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Physiological and ecological studies on harmful dinoflagellate Heterocapsa circularisquama - 1

Elucidation of environmental factors underlying the occurrence and development of
H. circularisquama Red Tide

Yukihiko MATSUYAMA"

Abstract Heterocapsa circularisquama Horiguchi (Dinophyceae) is a causative agent of
red tide, and appeared in 1988 for the first time and then rapidly dispersed off the costal
waters of western Japan. The red tide due to H. circularisquama was associated with mas-
sive killing of commercially important bivalve species: manila clam Ruditapes
philippinarum, Pacific oyster Crassostrea gigas, pearl oyster Pinctada fucata, blue mus-
sel Mytilus galloprovincialis, etc. Until 2000, 43 cases of H. circularisquama red tide (in-
cluding 18 incidences leading to fisheries damage) had been recorded in western Japan.
Economic losses in shellfish aquaculture by direct killing of marketable products were es-
timated to be at least 10 billion-yen in the last decade. Although H. circularisquama
blooms mainly affect bivalve aquaculture, no harmful effects on wild or cultured fish,
other marine vertebrates, or any public health hazard were recorded. Therefore, this phe-
nomenon is referred to as a "novel red tide." The red tide due to H. circularisquama has
damaged shellfish aquaculture in most of the region, in terms of mass mortality in farm-
ing organisms, cost of measures to prevent the damage, adverse affects on the develop-
ment of shellfish aquaculture, and secondary damage, i.e. decline of demand due to
misinformation. Incidence of this species has increased recently, and the economic losses
in aquaculture have been a cause for concern for the industry and society. In the present
study, environmental conditions conducive to the red tide occurrence was conducted, in
order to clarify the environmental factors causing H. circularisquama red tide.
Frequent field surveys were carried out for four years in two representative locations
(Ago Bay and Hiroshima Bay) of recurring H. circularisquama red tides. As a result,
dense assemblages of H. circularisquama cells were found in the innermost part of the in-
lets, but not offshore or in the channels. The distribution pattern of H. circularisquama
appears to be strongly affected by the water exchange rate. The red tide of H.
circularisquama occurs between July and November in the embayments of western
Japan. Generally, H. circularisquama blooms appear mainly under high water tempera-
ture (>23°C) and salinity (>30psu) conditions. The results of field surveys suggested that
H. circularisquama grows well under high water temperature and salinity conditions. In
Ago Bay, strong disturbances of the water stratification by typhoons during the
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development of highly anoxic water at the bottom had preceded the large-scale red tide
outbreaks of H. circularisquama in summer. Temporary or sustained water mixing
throughout the water column may provide large amount of nutrients and growth
-promoting substances from the bottom to the photic layer, which trigger the H.
circularisquama red tide. Further, H. circularisquama sometimes caused red tides during
an ecological niche opening, e.g. decline of predominant diatom populations due to several
hydrographic events such as development of highly stratification associated with anoxic
water in summer, decreases of light intensity and increase of vertical transportation to
the non-photosynthetic layer from late autumn to early winter. In some cases, popula-
tions of H. circularisquama were affected by the predation of heterotrophic dinoflagellate
Gyrodinium dominans and oligochin ciliates.

The red tides of H. circularisquama has rapidly increased since the late 1980s. Relation-
ships between the recent proliferation of H. circularisquama and changes of water quali-
ties were analyzed covenanting various environmental factors. First, laboratory study
showed that maximum growth was observed at water temperature of 32.5°C and no
growth was observed under 11.2°C. H. circularisquama is presumed to be the tropical
dinoflagelltate, so that winter water temperature is considered as the most limiting fac-
tor for the prolifelation of this species. On the Japanese coast, however, the water tem-
perature in winter has increased about 1.0~1.2°C since the late 1980s, probably due to
global climate change. This long-term hydrographic change may be conducive to the
overwintering of H. circularisquama, which has led to the recurring of red tide in Japa-
nese coastal waters. Second, H. circularisquama blooms are sometimes observed in non
-eutrophicated areas, therefore, this dinoflagellate is likely to be adapted to
oligotrophication, especially in low phosphorus conditions. In Japan, administrative ef-
forts have been carried out to reduce nutrient loading from land to the coastal sea in the
last two decades. The selective improvement in the phosphorus load brought about a
change in the nutrient balance, such as an increase of the N:P ratio in coastal waters. Ni-
trogen and phosphorus demands from H. circularisquama are much lower than other
causative red tide species such as Chattonella spp. and Karenia mikimotot, and can utilize
various dissolved organic phosphorus (DOP) for their growth using alkaline phosphatase
in their cell surface. This physiological characteristic is important to clarify the growth
strategy of this specie. Third, simulated experiments have revealed that H.
circularisquama could easily migrate to distant areas in association with shellfish trans-
portation. The rapid development of H. circularisquama since the late 1980's appears to be
caused in part by the artificial dispersal due to aquaculture operations.

The developments of monitoring systems for H. circularisquama are important in order
to reduce the fisheries damage. The key factors affecting long-term prediction of H.
circularisquama bloom is winter water temperature, precipitation in early summer, in-
crease of water temperature, and the development of anoxic waters at the bottom. Fur-
ther, temporary mixing of the water column by typhoon events and/or niche opening due
to decline of predominant diatom populations is also important for the red tide develop-
ment.

Key words: Heterocapsa circularisquama, dinoflagellate, red tide, shellfish, environ-
mental factors
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Fig. 1. Temporal changes of red tide incidence and the associated fisheries damage in the Seto Inland Sea, Japan
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Fig. 3. Photographs of red tide due to Heterocapsa circularisquama. 1: Red tide occurred in Ago Bay, 1992. 2-3:
Red tide occurred in Hiroshima Bay, 1997.
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Fig. 4. Occurrences of Heterocapsa circularisquama in the western Japan. Numbers in the map are refered to

Table 1.
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Fig. 5. Micrograph of causative species of genus Heterocapsa (=Heterocapsa circularisquama) which formed red
tide before 1992. 1-2: Heterocapsa sp. occurred in Uranouchi Bay, September 1988 (provided by Murata H., Kochi
Prefectural Fisheries Experimental Station). 3-4: Heterocapsa sp. occurred in Fukuoka Bay, August 1989 (pro-
vided by Tanaka Y., Fukuoka Prefectural Fisheries Experimental Station).
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Fig. 6. Photographs of dead shellfish species during Heterocapsa circularisquama red tide. 1: Cultured pearl oys-
ter Pinctada fucata in Ago Bay, 1992, 2: Cultured Pacific oyster Crassostrea gigas in Hiroshima Bay, 1995, 3: Cul-
tured C. gigas in Hiroshima Bay, 1998, 4-5: Dead shellfish species; Ruditapes philippinarum, Musclista senhousia,
and Mytilus galloprovincialis in Hiroshima Bay, 1998.
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Fig. 7. Locations of meteorological observatories (left) and sampling stations (right) in Ago Bay
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Fig. 8. Vertical distribution of Heterocapsa

circularisquama cell density in summer (20~28
August) and autumn red tides (25 October-5 Novem-
ber) at Station 2 in 1992

Table 2. Record of maximum cell densities of Heterocapsa circularisquama during the

bloom periods in Ago Bay, 1992

Stns. Name of Inlet (céllllsg/ﬁi) (()cceﬁl;i(iv)
B Masaki 8,400 3,500
C Hamajima 4,200 760
2 Tategami 17,520 22,000
5 Shinmei 7,400 4,700
6 Wagu 87,420 -
7 Fuseda 18,800 3,540
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Fig. 9. Changes in mean cell density (0~5 m depth) of Heterocapsa circularisquama at Station A and B, Ago Bay,

in 1992
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Fig. 11. Temporal changes of vertical salinity pro-
files at Station A in 1992
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Fig. 12. Vertical salinity profiles at Tategami Inlet
in 1992. Upper: 29 July, before typhoon, Lower: 5
August, after the typhoon. Arrows denote direction
of strong winds.
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Fig. 13. Vertical profiles of dissolved oxygen con-
centration (saturation percentage, %) at Station 2

in 1992

SNk -1, Ho circularisquama 7R E BRI T,
SRR TS IR R O BAAFBIR N A SN,

HEEY

H. circularisquama YSNOWEY 7 5 v 7~ v OFERH
BIOFEIE, EARNMZ 9 ALIBIC LR L Thign
tz¥h, 8 AWCHFAE LIcH. circularisquama 7781 O b
M7 5 s b v OHEBIEAHTH B, HL, 8 H
20 H T AT > A0 7o G 1 37 £ I 1 L3 ER R R o f 5 B U
1,000cells/mLYL FTdb v, [EEMOH circulari-
squamaDFMNBEE L D s /D CHER L Twiz &
Ebhz, LiL, 9 HICASEEEEOMNERE 3
10,000cells/mL A 2 2 75 & 2GRS HEEEES S iz,
10H ML O FRmIER T 1E, EEEEA %4 1,000~3,000
cells/mLIEEHZE S LTV,

19935 E H. circularisquama 7x&E D HEFRS

R DHERS

H. circularisquama Ol 1 H B> 6 2 H
FAIF TS SN, THIFI992FE10H 1T 7 A L 7ok
IOEEEESEE Lz E bbb, Larl, 3~7
e, TRH. circularisquama OBkl G4 <
KENE D - 7o (Kleell/mL)o I WIIHM IR E A
BlEshcod 8 HNAT, ORI 3120
cells/mLT® - 7c (Fig. 14), Stn. Ak W BEIcH 5
Stn. 2128V T, 8 H LA 510%cells/ mLOFEE T
KOS BHES N TWII &R S, 8 K
DIIRO HIIL, BRI O BB O WIEREAREL L
TEiced LS hic, ZO%Stn. AlcBTVIF, 9
H EAJ12200 cells/mLAEE & CTHEGE L 7o 23R & TR
EEY, 9 HRALIET 1 cell/mLEL N THER L 72,



40

SR LUViER

19934 (3 MG T RITRR A5 6 ~ 8 H & TP H AR 1T (i
Lt 7oicd, BRHUPESINS RN -1,
CORHOBKE R EEDLET, AfER /30
FThoteo TOLIIT, 1993FE I EE LK E O
Thoteo TH L, 8H8~I0H AT TIEHER
D L, 15m/s%EA 2 MOWEHRESEN S, <
N5 2BERICH. circularisquama 3 LR %5 B
IHBLL T,

THD 0moDKE I, 22~24CoOHEIFTHEH L, 25
CEMAIDRIEHD MICE > TS5 TH -7, 8
H30HEHIC27.9C & T LA L e A LIR (3 kSE D il &
EHITHE N L7zo H. circularisquama s K H S &5
THE L8 H F» 5 9 H EAich i TokiER,
B8 T24.9~26.T°C DHEIFHIC & - 72,

0mDIFEHEBTH»S 8 HETOREA L DHIM,
30psull N THERS L 7o 8 AHhvajic—Rpiyic R 0 15y

732suFt TEHFLTOLEA, THFEmICE 2 8E
BEDREBETHDEEZ NS, H circularisquama

PSS HEE B L 8 A Fah 5 9 A L
T OIESE, 30.1~31.3psudDHiPHIZ & - 72,

8 A Lf)ic 4 mg /L% FIal 2 (&R IEEE A S8 < — 1
FICEL S N fiid, 2L ORISR O T A 5
NI - 1z,

BREEY
T JRUAE 1 R 1 TR R A — TRR I 1 B cells /mL & Tk

g1oooo 1993
©

3

g 1000

a/\

=

S E

s @ 100

T 10 5 0
o [m]

ko

O

T 1

J J

>
]

DDDEI

*=0=0=0~0—0—0—0-0—0—0——@——0=0—0

W

L7, T D%E#E2»I1210° cells/mL D £ ¢ [0l1E
L 7zo H. circularisquama® 31 13 HE: % Chaeto-
ceros spp. DFMFIFERE D m d ICHER L T i,

1994%EF H. circularisquama FREDHEFRE

FREDHERE

1~6H & TH. circularisquama® kil 137 <
nizr-te, TH TS 8 A RAIchH I TolihE
NEvon (Fig. 15), TOHEAHICIEEL T8 A 8
HRETZIZ1EStn. 2TH < $2,000cells/mL A # 2 TRk
AR LTzo Stn. ALIAADIZEAET XTOMEEHTS
107 cells/mL&Z# 2 % 75 &, 19924 LIk O KRR
&1 5 foo eI E 13 Stn. 27T55,800cells/mL
BRLER L 7o, mEBENHIEIE 0~ 2mE R RER
CTHIES NI, T ORMIEERE 8  Mjic—H
10cells/mLELF & THb Utz 233 < Ic iz iz &, 9
AEfic@d2RBoE -7 2k Lz, Ll 5 HEK
AT L, 20l 1eell/ mLEiZ 5 C
EF -1,

K[EELVESR

COEOHI O REEB I HIEICS < SR THER LT
Wit BRkE S IEFITDIEC, SEEDBKLITTH - oo
TH2~23HIZ T CHRET SOREBICL &G
10m/s% A 2V E (CFEEH2.6m/s) BEIAIS 1,
LB O EJE D IKIEZE N —RHNTRD S 2 28 EH S

32
30
28
26
24
22
20
18

O

O

Water temperature (°C)

A S

Month

Fig. 14. Changes of mean cell density (0~15 m depth) of Heterocapsa circularisquama (@) and water

temperature ([]) at Station A in 1993
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H29H~9 A5 HichiFCldkmlick 2 EBbh 214
HIKDBAD T, B-lmDEMHES—FFIICSE L 7
bon, YA FAETRIZEAE 2mg/LUL N THES L
TWwi,

HEEY

8 A thfJtE % T3 Chaetoceros spp. i3 10°cells/mL %
Mz 2A—F—THFE LTV, LLEAS, 84
) 5 FaNC A F TDH. circularisquamai i i #%
icid, Heells/mLELUT & MRl I KW EEE THERS L C
Wize L LEMS, H circularisquamadfil & &
95 EEHPNIT10% cells/mLLL EOBEREE F ¢lHIE L 72,

19955 E H. circularisquama 7x & DHEFS

TR DHERS

1~6 A% 7T, H circularisquama® i iicilE 13 4
e otc, L LBsns, 7H EA)EFIE
s S B W HIRAEES o, 7 A a)131,000cells
/mLLL T cHERE L (Fig. 16), 7 H24H LI 13 7.1
THOIKE T ~10mf:E ©1,000cells/ mLA# A 5 —7,
5mPlE T 1E100cells/mLEL T THER 9 275 &, Wb
[ThIEfE R IRRECTHERS L 7o Stn. Az 5 5 Ellll
T1E150~180cells/mLOEEICEL TV — 7 2 JZk L
fend, T OBREP»IHIERE ERDCERC, 8HT
HUAF X 1 cell/ mLEL FTHERS L T /o, 10°cells/mL
TR A B I A R A 7S &7 o JEE i o
gt onTH 0, MEE S 10" cells/mLAE A
52 EEF BT,

