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Effect of Culture Filtrate of Raphidophytes Heterosigma akashiwo

and Chattonella antiqua on the Growth of Diatom
Skeletonema costatum

Yukihiko Matsuyama, Takuji Uchida, and Yuichi Kotani

Abstract Effects of culture filtrates of two raphidophytes Heterosigma akashiwo and
Chattonella antigua on the growth of diatom Skeletonema costatum were examined under the
axenic condition. Cell-free filtrate of both raphidophytes at late logarithmic phase markedly
suppressed the growth of S. costatum in nutrients-enriched conditions. The results clearly
indicated that both filtrates had alleropathic effects on S. costatum mediated by growth suppressor
released by the two raphidophytes. '
the medium was subjected in heat bath (80°C) for 60 min, and were low molecular weight "~
(M.W.< 3,000). Further, growth suppressor were absorbed to Sep-pak C;s column but not
XAD-4, and inactivated by ether rinses under the acidic (pH 3.2) condition. . These results
suggested that the growth suppressor in culture filtrates of both raphldophytes are probably 11p1d

The growth suppressor in filtrate were not inactivated when ="

such as fatty acids,
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Skeletonema costatum, filtrate
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FRE & X BRI OEY (FITEYW T T 7 b
V) DBHAROEBENED) ETREMMET L LR,
HWEOWE T, HRELIEEL ESES R YRS
BHWIZEALOD, &L LTEREDRVEYHZ
BB LTwa, Lo L, REOBEFRIEED 1 b5\
GHEOEYSMBOEYZEE L THEL, DWiliX
KEEHMELTLE) o 29 LAREOLYHRE NI
LCRBIZ T 570121, KR, |5, J6, @K
Byl v o 2P ERBREAEI I E R P ICH H T L L
FIREIC, WIS AE 2 SR AN RS 2 & i
MESNBZENLETHLEEDNDL (HF - AL
1972)0 2 51T,

R AT B R A M IS RT 52 L b, Rl
BICREELZERTSH %,
KB REETBR L, ERBERELFISRI T

F USRI A A LT A MomE
MTrs s b EORBIEROSHABAII BEDL, B

AR, 97 4 FECIRIERE & v o 2R RN
&IN5, WEBEBHEIRROREFAE ThHIER
L DBERI) BB, e BT HI Twb,
EFNEDI L, BOAEEOIEXEITH L, WEHE
OFEFKEDIZ 1 m/h 2825253 H D (Kamykowski
et al. 1998, Koizumi et al. 1996), B % L OSEMN
HEKDREVFCEHTS, HASEBHEZITI L
THEMAFHATELVWTRCEBIE I ARENEE
FHETE % (Bppley et al. 1968, Koizumi et al. 1996).
F 72, TOMBSED LT — R E OB, BROKIE,
HLHWIEBHEEOMBN < M) v 2 X (glycocalyx) %
EOEBMETHRENTEY, HBRIELSEEE LT
BEE Lhve SO 2, BKE HE L CERERE
BELECHART, HEEEBATS) A THERC

EMTHHEELD, EBIT, REESETHHEHERE
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#iE# (Heterotrophic dinoflagellate) <, Y& MK %
FTOOORBHICHEERZ EORMELIT) LI RER
# (mixotroph) PHEE I M LN T3 (Gaines and
Elbrichter 1987) s :

COESIT, MBESBEEIOIIT L7201 L %
BWREE2ALTWD LIV, EEREOMRICERREZE
B R BEROE S BRI BT, EEOR TR
HREMEET A L0% v, LrL, —RlLidnz,
R E OB CIEREN R EE T 5 T
FET B DOV TIE, LR OBEERWELFIREE
P73 CE BBt U <, b22iofe /il CREE 2 By
BNV ERE I HboTWADTREVWRLEEZD
T &7 (Rice 1984),

ZD—o2& LTEYIMEEWE % 55w U CTHTF O
YW A1EH - 7 L ussy— (allelopathy, HUSEfER)

