & FFOVE
BT MERR S T, S 35 (Sj2) TlE804+174cystsem™ &, T <Ur< D
EA (Stn.7, 9.9cystsem™) (ZEEA~EHEEE T4 LTV, 2008 4210 AW T, v &

NME 2007 F LA L TWZb O, F EFERO Stn. 9 ISNOT X TOERTRILE S,
B FIRERD Stn. 1, 2007 £ S S A F DB E N> 1= Stn.3 THEHIEWEE (212
A1 81.04220.0 cysts cm™, 50.8125.4 cysts cm™) THER S 4172, £72, Sj2 TiE 2008 FFiid
THCRD 102.6+22.2 cysts cm™ DL T A S AHER ST,

wet sediment

<NA o0 «1-10 @ 1050 .50-100 . >100

Fig. 3-10. Distributions of Alexandrium cysts in Yodo River. NA means not available (modified
from Yamamoto et al., 2011).

TEETED> B D Alexandrium 32 FEEIRRIR

BRIETE R o7 Stn. 8, B L OEART ¥ Il (Sj 1) LIS TR TOJE T A tamarense
DFEIEDHER ST (Table3-1) , 48 /X7 L— MIEBT HFIPRITIE, & Fiid St. 1,
e BT Stn. 9 T 16 KAFZFNEH 10 X, 11 K & A 2 2 FBRXK CHRIFENHEE S
Tofth, HhEE U Y (Sj2) TIX 14 K E 9 ERTS RHF L, —J7 CHIRIRO Stns. 3-6 T
1%, FEEIRIRDUTED o T, TR EER ORI TERD H 4T, Scripsiellaspp., Gonyaulax
verior Sournia MR IFENFRD HNT=DIHTH -T2, I HIZ, IREEFRAEND 1 %D 2008 4
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10 HIZEHR S 107z Stn. 3 DY 7 /UZEBW T A, tamarense DFEEHIL 48 W7 L— | 16 [X
H 3 X CHERR S AL, 2007 FEOFIMAIZIS T DFEERIRIL (16 (XH 2 X)) & [RIFREE OFERRDL
ThoT,

Table 3-1. Result of germination test for cysts carried out in 2008. G;
Germinated, NG; Not germinated, -; No deta

Number of samples with

Sampling germinated cysts Judgement
Date/Stn.  15mL 6-well 48-well
tube plate plate
(Isample) (1sample) (16samples)
Oct. 22 ] 1 0 10 G
2007 2 0 1 8 G
3 | 1 2 G
4 0 | 0 G
5 | 1 2 G
6 1 0 0 G
7 0 1 1 G
8 - - - -
9 1 1 11 G
Sy 1 0 0 0 NG
Sj 2 | 1 14 G
Oct. 8
2008 3 1 0 3 G

L5
TR NoAID DHERE S A TE) | IS O KRR H B

HHEIZIN T, A tamarense SREMIIENZS < HHBL L 72HHE Cld v A MEE G &< 72 518
m2&H25 (LA G, 1995; A5, 2007 ; [LAS, 20096 72 E) , AR THT T 7
N R A 2 3 OHEE TOIZETHFICAET D 1 ER (S A) OB TH-72Z &
5, (AR 2RO HBLRIUIARATH 20, [FARIZEB N TH T A R
AN O RBHNIDOHBURIAHEE T2 Z EDFARETH D L E X b,

Primuline Y412 X A EHETIL, 2007 FED S A M H 2D Bt oiE) | < £ T
HFERILCTHER SN2 Z &0 D 2007 AR I3E)  EHRAIRI o7 - CiliEbkifas 1Y
AL TV rTEEME S @V, F72, YA MI TR CEEEICHEIT 2235, ¥ IO b
FILHD C b LR iV THERS STz, AR D @ T LR T Tl ds 2 S D DEKIRFIC
103720 DRUKMNG Y, HHROEFNTE A N OBEENIEAE U= N 2 IEHEC R L
TWRWVDG LIV, 7 F 07 RUTREEIT 72 St A L0 R, HHEO v I
Bnlrill, f5e B e & CUEGHIREAS BV BB THIBL L TV RTREME DS m W EHERI S B,
—J5, VUL VA NOEBEHBIRNE/RH Z LiE, VAV ER EEE XV E
FTh D, 2008 F-D T A MA T HAMDE R T 2007 F b~ L Tz olzxf L,
VMG TN L QU e, — RIS CIRBRGEER & 0 a0 5 A3 Hisk | 3800 TRl
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WDREF23ERE Lo9 0, IBEORECIE, BEiila & ORfR E & i, TR & e
AT A MPRE L BT AHEAICONTHEE RSN TS (LA b, 1995;A)115, 2007
72E) T ehh, WEHKAIOHBLOZ L SIS L VT R MR LT
BEMELHD, Lo T, SRIIAKEOTNOEEICOW T LIRS 2 XERH A 9,

Cysts-cm=3wet
sediment

* NA » 0+0.1-09@ 1.04.9 . 5.0-9.9 .10.0-1 9.9 .>20_0

Fig. 3-11. Estimated distributions of Alexandrium cysts with germination ability in sediments of
Yodo River in 2007. NA means not available (modified from Yamamoto et al., 2011).

FEIERRE/R T R N DSAR

Alexandriumtamarense O > A NMINEMHIRIRBIR 2 A L, B3t A -z yssm b
9% (Itakura and Yamaguchi, 2001) ., ZREIZM#ERR S 72 2007 Bt 2 MZOWTHE,
& EDVFFIZIZR SN A N Th D EHERIS LD 2035, 2008 AN & iFGHIfE O H
BUIHERR ST Y (Yamamoto et al., 2013) , 2008 EDFEHI-DUVNTIE 2007 FFIZTERL S
AT A BT 2008 FEICTERR STV A REIA T2 OREGEND B2 LD, FIR
BRIZ 10 COA v FaX—F —NTEIRFE LT D%, 2007 FE0BHT- DU TIAREI D%
BN T A6 7 AL, 2008 HEHZ W TIIKI 6 » HZIAT 72 b D THD Z &b,
ARBREFIZIBUW T 2008 AEOFEIITERR SN2 A b bAFRIEIFRELES L QB X
bND, SRIOFEFHRBRICBN L, BAOT UMY (Sj1) 2FRE, SRIENFRETH-
72T RTCOERDEIRD BIEEDPHEER I Z & D, WEBGHR TR SN A R
FIFREZ D, WAFEEELIED seed population & 72V 1525 Z E BB/ -T2, RFIEFRT
I RPN AR 2 AR LR IRIRIN A 2D Z & C, FEIFEATHE/R T A M E DOFLE DFEE CHF
TETDHIHEET D Z & kAT, REBROMIIC LY, 15 mL F2—7 TRENHER S
7% 25g, 6 K7 L— K TlE05g, 48 X7 L— M TiE 1 RH7= D 0.05g DI_HIZ D72
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< &b Leyst LLEDFIFRREIR S A FDMFAEL TWe Z &3 D, S HIT48 R L— b
DOFIELT2HUT LY 0.05-0.8 g OFFH CHEENFIRE L 72D, Z D 3 BHEOETRERNS,
VR 1g \TAAET D ATREM: D N & D R FRE A ROV A M DIRKIEZHEE L, Fig. 3-11 (Z7@) 1)
koD 2007 FZIT DA A LT, FEFREA ROV A ORI 0o 2 A (Stos.
1,2) , BIOHHT VI (S52) & BIEHMOE R CHIEREWEE L 72> TE Y,
Primuline 4442 X W EHE L7 A FoospfifEm B L7e, 72721, FIFEBRCTHEE S
7oV A N ORI LE R R SV & bl LT 1-2 MRV MBI T, RRIZ Stns. 3, 4
TR VKWEEE T o 72, Primuline Y02 L 0 FHE ST & FEFBROFER ) B 5
FREFAM D & 4.0-475%E T2 o7205, WHBIZIT DIEIFROFFILE) % 5~ T8 T
1%, BRI RV B2 D100 1.3%-392% 5SSl (EH5, 2006) , ks
[FIFEEDRFREZAH LTS EHEZR S D,

EIE BRI AR ORA L, W OEMKIC X D TV — L]
s

2007 £E® Alexandrium tamarense (2 X 2 7R R S A 7=1E) |G 238\ T, 2011 &I
FHOARHEIC L AR RS-, AETIL, 2011 FEOFREIE AR [F/KIEE T T - 7281
FERAELT L & BT, ETRBE D REXRIE E LT T 7@ RIEIZ BT D Hokas A
tamarense DIEFFEIZ KIE LT 2B DWW T OGRS R A2 bR 5,

MELE HE

EHFAAIZ 2011 4E 1 A0S 6 AL, A 1 BIOEE TIT- 72, KIKmificiTE T 5
WAL, MO bR X% 10km BRI E S 7z AfEiolE) I KIE E CTIALET 5 4
DO (RIEKRME, 1@IKME, =K, B (20T, JWRAEKEEZ W TEE,
KD 2 JEOBAKEIT>To, S HICEREHEE & LT Fig. 3-12 (R L2 9 ERIZEBWT
compact-CTD (2 L 47K, M5y, #UEOREEIT->7,

EHEREZHISET A T4 AND 5 HIZOWTILE | [ ClREIE 21T 72, &
WAL 21T 572 4 SORG LB AUREEOKER 2 WV, £, BB D 2 @b Bk E T 72,
72721, 4 A 21 HIZOWTIE, EEREE»DOUFEIZ XD FFHAEN 30K M LT
HLOT, I FROIRIEREDHDT —X Th D, BREFAITEIK L7230k &2 B35 CREIRIE
JEFHZ X VKR ARE L@ 7e=IcR bIn 0, BEREE ORK 300 mL % 10 mL (6 L
72 1 mL " OMRE & EaE: N Catd Uiz, Z #7007 e RTHEE L7ZRKIE
Calcofluor white T¥&f%, (Fritzand Triemer, 1985) L 7-MIl@DSEARBZL 21TV, FH—TERDIE
FLOMEERIC L v FiA[RE LTz,

KR, HNTOWTIE, mEFHERHC, 7 VK LR EKEHIGC TRRIOK MR
FHCKIRZRIE Lo ERERICRBIRD, U ) A= — (BB REHRT 4 — b Model3-
G F721F Model-5) THAZHIE LTc, FKEEIREDOHHTIZIL, 400 CT 2 KRz
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L7zl T AT 7 A /3—7 4 )L % — (Whatman GF/C) Tl L7=AKIZHOWTA— T F 7
A #— (BLTEC fH# swAAt) ZHV, EFIEEREZERIRE (NOs-N, NO2-N, NHs-N : 72
B, NOs-N, NO-N, NHs-N Oz DIN & LCH D) , BAFREREREY 2 (DIP : POs-
P) , TA1FRE A FHIRE (Si0x-Si) 20 L1z, Z7uu > 4 v alBEix7 4 V2 — EoflitE
W% 90%7 & ko T 24 B L, Holm-Hansen 7%= (Holm-Hansen et al., 1965) (2 X V) &
JIERE (F—F—TF A AL TD700) THIE L7, 8HOBKES LUK &S
—&1%, KEYT (http:// http://www.jma.go.jp/jma/index.html) 7>5 AT L7z, ] DHE) S D
HET—21%, ErR@EEn»o AT L,

;z P

Yodo-gawa lasher

Stn.8
Stn.9

Tsukamoto

Stn.7
tn.6
tn.5

Ebie

Stn.2.
Stn.1
Yodo River ' Hansin Exp

\r\ | ! ! !

n.4

5km
]

Fig. 3-12. Location of the sampling stations in Yodo River conducted by chartered fishing boat once
a month. Stns. 1-9: stations for environmental factors. Stns. 3, 5, 7, 9: stations for sampling of
vegetative cells. Sampling of vegetative cells were also conducted from the bridge in other

weeks.

FER

TENEGPRD 4 SORGHI AT BoKEEHZ I 1T 55 L JEJE D A. tamarense Sl
FEDHER % Fig. 3-13 I~ L7z, A tamarense SRR AN ZHERR S 7= DiX, 2 H 3 HIC
B ERICAIE T 2 BB EEB L O LR S 2 HFHO+ = KIBOKE CTH 72, TD% 3
AIHEEETH-T22%, 4 A 7 O CRIIZEENEML, £ 10°-10°cells L
DFFECTHER STz, FAMIEETY, RE TSRS, mERE, =K, Eibg
DONEIZ, JERETIERME, + =K, BERE, ENREDIRIZES 7o Tz, FlEo
4 A 13 B3R, EE L b EWE &S REMIROBE N E <, MR TRz 5120E->
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TR I Lz, &5124 A 13 BIERETIE B0 216 (EWlg, +=Ki8) <
D Lizb oo, Tio 2/ GENIKE, [mERE T, EE IR & alk
KBTI, Zo 2B TIIEME, BRSO X Bir o= m a2 R Lz,

4 A 21 Hidd FIOBIERIBOADT—X Th DS, FE TR, JEE CHEIMER 27~
L7z, £0% 4 H 25 BIZITT N TOEROEE CREMIIIMR SN 2o Te—T77, &
JETIIERE LS BED L TWe b OO FROBAGELIO 3 ETHR S, 6 Tl
1T <ITHE» TR RS X m MBI 27~ L2, 5 H 2 BURRICOW L, #KE, BEs 3
RTOREN D OEK CHRAEMIAI IR S N2~ T, 728, 4 A 21 BFR&RIZE @SN
ZOFRIRIR E LT I3 BN D 15 BFE T350 t s OBREHUKEIT-722%, 21 HOFHAEIZZ

DOBOKETTH -7,
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Fig. 3-13 Temporal changes in cell density (cells L") of A. tamarense at each vegetative
cell sampling station in the river. Upper: Surface layer, lower: bottom layer. Arrow:
provisional discharge from Yodo-Gawa lasher by Ministry of Land, Infrastructure,
Transport and Tourism

[FEIAIRIZRB W Tl h mVWVEE TH-7-4 A 18 HD A tamarense &/l E 7 oo 7 ¢ )1
a 12 ORR% Fig. 3-14 12, 4 A 18 HB XV 19 HOFLLERCEIT 2K, Hioy, HtiE
FEDENEWTTHI % Figs. 3-15,16 (27~ L7-, A tamarense 2/l E 7 m 7 ¢ L a OBHRITIZ
FEFROBRZ R LTz, 4 A 18 FIFIE) IKIE HIRORE TraV W VvEDEREE 2R L7z, TE)IK
LY B3R < g LTV, mWaDtimEE 2R L7oKEOKIE, HEaIEE 2k
17 °C, 20 Tholz, o DHARNBIE 25 U EOEESKITERE LY, WA 68 6 km
S ETRALTWE, —F, 19 HiZ 18 B XV ERO+ = KEFHIDFE TR\ vk
EZR LT, T ORFEWEIEIRE 27~ L7oKRBEOKIR, HIEENZ£48 15 C, 20 Th

80



o7, 18 HEWIRT 5 &, BTN TBY, Hy 25 ETHS7=DIFHa 3km LD F
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Fig. 3-14. Relationship between cell density of A. tamarense and Chlorophyll a in Yodo River on

April 18,
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Fig. 3-15. Vertical cross-sections of raw fluorescence (a), temperature (b), and salinity (c) at center
line of stream from mouth of the river to Yodo-Gawa lasher on April 18th. Arrows show
sampling stations of vegetative cell of A. tamarense.
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Fig. 3-16. Vertical cross-sections of raw fluorescence (a), temperature (b), and salinity (c¢) at center
line of steam from mouth of the river to Yodo-Gawa lasher on April 19th. Arrows shows

sampling Stns. of vegetative cell of A. tamarense.
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Fig. 3-17. Temporal changes in temperature at each vegetative cell sampling Stns. Upper: surface
layer, lower: bottom layer. Horizontal arrows at the top show the growth period of A.
tamarense.
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Fig. 3-18. Temporal changes in salinity at each vegetative cell sampling Stns. Upper: surface layer,
lower: bottom layer. Horizontal arrows at the top show the growth period of A. tamarense.

