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Abstract: The distribution patterns of polyamines differ among the taxonomic classes. The major
polyamine identified in Raphidophyceae was spermidine, and that of Dinophyceae was norspermine. In
Skeletonema costatum (Bacillariophyceae) putrescine, spermidine and norspermidine were the major

polyamines.

In Chattonella antiqua and Heterosigma akashiwo (Raphidophyceae), concentrations of spermidine showed
a marked increase during the period of exponential growth phase and a linear correlation was observed
between the free spermidine content of the cells and the growth rate. The linear correlation was also
observed between the content of free norspermidine, the major polyamine in Dinoflagellates, and the
growth rate of Karenia mikimotoi and Alexandrium catenella.

DFMO (DL-o.-Difluoromethyl ornithine), the suicide inhibitor of ODC (Ornithine decarboxylase),
reduced the maximum growth yields of C. antiqua and H. akashiwo, K. mikimotoi and A. catenella, and
ODC appears to be the key enzyme in polyamine biosynthesis during the growth of these algae. The
maximum growth yields of C. antiqua and H. akashiwo were reduced by the addition of MGBG
(Methylglyoxal bis-guanylhydrazone), which inhibits the conversion of putrescine to spermidine and of
spermidine to spermine. The reduced growth yields could be recovered by the addition of spermidine into
the medium. It is thought that free spermidine plays a significant role in the growth of C. antiqua and H.

akashiwo.

The decreases in diaminopropane and spermine concentrations were demonstrated during the culture
experiments of K. mikimotoi, C. antiqua and H. akashiwo culture. In the S. costatum culture, spermine
concentration also decreased, but only slightly. These results suggest that the incorporation and oxidative
degradation of polyamines were processed by these algae. C. antiqua and H. akashiwo excreted polyamines,
especially spermidine, and S. costatum mainly excreted putrescine to the culture medium. Obvious
increases of polyamine concentrations were not observed in the medium of K. mikimotoi, and the results
suggest that K. mikimotoi do not excrete polyamines outside the cell.

Thus the polyamines in seawater possibly play an important role in controlling the growth of algae,
including HAB species, through affecting cellular polyamine contents.
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CDIZ % A A 340 T 2 Trkm 2 (B AV 238
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(5 %] :m\amﬁmi& &

3 & AERUES

DYERRETAE RREHELE5Z2 T35, R
ENEEFRMEVER2IIRT. 77 1 FED
Chattonella antiqua, C. marina, C. ovata(§He T
Yy b AT ERRENB), Heterosigma akashiwo (~
TUYsT), WEEED Noctiluca scintillans (T8¢
H), Karenia mikimotoi(H1 L =7), Heterocapsa
circularisquama(~7 2 51 7%, ¥ X O Cochlodinium
polykrikoides(3 2 O F 4 =7 &) HEE LB EH
AL LTEFONB M REVEEHEL S X
TEEDEY Yy AT THY, BEEROHL =
TEANTUATHRINICEHEE EFEZIr7057 4
SULBARELTETNSL),

¥y bR TIS X B AN 1969 FIZIABIETY)
O TRENMER SN, Z D% 1989 &£ % TIZITHE
DEIITHREL THERE I HEL S AT T
72 BURBRNZ L2 Z D3, 1 AN Eo#EE

T TR A SN 0 5, S O o o 0, T T (0 £ A 0 o S 0 0 i 0 W% 0, I e R 0 S 3, s, T 0

5.2 2 HBORENIFE L& < &> Tvr7=43, 2003
FHFIZALEDIZY v v b 3 TR IRERT
RELI0RMHEZBASHEELE L. Th %,
Yy R THREIBIEEOKEEEL, L Fh
F CHEMEDEBED & 5 > 7= Chattonella ovata
ICX RN ICRAE LY, R 8L & v
BEICEST-DIEIFEINBNRETHB .V v v