K[EELVER

B o3 E B G AHEEER ICER THER L T,
PRk IFFE LD, YED2R2BLINTH - 7,

KPS R L Tuic, 0maDKiRIE 7
H T A 530°CRIZ CTHERS L, C DIREEIF 8 H A
tH& Tht\ico H. circularisquama® 1% 53 A1 fE
OKBE S ~Tm) DIKIE1320.4~24.4°C DEIFH THER L
TWiz,

T HohAEICHEN KO EHEZERNDO 725D 0mT O
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Fig. 15. Changes of mean cell density (0~15 m depth) of Heterocapsa circularisquama (@) and water

temperature ((]) at Station A in 1994
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72 T OFERIERHOEELAFRIcELL, 8H
IB-ImDIER BB L D bEn35psulc 2 L TV,
CTHEBEIKIC X BIRIKTA L D BFEEBE > T fz®
I, SRS DMK BIEETICER Lo SHfERE N
720 H. circularisquama 7355 CHIR L 7200
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THE LBy, 24EMOBNT TR OARBEDT
J%?b§5575‘0 flo

mEEY

Chaetoceros spp.i& 7 H 1310 cells/mL %A X % B EE
TR LTz, KEO EFEEbITEDL, T Hih
A)121310cells/mLEL M iz TR L1z, 8 A 1310 ~10°
cells/ mLO#EFHTHERS L CT\Wico H. circularisquama
OREHEF, T ofmoHE#E L L TId Leptocylindrus
minimus, Pseudo-nitzschia spp., Thalassionema sp.
mEMHELTVAD, LFER ST 13 10cells/
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triestinum3 s C20cells/mLHEI L TV 7,
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too £, SREIRENNCE T B 04 7 EOBEE
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EWHBIEE TH - 1o 7072, T OFEREKEDFEED
HLL, b~TmEDKGEEFTEZDE MITH
circularisquamab B8O B EA DWW 75 v o kv
MERE LTV &, H creularisquamal’id & A E
SELBWEETOHEROFEE THA LTVl Ln
Em o, H. circularisquama’s FIRICHET 22 & T
EEBEEIED Licoh LS Mt oW TR TE -
tzo H. circularisquamaifilig/k Iz i & &% T H
HLTOIHAET I, EEREEEMEEGyrodinium
dominansT (Fig. 17), #=292cells/mL O fllfu L
M s (7T H26HDStn. 1, KETm), Fig. 18
17 H24~29H e CEIE SN2 H  circulari-
squama & G. dominans D fil@ & E A2 /R L 72, G
dominans!3 H. circularisquama® flN0HEEE & B
Bl L CHBE L TOW T Ennh b, #HETIE, G
dominans?H L) EEE CHE L TWic 7 H26~29H
AT TDOStns. 1 BX U 4BV TIE, Bladiciig
oMayEE L fEBekos & £21~67% (F
HT41%) ofilcEEsn (Fig. 19, Thood
BB P S, KREGILKNERICH cdrculari-
squamaZHig L, WEHEFEDICHFSLTVwicdbD &
Bbohi, LALENS, TH26HIZStn. 1 ® 5 mEE
» 5K E e B IR K O ZENEERBRICB LT
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Fig. 16. Changes of mean cell density (0~15 m depth) of Heterocapsa circularisquama (@) and water

temperature ([]) at Station A in 1995
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Fig. 17. Occurrences of predators during Heterocapsa circularisquama red tide periods. 1-2. Heterotrophic
dinoflagellate Gyrodinium dominans (X 1730, provided by Nagai K.). A reddish brown prey was observed in their
foods vacuole. 3. Tintinnids ciliate Tintinopsis sp.(<405) 4. Nauplius copepod (X567).
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Fig. 18. Relationship between the occurrences of
Heterocapsa circularisquama and their predator
Gyrodinium dominans during the bloom periods
(24~29 July) at Stations 1-4 and Station A in Ago
Bay, 1995

HH & T a7 & D 380 53 ki
RotcdFzTh-7c (Fig. 200, [AEESFEERIEStn. 1
BLOLITBT 2 4 HREO@EGEBEICBVTLRD S
Ntz (Fig. 19, 2O Eh 5, TDED G. dominans
WXH. circularisquama® FEISIHAZE TH 12 b DD,
ZOMER R cHEsE 2 ETIER L,
H. circularisquama D EREE DGR Z M3 5 2RI
BME-TuwitHMranrk, €72, H circulari-
squama® FRENGKPIC1Z, GEHMELRo—FTh 3
Tintinopsis sp. (Fig. 17®) & fx/m16individuals/mL
wEan, H circularisquamaZififa LTV A {HES
W opiEs iz, L LErs, eEETHEL
TWicStns. 1 BL T 41281 5 4 HEOBUG#EIE ],
H. circularisquama® 273 #/> & Tintinopsis sp.®
HinE ORI AHKETH Y, G dominanshltf, H.
circularisquamaDHEBHHBEE TIEH 5 b O D, JRil
R T B AREOHATERAE L TWE L -7
YR (-3 g
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Fig. 19. Temporal changes of cell densities of Heterocapsa circularisquama and their predators in
Ago Bay, 1995. Numbers near the open triangle denote the percentage of individuals containing red-

dish brown prey in food vacuole of G. dominans.
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Fig. 20. Temporal changes of cell densities of
Heterocapsa circularisquama (closed circle) and
Gyrodinium dominans (open triangle) cultured under
laboratory condition. The sample was obtained from
om depth at Station 1 on 26 July. Two hundred mL
of the seawater sample was sieved through a nylon
mesh (58 £ m diameter) and incubated under 20°C,
12hL:12hD, 50 £ mol photons/m’/s.

£ =3
1) ¥IHERZEAEHR
PEEICB VT, H circularisquama® F) A H 3

BiREKERO 7T~8 HichiFTiEDdDONE, ZND
BT DA ~FLNC T TR IE & A SR

iz,

HEMEROWIMEAE (Y- FRAEaLv—va v
[seed population]) & LT3, MEJEHTHE L 72K
IRIAT (Wbhw Beyst) o DOFREMEEHINTL
%, (Anderson and Wall, 1978; Lewis et al., 1979;
A, 1990)s TS DAY, R OEE, 50
IR I EOFEN T OB DK OHER ICEHE 115
BEHZbE0DN 5, A THFEERTORKE 3
% Alexandriuml& R IR B E L MIETT 7 7 «
NEEOZ L BBZMD v 2 N E2ERT 2720, b
DOHEIRERICHB T B AEMN TP Ic B ) 2 FARICB L
TREIMCHEHNGN, Y= FREalL—varvdElLT
OEHFEMPER STV (RS, 1982; 52, 1992;
TN, 1994; 4 FF, 1990; Itakura and Yamaguchi,
2001),

— 5T, BELHEEO TN THELED VR + %
k5 SRS SV, FlAE, AFINEETIA AR
mZIE L, BABEEICE RIS E %2 KIE J i i
Karenia mikimotoi DEIEERICB W TIE, YR b E
OaERESK (hypnozygote) DFELERHISNLTUL
v (e, 1993), BERZREE LT HAMIEHEE
T, SITHRARKIRIA I & PRl S 55 B b P e s
BHOHLNSE T ENS (JBH, 1935; Honjo et al., 1991;
SFH S, 1987, 55, 1994), AHE I EHkmia o IRRE
THAL, I BEDY - FREaL—vavEis
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TWEEZEZLNTV S, [ & 1E% < D Proro-
centrumJE-° Dinophysis|& T bfgffisniCw 5,

WIEBICB T 5 4 HEOFHED, BEIKIENEED &
NI VAH S FIITH» 1 TOIRIE % B EHERE L ThE
BERAID, BEAEDES, AR
WTElahot, LL, FNICKEEEENSH.
circularisquama & ¥IWr S N 2 AN IS 5 2 &2
b b, Fiz, FERMOERPICEERERY, BKIE
(b U 72 BAEBE S 2 HGEE D S, TS i FTkE 7ok
RTREIN S E T HPPICH. circularisquama® il
TKHINICIETE G 2, 7272, T OIEEKMINE & A LR
JBAEI0CCLL T oG 1 » BULREST 2 &, BEA
ew%ﬁuru&5(ﬁm,ﬂﬁh

—7J7, 19937123, HiHE ORKIIARE D (A AL HSBAE
L, mﬁ*ﬂ%@2ﬁif BB H 5 TWd,
IOkl trx®EET L, BEB VTR, H
circularisquamal3 IEHE AN B L OWEFKAIfAO I RET
HALTBD, FkRE0EGrEWLD LRI N S,

2) FREFEAREA

FAREROKES L VBROEH

WEBICB T 5 4 4 TOHED, el 10
cells/mL%Z A 2 & 9 70 KHIELS /R 12 19924F & 1994
RIHAE L, 9 RMIERoKEE 2 &, 1992
FEIIEENATH - 7208, 1994F 13F L < Sk FE
TH - 72, 19954 & 19944F & [E Bk I S /KR THER L,
19934F I3 B4R 12 72 <RI THERS L Tuhiie, 19924E CK
BB &S 19954E (WD) Bk TAHBIRD K& 75#
WIEB W ER S, FITk BKEDESKIELT L bR
HIFE O A R E AL T0 S ERHlrE Nz -
12o TZEFABIIZOVSNOEDS 7T~ 8 HOEKIE
WWHEPLTOVWE T L, KR - 7219935 O R AE /N
BitE - 7o T & 6, BORWIIT 7K O HET O R 12 7R
IR L’P@LL\ EEZ % (Table 3 &),
WITHENITDVWTIlR B &, KEBERAEFETDH 3

19924 (3R AWM T, BKkEOZWIET, Hobd
LHTED THES L1co Lp L, AR KBRS AEET
H > 12 19U4F BB EKDETH -y EHIC
1994 EFE U LD wwEEs (hoEil) TR L.
19954 (3T A T, BokEMBZ <, Lo bEESD
THERS U 7219934 3/ NI R AT H - 7o (Table 3
B, TOTENS, KEEFREIG RN S B
TTHAELPTVWEOD, EIES OFITIRE OB
KRELBBERBPESB WL S TH B, TRIHEZICI
REBBAENDGEL, AFEICHEER LTV SD
JEAE A U TS &Fﬂ&&Mmmﬁﬁfﬁ%ﬁéw
HTh b, HE-T, 1992~19934ED & 5 ICBE/KE A HE
WICZVEZRTIE, BRE IS ENATNA
BB RO EZEREAG L TVWEERERLDS
Nh -1,

BRRKBEORELRBRLE L OBEE

Fig. 21T H. circularisquama’ iz &% 5 AR
DT (Stn. 2) 2B T B 4 4 FEOARIFIRZEDHE
BERLI, RERTLO»2 LB, KEELIRE
MFEAE L 7219924F 8 & O 1994412 13, FREIFEAEN R
12 2 mg /LU T 0 M\ AR R0 FE A B D &
NTWVW 5D, WITHRE DD/ NS B> 5 7219934F & 1995
FRAFE SRR O R EED SN o, &
DT EDS, FEBICIBT SH. circularisquama® K
R 2 A & EIRFIKIE D F i & MR BE L T
5EFZAON DL, —MRINIT RIS IRET O AT 1E
FERNIC & B FE LA & OREIR O L AWK D F
HICXDERD S OKRBIEOEHMAES DTV S
EEbhTVE (R, AL 1969; iR, AL, 1972),
O LTHo SN2 BOREYE ZRMAEYHHH)
M4 52 &T, REBLGREBEESEES N TV S &
ZZoNTWb, H circularisquama® 5, KR
MEZ I - 1219934 138 L A/NBIREIFEELETH - 72
C&, HWEEEVIRATNIDIEE A ESWIHE T
IR BRI KRB L, BEE XD %(ﬂfﬂl’éb) 5

Table 3. Environmental conditions during the red tide due to Heterocapsa circularisquama that occurred in
Ago Bay (Water temperature and salinity were obtained from a depth of 0 ~ 5 m)

Year Range (mean)

Water temperature (‘C) Salinity (psu) Precipitation
Range (mean) June~July

Heterocapsa circularisquama

Bottom oxygen red tide scale

1992 24.8~30.7 (27.7) 33.2~33.4 (33.9)

1993 92.7~27.1 (25.1)  30.1~32.6 (3L.7)
1994 98.1~31.6 (29.5)  33.1~34.1 (33.7)

1995 22.8~30.2 (27.8) 31.56~34.2 (33.3)

<2mg/L Large
2~3mg/L Smale
<2mg/L Large
4 ~8mg/L Moderate
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B e s s s FlicliK(kFLTWwWa EZEZ oM
(LA, K, 1999), = oa, KET~ F oBoi
TEHCEICEDIET EMA KNS bIcoaNn 5
EHRR) VI EOREYED, KB TORBIEETRE &
FEHRTDEREL-TVWEEEZ SN D,

PEEZ P Dy P18 EREE « EaiE 0% < ORE
THIF T HREEYE L TRIAHERE Karenia
mikimotoiDBHIS L T\W5 (JBH, 1935; Honjo et al.,
1991; 1A, Kb, 1999), IS (1966), Six, AIL
(1969) BLO/NRS (1994) MWEEL TV D LD I,
AT D IR &R D B TR /K D R & E e i B
LTW3, &5iT, AMBEKIESREIZKIC BT
BT bOEEL O IMIEICHEBERD ) VI ERKE
WoOMBILFICEE o BRWEEZI OGNS, BRZRIE

Fig. 21. Temporal changes of vertical profile of dis-
solved oxygen concentration (mg/L) in Station 2
(Tategami Inlet). The data sets were obtained in part
from Mie Prefecture (1995).
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Hirayama and Numaguchi, 1972; &%, 1974; P8/,
1985; Uchida et al., 2001) ®#ME=ESE CHilE, 1973;
Montani and Okaichi, 1982; Okaichi et al., 1989;
Imai et al., 1996) KW EMETICETINDILEEZEAON
5. 6T, BIEK, AL (1969) »fa%Ed 5 £ 5 i,
[KE/KICZRmICE N WAL 73 SHERE TS
rHEER@BEWED LD, Wicd L — MMEM TR
ZlRELIZD T EEH M SN TV S, H circulari-
squama S RIRHEKTUTIEAET 5 L NIV O T E DR
ERIEAIIH S TV 2 O RIRIE SV E D0, ik
BT ALY ORI ESE T & ORI LI
BRI N TV B AR T ICEA 5N B,