TE) B O AKIROHERS % Fig. 3-17 12, 0 OHERE % Fig. 3-18 I ZEiur Lz, Kilk
L3 A3 9 CRiE Th o7z, 4 A 7 HOBMETITERE TR 15 C, EETH 13 C-14 C
ETR ST NEIIRNG 4 BROZEIIREL 2o Tz, # 13 HOFETIIERE, EEE b
ERMOENRKREL 72D, ERTHEL, TR TRWMER & 72o7z, £D%, 25 HE TIEHH
X2 UIAME & 72 o 72728 5 H DIBRIBIERIZ AR Uc, 30133 AT T R TOE R
DORBB IO LN 2 EROEBTIZE 0 &72o72, 4 H 7 HOPRATIEFRE T 2025, K
J&THI 25 L HEHB ST S MBIl S T, 13 B OFRE Clds RO ERE T 15 2 FE
HETH--LIAMNIFRE, E-EE 620 L EOET, ZofEmiE 18 B £ Tkt L7=, 21 A
23 MIROIRIEREOET, KB 6, JEEA I 20 Th-o7223, 25 HirH 5 A2 HIC
IIERBITT R CTOERTO-3, KBTI LS 0, 5, 22, 15 L EAMOENKE -T2,
FORENIFOERL, 5 H 6 HIZITEETY 15 kL2724, 16 HIZIFFOMKT
L7z,

Fig. 3-19 (2 KBRIZIS 1T DK RIS L OV K HFHEOHER 27~ L7, A tamarense 73321
LTz 4 Ao A2, BEKEN D72 RRZ, 10 H225 20 BIZOWTIRIZ E A LT
KBZRNRITH -T2, MR ERBHEIT 3 HR 0D 4 AT T£<, 1EFX 20
MJ m? % B[RRI T -T2,

BN RHEIC BT B KB DOHER % Fig. 3-20 (O Li-, BoKEIZHHG LT, 3 %5 4
HIZF & A LT 72K 18 BETIEZ 0 TH 72,19 H LT —ERBD BRI B - 7-1th,
21 HIZIE 13:00-15:00 D 2 K], BRAUK & LTI 300 m® st Dok 70 STz,
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Fig. 3-19. Temporal changes in daily precipitation (mm) (upper), global irradiation (MJ m™) from
February to May in 2011. Horizontal arrows at the top show the growth period of A. tamarense.
Data were obtained from Japan Meteorological Agency web site (http://
http://www.jma.go.jp/jma/index.html).
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Fig. 3-20. Temporal change in daily discharge from Yodo-Gawa lasher from February to May in
2011. Vertical arrow shows provisional discharge from Yodo-Gawa lasher. Horizontal arrows
at the top show the growth period of A. tamarense. Data were obtained from Ministry of Land,
Infrastructure, Transport and Tourism.
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EE

2011 FFOTE NBGHIIZ 35 T A tamarense D3FRER SN2 DI, 2 AIZ BT 2 156 DK
AECH o7, FHETORLIZERY, VA FOSMAITTHHEE T ChifEl ST v 53
KHEMNHTZZ L5, 2011 FEIZBWVTH VA RS OFRIENREICHE LI- AN &
Do —J7, RHFZREEEIL, 4 12, R TIIHPHRT, KB Tl Rt biEgt s,
ZDLEOHET, EETITT N TOERTRI2S L72oTEY, ] 080 H ORI
TRERE CEEL QW= Z EAMabiz, S LICRBETHHMIT X TOEST 20 % kAl
HET, {OHEE TOABEEEDBZNBD L 9 IRIETH -7 Z LR I, KIEIEER
JET15 CULE LRI (LA - 5, 1997) Ok (ILARS, 2009 72 &) CHEESH
BIKIRE V EVMEB TH o723, K TIE13-14 CL, AREOEEKIRE SNDH5M4TH
STz, KIEIFZEOH RO 2 EATEHE S EF UL o0, 4 ARIRIKISEIEOCTHEB L
7o HYIHREHIOD 18 AN D 19 H OFRENTR 4 W5 & AR Hii S 2 DO DER. (+=K
) &3 20OER GEIKME OMTELTEY, Tk EEKER =T 5 2
& CREEZA B N ~ 7= EHEER S 7=, A, tamarense SRESHIIE I A SR E & HH T 4y
i LTS, BRED RN 72 18 HO23 19 B X W EFRNT/H AT LT e, Rk &3
0, AFIHRENGHEIZOMNT D Z ENZWD, RIS CIAKIER B -T2 2
&, SBITREMRIETOMERTH Y, WHEICKIT DRI L AR, B i X 28R
REM O T2, FKEITHAR LT vRetEdE 2 bz,

2011 D 3 ADD 4 A DRSS M EHD L, 3 ANbRKIIDR, SERASEIT4 H
DIREEIVMECHER L7, UK, 3 AT —EE&HERF STV z—7, 4 AIXIEE 0 kg
DM L7, AR CRLUTZEY, ZOKIEBIT S A tamarense OHESEIZ UK EDIL T L1
FDOLEFANRKRE LS TND Z LD ST, A tamarense SEEAlfaIX 4 H 21 H O]
OHED D OB RO, BT Lz, 21 HOBOKEEZNL 16:00 TH o722 & Dok
B 3 IR OERIK & 70 D, BUKIZ X DZRITRIE TRE <, K@ TIHENL TR
10 HRZIZII AR 28 CHRBMIAIIMER SR o Te, 32 LIRBROFIET, Huk&EeE
TE) IRFEIC 1T DA O EpEd &2 2R 6, N OMER 25535 &L 22 h,
253 cmst, 05 HEZeo7, foke, &b EEEIEICAATE LT2KOE 2205, Kok
ITRETHRATLU O OICEET 5 LB 652 LD, (RIERIBIZHT 2EOKKHTITE
KO—EFDEFEL T EHEER SN D, ZORUKIZ L - TOKRITIXIE & A EZA LD R
7253, HIRE KT LT, 9725, A tamarense IS BOKIZ X 2 /KD & D
OO, oy DK T K D58 A 52 T 7= RTREME DS HERI X415, A, tamarense S fiia ~D
Iy DREBZONWTIL, WRIECHGET 5,

B4 EINREBIZBIT D 7V — LIENRT B BRSO REE
s
FITEC, &) RGPS 33U T D HE B OFGiIZ L 0, Alexandrium tamarense @~ /L
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—AEMHECE D AR LT, UL G, WHNTZ L—ARNEIN TS, Bt
(2L A tamarense SREMIALIE FIRICHT S AW SIS 2 lRetE S e s d, ATHT
R U7 SRS i S R C 1 B v — RARE =2 L— 2 VLR DD EMNITONT, BN
FBRIT L0 R AT,

L TR

SRV I | ek CRREN S A7 R K 0 R ST R A -V 2, O R ORRGIE
D=0, BIFFE CTHHBUKBICRE < B LIZHS O A. tamarense SeESHIIRII G2 5228
et L7z,

ABHE 53 7K~ D 2578 BRI TIFHB A e > T 2 BT o 7=, 2007 45 10 A 2@ I CER L 7=
JEEJED HFEEE, HiEE L 7= A tamarense 55815 % 7 T A 2T Si & 1/2 50 CTii#E L7= MP1 £
i (Bt - B, 1993) THUESHE, BE7TmL OR U HRERE 6 ATHEM SmL (EH%
30) (ZHEERMRA 0.5mL #5RE L, WIHA%E 940 cells mL! TR 21T o7, FRBRE IO
T 1 BB EICHOOEER (X —F—H TD700) THOCEARIE L, B & a5y
FEER &Il S 7o L C 1 BEEFE (WU : Experiment 1 ; Bxp.1) , BXOV2 MfEE (F
H1 : Experiment 2 ; Exp.2) (ZZNZ1L 3 AT OFRRICHE LTz, AEEEOREE DS 6 well 7
L— MZ 1mL, 1 mL,0.5mL 537 L, KiEE&OEEEARKEZNEi 1mL, 2mL, 4.5
mL {EA, S L (B3 12 K - H58 15, 13 3K« H5349 10, 1/10 K : ¥4y
#3) o MR SNV BBEOMIIET 202720, ZHBIZOWTENZET 1.5 FEfH]
%, 3 HFEE, 6 K1 12SiIMP] B5# 3 mL 2437 L7= 6 well 7' L— ~Z 0.5 mL 9=
L C 24 BFRICBIER ATV, HHK L QW DO R IEZ R Lz, S DI, [A URFHZER
L7=b D% 12SiIMP1 51 1.5mL % 507E L7- 48 well 7' L— K 1 M3 >, 1 FEBRIXIZH
X QMR L, | M OEEK, HEOA AR Lo, BRI R U7 bk 2455 1k
LTWAHIED 5 6, HIEHFEEZIR> TnD b D & LT,

(EES

AEEEE CHIE L 7o a0l & i B O RBIFR A Fig. 3-21 IR LTz, BB & Mifass B oo
(ZIXBIRE L AEBABIR D R S 4L (R=0.9918) , ZDBHEAUZ, y=198.6x-53.6 ThH-o7=, =
OEFAINBEE ST 12, 173, 1/10 FERXOBNFIIENT Exp.1 TIXZ4E4 3978,
3819, 1920, Exp.2 TiE 10929, 11008, 6140cells TH-7-, I HIZ, FNZENDOERXD
HINEAEE1X 1989, 1273, 192cellsmL” (Exp.1) , 5465, 3669, 6l4cellsmL! &722Z &
5, 6well 7' L— K CHEMIZR U 7= filatkl 3 995, 637, 96c¢ells (Exp.l1) , 2733, 1835, 307
cells (Exp.2) &EMRE S,

BRI G, ZAEKTHIN LIZERO A tamarense Sl D2 L% Fig. 3-22 12
R UT2, 12 WK OFERIX ) B FIE DR L T D HIR SRS S 4, 173 K Tl oF|
BRI LTz, &I 1/10 #K TITHlas A L, JEEL TWhD H0RE< b, -
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721 V10K THRENTET VR T U — A MRIZZE L L TWO DRI B IEE LT,
Table 3-1 {Z 6 well 7' L— MZIUWT 1/2SiMP1 55HIZ R L7-#%, 24 BRI oliciiao
HiZR LT, Bxp.1, 2 & 13 MEKOFIEERX E TIL6 H#Féﬁ@zne;gf ik LT Dl
DR ST, —, 110 fiKOEERIXClE, Exp. 1 TiE 1.5 R OB CIRITIE L T

WeDIZHRE L, BExp.2 Tid 6 RFEIOZ&FE CHETE LI b O R BT,

Table 3-2 12 48 well 7' L— MMZFUT 12SiMP1 E5HIIC R L7214, 1% OO
MELEIG 27~ LTz, Exp.l TiE 1.5 Rifil2Ez, 6 Wil 22 O IR CIE 1/3 K £ CliEikh
IR L7223, £ 0EIE130.13-038 L{IKWVEIS TH -T2, —J, Exp2 TITTXTO%:
FEXC 13 WK E TIXEE L, 6 FFEZED 1/3 KX T 0.19 LIEVMETH 7228, £
DIAMT 044-094 & EWVEISTREIE L7Z, X518, T XTOZEZEERICRBWT, koEE
DEWIE EEIESR S m) o7z, 708, 1/10 K OFEERIXAZIBUNTII TR TORFER ] Cilf
PRI [EHE U e o 7z,

o 14000
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Fig. 3-21. Relationship between cell density of A. tamarense and fluorescence of cultured strain.

1/2sal. 1/3sal. 1/10sal.

3 .2 @

Fig. 3-22. Pictures of A. tamarense vegetative cells influenced by low salinity. 1/2 salinity of original
seawater diluted with distilled water (left), 1/3 salinity of original seawater (middle), 1/10

salinity of original water (right).
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Table 3-1. Results of experiment 1 and experiment 2 of 6 well plate. Observation at 24 hour after

back to original salinity.

Exp.1 Dilution Judgment Exp.2 Dilution Judgment
1.5h 3h 6h 1.5h 3h 6h
1/2 @) O O 1/2 @) O O
No.1 173 — - - No.l ~1/3 O O @)
1/10 — — — 1/10 O X X
1/2 @) O O 1/2 O @) O
No.2 1/3 @) O (@) No.2 1/3 @) @) O
1/10 X X X 1/10 O O O
1/2 @) O O 1/2 @) @) O
No.3 1/3 @) o) e} No.3 1/3 @) @) O
1/10 X x x 1/10 O O O

Table 3-2. Result of experiment 1 and experiment 2 of 48 well plate. Observation at 1 week after

back to original salinity.

Exposed Dilution Revival cell ratio

time Exp.1 Exp.2
1/2 0.13 0.94

1.5h 1/3 0.25 0.81
1/10 0.00 0.00

1/2 0.00 0.75

3h 1/3 0.00 0.50
1/10 0.00 0.00

1/2 0.38 0.44

6h 1/3 0.13 0.19
1/10 0.00 0.00

B

Alexandrium tamarense 7 /L— 2% A AHED> b DOBK ORI R

AR TR LICEBY, BRI T 2R8I OBHANC L 2 &, A tamarense 7R 17t
ORI/ LTz, Z 0L & A tamarense DAFLE L TN /KBRIIAE G 5y 20 L ED
WK T o7z, FHHENSBUK Sk, & L THEDO R WK D EEFiNLS,
FOKBRLE 3 REEIRE Ol FIROBIEREIZ BT 2K O 6.5 TR Le—F, K
JEIETH 20, &< 25 HOFAE TS Tt 2 EROMEZE 1520 & ZFUTEELT LT R
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WCh-o7o, LinL, PBOPREIZH Tl TR CHOMlaEE IR METh o722 &
NG, IRHZTER L TWCRIRITERBICE £ 5 Z &<, REKE EBITRHLIEEE X
HONEZY L Bbhb, RKFEBRICBWTIT 13 ik FE5K 10) OFERX ETIE, 6 K
DT HEFH KRS T2, BEHET S RN RSNz, FERORE L, ook
UWNFEBRIX GRS FE MR EIZ /e o 72728, 6 well 7' L— hOfER ;’cnzgrirﬁ%&u e
R BIDHD, 48well 7 L— FOFER & [RRROBEM AR SN2 2 £ D, F/IMETH 5 96
cells AN OMIFEET CIXENE L7 2 & 3L S, (niERIBIZIB T 2 RE/KIZIE 6,000
cells L', JESE/KIZIZ 24,000 cells L' OSREFMIEHER SN TR Y, DT 1/5 KIZERK
3R SN Z LIS T 5 B2 D, ARIOFERTITHES 3 & 10 ORICEED
FAELTZT28, ZOMOEMNIEBIT DEHE O GRIIHEE L7250, Hoy 653ﬁﬁ@%%
TIL—HEHE RTRE CTH o 7o FIREMED EV Y BUKDM T2 4 BRI ATONIZA TIZ &

E%ﬁ%ETO%,EET%L%W%20@@+Eﬁ%iTM5UT@ﬁ&ﬁokoé
HIZZ D & X MROARIEREO SRS CHER S 4172 230 cells L Bl REE CTh -7, 372
bbb, Boknb 1 HEE TR O St Lz b OLISMIEE /212 L 0 ERsEm L7 & H#E
H3hb,

ARIFFRZIBNT 2 FIORERZAT o 2GR, malR e $12, 1/10 VK TIIoeo IR L
THETE LR -T2 THaA LT aAs, Expd TiX 123K, 13 #iKk e bIaE L-EE
MED > T=DIZxE L, Exp.2 Tlid Exp.1 (ZHe_BHEERNE <, AHRUHEWEIEERN T H1E
SRR S 72, Exp. ] e S aaia i, Emziﬁﬁﬁiﬁﬁ%mmbfﬁmémt%@
Thb, 77206, ZOREITIEEIINZIIE T DMHEDS, R I K
WZ EETRIEB LTS, LYo T, A tamarense 257REINC 72 2 BTO BB 2K T
S5 Z LI LY RKIBIZ IS D HEAE A L AN C & D TRetE S R STz, Bk
@:kﬂ%,ﬁD@ﬁE®mmm,ﬁﬁ%@ﬁ’i*i®%%ﬁ%ﬁféé’kﬁ%Eﬁ
27257, —J7C A tamarense DHE & HFEDOFRIOT-9I21%, HHEIIIC —EEDHBuK
EHIRT DVNENRH D EE 2 BT,

HBGEPRIZ 31T D REMERED U X 7 EH

ENICEBWTIE, v~ P oMfilE @4 MU g") 22 5180 BETOWRET
b0 (WAL, 2009) , EA 5784 © HP (http://www.mhlw.go.jp/ topics/yunyu/
ihan/index.html) TITHIA S22 NTHWT, BSFEAEPREREE & LT OV-ORE
EnTng Bz i%ﬁw&ﬁﬂ”,%f//\B7MUg,T%@fﬁ) F7z, F
% 18 FIIIFER RO EE) I 0O~ P2 T 2.0 MU g OFBESHERSNLTND
(P, 2008) .