A FZIIWAMD DB 2 b EERTBDOTY, #
WIOREIIIEREDBEIZ L MIFET 5 L PR,
FERBFEVNE=2) VAR ETH B,

AL ZTIEE BRI ELS 25 IERICHE S h
Tk D,1903 - =H IR HEE, 1933 FIF R » i
B, 7 UT 1957 SFIi3 IR EILIE &, BRI
RERLATN S TH B, 20H%EI V242 M
HADEAKG TR 5 2 L, BAEOBTEH
EFEEEZHRIT TS,

ANT U THE L= EREEMTH D, Kk
MBEHETH 2 REAEATIIRET 3 &0 5 B

E2<¢ HhERRBICHSITDRENEGEEREEE.AEERIES 557 « N5§, Chattonella antiqua(A) , Chattonella
marina(B), Chattonella <2 k (C), Heterosigma akashiwo(D) : 7REIB¥EESE Noctiluca scintillans (E, T8 3
R), BN EERIEEED Karenia mikimotoi(F), —HBEBILE 2 Heterocapsa circularisquamal(G) , B

WMEEILE D Cochlodinium polykrikoides(H)

R —)Lid, E %100 pm, Z Ol 20 pm,
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EHT 55 AR 1988 FICEMEH  WIBTH)
B THREDRE LAY &0, BEAHEOARDO T
Y FETE X 72, % 1989 I HEBETE T Y
1) % BE5E X ¥, 1992 4E1CI13 S E IR SRS TR 30 18
M b 2 SE3EHE 4 HBRH BEEIC 5 2 72 P
B TIRIAEBIZBT 5 7 FEEANOFHENE L1,
1995 4E- & 1997 12 RN FEAE L 721, 1998 412
IHELER 40 IS LB RED ) F MNEEIEE ¥
5hiz,

ayuF 4=y A, 1975 FZ MR O N
Rz, RORE L Z IS HFORE
DEFEREEHYID TERD b N iz, Z D% S JINRF
SRR TEERICT U 7R R T/ MR IS R & 2
L Tu2223,2000 EDEZICIZ/ARIEBISHNTH
40EMIC G LA BIEAROEBITHELF I XRI LY,
faf AR E LTRkEREREED B L1
% o 7 AR, BEIT & 1995 12 KBS 2 ARl
Ko T 7648y x I $ LB EIEREO ARSI
EEBE, DB EEASEOXIEEZHE L TBED
DIFFHBED LD ICBIEHENE I > T B &
7=, JUNRCHEENR R CRAE U 22 AR #REIE, X EE
PRISEIT N BRERREO BB TUMNUEL S

&
T2 00050001 0 %@ znnsonny OO

Al A RE S, AT HARIEE T3 KM
RBEREMELETROMBELFRHMENLEL S,

4 © FEEN

bHENC BT SRENEEFEEHLBE3ICTL
72 RUZRLULEEHRBT L — L20OWT, bAEBE
IZBWTRENER SN T B0 EEEREEL
THIMEEBETS 5,

REMEE R 7 S BICBP-Em s R ETH D,
ZOHEFE-RETIHMEEELAF, K8 T H
A, X IRHA, A TA, THAFITHA, THVE
OFA—KREFER A YEIER T3 L, #HEED
BNICERB IS, 20K ICLTHELL-HEE
bt AER L RAIC FEEE BT EICRET
5 RAEEE LTI, B¥EEEED Alexandrium
catenella(®3,E),A. tamarense, Gymnodinium
catenatum (B 3, F) KN TH 5 JHWEMEBEL,
1980 ERATE F TR EICILAARDBFRTREL
T 7=23,1990 £RIZ & B EE & 0 R g ui
WEBTHHBIIRETILIICHDBREICE >
T3 9 JREMEFEDOHAIITRI L g 47200
BENAMU(T Y Z2=y b)) EEBA S LB

i

3¢ hAELREICHSITARRNBES S NETRREBELAMEBSORERERE LD TUVDEESE Pseudo-nitzschia sp.
A, TR BESAGET DEEBEEE Prorocentrum lima(B), THRIMEBENDEREREREME SNTI\DBEE
S& Dinophysis fortii(C) , Dinophysis acuminata(D), B RS DRE & L DiBMEER Alexandrium catenella

