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Physiology, Morphology, and Ecology of Cysts of Chattonella
(Raphidophyceae), Causative Flagellates of Noxious
Red Tides in the Inland Sea of Japan

Ichiro ImaI

In recent years, many red tide incidents have recurrently occurred in Japanese coastal waters, mainly
in the Seto Inland Sea. Amongst these red tide causative organisms, Chattonella antiqua (HaDA) ONO
and Chattonella marina (SUBRAHMANYAN) HARA et CHIHARA, Raphidophyceae, are known to be fish-killing
flagellates which cause severe damage to fish farming (amounts of ¥ billion), especially to yellowtail
Seriola quingueradiata cultures, during the summer season. Information on the life cycle of Chattonella
including cyst stage has been limited hitherto, although the information is essential in order to clarify the
mechanisms of the red tide occurrences. In this study, morphology, physiology, and ecology of cysts
of Chattonella were investigated and the ecological roles of the cysts were discussed concerning over-
wintering and initiating the summer red tides.

It had long been unsuccessful to identify the morphology of the cysts of Chattonella despite many
efforts devoted by a number of workers. The cysts of Chattonella were found for the first time from
surface sediments of Suo-Nada, western Seto Inland Sea. The cysts were effectively recovered from
sediment samples by discontinuous density gradient centrifugation using metrizamide-seawater solution
(specific gravity, 1.4). Living cysts of Chattonella were yellowgreenish to brownish in color, and pro-
vided with several spots of dark brown or black materials. Most of cysts were found to adhere to solid
surfaces such as diatom frustules, sand grains, etc. Clusters of several cysts including empty ones
were sometimes observed. The cysts were mostly hemispherical, 25-35 ym in diameter and 15-25
#m in height, and were markedly smaller than common vegetative cells. Discrimination of cysts of the
two species was impossible on the basis of their morphological features. Living cysts showed auto-
fluorescence of chloroplasts under blue-light excitation regardless of the germinability. This fluores-
cence characteristics made it possible for one to enumerate directly the number of cysts in sediment
samples by employing epifluorescence microscopy.

In both C. antiqgua and C. marina, cyst formation was observed in culture under laboratory condi-
tions. Cysts of both species formed in culture displayed morphological characteristics quite similar to
those natural cysts observed in sediments collected from the Seto Inland Sea. The combination of fac-
tors such as nutrient depletion (nitrogen limitation), adherence to solid surfaces (glass beads), and low
light intensities of 1,000 Ix or below (or darkness) was essential for cyst formation. In C. marina, ger-
mination of cysts was observed under adequate conditions for germination (22°C, 3,500 Ix with a 14hL-
10hD photo-cycle) after storage at 11°C in the dark for more than four months, although the germination
was low incidence.

Physiology and ecology of cysts of Chattonella were investigated by the extinction dilution method
(MPN method) using natural cysts in sediment samples collected from the Seto Inland Sea. Tempera-
ture was a principal factor to induce germination of cysts. Germination of cysts was not found at 10°C,
very low at 15 and 18°C, while it increased at 20°C with maxima at 22 and 25°C, and then decreased
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markedly at 30°C.

Maturation (acquisition of germinability) and dormancy of cysts were significantly affected by tempera-
ture. For maturation of cysts, low storage temperature of 11°C or below for more than four months
were needed whereas no maturation was observed at 20°C or more. Temperatures of 15 and 18°C
were critical for maturation. Matured cysts in sediments maintained the germinability at the storage
temperature of 11°C or below. They lost the germinability gradually at 15 and 18°C during storage,
and did rapidly at 20°C or more.

In fresh sediments of Suo-Nada, marked seasonality of germinability was confirmed in the cysts of
Chattonella. Tt was weak from autumn to early winter, then strengthened gradually up to a high level,
which was maintained between spring and early summer, and again decreased rapidly during summer.

The annual life cycle of Chattonella, including vegetative and dormant phases, was summarized as fol-
lows: (1) vegetative cells in early summer originated from the germination of cysts in sediments; (2)
they form cysts during the summer season; (3) the cysts spend a period of spontaneous dormancy until
next spring; (4) the duration of post dormancy, an enforced dormancy due to low temperatures, follows
until early summer. The cyst populations which missed a chance of germination during summer could
be carried over to the next year through secondary dormancy in sediments. The life cycle of Chat-
tonella is therefore well adapted to the temperature regime in temperate seas such as the Seto Inland
Sea.

In Suo-Nada, distribution of cysts in sediments and occurrence of vegetative cells during summer
were investigated together with environmental factors such as surface and bottom water temperatures.
Densities of cysts ranged from 0 to 787 cm ™ > wet sediment in March 1986, and from 0 to 490-cm™ % in
June 1987. Cysts were abundant in the central area, whereas scarce in the western coastal area, in
both years. From the results of field observations in Suo-Nada, it was suggested that the cysts started
to germinate from coastal shallow area where bottom water temperature was relatively higher than
deeper area and reached the optimum level (ca. 20°C) for germination in early June. Since bottom wa-
ter temperature rises gradually from coastal shallow area to deeper area, the germination of cysts pre-
sumably continue for rather long period. Long period germination is considered to be superior seeding
strategy for Chattonella red tides, because Chattonella can take more chances for population develop-
ments during summer season.

Distribution of cysts of Chattonella in sediments were investigated by extinction dilution method and
direct count technique in the Seto Inland Sea such as Osaka Bay, Harima-Nada, Bingo- and Hiuchi-Nada,
northern Hiroshima Bay, and Suo-Nada, and Kagoshima Bay in southern Kyushu. High density parts
were observed in each area. Mean densities of cysts were generally in order of 10°-cm™® in sedi-
ments of the above areas except for northern Hiroshima Bay where cysts were scarce (<5
cysts-cm %),

From the results of this study, it was confirmed that the cysts of Chattonella play an important role in
initiating red tides in the summer through capability of overwintering in bottom sediments. It is there-
fore suggested that monitoring of the rise of bottom water temperature at shallow station in dense seed
bed from spring to summer is useful in predicting the appearance of the vegetative populations in the
early stage of the red tide.
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Fig.1. Location of St. H-12 in Harima-Nada, eastern Seto Inland Sea. Sampling was made in

April, 1983. Collected sediments were used for sediment incubation experiments.
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Fig. 2. Percentage appearance of vegetative cells of Chattonella from different size fractions of
sediments.
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Fig. 3. Daily appearance of vegetative cells of Chattonella from the sediments.

Closed circles: cumulative percentage
Histograms: daily percentage
ERAR PO AMDRFIZEZ ZBEORE S Fig 4 (IR L. EBREF 572 15-25°C D
ETORERMFTT, BFLAKBHROUAI RN, BEISE 18°CIIBWTR#2DHK
B3 o7y, 20°C o AL, 22°C TRAMEEZRL, 25°C TXEERL Lz, ZOFRIE,
Chattonella O3 A + DEEFH-EREAS, 20-22°C [T EHIZHBH I L ZRLTW A,
HELRBOFER L 25 RBEEEIIBYTE, YA MORFICEEIEELEETRIZTE
EHFHMS TV A (DaLe 1983, Sako et al. 1985), Chattonella D> X M iZBWT b, FORIEIZ
BEFNKECHEELTVA I EFBELNE R 57, Chattonelle i OER$ 5T NERE O
BERCBVTE, KEOm ULEDOBHATH 7 AICIIEROKIRAD 200C LLEICET S (kA
fit 1982) L7:2"-C, EFOKBEAPICIEREBORESEFOREHFIET 20T,
ZIUlHHVAMIIORIIIREF L, KEMBE L TRBKPICHETIEEZOND,
KBAFOBRBEEEFO LA FORFEILR, ThITRIIFBEEE LSz EVEShTES
(AnDERsON and WaLL 1978, #&{t 1982, DaLe 1983), L& L < ®&E 2% - T, Bmoer and




4 K

G.,.-ll
15 18 20 22 25

Incubation temperature (°C)

Fig. 4. Effects of temperature on the germination of cysts of Chattonellz in the sediments.
Number of vegetative cells appeared after sediment incubation for 7 days is shown on the
ordinate.
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Fig. 5. Process of the extinction dilution method for enumeration of cysts of Chattonella in
sediment samples.




+»
s

T ]
133°E 30

Buzen

10km

13;°E 30
Fig. 6. Locations of the stations for collecting sediments.
Upper:  St. HB-11 in Hiuchi-Nada, central part of the Seto Inland Sea. Sediments were
collected in May, 1986.
Lower; Sts. J and N in Suo-Nada, western Seto Inland Sea. Sediments were collected in
April, 1984.

W EASYEO B EE RV O TV ARARRE (B, 7213 MPN &L idh
5) (SGH 1946, AfRM 1960b, LiHTHART 1969, IsHpa and Kapota 1979, YamamoTo et al.
1984) DInH % A7,




Chattonella O3 2 + O 1 38 4 REZE RR 38

MHE LUTHE

FERICHW-BERRE L, FI1HTENIBEREOTES St H-12 26RELZIDOTH D,
BAFREICL T, VA MNOBEFET L7 00BEFNEY Fig. 5 (R L, BERE 1g D
B2 REmkRICBRE L, BFELE (I -8 UR-20P f£H) %, HE&V1008 L U8 20 um
DA o B0 VT 20-100 pm OX FREE S 2B 72. COBESTEERHEKD D%
=oAL L 720 SWM-3 il (b & oM A S LR, W3R, BIUHEMETZR
Wizbh ®) (CHen et al. 1969, 7k - 43 1987) 12, MBI OBERICHRELCTO0.1gm/ ! D
BELRDLIIIERL, INF I BEBRE L. ZRENOEZEBETIERIOBERR LT
107 & 1072 OFFEMEOBBELFARL, 10° 107!, BLF 1072 0BER»S Ilml §¥25
ROFRBREICHEEL:, SRBEICZNPIF-OEREY Iml $OMZTHREY 2ml 2L 7
%, W 22°C, FAEE 3,5001x, 14hL-10hD BARSEMIOFRH T CHEELIT- 72 4 BEICERER
FPOXRBEMBONBOFELHEMETH, HBELALLOEBY, Lir-boiBEMe L
TRegk L7z, BHMER (10° 107, 1072 BT ABUBOBAELEN S, BRIERE 2
¥ TuronpseN 1978, fRiE - 44k 1987) #2HL, BER lghDT 2 FOBEEHR (MPN) %
HH L7z, SCTRAVWAEABKOBEIHATEXLLDEFRLETH AL, |

BIKROERIZL), VA FORFOLRMBT HREMBOBEIZIE, 19844F 4 BITBEHR
THRELLFEB LAV,

TAMDRFIIEZDIREOEELRAFREICL - THERE L2, FOEEIZIE Fig 6
WRLBEBOES St HB-11 » 519864 5 A 1SRN L KR (KE»S leam EIT) £/
Wiz, 7, ERY 11°C OREREGETICRHAMBRFE LABEOL X PORFRIMEFTH
NLLODOFEL, Fig. 6 DRE#EDN 25 (Sts. ] &N, 3ecmiEET) » 519844 4 HIZiB7- %
DTHh,

= 3

1. BZE S N7 Chattonella DFEEHILIZONT

BEFRFEIBEREROBELRALETL720, Fig TISRLAEE 125 % 4 7D Chattonella
DREFMPEZBET LA TEL, ROHAKIIBESN/-DIE C. marina (Fig. 7, B) TH Y,
RWT C. antigua (Fig. 7, A) Tho7zo 72, e L 2BodHOBESZ L2b o (Fig. 7,
C) B HOLNIz, ZDF A TOMBLIE, C. antigua DR R/NFBEOR ST, BESOMEW
R#MBERNTEY, BEMIZIE C marina KR ko7 L ) IR %525, ZoMiz, BF
# 30 gm LT ORI OMBLYH IZBE S h7z (Fig. 7, D)o ZHIITEEMIZIE C. maring & EM
LTz, Ml s L, R EN -7 SNH4DDY 4 TOMIZ, BOTHLZEEDD
DYBESNT (Fig. 7, E)o MIBBOKE 12 C. antiqua & FIEETH 5 A, ERMKTMALO L
B L BEHRIZIET, Z£O8IZ C. antigua % C. maring IZH_RTE LD L VO TH D,
% BIRFK Chattonella (J5 - TJE 1987) BB I hh o7,
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Fig. 7. Microphotographs of 5 types of Chattonella appeared after the sediment incubation by the
extinction dilution method.  (Scale bar=50um)

Chattonella antiqua (Hapa) ONO

Chattonella maring (SUBRAHMANYAN) HARA et CHIHARA
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Chattonella O i 2 + OH IR BESHIIFE

2. BAFREILDBRREBROREFED 2 FOFE

Table 1 {2, 19834 4 AIZHBE#OE A St. H-12 TIRE L - BERDISHEREST 5 Chationella
DYAME, REFGRETHRLAER LR T, BEMAEH 4B & 8 HE DO KMEIE, %%
SWM-3 S E & B E B El AL ICEU Lst B 5 272, LA LI2BEEUBI RS &,
A SWM-3 H5 M A V723 ) — XORHBIEDHEEITR e 5 720 ThUE, BB ZMA T
WP LI PN DbLT, S ORBEOF THBEENKEMIE L, Chattonella D47 % [H

Table 1. Enumeration of cysts of Chattonella in the sediment sample collected at St. H-
12 in Harima-Nada, in April, 1983.

Incubation Number of positive tubes MPN of cysts
Medium period in each dilution germinated
(days) 10° 10~ 10~2 (g sediment—1)
Modified 4 5 3 0 79
SWM-3 8 5 4 0 130
12 2 2 ] 9.3¥
16 2 2 0 9.3
Filtered and 4 5 3 0 79
sterilized 8 5 3 0 79
seawater 12 5 3 1 110
16 5 4 0 130

@ Survival might be inhibited by diatoms.
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Fig. 8. Effects of temperature on the germination of cysts of Chattonella in the sediments collected
from St. HB-11 in Hiuchi-Nada, in May, 1986. Extinction dilution method was employed
for enumerating the number of cysts germinated at each temperature.
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ELEREELONS, —F, WEHEBEKEHVY ) - XTRLE LR o R
3. VAMORFILHZHREOLE

BREFREICL-C, B2 OBBERVPOY A MOBFIIRIITEREOLELHY, 20
8% Fig 8 (TR L7, i 10°C TREFOKRBITIXFMBIE(EADONT, 15C
TABHA SNT2e 20°C TRENERILY, 22°C & 25°C THRAERL, 30°C TRELBAL
72
4. EBARFF L7 A b ORIFRES ORI

RS #D 2 A SRE L BERRAE %, 11°C OGB4 BIUISr AHEV5E0,
53T & D Chattonella D> A+ OFHEKER % Table 2 IZ/RT . FHEfEIX, 4 L1575 ABDOMT
SHELERZADONLR D o7, TOEEIR, FICERLABERFOL A M, LEREHTTYL
LI AU ERFRNEEHTELIEEZRL TS,

Table 2. Effects of storage period on the germinability of cysts of Chatfonella in
sediment samples collected at Sts. J and N in Suo-Nada, in April, 1984.
Sediments were stored at 11°C in darkness, and the number of germinable
cysts were enumerated by the extinction dilution method.

Storage Number of positive tubes MPN of cysts
Sample period in each dilution germinated
(months) 100 10! 102 (g sediment ~1)
St.J 4 5 4 0 130
15 5 3 0 79
St. N 4 5 3 1 110
15 5 3 1 110
% =

BEATELBERAROEREL£EARL LTVEDOT, FHIONREZDDIIEAL THEFE
NEEOIAPELEWVIT LD, FRARE, A MORBBEETE RV, LALEFSGT
OFEE, FEMEOBESEMTHINE, BRETFORAMBOBESISIHTH-TH, €0
BEBEFHETEDZLVIBDTRKE RS EH DS, BAEIOHETHWT, BKRF D Heter-
osigma akashiwo % Skeletonema costatum O W AMILDE AT LT 5 (IMal et al. 1984,
Yamocti and Jon 1986)

B2 X N7 Chattonella DFFEMAIIZIE, Fig. 7DL 2554 TOREFBD NI, Zh
SOHT, AOLDIRBIZEIETHEL CGBENDY, YAMPLRFLTBOZVHIRTH2Z
ZEDHB L, LA LEASBERATIE, C antigua TdH DD 7N C. marina TH %D DHF
IT1d, DHEESVLETHL, $77, BHBEORETHVTTIRSH 5%, C. antiqua & C. mari-
na OHEO LS RBEOFEME (BEH 70-80 xm) 20V THMBOSEEE 2T ER,
WY C. marina DEEENPH/ ORI,

Fig. 7, EWZR L7294 7O b D IE BB THTH o 72945, TEEEBIIE L, ZDF
£ FDL D, B TE (1987) D\ Chattonellasp. 2 (75 VB v v + 4 7) LRENE




Chattonella 7> 2 + O B4 e FF 58

PLTED, E—DbDEHM SN b, Chattonella sp. 2 3B BE L BERCELIEIIN
Tsh (EK -/ 1986, B - TE 1987), 40, BEROEZEIZL-TEIL 7OLOD
HBRAHAIN/DT, DAV EOMAMBLE L THERPTRLALTVILDEEI LNS,

#EIEIETH D Chattonella D> A + DFHUIC BT, RAFRESEAWICFIETEZ S E2%b
Bolze LTI, HERE L CRERAHEKD, REMRILL UL SWM-3 5% &
DNEBLTWAIENHB L, ZDZ L3, Chattonella D 2k DRIELZ & »T, LA
DREHEBLETEZVIEZERL TV, BEOBBEERIIBV TS, YA FOREIIIE
BRI EBR L W ST % (ANDERsON and WaLr 1978, Kapota et al. 1984) .

Chattonella D> 2 s DFEFIZRIFTEREOHZEIIOVTIE, £ 1HTHRI L, XETHESL
NIHERLE I HOZR L EAAPBRBEUL THEY, 22°C ARFORERETH 2 2 » 1 HE
BENTe LAL B CUBULHEREAET LI ER o TW/A, FOBEBIIHEBRE TRV, &
IERPICEBHESORBEY 750 2 L ORARSBFEEL TV B EXFHSRT VA4S
(- 305 1978, OnBE 1985), EBICEBZORBSE R/ — 7T v AMEFBEIRL L
bMWD o7, F1HD 25°C DEBRTIE, COLHILBYWTI 7 o PEEESRITL-T
BEMPEROND, TROMTEMEL LTI, C. antigua & C. marina DB EREREOHEH
PLEZ-TWAIENEZ LN, AVABERARDIIHEATAITED S X b OFIA HY A
BoTWw/lzZ ebBFohiH,

IR AR D D Chattonella D A M id, KRR TICB V%0157 BBIZRERE
NEMEFE L7, HEM (1987) 13, EREREOHKRY 5°C DKEREE T CRAE LSS,
SERIZENETHEEL T Chattonella DFFEMEAHET A L 2 HE L. ¥ A MHEER
EETTHURMMAT CELL)THo, HETERD L 2 MIBWVTL, BIFCTEY K
WENTTHRETSE, BEBMBRFRDEMERTLIHLL I LHMSN T2 (Dae 1983)

SE 28 Chattonella O FERDLETHER

HHEDOER L % 2 MEEED M Gonyaulax tamarensis I2BVWTiE, FOTIL—2izs A O
EFICLoTHIAS R, HEIIZT A MREAAECHESTHE VbR TYVS (ANDERSON et al.
1983) o HEFERDOHTY R FOBMHEHEOLZ L OFRMEWIZB VT, FHMORAEIZE L TR
DENFERLND, ZhOZ, FRBOBEBELZINET 57201213, o 2 F OKIERCHKH (BF
REDOWER) FIZOoWTOEHEMEE, BLUEFNOIIHEBLY 52 5ERNFHELICTLI LA
HELRE LD, CNET, Y2 MO & Chattonella DEBOEFERERICE L TIZ, 4
CRHTH 572,

AETit, Chattonelia D A b OKRRPLHAIRIFTREOEBLYENERICL - TR
HLLBI, BHIIBILBERTOL X FORFENIIOVTESMLEANS, BON R
WOWTERL, KEMBEIL ST R M % &t Chattonella DERB O EEHZ LS HIC
L, T0EENERErH L,

— 79 —
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1. YA FOKIREERIZE R HIREDEE

19844E 9 A19H, Fig. 9 (IR L7-#BEB#OE S St. H-16 1268V T, KK HERRESHE AV
THERETREL 2. BONABERREORALS lam BETE T 7 X F 9 FHEHICM->TE
S-S A, BET 2m 0K OKiE# 24°C) 2HEITH L T 2B E&EFIDAE L %R
bbb or, HEREDIIHRASAREIIL - T, BFTRELIAMOBEFAHRLL. BEbFE-

34°N4

10km

>
KUN | SAKA
L T N T .
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Fig.9. Location of the sampling stations in Harima-Nada (upper) and Suo-Nada (lower), the Seto
Inland Sea. For studying the effects of storage temperature on dormancy and maturation
of cysts in sediments, sediments were collected from St. H-16 in September 1984, and
from St. H-12 in October 1985. For studying the seasonal changes in germinability of
cysts from fresh sediments, samplings were made 7 times from the stations of Suo-Nada
during 1985.