FENTCIRIFEY~ PV INEE L GRESNTERY, fotfidfmeme L7 7
FMbz BfELTWD, LarL, 2007 SEOFREIIEAZIITRGHC L0, Mool CoRdka
IMKEL P L (RFERKEE) |, RIS DRENE R FORENBEICE 2 D80T
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INE L 7R, ARFECHESE L7-FRAICB T, 2007 45, 2008 4F & & pREEHFBOFRN & 72
ATREMED & % Alexandrium J& T A R ANENIRHE L U RO ZIT I AT 52 &
DHERR X 4U7=, 2008 AEFHADTE) A 2 351) 2 A, tamarense DIEARIL & L CIEAcK 6.9
cellsmL™ & RIS EBIHIRE < 7Aoo 723, 1] DUBGEHI O A VEiH CHERR S iz
Z &5 (Yamamotoetal., 2013) , 2008 FEDOEIE TR SN2V A MIFTHFEEHE LD
72Tl <, 2008 FEITTER SN b Db T END L& X HIvd, A M seed population
& U TIREFE LD OMAETIR & 72 > TE Y (Andersonand Wall, 1978) , ABFIEIC
BWTHRIFRBRIC L FREO ARSI Z & 73>%, TENNEEIEIZ BT 5 A
tamarense OIS THAE DR 2B Tl <, S%ITEBITEZV 5 5 b0 LfE S
D, SOITHIFARER T A MI 1 TR B RIREMAE L2 L b, BRI H
Bl v A FOIBPIEZ 2 2 ENTRIN, 5% BRZKRICHWCOREEREICE Y v~
MU INEHET DU R DHET D EHES LD, BRROE Y, Wl TIE 1979 4
DKFETHEIZIESEHFT 707 M oaktG b L= Y U 7{RHIOFRERX ST
fEa, SELMENFRICINT, FICHRARBESCHEEEM TN T DUEkOHEtE=4 Y
VIR SIHTNDD, ﬂmﬁﬁﬁzowfi%*&)yfﬂ%b%%ﬂéﬂf“é [F]
KBRS DV~ P U CBT 2 ROLRLMRT D7-0I1E, A% bREEIEIC T
6%357 V> 7 aieE L TITO MENR DD, FTm, HEE L R uft/ﬁODEEJE’VOEi‘%ﬁﬁ, S

IIENEIR A 72 & OKIBREE D2 LA A, tamarense 5 Z HIlEI9- 5 AREMES RIB S N,
é OIZHEMIN G EHME T OB EZZ TR T W eI SN2 &b, HEDORENT
SN DRI HED D OBUKBE L IECT Z LI k> TS A T, S OITITESED
2R 70 EOFE AR 20801 H 5 & b,
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FAE  KIRBICRIT 2MFERREORZ L & Alexandrium tamarense D HEFE
F1ETHRLIE LR, KIGEIZRT 2 HEORBEIT 2002 FLEBEE(L L7 DT,
LU LR TH D, L LR, KIRBICBWAIFH 2 B ORLIZERY, R

THHIZ RO KBETAE L o 2 N OZREPHER STV D,

ARBETIIRKE T 1970 FRDBIT- TWIREE=X Y V7T — X 2L,
Alexandrium tamarense O F-HE5EI T D FFRITIH T D ERIR ORI 22U 2 B 5208
L, A tamarense OHIEBIEIRE L ORIRZMGT L7, S OIZBELMEKICIIT B2 E A
tamarense HHBLOIRAEZAL & Ll T2 2 & C, ITAE RIS CHRIFBEIAER T2 X 5 1272
D fig i&%g’fg L7,

F 18 Alexandrium tamarense SEHIFZO B HBLRI & BEFORER(L

R R

Alexandrium tamarense SR HEL DO RIRAFZB OMRGHIIE, 1994 FLRITEE S8
FEEHEL U7 R m s B &, 1993 AELARIN IR IR SR pER B 3 A C Rt S v T
WO T —Z A Uiz, KEHEE ORIFEEBOMGHE, KU ZEBREE MK ER S
FERTKEERANTE > & — (IBRBRFFNKEERERYS) 23 H 1 BIOBEET, % H FRICKIRIBD
20 A (Fig. 2-1A) T{To TW D EIBEMIAED T — 4 2 iz, KiRE & H3Icon T,
2HMSS HD 4 » A4y —% %, DIN, DIP, 7 a7 ¢/Lall oW, 4 4[RO
JETITo TV DIERIBERHEDRREED Y B2 AL S HoTr—4 2 L7, LUK
fEHTIE Mann-Kendall #UEVEIZ KX VAT -7, MEIZITR3.0.1 (R Core Team,2013) A fEH L
Teo EOMONE T 7 7 kD 9 BLEEEEFAIZ OV TIE, 2000 225 2016 OB FFED
FXHFIIALET DER a T, A 2000 5 HOMECHE SN T —2 2R L, 72
B, ZTOMOKY T Z 7 FATHOWTIE, Bk A tamarense SFsHilE & FIARICEIL; C
25% 7 NVE VT VT b RIKIRIR & BEIRIE 2.5% & 7225 KX O DN CTREE Li=FRKEKkEE
BRERICFRFBIR Y, Atamarense & [ERRIZ 1 mL H ORI 2 A MTESEE F CEREEH L CHl
g B A 3RO 72,

FER
Alexandrium tamarense SEHIIROERIFIH BRI

Fig. 4-1 12 1975 5 2016 F-OFZE 2 H-5 A) 1T H/KIR, My, WEAFRemise
#qH, ran 7 4 )va, EAFHEICRIT S A tamarense TR MR B ORERL A T
FIURLT, 2 AL 3 HOKIRIZIZE A ETREROZE L EZ R L, 1ZIFRRITNTh o7, £,
4 L5 ADKIRE, ETNEIHEKUE 95%, 99% CHEZR RN Z/R LTz, #EoiEn
THOH bHELREEMENITRD b -7-, DIN ©2 A & 5 A OFHMEN 4.02-30.93
uM TZAE L, 1980 4FA0~ Bk L CIME A7~ L7223, 2000 A RCARE T A 2388
# L7272, DIP 120.13-0.82uM TZAL L, 1990 A FE TABIZH L7=#, 2000 4L
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BRI MBI 2R L7223, MBS 2 A OfEIZ ISV TR THh -7, DIN, DIP &2 A
& 5 A DOYENE, A EIKNE 99% CTH B2 27~ L7z, BLEOfED B E1HE L 7= DIN:DIP
1% 24.75-79.85 TEAL L7723, h Ly RIZOWTIT—EDMEMIL RN\ hoT-, 7 an
T 4va?®2 AL 5 ADWENE, 1977 LR, AEKAE 95% THEIZHDMEMIZH ~ 72,
S HIZ 2002 FFELIRITAEAKNAE 99% CTHZE R BMEMDSFED B vz, KESZKRERER S
WSS L2 1993 ELIETO 1978 4L 1986 F-DF —#%, Protogonyaulax
tamarensis L & L CRidi S TRY, E4EIL660cellsmL!, 4cellsmL! TH 5, 1978
FEOEVMEIL S ATPEICBIZESNTZHDOTHY (RFED, 1980) , R OKiR 18.1 °C,
45 31.15, HEHAEREFIE No detection) & L T Alexandrium catenella Téb % & ¥k S 5,
1993 FELLRTOFLERIT Z AL S LISMIAFAE L7 72, 1994 FELIRE D imlfinss FE 1T 1994 4
IZ 13 cells mL! & 725721, 2000 4E £ T 10 cells mL' LA FO L~V THERE LT=, 2002 421
37 cells mL™! F THIE L 721, 2005 FEE THWME L~V L7 o7y, ZORITTFEHR
VS LA VISV a W

REREBIZHIT 5FRFORE L A tamarense 31 & DB

2 BEITEUT, A tamarense OHISEICIRSHEE LKy v 7 4 AR TNWA T &
R LTz, ZOZEnD, 1994 FLBEOT—XIZX 0, FF LR SRS (DIN, DIP) |
suan” q)va, 2 A5G S HITRHHE S LTV /2EE# Skeletonema spp.DTEM a lIZEBIT D
LIRSS FE D E U DU T, A tamarense B EililfasE & OBIfR % Fig. 42 IR LTz,
INHA4HEDS S, DIP, Z7mrRr~7 (/vald, AfEEOFERMEBITERD biehoTe
0, EH D BIKIEE ORI E IS O S R CHEA L T e, T, TR IR
fez% (DIN) & Skeletonema spp. D FEEFMAEE LI OWTIL, & HICHEZRADFEBENF
bz (FNEN 1=0.69, P<0.01, =0.62, P<0.01) .

EE
KRBz T HREERORYRFELE & A tamarense D BRI
KBIZRBIT2EFEOKBEZRD L, 2 AL 3 A3 EOEIE R IMERR S 720 o
7278, 4 AI3A B EFMEAZD BT, A tamarense O HEUIIERZEEHINR STV D
Z LD, KIEOZEEIRRZSENT A tamarense DO HHBIRFEAIZ 6 L CAFRTIREE L T D
EBEZBND, —HT, KROERHW) EAIZE S BB O RHYRITRO 6T, £t
—JREDKIRIIMT L —ETho7=Z D (B2 ESE 1H) , HFEOHEIKIZS
WOKEIIRE S BE LT e e HEII SN D, £72, BT HOWTH R —EDZE
EEA 2R TEX o7 & s, R ORI G LTV D ATREMEIZH 5723, Kl
B A~OEEI T NS W EHE S D, RERIZOWTIIRRR D@ Y, FHOHEFRIZ 0
TIX DIP DD DHFED T | Z B2 > TV D ATREMEZ R LTz, L L72RAY s, RHEIAE)ME
225X DIP XV £,3p LA DIN T A. tamarense 31 & OFERIRIR ) SRR S 7= (Fig. 4-2) .
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Fig. 4-1. Long term fluctuations of water temperature (a), salinity (b), DIN (c), DIP (d), Chlorophyll-
a (e) and maximum cell densities of Alexandrium tamarense in Osaka Bay from 1975 to 2016.
Cell density in 1978 (o) have a high probability of Alexandrium catenella due to the bloom
period of late May, and very low toxin contamination to bivalves. **: significantly increase or
decrease, p<0.01, *: significantly increase or decrease, p<0.05 (Mann-Kendall test) (modified
from Yamamoto et al., 2017).
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Fig. 4-2. Relationships between cell densities of Alexandrium tamarense (>1 cell mL™") and DIN, DIP,
chlorophyll a, cell densities of Skeletonema spp., respectively. Data were obtained from 1994 to
2016 (DIN, DIP, Chlorophyll a) and 2000 to 2016 (Skeletonema spp.). DIN, DIP, Chlorophyll a:
average of February and May, Skeletonama spp.: Average cell densities of Skeletonema spp. from
Feb. to May at Stn. A (modified from Yamamoto et al., 2017).

15 (2005) 1%, DIN:DIP A, Al B B2 MEs L, DIN: DIP
DA CIImHE BB ME 592503, [ E < TH DIP O AMESRE KIS
TiX, DIP B33 L b HIRRERIC 72 572\ = O EREME 595 S HEEX L T\ %, DIN: DIP
EOKBRIBIZIBW IS, T4 DIN B L O DIP OffichEENME T 452 &icky, 25
(2005) TrRSAU72 1990 AR L 0 RIRIB DS IHEESE O IEFE AR 72 56t & 72> Ty
52 EMNHERI ST, WEPNTE TR 1960 AR D LR Y 5 KEHEXIR & LT 1973
FEITHES T S VT PR B R G R EEDS, 1978 4RI L & LA LS
L, COD DOHEHIEFNINZ FEREPAK T OV o OXBFREN TOI-, T DRER:, 1980 4
AT F N D U BT AERIAE T L7, RIS THERB LT D (BRI,
2014) . BEZEOKRRBIZIIT 5 DIP IBEIFRAMERICH Y, 5 Aozl gl s L
FTHILNTH D23, A tamarense DHFFHIINCH7= 5 2 HIFBE 2B 2R LT
% (Fig.4-1) . DIN &7, KB L HIgEmnzAons I, 2014) , U
&Y B & FOMEENTEERITH D3, 1990 FERHBL YR B IRERBI S fEE S -k
F, DIN % 2000 4ELLE 2GR 22BN 278 L=, PAED D, KA % ST elfi A N1
D UTFEDSRFHL O MEI T2 HE THE CTH DD, FEREOKIIE DORBERITZEHRTT T
<, VU bEHFRBAMEIZH Y, DINDIP ELidflEia 20 LA E & mnE F, SRt oHHE
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FEAME T4 % Z & 12 k- T A tamarennse DI Lo WEREEIZ R > TV EEZ BLD,
Ihlizzmr 7 b ah 2000 FAUE TEIAKRE D o723, 2005 FFENOEFEO7 nr 7
4 TR L ~LTHERS LT 5, Nishikawa et al. (2010) 1%, #&E#EHC BT A2 EHOE=4#
U TRERMNG, REME, FFZ DIN ORUICIEONEESEOE 5FE7)S Skeletonema J&7> 5
Chaetoceros J&IZ 2L, Lt_ LERLTE, £22MS (2012) 1E, KBGBICRT 5 EEE S
FHIIAKIX Skeletonema spp. T 573, UT4FE Chaetoceros spp., Leptocylindrus spp. 25D =73 F
FLTELZEERLTWD, AFZETIL, HEEO O bHlZ@EL TE LT 5
Skeletonema J& DI E & A, tamarense FEFEOBIRIZISUNT,  HEERIBAME 2 BIRIEI VR &
iz, KEVEHEHEHE T A tamarense OEFEATAZ 72 > 7-DI% 2002 FELIETH D,
Nishikawa et al. (2010)°Z%H & (2012) OFHENGHIWT 5 &, I A tamarense DHEGH
BUHLR ORI, FREEORAD & ZIUTE D BFEOHMET L— LKEDOIKT, S HIZE
DIN O LE, #8 5FETdH - 7= Skeletonema spp. O HESE L~V O FASZER] & 72> Ty
HEFZZ BN,