(E), Gymnodinium catenatum(F)
2 =32 T 20 um,
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INrSOHWE

O Wi 238 ERH X N B, 5 E (2007 ) D KERE
IZBWTIX A. tamarense WRBIZEEL, b H»+
BEOFLL 2274V DERIZK 5T b ASEIC
EHUEEMN HBIZE E TIZEELFELBRAD SN
7z o Alexandrium J&X° G. catenatum \$IEH 2T A M
DEWY R+ EERT B30T, —ERENHERI N
B5LLB%EEDKBICEEFELTLE S FANEN
ZEn, Zhnrb dRELERIDETH B0,
THEE B, RO RFISREL K 5 THidt
BHETH M EE L Rk, —HREES,
BESMNEEAEALTHELLL, Z2hi v 28
B2 ERET I HRAEmE U, BHEEED
Dinophysis fortii(B®3, C), D. acuminata(83,D),
K OBEESIAE T 5210 EE (K3, B) S48
ENTVS, THMEEHBITRI1g %7220 0.05
MU B BETH D, ThEaB8A 5 L OB T
AT bh 5 HEIC & 2 o B RN, FiL
L7-HDBEEFT 3 b Tl VWO T, iEHEOEE
BEDLOTH LD KELFERTH 5. THMN
BEICBL T, REAEMEE b B D. forii Bk
BICHET 2WEAREIC B, BO#E g s
A LRRD 5N, Bb & IREAEMO xR R A R
TGV, & 512, 2% T Dinophysis BD W2 Ik
BHEICEWTEEENRATR TS - 72720, HIZ
Dinophysis BOHEMIEHN BEEEL T EDH &
W BRI AR E AR TH -7z, LA L,
2006 FEFKIC TRV N— 7 Y TR X W - EIFEE
BEHEESEIIHB T, D. acuminata DEERIZHRIN
L7280 T A & 20— DR G s S hi-Z
2 o0 SHORIBN LEDERE IS,
ZOMOHEEL LT, DBt BENERE
WA S, ZOHBTIE, B Pseudo-nitzschia B
(B3,A)Dh A D DFETH(F —E 1 5)EEL R
BHAME 5TV B2 bAENRARIC  AEES
HRLTOEN, ZEZOFEIHEIELEELZSET
CHEICERSh 23 E 0. LA LENE, 5
HERERR S M7= 35 EMINE A & 13 F — B4 B X
NTHEOD, Zhr o EREMBETH A,
BHOBEBIIOWTRBOE=4) v IRk &
h, HEEAEL S L R AERBIEha0T,
BHEONEE» S AF LB EA L TEBIC
KEBHBENRETEZLL, ETHDELNK
REDFMERICE 2P FEOREIZL TR LS
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RETHAI ZD/=DIZF, Bk 2) /5
LEROBIR, 5 L CHEROBMASLETH 3,

5 @ ARNLAEESEROST|ICONT

HRECHBOFR & & 5 lEEIcE L Tk, &
DOERELTONZEDE & 50, FCHEEAEIZE
U TIREFDIBRREBOBERBLOERBIZE > TH
TR & TR LA 1= MREh £\, 7 DIRA,
INFE THEN BN, REIAFEAE LG 7415
DY EE FBICRELLEC 201 L ETH
3. bHERRICERT 3 T E AR EREEED S
FERBIZBE L T, R2IFEL RCIFFROBE L) 5%
BERD D 0HFOEE L ERICHEST,
Z<DBEERIIOWTBARELAOEE S, L HE
IZilvons,