Chattonella O3 A » DA IR BEZHIRFSE

THBERAB LTSI oI5, RAEZ II°C, 1) —5% 22°C DiRESRGT OBTIZEFL,
BA1ERFTGEL (BALL) A POBEREHRECTHERL T R FOKIRE BB (%%
e DR #H~Iz, 44 AFGAK, 22°C TRET O St H-16 OB O—8 % 11°C DiRE
FH~NEBL, REREOEEDN T A P OKIR & RBUIE 2 5HERRE LT,

AMORBIIG 2 HHEADREORBE YLD, 19854E10A26H 12 Fig. 9 (2R L7-3%
E¥O St H-12 76 KK AHERRRHFE THERLER L2, REHL S lom FOEREZHE L
LTT7205, ThEFnELR-ZRELHBT 6, 11, 15, 18, 20, 228 £ U 25°C) IZHEFL
REBRDEFEDE LDV A POBORBEAERBAHFREICL - TR~
2. WERPOLAMNORFRDICBT LN

1985461 A9 —10H, 4 A13—14H, 6 A24—25H, 7 H14—16H, 8 A3 —6H, 8 A22—
4B, BXUNAIR-14HDOEE7E, Fig. 9 1R LA BOES St. S-2, -17, =36 D 3%
FTHARRRSE IC L AR LT, iRk (1 AL 4 ATIHRRBHEI BLUA) KB A RFTHE
BT AMRRELZ, AVAERAEHIRT LS lem T TTH B, T A MORFIIHE
T RITTIRESEMFE, BEE ImBORBKEYHET AL TE=Y - L7

LAY —10R I LADE#D 3 Em2HRE L-BKRAK L 11°C ORBEESTISRIEL,
WA LD, EFRDEERLZ BALL) SR MOBEERAFRECL - TEELA,

& ®

1. X b OKIR & Bt

19844 9 H19B IZHRE# O St. H-16 2 HHRE L/2KiR %, 11°C & 22°C 0RELHTICE
WitkRD, RETEL YA MOBORERNLEILE Fig. 10 IR L7, 22°C ORELMETIE, 9
TROEBEAMPIZ L X P ORI GEFRIDEE=KRIROMR) BE&(BI L o7, —F
11°C DRFFRETIE, 37 A®EID X bO—Eo0BERD 2 HES LGD, 57 BRIOEHK
LIz A P OBFEE L7z, BEEABORFRESL 22°C 225 II'C~EBLIBE, 0¥
BImOTREN 72, Thbh, 27X AP ORROBRIGEI N, 47 AKIZIEI A DK
BAZHIET Lz DEOEREZ, EFOMBH%OEKRIRIZEET % Chattonella D 2 +
25, KKIROBERIZ AL L 47 AU LEORBHAERT A LERLTWS,

Fig. 1 IV A FPOBBRIZRIZTHADBREOEEY R LI, BERRAEORERESGH
20C LLEDBE, Tr AOEBRHIBF L A MPOBRIRFBEEET LD o7, SHIZHLT
11°C LT ORIFREDRE(IE, ¥ A MIBFRI LB L7, 158 18°C ORESRMGT T,
BHPEBDOIAMNPEATE LI TH D,

B, BAFRBEIZLDHBRODOEMBEE YT/ 25, C. antigua & C. marina ®
vﬁﬁ#,ﬁﬂ%&%%@mmwm,*ﬁ%&%%@b@é%bento
2. WERBPOL A PORFRICBIT LB

1985 DRI # D 3 EHIZHT5H, BERPORETREL > X OB E IEBKBOTRN 12
¥ Fig 1218072, 1 BOBRESTIEERAL TRFENZHO L X FORIZFERICA VA,



Number of cysts germinated (MPN-g™")

Fig. 11.

15 2001

g )

Number of cysts germinated (MPN

sediments.
1984.

100 4

»
H

Te11°C
0 22°cC
A22°C=»11°C

Temp. shift
(22°C—11°C)

'

Storage months

Fig. 10. Effects of storage temperature on dormancy and maturation of cysts of Chattonella in

Sediment samples were collected at St. H-16 in Harima-Nada, in September,

}25°c
| T i
0 2

0 2 4 6
Storage months

6

Tl Y

Effects of different storage tempertures on maturation of cysts of Chattonella in sediments. Sediment
samples were collected at St. H-12 in Harima-Nada, in October, 1985.
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Fig. 12. Seasonal changes in germinability of cysts of Chattonella from fresh sediment samples collected at 3
stations in Suo-Nada, in 1985. The changes of bottom water temperatures (1 m above the bottom)
are also shown.

4RI EF LML Tz, KEAKIRIE, MAXKY 10°CRIETH o7 F<DIRID
RFERNITATHETHRESH, SHAOMIIREFT LI A MEMEBUICEAD L7, EBARIZ
SAHIIE L LA L/ £ORKINADOHERICE, BFTELLAMNIRETELRD2 -7,
TROEAIICTI AL 4 ATIIEBKENZIIZHE L2223 00T, BRL-S X Mo
WCHRELCHENS 72, EBO3IESH,S 1 AIH-BREREZ 11°C OBESLMETIZRE
L, YA MOEBOREMNENER/ERF Fig 131077, BESERTLIIoNT, B3
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1501 7 n

S-36

1004 R

Q
Q

Number of cysts germinated (MPN-g™')

(o]

LI r 1

0] 2 4
Storage months

Fig. 13. Sequential changes of germinability of cysts of Chatfonella in sediments stored at 11°C in darkness.
Sediment samples were collected at 3 stations in Suo-Nada, on January 9-10, 1985.
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EEEWMOBTIZBVTIE, MW7 77 b DY A MEICEANT, RIRSCRAICET R
BEATHD BIAITHESE 1975), BSMEMOBT 3L 0HE, BREETIEEF IIRELR
S5 2 CHRFELET, BFORMIIIEDHIRELEME MU LRRT A EFLETH
Be IO RHETOKIRKER, BEMICHESWAKE, §42b5BRKKIR (spontaneous
dormancy) &MHENT 5, Chattonella D> A s DA, R LEIHT TIRFRD ZH/T
WHKEE L, ZFOMEEBHBGICELA KA L TRFRAZESG LA, Fig 026 5Ho2R &
312, VA MOKIEOBBEICIIREK 4y AR LORBHMASLHATSH 5, £hW R Chat-
tomella D X F DKIRIZ, HEMKRER LTI ENTE LI,

£ OBEORBERFRIIB VT, ¥R ORFRNOERIZ—EU EOKIRMIFALET
BB ENHSN T2 (WaLL and Dare 1969, Date 1983), —#XMIZ Zh & DRIRIZ, Eilmse
HFCHESE, RBTREL 25EMANFSH L L b TWA (Dag 1983), & LT
Gonyaulax tamarensis ® > A + (ANDERSON 1980) 236N TV 5, £ DMBEERREN L A+ D
ZDLI Ry 4 TOKIR (BEL&GGKIEMRICHEE L5 2 5720) &, Chattonella D56 &
Bl b DEVLZLEI, —F, FLHOFREEY Peridintum cunninglonii 5 /73— L OFHH 5
SyEE S 7 Peridinium sp. B3 O¥4, T A MORFRENOESIIERLESLEATSH DL L #H
XN T2 (SaKo et al. 1985, 1986) ., Chattonella D A b i, LFC 2 ¥ D Peridinium 0> 2
b EKRIROEBEAIEL L TS L Bbh b,

BEH O St. H-16 75 1984 £ 9 BIZIRE L 2K % Ay, Chattonella D> X + DI
BT 2 iR DIREE (11& 22°C) DEE L~/ (Fig. 10) B, 774 NEOMPHETDH % Fib-
rocapsa japonica TorIMI et Takano (Toriumi and Takano 1973) DOREMBB LB I N, Bl Ak
I F. japonica \2B\VTh Y R NOBEIFHRE SR TWS (Fit 1987), @ERAEZ 11°C B
I CHELLDBESETIRELSETYH, F. japonica D> A MIBFEILERT
X7 (B#L72) A5, 11°C OF B Z0 L H» -7z (Fig. 14), £7222°C DIBERHTIZE
PERREA 4L ARIZINICAEBTE, 20T T 2CIBVWHBELINLEL DI ALMH
BEIETREI I ol CDLD BRI, ALUT 74 FEOMHHE TH - TS, Chattonella & F.
japonica TIIHRIRDOERYSR L > TnbH 2 EERLTVES,

Chattonella ® 3 A Mg, 10°C TIIECRFRT, 15°C £ 18C THLEF L, 20Cilx bk
REBHIHS, 22°C £ 25°C TEREIZR Y, 30°C CTHA L7 (Fig. 8), RidD &L HiZ, 4 AD
B TE LD 2 MIRFENZHESTVD (Fig 12), LA L, ZOBOEEKIEIX 10°C §ifk
LEVWOTRFTELVWEEZ LN, NEOEHIT THERFO A FOXBSIE, EWVER KR
Lo TRFNIRHENL LD EBbN L, Tk, KRBKERD ERIZHE S TS A PDFEFEN
¥ 5, EENEIZBVTIE, Chattonella DHFFEMIBIL 6 ~ 7 AEHA O LG K THE S g
HTW 5,

SLOESHYOBHIERBNKIEYXE T LT, BESRG BILTERE) FREFISTLTA
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Fig. 14. Effects of storage temperature on dormancy and maturation of cysts of Fibrocapsa japonica

Sediment samples were collected at St. H-16 in Harima-Nada, in Septem-

BTHIE, BFELEVWIEFHMONATVS (BF 1975), 20k ) RBF ORI, BIELH
& o THRtEL SN —EOMEIIKR (enforced dormancy), ¥ 7% b H#%4KIE (post dormancy)
EENR D, L72A T, BRAMKIEE BKIRGERMIZERMBESRL2-TBh, KRLT
EZHLRETHDH, EHLOWEIIDITTD Chattonella D> A M, BRWERKIEIZE - Tl
ESNBKRIEOREILDLEEZONS,

Z{DOMWBEEFIIB UL, BERREBPOL X PORFICHELFHNOS L LABESH
Tv:5% (WaLL and DaLE 1968, ANDERSON and MoReL 1979, YENTSCH et al. 1980, #&ftft 1982, ;
B - RH 1984), [4%IZ Chattonella D> A MIZBWTHE LW RFENOFHEISTRVWS S h
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7 (Fig 12)o A MDREFIZEZHBEOEE, LA MOKIROERE, BFRIOFHNY, %
ZBISKETOEKBKBOFHEIELRENICEE LT, Chattonella DM D HFRKRK

2HEAMICETE Fig 15 DX 1I% b, —REICHEHSTNEIZB VT, Chattonella DR EMNAS
26— 9 BiZiBARRICHER IR, LT - 8 ALK BERT 2B EVE, BB KIRVFHF
B LIRE (W 20°C ik LBbhd) ILETAHEIL, YAMORFOFRELT, KEM
R BT A, REMBEIEORICKBKP THMEL, —HFTRIRX M eRETLEE
Aohb, AN A ML, BEOEI CHERETERNERROME LAY, LA T,
FROBRBHI KRB KBS A PORFICHRELFH I % > Th ¥ A MIRF Lo, £OEKERH
B IZKIROBRAIEAT, A MIBFENELERL IZESRT 5, Fig 11IIRLZLHK
I°C ULTFORETEL DY A MIE#AT 5205, BENETRIAFOKEY LIELIZI0C UTE
THRTTH, —HEFOIN L) REAKRIZ, KEMBEOTIITOEFLFSILY (BFF
1984a), FhwWwz, BEADERELL TR M VBOTEETHD, FEllLbEE{ DI AMNIE
RO E R A TRAL, AHEMNCEFTELKEIIZ 5, EroAEIIH I TIHEVER KR

ko ThEl SN BKIEOHEEFAIL, FORBRIILD LI X FORFLETURAFIIRK
=Ml L L THBY B, 5 <, Chattonella 13BIERF CEBOREFTEE > TVH LD L
EEIND,

HEIERORTY A M EERT ARBEROE L, REMBICE > T LI ZWEREL D X
FMzXoTHRIYB EVDbNRD (Wa 1975, DaLe 1983, Sanpren 1983, HJE 1986, HE - &
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Fig. 15. Schematic representation of the annual life cycle of Chattonella in the Inland Sea of Japan, including
vegetative and dormant phases. The seasonal fluctuation of bottom water temperature is also shown.
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¥ 1987), YA M, BIIBITLEOMKEMELEE THEIZ T A “survival strategy” & L TRk
ST &7 (DALE 1983, SanpGren 1983) . [A12, Chattonella DS A b b B LS BEL 1S
ERIZLTVE, L2LEWS—FHT, PR MOBR (BFRDOESE) (TEKEOHM 4 L2
E4 %, OZ LR, REDRIIBHREMBBERROBLOZDIIL R LEETHILEE
WKy Do $ab b, Chattonella ZEIHKRBEERTLEWNTHLICb2hbOT, P2 DK
BEVGHIBEICBOWTHEBHICFCEL L TWAEELZ A ENTELS, BHEABTHLES
HiETOREDOEEHEILy EE L1HE, Chattonella DEB O EFEHRTEENEO B LSS
WEIZRCHEIELTVD E VR L, 2D % Chattonella DHIEHIE, Biie BB 7 A fF8
BEERBHLDY, WEIF LTSI BRBMNICEIE L2 EHFRE, T%bb “adaptive
survival strategy” LT ADIRBEEI NS,

AN, TOREET LS RETAHICE, REHOBEICELETALENSD L, KIEINE
KT, KBAKRD YA MORFTELHEPIELZTRIE, 122 seed population DHEEEIT
LBRRWTHSH . BEWNEOKIBFIKEIERNDT, Chattonella 12 & - TIiZEFBFTO
B ABRT 727 b LTHlEAR, fOFEEIZS 2 b E LTHERS) NESTH L L LN
ENhb, MPNEIE, [JENLREZTTRL, FHRTHLEVIBEHLELS D, Chat-
tonella FBOEAE LB VB THLLEL L,

E3E X PORAR

BEHEMICB T, EFICRFCEALEBMORBICH LTS, —HIICRELBERET
WWEIPNDLEBERRREBIILZ-TLEIZ LD D, TDL D LHRIT I T RAKIR & 143
NTn5 (FFE 1975), ZKRIKIEZ BRI AH7-01013, HRBAESE BEOKEREICH VS
NHMEE VR ETEFEIE Y, '

F2EIZBENT, RNEOBERPOI A MIODWTRERDOFEHLRA AL 5, 1985
FEAD 1y AMIERKRD EF I > TRFURELR S XA FOBIELLBITHE LAHD
a7z (Fig 12), COBRBEOHEHE LT, OV A MOKESIRE L, OHBEREGO S X
FREFLADPEI - TV bDRIER L7, QEBICKRE DY X MIFEF LT 5 T
bOIHBRIEREICL 572, 0517 5N 5, ANDERSON et al. (1983) (2 X 3ud, AZBEE
& Gonyaulax tamarensis D> A ME, 7N — AOHBH L BERFICRE LT THE CRE
L, BFEIIHbBINL LW,

Chattonella D> 2 MZBWT, & Ld ZRKREITHEBEMEAFD L LT, FRE%xs
D728 seed population & L TOMEEFEZ 5 ) A TRECEELEWFHO I L2k s, &
BT, CORICERYBWTRE %1To70 77, BERRETOL X P HEKIRREEIZ 2
ADIZRITTIREOEBIZOVWT AN,
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MR B L URE

& 2HD Fig. 9 1 L7 EB #3584 (Sts. $-2, -17, -36) {2BVT, 19854 8 A kAL
THICRBFT, WREHZ S 6 7 AR 11°C OWREFTCRAF L 25&IS, #amiRikic
I o THKRRE S (EHE2S lom FET) ORBFARELZY X EFELZ,

“RKIROBIT O 70121, 19854 4 A IZJER# 0 St. S-17 B X ONEE# O St. H-16 (Fig.
9) HoBWER (FEE,S lan EET) 2HAWV, RIBES ¥ AM, 11°C OBBEIZHIE
RRE SR Lo, EBRFBG L, IR 22°C O 2 7y AMBERRAMCEE, K
WT II°C ~NERFREYELZ TS5 r AMBV . FORBU2°COMIZ2y AIHES, &
B 11I°C ~NCRGERE*B L, ZOM, MOO7TrAIiZEA LR, £0%KIEMAZrAIC1HE
DEGT, BFETEDL YA POBOBRBENLEL EAFREIZL - TR

BERTORFERDFHES (BHALE) P2 MY, BERRRKEICALRERGZHNLLO
OEERIZIE, 198511 A # PRI St. S-19 (Fig. 9) L D IRE L /oERAA GRmy
51lemiEET) #FALL, REPOL R N EFRASELLD (RFRNEZFHLEDLLD),
11°C OBBEAIC S 7 ABE W%, EREFEBLA. TEROBRESRAT 6, 11, 15, 18, 20,
VB LU 25°C) OFTICIHERAK LB R, BFTEL VA MORERAFRIEILL o TR
IR~

5 g

19854E 8 A b - THIFEIC, WRE#OBBERREFICIRFERNEROIA NIV L o7
(Fig. 16), LA L, ShoHOMBERAE%E 11°C OBBATIC6 r AMEC &, BFRDERHOV
2 hOBIEEL ML (Fig 16), L7255 T, 8 ADBHTHERTIZHFETSHIALD
KESIE, FLLBE AN LOPRFETIEHOLRENZSOPRBAATH LY, BFENE
B TICHREMKIEDIREIZSH 5 Z Ebh o

K12, Chattonella D> A kO ZRAKIE DT EEMEIZ DWW THET L72# R % Fig 17 1I5R¥ . f4T
B L TRFEDEREO D A MAE T TV AR %, BE 22°C OREHTIZEW Y
&, 27 AMPICERFETEDL S A+ OB L 72, TORERRAME 11°C OWEATICET L,
REAEELR S A N OBHBRLIIHINL 7z, F72, 11°CI25 X ARIBWTERRBY 22°C B&EAL
BEE, 2XAUMICY A MREFLEL B ol BE 11I°C ~EBERMFLER /2, HB#
D St. S-17 DK DL 2 MIFRFEENFEE T H I LT E LD o 72h, HBEHD St. H-16
DERZFHD L A MIAV RS RFRNDERE L2, LEDORERDP S, Chattonella O A
MZEERAE D IZHEE L CHET S &, BFICHFALRESRMS 22°C) 252 THEFET, £
OIRFEA S 2 4 BBEE { LR ERTD Y X A53FE L& % » TRIRIKEE (TRARIR) AR 2
EAGREN, L ZOKIBIZER OB RBKIE L R, KREEGFT (11°C) KEL 2L
S o THBEEINDEZEFELLER 570

Chattonella D A + DEFHENDOEFLKRF LT 2 BREXHORTFEREOLE £
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Fig. 16. Comparison of the germinability of cysts of Chattonella from fresh (closed columns) and
stored (open columns) sediments. Sediments were collected at 3 stations in Suo-Nada, in
August, 1985, and then stored at 11°C in darkness for 6 months.

Fig. 1B IR L7z, ERAB P ORFED L HEORARED L 2 M, 11°C LT ORKIBLEAT
WEBEWIGE, BFRDIEDUTRERSNEIT225 15°C & 18°C ORIFERE OB TR 4 125
FRENEKRY, 200C LEDBERMAFTICE LRARIIRF L ko7

% =

Chattonella D> A M RRIRE T BN B2 LB LA, AR LX) IBELES
OB FIZBVTIE, TRERREILICHOSNTOUEBETHE, L LedL, FEEws s
CEFDO LA P RRRIEF 200 TE T RKIRICET 2RFEFIIFALE L, L HMONRTW Y,
BHAEZRKIEFSHESN TS 0L LT, HEEOIME T 5 Nitella furcata DIPRLT
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Fig. 17. Effects of shifts of storage temperature on dormancy and maturation in cysts of Chattonella
in sediments. Arrows indicate the points of time of temperature shifts.