KBRS L OVERUERIC T 5 Alexandrium tamarense D HEMRIT
2001 FELLRTOO KBRS SRR T, Hifr B EHHME 2 22 RN H B0 —BUH ~DF
IS SN TWR. Fig 4-1 (R L7283, 1993 FFLLFTOKIEIZI T D2 AFED H
HBUZOWTIEIHEEANZ LIST — 2 BIFEE LRV, L, KIRBIZB T 2B MR S 4
HURIN D, FREMERFRFRNE CHOIAMIEFEME SN TRY, BEMLe=21 v
LTS END, FWROFES TORUVEICOWTIHBIHER SRy, T <R
FEOHBUIE £ > Tz EHEER SN D, 1993 SELIRT ORI EEIRK 7Z 7 b O,
Rk E LT, REED (1980) 73 1978 4 5 A IZ KRS D HERE T Protogonyaulax tamarensis
FEREIC X AR (Bemfilas 660 cellsmL!) S L CTnd, 7z, 1986 4F 5 HIZiX
KIRBAR IS RRER P Th o7 (M) RIRPEFEFEIEM LN OB STV HIN
JKIEZHV T, Protogonyaulax tamarensis $A{LUfE & LU TR 1,918 cells mL! D% ChgRdd
HEEBIT, ERRERICBO TR K 4cellsmL! THEGR L Tz (RFERHER) . Zh
EODE%E FRHZIZHFREZ T TITo TEY, Wb R R IR S e -7
, RS (1989) 131986 4F 5 HICKBRIBRFHNHERI L2 LT YA FT A 725 0.6 MU
g! @r“ﬁﬁ MEEFEA MR L7, & 512 Yamaguchi et al. (1996) (3 1993 43l = MBSl
’CTTO eV A NAEIZBWT, KRBGBN TR 58 cysts cm™ wet sediment ¢ Alexandrium
tamarense 72\ Li% A. catenella D3 A F &R L T\, 2O REMIEO HELR LU
A FOFRITNT I OENRE SN TR ST, KT 1978 FEDOHHUZ SV TITZ DORFHIAN 5
A%¥THLZ L, MOWHBEETHLIT LD LT, B HEE IR -T2 b,
% LG A tamarense HHL & HEEDOFARIA G, £ 513 Alexandrium catenella T
Sl END, L, ABFFEIZEWTE 1994 4ELIREI A, tamarense S8 Al o HiEL
ZRERLTND Z LD, 2002 FOEME HFEFRAIZE S A tamarense OFSAESFEHIIND
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Fig. 4-3. Annual fluctuations of maximum cell densities of A.tamarense in Harima-Nada and Osaka
Bay from 1984 to 2016. Data of Harima-Nada was obtained from Kagawa Prefcture (modified
from Yamamoto et al., 2017)

—J7, KBGEOPEENALE D FEEEHERT S ClE, 1986 4F 4 HICIFBEICARIC L v 7
U CHiA B EREHME A8 22 RN R OB LR SV TV e (BB, 1987, /KET,
1992) . & 51T 1994 4 4 HIZIZRBIB PRI E S 5 28R T 7 % Y OF b s
INTWD OKPET, 1995) , AWFZECT/RLIZEERY, IO A tamarense D LT
BHERD DIERNFLE oo TER Y, BIEEBRZERHREOR RO T ) b @b L
TWD, ZO X5 TR R VER-RBE R & Bl L& 10 FREORZEZ S -
T, 7Y CHIM B EHHNEZ 2 2 R B R R S 72 2 TRV, 20T,
RBRE I THRA) 70 8 RARHR & U TR DI, SREEIRE b & <, BV L LTz (5,
1986) . L2 LIFARIIREEIRE O TAZE L <, FEZ 2000 FLIFEE DIN O 28 M
AR HITEY, KEEROZES) & ORRIZ OV T HIRET SAUAH TV D (84 - g,
2011) . M5 (2014) (FACIUNDIRHEHE, kW@ FREEME ORI L T < aifs
IZBWT, MHRIC K2R BE L~V OBEWNNI LY, W77 7 A EROERICE K
%ﬂO$@&4A7&#%%m5kawéoHg¢3_%E%%%_u%¢5§M%_k
T 5 A tamarense HEROBAEZLAL (F)IE, 1985-2016) &, KBGBICEIT DAFRD HELR
MAR LT, Figd-3 1R TL80, FREEHZISV T A tamarense D KIEFEDNEE T 5 Z A
JUTTC, KRB _kaU%ﬁﬁ%mw%kLt_&zV¥@5O¢EF*Grbtzmoﬁu&=
DRIIE FERHEHE 331 B Femfiia s B OHER 2 7+ 5 &, A, tamarense DOFEAEHIRI 2002
@u%%ﬁ@ﬁmﬁzéﬁ,kW@K%ﬁLT%ﬁW@ﬁTﬁ%Lw%ﬁ%(Mmmwmt
al., 2009) TIE, 2000 LSRRI/ RAIIMER SN2 < 7o T D, RERBIZBWTE

96



IR LUK T L7258, B [FEE, KIGETH A, tamarense O RFRF 7 1Y
FEITACENC I D ATREMEMN B D03, A% b ol St KoM & & $H 12 A tamarense D
HERENRE A T 2R H D,
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H5E KIBIZEIT D Alexandrium tamarense 12 X 2 Z# H Db

Alexandrium tamarense |JRRELME HEEIFRFE & LTI CHIRFMHIC oM L TR0, AH
TAFEZJFK & U7 RN H 3 & 2 “HEFEOB U MmE STV 5, AR s 7=
D OFEESHE < (@EHIEN2000) , FRZEKT D L0 ENMRNEE T MHEZ#HES
BHZEMmn, EHRE=4Y LV ZIC KOO RIHHENEE CTH 5, KRBT
T, AR L U7 B2 X 5 “AH OF L3180 THES S 72 did 2002 ££T
HY, T LW TH 0, DRI EERRICARE O & — A EH OB b R
SH, FEEELDREIND ORBUM, 2017) 728, EELROLE - ZOLOMmEIZIB
TRERMEEL 72> TS, RETIE, KBRBIZHE T 2MEEERRKN 7T 7 kO
I K D “HH OFEEEIZ DWW T, KB DR EZ S E % A, tamarense OHIFERIL & 7
T17TA 2 NV AT A ORI & BT L7,

F 18 Alexandrium tamarense D HER & “H BB L BM%
E

KB TIE, HEARTHRICHELE 2~ TX0T7 VY, ATHXA WA 21T TR, K
REMTHRIESND T ITALN ) TA (LIRS, 2009 5 LA - KJII, 2017) , & HITIE
TENEHIR T SN D v~ bV I MM EHERC K 0 235 (Yamamotoetal., 2013) .
HCHETATA L N TAIKRIEDOER XIS W TEERBENGFETHY, K
FUTFEM TR OMEDNEmNZ &b H Y, FREMEEEIC K 5 T E 8 T U 2 IREk
EIIREZV, ZO78, WfEIZIT 2B EBFEOZMICET oML, AEBSIZ N
CHEREHRE 2D,

AT, 2013 45225 2015 4500 3 40, AR 2l U CRIRIER SIRINT S 7 | o %
TET DL L BT, BFEEHRLICT HHA L N HA OFFE L OFER MR OHER %
L, JRKT T 7 o OHEGE L BEROBER, 72 bWCHEEZLOmREIZI T 5 ARIC
DNVTHRR LR R AR5 5,

kL ik
WEHERFRR 77 b Uik

R HFEE T 7 b DT —HZ1E, Fig. 5-1 DEMT 2013 4£ 1 A5 2015 4E 12
HIZH 2B 5 4 BIOBEE TITo7-8=42 U U738 (F253E) OfRE V-,

THRCH OFUBHRER & AEE

TI1HTA & Y TTA VX Fig. 5-1b (28 LTo RIRFFHEBICALE S 2 RSP IRERIC RV T, K
WX MO —FE T AN ClfE S Tc i« AT L7z, #i#lX Alexandrium tamarense
ICLDFHMEECH D2 A-5 A3l 18], 2o A1EA 1EE Li2h, HESHHEE
EFES728E, 6 AUBRIZOWTHITRIC L A EEESNHL ETHEY 7Y v 7T
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o7z, 2 A-5 AB X OHEHEFIZB W TR aHiEz AV CfREZIT - TODIESR 1 RIS
KHE L, (G OBEEY 21772 ECH TNV a2 AT LT, EOMOREIZ YW, 1
BRI Szl % 7 o X W7 T L, 220, o7 vaE AR LM
FEE D OITFTREZR IR 0 (5 ORDUT DN T E I 2177, AT L2 7 W3R
(ZHRAERE R 100 g LA RIZ72 % X O ITHEEBOERZ LB L7273, TIENZE L <Aootz
A VRO IHN S 72 D588 2 LIIRAIE 725 Z bbb oTe, ~ T ARBRICL 5F)
DORIEITATEE ( () BABMEERHS, 2005) (206, T NERETTA X1,
FRESE T L 4°C T 3000 rpm, 10 min. O LAEERFTYY, _HiEZ~ 7 235 H ofH
Wwe Lz,

Sea of Japan
#,

-
' .
;/;-<
Pacific Ocean

M/ /“ ’_J‘H/T‘J»-.

Fig. 5-1. Location of the sampling stations for monitoring of causative paralytic shellfish poisoning
dinofragellate (closed circle) and sampling port for bivalves (star) in Osaka Bay. a: stations for the
samplings on every first Monday to Tuesday in each month. b: stations for the samplings on other
days of Monday. A: station for samplings usually on every third Monday (middle of month). B
and B’ : nearby stations, so treated as the same station (modified from Yamamoto and Oikawa,
2017).

"R DOERS AT

THTA, b AT DB DO/HTE Oshima (1995) 23R L7ZR A A 7 Lt
{BIEIZ X VATV, 0T FEEYE L 13 gonyautoxin 1 (GTX1), GTX2, GTX3, GTX4, decarbamoyl
GTX2 (deGTX2) , deGTX3 , N2 I-sulfocarbamoylgonyautoxin 2 (Cl) , N2 1-
sulfocarbamoylgonyautoxin 3 (C2), neosaxitoxin (neoSTX), decarbamoylsaxitoxin(deSTX), GTXS,
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GTX6 , saxitoxin (STX)DFT 13 A5y % AV 7z, HPLC 43#Hr&iEld Hitachi o L-7250 4 —
NP7 —, L7100 257, L-7300 [iAE (65°C) , L-7480 =oythkuttias (b
330 nm, #OEIEE 390nm) AL, WS 7 A1 nertsil C8-3 (GL #1 =2 %,4.6
mm id X 250 mm) ZMW o, 7235, HPLC H#rfEnb#E & RT3, BIORHIZIT
Oshima (1995)73#ks L 72 thatEfE (BLT, HPLC %) &3 5%) v,
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2013 —@— Alexandrium tamarense
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Fig. 5-2. Changes in cell densities of Alexandrium tamarense and A. catenella in Osaka Bay from 2013
to 2015. In order to display the logarithmic graph, 1 is added to the density to obtain the value on

the vertical axis (modified from Yamamoto and Oikawa., 2017).

(EES
WEMRFRE 7 7 b R OER HBUR T

2013 4EMD 2015 AEDTT 7 b A TS S 7o M H # R IKFRIT A, tamarense
& Alexandriumcatenella T& ¥, ZALE TRIE CHER B (RN LEREEMOKEEFRR S
WFZEFT, 2016) D # % Gymnodinium catenatum, Alexandrium tamiyavanichii | XASGEA AR
(R S 773> 72, Fig. 5-2 12 2013 4E0 55 2015 4E(2331F 5 A, tamarense 33 OV A. catenella
DOFRIHERILZ 7~ LT,

2013 4= A.tamarense 1 2 A A D MBI RS 341, 4 A FAJE T 10 cells mL! Kifi ©
W L7273, 4 AFRANCHNT CREICHIGE L, 4 A 15 BIZ 714 cellsmL! Thek & 7o o714
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WL, 5 A MR SN2 < e o7, 2014 45132 H BAICHERR S 7=1%, 3 H Ef
ECHERSNT, TD% L3 A THETIREETH -7, 4 A LN EEHITHGEL, 4 A
HFANZ WS T2 AR L7273, 4 A 22 HIZ202cellsmL! Thic Kk &7 o7z, T D%, 20T
DU S A EANCITER SN2 < 72572, 2014 T & 512 12 A AN S B HeRR Sz,
2015 AR E 2 L W < 1 APEICHER S, 3 AP E CIREECHER L=, 3 AT
ANZ 10cellsmL! #7273, 4 A FRADLHRNZNT T T2 ARD LTe, D%, 4 A
TANCHOMEM LT 4 A FANZ 30cellsmL! TR & Zp o 72l L, 5 HHaicix
el s e 7ol

—J5 A. catenella I, 2013 HITMER 409, 2014 451% 7 A HAE)IZ 3 cells mL! CHER S
TeDH T ->Tz, 2015 F1L 6 H MCHERR S 4, 7 H FAIIZ 30 cells mL! Tk & i,aof_
%, 8 H MR s iroTe,
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Fig. 5-3. Changes of toxicity in Arc Shell analyzed by mouse bioassay and high performance liquid
chromatograph (HPLC) from 2013 to 2015 (modified from Yamamoto and Oikawa, 2017).

T A DBER X OERy DR
Fig. 5-3 122013 £ 5 2015 SED T I HA BT D~ T AT v A5/ CLF~ 7 A5/
£9°%) WNZ HPLC (2L > CHIE L7253/ (LLF HPLC 30 &3 5) OB E R LI,
2013 FED~ 7 AR TIE 3 H LRIOF T AnGBHIER QMU g') ##x, 4 HE
AVE TITRHIIRFGE S THER L7273, 4 A MAINZDNT T AL 4 H 29 BIZHIRIERRD 152
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MU g! & 72>7-, HPLC FHid~ 7 A#H L 0 EICmbOMAzx~ L, RAIC354MUg!
TR &R -T2, 2014 I~ A#SIT1 A bR A8 2 TE Y, HPLC THIARE
EDEAZR LT, D%, #ideE b3 A LAET2MUg! Bt THER L7141k 4
2 EHL, 4 A 21 BiZiMEKROEFENEZRL, ~UAESE HPLC 31 TENEIL 50.6
MU g!, 403MUg! L7eo7=, D% 5 A FANCHONT TETEaRIZ L=, L
6 A FIETIOMU g figa#ERF L, 7 H FAIETRISIE GMUg") % Ealo7, &
HIZ 7 AP EILARE 9 H & CIIHHNELL T OIRE Th 7225, 8 HEB LU0 HDH 7 iz
BWC~TUAE/]), HPLC 3/ & bIRENHO LA Lz, 20Xk 5z, ~7 A# ))& HPLC
TN 28 U CHERFEREDIE TH - 72, 2015 4E1E 2014 4E L [A%, 1 HiZid~D 2% H
Ttk & 7eoTe, U ABANLHPLC ) L RkkO#HE 127~ L, 3 A FiET2-3 MU ¢!
THERS LTe, 201k 3 AP A bm/iE EREER & 72 o703, 1T L ITHE L 4 A 27 H
iR ETeoTz, 2D & &~ RS & HPLC /it hFn328MUg! & 524MUg! %
R UTz, 5 H FAIVIBEITEGERIZD L7120y, 9 AW 7 Thiteia~ v ARBROM
[RATHD 2MUg! % ERIDETH -7,

DX D1, THHADENL3FL b~ A%T), HPLC #/) & bIZFIEROZB)EH
MZRLIEH, 2013401 A-3 AZRE, HEZIToIEETXTOY ATy U A
AEROMRHRR Z TRIS Z &3 Te,

Composition (mol %)

[ ]emxs
[ Jem2

Composition (mol %)

B dG1x3

[(Jens M

Fig. 5-4. Changes in composition of toxin components in Arc Shell from 2013 to 2015 (modified from
Yamamoto and Oikawa, 2017).
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Fig. 5-4 {2 2013 £/ 2015 SED T T TTA BT HEAED TS OZE AR LTz, 3
FEMROFEIZ 18 U T b mWEIE CEEK 55%) 2 HD7Dld GTX2 BXLUNGTX3 T
bole, o, F9EHITHD Cl, C2 b—EHIET (1520%) Sz, GTX1 BX
NGTX4 11X 2013 X4 H 1S BS S A I3 HOHB 7T, 2014 41X3 H 17 BB 6
H2HDOH > FLBL6 H 16 HOY 70T, 20154E1F3 A 16 H, 5 A 25 HB X3
H 30 BB 5 H 5 HOYB 7L TEnZRi SNz, GTX1 BLO GTX4 3884 5%
HFIX C1, C2 OEIA ST AN A B, GTX1 36 XN GTX4 OEEE I C1, C2
DGR LR L TV, STX 1T GTX1 BEONGTX4 & B2 #B %2R L, GTX1,4 D
FEMEL 725 & STX IFEWEIEZ ED AN b o7z, T7bb, B —27 MO
HITHENEIRIC EH D STX OEIEIEE L 72572, neoSTX 1% 2013 I HE I VEIS
TR S, O3 2014 FEOB 2 RS LI1EE A PR S e h - 72, deGTX3, deGTX2,
deSTX [T SN2 TIHIRVMETH o7, F£72, GTXS B L GTX6 [TFHEMIH+
Fol<{mHInihoT,

60 T
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Fig. 5-5. Changes of toxicity in Japanese Cockle analyzed by mouse bioassay and high performance
liquid chromatograph (HPLC) from 2013 to 2015 (modified from Yamamoto and Oikawa,
2017).