A, WEREESERHEL SR T2 OICERRXHEHELE

TWADTE RV EEZLNTVS (Rice 1984), L
PLEAS, TVanRy =L o THERESEER O
FHEMHI L TW B2 L) PO TIRETERN ZMANE
LWv, BEIfFbAZ7T LY —ICET 5H%DIFE
AEPERFEERTITOR TS0, BETANI T
V7 X o THIRRAMC W L2 E B S N TEEO
TER% TSR TE L d o720, H5VkaHoERE
THUZREYOZENEINTYT, 7TLunsy—1{E
AERTYRE & BRG] & ORRBAKREET
2ETCICRE->TVRVONFBRTH S, SEHEFEEBE
OHBEHICHTATLORY—EBEWHLNIT 57
®, 74 FIE& Heterosigma akashiwo & Chaitonella
antiqgua DHERHBEILSAEEMHEL, THHIFEE
Skeletonema costatum DOMEFEIZRIFTHEZ R LD
THET 5,

B L UAE

ILBEIZ 1) 5 Heterosigma akashiwo FREFEEREDE
BREEDENE

BRI B 557 1 P L BIEOMES R

9572, H akashiwo FREBEROILEBICBY %‘TIE
Wrs oo VHIRBEEOCELIZOWTHR, Bl

34°20'N -

Sampling stati

Al i
20’ 132°30'E
Fig. 1. Location of sampling station ().

LISORLZZKBETCMET S 1 ERT, 19924 6
H23B82:5 7 B 2 BICHT 7 AT o 720 HREHINLER
O 2 BRILIAIC, = AF VKRR HVTAKEZR
KUz BARBIIRIEO 2,5m THb. 1L DKL
K, BELRERICRELEY, FHRARIAL FI7FAL
DWRIZEETND TS 7 by EFEMECTHRE - 5L
7o MBAEEEEAT 1 cell/ml % FHl»72WpCIE, 977
43—=7 4 V% — (Whatman #%, GF/C, fL£ 1.2
um) #EEZELLABKNTT V7 b ViBERTRKE R
fa L7210, L ET o7 7B, RiRMEICLS
BEEOMILRIL, Skeletonema costatum TY82%,
Chaetoceros spp. THEBE6T% ThHh o712 Lirh, B
BOFEMHEIIOWTE, F#LENE0.828 X U0.67TH
LTl stH L7 -

574 RREOEEIEEARIZLS S. costatum DIBTESER
EEIZEBED S8 S Wiz H akashiwo (HS-92)
B L OKEED S5 S Chattonella antiqua (OC-

- BS) OEEREREH G, i, Ty LI
¥ S costatum (SK85W) X, KRB, OSSN E
CRINERTH B HARITIATE SWM3 Bt (T - &
"3 1987) AV, KR 22°C, 431 psu, 12L:12D,
-100 pmol/m?/s DFMT TEEEITo72 (F 1)

Table 1. Preparation of cell-free filtrate .'6f~t§x}0 raphidophytes for
Skeletonema costatum culture. Culture conditions: 22°C, 31

psu, 12L.:12D, 100 ,umol/mzls

Heterosigma akashiwo

" :Chattonella antiqua

Strain name (origin) HS-92 (Hiroshima Bay)
Medium modified SWM3
Culture periods 14~20 days

Cell density 1.6~2.8X10° cells/ml
Centrifugation 720X g, 10 min
Filtration GF/C (ca. 1 ym)

OC-B5 (Osaka Bay)
modified SWM3
14~22 days
5.6~7.5%10* cells/ml
720X g, 10 min

GF/C (ca: 1um)
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EELWOFIER, H akashiwo 1353 H#AH14~20
H, WMB%ER 1.6~2.8%X10° cells/ml, C. antigua i
A AT 14~220, MIBHEEX 5.6~7.5X10* cells/
ml OEHFIGEL R CTER L7z £72, BAOBIEIC
L BB E OB R RARICT 5720, EBAREEL
7B (720Xg, 10 min) TEB S8, EEZ S I X
77 A4—=74vF%— (GF/C) THEEHBLZ. A
FIZETNLHEWEOWRERARL 120, Boni-H
BAWITH LTUTO7TEY OB EIT 5 720
1) inELiEX

EERE H. akashiwo & C. antiqgua OBEFES % v
TiTo72 S0ml A% 100ml BD=AT7 IR
PWELT79RA300%%7 74 VATERL, 80°C
RSN — & — S ARTe055 Iz L7,

2) BRALAEMEX

EBRIX H. akashiwo & C. antiqgua DREFE 5 % Fv
TiT o726 50 ml DA% Amicon FLEORRSL 5 B
(FA770—=RAr TV, YM3) &5 LEERR
5% (model 8400) 24 LTHF&3,00020 LD E
SRRV,