KIREFRFARE LMERE & DOREE

Fig. 2212 KBIMFRMBITE AR T b - 72 19924F & 19944F
DEJEIKESB &L PH. circularisquama @ BT % ff
LN EZRT, HEBEORHE LT, HRFKHEO
FE R 1 B RSS2 THIK &9 5 L ik O ShiE R
B 5 &, TOHRI0~14HEREE L TH. cireulari-
squama PV EBICHGE L, A& - TEREIZ I
TAHIEMEMEN G, HEBICBWTE, BEoMT
W b B RO RO AR B & — I 5O SR E AS e
W5, 25 LAcKRE&MHis s s, EOfshilic
BIOL T aARETE, EIESOREKRMEIHL
HEn, icssr o R EKDOEAN « BEADFHET
3 (ZEEKEHM Y 2 —, 1994), 19924F 8 £ &
19944E O KEIFR A ERT X, C OHRMNK L O
BILETRBEE, DI RBBIRBERMEL TOi,
SN Fig. 121275 L 72 19924 0 5 M 12 55 13 2 B4 )
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Fig. 22. Temporal changes in water temperature at four different depths and mean cell density of
Heterocapsa circularisquama (0-5 m depth) at Station A in 1992 and 1994. Arrows denote the ty-

phoon events.
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I REOZL» 5 b EA 5, Tk, HEH
DFEIC K » TERICEEH/KPICER SN ERP
) v &0 o ISR EYE P IR EY R 7S &
BRI OREE TEL, THMBH. crcularisquama
DO TERICHH & TR AR U 7o &8
Wranic, £/, BRICX2BEEOEEMLE, &
BN e EBEZON L ATOIIHICE > TE DD T
AR o LTSN B,

i/ NiBTIE, 198848 A MJic Kl ciEM kD=
LIABBRMBEC ©, OB TENERKPREHE
TETEE LN EPTEINTVWE CRsD,
19D, COBENKDIEAT, ThETHAELTWIE
KR THB L2 EwWS, TOERKRD 9 H
IZH. circularisquama DRI FEAE L TWAE T &b,
o/ NBITBOTS, JREFEA RN HIRFEKBE & ok
DEEPFIZE SN TV EDBFEZ B, 19944FE1C
REARER ORMZE T L2 H circularisquama O 754
OFGAMENIC b, MOEIC X 2K EAIE R ST
W3 (EHH, B4, 1995),

%72, 19924E1310~11H O fKI Iz R M EIE S v i,
C OFREIFNHC B R OMEE IR SN h - 7o ds, KR
TR A, HKPBERIC s hTu
T &5, MERIEHEKORIFEFHEEL TV EER
N5, < DIRMEEED 7V — L7505, BKEDFEER
KOS ELEE 4 & AIcEiEdT 5 S E b
TW3 (Bl A 1 FMargalef et al., 1979; Smayda and
Reynolds, 2001), #EZEIZE T 5 H. circularisquama
ORI I EICETH 5 728, BB H 5 VI3
» HEWS =7 v T RS kg O FEE D
EHons, LaL, BEZTDSDEFEIC X 2L
H5bDODHANNTHFRD RSN EHARBRTHD,
INETTHREEEOHEEBE S 2 L3WETH
5o Selcaliic k5T, AREFEAER OBRES 2 BED
THIEGE, REFEA B OSER ISR X 52—k
1735 i D FRIE DS, R REIAAICE RS LT
B5EEA B NEDIFEZEMHEE L TV 72199341995
Tl LANMIBETH sl &b b, —RR
MEREAICLDIERED S5 ORBIEFEOHMB I AREICE
03 RKBEREICKETH S a3, K
mikimotoilCHB W T &, KENEMERIL L 72igEics
W, RRERE S SR OB SREET 5 &, RO
FEPEESIN L EMERIIN TV S UNRES, 1994),
F 72, 1, EH (1999) 13 FHEEIC B 1 % Alexandrium
catenella® 7 )V — &8, BLUWNE 72 i3miillic k - T
ERA 6 ¥ R b RREBEBZ EPREMEE S N R
AT 2 T E AR LTV B, &51T, A~RA vIEE
#dRia de VigoTsh, MEKDEFAL TR (down

welling) O FHEWRFIC, Gymnodinium catenatum %
TR E T 2 iMEEE DO RIS 7o — L34 5 2
EniEanTVsd (Fraga et al., 1988; Fermin et
al., 1996), Margalef et al. (1979) ®Smayda and
Reynolds (2001) DY % & 2 MEEFEIC X 57K
HLEED LRI K 2 MM EEFEOERE VD B
E, 777 b YHBTERRICIL T RBEE T
BOWAEPNZ Y 7 P 5 EWD RN ER E RN b
Thbd, LhL, BENHELRI TR, OO
Ko BERE~ oM L IoREEMEP R o0 5 —H oD
R e bR, EED S BRENOREHEME KT
L2, W75 v by OBEZODSOEFRAICTK
TLTWw<, E->T, THETFTIIH circulari-
squamazRiEi D K 5 15 IEFEN) T RBUE 72 IR m A A & Bl
4z t3REETHZ, COLHIT, BEBICBY
ISR D X 51, B BERE &k 2 MmER
Gk, ERBICEEICERS NICREYE L Ehih .
FEICHEAET 2HERBELECH I TREICHHBEINS
C&T, REIEEREAHEFEs N TV S LHfrs 7,

H. circularisquama D$HEM L HFHEIL

YEE B A HGHEE L, T aidncEE L T
S, RO EKEGELRIC L > TR S C
EDFIE S NI, 19924F O E 5 19954 13 Sl %5
JE 5 ~TmPlIEICED o5 10 & THRIEE IR
Th - 7ch, 1992 DAL 1994413 0 ~ 2 mD EK/E
TAM O EHIE R MRS N 5 [RgERm] <
Hote TOXIIT, A UAEYIMIE UK TR %
ik L 72ic bty O KRN B8 5 B BLIRZE O,
4 n FOPEDFER D S, KIS MR D
SN BRFERMOFEENIFFICE O, Hied 2HRE
N EDOMIERY 75 v 7 b v OEENE B BK
WEHIlIENE &, HEVEKIIO XS ICHEEN
BEWHTth-7, T ENS, H circulari-
squamald MBI IT G U825 5 0 fikiEA 2L s ¥ ¢
WBbDEHEIND, T/, REPHIcEBIIHh
L, &ML B h I CIhE» SIEEICHH T
rEE b EIE I TS GkH, FAE). LS
(1998) b &qiE I L H. circularisquama’n’ H
7% & I R 72 B3 I AT D SR B 78 s b4 5 C
ERIER LTV D, T LEEOKETHIERE D
il R AHRE, oM EAFRHEICBLTOIREIN
TW5 (Honjo et al., 1990, Koizumi et al., 1996;
B 5, 2000, hETHREZEKLPT W &
(Honjo et al., 1990), MEZ I X 5HKENZEAL
95 & (i, 1994) 75 &F, K. mikimotoi & HtaE
ERRI=VEAN
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HEBICBT2HWREEE -7 51~2BTR
UL 5, AEMOFHETIE, SRR A
THEHOBEPED SN TE Y, REFKRFICHEDO
BHEZPEZTCVWIZERASLTH S, Fig. 231
1993~19944F 1/ F TOH. circularisquama & K% T
B 59 2R EN 75 E Chaetoceros spp. & O HHE Yy —
vAER U, REo2MAmE U cBE T, B
F1Z Chaetoceros spp. & H. circularisquama ORI 2
o hiambaBERsEvonsd, 9bb, H
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MU, COREFIKEICEB T AT Lok
TCHET 2EEAEA 72, CoMARThIEEY
B, FEEEOBUDIRAN S WEERBIR S R# £ ©
BLIENTEESA b, HEHOERIZ, FIHE—
WWEHB OB DHEL T & T, BREDFEE XEOEK
AL - ERBEEE LS 2 ETlEREI STV
LEEZ NG,
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Fig. 23. Changes in the cell density of Heterocapsa
circularisquama and predominant diatom Chaeto-
ceros spp. in Ago Bay
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W

W% GH. circularisquamald 95 LIcERE F T
oA - 18T AHE 12 B LTV A (Yamaguchi
et al, 1997, KIERIETHKENLEZELL 2> 12
19934 I EIHIc B W T SEEEREN T Bk L, HR
P H. circularisquamalIFERTR G ME T Lo BREE %
HOOWIED 7e DI IS T 52 ENTE M-
foo TOXDIKEMICBY 2MEORERE 3R -
REFEL b ->TVWE EEZL SN L, HEEOEXD
IREIHEEER O BEE A IE T 2 BN & LT, KEHEE
W& BEG DM, TLroNy - EOREKGFEL B
HboTLibDEHEENS (Imada et al., 1991;
Uchida et al., 1996),

H. circularisquama O BRI SRS D2
bEET HMEND B, WEDOHEICLNIE, Hetero-
capsalB WA TIERT 2T 5 v 7 v E LTI
H A7 HBERIC SN TV 3 (Uye and Takamatsu,
1990), 7z, H. circularisquama ®H ISR E D
DL LTRAMEMERNPBICBE T ONTHED
(Kamiyama, 1997), =15 O (grazing pres-
sure) (3H. circularisquama®fIIAEEIC X > TR
CEESNSRZITEL, HHEICL > TRPTHBES
550D b b5 (Kamiyama and Arima, 1997), 1995
HEITH. circularisquama JREFH BRI, GiE@ERO
—d Tintinnopsis 7 & 16 individuals/mLEIEE & 11 7C
ENHY, HGTOMAEL L TEHOV TV % Akl
FHaicd s, —4HT, HEEFENEMERED—H
Gyrodinium dominans\3 H. circularisquama @ 75 i)
KT & = (>200cells/mL) THE L, B
5MITH. circularisquama & L TW 5 A 2
KON, LrLENS, Zokezzof A
VF a2 —XN—F —thTHFE L 7008, W O E
4 HRPPEREED £ £ Th - 72 (Fig. 2021), 772
L, BEEERBOREMN20TCEHE XD 3 CTHEWEMLT
botcl &, HEHOBEXPEDONILIERENS,
SR OFEEREENLT LEEYTH >t EFFA M,
Lip LA s, EFmAEERIER» G FH TR
IREOHBICEZICEE L Tw s T EMEHsh T
% (Caretto et al., 1986; Nakamura et al., 1995;
Sampayo, 1998; &2, 1998; Matsuyama et al., 1999)
&S, G dominansH. circularisquama 9
LB OVWTRI SBAMIMBMETH A5,

Fio, —EOREEYNITBVTE, NI TV TOY 4
W2 EDOWAEYTRIC I 2EELMESNL TV S (B
IS, 1999, 45H-5 (1998) H. circularisquama’
Bt 257 7 ) 7TIKoLWTHAL, Th S ofMfask
ERIFFICEr -l E2MELTVE, EREFS
(1999) 3 H. circularisquama’ ¥ 9 % & 4 g 7K



H. circularisquama 7RO R X O IE KR I8 T 2 BRESEEAE O fih

S0 EE L 2 OERERH TV LA, Thicks &
BAEAHE I H. circularisquama’ 554 1AL S B % RE
TBEL, WA Z T H. circularisquama D% < 13
—HeE s 2 MRTHEELTOWEEVS, LALEAS

O LY & H circularisquama DHEITSWT
BAL S, SERFFIICHRET T 2 L0828 H 5 5,

28 JLBEICHF B Heterocapsa
circularisquama & D FEHEIRE

5BV M N E I AL b, OSBRI
friEd 5 IbEPimiEE, BME SRR - MTHEICX - T
XU oh, BEREREED T —HE2N L TOHiEK
WS B E DD THEEOMWBETH 5, 51
C O 0BV BIRK OB #RICE, RET AT
1505 ADANOZEIA, & 51, KHEIIE DRI
MRAT L, HENETHRKIREICRO TERE
(b2 EEFT L AR LR OFRENEZ ViR E S 5
CRF, 19990 JEEE T RiBRO R ZTE» LT, 400
SELL BRI & 7 F BV BEA I THOI TV 5, FFI30
SERDIBEIG F - 2R FRE O IO 37 T AL E
Bo@RE(LEL LSO LIcbOD, /1 FHEIEIEE
DYUBHFETTNSEHFICLE > TEREL, BETE
SETEGO 5 ~6E DA+ NI DB THEEINTV S,

KA TIZ1969FITAFRTHI D T Chattonella antiqua
DOAREIHFA L ORK S, 1973), %D & Heterosigma
akashiwo*® Karenia mikimotoi % EAK & 4 2 JRiHS
FEFRELTOVS (E1l, 1986), 2k 3 FEic st
L 72 K. mikimotoi 753113 fSEZ iz 12(5H & o ift
EWEIAE Uz, L LS, RBOKEZEDFL
TdhdHFEMIT, N TREOEEL KNS
T -1, TN, HFZ0dOwIREEY
LWIEE B LTV b o, FREMsaRELTd, &
B3R /K P78 & D RIS BRI A FEE L7 VPR O HK 7S
HEMEEA WL BB r s EMRE VL, LL
5, 19924F LI (3 A & i B B Alexandrium
tamarense® 7 — LI L B0 F 9T H ) Ol & H
ffg ik, 19954ELIME I3 H. circularisquama D FRENT &
LHFRTH) ORKBRENHG L, GERMEDICL S
H R EHER T ) BIEANOELIS B AR L L T &
720 H. circularisquamal & % a2 E 13 BEl T501&
MygicE L Th b, RiBEOH F BRI L TEEREM
BHEEREL TV S, AEiCRIZEEICB VT, 1995
~1998E D AEM O BIGT S 2520 L, S & g L
IS G H. circularisquama 7R O FEAE & i & © B
ICOWVWTEEL T,

49
MRELUHE

FREBKDITKE L ViEREDOEA

TREN R i O BRNZ Fig. 2410R U 72 REF T 12 AL
9 5Stn. 1. OKE6m) ZHuliciT » oo ANy
KR DEIRL 775 3 mA A 2 78 &, il & T
TR 7 5 v 7 b VPR E K BB 32BN NH 5 C
ED 5, BRI REFEIAIREF ORI 2 R PINICIT -
720 1995~199651%, [HHJE LTKEO, 2, 5m%zE =2
F vkgs (LLTLE) 2HOVTEIKL 72, 1997~1998
I TIRNE2mm, £ S4.5mOiHE + — 2 % i
fhoMmEICHTEL, 0 L2 T L TEBRL T
B LB ETERIKL o,

1~ 2 Lok EEKE, BEHICENICELRD, R
BMARTA F 75 R LoiKIcGEENE TS bV
ZWIMBETREE « St L7, 38, s —2ZHV I
KikDgE, HKET XTI ADERICEELTH S
TEDD, FHEGEEIT 0 ~ 4.5mOIKHETEIYEE (B
ELTERENG, MIEEEDN 1 cell/mL%A |- 7o
ICiE, 5~10gumdero—x72F—FED7 4V
= (Y R7—t#l s L FHEAMEED) %2385
Licpgsz v, fkho 5~ 10 gmbl Eoki1
HorZ2BEENALCREMRLZ a5, 1990), BEfE
E#%ODH. circularisquama O FJFEEI ISR X D B
AL « REL L TV 2 e bEENREETH 5, DT
Y, K E R D128 A4 787 L — M 1mL
ITONHE LK, —22°CHDA v F 2= =i
L CHEIIc 2 b T 2 D AR - 121k, AR D
FEEIT - T

BB, IKEBICBT 2HAEPRH. crcularisquama Ll
S\ D Heterocapsa ®@MPIRAET 5 T L bFITH > 7o T
Mo OFZZREFHNCEE S 2 1 3 PilR s Lo
RO WZHT D % 1 (Horiguchi, 1995; Iwataki et al.,
2002b), VW—=F vE=F) VIR INS OWERITE
BTV, MR EAmKICH L TIT-T0w5s0DT,
PUNoRsuc S W THE OB ZIT - 72 - T, C
CTEILSNTWBH. circularisquama DT,
Z N S BlfE Heterocapsa J& 13 & F 11750,