5-1 83714 FBEFAIOTATIE

7 7 4 F & (Raphidophyceae) iZ, 1 4 B A&
(Heterokontophyta, # taE#I["] Chromophyta, % 7z i
7 & T HEYIFY Ochrophyta & IEIENB) BT 3
WA N WSEEHOEMTH D, Ik TN
(Chloromonadophyceae) L heh B2 e H 5,5
7 4 FEITBREBIC B W GREZER T 2105
LS ZDOHEIERTHE . FEEBLELT
{3, Chattonella J&, Fibrocapsa I&, ¥ & UF Heterosigma
Bhb 5,

Chattonella JBIZI3 7 FEAGLE I N T h 110 7
D5 b IHUEFED C. subsalsa %< 6 F&(C. antiqua,
C. globosa, C. marina, C. minima, C. ovata, C.
verruculosa) W EBT B LML 6N T3, bHE
IZBT 5 Y vy b3 7HREIE 1969 FIDABBE TR
EnALh, IFVLAVOFBHEL LT
Hemieutreptia antiqua & % E 7=, F D%, KFE
34 Y FHEETREERBE LB REGHEEED
Hornellia marina Subrahmanyan'® & [&]— ATz DF#E &
FEAON, FLXVTELEELMThBZ &1
K0Tz & T AN HRFAEANEL 1= DN T, H. marina
& C. subsalsa LRI—TEEL T H3REDNH D, L
Do THOHRENRRICRET S & DY Chattonella J&
KRBT 2D0RY L Ehiz,

WA, BIZFERAOSTRFESREL,
BEONELFEBIIRN#RET X515 5
7z 1 Mll@72 4 & #4FHZ LSU rDNA O HES %




g
T . 8 B P T A R 7 2 P S S T e @@ znrsonne GO

K26 ONERRICERT DIELESESHBEONROELNLEE

Mo IEFRd 5 VISR DEE X ik

=7 4 K& (Raphidophyceae)

Chattonella antiqua (Hada) Ono 3 F ) &Y Eutreptiella sp., Hemieutreptia antiqua
— AWM Hornellia marina38{UF0 — Chattonella antiqua
Botryococcus sp., Exuviaella sp. = Fibrocapsa japonica
— Chattonella japonica H2FK &% — F. japonica
W EE Entomosigma akashiwo — Heterosigma akashiwo
— Heterosigma carterae — Heterosigma akashiwo
Heterosigma inlandica — Heterosigma akashiwo

Fibrocapsa japonica
Toriumi et Takano

Heterosigma akashiwo
(Hada) Hada ex Hara et Chihara

F 1 U5« 7 1338 (Dictyochophyceae)

14,15,17~19, 26

25~28

29~31,33,34

WKL XY 7 — T 7 14 F& Chattonella globosa

Dictyocha fibula var. stapedia — Dictyocha fibula var. stapedia DB D 7\ Hilfla 16,20
Pseudochattonella verruculosa - e

(Hara et Chihara) Hosoi-Tanabe et al. 7 7 4 F ¥ Chattonella verruculosa — Pseudochattonella verruculosa 16,21
;B#EEE (Dinophyceae)

Alexandrium J& Gonyaulaxl® — Protogonyaulaxf, Gessnerium@ — Alexandriumh® 58,59

Cochlodinium polykrikoides

Cochlodinium Type-'78 Yatsushiro, Cochlodinium heterolobatum ¥F{UFd

51, 52

Margalef — Cochlodinium polykrikoides

Heterocapsa circularisquama \ i

Horiguchi Heterocapsa sp. = Heterocapsa circularisquama 55, 56
Karenia mikimotoi Gymnodinium Type-"65 = Gymnodinium nagasakiense 39~42

(Miyake et Kominami ex Oda)
Hansen et Moestrup

Karenia papilionacea
Haywood et Steidinger
Prorocentrum minimum
(Pavillard) Schiller

Takayama cladochroma

de Salas et al.