3) XAD-4 BgALBX

EERIT H. akashiwo OXEREAWE AV TiTo 720 BUK
HOWE BiC7=/ - VEERH) 2BETHEAOD
% XAD-4 # 5 (Putnam and Tang 1986) % # J A
(20X100 mm) ZFEL, #A¥ ./ —, IN-HCl, HHE
BAROIETHRE L%k, AWzEBET,

4) /T NVAHY —T— T IVILEEX

FEEL H. akashiwo D¥ERA WA IV TITo 720 50
ml DA (pH 8.8) %, HiR (24°C) THEOILF
VI—FVCTHLUREL, SOMBERLBOL—T
NEBRGT, ZOBREE 3ERY B, BEETT
AME = =B L, BRBERY—F—CTT—7 VR
BB ETHLUCEIELE (24°C, 2 K1),

5) Bk T—7 VOERX

EERX H. akashiwo DREBRAHWEHVTITo72. A
%, IN-HCIC pH 3.2 3 TET 5724, 4) L FHOD
BEERAT o720
6) ODS HgLE X

EEZ H. akashiwo DIERAEE AV TIT- 72, &R
MOWE R WESEHEHDHS ODS /5 A (Sep-
pak Cig, Millipore #t8) % 20ml DA%/ =V B IV
BEAKOME TR L7278, IN-HCI T pH 5.4 (2
N A% BB S &7,

AR OMEE T o AR, %2 SWM3 B L
THELENE, &8, C¥IVE2HEEETRML, pH %
IN-HCI & L < & IN-NaOH T pH 7.8 2 F#% L7z,
BRIz YU V74 05— (Millipore 118,
GV, FLE 0.1 ym) THEBHEL, FTHRE S hiz PP

Fxy ST ARBABRE (13X120 mm) ZHEL
%, S. costatum %= HIHFRE 450~1,660 cells/ml 27 5
EHER Lz ThODBIERABROARNOTA6
BHUNICIT o7 2B, CHOLDOMBEEZDH DR
SWM3 ¥ OMFERE IS B % 5 2 v 2 & & PR
ZBWTHERLTWS, S costatum DEYEIZELE
EEEt (Turner Design 8, model 110) # AT in
vivo #YtME (fluorescence, relative units) ZHHHIE L
7z (Brand er al. 1980). #GfEE S. costatum OHILH
BLomiciE, B2 RULALD ZRERWHBIBERIED
552 Lhb, MREEDCMRD Y ICHIBMEZ V- CHEE
BEFME L7z FEBRIE 5 RN TTITV, FIHE LR
EREB L7z, SHEXICIIFEERELHERD 2 51
L7207 SWMS BB LR 28E L. &
B, BEAE, BLOELEHV72 S, costatum PEFHE
Bowind, ERETHICEREICL2MEHKAE
(Provasoli et al. 1957) #4Tv>, X7 51U 7 OMEEAEE
BNz E DIZODWTIEERA L 72

14 -
13 A
12 -
11 -

210 -

Skeletonema costatum

InC = 0.9987-InF + 5.9813
R? = 0.99

4 56 7 8
InF

Fig. 2. Correlations between cell density (C; cells/ml) and
in vivo fluorescence (F; relative units) of diatom
Skeletonema costatum.
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[LBEZ$\7 5 Heterosigma akashiwo FREFEERDE
HHEOENE '

IEBEICBI A HERD H. akashiwo & EEEBRED
HEREZKIICRT. £ 1 HEORKKLT H
akashiwo & 4,300 cells/m! & HEETHEALTEBY,
BARDRPPHMELEET AR CIISREEZEEL CW
7oo 3 ABICHIIREEIZSEICENL, SEoBilldhR
bEHBITETH B 27,400 cells/ml IE L7 20
BHREEIHEAIVETL, =275 —EM%RICRKR
WD 1/1002 7% o THRENIRE L 72,
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—3-— Skeletonema costatum
1 05 —A— Chaetoceros spp.
—@— Heterosigma akashiwo
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Fig. 3. Temporal changes in cell densities of Heterosigma
akashiwo, Skeletonema costatum, and Chaetoceros
spp. at sampling station, Hiroshima Bay.