Heterocapsa triquetra Stein: Hfg+ 4 X 1$18~35
wmO#EPH, FREOTEGS X O FEO®BIEO VTN
Biflics > TH Y, H circularisquamas DX A
5TH b, INEBICE T 2 HBEREG FIc&f\r»r 5K
WichdTcTcd, H circularisquamad (3E 575
Vo F vy RERTHT, WA P LS
Wpkd o
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Fig. 24. Location of Hiroshima Bay (upper) and sampled stations in Ohno Strait (lower)
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Heterocapsa cf. lanceolata Iwataki and Fukuyo:
MlaE & 1313~25 um& H. circularisquamal HLis
T3 ERRNE O, AR HHIR TTER BN 1 -
TWa, P EiclNs EF LV, KiERT
B4 5 & Tkt A AL KA TH. circularisquama
EREVDT VA, (R R THETUEERICE -
TV ENMERTE 5, HBIRHERT~9 T, H
circularisquama & RAES 5 2 & b2\, H. circulari-
squamalZFH O F v v FEENCHUOITE 2R T
B 378 <, ok 2 2 € — F 2 2iic 21k
IELIEDPSXBNERIEET D B,

Heterocapsa cf. horiguchii Iwataki, Takayama
and Matsuoka: fllfiDE &1315~28 umfEE <, H.
circularisquama & 131316 Uo  ERRTHIG S 2 R84 T
TR H AL - THBY, H circularisquamall i
SHMT 5, il NsPPE TV &,
ISR ERWIco, HEHESHIRR» S8 134 H
LEcHIR 22T %, vy FEBEIRAONENBHTH
5o E#E ISR FTIRBER IR vk L, Ra &
BICZAE—FZ2 L TRS T EDH B, BRRKITIKERE
THEINE I EBEZ W,

Heterocapsa cf. rotundata (Lohmann) Loeblich:
MO 1310~25 umE/NMETH 5, LRRTELG D
P REF T FRLE S - TEB Y, H crculari-
squama \ZFHL T 505, PO K& 3D Lakic bt L
THELNS VT &, @icRoBka s X 5 kg
52 &R ENSH circularisquama & O XEE+43 0]
RETH 5, AW O cBIR s 2/ NUHiE#RD 7
W— b, HB5VEEMOBERICES N3 EKEOKE
SIKHICARZ RSB T 5 2 &03d 5,

Kk, 1643 13CTD (model NS-3P, Merbabu trad-
ing #E) AZHOTHIE L/, REEHE (BEEER
ZEFIE: DIN, /BFREMERS Y ~3E: DIP, HiE: DS1)
DRFEF, Strickland and Parsons (1972) @4
U, HEVHESE (TrAAcs800; 75 v b — ~¢k#l)
EHOTHINE Lo sk k% 1 RPN 120.45
pumd Y v Y7 vy — (HEARGED) ©A8E,
T E T —20CLL N THES IR L 7co B> 5 ZHIC
DT THRNEHOEENRSWES I T v E=THIKRHEL
THETHZ RIBERENEZ ORI EN S
(Montani et al., 1998), JEARMIZ15~20um®D 7 5
VIRV Ry FEREPMOERS EEUKEAB L T,

KR T — 5 FKRHIRE AW T L 7,

19954 R IT1Z, H. circularisquama O BE5EEE

ZINB 0, 121 HICEEK L 0moiEks, H
G0 umDF A mr Ay vaEZHOCEY TS Vo b
VIS EORMEEY RV, =M 7 5 2 312100mL
SE L, BRERE12hL: 12hD, 100 £ mol photons/
m?*/sOEERTA vF 2 X=F =i Ui, Bk
HTOKIRIFIATC, 4 vF 2= —DHERER
15CTH - 1o ML L RBREOMEIREIB LT
B HITIT = 7o 19984EREAIREIC &, H Rk 3
LESLADEY) E—H — I NA L THEKETH 5
215CCHEEL, Toho7rs v s v viEKE (MaH
REL) FRENCEE Lo, BT BRIk %
ZOF FHEHET S [intactX | &, 30pgmdD A v ¥ 2T
KO 7 5 7 b v ERWE [sieved X | OHfi
T 12,

L] S

19955 E H. circularisquamai=iEl DHER

FREDHER

6 H~8 Hicin i Tl 1 [RIFERE D iR & 50 L 7223,
H. circularisquama (32 RSN H - 72 (<1 cell
/mL), IW®ITH. circularisquama® i FkiH D H3 HEEE
SNDIF1995F9 H 2 HT, MIEER T 2 cells/mL
Th -7 (Fig. 25, L L, FHBIUO—HEE%KIC
[E]H A A2 B L 2ok 3t s i - 7o, Z
DORILNERKERBESGOHEICKID, 10H 5 HITER
BT AHISE (Stn. 120 SIEEA I ~NF920km)  TT0 cells
/mLOMIAA RIS Ui, & 51z, 1189 HIRHY
Stn. 1 T314cells/mLTHELL, & OBAKE A % thil
WAIa= R s U, 11H 10~12 H B 20 1 T 43
THREIZTER L7 (Fig. 26), R#lo v — 2 311712
~M4HET, COWROMIERE IStn. LiItBW TR
1,600~2,100 cells/mL O i & - 7z, 13HITStn. 1
DIZN o REFHE A s ¢ 7 - 72i& T, 1,300~6,725
cells/mLO#PHIZH - 72 (Fig. 26),

Stn. 2. (FAkHise) icsw<id, 11H20BOEET
9,000 cells/mL D fHIAZE AVFLEk S 7o, T ALIE19924F
DO FREIAR TR & VIR T H - 7o REFHET O
hTd, FEHIED, S ILAHIEIC T CoRET T
FrICHIREE 2 & - 7o H. circularisquamalZ £ %
TR B KT 2 Bk Lotk 120 7T HED» SR 4A
IR RS D U 7o iR Il vkiiia 2 iER8 L 7o o
&, 12A27THT, COFOMIE%EE 130.0105 cells/mL
Th -1,

ATED RAHENICE, NAF o (FHiaiEm &
EEMBEEAE L, BEVWOF kL TR 551.3
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Fig. 25. Changes in water temperature (open square) and cell density of Heterocapsa circularisquama

(closed circle with solid line) at Station 1 in 1995
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Fig. 26. Temporal changes and horizontal distribution of the mean Heterocapsa circularisquama cell
density (cells/mL) in the water column (0~5 m) during the red tide periods in Ohno Strait in 1995



H. circularisquama 7R O FEH 3 X O DAL IS E T 5 BTN o i il 53

~125% OFIPH TEE S i (BRKIE 9 ~168F i 0 1
THE), EITHRPOMIEZBIZE L 2D i312H22H
T, ZORORRPOMIIDOEIEF2.9% TH -7z, 12
H1HIZERKLICEREREZ, —BEE L 3ERLC
I5COA v F a =g —dufiE L T & lE
L7c& A, 1 HHIZ0.26divisions/day, 2 HH1$0.16
divisions/dayZ 7/ L 72,

H. circularisquama®IKF « $REH T

ARIC Xk BiRIOETRIE, TRiT» OB FRDIichH
FCEAFETH D, ZHLREE 0 mTOMAAEERL A P
LGB LI Th -1, i, ERKOED (HHE TR
teEOBFENFETE 5) 3RE DML 700
cells/mLVL E T Stz 2,000 cells/mLAi#Z %
Ly EHZVRIITOLD BIEELSKEOEEL
TWiz, BRKEFICE, AMEOERMEE, 0~ 2mft
TNl cui (Fig. 27,

Fig. 261z, ZREIMIRIR O H. circularisquama® 7K
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Fig. 27. Changes in the vertical distribution of
Heterocapsa circularisquama cell density at Station 1
in 1995. Closed circles denote the sampling depth.
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Fig. 28. Precipitation (mm) in Hiroshima City from
1994 to 1995. Data for the mormal year' curve is an
average of the 1961~1989 levels.
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96 & MR TR > 72,

RIS FEAE L 7 IR O KR 1314.7~17.8°C D #ipH i<
b ot (Fig. 25)e FAEWIMD SEEIICH 1F T DIKiR
3, AFENZ L HHLTWH0~2m/ET15.7~17.8C
DOFIPHICTH - 7oy F o, MIEED FEEZ LD RO
KR IZ12~15°COFPIC & > 72, 4P ZLh D% ik
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Fig. 29. Changes in the net biomass (mL) in the water
column (0~10m) collected using a 67 £ m mesh plank-
ton net. The sampled sites are given in Fig. 24.

Fig. 30. Microphotograph of Cryptomonas sp. co-
occurred with Heterocapsa circularisquama red tide
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FNZEhoKkiRiE, 11.8CHLU11.3CTH > 7,

oy 3R AR IR TR 31.7~32 2psu D I & - T
REREFNZIRES D > too RFFESEL, BKED
FHLL Do fcicd, FIF BRI EENML
LTWi,

AR, Stn. 10K EUR O SR ESEEE 2 1)
&L 7GR, DINAS7.8~12.1 M, DIP#50.09~0.14
uM, DSini14.3~14.1 y MO &iHIz & - 72, DIND &
BT bl U CDIP D A AR TR <, DIN: DIPELAS
68~121L G B> TV, TDO KDL, AFEDOIRE I
) v OIREDHENARWIREETH » i b ib 5 77,
HRBERICFAE L T i,

BEEMELUEEE

H. circularisquama 77, HEHOFER 3L
< T100~200cells/mLT, & A EHEEIE 2 NL
FCh - to Fig. 2010 HAlise s & OH AR B 1
5757~ vikBREOHEK ZRT, 9 H» 5100 %
TREWEOIBENBIEI N TE D, CORHIEE
BN L CWicbDEEALSNE, LerL, 10H
BEPOTOREFFELLEDL, HEEDLE LS
7 vy b YBFEEPRE D LI EDHEIZ 5,

H. circularisquama ® 7 @K Hic &, Ffa 20
e mj % TRHEIR DO E % L 2 Cryptomonas  sp.
(Fig. 30280 #310°%cells/mLOBE THEICEAL T
120 © DML §EE A Prorocentrum & (P. dentatum
B L OP. triestinum) H10~50 cells/mLIEEETH - 72,

HEAYICOVTIE, FRE O ZE U TieEREN

PATIEZES

#iE#E T b 5 Gyrodinium dominansd L < 13 Katodi-
nium sp. i TR0 cells/ mLIEEHE S NI b DD,
PRI 5w, £, H circulari-
squama® fIfAEE OBk & OB R S N h - 72,
F 7o, Ak - WO BRI R IEE ITE
BECHERS LT (<0.1individuals/mL) %5, # 4
7 VH130.1~0.3 indivisuals /m LOEIFH TELE L TV 72,

1996 EE D H. circularisquama DHEFE

IR DHERS

Fig. 31119964E D H. circularisquama® HELR I
o 19964 L EE TIH. circularisquama @
AREHFEAE U I8d» - 7o Pl 1 ~9 HE T4a<
BlEINL D 5 1o WHHHENIZI0H 14H120.009 cells/
mLiE®» 6 ic, £ D%10H FAF ©0.002~0.007 cells
/mLOFPHTHERS L7tk 1LADBRRBIShis -
7z (<0.002 cells/mL)o
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Fig. 31. Changes in water temperature (open square) and cell density of Heterocapsa circularisquama

(closed circle with solid line) at Station 1 in 1996
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Fig. 32. Changes in water temperature (open square) and cell density of Heterocapsa circularisquama

(closed circle with solid line) at Station 1 in 1997
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Fig. 33. Relationships between cell densities of
Heterocapsa circularisquama and tidal differences in
Ohno strait, Hiroshima Bay in 1997. Tidal differ-
ences correspond to the daily height ranges between
high and low sea level. H. circularisquama popula-
tion increases during the neap tide period and de-
creases during the spring tide period.

REEY

T~ 9 HIZH F TldSkeletonema costatum, Chaeto-
ceros spp., Leptocylindrus spp., Pseudonitzschia spp.
75 & O HEFHH200~3,000 cells/mL D & EE Tk L T
HIR L Twiz, 8 HhfiJic Karenia mikimotoi® 7R
MEE SN, mEfllfuEEE 33,380 cells/mLTH - 7o
H. circularisquama OARFERE HEI Q0H by 511
HLEAE T oXHEHY) 7S v b VIS, costatum
& Chaetoceros spp.Th b, Z1Z1130~1,200 cells/
mLO#EPHTHE L Twic, ORI TR BB
LI, BEAEDFHUED 1 cells/mLU T TH -
72

1997 EE D H. circularisquama DHER

FREDHERE

Fig. 32 1T1997T4EDStn. 18 5 H. circularisquama
DR EE O 28T H. circularisquama @ l# ik
ffaE 1 H ~THEcaliiithanzh -7 (<0.01
cells/mL) . FHNCHEIKAMIL %= TR L7013 8 H22H
T, fHfSEEE 1eell/ mLTdH - 7o T DH%RI0H T4
FCHMERO B LB OHER Lz, B 1MHD E -
7139 H13H THINE%EE 13176 cells/mL, % D %R
MO LT, 10H#% D 9 H19H 125.4cells/mL % T
WD L oo iz U, 9 A26HICE 2 [MHO B —
7 (43 cells/mL), 10H15HICE I RBEHOE -2 (113
cells/mL), 10H26HICFE 4 IHD v~ (Greiili
WETH 5263 cells/mL) ZFEk L 7ok, 11H LA
THE Lo CTOX DI, 199TEE 3B B4 2 ERHE
THEIICEE) L TR DR L 72 (Fig. 33), BEA
EoiETEDAEMNS XS B (>1,000 cells/mL)
RO 5 NE - 7o, Fig. 34ICTH. circularisquama
DiRbEHVEETHEL TV 9 A N~ 511H M
W TOREET T8 5 H. circularisquama il
HEE (0, 2, 5 mDFIIfE) ORERFHIILIKE A% 7RT .
108 i) & i = raeEB < 0 ~50 cells/mL O Hi ¢ HY
B cwiess, 10H20~22H i< CHiF rvEEs
NFETEAEL, T okESEERHENTE OJLdiic sy
e I LS o8 L 7o, 10H30H LIRS 13 fkRTic
UL TIAHIRA- TIEEA L DK TR L 7o

HlEUE 9 H16H & 9 H1I9H IR B A ICET L 7,
COERIN» S H. circularisquama O MR (3 18]
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Fig. 34. Temporal changes and horizontal distribution of the mean Heterocapsa circularisquama cell
density (cells/mL) in the water column (0-5 m) during the red tide periods in Ohno Strait in 1997

Table 4. Concentrations of DIN, DIP, and DSi (¢« M), Heterocapsa circularisquama (*), and diatoms
(cells/mL) at Station 1, 1997