103



U A OFER X OFRD DRl

Fig. 5-5 1 2013 4E72 5 2015 4ED R U HAZFIT B~ 7 ZBRIC L 53¢ &, HPLC
DINTHFERAS Oshima (1995) 23 L7 eI HE v~ 7 AFEMEICHUE L 7= H @ (HPLC
/) EPFECORLE, 2013 Fd~ v A3k, HPLC #/1& b 3 H Mk T~ v 23RO
FHBRAR @MUg!) AR THERE L CW=n, 4 A BERoS 7Vt~ 287, HPLC %
Jr&bEE @MUg!) % ERlo7-, 20%, 4 H TME TEEOIREHEML, 4 A 22
HOV T NTRRERST-, DL ED~ T AFS), HPLC #IEZENEh 448 MU ¢
L 529MUg! Thoto, TOHFINTFSLNTWA L, 6 A EANCHHEEZ Faly, Ta)
IR S < 72570, 2014 F3 3 H FAE T~ o 2535 L 720> 72723, HPLC
INT CIERRENE Bl id < B Eninot=, LavL, 3 AR 7L Tte A
/], HPLC /& b 2MUg! & ERIS72RICRE ML, 4 A 15 BIZRKROE 2R
L, ¥ A#ST540MU g', HPLC 23471755 OBRAE T 50.0 MU g'! & 7272, ZDE,
FNE 5 AP E TN L=, 5 A 17 HOYV U7V CTHOMM L, 7&F, 5
A TR ZEIIED U 6 ALt S e 7Zeolz, 2015 HlI~ v RS,
HPLC /1L 62 AFAIOV 7N T2 MU gl % ERl-7z, 3 H FAIE T2 MU gl Hif% T
HERE L7-%%, 3 A 30 HICIRE EADBA LN, T<Idb L, 4 A 21 HIZIZ~U A5
71, HPLC /1 & bRl FEl>7o, £0%, 4 H 27 OV 7V THROGEHE L, HifH
KOS (v 7 A5 )), HPLC /1 CENZEN 652 MU g!, 847 MU g!) Z/RL7=A% 1
%D 5 H 5 BOV 7 VEE, ~ D 2%/, HPLC #/1 & BIRHBRALL T OIRIREE &
ISy

b X1z, FNITADO@ENI3IFEL S~ T A5 T), HPLC 3/ & b [RIEROZEEEH WA
R, THHALDEOFOMEITITEIL T, £, ThHA LT3R, EFEOMR
K7Z o7 b isHBLT 2RELIANT, BRI E BRI S 2 & %o Tz,

Fig. 5-6 {2 2013 £/ 2015 4ED kU A (2B D EAEDFMS O ZE AR LTz, 3
FEM ORI 218 U T b mWEIE (8 30-60%) %50 7- 01355550 Cl BLONC2
TH-o7=, GTX1 BLOGTX4 1X 2013 4EiCiE 4 H 8 HvH 5 H 20 HOY 7L T, 2014
HFEIZ3HA1TEPS6 A9 BETOY T ILT, 20154E1%2 A 16 AH 3 A 16 HB LW
3030 HH 4 A 27 HOY A TERWEE (GTXI+H TH 20-40%) TR Sz,
GTX2 B LU GTX3 DI GTX1 BL N GTX4 L IFIERBETH 7208, GTX14 KL
DL EMMICOIE RS AERN S -7, STX IF#{b L= ok okt snsg =
EME L, 2014 HD 10 HIZOWTIHIEIE 100% & 72577, neoSTX 1E 2013 A1 H LB
WEIS TR SN2 AMUOEIZHOWD THEWEISIC L EE o572, deGTX2 B LD deGTX3
IHENEIE TIEH 523, GTXI, 4 LIRERORSNTHE S 7, deSTX 1T S8 g
NHIRWEIETH o7z, £7o, THHTA[REE GTXS BLONGTX6 IFFHEMIMF £ ~7-<
ARV WAy
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Fig. 5-6. Changes in composition of toxin component in Japanese Cockle from 2013 to 2015 (modified
from Yamamoto and Oikawa, 2017).

L5
KB BIT 2R ERRE 77 7 b OBEGE L BREMERBEORAE L~V

2013 25 2015 FFHZIBWT, BREMERERIK T 7k IE A tamarense 73 3 4EfEE
HT3ANS 4 ABRFATH)ONT CTHEL L=, —F, A catenellalX7 HZHONIHE L=, £
72, 02 FUSNORENE B RRNEIIT =2 U U JIRE IR SN2 ol 2D
EInG, AR IS T 2 R H B3R & LTl A, tamarense 35 X OV A. catenella C
D EHEEI NIz, A tamarense 1X, WTHILOED, KIIHZIIT 258 L TH D 10 cells
mL! 2 X THERS S 72, ILAR D (2017) 132002 #5255 2016 4% T 15 4E[H D A, tamarense
HBLRILA & &b, AW 3 T~ CE HBRAS, 55 2013 45, 2014 & fcm
HREEEE23 100 cells mL! 248 % 2 KB AEFICHFAL TV D, —T, ~ U ARBROKE
FHINIT I HA T2013 4, 2015 4F, 2014 FEDNEIZE L, N U HA TIX 2013 4F, 2014 4,
2015 FEDNEIZE < 72> TV, BB FRICRE SN —KEITERE T2 b
WZXT AEBEHRIE A L, 5 F RSN EDBRWNED LD HEWN L~V E TEsx
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EHLO DT ENMESHTNDZ LMD (Twarog, 1974) , A tamarense DFEFE L~UL73
D 2 - K VAKDN > 72 2015 T b WOV 2R LT ATREMES B 2 b D, — 77, A, catenella
3R T30 cells mL! TH Y, KEUFOEE L TH % 500 cells mL™ 2K < Fla v (K5
EORAEIZE EE o7, LA T, AUEIIRNCIIT 27 A, U A ORIk
THRBIIRE { Tedo Tz EHEEZSIVD, 72721, A catenella O fifia e FE | I g e )
ThHY, SBAFEOHIHHM TH LB HEDORAEY X7 3@ < I D alRethinid 5,

AR, G. catenatum 33 OV A tamiyavanichii O HBLIHERR S 7ehoT-, T 2 Fl
DFERGE LT, KEMIETIX GTXS <RI D Z EAHE ST % (Oshimaet
al,, 1990; FHE 5, 2010) . AFHAEWFH, GTXS TP IN TN RN &b, il
FROBLED D B 2013 4F72 5 2015 FOFH LIFAFEIT A. tamarense 721 LI A. catenella T&
oY {F&%&' = héo

WREMEBRRN T 7 b OB E T I HA DBE, BXOFERSEROBEGR

T FTA % 3RO VFHE L7, b EWERS CFE LR HER 01 GTX2
BIOGTX3 ThH o7z, TAK -/ (1998) 13EEBIZH1T 5 A tamarense S0 DR &
BLOEHSEZTHAEL, Cl+C2 BLIUGTXI+GTX4 D 4 55T 80%LL L& Hb b 2 &b %
RUTZ, &6, IARS (2010) & KFETHAE L7- A tamarense ZREIZ U CRBROAE
RERL TS, GTX1, GTX4 (FFEIZ3 ARG 5 H Bl S zsy, Z oM
A.tamarense OMEFEHAFIC —E9 5, ZDZ b, ZOHM O GTX1, GTX4 O
R7Z 7 OB iAAERELIZH 0 & Bbivsd, “HKEENTIE CL, C2 iTH L
BT deGTX2, 3121k % (KfE - B0, 2000) , LacL, AEIOHETIIOTHOED
deGTX2, 3 DEIGIHELSHEE L TE Y, A. tamarense OEFHMIRILIAN CILIT & A ERRH &
NN &G, Cl, C2 DO HREIFFH, S HICEHI N2 deGTX2, 3 1HESLHN
PEH SN B X bivic, —75, NI-OH RITETCHIGI i@NlH%mﬁﬁﬁé LT
A2 E L, GTX1, GTX4 1% GTX2, GTX31ZZ{kd % (Satoetal,2000) , = 5IZ Sato
emumm>u«A&yﬂywﬁﬁmi@_®”iﬁm#%ﬁéh5_k%ﬁ%bfwéo
T 71 I A VXIE T OWAEN) & e v, R~ L R Ao Y An s A ) ST
ZEIFRL BN TWD, 7205, GTX1, GTX4 INA~LZ 37 12X 0l sh, e
ﬁ_LméM5 LT GTX2, GTX3 NEWSICRoz EHEIEN D, & HICHROET
Iz & BN I D ZZERNI 72 STX (2229 %  (Shimizu and Yoshida, 1981) 723, AGH
SR ’:Fou\f%ﬂﬂ:ﬂ;ﬁlaﬁ@?ﬁ# (272 51F E STX OEIGIFEIN Uiz, & OB — A
HIETbHiEE S TERY, RIICEZEFET % Alaska butter clam Saxidomus giganteus Tl
IKEIZFENEE L STX MWD TSy & 72> Tud  (Kevitek and Beitler, 1991) . AWFSEIZ
BT, 2014 H-10 AIZIE T 0 AT A T~ 7 A3/ )OHMNDERR S 727238, ko @y STX
DENENEINTHZ LIZL Y, FHIOENPHERINTZEEZ BN,

Alexandrium tamarense O HELAHER S IL72 0 o172 6 A LIEDFE 17— % DMEET 5 2014
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FED8§HBLU0 H, 201540 7 AIZBWTHOIT NN om0 EFR R BN, ik
HE 4 BEIC A catenella 235EER S U7~ 2015 FE D [RIFED HERFEI X Fakoos@ v 7 H Th o177,
ZDOWBEDT T3 A DA E D & neoSTX DMLY 7 /N H_E L B ST\ 5,
IS (2006) 1 XATRINEICHIT S Alexandrium BEFEDO RS 2908 LT-fEE, A
catenella ClE neoSTX 78 C1+C2 [IZIRWCEWEIEZ 5D L Z L AR Lz, 26D &
5, 2015 FDEmEO EFIZA catenella iIZL DD ThHoT2 B2 D, —7, 2014 4
WZDWTIEFEIERIZ 6 A LIFE neoSTX OFEIG ML TV 4723, A catenella [ZHELL TV 5
DO TR CTh-7-2 &, A. catenella DI & 3 0 EREHAN—F L2 &
e, BIOERNE Z Hb, 2095, 10 HOBITARRD L0, Fky2S STX ~
TS 5 Z LI K 23 MEED FRHORREMER S 573, 6 H O IEINRF IS e H L
REH & [ARRIC GTX1 B L O GTX4 DR STz, RS (2009b) X KRBIBIZIWT
A. tamarense 72V L A. catenella DT A hEFRAE LT & 24, %< O T 10° cysts em™ %
MR DEETHET H I EEPALNI L, A MEISREMEIZEES, 6 fFOEV\HER
RO L X TW 5 (Oshimaetal, 1992) .  Perssonetal. (2006) 1%, Alexandrium fundyense
VA RN AFTHR ST D BNEREI TR, VA M X2 “HKHEOF LD ATEEN: %
LTV, T7bb, FRTT 7 b OMIEIHER SR WERIc BT 2380
FUZOWTUIT A FOBIZE 2B LD PR A ZET H0ENRH A ),

WMEHRFRE 77 NOHBLE M) TAICBIT 28R, BLUOERDHBROHES
2015 D R Y HAITBN TR b mWEIG 2R LTOREME R #FRSEL Cl BLONC2 Th
o7, FUFTAIZBNTHT B A A FEE, A tamarense HEFEHIFIZ GTX1 B LUV GTX4 D
TEED FRAMSHERSNTZ, & 51T, Atamarense HIRDOENATIL STX OEIE AN L TV
7203, THHANZEBEETIEI o7, £/, GTX2 BLOYGTX3 13 GTXI B LU GTX4
DR HRTE D DI SAURDTZ, 2 E TRIRIBLSA T N U T A OFALFEN T 720708,
FEAN G (2015) XM T 2014 4RI MY A B L7cZ &2 HE LT D, 20
EEDFINTT 7 b ATARISE L [FIRE, A tamarense Tdh o 7273, ABFZE L [FREFRED TRk
I CHETH D ,C1+C2 T8%Z O TWz, T7ebh, MU HATILCL C2, GTXI,
GTX4 DWTNDORS bERINHEIEIHELS, FBELTC b OREmWEIG TRIES &
Bz b, —77, FENRER CE Lz N U TAII0T 2 8501E C1HC2 3% 40% Tdh
ST2h3, IRWT GTXS BLUNGTX6 mWEIGZ Ho T (BIFFD, 2016) o FHEFO
FHNIRIKR 77 > 7k oH A tamarense Tld72 < G.catenatum TdH 7=, G.catenatum 5
AR GTXS, BELNGTX6 ZEAGrE LTHROZ Eb, TREAEHEKMR LD EE
26D, TNHOHEFZMHETELD E N HAIIERNTORERS DL, Bk
LB 77 7 N OB T M UTCBo e b L& 2 b,
Alexandrium tamarense O HERNHERE SN0 o712 6 HUEDE 17— 2 DMEET 5 2014
F, BLO2015ED NI ATAIZBIT D~ 7 ZA80E, IHTHERALL T O THER LT,
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2015 L Z O HPLC 73T IC38W T h BRI S e d o775, 2014 FEORERT
TR DR ST, T ORFORH S 7= 50 1E C1 B8 L OV GTX2, GTX3, deSTX,
dcGTX3 THY, 10 HDOA STX B sz, 72770, InHiEFnTng ZT<METH
0, TT0 MUDSER LRI, BT~ U A8 15H 5T HPLC TR S b ik
S LT, BLEDZ 25, U HAITBO TR T HE R den e S5 &
HERI S, RERR D ~OEERTIN T & O, T HA K0 FEIIOL TR EHEER S
iz,

THHA L DY FATBITHEL, KOBEOER

TAHTA L B TAZEBIT DT LERRIZIWT, ARSI T 5 7= 2 M H 75
JFIRFE L &z H3u5 A tamarense DHELOE—27 LT h A, A DO —7 %
Lz U7z, Atamarense OHEIREIL, 2013 4% 4 A AN 1 RIE—2 73, 2014 44134 A
FAE A, 20154033 A FAIE 4 A TEIIZ2BIOE—27R3bhoT-, ZHUTxL, w7 A&
FIIDE—IIT I ITA TIE 2013 F1% 4 A T4, 2014 1% 4 AP 1 18], 2015 4% 3
A TR, 4 A%f), 4 HTRI®O 318, R HA TIEL2013 4254 AHANZ 1A, 201444 A
BA), S HHA]), 201546233 A N, 4 A Mo 2[alE YU A Clidifia A tamarense O £
— 7 LFALDO = BRI TH 7208, T A T 1 #HENS 10 BO X A LT 770
bole, ZOXINTT ATANZONWTETEF LT 2 F TITHBMAERAET 5 &2 b
HZEMD, BEAEIOGE LT, RKT T 7 N OBINEREEICY 27 &S5
ZEERRETH A D, L, HRBRD LBV FEEE L THEILOHEE L W DR L B D
ZEMBIEHIRTOR L~V EHERT D LV o Tt ALE LB L b D, R Y A 2o
T, ZNETITBITOEREE (10cellsmL!) TRIBENE X TV, FHRTZ 7
N DOEBEE— 7 LB bO B — 7 NITRHITH D L WS T fiE 2B BT 5 &, 7T
7 N O E RIRHCEEDEIT T 2 AREMER B D, LIa - T, T HA L0 —Bffin
B A A TROE LRSS T 2 BN H D L E R HiLD,