H. akashiwo %% 15,000 cells/m! ## z CHIHEL T
2HIMF D S. costatum DRRBEEEZ 70 cells/ml LT,
Chaetoceros spp. t& 1 cell/ml BLF & Wi i Mg 2
TR LTz LA L, H. akashiwo OFEIHE
(<25 cells/ml) ¥4 & ZhoEERIABITHEML,
MRBEEIZVTNRD 1,000 cells/m] 28272, %8B, &
DAEL Chattonella BOWBBRON 2 o7-0T, B
BB A HERE OMBERE LBRET6 2 LT
Ehhol

774 FROEFEEBEAKRICLS S. costatum DIEFERER

4~7, £2, 312, H. akashiwo & C. antiqgua @
FEAWD) O ERE S NREREY, S. costatum DI
FEICRITTHEEZ R L7z, S. costatum T RMBEEIL,
H. akashiwo O BTN RIXD0.7%, C. antiqua D5
TRHBXD23%ICEHFEF->TBY, WTFROBEELAWTD
S. costatum DWEFEIZH L AB E NIz, AP D S.
costatum IR T B Z L id % h o 7248, FRMIEE IS/
L, L2bEESENT 22 E0RELBEFZELC
Wiz, ,

RICHZMEX D 8. costatum DWEHEBERIZOWT
PIFiERd,
1) X

BAMBEEL, H. akashiwo DINEL L THEBX O

Fluorescence (relative units)

—e— Control
—m— H. akashiwo filtrate
—&— H. akashiwo filtrate (80°C, 60min)

10-2| T T 1 T T T LI B | T T 1

0 5 10
Days

Fig. 4. Growth of Skeletonema costatum in nutrients-
enriched filtrate of Heterosigma akashiwo. Error
bars denote standard deviation (+S.D.) and closed
triangle shows the filtrate after heated with water bath
(80°C, 60 min).

102

10"

10°

Fluorescence (relative units)
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0 5 10
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Fig. 5. Growth of Skeletonema costatum in nutrients-
enriched filtrate of Heterosigma akashiwo. Error
bars denote standard deviation (+8.D.) and closed
circle shows the filtrate after ultra-filtration (YMS3,
Amicon).

0.9%, C. antigua OMEA W THIBR D3.3%ITEF > T
Wiz ihn (M4, 6, £2, 3), WTIhomEksil
Tb, S. costatum OHEIEIHIEHIZEET Lkd o7
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Fluorescence (relative units)

—o—Control
—a— C. antiqua filtrate
—a— C. antiqua filtrate (80°C, 60min)

10" +—r—r—r—r——r—rrr
0 5 10
Days

Growth of Skeletonema costatum in nutrients-
enriched filtrate of Chattonella antiqua. Error bars
denote standard deviation (£S.D.) and closed
triangle shows the filtrate after heated with water bath
(80°C, 60 min).

Fig. 7.

10°
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10°

Fluorescence (relative units)

—o—Control
—m—C. antiqua filtrate
—o—C. antiqua filtrate (M.W.<3000)

10-1 1) T T T T T T T T T T ¥ 1

0 5 10
Days
Growth of Skeletonema costatum in nutrients-
enriched filtrate of Chattonella antiqua. Error
bars denote standard deviation (+S.D.) and closed

circle shows the filtrate after ultra-filtration (YM3,
Amicon).

Table 2. Effect of Heterosigma akashiwo filtrate on the growth of Skeletonema
costatum

Growth of Skeletonema costatum [mean+S.D. (n=5)]
Maximum yield Growth rate

(fluorescence, relative units) (divisions/day)
Control 97.34+2.9 1.72+0.14
Filtrate 0.64+0.06 0.52+0.25
Filtrate (80°C, for 60 min) 0.85+0.14 0.46+0.26
Filtrate (M.W.<3,000)*’ 1.25+£0.27 0.56+0.26

*1'50 m/ of filtrate was subjected to ultra-filtration (YM3, Amicon)

Table 3.. Effect of Chattonella antiqua filtrate on the growth of Skeletonema costatum

Growth of Skeletonema costatum [mean=S.D. (n=5)]
Maximum yield Growth rate

(fluorescence, relative units) (divisions/day)
Control 122.3£6.85 1.37+0.35
Filtrate 2.86+0.37 0.55+£0.21
Filtrate (80°C, for 60 min) 4.09%£0.22 0.64+0.22
Filtrate (M.W.<3,000)*! 3.79+0.78 0.53+0.42