DIN DIP DSi . HC* Diatoms

Date (M) (M) (M) DIN:DIP DSi:DIP cells/mL cells/mL
15 Oct 1997 3.4 0.61 17.1 5.6 28.1 113 866
16 Oct 1997 4.8 0.68 19.2 7.0 28.2 50 517
20 Oct 1997 5.9 0.74 16.6 8.0 22.5 5 205
22 Oct 1997 7.6 0.90 22.1 8.4 24.6 14 228
24 Oct 1997 3.0 0.44 11.9 6.9 26.9 180 1315
25 Oct 1997 1.6 0.30 9.7 5.3 32.5 263 1472
27 Oct 1997 6.0 0.77 20.7 7.8 26.9 103 1086
28 Oct 1997 4.8 0.70 22.6 6.9 32.3 144 1339
29 Oct 1997 4.2 0.63 21.9 6.6 34.8 82 1022
31 Oct 1997 2.6 0.60 18.1 4.3 30.1 4 1622
4 Nov 1997 4.1 0.55 11.3 7.4 20.6 0.09 195
7 Nov 1997 8.1 0.81 12.2 10.0 15.0 0.04 104
10 Nov 1997 6.6 0.66 13.0 10.0 19.7 — 153

13 Nov 1997 7.9 0.71 11.4 11.1 16.1 0.04 02
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— --4O-- Cryptomonas spp.
= °
£ 100 lo
3 K
8 10 . e Ao
=2 galinn s o
2 1 - og e
- AR =
3 ] L= el
' 0 .o,
2 0.1 . i
Q - b
O = GO
0.01 1 . . - . )
J A S @) N
Month

Fig. 35. Changes in cell densities of Heterocapsa circularisquama (closed circle with solid line) and
Cryptomonas spp. (open square with dot line) at Station 1 in 1997

T 1/33F TR L oo

SEELViER

199655 5199T4F I 11 €, ZMIKIE I FEAEL 0 0.2
CrEdicHifs Lico AH~10H £ T8 L TRKENIF
EXD 2L, PEDERMBEKREEZTLY LR - T,

KA O HELAS /L S 72 HART /KR 1318.5~27.2
C, HH701325.5~31.dpsuDHiPHIZ b - 7o, EHKFIIEA
HgH) & (>100cells/mL) IC@iIZ & L7z B o
K13 21.4~26.5°C, 1§57 1328.1~31.4psuic b - 7o,
Table 41 PR By % B B L S e 10 H dhag »»
SUAPEHE TORBEONE- R AR L fo KEE
[ZDINA1.6~81uM CF55.0%+2.0 4 M, n=14), DIP
70.3~09 M CE¥E0.7201uM, n=14), DSi»39.7
~22.6 uM (F916.0t4.4uM, n=14) THEHELTL
720 DIN: DIPI(34.3~11.1 (7.5+1.8, n=14) Tdh D,
12 & A & D CRedfleld b Tdh 216% FEl-> TW 7z
73, DINODEEH» & W L CEHZ DG O HIFRK T 12
o T ERHWrE g - 7o,

KEPHFA i L 7o KT BllET o &R L hid,
BEMSFL L C0ic 9 Hld~16H Tk, HY¥Y
JiaH2.7Tm /s % K & < _[[A] 5 5.7~7.8m/s D bALE D il
MR LT, SBlclb~xick e, oA
circularisquama D fMAEEE TR & D LT
Lo, JbFD oEIT & > TH U IRERICE - TE
AN sEonicbo L s, £/, KEFH
FTHNN TATE D 5y B KBRS F PEEB 2> & AL AT I 48
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Fig. 36. Relationship between Heterocapsa circu-
larisquama and Cryptomonas sp. in The Ohno Strait
at 0, 2, 5 m depth (Stations 1~5) on 22 October 1997

WIRCHE LT w10 2701, I EH)Ea#2.3m /s &
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el ED S, REOHENEIK > TREFE N T
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BREEYE L VHELEY
L99TAERE ZBRKENZ > - fo tc o, EEBEH O BEIEANE
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B LT, FERHEREEH L Skeletonema costatum,
spp., spp., Pseudo-
nitzschia spp., Rhizosolenia spp.75 & Th - 72,

H. circularisquama® ¥ ERjTd 5TH MaI~8Hth
BT I Tld Karenia mikimotoi 75/ NEFE 73 5k i) & T
B LTl (EEBEE4SS5 cells/mL), F7/c, 7 HdhA)

IZ Heterocapsa lanceolata & B 2 EiksE < ik
DV N D Heterocapsa sp. O MBI R S v te (s
#5180 cells/mL) s H. circularisquama 784 T &b
58 A MAI~10Hh» T,

(Prorocentrum triestinum, P. micans, P. dentatum),

Chaetoceros Leptocylindrus

Prorocentrum J&

Scrippsiella trochoidea, Ceratium furca, Cryptomonas
sp. (1995 EDFREIFHICHEL L 22 FE &[5 U) DSH ITIRAE
L, H. circularisquama® &7k & 133G 6k O B % 7R
LEBSZE(LL TWic, BT Cryptomonas sp. D #EI
HITHE B & OCKEN I3 H. circularisquama & %5451
BIE L TH0 (Fig. 358 L U36), i& 3K « 4
FESEWITRARIE DS SV b D EHEE S N tz,

11H FAIDOH. circularisquama= BRI I3 @A #E
@(ﬁﬂ@%{%(}yrodlmum dominans? =150 cells/mL
LR EEEICED o Nic, L L, FEMicEET
% &, G dominanst?EIEd 2] (8 cells/mL) ICH.
circularisquama ORIIEEEE 1ZIEIC 4 cells/mL% A -
TWiz, TOEMETIE, Cryptomonas sp.73290cells/
mLEELEETHD, COEHENZDRS HETH
BWLTWsZ&, ZOWEG dominans DAL EELP
Evsmir2lL Tzl En s, G dominansl3 H.
circularisquama <1372 <, F i< Cryptomonas sp.%
WMBEILILETHELbD LW SN,

=3
E
i

W

1998 EE D H. circularisquama DHER

TR DHERE

H. circularisquama OEFMIIE 1 HA~THE T4
SR SN h - 72 (<0.01cells/mL) o #xHIT EE vk
MaEZE Lo 8 AT HT, MIa%EIX1.23 cells/
mLT® > 7z (Fig. 31, 8 HI3H £ T3, 2~ 5cells/
mLTHERS L7223, 8 H16H LI 2usic i H o n,
8 A25H12133,950 cells/mL & 10° cells/mL D # — ¥ —
EL, REEER L7z, 8 H29HE T 5 HiH,
fla % B 13.2,000~4,000 cells/mL D #iPH THERS L 7o, &
1 131,000cells/mLLL ETA 54, 1,000~3,000 cells/
mL P T L@, 4,000 cells/mLEL_ET 127748 @
ZEL TV, TD% 9 H 2 Hizh2.5c¢ells/mLE T—
Higb LichgmotimL, 9 H 4 ~10H 1,0 T643~
1,160 cells/mLOEP THER L 7co LA La 5 9 H13
AL, 2acib Ulc, dEimia s = o $0.005~
1 cells/mLOFEFTHER L, 12H 3 HE THE I N1,

K[RELVESR

19974FE 2> 5 19984F 1T H 1 ¢, AWK IZEAE L 0 F
LiEmd i L, |§§7KE i34 H ~5 HETidpeE
ATdh - 7o, MR OREKE 3PEFEL D P oDI
Mo 1o 1998ERE X RIE DTNV 12 <, H. circulari-
squama DFRFNFEA T 5 8§ H & BT IcEIT L
feBRE—o b o7, 9 H20H &22HICHK VT
HBIRAOCREE L 723, T OWH. circularisquama @ filfid
W LEET 1 /150% TR L7c, BEMES VT
W7z 9 A16~18H AT, KEMiF T3 AEY
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Fig. 37. Changes in water temperature (open square) and cell density of Heterocapsa circularisquama
(closed circle with solid line) at Station 1 in 1998
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Table 5. Concentrations of DIN, DIP, and DSi (#M), Heterocapsa circularisquama (*), and diatoms

(cells/mL) at Station 1, 1998

DIN DIP DSi . HC* Diatoms

Date (M) (M) (M) DIN:DIP DSi:DIP cells/mL cells/mL
26 Aug 1998 1.9 0.33 39.0 5.7 117.0 3270 795
27 Aug 1998 2.0 0.48 38.8 4.1 80.2 3150 892
28 Aug 1998 1.2 0.54 35.1 2.2 65.1 2060 317
29 Aug 1998 1.1 0.52 33.3 2.1 64.5 2380 787
30 Aug 1998 1.3 0.38 34.4 3.4 91.4 813 1174
31 Aug 1998 1.5 0.45 32.2 3.3 71.9 565 3672
1 Sep 1998 2.3 0.59 27.1 3.9 45.9 255 3700
2 Sep 1998 5.3 1.26 19.1 4.2 15.2 52.5 1655
4 Sep 1998 1.7 0.40 25.4 4.3 63.9 7217 4474
7 Sep 1998 4.6 1.58 6.5 2.9 4.1 1120 1168
9 Sep 1998 1.5 1.33 29.2 1.2 21.9 643 22178
10 Sep 1998 1.5 1.28 30.4 1.2 23.7 1067 1130
11 Sep 1998 13.0 1.10 29.6 11.8 26.8 370 1179
13 Sep 1998 0.9 1.23 28.4 0.7 23.1 30 2017
15 Sep 1998 2.6 1.25 24.8 2.1 19.8 1 3057
17 Sep 1998 3.9 1.44 16.7 2.7 11.7 6 2368
20 Sep 1998 3.8 1.26 19.8 3.0 15.7 0.2 516

JA#2.2m/s % K & £ kA% 3.5~4.2m/s DL LHE @ &
IR LTV EMS, TOEICLBZWERICE -
TEAEE DSBS S nic b o S i,

KA O I A H S 1 7o AT O 7K iR 1316.0~28.4
°C, 1E4571325.8~31.2psuDFPHIC & - 12, BETKFHEAS
%R (>100cells/mL) ICEEZE S Ko
IKIR1325.2~27.8°C, #§471326.1~31.0psuDHipHIZ b -
720 Table 512, H. circularisquamasRiHmBFH: L T
Wic 8 ~9 ADREBEIRE AR, ARElFA MR,
DINA30.9~13.0uM (CF52.9+2.8 M, n=17), DIP
70.3~1.6 M CE¥H0.9E04 M, n=17), DSi»%6.5
~39.0 M (CE¥H27.6+£82uM, n=17) THF L TW
72o DIN: DIPIIZIZEA E DRI TS # FlEl- TH D
CPE3.4£24 M, n=17), L2 bDINFIZEA LD
W T 2uMEIRTH » 72 & p SREIMIR R
HERE O HIBRIK T2 718 > TOW e E X S, T
DT EERT LI, BELSIRESRAE L8 H26H
FHEE SO IR S ICE T L Ty, 8 A2TH IR
BRI OELIZIZ EA STV S HD S F, JRE
W OE DI, I L TRABET L, @i
ZEL TV, THIF1995FE O RMIFEARE & (K &<
BUBBIRCTH -1, KFELANADHEE TS, H
circularisquama FREIH TREZNRZ LTV (=
=5, 2001,

BRAEEMELUHEEEY
H. circularisquama ® R AERT I, EEEFA32,000

~5,000cells/mL D% THERS L T\ 7o s, JRmllime %
D8 HTNa» S 9 H BT Tid366~1,512cells/
mL&ERRDd IR L Twic, H crculari-
squama 7REIFPIZ 1, Prorocentrum/g (P. triestinum,
P. micans, P. dentatum), Scrippsiella trochoidea,
Ceratium furca, Gymnodinium sp. (15 umAijf& D/
TUREATE) ASLEEH S Ic s s N, H. circulari-
squama DIk & B < P 2R 973 &, 19974
LEMEDEE AR L T\, Cryptomonas sp.ld 8 H
H I EEEE L T20cells/ mLTHIERL 7248, &1
DI 3amicib L, BEALBERINLLE -1,

Fig. 38Ic1998MF DRI R IcBIE s nicliBH 0T
HA/RT, TOH, HEHEE L TEGyrodinium domi-
nans? =00 cells/mLHEE L T 7o fih, % D BT
i @ Tontonia spp. » # & < 35individuals/mL,
Strombidinium spp.7»320individuals/mL, A f##i%E
o 1 #Favella spp.730.94 individuals/mL TH Hj &
N515E, wEDIREIFEAERC L THEFE R O B
ERIEFITE L > T A4 T VE$0.40~0.97 indivi-
duals/mL & &EETHER L TOic, FRTREIR O 9
AEGiccnofla&ERzed BlEsh, ERICH
circularisquama D B EKHEEZHAEL TV b D &
iR s ntc, ThooffigEMraEEicEEanscs
H30E2»5 9 A 4 Hic/h i CTH. circularisquama @ £l
Oz i s — BRI Rk b 4 % & [Ep i, EEESH o BN Hs
g S 1,
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Fig. 38. Occurrences of predators during Hetero-
capsa circularisquama red tide periods in Hiroshima
Bay, 1998. 1; Heterotrophic dinoflagellate Gyrodi-
nium dominans (X 1227). A reddish brown prey
which appears to be captured H. circularisquama cell
was observed in their foods vacuole. 2; An oligochin
ciliate Strombidinium sp.(X660). 3; An oligochin cili-
ate Tontonia sp. (X498).

RAKRPBKEZENTEE LCROBEEZDEN
Fig. 39 R © b 28 H30H ICER/K & Lrcifg
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BEDEBEZRT, kanicfkzzcoFFHEEL
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Fig. 39. Changes of Heterocapsa circularisquama
(HC), other dinoflagellates, and their predator densi-
ties in the laboratory conditions (27.5°C, 12hL:12hD,
65 1« mol photons/m®/s). The sample was collected on
30 August 1998 at Station 1. PT: Prorocentrum
triestinum, GYM: Gymnodinium sp., GD: Gyrodi-
nium dominans, PRT: Protoperidinium steinii, CF:
Ceratium furca, STR: Strombidinium spp., TON:
Tontonia sp., TIN: Tintinopsis spp., FAV: Favella
spp., COPE: Copepods.