(SokoL and Stross 1986), EEER D —1& Eunotia soleirolii O KIRALT (voN Stosch and FECHER
1979), B L& OH S EUETEF D Gonyaulax tamarensis D> A b (ANpersoN and KearEr 1987) #*
giFohb,

Chattonella > A N B RKIRZF T 2R NEROL VI T LiF, BFOFRMREEDLOD
seed population &£ LTD Y A FDEENEEZHH) AT, FEIERLEREF O, EFLHURT
KRB REICHEL-HEIET S L, BERREOY R MIRFT LA, wERPICEEL
TWBELYAMNIRETELVEZZONS, BT 7 7+ OBRHEOWMARNIIBVT}, #
ERAIIHE LB TE RV EFH U SN TS (UvE et al. 1979, Marcus and
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Fig. 18. Effects of different storage temperatures on dormancy induction in cysts of Chatfonella in sediments,

SCHMIDT-GENGENBACH 1986) o %3 T & % %25 7= Chatlonella D> X b ix, BEO#b Y FHIZIZRFE
RENERY FRELADITTELRY), ZREKROREZ 2> TWBEEESND, —F, O
BICIIH LR S RS X P SBKICHEAEL, HENKIEROKIEICS 2 L Bbh b, HIHOW
A MRBRIBESAOKBHMBIIESA (BFERIZESR) L, REOEDLDD seed
population (2% A5 THH ). $7: Fig 17 IIREN LI, BAEIZ L o Tix 2 BDLE T RKER
TELVAMOHEEL T D, TN &3, 2 — 34EEFE L T Chattonella #7380 I 55 4 5 H5%:
WeLLTH, BEEFOVAMDBREFELLIBILEVWIERRELTVS, 2hWZ, #
BAOIREFEPHEMBE TS, HLEKRUFRBETLEREEBERICIIE ALV E L
bLhb,

FIFHEN 2 F5D Chattonella D> 2 b, iR 11°C LT T3 DEEN 23 LEIT, 15°C &
18°C TRIRAIZRIRIKEEIZA D, 20°C LLETRBIKIRREEIZ % 5 7+ (Fig. 18). —%, %Ik
NEFLTHRIBREIZH S 2 2 MiE, 20°C DL EORFRE T EE CHRIESBR ST,
15°C & 18C T—MTD L A M REFENDEHEFL, 1I°CLUFTEL DL X FARFTREI
ol (BB2H, Fig.1l)o DX, ¥ 2 M ORIERLEIUIH L CEIENEEIC KX L m
TRIFL TV A, $4bb, 11°C LT ORIRIZKIRABR S WL HEIERL, 200C Do



2

BITKIRIREEN L AL TS HAIZEH L TWA L ) TH Y, 15-18°C DRIz I h s 0l
RThrEEbLNE, 72, KIROBRIND A MORFIZHFELREHFIT 20°C DL LT
-7 (Figs. 4, 8). EFIIBUSHS CERB KIED 20°C LLEiZh o720, YA MEREFLTL
39, HLVEFEERBREIIASTLE) DO, WFAMIHEEYTHILICEBDTH L,

FgME X MOFEE

kLA PICERTIRMAEMEFOEY T T 0 b OMETIE, AR OGN AM
BOBEH B0 OFEHEET S, ERFIIBW TR, $KEMoMENZ20T IR k-
THEYE 2B Iz, KIEREO7IF - 2R TATHIEAFALN TS, T kR
FOMIZIIHMERIC L > THAT (Zygote) 215D b DAL VDS, ORIV X FERDEEK
PR L TAEGBRESOE2EIGL0LH S (FE - £F 1987, MEEFEHICE
WTIRE L DIBE, AMAEMOBRERL AN (BET) RS (Dak 1983, R 1987),
HEBEEHICEL TR, YA MOEHNBLIUESRNIIERENAZLPBLILATVS
(SANDGREN 1983) , HEMORIRMFIA#EBEELEMHT BIZXEREXRZ) TEAMICEHE
OBEBAIZTE S5 2 & A% { (Harcrave and FrencH 1983, Garrison 1984), HEE~EILREL
TABRBEH 2B T L ShN TV 5 (SMETACK 1985) -

57 4 NEOMEIIBEOGEROF TNV V- TEEELTEY, EERIZHET HHF
e b A v, HAKIZAER L TV B Gonyostomum semen (EHRENB.) DiESING (DrOUET and COHEN
1935) & Vacuolaria virescens CIENKOWSKI (SPENCER 1971) I2BWT I X POBEVHEE LTV
LA, FOBIEIABETH B, $7°, BEMTIE Hornellia marina (=Chattonella marina) 7%
SEBEYBRTHEOBESTFEER L LML SN TV 52 (SUBRAHMANYAN 1954), F DD FEER
BENTbR TV, FAPRLZLTEIIEEFTHEOY, 5VEHAEEH>I X
W2l o 72ODF R ECHLM TRV,

REIZBWTR, F1EHTEHENEOBERFIIEETSSAMNEEEREL, ZTOERERLL
A NDOBREREA L2, E2ETHE, BEEHTTY X MEREYHA, BRINLY A MID
WTERKRS A P ERREELEEL, 2512132 MOEEREGICETAETORE 2T/ &3
EicBwTid, YA MNOEBHEHRICESE, BREFICHFETHAEE TR ORK T EER
WEILL S TEETADDOFELBIT L,

F18 BERPOIZXMIODWVT

BEOER & 7% 5 BUFEE Gonyaulax tamarensis Tl, HOWIEER, EERE* SCUTH S
WIZ 2 C R EIZTAIEIZE ST, “VAN FEEINEI ELS, REIIREMRBIZE
TRBLEHES A LTHETHEIL, #07 X FAERO bloom D7-HDOFERIZR ST




Chattonella O3 2 b O R4 REZMITFA

55 L Prakasu (1967) RHEE L7ze 2DH, Z0 “VA L QWb LRAKDOD R b ik
B0, temporary cyst THEZEAM-72DTH DD, ThFEEE % - TRKROBIERR
Bhod 2 MPRRBSNTEENFHS»MIIRTH51E (Dae 1977), YA M OAEBAREICET
BHEFE AT BRI 8 172 (ANDERSON and WaLL 1978, ANpErson and MOREL 1979, ANDERSON
1980, %),

Chattonella (128 Tix, ThFTEHELOPRFIZL > THRIERPIZEETHETOIA LD
EERFITONTELD, BHICEEL kol KEIZBW T, ThIBENTE{AHT
& o 72 Chattonella D A MiZDWT, ZOREHEEFRFTL, BERPTIFETHERADI R
FOREELBE O 2L,

MEEIUHE

1. YA MOBEE

ek L 7R id, 19854F 4 A2 Fig 19 (ISR L= # o 1 £ 2 St. S-35 25 KK AR
RSB rHOTREL, REL2L lom FTEFRLT, 1I°C DBEEBTIRELZLDTH b,
HERARLTZOTIRBBE L0 TIE, BRIZOWTOERS S %\ Chattonella D2 2
FERRTLZEEARELER, ROLILFMET, YA LBEKEI»LBMHTHAAZIT-
7 (Fig. 20) .

BEE 2g OBERAH ¥ REEEREKPIZBEL, BEHELELIT /2%, @EHVT20-
75 pum D WG % FB L 7, #KIC metrizamide (2-[3-acetamido-5-(N-methylacetamido)-2, 4, 6-
triicdobenzamido]-2-deoxy-D-glucose) % A X ¥ CTHH]1. 40 E¥ (ANDERsON et al. 1985b) #{Ebh,

}N
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Buzen

Kunisaki
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Fig. 19. Location of St. S-35 in Suo-Nada, western Seto Inland Sea.
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Sediment sample

Sonification and size fractionation

Suspension

<+—— Suspension

Metrizomide-seawater solution
(s.g.=1.4)

Centrifugation (190xg, 10min.)

Cyst fraction

-

Pellet of heavy particles

Washing of supernatant (cyst fraction)

Suspension for microscopy
[

Fig. 20. Process for concentrating cysts of Chattonella from sediment sample.

-

2ARDBE N T AR OILBE I 2.5ml TOoHER, ERONTFEBESHABLZEIICOE, 2
NS DE LB, 1,000pm (9 190xg), 105MORLOEREL ML, Bohi-LEARY
HEWV (X3 a) 20 um OFFi% @ L CRBHKTHRSESE LT, 10ml OBKFIZEFL,
IhEk DA POERICHAC

A VNVERDLHOHIEE LT, $Y, BHEEEMELHVFRREXIC L IREREY
v, FEELEETLHLOOBEZILHL. ZOBEEER, BFDIV Gonyaulax ex-
cavata % G. tamarensis D> A P HIHFBFHRLIZL - T, EREEFEORBHENEEETL LNV
#4 (YENTSCH et al. 1980, ANDERSON and KEAFER 1985) (ZHK#L L 72 D TH D, Chationella D>




Chattonella 73 A b OB VTR

A LFBICEEERTHETFRELL, COBRERHL L LI, LEREER,r O/ 70Ny
FTCOAMEEDLNZLOX 1T OHHLT, 0.1ml OfEKE AN HBEERESR
(Falcon, 96[X ) DEXBEHRTEAREEL/z, KTOEREZ C/2OIL, @BAKEICHEBRORE)/ Y
574 ORI, BEGRE 22°C, BE 1,8001x, S5BFEM 14hL-10nD O&HT TiTv, #
NEEMSE T AV CEABE L, HEPBPIC A FORNEMHIEIIL D, BEEHOKEAIZ
KEMBSFEEINSGE %, Chattonella DY A FDPRFEL/-ZEOBMME L, 2B, T2
THW#KTIZIE GeO, % 1mg- 17" OBEIZH DL HITEML, THIE, ¥R POSTHES:
BETOBRICH—RALZBILEE KRRF2ET) OMBEENLETL-0TH2 (R
1979)

2. C. antiqua & C. marina D> A + D3

EEMETHAL C. antigua & C. maringa D X b OFHN %, TEEED SRA, HERREHL,
19864E 5 A Fig. 6 1Z/R L7- 188D FE A St. HB-11 26 KK NHKIRBHTHREL, RAH»S
lem T Tk 11I°C OBBEHRICRELZSOTHW, FPROCKBREZEELCLEI S,
C. maring WEB L T/, LEMSHEL C. antigua DXEARVBOONL, L&ty
B, ZOELL, BEIZBITD Chattonella DY A+ OBEEEBICHEL TV 5,

BEOHERAE L HEEAEKPICEEL, SFRLERK, S0 @t AT 20-100
pm DREBSBRBREEFARL /2 CoFh oA 70Xy T Chattonella D A - % 578
L, 0.1ml D#EKE AN HEGEEAESOEXBEIINER, ERORHET THERZIT-7
REOKSR, A MrORFLIL-FEER A0y b THEEL, &% SWM-3 &
(CHEN et al. 1969, {Fi§ - 43k 1987) THRE X 47, B L /- XEHMROBEEIZE ST (Ono
and Takano 1980, & - FJE 1982, 1987), #FhFho T X FOFELRE LT,

3. YA MORREBIE

Chattonella # > A + OIREBIE2Z 12, 19864 3 A A St. S-35 (Fig. 19) »HRE L/
HRRAR LAV, EBRD X HIC L THFE 20-100 xm OBEG OB HE L HR L, BIEH
HHEMBE L+ F - TRBLABRRLYBE L2, /2, COBRBHETREZRE 1 %D gutaral-
dehyde T % L, 4'6-diamidino-2-phenylindole (DAPI) % Fi\» Ui % %€ L 7~ (i B 5-10
pgemlY) %S, B EFEAHEMET COBEL{T o/, DAPL L4, Kb TEMERY S
ORE ORI LEHE, %6 PN RAEBY PP BREOROBEIZEMHICAVORE LIk >
T & Tw5 (PorTer and FeiG 1980, CoLeEmaN 1982, LippLE and Hori 1983, SHERR and SHERR 1983,
A3k 1984, 43 - fEE 1984, Imar 1987),

EAEEFEMEE (SEM) TO Chattonella D> X + DB L ER L7z, BERHEHE,
LA IRy PTCEIRAPLLEWMIIEBIA M2 TH# L, BE 1 %D glutaraldehyde A ) #k
HCREE L. GIEAT (5°C) 2 1 BE@E V> /2% Nuclepore filter (FL#£ 0.4 pm) LIZHEL, &I
(1981) O HEFEIHE- T, BilE, Bk, FEBA V7 INER BRAESE BLIUEEETT-
720 YA POBIEIZIZHIL S-500A EXEFEMEL AV, 20kV THEFRRECBREL
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RRESUEE

1. YAMOHEFE

LHL A L OEEDOIL, BERRETOL A 2BETAFRLLT, EHVWTREY
HWFEASWRTFFRVBCHEIKREL VD, YA MORRRBER 4 EULOMERY
AIENTERY -2, UL, HEERRA L ZB&EFE (Fig 20) 1285 TY R FOFHI2
BEICTEL LI o7 ThbH, metrizamide 2 FV: 5 2 & THENL AL EOEVN T %
OB D ENTE, BEORBEBEOBKTIIY A FOERPBOTHERII R 72

Fig. 20 1275 L2z FECER LR BEARE LAV TY A FORBLHEEET 12825, B
1A HDEES ) —ZXTiE, YAFEHEEESNIHTE LESOINAEL, BELZGRED ) L
2 XA 5 Chationella & Bbh 2R BHBHR VSN, KL, YRS LWREBOKNT &
ST, S2RERICINE LEER T - 28R, RKETREMRONHASHE#E SN, £
ST, VA FOFEOMED VI E 70T, THUESTHRSNIEEOY A M E
ZRENURESICSENEL, SHITEH, BLUIIABLZHEBIIRREEELL IS,
HEMLG®R 2 - 3HTUREDH Y R FOEFHIED LN,

AW CHHTREIN, BH2I% 572 Chattonella ® > R + OFRE% Fig 21 IIRY, #3F
WO A NIERE~FELEL, HEOEBRSIINEL VB L08EL, B—THETL L
X (Fig. 21, A) &, BfEsH#E L THRIK (BY R VED) L% THET A546 (Fig 21, E)
BB oTme BLOYAMIBEORBES L VIBBOBAND 7205, INLIIEFHD
32 MIBBTELZ: (Fig 21, B, o MEIZZREOLDEEDL Y A+ (Fig 21, E) 4O 5
nr-hs, Fhsidfnd ®, R (BEZH) 2 BUTEF Lod» 572, Chattonella D>
Z N OWEELBRAMICRH L Fig 22 D& )12k b, YA MOANBERESHP LR/ THETH -
7= (123 Fig. 25 A, B)o YA PRIHE»HRED EEEH 25-35 um OV LEAETH S
25, @ED SR A EFETARTE RS S 15-25 pm OBEREMREL LT/ (H, Fig 25, B)o

RIEHUBEB LN OFLEMILY Fig. 21, C £ G2, 20#%2HZEL/-6D% D & HITR
Lo BFH%2 BOMICHAVEREH T TREARISRLEP 70T, CLDBLUG
Y H OB R ERA—0bOTH L, REGURMLAOEEMIIIS 2 POKZX I 123
Vs, BRI OEE L ICRIBSKE B o, JO-EOEBRTEE S KR, RO
30 pm £ %47 60 gm TdH Y, C. antigua 7> C. marina PORXFNUIT I B H o720
2. C. antigua & C. marina O X+ O3

WEIRD S B7: C. antigua & C. maring DY A MBIV, ThENRDOL A MR LRFLIE
AR % R (R0Z5 SWM-3) |24 2 TRl S - Mle % Fig. 23 (IR ¥, MMEDY A b
FHITTRENBULTE Y, MBLF0T BN TEEE 22 L) eRENHENIZEO LN
Btotre LIthioT, THOL R FOBNEIT) 2o, YA MREREL, 3FLREMR
R T 34 CFOREMBOTELYEARL LTRYI L, Z0X) 2EE}, AHR
HEC &0 Protogonyaulax tamarensis & P. catenella D& L 3B L T 5 (R 1982) ,




Chattonella > A+ O TR ABEZEIFTFE

(IR

Fig. 21. Microphotographs of cysts of Chattonella and vegetative cells germinated from cysts. (Scale bar=30
pm)
A-D, Cyst incubation, series 1.
A: A living cyst adhered to thin solid surface. Black spots are visible.
B: Empty cyst after germination. Black spots are remained.
C: Vegetative cell germinated from the cyst shown in A, within 24th after the germination.
D: The same vegetative cell as in C, 2-3 days after the germination.
E-H, Cyst incubation, series 2.
E: A cluster of 4 cysts.
F: An empty cyst after the germination (indicated by an arrow) and other 3 cysts not germinated
through incubation period of 23 days.
G: Vegetative cell germinated from the cyst shown in E, within 24 h after the germination.
H: The same vegetative cell as in G, 2-3 days after the germination.

53, Chattonella D FEBBEOMEH - BEOBNIZOVWTE/ 70— FAHEEHVHL
Wik EEASE % X N 7: (HirosHi et al. 1988, UcHma et al. 1989), T & I 8 o DFHM &
MA L, kS R P OBHBATEEIC 2T, BBBERTOMED Y R F OFEEIEIHL H
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25-35um

A B
Fig. 22. Schematic representation of cysts of Chattonella.
A: Dorsal view. Cysts are often found to adhere to solid surfaces such as fragments of
diatom frustules.

B: Lateral view.
20, EHLOESERIIREMELRLS VISR TFRETLLOOEELERIBFOLNLTHS
I
3. YA MOBREHFRIZOWT

Chattonella ®3 A FiZ Fig. 23 (2 BR L2 & D42, BEORBHB L T FL (DS,
WKES 74 FEEO—HETdH D Gonyostomum semen 125\ T H, FEME (EHMlLER 62.5
am) WZHEELTY A b (34 30 gm) 3FELAS VI EDBE SN TS (DROUET and CoHEN
1935) X 512, G. semen D A P OHIZIFBBEOR (large clumps of dark brown materials) A%
& Y (DroueT and CoHEN 1935), Z D45 Chattonella D> A P LFUL T0BH LWV R X5,

Chattonella D3 2 + D% 13, HEBEORMEIAELTVE I LRBIE L, BERFO Y
ZFFEDLI DI E LTV B0 %, 19864 3 AIZEB#EO St. S-35 2> HHELL /21K
RBIZDOVTHEAT (Table3)o ¥ R FOKIS (719%) ZEAERMEIZTE LCIRETHEE R,
EIZHEOBRII6%, WRIC1T%DOEETHE L Tz, EBIKETH 5720 X P LRI
BHENTA, FERFELLTVALNGEL, ZOIERAMOBEFHELERL RGP IEE,OH
BN EERBLTWD, [ FIFTEREOREL L2V A P bRABIEIN,

WEICHE L TWVA YA PBEEL T, Shid, BEADY R O EIBESIERIC
RIHIEERTERDNS, YA FIPMORTIIE LIHE, RO EY A IHFRECLRS
DT, MAEWIZL ABAEESEMTER L THWEEAL IS 2bEEZORD, £/, En
bOIfHE LB, REORBET HKBNICY X FPRESRSVWETEEIR D,

FREEE T U CCHEHTENSEEEMETEY A FBBELGS, VA MR, EREL
B SN DEECHRFRBEL LT DR FAEE L7 (Fig 24). YenrscH et al. (1980) 12k 5 &,
B DI Gonyaulax excavata D> Ak b FERRICERZICLOREEEERETH L), 5612,
AnpErsoN and Kearer (1985) i3, T & ) ZfREHE KD G. tamarensis D A b DFEFHEL
BHBoTHWBIEDWEBEIIHZLEREL TS,




Chattonella ® > A + DA BT

Fig.23. Cysts and vegetative cells of Chattonella antigua and C. marina. (Scale bar=30 pm)
A-D, Cysts and vegetative cells of C. antiqua.
A: Cyst of C. antiqua (indicated by an arrow). Six empty cysts are also observed.
B: Cultured vegetative cells after the germination from the cyst shown in A.
C: A single cyst adhered to solid surface.
D: Cultured vegetative cells after the germination from the cyst shown in C.
E-H, Cysts and vegetative cells of Chattonella marina.

A cyst adhered to a fragment of diatom frustule.

Cultured vegetative cells after the germination from the cyst shown in E.

A cyst adhered to a fragment of diatom frustule.

Cultured vegetative cells after the germination from the cyst shown in G.
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Table 3. Proportion of adhered and free cysts of Chattonella and list of substrata
for adherence. Total number of cysts examined is 247.

Percentage (%)

Adhered cysts 79
Substrata
Diatom frustule 56
Centric diatom (45)
Pennate diatom 11)
Sand grain 17
Others” 6
Free cysts 21

# Thin membranous material, pine pollen, foraminifera shell, etc.

Fig. 24. Normal light and epifluorescence micrographs of cysts of Chattonella. ~(Scale bar =30 xm)

A:
B:

A cyst observed under normal light.

The same cyst as in A, observed under blue-light excitation. Red auto-fluorescence of chloro-
plasts is visible.

A cyst observed under normal light, after fixation with glutaraldehyde and staining with DAPL
The same cyst as in C, observed under ultraviolet excitation. Blue white fluorescence of nucleus
(diameter of about 8 um) is visible.
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Chattonella © < A + OHEFABZENTR

19864F 8 A FAJIZ St. S-35 22 H#RiR % 4T\, KB (lem RET) % 22°C DBERMFTIZH
FEMMRE L7, FaBELT T Chattonella DY A M BB L7:, TORKE, TOLH) %R
Bl BERAETO Y A N (HEOKIROREICH - T, 20T I TREFLLY) B,
BRAIC L AHREELEZRETH I EAHB L2, LA 5T, Chatlonella D354, HREELD
HEIZL STHAL Z M EHBUKEFTDO Y X FORINIITE LV, LOLAENFHZDHEI
LoT, HEEELT TEREICLIIRBHEEERTLIDOXEI AL LTRIET A ENT

Fig. 25. Scanning electron micrographs and light micrographs of cysts of Chattonella.

A:
B:

C:

Scanning electron micrograph of a cyst adhered to pennate diatom frustule.