*1 50 mi of filtrate was subjected to ultra-filtration (YM3, Amicon)

3,000 EDOH 5% BT S, S. costatum XS 5 BE5E

PHRERIZEET Lado 7

3) XAD-4 BifgiLs X
BAMIBERNBED14% 28T > T (R4)

2) BRAABLEX

BRI ER, H. akashiwo O A TREXD1.3%,
C. antigua DAETHBE D3 1%ICE oWzl &
o (M5, 7, £2, 3), WThor2@»r 60 FE




62 il - WH - AR

Table 4. Effects of various treatments on the growth suppression in Heterosigma akashlwa

filtrate.

50 m! of filtrates were subjected to each treatment

Growth of Skeletonema costatum [mean+S.D. (n=5)]

Maximum yield Growth rate

(fluorescence, relative units) ~ (divisions/day)
Control 134.50+5.30 1.68+0.46
Filtrate 0.91£0.08 0.51£0.30
Filtrate (pass through XAD-4 column) ™! 1.89+0.14 0.561:0.05
Control 131.00£4.10 1.4740.56
Filtrate 6.90+0.56 0.37£0.15
Filtrate (rinsed with ether at pH=8.3)*? 1.45+0.14 0.44+0.19
Filtrate (rinsed with ether at pH=3.2)*2 83.70+6.32 1.1540.34
Control 140.10+4.00 1.6210.49
Filtrate 0.91+0.08 0.51%£0.31
Filtrate (pass through Cys cartridge) ** 80.98+18.50 1.524:0.60

*! Filtrate was passed through XAD-4 column (20X 100 mm)
*2 Filtrate was extracted three times with equivalent volume of diethylether
*3 Filtrate was:passed through Sep-pak Cig cartridge which was activated with 20 m/ of methanol

before use

Z &M, H akashiwo DA% XAD-4 BilgTHRIEL
T, S costatum xR ZEWARER TE2ETL
LMotz
4) FTNVAHY —T—F LALEX
BEAHREETTREO1LI%ICEE > Tz (R4)
ZEhb, H akashiwvo DHEETET VA ) ESEMETT
I—F VL TD, S. costatum \ZR§ % HEIEIIHI1E
FEe KT Lidh ol
5) Btk — VLK
BRMBEEEIINBIXD63.9%I1F L, MHEED
MR EBEAEEDOholzZ b (R4), H
akashiwo O 5% BHELEMT CL—F VBT &, .
costatum 23§ B WM EHAMET Lz,
6) ODS BgueEx
BAMBEEENRIRD85.6% & L, BAREHEE D
BREIZEAEEDLR o220 (K4), H
akashiwo @ 5 % G541 F € ODS BRLUET 5
&, 8. costatum WX B IEREIIHIVEA AME T L7z,

E £

HRRICHT3EERO7LONY — B ICEHTIES
H. akashiwo EEBE S. costatum O¥EEZ T 5 7
Ly —fERICDOWTIE, Pratt (1966) O BRI %
MANEL MO TWS (Fa3XH Tid Olisthodiscus
luteus & L CRIRENTWA), Naragansett BIZBIT 5
7T EMOBEBEEIZ L 5T, H akashiwo H3HEHET 5
IZ1E S, costatum BEBTHEERBL, 51T H
akashiwo OXEEATEDS S. costatum DHEFHZPIHIT 2 =
LR BRERICBOTHERL TV 5, RRWEIZKEE
THPOMBEMERE L CwEI LD, BELLI =V

TRV EEHSTSNRTWS (Pratt 1966)
akashiwo & S. costatum DSBLTIHAEHI &iﬁﬁﬂ’i’ﬁ/)ﬁ
TERWEW)REEIE, Tomas (1978) & Honjo and
Tabata (1985) IZBWTBHIRBENT WS, -

SROLBBIZBITH5WMEICBWTDH, H akashiwo
OFREILIR & TR L CEEROMBEENE L K
K E2ELPBREINT: (K3), SHITHEBMETTO
BIRIZL B L, H. akashiwo KD S. costatum DA
fang FESISEML-VER{LLTEY, LrdZ
OB EARIZIRE DB TBRR D P o7z, 2O %
BRIIFBEIRZ LG CLBE NG, SHD
FEEIC BV CRBIEZ T4 L7 H. akashiwo O
FAWIZ S. costatum & B L2582 b RIM LB
BganizZ ehs, BUBRICBIT 5 R ZBIGAHE
BEORZUAMCT LNy —EHIZE o THFH SRS
ENTWBHRMNEZ b/,