1% (Bacillariophyceae)

— Gymnodinium mikimotoi = Karenia mikimotoi
Gyrodinium aureolum sensu Braarud and Heimdal (1970) — Karenia mikimotoi 43,44, 46

Karenia brevis (7 DL Gymnodinium breve) & X1 T 7= 48
Prorocentrum maria-lebouriae £ KN 35868 & - 7=

Gymnodinium Type-'84-K—Gymnodinium pullchelum — Takayama cladochroma 49, 50

Pseudo-nitzschial® Nitzschial® — Pseudo-nitzschial 12,16
#E R (Ciliophora)
Myrionecta rubra . X
Mesodinium rubrum — Myrionecta rubra 62

(Lohman) Jankowski

fEEE L, C. globosa WEIEXT 4 2T 4 F HEBD 176
Dictyocha fibula var. stapedia OD'BA& & #7= 2 \WE
ROHIRTH S ZENHLE N7, %/, C.
verruculosa 123\ VT % 18S rDNA DT & (iR
BOBROBR, 71 v T4 A HECBTHIen
YIPA U, Pseudochattonella verruculosa D4 2381 7=
ICREEN TR, T4 7T 1 T HEIDBT 51t
D& TIZ, Dictyocha speculum 73013 1) BA& % Fi 7=
ZOHilaE R - T 0, Rl &R L TREE%E
EEBILHHENT VB2 ZDKHIT, T4
T AFHEET T 4 FELIRRE S NS EE LR
 ,BHEIZREAPEC TN —BRE LR
hihs,

Fibrocapsa japonica \Z\XIEMMED #HEH H 5 &
WEOMTHD, AEMVMVBETHSI AL IE
AL OEWMMED N a BRI, RN

WBTHREZF| 28I U 72BRIC Exuviaella sp2® & %
W Botryococeus sp# ERFRE T2, £ D%,
Fibrocapsa J&% Chattonella BIZ/A&ET 505 E
REALN0D FKEENTEREICE > T3S,

Heterosigma akashiwo #<#i3 1966 F A B B4R
W THOTREL, BEE#ED 1FEE LT
Entomosigma akashiwo & it E 7= KIZ, =&
B Ry B TR Z - 7= RO R R 44 % P #
JBHFTFED Heterosigma inlandica & RIS L, E.
akashiwo & Z DHIBIZFE L T H. akashiwo &4
ERLA A 7230, F D%, FE L WIEZREZER S MG A
MA &t Heterosigma &P 2 FEIZ DWW TITTHRESE
MEEMIEAELRNE SR, 8T Heterosigma
akashiwo £ 3 BDNEY LER I /30, T hic
XU Taylor 1%, KEY » V- L Th Eh/-4FE
EHICH T 2 BIERE 2RI, KOS %
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Heterosigma carterae (Hulburt) Taylor &4 5% Z &
FFELZ®, ULALEMAS Throndsen 2L D,
HEROFELOBEOKRE K IHEHI W H.
akashiwo DVEFRM Y & WS IREMNE XN, Fh
BRIANSNTHREIZE-TVB, 2D LS5 1T,
H. akashiwo D RIZIRKDIEL AW - 72, € 512,
AIE L/ FEIZ Olisthodiscus luteus Carter A>T igFd
ELTHRDONBZENEh 5 L WRE Ak X
NI7-AER, 0. luteus (2 H. akashiwo L 13 Bh 3
EEMDOFIDOEYITH B Z L AAFIFL 729, L EA
5, TNE THARM THREER LM, v 7
VP ANFr—t Y 4—(CCAP) & 5T+
FAKEALF ¥ —L s 3 ¥ (UTEX)IC O.
luteus £\ G THERF S M T - EEMEIL, 2T H.
akashiwo T 3 L5 6h, REDRELA & S
PlEHENT,

& 2 AT, Chattonella BDFE & 3fHIZDONT
IDNA & Ot 23 E iz, Z ORERIZEL N
2D THY,C. antiqua, C. marina, C. ovata D 3
T3, (DNA IR L T3 &< [/ CIRAES| %R L 7=
LnH0 T he JFEIE, EEROBRICE S K
DITTEREBERIC K AT S IFCWMETIZ %
WA, WHBIRF OB A 6 13488 TERE (1EIFE
) aEME NI Ttk b, 2hbidfMh il
WRENEETSEZ 25, SRR TEE L
BBIENEZL) Y IOEBOBEY & IR
ns,