& Gymnodinium sp. 35S EIGES0R M & T3 3 552
JERAIN L 7208 D% R 2 12D Lz, sieved X TIRE
BRBHAG 2505 & T (dintactX & 13 & A EREL A
YItH s HER LT v o8, 50~80 ;[ &1 2 1 TH.
circularisquama, P. triestinum, G. dominanshZ,
I L 7o Gymnodinium sp.ic 2 W T [dintactX & &1k
(785 - 72 Sieved X @ 501 LI o LE¥IHH 0 221k
SWTC, EHESERICED LTS &S, iR
BT X B EHEHOEE N DN, £ I T, intact
X & sieved X O ffi &F O Hfj[a] i< > W T L 72 7,
sieved [X T I3 7%/ DEME B Strombidinium spp. D
R84 individuals/mLiz & THE L, T My
HEAEEL TV &S, KfEdsieved X D50
LI Gymnodinium sp. & < Mi S A2 2B
L7 EWERNTH 5 EHWrs N, 772 L, intact
XD LD ITFREDTHBENSHICHIEL BVWEETS
EohrhTcIbrPMBEEZIHDLTED, H
circularisquama ® RKARE AR FEBOMET I X -
T—EEEAIhTWLEEZ NS,
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% -

ILEEICLEITS 4 »EDH. circularisquamai=Ei D
FELRE

1) MEARAH

ILEBITB T B H. circularisquama® @1HFEAE 12,
OB - 0N 19984EE < 8 H Lfi), &> 7cDh
1996 DI0H h A EFICE > TENKE M- T, T
NRTEEBE IR BB EHETH B, TOFKE
LT, Y= FEEa2L—var&h kRS
WALETH - 120, &5\ IEGEYIY OB A
ZDROFMFELITHESCEG L TWv b T EENTE X
ns,

FENERD SEONIZH. circularisquama® HEE
Hic X, ARG ER - SESRE N TR OIGFIC
Hhitid- 35 (Yamaguchi et al, 1997), Hiffi cui~7z
WY, WEET RS - SRS B TR LR
wEAELTEY, ENEBROMERE—HKT 25, —HT,
AFE R « REABRE T TR L ST %,
FRicEKiBic i3y, 10°CURFTRadBicsiiu
(Yamaguchi et al., 1997), 1995 IcF4E L 7o RO
B RS>~ 4 2o 7L — MITINAL, 10C
AT 37 AfHE L 7o, kL7250 wellsd X T
RDFE L T CRIER) o [EIRRISRE RIS ESM T
TEON oY 2 b (temporary cyst) THEIE
SnTWwa (AH, TME) . [LEE ORI 5 HAAR/KE
139~10°CT, TNIZH. circularisquama® F1ERFRIC
AT TERE TS TR AR KR 23 11~13C O i PH 75 D T,
LS R EB I U TH. circularisquama O %
PWNHE SN EE A %,

Table 6 \ZH. circularisquama 77 O FHERH & 15
EEOREKE EDOBFRER LI, Kb onhbEB
D, ZHKE S PIFEIC73 AR S HERE L 7219964 (2711

FEEEDE <, W& < HERS L 7199848 13 I Fe R s B
Vo O ERPL, REETE, ZHIKEIC K-> Tl
ZAEEHOFEENKE K G S, LR OREFEA R
Pz b L TV B AfEENRIE S o, 19985 D &
ICE L VL DS S, BAEEREENZ P - Icicd )
WxAEBFIFEIC R, H arcularisquama @ HE5E
B & KR (REETR7THATa»5 9 B LA
WELY, 2l EL| SR LcbDEEZ LN
5o THOHLEBRBRETENS XS5 Ic2EOH
circularisquama 7R FAE AR & ZWKIR & DBIFR T
LIRS 5N D, TOT ESHERT B L&, TiE
DREAMR & 2 It S in RO &Ko BRI,
H. circularisquama O HTNCE) =, ARTED IR
DEIEEPEL TV EHEHENH 5, TD LDV
TRKETS SICFHHICRETT 5,

2) FREAFERHEA

Table 7 IZH. circularisquama 757 542 s D 7K IR,
B0, SnloBIEKE RS X O i T D Bl%K
ERO—E AR L T, REB BV T, Kil23~31
°C, ¥a4731~34psud i Tk b HE IR EB Nl < h
TWb, —F, IRKEBETE, Kilkl5~27C, #/26~32
psud A RSN s e, BEOWMEEATDH,
WA ICB VT, H circularisquamall X % 774113,
KL 22.T~28.0°C, 1543 H332.61~32.83psu @ i P T,
(A, Hdr, 1990), i < 137K 26.0~28.5°C D #i
T (FH, =4, 1995), &Ehi#TI3/KiE21.8~22.3
°C, $E53H324.3~27.0psuDFIPHTHA L TV 2 (TTH
5, 1998), FEAIRF DK I Hf - NiBPEE T & 5L R
PEAEOT NP EVIKEERE TR SN, I3
5 DI HEEE RIS & D TR R TE R SHiE O 5 MK 0
HHTHRAELTVS, L LBMKS, REBEESXV
RSB O Z W 7o BN FEERRIC LU, i DK -
B d 2N EDEVIR SN s o s v

Table 6. Relationship between minimum water temperature and timing of first detection of Heterocapsa

circularisquama (small illustrations) in Hiroshima Bay

Water temperature | L First detection of motile cells of Heterocapsa circularisquama
Year Variation
February August September October
1995 10.6°C 0.3C @
1996 9.6°C —0.7C @
1997 10.5°C 0.2°C %
1998 11.4°C 1.1C @




62 A

=

W

Table 7. Records of water temperature and salinity during the red tide due to Heterocapsa circularisquama

at five different locations

Month/Year Locations Water temperature (°C) Salinity (psu) Literature

Aug/1992 Ago Bay 23.8~26.9 33.2~334 This study

Aug/1994 Ago Bay 28.1~31.6 33.1~34.1 This study

Nov,/1995 Hiroshima Bay 15.7~17.8 31.7~32.2 This study

Oct /1997 Hiroshima Bay 21.4~26.5 28.1~31.4 This study

Aug/1998  Hiroshima Bay 25.2~217.8 26.1~31.0 This study

Aug /1989 Fukuoka Bay 22.71~28.0 32.61~32.83 Yamamoto and Tanaka (1990)

Sep/1997 Buzen Sea 21.8~22.3 24.3~217.0 Etou et al. (1998)

Sep/1994 Kusu~ura Bay 26.0~28.5 - Yoshida and Miyamoto (1995)
(i, 1998), d7ab b, BEEEKE & EYE, VT
NoGEH30TCTHE L U25~30psuTh by, Thi DK km @ Hiroshima
KI5 EHIHITELL S, 2O LR, EEEOX 0f N i
S RBENIAA L, ABIEKEA0CLLF & T e Y
5 [ o, H. circularisquamall & - 25 omo
TREMT L SIFEZEREICH 2 L EVABVIEA D, chou

20

i Cali 7o & 51T, mWEBICBL TRIEBDO AR
Pk DT E S, BRI EICK B~ ERIC X 3
/KD, ety L ToHEEORDEINK
HIREFAEICEC S LTV, IKEBTRIEBEHE
T HhH~9 A B cEBERFAKESFRAET B (K
FF, 1999) 0 R KEIEFAN T & - 72 19984F 13 AR HIFS
AficELVEBERKELAREL TV (Z55
200D, COZENDS, REBICBVTS, HEEFHKE
EOREIFAEIEBECBEL TV A T bR, KE
B EOHEIENEY SNt

LEEBILE T aREE & RE & DREE

41 FEORERITIIEEEL carcularisquamariii
FAEMICIRBBICERBSEL L, LI b IREF
ATFEE LWL LAIEIT 2 ANV TV 7,
A&, 19979 o 9 H16~19HICHh T, H 5V id
19984F 9 H20~22 H 1z 2> i THIR W TH R IL ST D
e HEE L TWw 3K, ZoHF»SH
circularisquama D L TR & <D L, Dikd
PAERIEART L3 p -7, TOEKE L TR
ILEBEOHIENELEES L TVWEbDEFEL N5,
LB, BOrmilicKE<HOLTW Sy, &
Jal 75 & A LI HREd 5 &, BRI TR
mOILE b OESER L, RS L TEoX - thET
FREO Z OBOGERMSEL S (EF2 5, 1998; 1178,
1999; Fig. 4028), ILEZEICBWTIE, H. crculari-
squama D ESEENEIZ, 0~5mé ) REFHTIC
b B, —HEHEADIES O TILEA RS 3 &, %

SN

. 3
I
Lo

‘\l..v
i)
a

NN

RN
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<= [Kure

~ Kurahashi
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Fig. 40. Development of the simulated wind-driven
currents in Hiroshima Bay when northern wind of 5
m/s are applied for 10 days [from Kawanishi (1999)].
Upper: surface, Lower: bottom. ¢ means relative
depth at each points.
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Fig. 41. Occurrences of the red tide due to Heterocapsa circularisquama in Etajima Bay, a small branch inlet of
Hiroshima Bay (see Fig. 24). A typhoon passed near Hiroshima Bay from 16 through 19 September, 1997. The date
set was provided in part from Hiroshima Prefectural Fisheries Experimental Station.

Table 8. Comparison of mean nutrient concentrations in water column (0, 2, 5m
depths) in Ago Bay (1996) and Hiroshima Bay (1997)

Location DIN (uM) DIP (M)
Ago Bay 2.9 £ 2.1 0.07 = 0.10
Hiroshima Bay 4.2 £ 54 0.24 = 0.31

[ D H. circularisquama O AR 3 &SR
ML, fERE L THaEERIRE LTI EE
Zond (Fig. 402R), & LHEEIICX D BN
Bt d 2 MiRsDisnwe, FEBRE KE» S
eI N BT R ARBEHZ 2R L TRMIE 2R
WISFEAET B AE It E A SN B,

Fig. 41119974 9 H MR 5 10H EAIC» 3 TIRS
BOKETHHILHEEICB Y 5 H. creularisquama
R OHEB 2R e, COFREILOLSI1TI HI6H &
H K TERABILEA I L, OB
Bl 68 k2 1 BRI EEN TERA O FRE S
AL, EIEBEO RS Rl 2 MR L 7«
(T OWiih o[RBT 3R S 78 - 700
COTHEBEREEEPSIRICPHUHEEZ L TBD,
JEEBARNCE O LB O S IEFE IRV, oy, &
JELE 8 1< & 0 WL W T S IBNOHEKIZIEE A
EXRWITHENBTVEDEHIEN S (Fig. 40),
O L cla R icmgsstEnRonic
Eo, IMEBBICBVWTS, BIRILEOREN DI

niE, BEEEIC K 2 HERG & RBIBREITEA L O
i3 WAHBA b 5 & D LHEFR S L7z,

H. circularisquama7"#FE & REIEIRIE & OREE

JE TS I POES & i 4 5 & L BRELD T
L, InESOKENEL SHEREPZS EbEBE T
[KEOFENHLTWETH B, E-T, HEEZELL
B4 % & A U TR ORBIGBE NS RS
5 EFEZ 55, Table 8 1219964 D U&7 D Stn. A
E19TEDILEEOStn. 4B 5FKE (0~5m) @
SRR 2R T . SETE O DINERE 32,9+
2.1uM, DIPJEE120.07+0.10uMTH > 72Dk L,
AT TR EDINEE 342254 0 M, DIPIEE 2
0.24+031uMTH » 72, [REEDODINEE & & DIP
B, REBOZTNEN1AMGS L0343 TH D
ZEho, HoDITERELOEITLILBLEEA %,
X5, ILEBITEB T 5 H. creularisquama O HEHERE
W, dgostEd 22X 0 b FE L THERSH
MELIMMICER 2 CEnE vy, BREICK 8
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osgE L &b, RKEETARICESREASN,
Kk o F IS  RBEEAEI LTS EEX
5N b, T DIREIFEEIDRBIEMIE DE VD, HE
BLINEBICB T 2RISR RS &
ODEFNTH 5 EEZ %,

X C, 19954FITH. circularisquaman i L 515
THREIEIERR L 7oA, ARk O DIN (310 « MAT#
FEELTED, HEHEWETH 72, —F4, DIPO
R A DINGC Helied 3 & Ko7 <, DIN/DIPIZ60
A TOi, TNEAREIFEA AT 5 DIPAME < HER
LTWih&d SEBEICHEL H creulari-
squamall & » TREEMNHE SN, SNPHERBETT
DHIBRA T & 2 DIP» IR REIC Bl - 72 & & DOl
ks bo LS NI, ABITBT 5 Y v OFREIC
i, KHENOFENIKESESBESLTws (Hifb,
1995), 19954F DK, FIFEIC bl U Tt ic /D73
motclcd, KHENIDKRPSbIcbaNb ) vOEb
Wisip o o EHEER S N B AFEODIP O i/ NMilfa & &
BINEFTHSNTOL ZREAEY O T & KN &
W (Yamaguchi et al., 2001), TDC & &, ik
HIEEY) &L LT, BRREIEEREE (FriciR ) v ERED
KBV THMDEY LD &L SEEICiEcE s 2
EEERL TV S, [KEEREH RO K=
BEIZDINT 5 ~ 10 « MAj#, DIPT0.2~0.7xM®
Hip cHER 9 528, AMMOoR/MIlANER < ) v &5
P OHEET 5 &, BRI O RKEE R T10° cells/
mLOA = —FTHIET 5 LN TE %, - T,
RSB ORI BEIC X 2BRBENFE LT
bR ZIENT 5 DICHEIZEHRZ D) v IFHE I 5
HO, RERBENICIEEBLOB->-TVLELEA L
9o E1z, H. circularisquamaldDIPLIAMIC IR IFRER
#Y >~ (DOP) dFIATE 3 EMPSHITE > TWL
% (Yamaguchi et al., 200D, 1995%F D & 51T, &K
TREAMEDIPHREE N CHagE L, EIARIERE 22k L
TRICE, TOXIBAEMPHBRERS 26D EH
ZoNb, K VEREAOHMIEHICOVWTRE4ET
SOIMETEMA S EET B,

B, 19984ED RO A, H. circularisquamald
DIN/DIPH. O R W E=FR IR N TolRml 22k L 72,
fo12, T OFREIREIC IR b ZRBAEL, S5
W EEAERE ©1,000~4,000cells/mLEZEERAE L TV /o
ZEDD, HFLS THMIREIREE] TlEEh -7,
WE->T, FRho 75 v o~ b, 19954 & Mg s
NP ZHREICEA TV BHIREZT 12,

FREBOEREPAHIC KT THEZHNER
IREEO & 5123 L WHSEMHEE TR, #Kksci

.
]

W
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Fig. 42. Distribution of the water exchange rates
(upper) massive red tide areas (lower) in Hiroshima
Bay. The water exchange rate are taken from
Chugoku National Industrial Research Institute
(1986).
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@R, B & 2Rk S L CIIKIAI £ 5
EERPHMEMERR (T2 F 27 ) —fEERR) (<X
InNTwisEEALNSE (G256, 1998; JIIPE, 1999;
AR S, 2000; 225, 2001, Fig. 4210@EICILEET
5,000 cells/mL LA I o fifl a5 B i 1 28 & v 7o il i & i
IKIEIFER & OB ER L Tco TREEOHKIE, #Y R
W& D FITEOEEE D SBNKELZMT 5, [REE
OIbPEEICAIE T 2 KR b 2 WIZILHEE L, &
B O R TIR G EREIICH b, EAIKDEADE
PIPTH Do S 51T, KREFHT IR 0] 2 BRI S
NTWB 7w, ok s i U Tk ik bK<
o (hE TSI EERRT, 1986; 1174, 1999),
T LR »E b KWl & H o creulari-
squama D EEERA BT IS C K LTw5 (I
P4, 1999), & 51T, 1997TFEOEAFE R 5 &5 i
L9, MtigETcdh-Td, H circularisquama ®
AT/ N O AR L, K o e B 1 b
T5H94 7 vERLTOV (Fig. 33). & SICKEH
ORI S, A &R IE U TR oA
FHAZ L LTz & s (Fig. 34), KEEODH.
circularisquama ® IK W) « BEFEFEERIC 2, BT P
JEIC K WA Dz B B L TV B T &b
N Gk o, 1998; J1PE, 1999),