—J5, WERRRICBW TR B BEEIEVIRR T 7 7 b DB L 721 DRSO
FHiR ChoTe, 75, THHA TRHERTZ 7 PR SR o To B bIK
WL TCIEd 3B SR S b olzxt L, FU A CldlzEmt & e 72
> TV, Fig. 5-7 122002 476 2016 SRS KBIN B FER L7=T BT A, M) HABIOT
BV O~ ZREROT—4 (http://www.pref.osaka.lg jp/shokuhin/shokutyuudoku/ kai.html, 2016
F£12 A 8 H) AW, ENENo HREOFER R TR & HH B OBIRE AT U7k
Ram Uz, FREROEXIT7HY TRrb/hSL, NIHA, THTADIEIZKE L 72
o, ZOZEFT bbb, FMILMHETH-TH, 7HY, ThHA, M)A TiEE
b L ChET D EN HMEIC L - TR D DN BEOMMICZENH T b2 %
LTS, DLEnD, 73U CldEmb L Chaeoaiiz 2 M B 403 iE <,
T 1 HTA TIHEOWERE T HEESES, SflHEPR R eZEZOND, RD b
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BY, T ATATIEL Y TAN AT OB HRED = <, AR T D GTX2, GTX3,
BELOSTX BERTZ 7 b ARBER b EMFRE SN D, ZOZ LT A ATAIZIBNT
FEWRmA R Lt 2 ERO—2 EEZ X bID, IDIZ, THHA, bUHA Tkt
HNCEMI BN TR B AR LTRSS, 70 WA Tl RN S0 % < AHAE LT=DIZH L, K
U HA TIEAIRICIEE A EDOFFEL TV (UARSESE ; 5-2) , £FHIRICBITS
N U A DFALERITH AR TH LB RDBRRITENZ LIAVREN TS (ER)ID,
2015) . —fXAICIE, Am7 7 7 B UDERANCED AN DT LB BRI S i R D
WEENEEND Z EITL<HONTWD (B - B0, 2000) 23, 704 TiHERLE
BT DSHPINC b S 4L, MRERIZ SR L7c w13 BN 2 & 3 HER S 47,
ZDZ LXKy, THOHAIZHOWTIRIR T T 7 b o OIEHE b —EDE L~L & fE
3o ERHDEEBEZOND, THATA LT HE M) A TiIEb RS, F08F

IEFERITHRT DA R SN2, ZHETRERIRKZZ > 7 b OBAICER L
OO,ﬁl@ﬂﬂ&bt%@?&vx»%?ﬁ%héibéﬁ%z%m5ott , AR
BT D MY A TIIRRETZ > 7 b AEEE B 1 02A RRE R b sikee L3 &
% (RIS, 2016) o FUTAICHONWTIE, WEEFEFINRDRNWZ E6H0, 5% LaA
EERT DMEND D,
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Fig. 5-7. Relationships between regulation days in bivalves from 2002 to 2016 and annual maximum
toxicity in each bivalve. a: Manila clam, b: Japanese Cockle, ¢: Arc Shell. Data is obtained from
Osaka Prefectural Fisheries Division (modified from Yamamoto and Oikawa, 2017b).
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TWD, RET A EPENEEIUPRIZIBWTIL, ZORMEEEEL, EEmE L CEE
REMICBWTUI—EOFRE 2D 2 & C, MEHREHEZEORKTZ 7 hroOfBLE R
2T IA DFA LR SN DRI BN T H A rTEEE LT\ 5, F7z, Al Alaska
butter clam TIIAE IZEHENERET A7 Y, B D LICHOEREI AN R A 560N RS0
%o MAZT, BIEEIZBWTT IHA & Y A TiEmb Em OB 2725 Z LG
M7 oT=, ATETIE, 2014 4512 Alexandrium tamarense (2 L W # b L7=T7 A HA & RV
HANZDNWT, B bOBINZIBWTEMRIOmESIT & w2 L, —“HEENICE
1T % FREME 2 FE O ARRILES L OB AR O REIC 31T 5 22 BT OV TR L7 e A
T 5, 728, AHOMERIZOWTIE, BHRICBWTHEBLROMENE LTz,

R 1R
THB OFEHEER & A

TR EFEUBHZ Fig. 5-1b (28 U2 RIRIFHERICALE S 2 SRAEEFRPEIC IV T, ISR EHE 0
—HETH 5 AT CIE S Ew = AT Ui, SBmEo T h 04, U A
L2014 4E5 H 13 Hic o 7Y v 7 Uiz, 2OV 7UIE b E— 27 OB DIy
L7z (Fig.5-8) . 7hHA, NUTAEBAFLIEY T MIENEN, i, Ob+H
K, i, BRSO (Fig. 5-9) , TREIUCHOWTCEER L OFERS OO L-, 7
AAA L N TATAEDIRETENZN 8 K, 10 EIRIZOWTEHN. O EIZ T 72, I
L O~ U AR RIC L 5 AEE FHEVEAN B ARRSFEARZ, 2005) 126V,
P TNERE VT A X, BEMSETAM L 4 *CT3000pm, 10 min. DL BEZTT -
7-t%, [H% HPLC ot Hofhitik & Liz,

“KEDRERS T

THITA, NV FAZEBT DERST D HTIE Oshima (1995) 238 L7 A N7 LEgt
LEEIZ K0TV, oA AR E A IR MK PEE TH B 2 2R D> B BdAT S 4072 gonyautoxin 1
(GTX1), GTX2, GTX3, GTX4, decarbamoyl GTX2 (dcGTX2), dcGTX3, N2 1-
sulfocarbamoylgonyautoxin 2 (Cl), N2 1-sulfocarbamoylgonyautoxin 3 (C2), neosaxitoxin
(neoSTX), HALKRFA ZEHIR R SR i L IV 435 72720 V7= decarbamoylsaxitoxin(deSTX),
IKPERTSE « rE RS ROKPERTE %E@%*@ii@AQth%tGﬂﬁ GTX6 , K
PERFSE « 2B Bt T R K PERTF S ERTIEP PVE XK PERFFERTIC TS LA R R 0%
ﬁ%bf%tt%thmm@DW%%Bﬁ\%ﬁ%toHEC\ﬁ“%immm%@
L-7250 A— b ¥ 7T —, L-7100 28R 7, L-7300 SRS (65°C) , L-7480 2ttt
ar UAbiEER 330 nm, HOEEGR 390nm) ZEH L, ST T L3 Inertsil C8-3 (GL Y1
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TUA 46mmid X 250 mm) ZVNZ, 7238, HPLC Z0HHE O3 I1%2 RO, Bl
DB HIZIE Oshima (1995235 L7z bt (LR, HPLC #/1& 7 %) ZHve,

60

Toxicity (MU g*)

Fig. 5-8. Temporal changes in toxicity of Arc Shell (a) and Japanese Cockle (b) in 2014. Vertical arrow
shows sampling day of bivalves. Horizontal dot line shows regulation limit (4MU g™).

Fig. 5-9 Partition splitting for site-specific toxicity measurement. Left: Arc Shell, right: Japanese Cockle.

a: muscle, b: mantle edge and adductor muscle, c: gill, d: viscera.
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Fig. 5-10 Distribution of toxicity by part in Arc Shell contaminated with PSP toxin.
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Fig. 5-11 Toxin profiles of Arc Shell at each part.
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Fig. 5-12 Distribution of toxicity by part in Arc Shell contaminated with PSP.
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Fig. 5-13 Toxin profiles of Japanese Cockle at each part.
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THRITIST D R BB OEFEALL, HFEIC LV 2 TH D Z L SN T D,
Bl ZIXRR DY, BHET A TIEHBIRC (Maruyamaetal., 1983) , Alaskabutter clam C
IJKEIZETET D (Kvitek and Beitler, 1991) fit, ~N77 771 1> Spisula solidissima Tl #1 k.
WIENZIIFECRVWEE R~ T (Shumwayetal,, 1994) . — /5T, ElgvE s 2) <
IR ERIIROER A S S B E - BP0, 2000) . ABFFEIZBWT, 70541 OFHI]
DFINT, BEEE (B HAEERD (Ob) TRbEBRHESh, RS2 T AL
DA BZXITTARE 20, TATADEFINESL, ObeEbETHtrLiclz), O
TR B EAEE L FTREEE 5 D%, T hHAICBOTH, RIS DU 5
MIZHEWFENPFET D AREERH D, X5, L d)’@\“(ﬂt?ﬂ’(%mb\ VAR 3an
SNz, HAITEECIIRLEWEIGEZ DD 2 b, BENIOER CHIE L-HED
FEEIG T, Ob+EEE GO TR ENRRR (O, BB XUOWA) ITFE
L7z (Fig.5-14) . LIER-TC, THIALZONWTUIR L T HAHLITHRAR Y, FREOH
OHHRETH D LB BTz, —JF, MU TAIZBT DEABIE TN TR b A
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3 ff, Asakawaetal, 199572 5) . THHAIZBWTIE, Cl, Q2QBLOGTX4 1%, 9%
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DIHR, Ob+EIETIIMHENZZ L5, I B RICHECNIC R D BT L
MR SN D, WiIgEFHA, Ob+BHICIT 2 EBEEIL, T hHH A TldfadEs LT
NOEFEOT Y A7 AU Mo s H 2 BL7- L (Satoetal., 2014) , GTX1, 4 1% GTX2,
3ICEMEINDT-D, WIRTE D BWEBRMN - 5 LSz, —F, BUAATIEN
BT Cl, C2EBLUGTXI, 4 BPRHINTEY, EKEYW THD STX T E O + B
THRENDIBETHST2Z LD, THHTAITHA_REIEBRERE LIZL L, WO BH)
WEIZEDBATT D Z &R EONITHEH SN D D LR ST,
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Fig. 5-14. Percentage of toxin in edible and non-edible parts.

FHIH FRERO_MEBEEIB T AMEEEBEOEXREOIE 2%, BLORE—HAE
HIZBIT 2 HREDIE 6>
=

KB \ZB T A IEE Y, ok CIEE R DR T AR F LWV o 73510

115



BETIE R, BCERESWOT BT A, M)A, WEOTH I, KO~ by
LWV RARTHHETRHE L 222 OWKRE A TH 5, AT TR
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[FlOmREA, BENTOELSTOMENEE LB b d, AETIEFR—RIZY 7Y
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DL BT, U REIHEZTT O 72 ORE NS SRS A HEE LT,

FrBEE ik
W% BRE L2VWEEBIY 7Y 7

KPR 438870 & OUHR A RFE LW o 7 o F & FE LT (EARR I B O 2010
EICESG LTI P2 DT T o 7o, ZACHBUBHIRIE & AR Fig. 5-1 12 L7C KIRIT
HHECALIE T 2 SR BFRHRIZ VT, KR DT dh 5 M Tl S /- %
AFLT, 20005 HR HIZT A%, SA1TBIZ NV A %7 Y 7 LT, 3k
HI IR H 3 OSBRI L 2 i B EHR 7=, iz X 5mEE L THED bk
g 2 clhe L, Yo E LA LT,

100 14
—@— A. tamarense
--@-+ Arc shell

-=7==- Japanese cockle

Cell density (cells mL")
o
Toxicity (MU g7)

Mar. Apr. May

Fig. 5-15. Temporal changes in cell density of A. tamarense, toxicity of Arc Shell and Japanese Cockle in
2010. Vertical arrows show sampling days of Arc Shell (a: May 8th) and Japanese Cockle (b: May
17th). Horizontal line shows alert density of A.tamarense (10 cells mL™) and dotted line shows
regulation limit (4MU g™).
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HBr D, ) OFHINE ELISA VEIZ X A5 0 TIT o 7, ANEIEICHEC THEZ
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Fig. 5-16. Temporal changes in cell density of A. tamarense, toxicity of Arc Shell in 2015. Vertical
arrow shows sampling day of Arc Shell (April 14th). Horizontal line shows alert density of
Atamarense (10 cells mL™") and horizontal dotted line shows regulation limit (4MU g™).
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Fig. 5-17 \Z7 AW AZFT % HPLC ~ v AmtE#BEE & ELISA 1EIZ X 25O RER
R LTc, THHANZBNT, 2 FEOOHRERIIBEDOHEBEN H 7225, K731E6D
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IR S e o712 (Fig. 5-18) . Fig. 5-19 12 HPLC 75 & ELISA (T & 2 45Tt oo s
SIAiER UTc, WL E BEDRWE ZADBENE L, ERGMEREehoTe, £
HEIE 2.18 & 2.74 & RERFETRDHST2D, SOWHEDOIES S & &5 & ELISA 1 Tl
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Fig. 5-17. Relationship between toxicity of ELISA analytical value (MU g') and HPLC analytical
value converted to MU g™ in Arc Shell.
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Fig. 5-18. Relationship between shell length of Arc Shell and toxicity quantified by two methods

(ELISA and HPLC).
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Fig. 5-19. Comparison of results of ELISA method and HPLC method in Japanese Cockle by

frequency distribution (left) and box plot of analysis (right). Upper two graphs: ELISA, lower
two graphs: HPLC.
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Fig. 5-20. Relationship between toxicity of ELISA analytical value (MU g ') and HPLC analytical
value converted to MU g in Japanese Cockle.
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Fig. 5-21. Relationship between shell length of Japanese Cockle and toxicity quantified by two

methods.
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Fig. 5-22. Comparison of results of ELISA method and HPLC method in Japanese Cockle by
frequency distribution (left) and box plot (right) of analysis. Upper: ELISA, lower: HPLC.

50

Percentage (%)

1 23456 7 89 101112131415161718192021 222324252627 282930

Sample No.

Fig. 5-23 Individual toxin profiles in Arc Shell collected on the same day (May 8 2010) in Osaka
Bay.
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Fig. 5-24 Individual toxin profiles in Japanese Cockle collected on the same day (May 17" 2010) in
Osaka Bay.
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Fig. 5-25. Fishing ground of each sample fishing boat. A: offshore of Kishiwada City, B: central part
of Osaka Bay, C: offshore of Hannan City.
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Fig. 5-26. Toxicity difference among fishing grounds. A: offshore of Kishiwada City, B: central part
of Osaka Bay, C: offshore of Hannan City.
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Fig. 5-27. Comparison of analysis results from two sample fishing boats (B, C) by box plot (right)
and frequency distribution (left) in Arc Shell.
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Table 5-1. Variance of average toxicity values for each number of extracted individuals in Arc shell
caught from unidentified fishing ground. Toxicity analyzed by HPLC method was simulated on

a personal computer by bootstrap method.