5-2 @ REEE
IHHEEEEOH TR, WROF L ) 71 =Y 45
R 3HICHEEAR LSO MRNE OV FFHIE
 DIE%BET B Gymnodinium |& & Gyrodinium &
I3, EEBOBRE/MIZED 1/5 U ErE N E VWS A
R L > THIFONTE, L LEHEIC
&, ZOBEREHEHEDOERER 2 > TEREDE
BOb 2B MELTH D, IEHIC K-> TRIAS
BE2B8b00, HBIEHKEIETH -1,
Daugbjerg 5 (37 FHYFE%HH L, LSU rDNA D
SREFLH & 3R, RSO AR GRS+ F 725
FUEIZ U THEERIRRES 21TV, Gymnodinium J& &
Gyrodinium &% Akashiwo,Gymnodinium,
Gyrodinium, Karenia, ¥ & U Karlodinium ® 5 &I
FHARAEHE U 723939, Z D A THRAE, AR E
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L e o A o, e S S 50, 0 (o . 0, S BN o W 0, 3, o oy

HOBENBEINhODH 5,

Karenia mikimotoi \XRiXE DRRIZHAET 5 5 HAiF
EBRHME LN TV BHETH 5 A, 1965 i RIFE
KASE T RBUE 2 Al % TR U 7239051213 2 S
B XN TH 5T Gymnodinium Type-"65 & IRXF4
Eh, B4 BIRAHEGE X s 72,7 LTS
HIRRET DAER, KL Gymnodinium nagasakiense
EMBENSO, U LZDM%, 1933FEIC=FE R L4
FrETREL 2RO RREW (Gymnodinium
mikimotoi)*V & DILERE BITbI-HER, G.
nagasakiense (% G. mikimotoi DL /) =L TH
5LV HEmAE SN, KFEIZG. mikimotoi &+ B
ZEMREEINLD BEITL LD & 5 2 BRI
€\, Karenia mikimotoi £ % > T\ 5,

& 2 AT K. mikimotoi i3I AERY) 2 VHETH
D, bREZFTHEL I -0yt -2+ T
TEHEDEM TRERIEE S AFREEHRL T
W3,3 -1y 8TIE, 1966 FIZ /Ly 2 —I2k
WCRRETREL TW 5~ XDBILHEMEAE S
0, Z DROFRFIREEER A Gyrodinium aureolum
& Braarud and Heimdal IZ & » CRIE & /=9, 7
DHEZOMITIFIZI — T 9 /3 TR ELHKE A
ZLEEMEEEABLH1280, 72 LTHEED
BRRET A % & I, B Gymnodinium nagasakiense &
DBARAIERE & 1172, Gyrodinium aureolum DR EC
WOIEKE Y & Yk — L h 5/ 6 N EARE
TAEINTED, FRIC L A EERNY oY
F=ILER» /6N &5 5, Hansen 513
k4 L EEHLD Gymnodinium mikimotoi & E5RD G.
aureolum (DWW, JUHE, BIZF, KA GK 4+
DN D JRIFF %17 - 7290 8 5 =R
B, 3—ay 8R4 -2+ 7Y TOHEFMEIZ
HARBED G. mikimotoi LEFETH Y, I — » 342
BRI Ta#EE %4 5 % Braarud and Heimdal
I2& > T G. aureolum ETYNZFIE Eh, kT h
I25€ > TIRIE & N7z G. aureolum (2, G. mikimotoi &
Rl—ThdL\54DTHB . HlcBEoNh7zG.
aureolum 13, G. mikimotoi £ 13FH 5 2R > T
5, % 7=, &Ll 5 A Gyrodinium aureolum T 754
EHRNE U 2= RIFR LB EIEE OIS D0 T, B
MThHBLiBRENTNB9,