1995ED H. circularisquama 7RIS 1T RA L 72,
ZDORFDOKIEIZ14.T~1T8COHEHIZH b, AKfEDHE
SEEARH O FRRICT ) - 7o LpIrs N 5, FEEICHIE L
7o BUGE R o BESE R T 120.12~0.26 divisions/day &
Wb TR > 72, HEGHICE > TIROBEEBKTTH 5
TR DS 7 PR I > - 7o i S b S IR & 2K
TEEWS T EF, T OO mKIRA R D T
WCEITHRLLEEFEZON D,

H. circularisquama DR EITRE D FAEREE

LaT, B oWWT s o~ KBS, EXN
FER TS 5N A BRI L b Es IR VWKRK TS
sIcHBT L@ H < oA SN TV S (Smayda,
1980) o 1995 DL EE CTBIZE I NI H crculari-
squama® BRI RN, 19924E D A, 199840 11
TS & BRESTS, 1999 ofTgific bl T,
H. circularisquamalZ[R 53", KIFRELZ T TS,
# D Prorocentrum minimum (Kondo et al., 1990),
AFEEE, (LB X O ERNEIC S T 5 Gymnodi-
nium catenatum (Ikeda et al., 1989; HEi S, 1995;
POk 5, 1993), i, T Aris, AR, Sk
12 B F % Karenia mikimotoi (BH, 1935; {fEH 5,
1992; Honjo et al., 1991; ¢ ©, 1987; Pukd &, 1993)
15 EHZ K DIK~Z TR OHFIHHRE SN TV 5,
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W O FERE b i KR (220~25°C T H B s
(Kondo et al., 1990; (i1, 1994; Blackburn et al.,
1989; Yamamoto et al., 2002), FEEROFREIF T &
D H10°CE < EWIKIRITHAEL TV b, TOFHRKE
LT, [al UHEEA G Ui c B9 2358, FA RN
1T & - TKIRITHT 9 2 HEHEIRE 75 S mIic 2 7s 2 5
P EET 2 AfEE b E X o b, Livl, BEDH
RAT KN UKEIT 9 2 BN E R 13 5 RE O FAE
G anTwisWw (Kondo et al, 1990; 1111, 1998),
- T, FEMEKET & EROBIG MK THBIL T
W B RFOKE & OFEE G, BREER S A EE SR
koTilEECsNnTVwEEEZEAONE (AW,
Ichimi et al., 2001), T OHEKNDO—> & LT, BEE»
SRIKDIRADD 1L < 15 2 2 W B O tig KA s
FELCEL R I EMERsTwE (HZ 5, 1993),

1I~12H 1349 5 H. circularisquama® WEFKT R
I, HIoFREN R L THE PRI S b, L
L, KIEA20°CE TR 2B sEkd 2 & v
S HIHEL, H crcularisquama?’scimEits N CHhE 9
L0 INETOBMKERE—RFES L7 -5 T
b5, bbb HAFEMRDMERKZHEI/NE VLWV
T &, RV T LA HEE T & 120\ S ORI R
T T 2 DICKBEIS M TH 5 T LIFMHE VS VA
TNREITIRTEHAT 2 L3RNETH S, HF
RO AN EEE S 2 LT, T OBKERE
KIS DA O EEK T DEEZRE L TV 5D
TUIRIC N BEEMA 1,

WAk AR i KRS F L IR LTWa ey, Th
MH. circularisquama O¥E5E, = 51T I3REI O F8HE %
BT FERE FK v, &9 —o2DFERKE LT,
HEEESANEI S O E X SN B O TR A, i His
L OBEOMBETH S (Kondo et al., 1990; PE] S,
1993), PAHADWE T, BEMSHHEL cEERD 9 ~
10 H I HBESH O KBIBS AR 7 v — L v 7S 1
5 EMEOV, TORIIIKE, Sy, KEEERY -
W o e BRIEIENIH. circularisquamall & - T 7S
#HPHICd 208, KREFHSE TH 2 HRBO MK &
L Z Ve —RIICHESIH S TV 5 D TR
WinkEZoNL, LrL, 11~12HI1T75 % & HIEF
MR REEAE N L, 7SBh-o2is /KR N cHER
BHRMLLEE (BADS, 1996), 0L 5 BHEHKISE
Bins, —HI Tl d 508, HiEd, SIRMEAHEAD
FEBAME L TV A HREENAEZ 5N 5,

A (1995) (3$EBE#C 50 2 BUGEHN 7 — 4 0 &
EUR M OFER D S, 12~ 1 FiTh i T—Hr I KT
H:#: Coscinodiscus wailesiindy’V1s { 18 2 JFK E LT
—ICBEAREZL T TV B, EBICHGTBllsn S
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Fig. 43. A schematic representation of late autumn blooms of Heterocapsa circularisquama. The environmental
factors which influenced this episode are not consistent with "Margalef's Mandala" and its modified model pro-
posed by Smayda and Reynolds (2001) to explain HAB developments in the sea because late autumn bloom occurs
in highly turbulent and high nutrient conditions which disfavor small dinoflagellate bloom. This large
discrapancy appears to be due to a lack of consideration of the abilities of phototaxis and low light resistance of

the dinoflagellate species.

W & C. wailesii DHITXT 2 IEGEIGE & OBAfR 2 R
Tdb, TOBIC wailesiinslH 5 H I B AL ¢ 1a%iE
WHESHIRI SN TV A T EMNEHEN TV S (Ul 5,
2001), [AlkE75 B IE Narragansett /12 5 1 5 Hiia ki
Oty — T higs i Tw s (Hitchcock and
Smayda, 1977), Bk 5N I T id H IEFRT A
s Tnd, HfEOMfEEGEKT, 5
I RIBKBEERS LTV AR TR, BRI EE)
BESID V7o dILRE L, MRERIC KL - TEREICHE L
TR RBICFEL TOIRFLD &S SICREARI
fa-TcuwzbosiftRans (Fig. 43), T LR
FERA ML RZZTHRERFEEGET LTS EHE
Zon, KEPSOEMERRZE (sedimentation) D2
BEzb oMb EDBREEIND,

—7, HEHEZEKENPH D, LI bENXHE
(phototaxis) BHLTWA I &0 o, SHENLHEKD
BEICH BEEN S - OLERMFOR 7 S h o £fgicH
FHEMAfETch s EEAL NS (Fraga et al.,
1988) FEBKIC 19954 DL B4 O FKIFREIRE I &, g7k

DREEMITEA L TWAIZ bbb 59, H. circulari-
squama D FEKMIL F R BT 2 hcam LT
(Fig. 21, AU & 5 R 199TFE O ERI#E THA L
R I b STV d (LS, 1998), i
KREN O m WHEE#ED, R SR D S ih
CRBE&) bt L TR T b, ERIICERRICLD -
TIN— %5 ST 2630 < 20
i cbEsnh T3 (Fraga et al, 1988; Fraga
et al., 1989; Fermin et al., 1996; /NEF 5, 2000), &
512, H. circularisquama @ G139 2 2 Fa 1 4
(IR DIEHEHR I 2 5 2 5 LD OE) (3R ER
DT HIEFIEL, HEREFICHTSERITEL
CEMRfish TV s (U, 197, To EidkD
DREFHEE LD SERVBECOBIGES SV T &
NI

PDikoz &Ens, H circularisquama O WBaRK R
DR IO LS ICER SN D, 3507 LT
W7 —3vragl s UEREDs, 11HDIE,
BT H BRI O (R T & R G IT X 2 BB~
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DML ARDFER, BEANLIHY, KEEI 5
FAET B bbb o ST O N5 X Fsedimen-
tation DIGKIT & » TRUATH A ZHICHDT 2, oD
fo, RIS T OB G A E < YIRS S ER &I
SoTHXBICHEE 22 ENAEENH crculari-
squamall & - T, FERE S O /D8 O IR —
FEJICIERR S 1, B4 I HE%E L IRy 72 2R & T2 Ak
FTHZERKILTVWEbDEEZ NS, LIPLTE
Mo, TORHEKENMETLTEY, EEREZHER
T2 DI BEIKED PRI WS &5, FRElE
KSR DIEE L RV BR 5, BEHIRE o X 5
RIS D IREEPH S R & 78 5 T & 3D isn,

Margalef et al. (1979) (3755 25 i #i-E i O IR 158
R SIS B 720, BURMEIC B 1 B EEEERE &
MBS RO EMEMZ, KO RTE & KB,
SiAL 72 € 7V "Margalef's Mandala" %4218 L 72,
TRbL, BRI CKRBRERBE LS VERETI,
PEREEEE D WEEERAME L L, ks R L T
KB SR HER I 2 ERESTIE, BEEEEE DS E O
bODIKEREICHEID L AEEEEZ2F LTV
MEENIBELELLPTVEVIHGRTH S, COFZE
A ERHERD 7V — s REEGHT 5TV L
LTELSZFANS N TS (Hallegraeff, 1998b;
Smayda and Reynolds, 2001), HEZCILEETH,
Sl %@ U TR & R BIERE SR HER I 2 F i
H. circularisquama®iREDHFET 5 E 0D T & TR,
AKEOFRMHFEE DS <7 vz N i Margalef's
MandalaiZfit 5 R BREVWEFTA 5, &2 A0, H
circularisquama’ GO AFTLIE LIFEHE SN 51
HIER OB~ AR, bR ELL, »o
KEEEE LSRRI 2B icRET I ENnD,
COIGRE IFERICHET 5o Yamamoto and Okai
(2000) &, —RBICHB T BIREIFA L RERES & OB
xRy 7 2T NVEROCTHN L, Margalef et al.
(1979) »4EHET 5 & 573, HIEEIREIA REI IR A
L, HEFSRMPRERSGHICZVE VS MG E 37
G 245RE/B TV S, FrICHIER I EERSRICH
NI S > THREE D/KE TR BB I BT 2 HE M &
5129, SMERAHTORBMEEKRTE 20 TERL
MmEfEfL T3 (Yamamoto and Okai, 2000), H.
circularisquama @ W KB 7R O FEAE BRI 25 2 1o
&, FEHHEAMICYamamoto and Okai (2000) @
BAICHERTE 5,

ok iz, Margalef et al. (1979) DOHEIEL
Wi, hEX—2& L TRIBSNCHERBERD
f#Hi%EF2 € 7 (Reynolds and Smayda, 1988; Smayda
and Reynolds, 2001) T, W, K&, 5 W0IE%

BT & O oo iR R BRI L T IR T
& 2 RS O MR ST Flg A 2 & i3 aEE
Th, [WVo, LSHERHEEEO KB RE N TEAT 2
YIRS I R N RAG i 1t G R U = S 5 R AN 1]
BAERRLTOWEY, COEFLVORANORMESE,
FERMEROMER ZRBRLNERAL VS 2@
POoOAHEHL LD &L, WFORITK 2 HEIRE
DE VR ER H R OEEFE ) IO W T I B R
LTLWARWI LR D TH B, ENRBICBVLT
b, B EEOMIE A IH T 5 Pl T, A<
HELBTOLHLTL LARET S 2 E8rIF Sz
7z (Sullivan and Swift 2003), H. circularisquama
DOWRFKR TR L, HEsRE &R E AR OB A2 Ei
PRBIGEE LT THAT A2 L0 L X AR &
Rrio, R O RRERMAEA I GE & Lo
HHOBENESBEBLTVWAE I EEZRLTVWE EE
A&,

H. circularisquama & ¥E%58 & DFHRSEFR

el N B RKR SR 72 T <, H. circulari-
squama ® HIH & HEERE & O K LFIBS R 13 19954F, 1997
i, B X 019985 @ FIIFRETE NI BIZE i,
HPRD & 51T, EEBICB T 5 4 FROBHFERICB L
Tdb, H circularisquama & BH:#EFE (5712 Chaetoceros
spp.) O HBEE & O AR S EHEIED 5
THO, WEOBIERIEL —T 5, HEEILH.
circularisquama DA MK T 2B E LT, K
BIECHEREEZDC 286G, H2VIET Lo vy —fE
M (Imada et al., 1991; Uchida et al., 1996) 75 &
PHEEINS, HEDOZ K OBGHEICEWTS, i
Tt & HERE & I S e I AHBEBARRIC B B T & SR
HanTtuws (Pratt, 1966; Honjo and Tabata, 1985;
ek 5, 1996; #4105, 2000; BY10 5, 20000, H.
circularisquama O YEHEHRE (FIRFE TR N5 Xk 5 1Tk
KT b1.3~1.8 divisions/day & EEEFHIC L NTIK L,
VIPREREE DN BB 15 & DN 5 TV B & HEE
DD EL L TH. circularisquama (35% 5/ T
X, o%0, HFcswTR, H crculari-
squama DIXARDKREBHE LG ZEFHHTH 5 L5 A 5,
H. circularisquamald i@ & 5] & OHE TH:
FRAM— RSO U, MRS AEME N LR T
TRl 2Tk T 2 B d 5, T OFERMBESBET Lk
WP EWIRE, £ 7oz OREINCEIT 2K « 5%
DIEREESMDIETHNIE, H circularisquamai’’ K
FRBLICHETE L CORMIZIER T 5 T EARHBICI 5 &F
Aohb,

— AN B EE R A O B T 0 kbh s T LB
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Ny —ERG, HEE R EE B O HEAIE A 41 3 % BAR
KHOWTH O kbhtzd DL v (Pratt, 1966;
Uchida, 1977 ; #AllI 5, 2000), 08I Hs kA E#E
BEREAIET 2 7 L ey —fEHIco VW TR, RS
(1994), LS (1995), BHOS (20000 DEIAELAELA
SNBREETH D, HBEFICBEL TR, CofiFdlg
SEEHEME & U ThsiiiE S s v 24 (Imada
et al., 1991) & & %, HEH & H. circularisquama %
BEat#Ed 3 & H circularisquama BERIEAL L, Wb
W 5 —WPE v 2 MICHEIT L CHESIR S N B LA
WE SN TV (Uchida et al., 1996), HIGEIZEIC
BOTH, WO icHEMEH creularisquama® [H]
WKEEEBAEPBESN D e, REELK L5
BRI T T, Travy =i & O LB
BER»SDOT7 70 —F bEEN L, FHICTFERM
DFEFYED 7 v e FAFEA L (Jalliffier-Merlon et
al., 191, Flexzho 3@ 75 v 7 b vinlicdL
THEMEZRTEVORENR SN LS I ->TEK
(Ianora, 2001), fit - C, EE#EMNH. circularisquama
EEDERET S v b VICBABERHIZ LT L 45HE
MET 2M0END B,

ViEo X5z, H. circularisquama ®¥E5E1Z, 7K,
oy, B, kAR E O s LN BN & > T3
viho—ahTED, o wBEEicks Y 58
FI7S e E 2 2 1T ERBHEEPHEE 3 &M
O OBERICANLGLENH 5, WFET 2 MFEAY &
O LML, B ok - KERELH S O
PEHEFR O 72D IR L 50 i3 78 5 75\ (Smayda,
1980) ZREAD & S ICHEED 1 FHAEH L TR L,
B b5ad 5ot hiEEYEoBaRRkics b
et n@uoiuni s,