Light micrograph of the lateral view of a cyst adhered to centric diatom frustule. A particular
structure for germination is indicated by an arrow. (Scale bar =30 xm)

Light micrograph of an empty cyst after the germination. An opening and a lid (indicated by an
arrow) are visible. (Scale bar=230 wm)

Scanning electron micrograph of an empty cyst adhered to centric diatom frustule. A circular
opening with diameter of about 7 ¢m is visible.
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X BERABHROL A M EEHETIOIBD THHTHL I b -7

Chattonella ®> Ak O¥ % DAPI Tiefs L TBIE L7:61% Fig. 24, C, D iTRY . BOELH
7-10 pm T » 120 FEMPOBIL TG 10 pm LT LHE SR TS (B - TR 1982) . %
BEHilLE LA ML, HBOKEXPELLRLDA, BOKESIRENE EEBRNLVWEWZ B,

Fig. 25, B IR L2k 912, HEEFTHBIRFILICLETHS ) LERHNLMIEY, ¥
2R OB EIZ LIELIEZO b N, YA M EERLTRF S HICED A M 2FMICHSE
L8, MRoMOm:mOEs g sns (Fig 25 C. Y X + & SEM PHAWTHET
LE, HEEY T em OPBORORSTFAELL (Fig. 25, D)o

%23 72 b SEM & (Fig. 25, D) 2»5 3 A OBEOE S 2@ELA2E 5, H 1mm UTFT
Bot. 27, LAO—XEEFBEIED L5 - B (1987) OREHREFHVTEDI A
%bf&tﬁ,%@én&#otoammmmmvxbmﬁtm,hwu—fﬁ@%&@in
TV DEEZ LD,

L2 b ORERRLERIIR LK% Fig 26 [ORY. ThETONET, YR MORFE
| EIFTEEICOEBET I LN TEL, BRI A MIRREFEFIGL, Fig 25, B O
“EEIEIL A WAL EE L ORI TR R A, RIFEROREMEI, mRERESHY
ZPEELWMTEY, TREKTHIENTEL,

Fig. 26. Schematic representation of the germination process in cysts of Chattonella.

ABFFE LT & - T Chattonella D> A b OBEFHONE L 572 77 4 FROMET,
TV A PO HRTV: B b DL, Gonyostomum semen (DroUET and COHEN 1935), Vacuolaria
virescens (SPENCER 1971), Fibrocapsa japonica (F4% 1987) ¥ TdH %o Olisthodiscus luteus Car-
TER (2BWTIE, HWEERICRA Y METFO L S R HBEMBEOEVEIAEEI LT D (Hara
et al. 1985). 3 7= Heterosigma akashiwo Hapa \ZBI LT b, EEEEEHT (5 & 10°C) THIK1S
JERE A TE T X % benthic stage cells 258 & 1L (Tomas 1978), KRR DM % HER P THE
FHEREMEAEBEL TSI L bHRIA TS (Yamocnt 1984). 77 1 FREIZET 5
EMOHT ) O, FOEFRORTY A FEOWMAKREH > 2B EATL TS89 Th
5. b THEOBIIREAFRRETET 2 bO0EC, 0L REGFRERD I LFHO
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Chattonella 3 A b DAL REZMFFFE

BAEIIFEAIB b O L BREN G,
E2E BEICLSTHERSEALVZAMIOWVT

MEEEEICEL T, AHAEERC Y A VEROH RS LENEATE Y (DaLe 1983,
WALKER 1984), BifF, HBESSH LR KEITEBIIOW T XA POFELALRA TV S (R
1987), FTEBRENTEELEALVL VLA LEIET, ABMIZI X FOBESIHALR, &
ShDOETHEII LT 5 (voN StoscH 1973, Priester 1975, 1976, 1977, 1984, TurpiN et al. 1978,
WALKER and STEIDINGER 1979, PriesTER and SkvarLa 1979, #E 4B 1982, Coats et al. 1984,
ANDERSON et al. 1984, 1985a, Sako et al. 1984, 1986, 1987, PriesTER and ANDERSON 1987, %),

Chaitonella DET 55 7 4 FEOMEIIEFEEOALHL b DA%\ (HEywoop 1980) , HIEFIC
BWT, EERBOHEKEIRDS Chattonella D> 2 F 2 RR L, FOBELELL/, LAL%
Mo, HEEHTTOVAINOEEEINAE TRESE, ThWX I A MOBBRISHLTED
IV RBERMEAL T L2002V TEHEAHTH 72,

Chattonella ® > 2 M3, BUBBEROF CEARIICAEL TV 25 DH%H -7 (Table 3),
T FOMNE I, WENLE  BERICEZ s TWAETHAL I L ERKE L, 22T, Chat-
tonella DY A PESZBBLTUTO L) GHRFEIT- 72

EE (A T L /KRR, WMHOBBICKRB K TREOCHBEREL, Thar
ZMEEOBI XL LB THAL) . ZOLI) RFREMBLITBEN LR L TITE, BERIERIC
BAER~EFE LTI A MEERT S, L205-T, BRICBVTUIRVWEREDEN 225
THLDEHEEL

% { ORHESRNE, AN Y E L TRARMOKIKMBLEERLTEY), ZoRAMEEZHAR
THERE LT, BE, FERESEIEMCEAL TS (MH 1979). Chattonella \ZF L
T, YA MNERAEHERMOBRIENITHO TRV, BEOEELEGT TEY A MEK
BEESRZEPEL, RRVELAOERNS YA POBBIERALTWAbDLEEINL,
AEBTIR, BBIIBWIRILITHAIRERMFLENERTREL, BELT-7. 20K
B, RHKOL XL EFEHOFELZFLL A POBBRIZHEII Lz, FEIZBWTIE, BEEHTT
ANBHICE S €V A MI2WT, RELTROAEREEND,

ME S LUHE
1. EBREMH

DA MEHD/-HDOEEELE LTIE, SWM-3 SEE#A» OB YRE, FogkbhicEs
BELTT Y EoLEF 5:MBHNIE50M DBETMZ-HD (Tabled) ¥ 72, 7
B, VAMPRETAHODERELTH TR X% FEH L,

Chattonella maring (28 W T3, 70— U818 MS-3) &, A MPORFLTHTE.SE
B T 53 L7258 (S-11, S-12, S-13, HBF-1, HBG-12) @&t 6 #kx EBIZH W7, C. anti-
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Table4. Composition of the medium for cyst formation of Chattonella marina in

culture.

NH,Cl 25 M
NaH,PO,-2H,0 0.1mM
NaySi03 0.2 mM
FeCly 2.0 :M
Na,EDTA 30 M
TRIS 500 mg
P-I metals® 10 ml
$-3 vitarnins mixture® 2 ml
Seawater (filtered) up to 1,000 m!
pH 7.8

2 P_I metals (in 10 m/): 1 mmol H3BO3, 35 x#mol MnCl,-4H;0, 4 gmol ZnCl,, 0.1
emol CoCly-6H,0, 1 nmol CuCl,-2H,0.

» §_3 vitamins mixture (in 2 m/): 0.5 mg B,-HC], 0.1 mg Ca-Pantothenate, 0.1 mg
Nicotinic acid, 10 g p-Aminobenzoic acid, 1 xg Biotin, 5 mg Inositol, 2 g Folic
acid, 3 mg Thymine, 1 pg Vitamin B,,.

qua l2oWTid 7 o — Y 2 8k (AH-5, OA-9) BL OV X M ORFHOKEMEA LR
3 # (HBE-12, HBG-8, HBG-11) #EBRIZHW/,

KA EE O SWM-3 AR HC, RE 25°C BEY 8.0001x, BIEE/EE 14hL-10hD D%
BT TR IE7, 50ml B=A7F Aabd T A MEBAEH 25m) 12, RSHEMELL
REEOEEYH 125 $oM2, BMUEGHTTI-10MEEL, £20OHBTIVIFA VT
BERBLAAT, F-BEORBERMTIZEV, BEICL TI0—21 B &ICH L EH3OUBERME
PRWTHELTY, ¥RV X EIIER IRV A NOFEELHRAN, ZOER, C. man-
na Tit S-11 ¥k & 70— U BRD MS-3 % T, C. antigua TH HBG-8 ¥k & 7 0 — » #® AH-5
BOEZEEBIIBVWT, RROVA N EFEOBULZLOPT 7 A - X LIZFEFELTVWED
DR SN, Thbld, BEEH (gutaraldehyde) 2 EH S THBHEI N E W LoD LB
23 -THBYH, 11°C DREREHETT6 Xy ABRRELAKIBELRIEL, LirdHFEREIEX
TCEETH L EREKI L ABCILFREOHRER LR L, ROBHET "V AN O
X7 b0t Comaring O S-11 8 (Fig. 27, A) TH o720 T, AMEICBWTILMEDOEERIC
COMTHVWLZ LI,

2. JRAVERKIIS R AREHOE

T HFE S 72 C. maring S-11 ¥ % ¥ 2 MR #ICFMRIC LTHEZ, WA 25°C, MERER
10,000 kx, 14hL-10hD BREEHIO&ATF T8 HMIEE L1z HBEEHOF 7 A - A3 K 7
23 2.5g TOHLPLOBMLTBV I, Z0%, 74NV —HI7AZHWTEEZTO
10% (# 1.000kx), 5% #500k), 1% (# 100x), 0.5% (¥ 501x) (&M EEE L
LD, BXUOF0FE (1 10.000k) £ 7V IFRAVTELATHBIZLZLDOZHARL TEE
EBET -7, SHMEOREMFIIOVT2EROERLER L2, EXARMHIZEVT20-23HBIZ,
BTIAADLHTTAC X5 20 LY HBL, FOPIHEEIAAFL VLI A FO¥KE
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53 A RS CRH L7, B3 H BRI R T C, IRiBHK T 2 I RICIE L
BEAKTHTL, BE 11°C OBBRATICB L (KIRBERO720),

BRBEOREET TR ST A PR KREEFICECTHIZ AN EEBL®R, YA
OFEEBEL L ORFO - OOREE (22°C, 3.5001x, 14hL-10hD) % EE L 72,

BREIUEE

¥ TEBEETCC. antigua & C. maring D7 0 — L 1EFELTTO, KKOL A+ LFEURE
DDA ESNLDFBELS, ¥R MERIAREMOERE,EP IS TEARTH S
A, b LAEMAEMEITOIICLTOFEY Yy 7 ThHIEHESND, £72, HRIZL-T "V R
M AEEELBVIOLER LI VDN HHEITHE, TOLIITHELE "V A G,
4 7 AL EKER (11°C) AR TICBEWZ R L ERELRBL TWAOTELF LTV 2 LIl
Xh7eh, BEDLODEERT - CHRFIEIBE I NP 72

C. marina S-11 # (Fig. 27, A) * > 2 MR THES S L, HHARICIL Fig. 27, B, C
IR L&D BB ASHBL L 72 (C. antigua THLEEIN), BRIEIH 0m H2 01
ZRUT, BRIGEEOFEMABERLZY DA MEMA L) ZHVET, MK - TIWNERNIS
BEOBEDL I 2 LDHBOLN, KESLERFORBEIHLER 5201, TO/NIOM
Bty 2 MEBEIES b oTwhEE2bND, AUABOFELED T, TOL) 0%
BOMITHI LIS HBIIBRINAKRELRETH S,

Fig. 27. Microphotographs of Chationella marina. (Scale bar =30 um)
A: Common vegetative cells.
B, C: Small cells appeared after cultivation of 10 days in the medium for cyst formation.
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91}%&m%ﬂfﬁ8ﬁﬁétt%§ﬂmu,mﬂwwﬁbﬁbfﬁﬁ%#T(ﬁE%T)
Kﬁwtﬁmﬂﬁui%iﬁb,ﬁ%tfwto@ﬁ@%%ﬂmﬁm%i%n&wﬁﬁfém
Eﬁ%f%%ﬂ%ﬁ&f%i%&k%@%%woEﬁwc&HCamWaKBwféﬁﬁén
A

g - gk (1979) 1%, 19784 E B IBE#IC B\ T Chattonella (C. antiqua) (2 & HAREEDS
%ibt%,ém%ﬁ%%%%f7ﬂwﬁu,ﬁﬁmﬂﬁtﬂtofﬂmﬁmymuT®@$
ﬂﬂ%ﬁﬁ%<(Z%O%%mf‘@%ﬁ%)ﬁﬁénttﬁtfwéo:®@¢ﬂﬂ%u@$
%%&ﬁb#ﬁtf,%ﬁuﬁ%&@tﬁbttww,ﬁﬁ%f%b%nt¢ﬂﬂ%kw1wé
& RER YT, BREV,

Fig. 28 235 % &M T TR S 1 /: C. maringa D> A b Dl BB TR, Fig 28, A Z2EH
2&m,Bu%%ymfbéoXﬁ%l%fﬁNtfﬁmvxbtﬁbfﬂ(ﬂt%%%Lfﬁ
D,ﬁixE—f«mﬁ%@&ﬁﬁﬂ@ﬁﬁ%ﬁﬁuuﬁ%mtbmﬁﬁﬁﬁbnéb@%ﬁﬁ
LTwh, L LEKDD R MIHATERIZRRH A XHVNE C, # 20-30 pm DED b OB
Eh ol

Fig. 28. Cysts of Chattonella maring in culture. Formed cysts are adhered to the surface of glass
beads. A structure for germination is indicated by an arrow. (Scale bar =30 xm)

LA MRS A BRSO EE % Table5 (IR L7 # 10,000 x OREEREMFTTIXY A b
%&u%b%hf,%LMMMMTKEwt%%K&ZF%&ﬁE:OtO&%E%ﬁt%t
FEEAOMBEEY, BIIHT A - X RICERSNY R OB»L YA FOREERERHT
B, 0.3-7.0% (1 MBS 1O X FHELRL LAEE) &7 o7 (Tableb). %3,
S A NBHUEHLL C. maring ¥ BB L TEZOHO ) bICBEFTICEVWSEGIE, YA M
AR B ot SO L, ¥ A MEEMEHT CHEE L RICRERZ (B2X) #HRT
HIEN, VAMEHIILETHALILERLTALEDN S,

Bl Eno A RRE11C OEREREHFTIC4 -6y AME S, BREMKIREFRSEL
BICRERBEIT o770 WA= X554 TARHBIEER7 7 23 (FRH 30m) (ZNF
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Table 5. Effects of light intensity on cyst formation of Chattonella marina in
culture.

Number of formed cysts in 20 ¢/ glass beads, and
percentage of cyst formation (parenthese)

Light intersity

(Ix) flasks
A B
10,000 0 0(0)

1,000 13(1.3) 15(1.3)
500 18(1.7) 15(1.5)
100 16 (1.1) 40.3)
50 23(2.1) 53 (7.0)
0 29 (3.9) 35@.49

Fig.29. Germination of cysts formed in culture. (Scale bar=30 xm)
A: A germinating cell (indicated by an arrow) from the cyst adhered to glass beads.
Posterior part of this cell remained in the cyst.
B: Enlarged cell after the germination.
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LT, $BOL A % iBAEAKT THERLZE Fig 2010RLALI RS A NOREIBES L
720 Fig. 29, Aid, YA MDHLRFLOOHLMETHL, RADL X +OBE L FAKIZERAIL
W, A XL YA MIED o BIKEENBV T LO0BEIH, HREGFIOLWL &
BTz, COMBIZREEATY A ORI EC, BELh o SIURITRAZ LN
TEY, BELPHFITTOLEBIIBRELTLE -7, Fig 29, Bid, YA MPLEFLTHE, K
XL o HREARTH L, ABMWIIEESEY A MIRFRIAERL, BRFIHRINS
DIIEI 4B TH o7, Thbb, H50 OXEFTTERINZLONIHF, BETT
DLONLBITH o7, LHNERIIRFETELIAMEENSELI LN, SHDOBEE L TR
=¥ (AL

Fig. 30. Microphotographs of spherical cell. (Scale bar =30 xm)
A: A spherical cell survied for about 5 months at 11°C in darkness.
B: The same cell as in A, bursted during the microscopical observation.
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Chattonella 3 A + O FBEREZ TR

ABWLEREMET TR MERTITHE B, Fig 30, A O X5 REREOMIEAH 4520 5
Nize COMBIAR L BEBGORADHFELNY A MERPTVE, F-0REMRIE, B
BEoEER (11°C) £4 T THRE4 7y AMIBELRRFL, MaNOBRE LRI, L
LYZ DY) 2HVELE- TS, BERMET CHETICHELICHELTLES (Fig 30,
B)o 35612, ZOKEMAEL20ME % SWM-3 AR THEEL, I31EXEAHKTHERLL
POTHhOWH L 2 h ol TOL ) REEOMBIIATHLER THLDH, HHVIIRAIL
SHETHOPIIOVTRAEFHATH S, WTHIILTH, TOLIEHOBELIF-> TR
FAUSEERA A BIRIC DSV B SR, WAMIRE LTOREIRLLBLVLDEEZLR
A,

A BT, EEEETTOC. marina DY A MEBEICHO TR L#ER LR~
FORBAZIEL R L D BERZLBRERMILETHLILERLI, ThOoDEREL L
LT, BIBHRICBIIE VA MNEROBREEETHLARNDL ) THLH, REKRPTHIELL
Chattonella i, FEOWKE (£ QIZEH) ICHALLE, BENCRBLTUTE, BETIHE
MR GETAITHEE) 2L, 25103 %F IS AT AEEOHBP B EOBE KN T O
FEICHETHILIZLD, VX MERPETT 5,

E3N HERESEICLIEE DX FOFHZEORE

Chattonella ®> 2 FIZABEE 1 HICBWTHLMCER L I I, HFEEELT TREREI
HETHREOHREELERET b, CORMY, £ETVE I AN (ERELRHD) LEERE
FILE > TEH BT ABNEELRAR L 5, HEREETEY X M ORBACETET, Kk
M seed bed DIBFTAREE SN, D2, VA MOFEBLHD ) A CERHICEELHERIHS
NoLOLPEFEIND, KEIZBWTIE, Chattonella DES X P OBRB Y EBEREZIZL-T
HETAHIEREMEL, TOLDICLEREHERE L

HRE L UHE

BEFRECLAVAMORBIE (RFEVALIOWK &, BRREEICELFKME (VA b
OBRE) FHET B0, 19864 3 A16—18HIZRIE L 229 S OBEREBD I H, TEHD
BRI L BEHICH LT, RAFREDDOHEERAOMA X, Fig b (B1%)
Tih~<780 Th D, 20-100 xm O TEE G % AV /2 EERFEO-OOBKREARES
Wb, WARFEO-DICHAB LA 10°EBHK 0.1gm/™) ERALLDTHD, 10° BB
0.5ml 31, STEFHCEMBEYHTHFABHELT CHRELTY, REEXTELEL
TIAMEROLNBLDEHRH LR, @EET CRELHRA L, 20XHITLT, 1B
DEVA OB 3BT 72,

Kz, WEROSRFERESHOY R P OFLEEE ERD12012, 100, 75, 58, 30, 20, B
LU 10um OHEORERAVWT 6 BBOKNTRHS AR, EERFHEICLLI R I ORE
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Fig. 31. Normal light (upper) and epifluorescence (lower) micrographs of size-fractionated (20-100 xm) sedi-
ment sample. A cyst of Chattonella in upper photograph is indicated by an arrow. Red auto-
fluorescence of the cyst is visible in lower photograph. (Scale bar=30um)

2T o720 ZOEEO O OEERAENE, 19864F 3 HIZ Fig. 19 (IR L7-JEFi# o St. S-35 70
5730 (FHEA2S lemiEET) TH5H,
X512, HIRFRS AW THEONBERAT O A NOFEFRED, 3712k - THE
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Chattonella ® < A + OHEFREESWIFSR

LHOP, ThbbI A POFHEHFKFHIAECAT L TELIRLZLDP L) IOV
TH AT L7z 19884 3 A23H B # o St. S-35 (Fig. 19) 2 LR EATY, 4FDIT7—D
KEHAS 3ecm BT TERLDERIIRS 72, CNODEABPIIFET H2RET R Mo %, L
MOBEHRBEICEL > TRD, Fa7 - OFKRMELEBRL,

BREIUVER

Chattonella ® > A MEAREE 1 HiTHR~/A LD, FREELIC L > TERFICHRT 55K
BENERETH, COBMY, £OA M EEERREEIIL > TREBETL2-00EELFEID &
5. Fig 31 12, #EEREF (20-100 m OX T-1FWI53) D Chattonella D 2 + %, BHEE
TCTHREL/GALERELT THE L BEOLMBNERELRT., EENLLOHLAL LD
W2, FREBEAT CREELERETI DA MEBREBTEHD, BE2IIEHTHLI LD b,
FEHEEFELL LTI AN Eb DL DOERM L%, #BEXTCHEL TRELHEITA
i, £ ETV5 Chattonella D A+ OB BEHER BT LI LHTE S,

19864E 3 H D 7 EHOBEKRFAH AW T, BAHRELEERFEICL ST X M ORHEED
W %17 - 72 (Fig. 32) . BEBEEIZL > THEONAFBHEDOHIEIIRE P o720, WHED
B HHEE 2 B RERO b /o, BRI ELTERE LTWwa720, EBF LIFEM
FAAFEC L7720, PR FORFILASRON T REREERICL > THIZONEFMPHES Y
THUE, FHEEIE 2B LBgEE A,

Figs. 31 £32IR3NIHERED S, BEBREFEIIL ST A MNOEEEE EETWAEI X b
DORK) PIBEBETEL D72, T2, BARRIECLZEHMES, HTERCRNS, WK

200

100

Number of cysts (MPN-g™"

®
O—p T T I
0 200 400
Number of cysts with fluorescence (g™

Fig. 32. Number of cysts of Chattonella enumerated by the extinction dilution method and direct
count method. Sedimennt samples were collected from Suo-Nada, in March, 1986.
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Size class Frequency (%)
(um) G ( ( 39 4|O 50
100 - I
75 - 100 |
58 - 75 [N
30 - 56 [N

Fig. 33. Percentage existence of cysts of Chationella in different size fractions of sediments.