DOENRR T, iR E B4 £ T 5 Karenia
brevis & JZREDELT 5 W03 83 3 43, 7 THIRK



&
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FIZ& 0, BIFED K. papilionacea Tdb 5 Z & H¥|HA
L7290, & 7=, 1984 IS RBE THF R« BE X
¥ Gymnodinium Type-’84K & {RFR & #17-5&i349,
Gymnodinium pullchelum % & CBIEI Takayama
cladochroma ETHEN T 550,

Cochlodinium polykrikoides &, 7T )L V) 2
WEL»LRR LB S hiz, BARTIE, N
2B W TR AR LA A LIX LISSIE &
7= % DI Cochlodinium Type-"78 JUE & {RFx
hy RRIFFHEA R TREICHELEALEDIR
Cochlodinium heterolobatum ¥E{ITE & ARFR & 7=
A%, Yuki and Yoshimatsu {2 & - T C. polykrikoides
CHEESh D A HEENEHERE LTI
Cochlodinium catenatum Okamura & D FCIROD A3
H Y, REEEY S IIMEOMRIIFEEE N TS
3, L0 2 4 TEM D S A8 T, 2 HFEN
ERFPBETHAI¥, E/0 X FEEMIZDON
THLEELETH D, BUBEIE L BNEROM /5
PHEBIIRETTRNETHA D,

Heterocapsa circularisquama (%, 7l ##2 Z LIk
ORI o AESHS L Thd >, ZEHER
BT 1992 FICHBREICA#HEL A E, S
Heterocapsa sp. L IRER &5 & 5 124 D% iR
Horiguchi {2 & » THHE L LU TRk &k S h =%,
ATEIL AT THERR & 15 & 0 DIFiic, Bt
B 6 B THEERE S T kil Kar o &
MR E N T 0, KEYIOFMB)CHAAD Y
A MK, BB VIRERICE > THRICK B D L A8
EENTW3,

R RBFORK & %4 5 Alexandrium BIZDWT
&, Y¥ Gonyaulax B E U TR I Tz,
Protogonyaulax J&=° Gessnerium BHWER Eh 3 &
ST 57, ZD &S BRELE R T 5 2012,
1989 SEDHFNEM T 7~ 7 + v OEBRHEIZH
T, Alexandrium BIZH— L T Z e Bk FDH
TEIZE 5 T 25859

5-3 @ ZOMDER

oM BB RE & & B Pseudo-nitzschia I
DT HABERFEBICBIAS FHL T 5, R T
PIDTI8TEIZAHF FDTY VAL R T = FBT
ZOBRBMAFELE L ZFRIZIX, Nitzschia pungens f.
multiseries £ U CRIE E N2  FDH%, TDLH &

SEEHFHA 2 TR B HEHEI, Pseudo-nitzschia BIZ T
BZZLHMREIAD BEIZE- TS,
WEHR D 1 58 Myrionecta rubra (RITZ Mesodinium
rubrum) 8%, MifaPHZ 2 ) S EERKEXET
KAKETH>TVBELECLENTE M. rubra
22 ) TP ROEREZTTELIBEELEY
(karyoklepty) , Z DI%IZ & - TIEIREIZEE - 7= ZEg ik
EIMAVFYTOBBEEFR S ED L o7, 0
HBIEA LT 3 7B EBEOLEFRATHH LA
WU ENTWBY KT K - T, BRHED H F D
ENRIBI LMD, ZDGA, RESEMEL T E
T3 ARKMTAHR L 72 & 512, Th & THEEDOARA
BThoTHHRERRSS Yo v
Dinophysis BOAYITE % 55# T 5 -0 OHEY L
LCEARNIZEETH S,