N Mean 5 percentile 1 percentile 0.1 percentile  Errori (M-5p) Error! (M-1p) Errc0104-0%)  ErrorS/Mean Errorl /Mean Error0.1/Mean
5 22 1.1 0.8 0.6 1.1 14 1.6 50.7% 62.6% 70.8%
6 22 1.2 0.9 0.7 1.0 1.3 1.5 47.3% 59.5% 67.9%
7 22 1.2 1.0 0.7 1.0 1.2 14 44.3% 56.1% 65.9%
8 22 1.3 1.0 0.8 0.9 1.1 1.3 42.2% 52.5% 61.6%
9 22 1.3 1.1 0.9 0.9 1.1 1.3 39.5% 51.7% 60.9%
10 22 14 1.1 0.9 0.8 1.1 1.3 37.8% 49.7% 59.3%
11 22 1.4 1.2 1.0 0.8 1.0 1.2 36.0% 46.8% 56.4%
12 22 14 1.2 1.0 0.7 10 1.2 34.2% 44.1% 53.3%
13 22 1.5 1.2 1.0 0.7 1.0 1.2 33.4% 43.6% 53.8%
14 22 1.5 1.2 1.0 0.7 0.9 1.2 32.4% 42.9% 53.0%
15 22 15 1.3 1.1 0.7 0.9 1.1 30.8% 41.2% 51.5%
16 22 1.5 1.3 1.1 0.7 0.9 1.1 30.3% 40.9% 50.6%
17 22 1.6 1.3 1.2 0.6 0.9 1.0 28.9% 39.2% 47.2%
18 22 1.6 1.4 1.1 0.6 0.8 1.0 28.5% 37.4% 47.3%
19 22 1.6 14 1.2 0.6 0.8 1.0 28.2% 37.1% 43.8%
20 22 1.6 14 1.2 0.6 0.8 1.0 27.0% 37.1% 46.7%
21 22 1.6 14 1.2 0.6 0.8 1.0 27.0% 35.9% 45.1%
22 22 1.6 14 1.2 0.6 0.8 09 25.6% 34.6% 43.5%
23 22 1.6 14 1.3 0.6 0.7 08 25.7% 34.1% 41.6%
24 22 1.6 14 1.2 05 0.7 1.0 25.0% 34.0% 43.7%
25 22 1.6 1.5 1.3 0.5 0.7 08 24.6% 32.6% 42 6%

Table 5-2. Variance of average toxicity values for each number of extracted individuals in Japanese
cockle caught from unidentified fishig ground. Toxicity analyzed by HPLC method was

simulated on a personal computer by bootstrap method.

N Mean 5 percentile 1 percentile 0.1 percentile Errori (M-5p) Errorl (M-1p) Errar01040%)  Error/Mean Errorl /Mean Error0.1/Mean
5 8.1 5.1 42 33 3.0 39 48 36.9% 47.6% 59.7%
6 8.1 54 45 36 27 36 45 33.7% 44.2% 55.3%
7 8.1 5.6 47 39 25 34 42 31.4% 41.8% 51.4%
8 8.1 5.7 48 42 24 32 39 29.3% 40.1% 48.4%
9 8.1 59 5.1 43 22 30 38 27.5% 36.8% 46.8%
10 8.1 6.0 5.2 43 2.1 29 38 26.1% 35.5% 46.9%
11 8.1 6.0 53 46 20 27 35 25.2% 33.8% 43.0%
12 8.1 6.2 55 48 1.9 26 33 23.7% 32.4% 40.6%
13 8.1 6.2 55 4.9 1.9 26 3.2 23.1% 31.9% 39.3%
14 8.1 6.3 57 49 18 24 32 22.3% 30.2% 39.0%
15 8.1 6.4 57 50 1.7 24 3.0 21.3% 29.6% 37.6%
16 8.1 6.4 58 51 1.7 23 30 21.3% 28.9% 37.6%
17 8.1 6.4 58 52 1.7 23 29 20.6% 28.2% 36.1%
18 8.1 6.5 59 53 1.6 22 27 19.4% 26.6% 33.9%
19 8.1 6.5 59 5.4 1.6 22 2.7 19.5% 26.8% 33.5%
20 8.1 6.6 6.0 54 15 2.1 27 18.9% 256% 33.7%
21 8.1 6.6 6.1 55 1.5 20 26 18.3% 252% 32.6%
22 8.1 6.7 6.1 55 14 20 26 17.9% 24.7% 32.5%
23 8.1 6.7 6.1 5.7 1.4 20 24 17.3% 24.4% 30.0%
24 8.1 6.7 6.2 57 14 19 24 17.2% 23.7% 30.2%
25 8.1 6.7 6.2 5.6 1.4 1.9 25 16.7% 23.2% 31.0%
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Table 5-3. Variance of average toxicity values for each number of extracted individuals in Arc shell
caught by sample fishing boat B. Toxicity analyzed by ELISA method was simulated on a

personal computer by bootstrap method.

N Mean 5 percentile 1 percentile 0.1 percentile  Error (M-5p) Errorl (M-1p) Erra01040%)  Errorb/Mean Errorl /Mean Error0.1/Mean
5 26 2.3 22 20 0.3 04 0.5 11.9% 15.9% 20.2%
6 26 23 22 2.1 03 04 05 10.8% 15.0% 19.2%
7 26 2.3 2.2 2.1 0.3 04 0.5 10.2% 14.0% 18.1%
8 26 2.3 22 2.1 0.2 03 04 9.5% 13.0% 16.9%
9 26 23 23 22 02 0.3 04 8.8% 12.1% 15.7%
10 26 23 2.3 22 0.2 03 04 8.4% 11.7% 14.9%
11 26 24 2.3 22 0.2 03 04 8.0% 10.9% 13.8%
12 26 24 23 22 02 0.3 04 1.7% 10.8% 14.1%
13 26 24 23 22 0.2 03 0.3 7.4% 10.2% 12.9%
14 26 24 23 22 0.2 0.3 0.3 7.1% 9.7% 13.1%
15 26 24 23 22 02 0.2 03 6.9% 9.7% 12.5%
16 26 24 2.3 2.3 0.2 02 0.3 6.6% 9.0% 11.9%
17 26 24 2.3 2.3 0.2 02 0.3 6.6% 9.0% 11.7%
18 26 24 23 23 02 0.2 03 6.4% 8.8% 11.7%
19 26 24 23 2.3 0.2 02 0.3 6.1% 8.5% 11.2%
20 26 24 24 2.3 0.1 02 0.3 5.8% 8.2% 10.3%
21 26 24 24 2.3 0.1 02 0.3 5.8% 8.0% 10.2%
22 26 24 24 23 0.1 0.2 03 5.7% 7.8% 10.3%
23 26 24 24 23 0.1 0.2 03 5.6% 8.0% 10.1%
24 26 24 24 2.3 0.1 02 0.2 5.4% 7.6% 9.5%
25 26 24 24 23 0.1 0.2 02 5.4% 7.3% 9.4%

Table 5-4. Variance of average toxicity values for each number of extracted individuals in Arc shell
caught by sample fishing boat C. Toxicity analyzed by ELISA method was simulated on a

personal computer by bootstrap method.

N Mean 5 percentile 1 percentile 0.1 percentile  ErrorS (M-5p) Error! (M-1p) Errc0104-0%) ErrorS/Mean Errorl /Mean Error0.1/Mean
5 1.8 14 1.2 1.1 05 06 07 254% 34.0% 40.4%
6 1.8 1.4 1.3 1.1 04 06 0.7 23.2% 30.9% 38.1%
7 1.8 14 1.3 1.2 04 05 0.7 22.0% 29.0% 35.8%
8 18 15 1.3 1.2 04 05 06 20.0% 27.2% 33.8%
9 1.8 15 1.4 1.3 0.3 05 06 18.8% 25.4% 30.8%
10 1.8 15 1.4 1.3 0.3 05 06 18.0% 24.7% 30.4%
11 1.8 1.5 14 1.3 03 04 05 17.4% 23.4% 29.9%
12 1.8 15 1.4 1.3 0.3 04 05 16.6% 22.1% 27.9%
13 1.8 15 1.4 1.3 0.3 04 05 15.8% 21.7% 27.5%
14 18 1.6 1.5 14 0.3 04 05 15.2% 20.6% 25.8%
15 1.8 1.6 15 1.3 03 04 05 14.8% 20.8% 26.6%
16 1.8 1.6 1.5 1.4 0.3 04 05 14.4% 19.9% 26.0%
17 1.8 1.6 1.5 1.4 0.3 04 04 14.0% 19.3% 24.1%
18 1.8 1.6 1.5 14 0.3 04 04 13.6% 19.2% 24.0%
19 1.8 1.6 1.5 14 0.2 03 04 13.2% 18.2% 24.0%
20 1.8 1.6 1.5 14 0.2 0.3 04 13.0% 18.0% 22.2%
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EEPEFE SN Y T BT, ThHA, MU HA L BEEREIDIESD
TIEFICRE R LD E o=, THHA, FUHA L HEREHEOWRS IR E ERRZ
ZEPRSEL D BAFFIE T TRIRIBHIEICIAAFAET 5 (Figs. 5-28,29)  ABFEIZI5V VT
BT CRREME RO Z RIS HER SN 2 2D, — RN HERRE DOF /1 D72 3
HHEOB NN LD b D LHEEREND, ZOIELSX #3807z BT, HmanE KA
At E 7 — N A NT7 v 7RI K VIRET U, TRME R s ORSE S BT 70-120% & S
NTNWDZEND, BBEOTFREIAL LT 30%EIE L5, 7hHA TRIESL DX
MREL, S%DMERCTEMEMAZTIL CH 17 BAVELRHESNE, /2, NUTAT
1% 95% DRfESR CHMEM 2 F 95 & 8 A, 99% TIE 15 EAMEE & B Sz, AEEIC
X 250051E (AARRMEARS, 2005) TiE, TeXBORFENE 100 g 2 B —F—HNIZ
FELAWD & &N TWD, TAOHARL MY A DOREVEKRTIE, $10g % L2 H0
HLHY, BETUEREITELTCLE D Z DL, SREBUKAEL & 212 < 2 Oimi %
WETHDLN, THHORERNG, KRB O OWEL(ET 5 LRE AR 57
DIZIE N Y HA THERAK 10 EAFRRE VI L HEE S, 72720, 22 THW= 7
IHBIGNFFE CERWY LT, D oREBEFIIE  bo B — 27 22 7% H & 9 BRIE
EINEHLOTHY, HLETHLHITHDZ LEEHETINERD D,

IR L DIESSXIT WA TRENoT=, THHA, U HA L BIEERDOF
FRIIERFERE T - 7273, BRI X » TR 2 Db B Sz, #5258 1 5
TRLEEY, “HEENOFHBIIRERIC L 0 2(bT 5, T70bh, RO S
THATA, MU TA L bR CRERICE LD A E o 7= S HEE S D A3, EIRIC K - Tix
LD R 2 LD BIEIEL TCWD EHEESND, — T, THHA L NI A Tl
HRICKRE BV H o7, B U A TIEGTX2, 3 ERIZCl, C2, GTXI, GTX4 DEIE
DENDIZHRE L, T HTA TIESTX OFIEEm-T2, S EH IR LIZL 2T h
A TlIFmOEHREN = <, FHIMICEBERONICERT 2 L Z2 060D, 7T IZBN
TRU A ZEER, SPHEMDIXE S>ENRKRED-TZ—RE LT, BRI LD ihEk
FDEMOBE N -T2 Z & TR SN A BHINTEZDAE U ATREE L E 2 bivd,

AT B 2B DUHEE O LI BT, 2 TOREE TR BEOEREICEDSH 5
Z L DHER ST, e b B /1D R o T BT EIFRZE PSR OV X, 5 2 ECOR LTy,
A. tamarense SREMIEN EEE CHER ST, I HIZVA ML EEETEREIN D F1 R
ENDHUHETH D, VA MDIFEE “MEDOTHUIZHOWTUISHIA SN LR TR
RVEETH 503, [FHR C B bEa b T D Rl RSN Z D, “KEOE
{BE=% U ANZOWTH FMEBONA THET 5 2 & THFLER D Z LN TELHEEZDL
Nb, ZOFRERMND, TRESINIZEGICRBO TONTC S E e “ A E OfEEEk %~ — kA b
7 v AEC X OBE LT, GO 20O TR TOIXL DX XLV /ha
WHDTH Y, IGEIRET D E 99%DERTE 10 HLL N TR Z Rz L7z Z Lk,
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Fig. 5-28. Distributions of fish catches (kg day! sample fishing boat™) of Arc Shell caught by trawl

fishing from 2005 to 2013 in Osaka Bay.
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Fig. 5-29. Distributions of fish catches (kg day! sample fishing boat™!) of Japanese Cockle caught by
trawl fishing from 2005 to 2013 in Osaka Bay.
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F6E 77 MUFEAL ELISA BOPHRIC X ABEMHERFE=4Y 7
F1ETBORLIEEBY, KIGBIZEIT 2 HBEORHY, RS 2540033 TK
RTINS NAANETHY, KRBICBWUIEIIRNT 77 hro®=2) 7%
FfRE LY A7 EBMERIZ B> T b, ZHE CTHiGcimms 5 “HHE O mF5l37s
VWS, HRT B RIS, RS U CERIRE NI A T WA A T 2008 4L 2013 4RI, T
B T 2016 RIS EENFAE Lz CRFRF, 2017) . Alexandrium tamarense OFHRES FE A
SEGRAEE (10cellsmL!) #Bx - EOEMI L0 MEFEE 2002 4-2016 F2OVT
AU (Fig6-1) 723, BECTH VICBWTIE, s 2B 2 - E% T H BRI 2 K
X EAlSTNWD Z EMBNT ERb0b, SHLIFRT T 7 M AW T 1 #EFTE
TEREELL T CTh-oTh, BRIITEWEEIZRVEDL Z ENRTENS, ZIET,
T TOFEEE V) S TIT Y A7 EFHIIH Y < EITLTND EWVWZ DD, SkhEai
T &N, X0 ERE TR =X U U TIREI O EALE B 2 Hib, T,
RENE H B O 5 3ATiE & L C ELISA {5 (W5 IEY: ; Enzymee-linked Immunosorbent
assay) DNBRBMEEFRDO R 7 ) —= 7¥EL L TR SN D EFINIRE SN L 91tk
(Tl 5, 2013 72 &) . ELISAVEIIMI 23 @ <, KEOREN A HRFRICABE X 5—F5
T, WEICHERT 2RISR Z S ATSOSEN R D Z nh, B=2 Y U 7MY
5 BB Tot g “HE OFERCOATEE (w0 AR & OB Z MRS D LB
bb, KETIE, BIEOTTL7 N OFE=ZY kA EFY A7 PR 25T
B2, RIS ARSI B L7 PSP-ELISA % v~ I (Kawatsuetal., 2002) %
WS HTEIC L A EbT =4 U o ZICHONWT, ERME A F LTS RIC OVl B,

20

T
i L] ® Short-necked clam
L 18 i O Arc shell
= : @ © Japanese cockle
= 12 i
= (Y
— 1
> 8 ; 9
S !
> H O
=} . S| SHEED 1&). ..............................
=
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0 910,
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Fig. 6-1. Toxicity of three bivalves (Manila clam, Arc Shell, Japanese Cockle) when the cell density
of A. tamarense exceeded alert density of A.tamarense in Osaka Bay from 2002 to 2016.
Vertical dotted line shows alert density of A.tamarense (10 cells mL™") in Osaka Bay and
horizontal dot line shows regulation limit (4MU g™).(mondified from Yamamoto 2017)
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FHATIZ 2013 4 1 H-2015 4 12 FIZT TYTo 7z, KIRBICHIT 23 (LEHTH 5 2 H
P35 5 AR 1 8], ZOMOEEITA 1 [BIOMEE T, KBREHEICALE T HifERE
(Fig.5-1) (& TTaHA L NI TA %, fEMELHR LI ETYH TV 7 L, 7272
L, 5 AUREToH - TR X5 Hifar B =R il ik L7z, #0BHZ
INTEHEIZHEC CHIBA I U728, KBRS ARG ERTZEAT 23 BA%E L 7= PSP-ELISA & v b
2RV BmEEZ W Lz, ELISAVEOFEMIZE 3 B 1 fiCr e, 2618, ABto—ific
DONTIE~ U AE MRS L OVHPLC (2 X D HEk oy omstricfik Lz, JRR7TZ7 7 ho
HELE OHERIZIE, FB2ETORLEE=Z Y 7 TELNETER 2L OREEEDT —
ZERIA Uz, 728, HRREKOHIEEE NG L0 @WEATIHRIRERK D & O % s
L L,