REDLANOGHEEERBL TSI E DR INT,

HBIETRSE % 6 RO FREES IS, SESPIHET SR OFE (%) 2RI
B% Fig. 33 ISR L7 DS DY A MIFEFEL72DIZ 30-58 pm DB ST (42%) TH 720
1mpmuL®@ﬁK$%B%ﬁELtﬁ,Qf@ﬁ#kﬂ&ﬁﬁ(ﬁtmbﬁ)wﬁﬂtﬁ%
LT, HEEE,SEHINEBbA Y A (LIELIENERED/NIR 2> Twi)

1000
. |
I
‘ ’I
: 4
- 500
(93]
+—
(7))
> _
@)
o o 1
AB|c|D
Core

Fig. 34. Variability in total number of cysts of Chattonella in 4 core samples. Bars represent
standard deviations. Sediment samples were collected from St. S-35 in March, 1988.
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Chattonella O 2 & ) H B A e HRR 50

i, 30-58 um & 20-30 ym OB FH SRV SNz, 2B, 10-20 pm OEHH»SIFT A Mg
WRSN L7, BEBOBKREL A, ABOFEELEL THEONIER (Fig. 2) L kX
5 &, Fig 33 &FERIZ LI UTEY, 100 gm LT ORTREGICKEEHDO L 2 Y IHFEE LT,
LA L%ds, 100 m LEDESIZHETS A MRIFEDON-DOT, BERKEORFEMAR

Sl oTid, EERERICIAFEEFTOIBICI00m UEOESILHHBEFERILILE
BHoHhb Lk,

HKRBBICL - TEBON4 KD 7 — DY X b OFHEEIX, B 1g %70 &K 867190,
B/ 600180 TdH o7 (Fig. 34), I 7 —HOFEBEOEBHIIETEOONDL DD, KEHY
I EBZFr =V THDYAMFRDIy FRARAFBIIERELEVWERDRE,

ENE FERi#CHT S5 Chattonella DEREKRRE S X N DEE)

FREEYD, R E R THICEL T TRV OhOERIBELETEY, ZOMOBER
BT AR AW ORAEBRELRBE T AL CEELB LS5 (Stenmcer 1975, STEDINGER
and Happap 1981, st H 1984, ##:0 1986, 1988, M - &#H 1987, PaErL 1988)., & < iZ,
DA MEWET AREEWIIB VT, YA PORESTBEREOWMBME LTEETH S,
DL RBE,ORI5E, Chattonella 12 X AFREICE LTI, ¥R MORFE, REHBEO
B, £V BEEY, BELOPETHTL T LEND S,

LA»LLAS, 4HF T, BIFERICE T L 2 M Chattonella FRBOREIZH LT DL
HIZBELTVE0MI20TIRE RS 2L, 7, HOFRHRECHLTL S X FokE
BRI LSRR TA VW OFERTH L (KTE 1987),

FROL ) LBAL S, H#TRAESRAIEE LCEREL, 1981FEFD H1988EH T THY
FAEZFEBL, TOBMICBREORADEH - 7245 Table6 IR L 318, F#lkHhe LT
Chattonella 7358 U 7-4E L JBEE#R Gymnodinium nagasakiense Taxavama et Apacur (Takayama and
Apachi 1984) BB TH - 72 ENRH LN, RBEIIBWTIE, S1HTHEHBEN L 2 P56
PR, E2HTEFOHBAELIERL, > X FoBEHLAREROHRNEHRI L, £
LT, Chattonella DFEBLIFELF S THRWELOREBRHEOMEL B L, Chattonella D>
A NOAFERYSBELHELT, BHEI235175 Chattonella FRBOREREIZET o 28
ZHEIETIT» 720

B8 Y2 b09®H

KIBUZ BT 5 Chattonella D2 A b OGHRINEERMIIER L, EOREREDOFEHIRHE
LTHTEEBMBOMMER EEFOBE LBH T, BERBORBIZK X 2T Y
"FTEHTHA ),
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AECIE, BAFREL L OESTHORBEMEE I X A EEREE Y VT, B#EaesogKlR
DL A MFEERL, B SHIKELHEN, I, YA MOSENSAR, FEFEOE
LI oW T O BE L7,

MR B L UHE

1. > A b OHBENsTA

B ARABEN % Fig 35 IR L7z, 19844 4 A16—18H 213 Fig. 35 LEBIIR L7
0FHH 6, KK RAERRREZ A THERLEN L2, XHAL2L3ecmBITETIAF»
ZEBICHLY, 11°C O/NEUKRIERE FIZINE L TERZIZS B - 72, RKiBHOER O KR
(#EEE 1m /@) 129.2-13.1°C TH Y, HEHILIHE 11°C OIKIRE R IZBEFTRTE L 72,
198542 LLB% 1 Fig. 35 FTEXD29E ST BT 5 L A P OS5 2 f~Tz, 1985412 4 B13—15H1Z,
198646412 3 A16—18H 12, 1987413 6 A24—27HZ, KK RAFRIFREE AV TR LTV, £
BHS 3em EFTEREE UTRIL 72, 1985FE DR, EHET 2m OfEKEFEEIL T
DEBPICANT, BEF 11-12.5°C ISHERF L T bIF o 70 F19864F & 1987TE Dk el
i, 11°C ORIRERAEF ITRE L TERZIZL bIF o 72

DA M OEHKIZIE, 19844 L 1985 E DB TIIB N E TR/ AAREL H 72, 19864 &
1987T4E DREHE, HME TR~/ B I ESHHOLSEMSE 4 A L COBEERREE TREET - 72
L7 oT, BREFRECLDHBMERREIIL > TEFTL LA LOHKLTL, BEERERI
LHEBEIEL A FNOBRERERTI LIRS, WThOREED, HED 20-100 um DX
B % sV 2, KERI R Y A POSAFREE, BERBAEORPTOLLELRD, &1
cm® B-hofis LTEL,
2. VA LOSESF

ERE DL A N OBESH SRz, 19884 3 H23H ICHFF# D St. S-35 Ao /RaT7—
(534) #FEHL2S lem BIZYY, SemEITOEBL 9-10m DL 77 A F v F HEHI
Wotro BEEOKRBRBPROL 2 by, EEREETE L 3ETOEKLZ,
3. YA MOREERIREL

19864 3, 8, 108, 19874 3, 6, 7, 8 B, BLU198BE3 AIZ, FEF#D Sts. S-2, -17, =25,
~35, =36 O 5 EHAHI LR LITV, EELS lem EOEBRFIZHELET LS 2 + OFE DKM
Wit d, EEREEICL - TH~NL, &b, Sts. S-2 & -17 ® 2EHITBVTiE, 19864
108 £19874 3 A ORBHIRM T E Ld o7,

BRBELUEE

l. ¥R FOMBEYIA

19843 X 119854 4 B DEEE #1513 % Chattonella D3 A » DG I EFIEIC L o TR
®, HR% Fig 36 (2R L7, 19864E 3 BB I TINTECHD Y A POGRITEBERFEIZL 5
TR, EE% Fig 37 1E L7, 1984FE 4 AD Y A LD EREIX 3-158 fi-cm ™2 (335 63
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Chattonella @3 X b+ DA P4 REZRIRFZE

i 1984

: Kunisaki
T 1 1 1 L)
131°E 30
Fig. 35. Location of the sampling stations in Suo-Nada, western Seto Inland Sea.
Upper: Sts. A~T
Lower: Sts. S-1~5-36

ff-cm™3) OEFZH Y, 1985443 3-304 f-cm > (FH 67 B-cm %) DETH o7z, 1986ED
LA L OSHEEE 0-787 f8-cm ™3 (F 125 -cm™3) THbh, 19874 1% 0-490 M- cm 3 (F
# 91 ff-cm ™) OHEDEER L7 1984ELSIBTET TD L X ED T R M OB Hi/S
y— i, #EFARE (19842 19854) B L UEHEMEE (1986L 19874) THIE Sh7zilhdh
HoT, BRlE - T, $4bb, YA MOGHIE—BTERL, BEEBRITEOPR~TE
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34°Nd

T T T T

April 1985

T T T T T
131°E 30
Fig. 36. Distribution of cysts of Chattonella in Suo-Nada, enumerated by the extinction dilution
method. Numerals indicate the number of cysts per cubic centimeter wet sediment.

OKEDK X I SBUTEIET DD D - 720 BERH & UTERRITE ORI TS B E
» o7

—REH, MEOTHETH HERIPEOBBRERIIKELHELIL2LVDATVS
- k8O 1979), H F Y EBBHEO T 7 v F 4 —BIIBIT L EHRMEEE Gonyaulax excavata
D A P OEFBESIE, KE80-160m OMARIZEE S h, BRENMEL I —ETHI LN
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Chattonella @ > A © O 5 Bl REZ BT 58

June 1987

L L) 1 1

1
131°E 30
Fig. 37. Distribution of cysts of Chattonella in Suo-Nada, enumerated by the direct count method.
Numerals indicate the number of cysts per cubic centimeter wet sediment.

H|E SN TWVS (Warre and Lewss 1982) . AR#IZBVTit, FAP#EBL THRALTE 4
FAIZEEOILRE ) 2 WAL, FEBEESONBERKIERLL CTERESGVICRET S
EENTWVA (- M0 1979, KBIT 1985), £ LT, FER#PREIIIREEIE Y O&RH
PEEENL LW (KRFF 1985). Chattonella D> A F OBTEEBITEF R ~THOMSIZ
FHOLNY, THIRBROMEBEBREG - TWELITHY, #F5F07 7074 —EIIBIT
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5 G. excavata D A b OFA EEEHIUT 5,
2. TAMOFEHKEOBRIEL

R BO S5 BT, EER lem FET) HORED A MIZEERFEIZL - CEF
¥, GEBEEOEHNELEREEY Fig 38 1I0/R L7, 1986 3 ANHI987THEEHIT
O, FOETLELVWEHRSI VRO o7, 1987TET7 Al B L, St S-2128w0
THEAESZMNEDEL R (10BMLE), 8AIIR S &I Sts. S-35, S-36 b 251l E
1% atre BI1988%E 3 Bl T - RAEERIZE, WTFROHTHRES A M EZS5IZHEmMLTY
PATS

o
O_LIIIIFHII|IIlIl|llIIl||l‘|l

10007 517

i

500+

th
Or7rT T T 7y T 7 1T T I T 7 1T T T 1 117 1T T 17T 11

oill

™
LI L L L L L B B LI LR

Number of cysts (g™")

10007 5-35

500+

: 1l

Illllllllllllllllllllllll

5007 5-36 |

I

| S s I I Y B D L A A
P A O l M JJA I M

1986 1987 1988

Fig. 38. Seasonal changes in the total number of cysts of Chattonella in surface sediment (top 1-
cm) at 5 stations in Suo-Nada. Bars represent standard deviations.
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Chattonella 73 2+ O H: B A RESE IR 70

Table 6 (2R L7- & 512, 19864E D EFE L Chattonella (2 & AHREIIE 6, EHICL - TE
L THRINTELLANNVOMBEHERE THEB L7, —F, 1987HEEFIZIL Chattonella 7°% < 5
L, 7TAR@IZIZ 100 -mi  BLEich ), SOLANLVIZ8 AT CHiFBSNS, 20k
S L REMEOBE,CEZL LR 5, 1987THFIZ1986F & ) LIEEIZE L DY A FINBEAMR
ENTVBLFEEN, BE AT A MOBRBIIEM L, 2oL, FKEMROBBRIRAT,
HEA~OD A OB EFERICEEL TV LI EPHLI 57
3. YA FOSESM

19884F 3 @ St. S-35 (281} 5 Chatlonella D> A + DIE S » HERERICL 5 TH~,
FOERY Fig 39 (R L. BT A MIFERBIZEL 0-1cm BT 1,106 fH-cm™3), 3em &
ICTHBEMNEREDS A 2-3cm BT 632M-cm™) AL Lo YA ME4-5ecmBIZD
100 f8-cm ™3 DLEBH SR, 25121 9-10cm B THHAESERE I,

Cysts (cm™)

o] 500 1000
0 i 1 i i l ' 1 1 1 I 1
1
2
- Fig. 39. Vertical profile of cysts of Chatlonella at
E St. §-35 in Suo-Nada, in March, 1988.
N Bars represent standard deviations.
- 4
4
Q ——
o
5

19874 6 A THDOEEE T, St. S-35I2BITAR X POSTHEEIR, 3cm ETI TOEYT
490 B-cm ™2 Th o7, 198853 AICH AL Fig 39.12b R 3N L 912, 3em EE TOHBLE D
A PDFEEEIEEHIIEMLTVAIEPHLNTH L, HEEEREDOL 2 B TS
JEFOOWMAROHESHICIE, FALEPRIAIKRE(HETS AL LHEEEINRTVS
(ANDERSON et al 1982, &7 - £ H 1984, Marcus 1984, Marcus and ScamipT-GENGENBACH 1986) =
L, BoH <, Chattonella D2 A MZBWTL, 1BTEEFICEBE~LMEB IR MG
BERER A GHEMICHLES S, TRNEThTwWAEEZZ NS,

Fig. 39 \TRL72& )1z, AL (DI X MARRIZET - THEEL T 5, ANbERsoN et al.
(1983) 12 & Nid, G. tamarensis I2B W TIE 7N — AT b KEH5 DS 2 F A HERICRESE
LawE EHEL, BHELUBIIELEINL LW, Chattonella D X M i, ENETHR~
E5102, BENARETRFOBEEZ R -HE, ZRARIEDIREEIZ L - TRE~NLFLB I,
BETLRNDEHERFTHIEHHEL TS, 209 2, SHEIMOERD S, BERICELET
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232 M3, RECHEET SO R FEFPRFOBEEB TV ETREIVRREIN D,
OB L TIIAETHRIZERET L,

w2 MNEOHRBRE

Chattonella FEOFH1713, #%& L7 & A7 seed population & L TEELREZR/LLT
Wwh, ENECHLMCS N XSS, EENEOBGREKRYIHFET S Chattonella O 2 A
DS ik, BRICARMKIESET L CEBRMICRFTHELZRBIIZ > TWE, ThOZ, ¥
F~RE B ABBACOREMBO BRI LHN, A PORFIIRE(EEL TS
ERKROEBENE L, BERICHELETIRFUEL Y A FORRELLIERT 2 L, K
WRAICEST Y A FORERFHET A ECEELFHEINLELDTHS I,

K cid, ER#IZBVTIBMENSI8TEETD 4 rEOQBEFRIZERLRERAEOKERIC

DWNTRRG
MHE LUFHE

EREOBBSRA L LML A EOE AT Fig 40 1R L7z, 1984 OWER 7 Ay (12—
14H) 1247 - 72, 1985£ 1986442, 6 A T4, 7 A+H, 8 ALABLUTUO4ME, 19874
8ATHLKRC3E, FAEEEmL.

SHIBWT, kiR, BHEEHET S LFEBIRKET, WKFO Chattonella REA
OB & HA Tz, WKL, 1984 T Om & S5m @, 1985F LA 0, 5, 10m T 7z KHE
13m MiEOE A TRIBEL lm (B-1m) O&EHHIT- 72, REMBOR KL, RTHAEML
T, WALAZOHD) bICET 8872, REMPO HIRED D% 5o 7219854 L 1986413,
500 ml DH#EAFEE B &V 10 gm OF A 0 > MR O TR L 2%, Tho Iml RS
BT 52 L0 L - CRBEMOFENHEATER L7o 19844 L 198741, FK L7cilkalh
Ilml % & -C, REMBEEBL.

372, 1985~ 198TE DK HAERITH, VDA DEMT KK AHRRRR I L DRI T £
L, BEHS lom B TORBRICHEL TRHRFTREL Y A MOBRIFI LRI TR/
MR EATEICL Y, RBLABICHETHEELMA L, HEEMFIB2ETENED
Th b, WML, 1985445 Sts. S-2, 3, 5, 8, 11, 13, 16, 17, 19, 36 D10, 19864 i3
Sts. S-2, 17, 25, 36 @ 4 %€, 198744 Sts. S-2, 5, 17, 25, 35, 36 D6 EHTH %o

5 ®

1. 19844

19844 7 A 12— 141 0 Chattonella FEMPADO 5 % Fig. 41 IR, KEMR IR TOERIC
BOLTHRB SN, SRERIEOTREHEDORBMERFRIIER S, EEHHERIE S
S-200m /BN 248 ML -mi ! TH o 72o MOKBTHOREMBOMREIL L H 072 BB,
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Chattonella O3 2 - O A4 H: BB HORF 72

Kuyoma

by,

% . <uyama

Fig. 40. Location of the sampling stations in Suo-Nada.

CORERICEE SN KB, FIESEEHTE~ C antigua & C. maring DFHEO
FHER L72b D& C. marina BWREHFTH o720

RICFEBEMOHBKR & KB L OBBREMET5720, Fig 42127 A12—-14HDOERRBKIE
(Om & 5m DOFHE) %6 PR KBDOKTFIHAERT. HEKIRIT 22.3-26.8°C DHFHIZ
HY, BOWH~FHNEBTEHL, RE~BTEI 72, YA INDOBFICRELERLS
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34°N-

13'1°E 131°'30'E
Fig. 41. Distribution of vegetative cells of Chattonella in surface water (mean of 0 and 5 m samples)
during a period from July 12 to 14, 1984. Numerals indicate the number of cells per

milliliter.

2 B EBAEI 16.8-23.2°C DHFENMEERL, BOTH~HIHORIMHRTE (, FR~HH
OAIEDK B VK CIECIE % 7R L7zo Figs. 41 B L U2 BBH T2 &, KB KR
20°C LIETad B AR Y R 25 M- mi~! D EDKEABR—BE L T,
2. 19854

198546 6 A T~ 8 A THOMIZER L 4 BlORALEROEBKE Om & 5m OFY) &
BEKIR, 7 b U RO HBURIT % Fig 43 1ORT. AEOERILE, FTE AVHE
0% K 2 O ST NHETE S K IR T Gymnodinium nagasakiense 1= & HAHE R REREL (R
HEA 1986), #10EMICH EAKRELZBMERENELL, JOL 312 G. nagasakiense HEE L
#7=05. Chattonella DFEMKILIBHICL > THE) LTRUT X AREVEE T L2#HRET &
htrot. 6 A TFHOFETE, BAYIRMELTHREBERIRETEIL P>/ TH R
B L EE LR O MBEAHR S h, 8 A A EEE~mREPLa L, 8AT
HIC BO BN E B KBS O KB TRIES 1, EBKROSAEALE, 6 T
L7 AR B LT bR, MR 200C BLETH 5720 8 A BRICIEKRERST DK
T 20°C LLbElcZe b, FHEBHIAIRTIL 28°C LLEIZHEL 2, T B L #EEET 21°C Bl
"7

v 2108 AU B A RBIRF ORETEL ¥ 2 MBORKEL L, KEKROHEE T Fig.
MIELT. 6 ATHE T ATHTIE, BETEHL AR DHOMIZE LVWELZRDONE
Dot COBOERBKIRE, BEBRCRBEBELZVPRIIL > TEETET LR, XD
%8RI DL EBAKRIESRTERL, JRIIONTRETEELR Y A MBI LT o7
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Chattonella O3 2+ OB BE2 1T

Surface water Temperafure (°C)
Meon of O and 5m :

34°N4

T T T T T * T

34°NA

r EOE :
131°E 131°30€E
Fig. 42. Surface and bottom water (1 m above the bottom) temperatures measured during a peiod

from July 12 to 14, 1984.
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Surface temperature (°C)

Mean of O and 5m Bottom temperature (°C)
A » o] Jun.
3?‘0_ p , 4: 24_26
) [
r 16
' -
1 Jul,
3a°, % 41416
(]
o>

3?‘0_ » }""‘ : % 5 a a. ‘
i A S * °
ye o ¢ \'E/?e 27

T T T T . T . I T U
13°E 13P30E 13°E 13P30E

Fig. 43. Surface and bottom water temperatures measured during summer of 1985. Circled dots
show the stations where vegetative cells of Chattonella were detected.
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Chattonella @ 3 2 + D4 FRA4 REFHRTZE

S 5-1 S-1 S-17 S-19 5-36
;‘L 30 -
@

o

E -

£5 oo A \/ ~/ [
SE

al ‘5‘F1—T'T“Iﬁ_rT‘ll_l_r‘T'1|I|||r1|l|||||ﬁ||ll1l||il -

200+ -

T

Number of cysts germinated (cm™3)
[}
?