6 @ BbUIC

HRBOBERBELHIMITT 2 LARHEORAEHE
AEL B0, HEE I B B E AP
AT N5 (1) RENE—RIC A U R R,
HEO XS A ERERE TR BET 528, fEHIC
Ko TIRIKBREED ERLRMAEREHRE LT
Fad D5 FOFA I, RRFEFICEEE
RESPYRME S 1), & 72 584§ B Vi | IR
YN RL B0, BEBBEBMEL, 7L & HE
LTRAETEAST 5 -0i2i3, FEE, i
EMREZTOIVBERD B ZAITK->THIDHT, T
BROXNRD =D DEBENMHELTE 5,

FREIO R EAMI T EAREOMHEETH D, HE
DEFETIEINGAN L L, BREXET S ETOH
BRECIREREE Lokl 2FT v 8>
720 T, RO A A RRIIER R A 2 L X A
W AT, B T — s e EET S
PO, AP FIEON R & L TRERIN
ThHH. P2, HARKDBMEHELX*5 L5
Ty P AT EMRREMTHSICE 22D
T, B T AEEICHY TS 2 F EER
TB3L,BICKRHNAERT B THEMNEDY R
MIFFEREDOBEBO -DIZLXDKRHAME 4 » A
PERBEELTED, BFHEMISTIT2HS G0
HEWVEMNRFEER T 24220V 2 ML, KA
BREIZ B WT, AR KEMOBENZ > TH MR
BWOMKIZK E BEE AR L TOB EER LR

BESEY 172 | vol. 29 no. 5 ‘ 2007 461




(5 3] :mammi& @@ R

B HmbAHEDBRET, T -ERER
BHS T, [ A~ | J e L IZBbhFH %
rFaZ s xRV A AT 98—
= TRE S OB S ITH £ AL B R | 233l X
N TH 5,

INETOHKIZ, KBAERE, KBNS, KEFREE
DHEREY 2T LEEFIZHHTETHD, 20
K o TREBER £ K 0RO % 8<%,
BAGBEMRRZ o TWB, Zhh ok, hFdr L 4F
F XD LIthb b THHEGTRE 4 IEBRRIME & & M5
Laithud, NEICHB IRV, 20 X 5 A
b, REAFRIEELRKEFOTHSS5.ZLT
RBEHEOH L L TEBIIRITDOETH 5 T 0
PHEEC, PN FIL, THOE» S DE L WENH
ELThIDAEN TS 4T3 2 L LIERT
ERICBET 2 THA O L, FHOE,I [ Y
AAT Ty — BRI E R E O AL,
BRIBEFA[HR—g - LTIh»6DHET
HRARHZET L EbN 5,

2L, [, B 4TI AL L EL T3,
HTL B3 F =2 I3EERWIZWHTH D, IFIZFE
EBABBFEL DB ThhoDT— 23, W53
ZDEVRD ZATh—FOEEAEATNST
H3IEBAMNEMRED ZY =S LD XS IH
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Abstract: Along with serious eutrophication in the 1960s and 1970s, the incidents of red tides mark-
edly increased in frequency and scale in the coastal sea of Japan. In case of the Seto Inland Sea, the
maximum incident of 299 was recorded in 1976, but the incident has since exhibited a decreasing trend,
reaching about 100 per year in the late 1980s by virtue of regulation by law, and this value has been
maintained thereafter so far. The noxious red tide microalgae causing huge fishery damage by fish-kill
are Chattonella antiqua, C. marina, C. ovata and Heterosigma akashiwo (Raphidophyceae), and Karenia
mikimotoi and Cochlodinium polykrikoides (Dinophyceae). The maximum fishery damage (death of 14.2
million yellowtails) was 7.1 billion yen (ca. US $60 million) caused by C. antiqua in Harima-Nada in
1972. In toxic blooms, the dinoflagellate Alexandrium tamarense has newly become dominant in the Seto
Inland Sea and Kyushu area in the spring season from 1990s, causing toxicity in short-necked clams and
cultured oysters almost every year. As a result of taxonomical examination and discussion, the scientific
names of toxic and fish-killing species have been arranged and changed frequently. The change was listed
up historically concerning important harmful species for the new comer people of the study field of
harmful algal blooms.
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