POEERREAET B 7 L a2y —EiE, RIFEE, 7
YN, Tz —MLEWE EEESRRRWE ML
nTwa (Rice 1984), ZOHTh IRIIERIIEEIEA
TH7LUNRY—YHE LTHENEZCHES L TWS
WD EDTH S (Craigie and McLachlan 1964,
Takagi et al. 1984, Kakisawa et al. 1988, Gentien and
Arzul 1990, Imada et al. 1991, Perez et al. 1997, Arzul
et al. 1993; 1995; 1999) 4RI MENEREER X2 N B R4S
WG EoFEMERL (Curtis ef al. 1974, Takagi
et al. 1984, Lawrence et al. 1995), Bl EIEET S
fMEEESE LTSN TS (Kamiya ef al. 1979,
PEE 1982, Okaichi 1989, Sola et al. 1999),

SBOERTDH, S costatum B X C. antigua DF;
EAHWHITE, S costatum DWFEZIHIS S, 20D 7
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vusy—EHEZ ZR I TYESBERFELTW 25
R RB E Nz LTI H. akashiwo DEEES D%
MBXIZBIT D S. costatum DEBREBROERE,PS, 7
LSy — B DHEE F AT

H. akashiwo DRERAWPIHAETHT L 8T —)
Bix, OH. akashiwo DR WH LN ABETHTE
3.000A Lo E % B\wTh, S. costatum DIEHE % Bl
FTHESE QHBIE7TLasy—ER) BZe{IETFL%
PolzZ b, 7TLuny—WEIXHS MRS T
BThb, QZOWE L 80°C DMBEALTHIZLEA LR
HLARWI E2S, KBEETrOWEEEZEL TW5,
@ 7=/ —VROBKEWEZBRETHEROD 5
XAD-4 BIEIC &g Sh v, BBy EICHM
2R ODS BHgICIXIZE A LRE ST L, @K
DR pH 8.8 DET VA U HEHT Tl —F
BB LW, pH3.2 OBMEG T Cidn—7 v
BEBTTE0REERL Tz, 4EIIZT L uss
VYR OREE AT > T\ 728, GCIMS %
LRI BRAERTI ZEWTE Loz LN LEND,
SEELNET LNy —YEORELBEMORMEREZ
WA LTHET 2 &, H akashivo DT L axy—HH&
BEVBEEOWMETH HWHENFEEICHE V., C
antiqua OT L URY —PWEIZOWTS, WEMETES
FThHrIEHNS, S costatum IR HRIGEE R # Y H
ThHUEEFE V. LPLEYD, ZOMIZHELRE
B BEABL R ELEE L TWARELDH D, FI
&t X PRIV LETH Bo

H. akashiwo % C. antiqgua ®REMBEIC 2T
Nichols et al. (1987), k@i (1992), 3 & U Keusgen
etal. (1997) T, F-WMERIIRMR L &RICOVWTIE
TEE (1982) 3 & UF Suzuki and Matsuyama (1995) T
BICHE SN TWE, ThboWmEICIE, H akashiwo
D IgHEE X Palmitic acid (16:0) ZER5E L TWS
A5, BEASEMIENEEO -~ TH 5 Eicosapentaenoic
acid (20:5) LZEBICEITNTEY, HEERLHEEEREC
WY 5 & B EARRAIEB OG22 % ) EVC EAR
BENTWS (Suzuki and Matsuyama 1995, Matsuyama
and Suzuki 1998), < @ Eicosapentaenoic acid 135 #
H, BE, BIUBITEE Gymnodinium mikimotoi %
SAEEE T Ly —WHOUEDTHS (Imada
et al. 1991, Kakisawa 1988, Kajiwara 1992), & 512,
H. akashiwo % C. antiqua OHIRERITIEA A I 7 LR
TRESNLIFEOWERAZHBDOONDL I e, D
(B 1990), Th oMM IRE (RKBEETERSTTH 5
WZ EHHE LERERR E Bbh ) ZHllSMIE
HL, ThickoT S costatum 72 EOBEEFHRT L
Ny —VEH%E R LEZDOPRETHAS ), EB
12, WHEERE Gyrodinium aureolum (Gymnodinium cf.