:‘H%%F!%%Fﬁﬂﬁ!’!ﬁll!ll]Aﬁl!lﬁIIA! L
0 A'B'C'D' 'A'B'C'D' 'A'B'C'D' 'A'B'C'D' 'A'B'C'D' 'A'B'C'D' 'A'B'C'D' 'Aa'B'C'D' 'aA'B'C'D' 'A'B'C'D

Fig. 44. Temporal changes in germinability of cysts of Chattonella from fresh sediment samples collected at 10
stations in Suo-Nada, during summer of 1985. The changes of bottom water temperature are also

shown.
A: June 24-26, B: July 14-16, C: August 3-6, D: August 22-24

3. 19864

19864 6 A TH~ 8 A TADHIZIT-7- 4 OIORAERORBKEL KB KR BLUFEMNR
DOHBLIRR T Fig. 45 {T/R L7z, 1986 D E F I, 1985FE R DBEECTld &2\ »° G. nagasakiense
VR L (Table 6), BHEEH LK LBTEICHRERIEL 22572 (FHEM 1987), Chattonella
DHREMALFI985E L FARICHEHM 2B L TRVWEETHER L, BHICL > TR ERHTE
HRETH 72, 6 ATHWORERIZIZ, BOFER~HAEIINREE PO REMBA DS R
720 20k, TAPHLRIZE S L, RHEEAOKEDSFEFHBIIRHEEND XS24 57275,
FOEEIEML o7

ERKIRIE, 1985 ICHNTEFEDIHEBLZLOOFDOMEMITEEL LA, £ <I26 B T4
ETAPHTHRD L 200C DL EOKEAT B THICH ko T, 8 B EHIZAE-TH 20C
DEDERBKBDOKIBIIK, 8ATHICE 5 TR L1985 D 8 B 4] & FEVRITIZZE - 770

Fig. 46 {2, 4 ERIZBITLEBRPOBFTEEL D 2 M OB E L, EBKEOHES S
RLTze RFETED YA MEOEUEMIE, KBHIZIRIBSENEFLEBLTV:525 8 AT
o TOEFTLIATOELDMEHILIBEL N LV LEVL S TH D,
4. 19874

6 ATH~8 A LHOMIZ3BIOMELER LA, Z2OMOKEMIEO LIIKIR% Fig. 47
WRL7: 6 ATHOBRBTEOM ~HEH L .01, 1B -m/™ LLoBECRESH (BS
2 St. S-7 @ B-1m CH5HMAL-mI™!, KW\WTS-5%S-6DB-1mET 4 MiB-mi™Y), 7 At
Wil sh L EPREERLE LT 100 M -mim LLEIZmML 7 (B&EiIE St. S-8 @ 0m /&,
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Surface temperature (°C)  Bottom temperature (°C)
Mean of O-5m

34° "-‘ s - : 2 ...' 0 . i . ot . :. .. ..-, % : i} ° 24_27

Aug.
26-29

1 1 - T — 1] i - L4 1 1
13°E 30 13PE 30
Fig. 45. Surface and bottom water temperatures measured during summer of 1986. Circled dots
show the stations where vegetative cells of Chattonella were detected.
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Fig. 46. Temporal changes in germinability of cysts of Chattonella from fresh sediment samples collected at 4
stations in Suo-Nada, during summer of 1986. The changes of bottom water temperature are also
shown.

A: June 24-27, B: July 11-14, C: August 5-8, D: August 26-29

0248 -m Y, TOLIHIEVEEOREMRIZS A LHORERIZLEO LN (REER
St. S-11 ® O0m 5§, 81 #ifL-m/™ 1),

KiBOHM % Fig. 48 IR L7, FBAIRIZ, 6 A TWLE Chattonella OHEFE 4T 8 7 #FN
(20-30°C ; 245 1984a) (i o720 EBABEALE, 6 HTFAORLT20C UEDT 2 b
DRI T8 7 KA ~ B SR B EBL CEE L Tz, 7T AREIC R 5 & 20K
EELIZHALTED, O84S L N986E & Bz o Tz, £0%%, 8 A RAICIE#
DFEHTEIR S B C KEBFOKIKT 20°C LRI % 5 726

HELZ6ELSICBTAEBRPORFTEES P X MEOKREMEIL % Fig 49 (IR L7, &
R L A F OBUE, 1985 dH 5 W IT1986ENEEL [, 6 ATHE 7 AP T EEN
BHHNT, 8Bl THRIDRDLNT,
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Jul, 11+-14

i
T T T T

13'1°E 30 ,
Fig. 47. Distribution of vegetative cells of Chatlonella in Suo-Nada, during summer of 1987. Numerals
indicate mean cell number per milliliter.

% S

WBERIZIEET B Chattonella D> A M3, #OHEBIHME (KR, B#, BFH) #HELw
EHBEFRT I L RBISR (FNES2EH), BRANBFIIBTR, FMEHEET 250
MEOBRBET, DR FHRERD TS THBY, seed population & L THHEL TV b,

1984 —1987T4E D 4 X EFMOEFIZHIBRAE 2 EW L7275, Chaitonella H3R84EY & L THR
L7:0121984 L 19874 Td 1, 1985 & 19865 138 TRWIBE T LB L 2d o 72,

19844F 7 AR OB OB EE I, BOWSE L HEMEERICERLIN, VA FOSH
LAl GoTuhhol, IWTEEROREHABONAERDE, 6 ATHORATIIROE~
THERHS A & b ls 1 M -mi ! U Lo KA Sh, 7 HFaBL#O P RBEICEE
A -7 VA FOFHEEEENTATHIRENHTHRUIEDED o7, VAP EK
EAR T, SEEBOERBEBAERNIZRLZ > TWAHLDEEZLNL,

EBRIEETARFRLFHOVA OROBRBHNELLL » 5 L, 1985—1987THD 3 rHIlB
WTREN L EESA SN, $4hbL, 6 ATHL 7 AFHORERIZIE, BFTEHVA
FoizHT W EIED R, 8 ALEEIZHED L7 (Figs. 44, 46, 49),
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Chattonella @ 3 A+ 5 3 4 REZ2 URF3E

Surface temperature (°C)  Bottom temperature (°C)
Mean of O-5m
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T i
131°E 30 131°E 30

Fig. 48. Surface and bottom water temperatures in Suo-Nada, during summer of 1987.

RHHS lem BT TOERBRTOELA Y 2 ML, Fig 38 ITRLAL I IZI9EI ARG
19874 6 A TH X TOM, ELVWEEBRIEDOOhLd o7, 1987TE 6 ATAB L7 AR
EEIZLEBAE S A MRIZRAET, 8 HLEMICh AL HIIEINL/: (Fig 38), —F, KEMIE
DOHBRN T AHE, 18TEDE ATHORETENWE IAT4-5MK-mi™' TH- 7225
7TARENCR A ERE 100 Ml -mi ! L EOBE THIEI N,

PDrnzéps, EFOMIIEBICEET L0, KELEERELOLVIRY, WIKREREIC
GETLHIL—BOIL AL ThrEEZONRDE, T/, YA LOHESH (Fig. 39) &5 L&,
lem EWIEVEBICOHEBO L A MPHFEELTBY, COZLEERELTWS, 2612, 84
Ko ThT A MIHALRERFRNFHEF L (7, EBKROEREZEZIIANS RS,
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._g 30— 5-2 s-5 5-17 5-25 $-35 S-36
£e
522 o o0 o oo i
g; 20+ ././. ././. ’—._/r‘/. -
tE ’_n/'/. L
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200
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1

100:-
50:
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. Tenporal changes in germinability of cysts of Chattonella from fresh sediment samples collected at 6
stations in Suo-Nada, during summer of 1987. The changes of bottom water temperature are also
shown.

A: June 24-27, B: July 11-14, C: August 4-7

=
®”
'S
-]

R BT, BIEE L AWTHA ) FHYERMY A FORFESREL TWH EEbN S,
FOBRELBDONIIE T AL, ROEHEL ) SRBIIHHT HRKEGOY A MITRKIKERD
KEIZLLTHA I,

FEORECESTLIA LD 1 DOKEREHE LT, AF I T-HRFOTRMEIRR S
T %7 (Stemiger 1975, Anperson and WaLL 1978), —FRFENS L Z o 72354, HAIZH
B R DB S TVILUEHREIC 2V BV L RFEHICBETED, L Ledo, RFICHHEE
IZHIFE LVESAHID ORATHAO L, —FRFLABICHEEDNS - 2 ) RERENVE
Dol )T, FOROEEREIGERNITEL WL LR DBTHS ) o Chattonella DF &
1, YA NOREMNLLTOMETAILIZLY, EEOL) REREEEL, A OMAEICIE
HBIEAECEBT ARESYEMMMADS JEATEL, ThYZ, ZT0L) RN HIE—FRF
ICHAT, BOEFHIEE LTERTVWAEEZOND, IXDRIIBRIIEINEZCTY,
TRKIRIZ L o TREANLEL DY A MHLBEINT, BEMARILANOTREMIZM TH
WTEDL, SOLI)RBEIGHET AL, Chattonella D A MIFREEEET 5 DIZHF %2
WEEHE-TWDLENVZ LD,
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Chattonella O 3 . - O A REZMIRFFE

®3E FERTMICH D Chattonella FEDFEERBICRET 2EER

Chattonella FEOFE L, BEICHEET SV A PORFMNRIEE 20, B3F L KB
1L, EEEYHETREIZNDEVSBIBEROMREL L TERRNIZERDL I ENFTEL
Y. FLT, STALOBRISHL, K% BE, EY GECHAS), H5VIEIRERES
O, W, bz, APHiiEe OERASEEHIEALTWA LEESINS, KETIE, AK#,
BT ~ RS SR BT B Chattonella R OBEBEIZOWT, YA PHESTHHREADOE
EEARE P LIIERET b,

1. JEABEOBRE L FREOREEIKR

FEIRG M e M TE R SRS L, R 3. 100km?, FEIKE 23.7m ONETH Y (WL
1976), M1, @M, KFGOIBIZEIATHE, BOFMIFFELELTB Y, FEEIIEM
Wl CEEA LB LT 5, BOT~FHEOEFHIIKE 10 m AIEORVKEDILAY, KE
20m LA EOBEVKIBIZEE A S FREANL BEVAATETV S (Fig 40 £8),

JE k5 %12 517 5 Chattonella 7813, 1970 EF 2O TRENER SN TLR (HHMD
1971), 1972, 1973, 1976, 1977, 1979, 19814 L 43 L (¢Hfth 1982, fFEE 1987), Af%
BAfEHE b 19844F L 19874 I /N S S 5 LT B (Table 6) o F 7-aREIDFEE L BV igidud,
BEBICED LR AL ¥R TWwA (FEM 1982),

Table 6. Red tide occurrences in Suo-Nada during summer of 1984-1987.

year Dominant organism Order of maximum cell density (m/~*)
1984 Chattonella 10%
1985  Gymnodinium nagasakiense 10*
1986  Gymnodinium nagasakiense 10°
1987  Chattonella 107

2. KEBRELIAMORF

EB O R dR G5ERM 1987) 2 BW T 5 L, Chattonella D2 A FDFEFIZKER
FELYRIITERBARIZ, 58 LHICRE~HHIGEERTISCISET S, YA NI ISC DR
ETLEPLASRFETELDOT (Figs. 4, 8), ZOEIZIIABFKETHRIILHWTHALIH
REFRINVGEOTHALBEBREINE, #0OH6 A LWk 2 L H~BHRRRETERKIED
20°C LLEIZEL, YA FOREEMNERIELTLLDEEZONSE, TALRBOKED 6 BITIIHK
R2°CLEICRY, FEMBOMBICEHTLLIICE-TL S, 7THLATE, KBKIR 20°C
PDLEOKRAS SIZEAL, EBAKRDL 25°C §igilh - T, YA PORFEE L UNEMRON
R H AT E R KIRIRIEL 25,

Pz Eds, ENBIIBWTE, YA PORFEEEBREHT Y & LTRAISHREEANL
PARLTWL EEEINS, 19868 L F1987EEND 6 A THIAT--RERERE LT R5 L, T~FH
R SR O 54 O LSRR S 7z (Figs. 45, 47) 6
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5

BB OB Y RAEE, W~ 10m LLEOKESH Y, dri~ihEific
i 30m L EOKFEOHFTFEDH LS (Fig 40), EFDERBKEBOSMILZ DL ) LD KR
BB BINTEY, FIAIFI87TE T APTIZBW TR T 23°C LlL, FR~FH
TI8CUT &, KB OEIKE: (Fig 48). IO Lid, @A 6 RUTy 2 033F
TEXLBEAGOHEAHLYECBFINLZELEKRLTED, SEMRIEENIIKkPAE
s hLeEZOND, EB, 8 AL - TLRFWEL Y A PORKIL, MEBTIHGERIE
ERBIZIIBL LEVE ) THD (Figs. 44, 46, 49) o T OB KM O BETE I I8 72 R 1F 5%
Bohiud, BZIIFMILIBETHASH,

3. MoFmEAY L OBE

RV ET B, ROOBEBLOHE-OFFEBL TWAI LEIFELLNLZ YV, R
AL LT Chattonella 7S5 L7-£ ) Z i, MOEY 7T > 2 b > L OBEIHBF L4
BThHA), BBRATLER L7 4 EH (1984—19874F) OEFOREH#Z B> Tid, Table 6
{27 U722 & 92, Chattonella 703 5\ TR ERED G. nagasakiense D EH O PAERE L 72,
I DI &L, Chattonella DEBESHFEAEW & LT G. nagasakiense WEETHL I L #BRT L/
TTHR, INOOFREEROHEL XX LREVFEFEORBICHFEL-ZEE, BT T
7 b 12X B3HA (Tsupa and Nemoro 1984, Uve 1986, i - 43 1986) o< 1 + A ER A
BEEBUERALEYP 2 EFRLTHAEVZ L), EFORBEIIBW T, RBOKE
13 25°C LLEIC#ET 5, Iwasaxt (1979) 2 L iuid, Kl 25°C LLE T4 BT % R R4S
BHEBEH L RVERRENTWS, L L, Chattonella B D 27 C. antiqua B £ U° C. marina
33E12 20-30°C DEI TR (WML (K 1984a), 25°C @ &ML 5TV b (Nakamura
and Watanage 1983a, &4 1984a), ¥ 72, G. nagasakiense b 25°C CTERADWEHHEE %179 (I
M- K% 1989) o Chattonella DEB L 72 L £ ) TRVWETIE, ED L) 2EROHLENRD
LERBEDTHA ) D

19863 & IF19874E 0 6 A THI DK EIZ BT 5 G. nagasakiense D345 % Fig. 50 (2R3, W4E
(2, EHEEOKKTIE LA - ml L UTF, VBT I0ME - m ' 2825 L3%<, 3T
L 75 A B Th - 720 G. nagasakiense (ZHEHRFED T TBEAL TV DL I EDREINTE
boObHE - SUF 1987, FH 1987), PEOZOERBOMBEEIEORBEEROIHD
seed population & L TEETHAH L EZLNL Ho —7 Chattonella (22 TRD L, 198650
FEFEA T, BARDOBRIZE > TEI) LTHHRETE A2 BEOMBEER TH - 720°, HOW~FH
WY b S N (Fig 45), 198THEOHAE, H~MitEET 1Mz - m™ LEo
HKEOKEA 6 B THORB THRIA SN (Fig 47). T0#% 7 ATH0ORAERKICR2 S5 L, 1986
E£TI G. nagasakiense 7%, 19874 Tid Chattonella 7°5#5 L7z (Table 6) .

B L7 & 912, Chattonella DS A FORFIZ6 A LHEL Y KEOHRH~HHIBEHEE
FUMITERIC R DR, RAIZIMEHAEET LT EBES NS, BF L CKPIZHEBL
FEMBIIS LT, ZORORESMFEIRELEELRIIL, TOROBEABORELLELT A
LEz2HNB, Fig. 51 12, FEL B L1984 A 5 19874 @ 4 48 [ O 13 VS & 81K B R B
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Chattonella 3 2+ D4 B A BB MR

1987 PTTEE
13IT°E ' ' 3Io' '

Fig. 50, Distribution of Gymnodinium nagasakiense in Suo-Nada, in late June of 1986 and 1987.

Numerals indicate the number of cells per milliliter.

2B A6—7AORANEBEOTE L FYAREM (LALZ)) 2RLA, & ICHBREISE
BL7:3%&, 198546 A TWICBWTIE 1 HFH25BMEBRICI R, ZOREORIZIE
Chattonella DFEMRLITHA % B L CORIETE Bd o7z, 198640 6 A DH O H RBEFH
b4 <, %13 Y Chattonella FIEHE Th - 72 19858 & 1986F DHEHIZ, 7 ALK G.
nagasakiense DS L 720 DL EOKE NS, Chattonella 7° G. nagasakiense PHILCHEET S
HIZiE, BELHBEEILETHLILAREINS,
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Fig. 51. Rainfall (histograms) and irradiation time (@) at Buzen, south-western coast of Suo-Nada,
in June and July of 1984-1987. “C” indicates the occurrence Chatfonella red tide, and
“G” does that of Gymnodinium nagasaktense.

BENOEREBREMNT T G. nagasakiense B X ¥ C. antigua DIEFERFE & FE ORGSR~
LR T b, C oantiqua (BT, E2LAS THLHBEARDLNEDIE 0.0 ly min~! 2L
FOXEGETCHLEHRELZIN TS (Nakamura and Watanase 1983a) . & OHEEOEIL, ¥
35uE-m 2sec”! LB END, —F G. nagasakiense (122> Tid, 1 HY47: 0 H0. 2B 5 HD
HREE S 2 5 HHEEIEH 104E'm >sec”! THoEEINTWS (DO - A 1989), B
M L7o8E, KRIBESRMAET CE G. nagasakiense DJ55H5 C. antiqua \ZH~<TEHERTH 5,

EFOHERIZB T, BEREEEIIHEAR 0.04-1ly-mn ! OFBHIZHZ &) (T
1988), EHHE % Sm LRE L7-HE, #TORMRE0.34 (FE - #HiE 1979) 2 HVCiHE
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Chattonella ) 3 A+ O AP RESE AR 7S

T5E, SmETOKRKFEBEIIHEREOI8%E 2 b, ERXRETEKBEDOHIZIEZ 5m BT 0.01
lymn ! UTOBE L2V EWRY, L7d 5T, Chatlonella DXEFEE N THRIEE
BHBIEIRBLIS oD 5m bV LR A, ERPICREBECEXO BRI, ¥
Z b A6 FFE L CKFIZH T E 72 Chattonella (2 & - TG5O CHREIZES CAF) 72 B
ThrLEZ LI,

1984E B L UITEDERIZER L -FARICLI DL, THABHOBEATES 100 #lE -m/ !
LLE® Chattonella DFRFEMBASB SNz LA > T, AB#IZB T, Chattonella 7 NE
AT L7256 12E, TAEAITOREBEGIPRECHEBLTNLLDEEZONS, BN
BB Hi K E ARG IC BV C HIRREM 2 Bl LiBo 7z, 1982 519870 6 EMD6 A 1 HH 5
TAI0BF COWBEMONE: BHEIFH (FEREBAIAKRK1984-1988, ETRiG) DBFK, BL Y
Chattonella DWEHEDOHEES Fig. 52 (R L7, %8, I Z T Chattonella 5% 10" #ilL-mi™! @
F— - ETHRINIGELY "WHELAE" L L7, BRI LR L, WEOE) - 14E
(1985 & 19864F) 12 G. nagasakiense DSEB L, & 219854 TIBATIZ X - T 10* #HAZ-mi~ ! L)
LELOBEEIBREINTVS (L 1986) . Chattonella (&, B FBEFREIA40H B CTH#42300
MHTB7-ECHEL, $HBOBRFHLETIOEDNRTH L7, BABEIZBVTIE, Chat-
tomella D A b ORBENERILTHEHESINL 6 A LUH»S, THEOEFTOMORESN
(FF(ZHHB) %%, Chationella DEBOEELX HLEETFHTLHBEILVBLIOTR 2 VALE

T'F
‘a5
O
500-
J ‘86
€ O
E
- 84 '%Z 83
° ’ o °
N—
o
‘O
m -
i 'Bé
01+ H v . T
0 200 300 400

Irradiation time (h)

Fig. 52. Cumulative rainfall and irradiation time at Buzen, south-western coast of Suo-Nada, during
the period between June 1 and July 10 of 1982-1987. Closed circles show the dominance
of Chattonella in Suo-Nada, and open circles do that of Gymnodintum nagasakiense.
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B
H

bbb,

Chattonella DESEMO P T, ZOMICEEL DL L THEHENBTON L, BEKICS
AW TS vy kL OBREREY RS L, FICHEEENT V- LEERLRICIEERS
AEBT L E—EHIZVbRTWA (B2 EHIHE 1976, Nakanara 1978) . EFORE#EIZH W
<, WEERTH D Chattonella X G. nagasakiense NEBTHI LIFI DI L PEMFTVEE
Wik, ERICBIABEEROERICE LT, HENEEEE BIRETRERET,
B TR CEEYRINT2) AEML TV EVIBHEH L, LoL, I TRERBADOERRL
O OIKIEMINE (resting cell) % ERIZANI BN S, K Chattonella X G. nagasakiense il
EECERL, BEESEELISCVOPEUTICERET 2,