(EPES
ELISA {EIC X B2 RIBIZRBITI DT A4, NI TALOMEERBT=2V 7

Fig. 6-2 1 2013 =725 2015 BT DIFEARR O 27~ Lz, 2013 4131 AvH 5 H
F CHER BV EIBRZE R A ifadn & L Cuz, 2014 4513 2 A % CRAEERRZEHALER O
THEEL T, 3 AND 5 FIZOWTEIZEREID B FEENFICONT TR E LT
72,2015 AR 1 A2 B 2 AIRZEERHANCIEG R o - 7225, 3 A D 5 AICIFZEH AL o,
KRR FIRLBR i A s & LT,

T T T T T
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o
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Fig. 6-2. Fishing points for collecting samples using fishing boats. Arc Shell and Japanese Cockle

samples were obtained.
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Alexandrium tamarense OFEJE & ELISA 1AIZ X 55 /1O E 3 45 & R LV elis s
L7 (Fig.6-3) . 2013 42/ A tamarense Dfe=id# EA 8 L% 700 cellsmL! & FH&E AT 72
3FEM T MEE THER SN —T7T, “HEOFENITRET, 7 h I A THKHK 20
MUg!, hUHA THRANIOMUg! Th-o7-, 2014 4% A tamarense D= 1T L%
200 cell mL! & 2013 40D 13 FRE TH 7228, T HHA THRI S50 MU g, kU A THIS0
MU g' & 34ER TR b E\WEE /1 a 7R LTz, 2015 4513 A, tamarense OHE5E L~UL73 3 4ERE] T
T bIR<S, mKR60cellsmL ITHEEY, mRKEINIT I TATKIOMUg!, NI TAT
50 MU g! Thote, THhHHAE NI TATHE, BRERITN) TA TEVENZRL
770 2015 FIHI 2 U CEBRIN T 7 7 b OREFRL~LTH-7208, 5 H BA)
T HHA, N HA L BBEERBREO EAPMERSIN, £, 3 MEELT T b
> OHFEIC 1-2 BN TENT LR UL, mifEe 77 7 M UBmEITHIn LT
INFEE LTz,
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Fig. 6-3. Temporal changes of toxicity quantified by ELISA method and cell density of A.
tamarense from 2013 to 2015
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ELISA YESHTME & ~ 7 ZARBRZHTER X OV HPLC IERHTEDOTEES

3 ODGHHEDT — X INEELFET D 2014 FEIZONWT, THHA L MY HAITBT D5
MrERIDOE" S OHEFS AR L= (Fig.6-4) . ELISA #%, HPLC %, ~ v AikBr e & Wifd CHY
ORI LT STERIOZEL b U A TREDST2H, ~ 7 ARER, HPLC 1%,
ELISA VEDNEIZAEIZE < 2 AMEANH 0, T DOETFBEIEm N L 7 L TR EME 207

L7,
80-
= —e—ELISA
;” ol @ - o~ HPLC
g - ®-Mouse bioassay
>
=
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o
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801
= 60 b
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Fig. 6-4 .Temporal changes in toxicity in 2014. a: Arc Shell, b: Japanese Cockle. Toxicities were
quantified by 3 different methods. HPLC value (umol g'!) were converted to mouse bioassay
value (MU g™ according to Oshima (2005).

TRTCOYV T ML D~ 7 AR M & ELISA DHTEORRE D &, ThHA,
NU A &b RITZENZETL0.89, 0.77 & HikiyE EBIBIER 3 S H vz (Fig.6-5) . 24
EREERTROMETRE L, ~ 7 AT 6 MU g!' RiioV 7V CHOMEZ RS &,
THHA, FUHTATRIIZENEI 052, 0.67 LKL 7257273, b U HA TIET_TY=X
DEMRL D EVETH 7= (Fig.6-6) . —J5, THHA TIXY=X DERIA L ETFIokE
IESH-X, Akt (=7 ZEBROHHET 4 MU g' LUE2>D ELISA Z5#HE T 4MU g' ok
i) 1L SRR 2 IR Ch -7, THHA, bUITAETNZUIONTTRTO ELISA
SINTIEDS EFIIAIES D LD IZFED BEMRAIEL L, X=4 (v 7 AR OHTE 4 MU ")
EDRRERDIZEZ A, THHATIETK 1 MU g, RUFTATH 4MU g! Eipotz,
HPLC ~ ¥ AR (LU, HPLC 7347 & 9°%) & ELISA O BIfRIC IV T,
TRTOY TN TRUZZNZET0.70, 0.70 &~ 7 ARERSHTE E OBIRE VK< 72T
BY, THHA TIEEFESOHATIESSEXRHDH—J7, AL THEHBHOEWEZS
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“C ELISA ST EA N D LA DI 2 b3 A A2 A Hav7e (Fig. 6-7) o BIERT
BOMETIER2IZ0.63, 0.75 THY, v~ T AREBREDOBUREL D EVMEE 727208, w7 A5
BrE[FRRT 1 A T Y=X OEMEFEATIES S DT L, YU A Tidiia Y=X _E56
IZEDNGFELT: (Fig.6-8) o XD DX DBRKENSTLT I HAIZOWTL, FIO EFAO
FRZOUWT, HPLC OATEE OB MER LI= & 2 A, HTIES>E UL, R2A30.75
[ZHEn L7z (Fig. 6-9)
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Fig. 6-5. Relationship between ELISA analysis value and mouse bioassay analysis value in Arc
Shell (left) and Japanese Cockle (right) from 2013 to 2015.
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Fig. 6-6 Relationship between ELISA analysis value and mouse bioassay analysis value in Arc
Shell (left) and Japanese Cockle (right) from 2013 to 2015. Samples were selected near the
value of regulation limit (4MU g). Vertical dot line shows regulation limit.
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Fig. 6-7. Relationship between ELISA analysis value and HPLC analysis value in Arc Shell (left)
and Japanese Cockle (right) from 2013 to 2015. HPLC value (umol g'') converted to mouse
bioassay value (MU g') according to Oshima (1995).
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Fig. 6-9. Relationship between ELISA analysis value and HPLC analysis value in Arc Shell (left)
and Japanese Cockle (right) from 2013 to 2015. Samples were selected for the period during
the increase of toxicity. HPLC value (umol g) converted to mouse bioassay value (MU g™)
according to Oshima (1995).

BT D> D DR

2014 FDOT A TA, 8V TANZI D HEM R OHERS & HPLC 73471 K 2577 (mol
IREE) OHEREZ Fig. 6-10, 11 (TR LTz, w08 EA-T 2 MIRICmfEIZ3E LT, GTX1, 4
PSRRI AU TVZ, & 2 C HPLC 0D B GTX1, 4 OFtEE A FRE L7, ELISA
IR E OFIBIE R LT (Fig. 6-12) , T _XCOY > T K HHBIBRCIE 7 A1, b
UHA L bIERE RY) 1INL, 224086 (0.70) , 091 (0.70) ( O PNIX GTXI,
4 ZEIRERED) Lol IHHNERTEOE TS, 0.64 (0.63) , 0.83 (0.75) &7
HA TOEIMINENHEO0, &bl (Fig 6-12) .
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Fig. 6-11. Temporal changes in toxicity (upper) and in composition of toxin components (lower)
in Japanese Cockle in 2014 (modified from Yamamoto and Oikawa, 2017).
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Fig. 6-12. Relationship between ELISA analysis value and HPLC analysis value in Arc Shell (left)
and Japanese Cockle (right) from 2013 to 2015. Upper: all samples, lower: near regulation
limit. HPLC value (umol g!) converted to mouse bioassay value (MU g™), except for GTX1
and GTX4.
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Fig. 7-1. Schematic illustrations of A. tamarense growth in Osaka Bay in the past and present years

explaining larger blooms in recent years.
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Fig. 7-2. Location of the priority stations for monitorings of A. tamarense vegetative cells. Column
samplings were carried out at the priority stations in addition to conventional surface water

samplings (with illustration).
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Summary

The eastern part of Osaka Bay (Osaka prefecture) was previously known as a typical eutrophicated
sea, and huge growth of phytoplankton (red tide) was a serious problem, but paralytic shellfish
poisoning (PSP) has not been a problem until the 1990s. However, PSP exceeding the regulation level
by the toxic dinoflagellate Alexandrium tamarense was detected for the first time in this area in 2002,
since then this species appeared and grew in the spring season almost every year. The bivalves were
contaminated with PSP toxins beyond the regulation value. Although A. tamarense is generally
regarded to rarely grow on a large scale in Osaka Bay, it frequently forms red tides and the scale tends
to expand. The characteristic of the shellfish poisoning problem in Osaka Bay is that the natural
shellfish is solely targeted. Especially in the Arc shell and the Japanese cockle, which are the main
catch of the trawl fisheries, the season of the occurrence of PSP overlaps with the period of high fish
price, resulting in a large economic loss. In addition, 3 out of 4 cases of poisoning by PSP that occurred
since 2000 have been in Osaka Bay and it is a serious problem for health. We clarified the population
dynamics of the PSP causative dinoflagellate A. tamarense and the factors which allow A. tamarense
to grow on a large scale in recent years in Osaka Bay, and then clarified the poisoning mechanism of
bivalves. This study aimed at establishing a highly preciseon and effective monitoring system for PSP
causative plankton and bivalves poisoning to prevent economic loss and health damage caused by PSP.
We investigated the appearance of A. tamarense vegetative cells causing PSP in Osaka Bay from
2002 to 2016. It became clear that A. tamarense intensively proliferated from March to April (water
temperature 12—15 °C). From the relation with nutrients or densities of other phytoplankton from 2011
to 2015, at the time dissolved inorganic nitrogen (DIN) and dissolved inorganic phosphorus (DIP:
POs-P) showed low concentrations and the growth of diatoms became low, fewer A. tamarense was
proliferating. Horizontally, two patterns of growth were observed in the occurrences of vegetative cells.
One is at around the mouth of the Yodogawa estuary, the other the central east coast of Osaka Bay.
Vegetative cells were mainly distributed in the middle layer (5—10 m), but from the day and night
observations at the Sakai Dejima fishing port at the time of red tide occurrence in 2007, diel vertical
migration was observed. We investigated a distribution of Alexandrium cysts in the whole area of
Osaka Bay in 2006 and it was confirmed that high density area from the eastern part of the bay.
Furthermore, as results of cyst monitorings twice a year since 2007 in the eastern part of Osaka Bay,
it also became clear that Alexandrium cysts were abundantly distributed on the mid coast of the bay.
As it was difficult to distinguish between A. tamarense and A. catenella cysts with primuline staining
method, we estimated the proportions of the both species by quantitative PCR from 2013 to 2016
samples, 90% or more were A. tamarense cysts until 2016. This fact suggests that the bloom at the
central east coast of the bay is a proliferation with cysts distributed densely in the same area, as a seed

population.
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In estuarine basin of Yodo River, where a red tide of A. tamarense was confirmed for the first time
in 2007, we investigated A. tamarense dynamics and environmental factors from 2008 to 2009. It was
found that the discharge of water from the weir was deeply involved in the growth of A.tamarense in
the Yodo River. When there was almost no discharge from the weir in the spring season due to little
rainfall, salinity rose in the inner bay with less flow and longer residence time. And it is thought that
A. tamarense actively proliferated in esturine-like water. In 2008 and 2009, a pattern growing upstream
in the estuary and spreading upstream, and a pattern growing upstream and spreading downstream
were observed. The distribution of cysts was confirmed in almost the whole area in Yodo River in
2007, and cysts also existed with high densites even at just under the estuary weirs. In the estuarine
basin of Yodo River, it was thought that A. tamarense blooms were initiated not only by seed
populations entering from the sea area, but also by germination from the cysts in Yodo River basin. It
was confirmed four red tides until 2016. It was consequently presumed that seed populations which
were transferred to the river estuarine basin or germinated from the cysts within the river estuary basin,
explosively proliferated there, and resultant of high density population were carried to the offshore
estuary. Based on these results, the Ministry of Land, Infrastructure, Transport and Tourism made an
emergency water discharge from the estuary weir as a countermeasure for the red tide occurred during
the survey in 2011, and succeeded in disintegrating the red tide. Laboratory culture experiments were
conducted to clarify the effects of rapid salinity reduction on the cultivated strains of A. tamarense. As
a result, in the early stage of growth, it was hardly recovered by returning A. tamarense to sea water
which was once exposed at 3 psu. and at about 10 psu.. On the other hand, in the logarithmic growth
phase, the survival rate of A. tamarense was better after the same treatments than the initial stage of
growth. An analysis of the long-term fluctuation of nutrients and phytoplankton in Osaka Bay revealed
that nutrients and phytoplankton blooms tended to be lower in the spring season than past years.
Chlorophyll a in spring actually had a declining trend since the 2000s, and proportion of Chetoceros
spp. or Leptocylindrus spp. in diatom communities increased, even Skeletonema spp. are still dominant,
The clear change in the biological environments was also confirmed as described above. It is also
revealed that A. tamarense bloom was observed in the years in which diatom growth was weak with
low nutrients, especially DIN. From these facts, it was inferred that large-scale proliferation has
occurred in A. tamarense due to the recent reduction in nutrients, especially DIN level, accompanying
shrinkage of diatom spring bloom scale. In the past years, big scale diatom blooms had occurred early
spring, and diatom always over whelmed flagellates in Osaka Bay.

In addition to the plankton research, we investigated the contamination by PSP toxins in Arc shell
and Japanese cockle during the period of growth of A. tamarense from 2013 to 2015. The
contamination and detoxification in the Arc Shell with paralytic shellfish toxins (PSTs) were slower
than those in the Japanese Cockle, and slight amounts of PSTs remained in the Arc Shell through a
year. The dominant toxins of Arc Shell were GTX2 and GTX3 and relative ratio of STX in the Arc
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Shell increased with the metabolism of toxins. The dominant toxin in Japanese cockle were C1 and
C2 in contrast. The proportion of GTX1 and GTX4 usually increased during the bloom of A.
tamarense in both species. Furthermore, it was revealed that most toxins exist in visceral organs in the
Japanese Cockle, whereas the Arc Shell kept the most toxins in edible parts such as muscle, mantle
edge and adductor muscle. These facts suggest that toxins are transferred from internal organs to
muscles in Arc Shell, so that toxins are retained for a long time in the muscles. Because the toxin
component is converted into a virulent component, the toxicity does not decrease over a long period.
Therefore in evaluating the toxicity of natural shellfish, it is important to clarify the toxicity variations
in the fishing ground. Variations of shellfish toxicity were investigated during the voluntary shipping
regulation period in 2010. It was confirmed that the variation was as large as 7.5 times for the Arc
Shell and 11.7 times for the Japanese Cockle. Since there was no significant difference in toxin
composition, it was inferred that this variations are due to the differences in fishing area than the period
of toxin contamination.0There was a tendency by the investigation in 2015 that the toxicity remarkably
increased in the central east coast of Osaka Bay, where A. tamarense forms larger blooms and density
of cysts is usually high. Furthermore, the toxicity tended to be stable within the same fishing ground.

This study has revealed the population dynamics of the PSP causative dinoflagellate A. tamarense
in Osaka Bay and the intoxicating mechanism of bivalves by this species. Based on the results, we
here propose the construction of a more precise paralytic shellfish monitoring system. Considering
distribution characteristics of this species in Osaka Bay, we propose a column sampling using a hose
with a length of 10 m in key area where vegetative cell are observed with a large scale and cysts existed
with high densities. This sampling has pear operated from 2016. It is necessary to fix the warning
density of PSP causing plankton for each shellfish species considering the feature of poisoning and
metabolism processes by each shellfish species. Finally, we propose a simple analysis method for the
toxicities of bivalves (ELISA method) complementing PSP causative plankton monitoring. Hopefully,
this study would contribute to minimize the damage of PSP in Osaka Bay.
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