nagasakiense) MREHET 5 BEHERITEESEEEOMME %
FETLEVIHEDH S (Gentien and Arzul 1990,
Arzul et al. 1993),

BIMVERZIEERZZ I S 3, ZOEAMERD M E
MR, W OPOFEREED S IS EBRITIEILRE
HEWENLEME I N T WS, Bl 212, Parrish er al.
(1998) % Yasumoto ef al. (1990) 1, AEHRME G.
aureolum & Chrysochromulina polylepis 75 AT %
WEFRWNBMEELZRL, ERYESE U CERETD
% monogaractocyl diacylglycerol % 721 digaractocyl
diacylglycerol ZFEL T 5, T oHDOWEIIEED
WHWEER KEGEICDRDON, BOBMIERH RS
HAOBHEFRER 21T E S (Oshima et al. 1994,
Patrish et al. 1998, Sakata and Ina 1985). W3 NOfE
B ORI ICBKEDOMIFE L TB Y, 2R LHEE
PSR EH AT 5,

Z Oz s, Uchida (1977) i Prorocentrum micans
BELET LT L Oy —YHEOMWIRE, BIIARETE
PELZ Bl L2 VWESTFUETHL LIMEL TS, £
72, Honjo (1993) %, H. akashiwo DSEEET 5 EEHEsH
DT LaNRY YR LTSS ¥ 3y BEEGREHE
LTwb, FEUAMCD 7L asy —fElE2RTWE R
FAETHURENIEZZ NI LMD, Bl &AL
BHPLETH 5,

B, —BOME TIIHRESTEERIINTAT LY

SV —FHLHESNT VS (Imada e al. 1991, EF

fis 1994, JiiEAR 1995) . S HEOREBIZKILSL, S
costatum & Chaetoceros didymus D835 {55, H.
akashiwo, C. antiqua, 3 & T Prorocentrum dentatum
O 3HWOMEREOWINIRITTHE L MR/
B, WIS EEZEEHEERIERWZ3 oz
(RHER). o T, 2L EBEEAV: S. costatum
& C. didymus DREEAWHITIE, WEROWIM L HE
T571Luny—PHREFEIII RO LRI h,

EEEICH T 3EERD 7L O/SY —ERDERREIER
FLusy RIS EOEY SR EEAE TR
ZERTHY, EBFENBE,ORE EIFFICEERE
FAEEx 5, BEMMOBTIE, ) L7 ay—
VEHDP DB ZBMIED 2 ETHICEEL TS
S ERBIZAMS T WA (Putnam and Tang 1986) . 4
ERERIZH 72 H. akashiwo & S. costatum 138 H#EA
L7z CRBmENE T 2 BN R BMEETH 575,
Pratt (1966) %R L7=& 512, WHED 4 FAREHICT
W—LERBRTHIEIEHmTHL, 29 LIERRGZ
T AHE, SERLAL ) BT LY —EHIE
BOWRTH BB L T AR TaIcFEENS,
L LadD, SBROMKRE, BEONy FHEETT
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HEEEIZHIE L7 H. akashiwo R C. antiqua DR
WTHELSNZ DTHY, TheZ0IERMRTH S
B \ S BRAT 5 DRMERSD 5. oF 0, BEES
PRBGRTLBNT 5 7 % EOMBELE R IREYD D
HEIAER RN TIX, filasticawshiz7Loss
-WHRFRR SR EOER % =Y, EBRORIIE
MEEETTHOLNLHRIDDIFEHEEINL, £
BXZ H. akashiwo DERA T % FEREHT 1/2 IZHR
T BT, S. costatum T BT Lassy eI
FEAEHRL: (RER). toT, BUGEHIZET 5
H. akashiwo @ S. costatum X357 L a3y —{EH
i, FHOL) ZEBEERRTICBVWTOAREIL T
HLEEZDBRETHAS ) EBRIIHMBEHOBMBEEIC
DWTHB R EHE L 240 T TRRFBETIE, M
FAMCBHE LWREICL 27 L ey —HOBELY
b, KEHEDCOIHBEOH VI VERETHLEVIHW
4 H % (Elbrichter 1976, Kyser 1979), - T, H.
akashiwo 7 L a3y —{ERRRH OB EE R THT
PHER T -0 LTWAEVS L DIE, Th—A
R RERBR Y RIS 5 BEEHoTwa EBbh
5o