AT — AT, FAD L HEREERET ATV AN BN, ENITH S TRE
EEAKBL, FOEBKEME KEBBETFLE0) »PBRENLIEFMLNTND
(Saksuauc and MykLestap 1973, Harcraves and Frenca 1975, 1983, HoLvauch et al. 1981, GaRrISON
1981, 1984, Smeracek 1985, Opate 1987) . ¥EEFORTLHRICEEORZ @R 1M UT)
7, RIEMBEOREIER T 5 & vbh Ty 2 (Davs et al. 1980, Frexce and HarGraves 1980,
Garrison 1981, Harcraves and Frencr 1983) . FEHE & M- B ORERAMAL (3R~ & LR L, Sk
HRLIZ & > TAB BRI TEE2 50T 5 (Garrison 1981, 1984, Harcraves and Frence
1983, SmeTack 1985) o EES, HERHITIES C OHENKIRMRASHFEL T o I el
T\ % (GucLuer and Gross 1964, Zcurovskava 1977, Imar et al. 1984, Yamocur and Jou 1986) o AE,
EEEOKIEMROKEICHE L CORMEFRRTAE 2 shCwiny’, RIBMRERFED
BT 2 72— OKIREI O E 2 b B SN T 5 (von Stosch and Frcrer 1979)
5, EYLERE L SR ENE LS, BRERTORFTEL SO LH S (HoLusavck
et al. 1981, Garrison 1981, 1984, Harcraves and Frencu 1983) . #IKIZFFFEY 5 B ORIRMAL A,
TR R FICLER SN (&R FRESAZVERNIND, BEASRHERICLHEL
WRERSSHLIEKIREB O X LIFAEL, REFECEFFIRIDZLEEIONLN
(Taxanasu et al. 1977, Roman and Tenore 1978), & 4Ui3 EI28 LV &AL VFAUTEETE O KRR
BLIRF LIS W EBESN S, 8612, fl L7z X 5 IZRIRIE DL L HEEOKRME S B
D, b LIS  OEEEOKRMN b BRHEROBKIC BV TRFT 2 3 TEOKRIRME £
PEL B0, FOBACHEEORERARAGFE L CTOABRTRRZY, Tab5, &
KOBRERE FHELDY S DEEDHADD - Th, KIRMIBOREFH 4 T IUTHERRIIERL R
I Bt b, AN 2 BEEOKEMEY, BHEOWETEKRL TV A22E&2EHL A

DI ki, BROBELWEREL VAL, LX) REREOFEEEEEL, —HTH
E~WE 535 Chationella D> A L DRF (BEXEIZHIUIRELLTOIRFTLHLER
5N 5) * G. nagasakiense DFEEMBOFHEL RHICEL 2 61T, BEFEORG#IIBNT, B
SR DB & TS Chattonella 3 5\ 13 G. nagasakiense FOWETREN/EZBT 5 L1,
T UBRENHLBETHELEEL LN S,
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Chattonella 7) 3 X} O H: B A REE R 50

4. Chattonella 7R D 5B ORI

JEI S # PR SRS 82 BT B Chattonella FR#i OFAEBRIZ OV TOHEMAL L 782K % Fig. 53
R L7 BTRREBRBRBIZOWTORHEZHE~ND,

Chattonella 3 2 MERFRCTEREREIL, WETRETEIIFETAIHAEIDH S, KEDK
WA AT, B0 AMITTICAEBEMIIRF IR LKEICSD (Fig 12), YA FORFIC
KELSEES S5 2 ZEBKBIIEAIZER LGED, BEBIZBWTS AEEIZIR 15°C L, 6 A
ERic B E 200CIET A FRIfh 1987). ZOEDLBRIBICHEET S A P ORFHNE
RBIELEED, ZOHKEE L KEMILIIRB KB THMEEHET S5, L7cd > T, Chattonella
DMPBEEREORBIZNERICH D LEEESNE, FORBEEICAL I IIONT, ERKIE
20°C DHEBHIZKEOKREVHEWALBITL, SIIRBENSEETHEET S X FHIEX
RELT, KBKETHBELEDS, SOLHI, X MORFE, HENEHMEREL VD
tEZLND,

Chattonella ® > A b DSTERIZFHFE L CHM L HBT AR, FHLBEEYDTHOHERE

Early summer

-+——— Wind

- O
Growth
f ¢
Uy - 10
Germination -

- 20
Denééw"t;yu. e
seed bed -30 <
Midsummer o
.‘_
a+———— Wind 0 o
<—— Flood tide a2

- 10

- 20

C
~ 30

Fig. 53. A schematic representation of the outbreak of Chatfonella red tide in the western coastal
area of Suo-Nada.
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4 %

ﬁuﬁmbtiém,W%%@wﬁﬁfﬁﬁuﬁﬁié&$Ménéo%n@i,@L%éwm
JERB RSB D A R P AR B AT R E RS F S L - TRBAP I e T, HER
TR S D AT REME 1258 &8, Chattonella %13 L0 & T HBERFAIMML CHBTHZ
LIl BTHAI.

£ KT Chattonella ONWBABEATHBL LA LG 2 H, JORGEN THL G. naga-
sakiense DIEHHE, BLUBBER (X CCREEMN) PZOHD Chattonella DEFEOKRE
DEFE-STHDLTHA) I LEEE L7z, $hbb, BER OB Chattonella O FBIZLE
ThbIENRHEINT,

DLED & bl T C Chattonella \$HR R TV, EEELRTHAHEZERTLL0LE
2 OND. EFECBTAREOSRBERIT~HRNERTHY CFHM 1982), 19790
Chattonella (C. maring) DERGHKFE, B L OFREE WG L 219MFOFE S Z DKEAH
ok Zeot. TNETTOHMBIZLS &, Chattonella OFFMILIL A BHERB 21TV, BiE*
B, Wi 4-10mBIZS{aFT AT L (il 1971, @R 1979), . B # 1T ER D%
R TROBESRENEVKIRTH S 2 (Bisth 1985), 7 REMRLORME LI
RS A S XA E (FH - BHE 1982) R EAFMOR T D, 1979F B L 19844 D
%%ﬁ@%ﬁﬁﬁ?%ﬁﬁﬁ%%mﬁﬁﬁ%tﬁwfu,E¢Kdi~kﬁﬁ®ﬂ(ﬁ%#%m
Bcmk < R) AR L7 (FHEM 1981, FH - ME 1986) &) AU L o TREDEK
BRI A A SN EWOE - ME SN L ER BN D, RIT% D EBEITENE S > TR
A ORI EEAEOKMIHSTIBE L T A720, TORDERBIRITI(NTHS
3, #HMH - BHE (19823, c) Itk Bk, BoiR EREEE EGTEEICHEY T 5 NEROER D,
R ORBEAROEFIIERT LV ),

% OT ~HEREmIc BT, MEo k) s OBRBEEETE & T Chattonella (2 &
LREIRETH LD LBEIND, 4%, REWLZBMDOOBIEFLETHL LEDN L,

EVE BRERBOHEKESLUVBRBELCHEIS VX MDA

MEREY S 2 HERSEDS, REORRERZEET TV 2 DY A P OGAIKED
oA Y, BELFEMARORME - EHOBRFBIBTEIE, FREOEERE CHEHT
BENLTFHAY LD, DVTRFRMOBEFAIKRECERT L LHHETEL ) BRI
Chattonella F#DFE L2 KBIZBVTI A POFHERANDL 2 LiF, ZD L) 2EHRTER
BICEETH 5,

BOBLAEALRBEE 25> T AILKIBREE T, BEREMTSH D Gonyaulax ED > A b
OAEAEEL (<S5 N7 (Lews et al. 1979, Anperson et al. 1982a, b, Write and Lews 1982,
Thaver et al. 1983), FAEIGEHIZBWTH, B (1982) 4% Protogonyaulax E D> X + D5y
e HENOHEL CEOEBEHL 2L, £/, 2OMOBBWERERD L R FOGAIZD
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Chattonella 0 > 2 b ) 5 P8 4 e HIRF 5T

WTHHIRPER Sho2H 5 (kfih 1981, 1986, Barcn et al. 1983, Lewis 1988) 5

—7, Chattonella D> A FDFHZINETEIAHTH 720 KHRICBVTHEIES L
UCNETY A MOSBAHELRITL, BNETRHEFEICBITSD X M OGH LI, K
BT, #ERENEOMOEKIR (KRB, BEH# 2 - Ml LEELE) 200IEREE
28T % Chattonella D> A + D53 EHL2ICL, FICRFORERH & DERIZOVTEHL
A

#®1E K B &

KBRS E L, AR 1.529km?, FIKE 27.5m OB LETH D
(£ 1976), MK T BKE,»SEFKELZE L THFERKEZBRDH D, FIZHGHEIEC
o THBHLOLN > TnD, BRIZGENRPXANEOMNAH Y, AMEEICL 58K %E
ZERIZEURKPRALTETV S, EOWMAREESIIKE 20m LEORBHTH Y, BEES
BEL 5T 5 (Fig. 54) o

A lzumisano

10km

T J
30

Fig. 54. Location of the sampling stations in Osaka Bay, eastern Seto Inland Sea. Samples could
not be collected at Sts. 15 and 18, shown with open circle.

KIREIZ BT 5 Chattonella F#1Z, 1977 H1979FEF TIHFEFK L TEI Y, £DOHKI82
FELRITE T T EFEVCRAESHEEZEIN TS (B 1985 KET 1985—1988), AHiT
it, KBUEIZB1T 5B Chattonella D> A + D5H & ANRIAERIIDOVTHERD,
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4 K

ME B L UHE

KRB IZ BT AREES % Fig 54 177 L7, 19854 3 A20—21HIZ, TR HDI8ERT KK
AAEHIRIREIC L 2R EM L7, St 12 TRARRRERIC L 2BEKBORMATE b o/
DT, Ty ARRBBICL > TRIBET o7, HAEEBIZEY St 15 K7 BKEILY St
18D2HICBVTIY, T77 RRBBICIARELATETH Y, BERAIEOL 2D -
7ro B L-BEROEES,S 3cm ETTE TSI AF v 7 ERICHY, BHET 2m BOHAZE
HFIZH LTV AEBFICANTHERCHE LR - 2. TO®%AME, 11°C OEREREF IC{fR
LT YA MORKICIE, B2ETHR~NARAFRELZ AV, BRl1g 42V DT A +ORK
BMAERL, SACBERABORNMTORELZEL T, B lan® %72 ) OFEHEE RO
72

BRRHLUEE

A RETRD 7219854 3 A DKIREIZEBT B Chattonella D A+ D534 % Fig. 55 (IR L
7ro LA N OSAEEE 2-155 - cm ™3 (T 2 -om3) OHEDETH 572, b b, B
FIELS & BB LD BIEE X L7 Chattonella D REMISIE, MBEIW LD C. antiqua & C.
marina 33RO SNTH, HBEDOHPHBBAELE D - 72

Ao bBEoDR LI, ¥R FOFHKERE—HETIZ%R V. 50 fl-cm™° L EOBEHERIZ
MEROBEME, BORRLYPRHOKIZIZH 5720 25 -cm ® LT OEEKERIL, BRO

340 |A
30N

Fig. 55. Distribution of cysts of Chattonella in Osaka Bay in March 1985, enumerated by the
extinction dilution method. Numerals indicate the number of cysts per cubic centimeter
wet sediment.
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Chattonella ® 3 2+ DA RS

AR, EESOREEMEOKE, %6 FICHAEBEOKEBOBELNH L L Bbh b A
(St. 9) IBH Oz KERBIZE T Chattonella DV FET HHE, BR~EMIBEETHR
MAEMOMLEEHT {, BOBHD DV ITEEEDE TR 2 2EMA S5 L MESh TV
(8 1985), L7 5T, YA MOEBHEBERMORET 2 KBUIFEE—FH L TRV 48
HoATH D,

BROFNFOOKIZEECH > THENERNR, REH~E?D L 3ATVE (EEM
1981) . REDERIZETE CHE L KB, COL) RFRNIE-TI X M 2BELD
DEBITANL, Sts. 10, 13, 14 B AREEBOFRIHIREHATELLE LN,

F2E OB M

BE# (Fig. 56) IEPEPEREICMELTHY, HHH S0km, HiLH 60km T, WK
3,426 km®, FIYKIE 25.6m OMBEMOEV AL TH S (WL 1976), FIzBHAHEESE LT
KRB L, MBI L DRFKEE, FHEHEET~E 8-> TVh, BAERE BME
BEDWITERE % D L RIEPEBIIZKE (, LdTs TRFKBEDOKIZEE L TRk S
KRBWEESEI L, HAERLE L THEEE~ALL5bNs (L 1976),

BERLEKABEEMOREORHTH L (8 1969, = DEEE®ICBT, Chattonella
REHPNOTRAELIZOIINET ATHDS 8 AFHIZATTTHY, 14287 R b DEFEN
VFHRIEL, MECESTURMN LB 5 ZMHAOERBEREIE U (KEF  1978),
ZD®UIES < Chattonella FENIREZ &% h o 7245, 19774 8 A THICHERE LTH 5,

i
134°30°E

Fig.56. Location of the sampling stations in Harima-Nada, eastern Seto Inland Sea.
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4 #

1978, 19794 & & #: L 7= (Ono and Takano 1980) . 19804E4LIZ7% o TLIRED, 1982—1984, 1986,
19874E & IR AE LT B (KERF  1983—1988) 19874E DA TIRIFN AT R DOEM N < F
AEEIE L, SR LTCHABHE VO BRLEMERESNE /L (KEF 1988) IFELIRIC
Flvy,

KEICBWTIE, BEHIBITS Chattonella D 2 + ORI % R, AREOFA KK
EDOBEIZDVWTEEL MR,

MES LUHE

BB BT LARES % Fig. 56 (IR L7 19844 4 A23—25H ©O#FAEIZ B TiE, Fig 56
O Sts. 1-32 D= AT KK SAERIRIREIC £ BRI R T o720 ZO%I88E 4 12— 14812 %
Sts. 1-34 706 R LCIRIBEEM L 720 = OROMAETIE St. 25 THIRIRIBACTE 2 A 7
DT, 15y RRECRRET 720 RRNLZBEREEE,S 3em BECETTAF » 7
ABITHLY, 19844 OFERT LR 11°C (3% LA (KRR, 19884 Tkl LD
R R AR R L ORI B b i - 70 ZOROBERABOBRA, BE 11°C (5%
% L7 IR B CAT - 72

S 2 b OFEIE, 1984 OREHCE LTIk AT (S 158 | B, 1988E0RKT
VB TR O £ B R (BIES 3HB) L 7, EEEEREOFIE
BRELLT O Y Thb, Thbb, BEORE (1-2g ORiR) %AV T 20-100 pm DK T1E
E5OBRERE MHEGOSESEICRELTO0 lgm/ ™) ¥HARL, 2hAD0.5ml FIZHFIND

34° [T
30N o0

134;30'E
Fig. 57. Distribution of cysts of Chattonella in Harima-Nada in April 1984, enumerated by the

extinction dilution method. Numerals indicate the number of cysts per cubic centimeter
wet sediment.
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Chattonella @ 3 2+ O & P A= HEZ (1R 52

DAMOBERE LU, BEAOREIIOEIMEBEEFITo. BONSE, BERAHEOR
TOREFRLT, BiRlan® B0 DL 2 FOFEEFEE L kO,

= 2

BEFBRETRD 7, 19844 4 A DIBE#IZ BT 5B Chattonella D> A F D53Hi % Fig. 57 Io7R
L7ze YA MODFHERER 5-316 f-cm > (F¥ 57 -em %) O#ERICH -7, MEER (50
B-cm™ DAE) &, BPREOKBES D OKE, FIEBIEWEBERE, 20 0CKE
RN ORERBELTEO St. 31 TRH LT,

BEHHEIC L > THAT, 19884 4 AICBITARET 2 VROSA % Fig 58 13k L7,
A FDOSHEEE 3MEem 3 LT ~723-om™3 (&3 St. 19) O&EICH D, EHMHI 265
Becm 3TH o720 250 fl-cm U EOBHHEERIZ, BHRL ) LR OREBHEEDOHENE
i, BXATORBHEBHH KIS, BOBELFTOLBHAOKE, BIOREBRREICEEL:, —
7, BREBBEORESHEL Tnh L Ebh2EHMATOES (St.25) TIdY A MR SR
Llrol, £7:, F - HEWEOCREMLEO St 32 2, EEFEILE® St. 30 Tit 100
fi-em P LT OBVESIRB SN, L2ALADS, MEEFOS b 4EH BT 100
B-em™ L EOHBETRB SR, —FH 5008 -cm™ P UEDOEFENOES D Sts. 19 £330 2 14
ZITHY, HEMNEOEHIIBVTI X FOFEREDZIZ/ NS otz

¥
134°30'E

Fig. 58. Distribution of cysts of Chattonella in Harima-Nada in April 1988, enumerated by the direct
count method. Numerals indicate the number of cysts per cubic centimeter wet sedi-
ment.
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&4 S

#r (1982) 1, HBEELSUEANEBELSBTHBEOFTEREELITV, 1756 THEALHEIZ
HBEICHR L7k EHED O ARBLEHNTE) ODESOGHERE L. HE#IZL
T A BDEVKIKIZ, Fig. 57 (Z/R L7-19844E 4 A O Chattonella O A + D 3 DD K% &
EAoT i, 20 AROHERYIE, BEOKBEGTTBE - HEL-LDTHY, 20
WREEREIBELETTTHEEEZLNTYS W 1982), Chattonella D> A b i, LK
DBEZDSHEKPIIE Lo RERR T RRIEE L, ZhPHEENLLRE - HBLEZOOTH S,
L7:25o T, PAPDBRELKEBE ABOEVKEFL—HLAZER, BRICETLME
Hik OBLE D 5 b KEBBRIEY,

FRIZ, 19844E 4 B L1988 E 4 AD Y A MDA/ — v 2B L Th b, 1988EDEHEED
3+, EEEFES~HLERBREOKHEIZIBIEDHE LB —HT 5, 1984FEICH DR~
WERICHES SN EEEIII988EII R 5 L 2RIt HICTh, EIGRILS o7z 2 i eRITN
Motz kI RBERNBR LN,

1987 E R (2 I IBE B LI T Chattonella |2 & 5 KB R FAE L (KEFF 1988a), *
FHRLIZ 102 R - mi 7 OF — ¥ —TEOLVWKETHREIATWS (LH - 1988), %
NEEIHTHBRN L), FEMROUBRKEIEERTDO L X POFERICKESEET
BEEZOND, RO X HIZ, 19884 4 A D> A F OSFERILE S OFEZ A B/ S
Btz TOLH BRI, 18TEEFORBMBOUBRRE KB LHREELONL I,

BT (1983) (T XhiE, BEEILEEBIZBT 5 Chattonella ¥ % £ 2 DB, ALFEIHAT
REMTHLTRESFEHVE V) . REFHEETE S ORI B ~ RER G E OREEIZ Y X
FOBEBEBAHAINZ LI, CTOBBEHELZENILODEEZLNL S,

SROBEY LT, BEROBERLIEEROKEFERARE L, IEOERB KRS L
FEMEORBBMY Ty —352 MBI ND, TNIZL - T, BFEAKBIZBWS Chat-
tonella FEOFEMPER DO FHIZADLERIBONL D EHFEIND,

E3E B - B ® M

BEE L OREE (Fig 59) (EENEDITHRHBICMABELTBY, A& XEAE 1, 296 km?
FHAE 17.8m, HEFZEFNFN B4km? & 15.5m THS (HE 1976), W#IC 10-30m
OFEMEALFZELTEY, FIMHEES, HRIETHRBEELTW2, MHFOBEBRELT
By, RELFABIIIT /0T, ZITRFETE - MkEE LTHRYIKI 2127 5,

1% - BB S Chattonella FRi#1E, 19706 128D THR#OTEE AR TRAE L TUR (&
BF 1978), 1R#MEHTI973, 1977, 1980, 7 & UNZ19874 (2, feik#ilE (FICRIUTIERBOR
BIR) 12 BVTIE1972, 1979, 1980, 1983 — 1987 CRAEDHR ST (KET 1980 —
1988), AHITid, ZDKIKIZBITS Chattonella O A+ DHFHIIDONWTORERE R B~5D,
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&t

Chattonella 3 A + DA REFRIRF

Fig. 59. Location of the sampling stations in Hiuchi- and Bingo-Nada, central part of the Seto Inland
Sea.

HES SUHE

1B e B RATESY Fig. 59 (IR L7z, @EIRI98645 A 7 — 9 BT, KD
T KK AHRIRRE A AV TIRRBLER L 28, St 1 KBV TIERRREHICL LR
RAETERDo72OT, L7 REHFICLDIRBET -7, RELZBEREIIREA,S 3cm
ETTHRTIAF v FABICHED, BE 11°C CEE L KRERAKER IR U TERSILR
5L 70, HEHIF DK 11°C ORBERES TREF L

HE (BEE 1-2g O®HERRAE T HAVT 20-100 xm O TFEE S OBE R (LB DR
EEICBRELT0.05F7/130.1gm™Y) AL, ¥ A ORI, BV ESFELHBE L
AW EEREEIZE 570, Thbb, FERBHE0.5ml FIFTET 5V R POEEFHARC
DE 3T oKL

BRELUER

EHEREFICL > TROZI1986E5 AD, 18 - HiZ#ICHIT S Chattonella D 2 + D55 &
Fig. 60 ISR L 720 ¥ A MIIEEMOELAL LRV S, ZOFHERE 8-466 - cm ™ DO#H
DETH Y, Tz 144 E-cm 3 Th -7z,

LA NOPABEIGHEL L LD Y, ETFHESICEVREBETKE, L OFNRO=E
FESITDLBEBREEEN L QU LFROKIRIZ 50 f8-cm ™3 LT ORFEEDL D - 72,
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133°E 30

Fig. 60. Distribution of cysts of Chattonella in Hiuchi- and Bingo-Nada in May 1986, enumerated by
the direct count method. Numerals indicate the number of cysts per cubic centimeter wet
sediment.