ETAT, HELREST, HEEDOWEWTF V7 by
oMY 77 > 7 b VICEEEMLC, HFEEZRERIE
oD HHEAMEI L7 TAHAPHEEINL LI
720 B2, ARIRMETERE Heterocapsa circularisquama
LSRR Y Gyrodinium instriatum B RAT 5 &,
G. instriatum ¥ H. circularisquama & ¥l L 7-BREIC
BEHICERZEIEL, RERICHERLCERT 5. #5/IC
BT 5 &, H. circularisquama DEESWE 2 BE
ERIZEHWICOID ST, H. circularisquama DR
Lo FHBEEMT 2 72TC, G instriatum (SBRERIC
EEIEES) % Ko TR T 5 L9 (Uchida et al. 1995),
2 512 Uchida et al. (1999) %, H. circularisquama &
Gymnodinium mikimotoi & DMEMEHIZDOWT HHRE
L, COBEERFTOMBEEDOENIL T, WHEE
TSN BEPRRT L2 2 AB Lz, RKETHN
7z H. akashiwo @ S. costatum 12T HEEBD L H 12,
B B AW AN U 72— DK & v ) AR E R
H L THFOMBICHEL S 2 556 11— Bmic 7 L
Ry - LRI NDB DS, HAkE v BEEZEHST,
EREEMNC X o CTHFICHEZ RIZTHEICIERBEOMR
RPLTITEL RV, DF D, AYPHERPKED L\
RO 7: DI EBEEMEIC X > THPICHEZ RITT
ERDZ L% 7uEY (allomone) LIERZ &9, H
circularisquama & G. mikimotoi & ORIZBIZ S N5
HEIERMETUEYTHAWMREGH S, 71 aXY—0D
E2UT, MBAMCEBH LR IEHR 5 & 20
b7, EBROBBICBWTEORENHEREL T

ZPRBICH B, MBALSEEERTsZEIcEo
THERANRIESND L 2L, BRRTHIERED
WRTL TN A RECRAMEEIZE LN 5,

ZDXHI, WIS v vEOMEERE T L2
NY—CBR S THEA DS B 2 LSS E YD
oHbo BBERICBIT MY 7T v 7+ U HEOER
i, BEICKIE, S, BB, 5\ IR L
EOWILZMER ORI L o THEITLTWADTIE R
S, INSOMIELEINEEL VI BE D CHEEHED
RRBE Lo THEMFL TV, BICEEBLLBE
WP NEEL Y, MOSHEIE LirbEWEED Ik
FIIEVEERTIE, RSO SREEEasEL <,
TLunRY—EHR T UE AR EOBREE (HbH WV
BHER) Rt 2D OFESEOE SRS
WTEBERBEEZRLZLTWLLELBND, SHIEH
BHIC BV T I LIRS 7S v 7 b VB
BEBRLREOBH - HRCFS LTV L0028 HRHT 5
VMBS I

1. EBEIBITAEAICIBWT, H akashiwo FREI%
ARICIBEEOMBEEIZE LKLY, H
akashiwo DFRBPRBT 5 L BBITHBEE S <
T HBBRNHBE NI,

2. 974 F# H akashiwo & C. antiqgua O ERREE
HWICREBE TR, BE S. costatum BRT
BEBGENE LB SNz EHD, TLasy—
W OFFIEDRIR S iz

3. 7Tlrasy—WEImEaE, Ko FE (M. W. 3,000
T, BT cr—7 VEICRAT, XAD-4 #lR
kAT ODS (Sep-pak Cpg) Wi BETHED
WEHERLZE 20, IRE RICBR) <hs
Relk AR R R iz,

& it

57 4 ¥ Chattonella antiqgua O HEW R % R4
B &I, BEFBICEL TIREL BV RERE
Mol dgtERE, BLUOEE Skeletonema costatum
DM REER 2 RAICE R LR RER T T2
BORFEDSERICHELZR T, £/, BTS2 b
YORE - FHUCEE LT TRE L Hv 2 R FEORE
Mk#Eg2ic Lz B LR 5, R B OKEIZERTR
MREREOERF—ELICEARATERB LTz
X, BESRCERZTHV, BLTHELZERT,
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