100 fH-cm 3 L Lo KM EEEO K, BEOKEISOKELBILTHO St. 15, B L Uk
HBAWO St. 6 IZFRBHLNI,

Pkl BV THEECRBORESBA SN TV S0, BIITERO St. 14 fHETH %,
COEHMDYAFOFHEE X 3 -com™ LHBEMEFETHY), £oOHaO St 15 T 194
Beem™® DR RECEENBE SN, T/, BET Chattonella ¥ EE THIRT 5Dt St
B EDKBTH B, NI, FEMEE S 2 FOBMEESL, St 84 E2KRVThHE
DR LT oz, $72, MiklBLREIZBITLEROSH M- 480 1979) &
S A FOBAHOBIZIZBEELEFRERVIETIEANTELD o7,

Eamm KB &I

LTS L 046 km?, EHKIE 25.6m O KETHSH (L 1976). EOILEABIIE
TRENS L, TN, #I, AENEH»SLEBOMINKIHALTE TS,

T ASE AL AR CH DT Chattonella FEOREDHRIN2DE, TOLEBEIZBNTTS
%o 19694 8 — 9 AIZHAE L OKREIZE 5T, ¥I3TROEE N N7 F L4 { ORREFNE
L7 (G 1972, At 1973). B19704E 8 — 9 A2 bRMAFEL, LEBETORMN
< F#30FRD S LSRG A S5/ (RiHl  1973), 2019724 8 A2 & /MRK
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Chattonella M Z + D44 B2 AR

LALFREMAER LA (Bl 1983), FRALUBARSMEREI s Twiv, RETE, LBEI
) Chattomella D> % b+ DIFTRI & TR A BB,

MRS L UFRE

EBEISHICBATEELT Fig 61 ISRL7, MO T ESIIBWT, 19874 4 A2THIZ
KK AR RRSE 2 AV TRERITY, SEHDS 5 KORKREE, ZhHOBKRORE
25 lemEE TR T IAF v Z7FBICHY, BE 11°C 125%E L RRERE P IEATRE L
720 WEOFKE BT 20-100 pm QK T EEGOBEH LEFHOEHEBIZRALTO.1
gmi™h) 2FEL, 20 0.5m FIEHEITND TR O¥CE B EH U AV CERKE
L7 BEI3EFEIHBM), FESORBIO S 4 AT OB, T/, BERAHOREE
PERETLBRAFNE FIEE1IHBE) (CILFRLHLETITo 72,

=

Hiroshima

34°
20N
Laboratory

104 Iwakuni

T T
15 132°20°E 25’
Fig. 61. Location of the sampling stations in northern part of Hiroshima Bay, in April 1987.
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4 K

BRHIUER

EERSEEIC L 5 T Chattonella ©3 A b %L HER, B L2 T EHOBERAED S
BB SR o7z, i, BREFFRBEICL - TEHLAEE, St 2DANLIRE 1g 472D
QEDEFEBENS, EIAT, LEEORR~HHICBWTINIES ANHE~9AIBLESL
hW7-ERY, 10°C OBBHIC 7T X ABEW: (KIERBRALE) %2, BRAAREICI-T
Chattonella D> 2 M B ShTwa (KET 1988b), ZOER, HHHEL 2-60 fH-cm™>
DEFOEFTL, BIHICHNTRREMEL R > T, TOLHIZ, EEBEBIZENT
i3 Chattonella D 2 F ORI HENEE NEOMOHEIRIINTEL (K, EopR~EE
ZBWTLRIEE IRV EPBEL D E L o7z TLEETIRIT2E /IR R AFE L
TLL%, 198046 8 A EbEs < 1-1541M-mi~! o FFEMi s M SN BET (KET
1981), §4& Chattomella (B L Tz, OIS, T A MSHBHEEETLAIFELE
Do BREHNSNL, LALS, YAMIREOVFRELTEY, RAREOEREIE
CBVEVI DIFTIRAVWDT, SHIEEYETLTHS ),

Fom B R B B

BEBEE (Fig 62) XM ILH 75km, EAEH 25km OMEWVWETH D, HBEOHFNL - TE
W, g, BOHO 3K SN A, HEGBRE 250 km?, FRE 576 km®, EOLHT
310km? TH - T, ERMLETREBOMIZIIRBAFEL, BH 2.5km OFKBKE THIL
NTV5, HIBBEIIIKEOKRZVEHRFE L, BRHTFEY 140m (KK 206 m) PRET
F3110m Bk 237m) Thb, UEFEEBEOMETHS (3t 1985, R 1987),

BE W B 512 5V C Chattonella 1= L % #%# (Noro and Nozawa 1981) A3l = - 72131977
E£6ATHY KEIT 1978), ZOMOREGHEEIX 1.4X10° @lg-mim 2 bEL 72 (KEFT
1978, Naxava and Yosuma 1984) , Z OF#IZ & o TEE NV FHIHREAEIEL, # 7 EHIC
L amgEgEsE U KERF 1978) # Dk Chattonella #7¥1131978, 1982, 1984, 19854F &
Bisei9 I RE LT A (JuUHf 1986, T 1987),

EEITBWTE, BIREBIIBITA Chattonella O X + DHBHR % R, AETORE
LD A FOERETES X ORI OWTEREEMA L,

MBS UHE

BIBEEICBIIARAAEESY Fig 62 IR L7z, FATIZ19865E10A29H ~114 1 H OMIZERK
L, RID28EETHRIBYIT - 720 RiI21: KK RAFRFEEFEZH L, EETSEARRLZ, K
BEOMD - 784 (Sts. 2, 3, 6, 12, 15, 23) 2B Tid, SM RIRBHICL HAHEBLIT 720 ]
HL7:5 AOHRROEERSS lem EX WY, TIAF » 7BHICANTRE L7z, SM &Kik
OB TEL L TREOBERRAE LR - 720 REHIEREH 15°C FHAEROKREKIE) 2
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Chattonella 7> A + O BB A BELHHFFE

40

st 1 0 %
SONL 3 % TARUMI
3 10km

20

10 N

130°30'E

Fig. 62. Location of the sampling stations in Kagoshima Bay. Sediment samples were collected
during a period from October 29 to November 1, 1986.

B L REEAM S R L TERE S DR Y, 0% 11°C OIRRISREE P I HFTRE
L7ze 5EM (Sts. 7,12, 15,19, 22) 2BV Tix 0,5 10m @A HRAL, HRARYHFIIRSEE
$%475C, WKHO Chationella FRAOH E AR LT,

BRSO 2 b ORI, BB EOCEREL 2 ERRHIEIC L > 720 BEOR
BREVT, 20-100 ym ORTFREFOBSHEARL, SRS 2EFKEREL 7.
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BRBIUEE

BEREFICE - Tk, BIREEIZBTS Chattonella DY A L D534 % Fig. 63 IR L
7o VA NORERESELS THRBTE R 72D1F, Sts. 3, 15, 17, 19, 21 DIRRIEO 5 E 5
Thote RESHIZEREO St 26 (653 8-cm™%) TROLN, BEFOBERIIBTLHE
FTIMEIL 65 B-cm ® LEME S NS,

40+

3
30N

10 km

20"

10"

T : T 1
130°30E 40 50

Fig. 63. Distribution of cysts of Chatfonella in Kagoshima Bay enumerated by the direct count
method. Numerals indicate the number of cysts per cubic centimeter wet sediment.
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Chattonella 0 > 2 + )4 P = REZ2 RORE

DA FOSKIKEEZ TR, 1008 -com™d LEOBEFEESIL, BOEY St 4 Ok
109m, 149 f-cm™%), BLUOEBHREEHD 4 5E 50 (Sts. 24, 26, 27, 28, KiE 98-152m) THH S
Wiz, COEDIL, VAT OBEEBIIBLAKEDERCIHIICRWAZISNAERI D 572, —H,
EHRRIBICBVTE, KiE200m U EOES (Sts. 7, 10) TH YA MIEBETLIEELL
Motz (20f8-em™3 LT 72, HEBMEVES (St 5, 32m; St. 9, 23.5m; St. 18, 31 m)
T, 50f-cmP LLED Y R FAHERE SN, BIRBEIZB S Chattonella D3 X b DAL,
HUBMELBHELEL T b,

BEIRBEIZB VT Chattonella Fi#AEZ DI, EPREOILLAES L BRI TH 5,
Bl 2 (X19854 6 A i, BEEHHLUME,SEKELESBRL VBRETEE L (UF
Ml 1986), & ICERBORORT - -BEIH DK (Fig. 62 O St. 22 f31) Tiz, 19774
6 AORBEERICH 14X - m I OBD THEVWFENBESLTYS (KET
1978) . REHIED Z DL ) M RAE BB 25E, BRBOY X b OEHREB LR
DFHMERBHURLEILITHDB, LoL, ROTAIPFEZVEFHENS S 22 1I2BWT
X, BEEBETI A MIRBETEd o7, T/, BOMFENS 2 FOBEBEEHOEKERE
B, BRI LOWEBEOBAPORKIEVHETH L L Bbh b, SHEOFEEIZ, Fido
S5EMICEBVTHRI L 72K 2 MREE L7 R, Chattonella DFREFIAHEHREED St. 7 %
BrCBRBERLE LTHREINT, TOBOKRBKIRIZ 22CHETH D, FEMBEOMIES
TS (KFF 1984a) Th o7 FA-ATTHEM (1987) (2L hid, EEIRIZHBVT1986
F£3AFHDOKER 14°C EORIC 1-2 #if2-mi™}, 4 Bh@OKE 15.5-17.0°C DEEIZ 1-4 4
B-mi™! DEET C. marina RV ENT WA, ZOLHII, BEREBIZBWCitiEKDD
FEMIAHSEE NI NTRLCEHICRWZ SN0 b, BREETIIAETH KB 14-
15°C Llesmydyy (U HEM 1987) o T, £FERREE (£ 1984a) 2 ZE L7154,
Chattonella 3 FKEMROE I TRATEDZWHENITSSH D, TOMBIZOWTIRSHDEL
VRIS,

=, VAMIERBEOBRKRA,OERICHERIN., KELTVWEY 2 FDE 1T 11°C
LLTF DIRETEDRIRAFEEICHER SN, 15-18°C TLHHRERBESIND (B0, Fig 11),
FLRALTEFEMOTETLTVA YA ML, PRV EHNS 15°C THOERICEFRTEL (B
%, Figs. 4, 8), 512, BFRENEFH - TWHI A ML, BER~OHEEBEEIZL ,TRET
EholHE, 15°C U LEORERM T CIBEEKRIEKEICZ-TLES (BIE, Fig 18),

BERBEIIB2BEMAEDOEHNLZIREE(LEAD L, 1976— 1978 DE 4, KiEH
100m LLEDRERGHATTIRERM 28 LT 14-18°C D&ETEILL, EHOH 50m & ) idvig
FICIREGH (X~F) TISCHIR, B (B~ Q2 200C UL kiEd 2 (BEIRBEAR
1978—1980) .

b, BEHTLYA N OEBHRIE, BIUEREBEBIIBIT2EBKEOHE SR
%6, UTOL) LERHUREL 2 5, BRKPOREMIATY 2 M 2K L TEVABIZIL
BELCwo7oa, M-1I8CRIEOREL | FPEBRTHILIIh D, T X)) RBEHET

—151 —




4 ¥

SR P O—EKIRAEE S N CREFTRIZA D, PEEFOEBIIRFTHLEESIND,
LAL—FT, REOBE*BONE, 720 A NIFEEREREIZZ > T L#EESNL,
¥ kR OEERBEE, BEVESCHEIIATSEY, YA MERLEHORBBIChz - T
C o TWATREEND B, LRSS, BOKBIZBWTIE, YA MOEFFFFREI > T0DH T
LAuEE S LTEZ LN D,

B, BOAKBICEET DY R ML, R~KIIh T CTHRENKROBIMZETL, 15°C ik
DEBM 4GB LT, EUBCRETHELREEICZLLEbIE, J0L)BHETIE, #FA
#EZ51F B Chattonella DY A N EEBHPRUT LI EICEA ),

PLER~T X772k 512, BIRBIEICBF5 Chattonella #:#) 7 seed population %% 2 724545,
RN S IEAAHERL - TWA LI THD, T4bb seed population & LT, OHEEM
B $ 3 TRA L-EAE, QRVKROBEICHFET LA PO 1@ LTORSF, QR
KIEOWEIZH DL A FOBIIIBITARE, FBIFONb, KERETO Heterosigma akashiwo
DL AFEOREEEIZB VT, Yamoca (1984) 13 seed population & L THA L 72K EMIE B
L OIS @ “benthic cells” OB AICEETHL LWMEL T b, DX ) ICEEREE
(2B T Chattonella FBMORAFHE L BESNLY, EAPRLEETHLOP, H50
BEAHICEEH > TV EOPHIIDNTIE, 5ROFENRICERAFEFIN T L,

EVIE 6T

BHEO A ARROKEDEE L, BEETERANELROTAEAFH L, J0L) LHE
P, AT Y 4 EORBMEROBVAEERNE L L BREEMEREIE R EER T
FLTETWS,

WA L AT H ARG, BEEEORALRKETHL, LA, ERNEILS
VT 1219694 LIRS Chattomella = & BREAHEZE L, NI FORBEIREORBEENIELL L)
2o TETWVA, BIZIEESOBEE TRA L/ Chattonella i, 1,428 DT
FOBIE L TUEMM L b DABES 5 2720 Z0% OB HREMABEORE & 4T S REAHRE L
Twh,

2% T Chationella FEOWES L L RETFHNE L BRI E L, REBRBRIOZO ORFRL
ELOMRECL->TEHEASHLEMENTE L, L Lid s, YA MORMEEL Chat-
tonella Bl G OHEFFIELAHATH Y, ZOBAIK (FLNTVR,

E213, DEDOL)REENIS, BABETHLY A FOBRBOKD, BLURERLEIIST
% seed population & L TP X h OAERRBREOBBEL BN E L TAFREET L Boh
RREOBERLTO®RY) ThHb,

1. #BIER®PIZBITS Chattonella D 2 F OB OV T TR LR LT, BERAM
% dE AR TR B & Chattonella D FBMBAHBL T A X T THB L, #KRED
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Chattonella >3 2 O H 38 4 BESR9RF 52

20-100 gm QR FERBEHICT A MIELHFEL, 22°C 0BRBEEHET TR 1ABURNICE DY
A MPRFELI,

RIZRFT LR FORBEIOVWTHRE EINZ, #EFHFE MPN &) WA THs 2 L
HHBA L, COHETY A MNORFEICGZDIREOELE LA LA, 10°C TERFET,
15-30°C TRFMR TH -72, BFIE 20°C THERILEY, 22 & 25°C Th#, 30°C THA L7z,
FICRHRLABERTOL A ML 11°C OREHTToL L4150 ARREFRD R L
IHhHDOEBICEDWT, Chattonella D X b DREFZFEST 5 HEREL L.

2. VA MOKIEREH (REEDHER SHBEFWTREIC L Z) ICRIZTREOZEL, HHEK
RPDY A NORFEOFHU LRIz, KOBATRETDL R FMKRIKETH), BF L%
Hotz. WBERIRAHZIEE 20°C U ETRET L LD R MIFREKAET, 11°C LT TRHRED
LB LI, 15 L 18°C BEBRNTHY, —H5DL R MBI L7z, iRE 22°C TREFLAHE
ERABEZEDTTIICAEBTLEL DI A MM T ATRFTRICR -7, LENSLT AT
DA 11°C LT ORBAEIH 4 r AL LEETHL I EFHLN L 207,

B (ErG#) @ERDPOS X MIEFICHLTELYEREE/R L, | AICIBFTRER
DA MIPLRVA, ARICRBEFLIHMML, BFHENETAFHET THIFESR, 8AH
CRFETELIRAMOBIIEEICHELS LA, TAIZIRY A MIRIBREEICZ - T/, 28, 1
AomERAH% 11°C 1B EHBOBB LT A MIERA LT,

L Eo#ERDS, A POKIR, K, BFLED: Chattonella OB D ETERRIAE S H
Wl oz, bbb, BEDY A MIEBKENPEFIZHELRE (20°C §ik) KETHPEID
RBETH, BRELLFEEARIERICRBKPTHEL, —HTIRAMEERT S, TDHERIA
MIBETHRMKROLE *B T4, ZOKREROBRIZIEH 4Ly ABU LORBESRG2ET S
DT, KIZIIT A MIRF LRV, BKEBOLFIZY X P OKRIERERAEST L, HFIZL 5 KK
PEZTHAI AN E R D, BB, BENE CTRIEEMR TOBLRIATETHL, EPLUE
FTRERBKEMET ELDIZRFETEY, PAMIBKRERELR NS, ZOREBK
BYFEATHEANIEFTLI LIRS,

3. FEURFCELIAMYS{EATVABERRARY 22°C (EE0HKEE2HE)
ZELE, 27 AUWICAKIBIREEIZ 2 5 72285, 11°C DR (X% HE) ~LBEHZHE%]
DYAMIFHA4r ATHURRL:. ZOFRE, BEREF~OBREFTCEFIIRFOHESLE
L7222 POEEKRELT (CRIKIR) £XKRAZEHNTE, BELURIIHFLREINDZ L %R
LTwd, $7-7 2 bOKIEFEIZ 20C ETRI Y, 1I°C LT Tl ST, 15-18°C Xk
R REETSH 572,

4. BERFOIRXMOERELTRLT, ZhE TE2{AHTH 57 Chattonella D X +
RRWEL, TOBEFTHOLMIL, BFHOVAMNIEBRE~FETEL, BRLEEOH
BREIAEL TS 0HE L, BMH 2 W IdBEORBRKTHEL Tz, T 2 FOREIZIEHK
BogBE~2EOBANEDOOLN, NEIEL 1um DT, FETEMWIL V., 2 OY
EER I3 FE4Y 25-35 pm OV LEEHTR, MEEIIE S 4 15-25 um OBQFEMERE LTV,
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S

BICRETHOOBEND Y, BFHOZED X MIE I OIALIER 7 pm OMFEOROEHD
g RN, BEE, I OHEELHRAEMICHITE TEBWNICERT Lz, BFE2UBERLAO
FRMILIIKE SRBFH LR MOEVA, ZOHBAEOMBOKE S LBHIIL-7, 4B,
FEEETH D C. antigua & C. maring D X MIHEIBEL L TH Y, BRIZES CHEOH
MEATTEETH - 720

5. HEEZELZMETIZBWT Chattonella DY 2 Y EF AR L T A, C. antigua & C. marina
TR L7, BFEFEE LTREENT > By AE BB THREME 8 — 100 BfEE
%, H1,000x LTORBESLCEEGFTICEC LTI AMERBEZ -7 47y ARULED
K8 (11°C) 0LFBi%, 22°C Hodefb F T C. maringa D> A F ORFIVHER SNz,

6. Chattonella HEOREAEIZES T 52 A P OERREE 2B THET 5720, BHi#:
WEABME LTRAEYER L, BIZBITAL A OB LSHIKEL RS, BodR~K
MOKEDK & VI SBIIEERERD, B~EHONRBRICREERIGED b, EERSEE
TE L HIERP DS 2 P OFETIETREIZ19864E 3 A T 0-787 fi-cm ™ (FHY125M8), 198746
A3 0-490 f8-cm ™3 CEXOUE) D#PETH 720 T A FOBEER L EORFHBEELIT—HL
B ol HIERPOL R OHFEFERE, HAKPORBAROBBIKRIZE > TRESRE SR
LI Ebhot, REMELALNOSHEERL L, KRB Im BETIZELTMHT 525, 9-10
cm DT A S bRH E NI,

7. 1984 —1987TENEFIZEM L -BSATOKRIZL D L, Chattonella BEBL7zD
1084 & 19874ECTd 1), 1985 & 19864 13 i HEE 3 O Gymnodinium nagasakiense HEE L7, I
REBGORA LS A FoiE, 1985—19870 ' DEL, 6 A TH L 7 ARAOHMTREIR:
¢, 8AINRA LT Vs, 198TEDHA, #KFD Chattonella DHREMALIZ 6 A THIZHA
TTAFHOEIBRIZEP 5720 ZOREDNS, FHBIIBVTRERIIEF LTSI XL
HERBRFO—HDOLDOTHY, LEAL—HARBFIRI > ThVEHESNL, VX FORFIR
REEHEHTN E LT, IEBRPESEBANEREETIHMELRKLTTE, B2k LTk R
WIHRFARELTVWDLDEEbNDL, Chattonella DY A MDI DL D 2R HIE, —FFE
EIHND L, MBS BN EEATABRSLYRIIBMAS) JLATTE, SHICIIRFR
ARG BETH - 7258 b K5 A ERERAS TR 50T, BOEFEEE LTI HERLTY
HEEZOLND,

8. HEPMWOEAE (KRB, HEE 8- Rl LEEBELR) BIUTEEREIIBITS
Chattonella O 2 b OFHEFBH LI L7,

KR (19854F 3 AR 12 BV TRAFRFETRDZ Y A + OSMERER 2-155f-cm
(Fi42f@) THhH, A POBEEBREAMEERI-FH L i, o7

BERICBITA1984% 4 B (RAAFIE) L1988 4 A (EEREE) O 2 bogAfikHRE~N
770 19844 DA TR X 5-316 - cm 3 (EH57E), 19884 1% 0-723 f-cm® (FFI326518) T
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