3) FAZEH

IEEEBICHFBH. circularisquama D $ATE 57 & ik
i & DRIE

JRESETIRIEES & 3Ry, BEEEIC X - TR
HISTEIR T 2 HHIPIE L2 SN, TR3RICEN
7o & O W RBEERTESIRETRIC X > TEIMCBIRILE
LI EDFERTH S, L Lans, BEETEE
JEGEE I & - TRBRICERBERDBAICREb I 1T
bbb S FIRMIE T ORBAL T, EEEDSH
BROEREIC B O OEIImESNE L < /hSWicnk
BT 5 EWGETRIC & 3K IR R /D 0
TEMNEEL TSI EETHICEALNS, ThD
Mz d, H. circularisquama O S ENI7S TR S iR
HICRECHEL TV L AEEEEN D 5, — IS

FEOMIED BN IL S NI EBRIC S &S O £ A
FBdadicid, T2Fa7 ) —ERERSERICH
MO NERICES CENEETH L PIAFILA, K
1, 1999), JEEE TR H. circularisquama @ s\ HlllE
EE R S mPIEOHERBIcZ AL TWS (Fig. 8
2, IR ICATE A L TV 255 13RERP
ZF a7 ) —JERRS ERETECED S RN
BansZ Li3binwn, RETEICHD D RNUHMBTE
ELTVWR5A, CLAHKETRBRICH, S RO
DEFET D1, B STk 2BRILE O E 3D
MWEEBZ SN D, FREHIEREDNE NI EE K
FTYIF LS BREE E L CiE, KR, B, KR,
KD BELEERENEZA NS, [LEBEDH.
circularisquama HSEEEIC IR L THICER BRI I
T A I AR, Mo ERE < e Wil
HESHEREHCIIRET, MK - 2R3 EE
KB NT 5 EMBBEsh TV S (L0, 1994; 1
o, 1999, F7z, ARG LT HESRER T
Ziro72 (LS, 1998), [Fl UREZE T B DX
TeafdlicBw Tl ~2mfhEOEBICHHT 2T
ElED S, BENREMNZ M ICHEEERIT L
TWiEFAONT, REBEEEEL LKL TEXR
BADPHETL TR OB HESEL, ZOLOHH
circularisquamal3 B[]y 1556 %215 5 7o DI KBS
HETEALTETVAAREMA S 2, T Do FFE
MEEERERS & TRBICB T 2R T 2RI
AARBEZRDSE 2 —-HEBL>TVEDTHA I,

RISERBEOHEIEICHEL RIEKE

ILEEITB T &L S, RKAMBEKEEOREMNZ15C
RNz EEFEALEIRT S RSN, 19928Fk
Hic=FERoREE TR ELLAHORBOES b,
KR 15~16°C % a5 & MRS EE S AT F L T
Wit MiBIcB Y 2HGEHEOERE,» S E, H
circularisquama S PIER IS YL ECO T & O 2 % 3
DIEZTHS OAEE 2R S & 5 IC LB B HEHE
2857013, 15°CU EOKENRNETH B EEZ
bNb, —HT, KON ELT 2KREFS 51T
Bwbn&EEZ SN 5, FIAWE, 1995FCid, KA
11.8CZ=sk L 12H22H ok, HZddh i
MRk D2.9% D 5 ic, 1z, [EIHEOFRE#EK
Z10CHOA vF 2=y HFHET S E, BEALED
flanskfbLclLE> oo, D &b 1 EB%E
F TRKRWEIS 120 5@k s FAE T 5 T & 2 TR
Lic (AL 1 » HEICEED . - T, AHEDHAH
SEAITE IR BKIEDH B W IAETESS A A RE 7S KR 10
CLFTH B RSN, HEMIEERIKIE NR%
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MR 9 2 T &id, ARG TEA T & 5 KED
EORETHL0OH, H 5035 O JLBRKIE o ¥k
RMELBZDOTHEHETDH 5, THICDWVTIFKETE
fmicikN 5,

LEEILEIT2HEREEDEM

AELERT2AEME LT, BT 57 by,
WMERE, EERAEWHHERRENEZ ON, JEDE
IZ 8B VTG T B Gyrodinium  dominans 735
B BSEE THBE L WA EESHAT TH B T &
Zon LTzo 19954E DR BE I B 2 R, &
FEELDG. dominans DYEIEIZ X H D TAREFHTH -
72o LA L, 19980 REIFFICIE, i L EMERT
& % Tontonia spp.*® Strombidium spp., H#EE R
Td % Favella spp., 14 7 VB XL PG dominans
ORI EEE THEIN, WINbIERICH
circularisquamaz B L TV 3T AHE s L1,
Kamiyama and Arima (1997) 28 W\ T & Favella
OB OTEEESIEHINTWE T LD, AR
iz, ChOoMERBESTCEM TS v 7 b v BLT
G. dominans BEUSH. circularisquamalFARED A
DHBEHT, 7NV—LOFDITRE(EHRKL TV &
#Z2 o605 (Kamiyama et al., 2001), 7<72L, It
SHAE O HBURIIC ZFIT & > THHEF R EZRNBD
SNTHBY, WILFE2REORDERNE L THEEL
TWapEIPHWTE P -7,

19984 D AR K 2 EN THREEE L 1ok Tk, Bk
LiciiikE2Z0EF R LIHERETS v M v iy
F T30 umll Loy ERV I A TRHERE D/ Yy —
YHIRESCEE 5o, CTOEBOEE, 30pmll Eo
oy RO o EERX oA KD HE, BETEHAT
VR HEMER A BR\WTH. circularisquama 15
E /NI RE & G dominans & O LR 7S A
THEEEL, RMOMEE LEEAENRERD 2N
ThoMBEEZN 0 CER(LT A2 EEBELLLD
Thotio FERELT, 30umbll EOESZKBV 72X
TlE, —WMICG. dominans® 5l & H. circulari-
squama DIR/OBEIE SN b DD, FEEBITAS0HEH
DI i ikl E R o —FE < & 5 Strombidiumspp. D i
BT X » TH circularisquama 72 T 75 < G.
dominansDHIFAEEL D324 T99% &b L oo —ii
FICE Z 11330 u mPL D 5 & fr v 7o EERIX 0 5 53
FIHA D AT DR Mo (R <, fHHRELT
BOWiiEESHEsN 2 b EHEE SN 505, HiEid
Bl WiThot, TITHEHENDIE, Strombidium
spp.Mintact [X T I3 BHIF 72185 2 /R & 9, sieved X T
LKHAERTH 5, HRE L Co/NREEESED

BEHERIELLOEBMXOEDL LKLV &0 5, sieved
XT®DStrombidium spp. D& L, Strombidium spp.
30 umll O TH B EESN L [HEOBIE
AT 2N pofiisnicERThEEEZS
Nd, 8x56<, 30umll LomsicHFERELT
Strombidium spp. DBAENIHIEE LB OEL A T v
¥ (Suzuki et al., 1999) % Ceratium furca’s & DR
GREtimiEERE L et al., 1996) MJEE L 75 - 72
Z &, Strombidium spp. & /NUHHHEES S D 1%} 1
DB TE B, FERE U THEEBFINCENLICT -
7z Strombidium spp. 35\ A T /N R R R (R {4
BHra~RS dcsiclkilicbnsEZ oSN,

TD&IIT, H. circularisquama ® & 5 1/NE D
HEREOMAEIZHEHOAYMBES N, WAL
DOFERHANETH 5, C OEER O & D
AEDHIRETH. circularisquamall X4 2 AT &
RELED->TL B2 EDOERERD SN
% (fln, 1999), —RR) 7S ENGEER A 1 FEEHO B &
BEHETED 1IN 1 ORBREFRNL ZENTETHD,
HHOMBEOFAETCHNONIbDIRIIEALH
FEL V. &9 Ll RTINS e ENFE RS
oo, HHOMENHAT 2B OMABRE*EHET %
CERHEERANICIERICHE LW ERIRE NS, 1o
T, H. circularisquama O 7REIEEE S & 3 F KIS
WTRS SIKEHIEREPLETDH 5,

1 =

FEBBLUVLEBICBY 22 NEN4 5 FOB
FHE» S, H. circularisquama 7RO FAEEREE B L O
BLBERNEE LD D ELITO L HITH B,

1. AMEORENIEARPIC S « &S N Tk b %
W OEEEICHET 5, Thid, ANFEOHMEA IR
HES—HT 5, FriC KBIBREIOFEE T, B,
K, BRRFROFIED & ORRER BRI L T
W3,

2. TRENFEAUHE K D AR D R RV R & 5T
BI—T B, I RWETR IS & ik O Y IR E) 13
AHEDIKERY « RERFRFEA IR BES L TV 5,

3. KEEBENREFNLTWAEETS, Hfins
MR 7 5 v 7 & v s 2RI, SRR AR
ICHLLTREICHE O, REIEERT 5 2 L0855 %,
4. H. circularisquama® R O K G4 (T HERH
Thb, o OEEES—R IRV LTS
MR L 72BREE N TRz e T 5, £/, ADOH
BEHEIBRERCEREAELBEWESRG dominansT,
TREHEICSEE THE L TV,
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F 4= R Heterocapsa circularisquama
DHIRIRR & B F RS & DRSE

¥ 3 WITBWT, Heterocapsa circularisquama®
HBEEIC > W THEHAE 2 RICER Lic, TORE,
Eim Sy, KRR O, BEIC X 2 8RE
BE, MWOMEE, EKick 2 &Esb, WK,
gIRFKBEDFE, KO EN: P, SAaHE L To
B DRI & ORI & E IR L Tw b T &
DI SPITH > 12, T5 LcHH AL, MK
3, KR R, Kim -y, KREEREE LV - IH
H» S oREiseE ORI H = b 2B T T 52 &
MHRETH B T & AR L 72,

—H T, BHEIBVERELF S H. circularisquama
MEMHBLL, Z ORI LIRFEOFET 5 Dh
LWV HIcoVWTR, Ch S EN S BREEEIN S
TRHHAGNETH 2, Tabb, Rilo XS SEREE
A, BEICOEHAENICHRORINTXLDTH
v, 19804ELIRIIC b H. circularisquama 7R O FH:
DHHEONTEREETIEE DV,

JFFPEET Ol I@BY, Frar S REEY AR NS
LB TmO—2ELT, Ml EbIns
OEMBHET 2 EA2FERT D LD 0] 50O
EALDBRGNCAE L TV A RBEEDZE A S b, AF
KB BARERAEREE RS &, RN E —
JHEO = 0—F TR L, BEWIRILIC T - 721980
FRREroznE TEREFEEZIsEILTEL
Chattonella J& 1 X 2 7% # 55 8 & L,
mikimotoi e T4k & LR~ EZ(LL TE TV 5,
Z O 5, H. circularisquama, Karenia digitata

Karenia

(=Gymnodinium sp. /7 EAY), Karenia longicanalis
(Gyrodinium sp. ), Chattonella verruculosa
D &S EHBAREE BT B & 5 it o 70 (AR
Ik, 1990; K55, 1997; A 5, 2001; Yang et al.,
20010 %72, WREEMEH OB & 75 5 Gymnodinium
catenatum=° Alexandrium tamiyavanichii® 7 v —
4k B¥FAL, & 51213 Gonyaulax polygrammalT &
B NHIEA RS ENBEDO XS ITRESNE X H1TE -
D HI9FERICA-ThETH S UNRS, 1996;
%5, 1997; Takatani et al., 1998; Hashimoto et al.,
2002); COEHIT, ITNFETHEFOHIONTWIE L -
TSR K 2 E BT B X D ITTE o F B RITE,
o] 5 DR P RKEDKE BREBE LTV E &%
RIbDTH D, RETIZ, H circularisquama ® H
BHeE Lo ahEHANGSEREZEROZ/LZH S 9

29 570, ISR, BEEAHK) v BLUOE
§ﬁ$f$~ ENBITEE OB O W TEE L 1o,

E1E KHEIKBEH. circularisquama D45

AT cHISmEISIC B 5 H. circularisquama ® 5
ek EBREERIC O W TER L IckEE, A S -
AR RE P THEBEICREMEER L TV T ERIS
ME 5T, Fio, H. crcularisquama O IKN-H75 57
RO B D &, IKIEDPAFED 53 m2 IR LT
Wit —KEEZSNE, T T, LHEDH. circulari-
squama D HHAEE L TV ABREHERKO— & L T,
ZWPKIEOZEALICEH L, LIMCEET 5,

MHELUVUHE

H. circularisquama O 7KIEATNTd % BEEILZ ’if%ﬁﬂ}
ARG 1w, BEERAE RO ER AT - 72, FEBIC
NWE®W%%mb74ﬁmt«/#%ﬁmf\%b%
H. circularisquama® 7 o — v ¥k (HHR9701)
ZRHO, BEEICRERRIE & Cun 2 IRINE 3, MiET
FELTSeZ RN L 728 Z /2 medium (Guillard,
1975) Z{HA L 7o, 2 BEEEL DA% Table 91T/R
o 199912 H10H ICIAREREEA 0 &EH» S+ Y
Ny EHOWTEIKRS vicilk%E, GF/C7 vy —
BRE LA TS v 7 b Vgl AT W TEEA
B, EHIcRY B —Rx4 VIR (Fuy s

I L TI120CTL00HE, A— b2 LA T LcbD%
FAMmKE LTHO . T OFKIC SRR 2RI
#%, PYREX#D125mL=f 7 5 X 21260mLJ 257
L, 75°CIcilfilf & N iz 2 dath < 1 el 5
TEICEDHIRE L, 25 LTl nicBERic
Ul clg s i H. circularisquama F1H1%5 50
~1000ells/leC WHELOIPEHE LI, 75 23DF % v

WRMEER IR T 200, @iy ) o vElo
ﬁ% L oo iRIBRUKIR 1310~37.5°C D HiPH T E AN
225CHNATHE L 12, 22 CTEES N TV ook
ﬁé%n%m@mmumkmame&%%uﬁbf
BIE s g7tk & 51T 2 ~ 3EMPIEFiEEAZITV,
SHEEGER I O a2 £ TN OREERIFICTHFE L 72,
B, 11.2CTHE L U31.5°CTIF PlnkiE THE ik
SNBh-71clEmE, ThTNI25TCTBLUIBCT
EEINCMIEEERE L OEo AT N, BEE
ZtFiF VI N b4§45330psu, 150 £ mol photons/m?/s,
12hL:12hDEIE S 17 - 7o MRS E OFH D 7o
ICHEERO—%E2 1 ~2 B I EHDO <1 2
o7 L — ML, BRAEIRE0.S%ICIE S L5 Vs —
VT TE FERL, MR SRRk L«
D &R L Th S B Tl s L 7o FHELE
6 [mlfTV, P A = O H OMIIEEE & Ui, Ml



H. circularisquama 7RE O RS X O IR KR I8 T 2 BRESEEAE O fiR i 71

IR P e B i 1T B 72 B FR A EE RE 100~3,000 cells /
mL O HIFH T/ T X 0 EREEXE KD 5 C
itk FEH L, EREIETNETNOEET3I~5 KX
BT, SPEE SRR RZE A R LA

H. circularisquama VJF} 0 i 0 BEER 12 > W
TiE, o xX#k (Ir™M, 1994; Nakamura and
Watanabe, 1983; /%34, thit, 1984; (i1, 1994) 7» 5
WL 720 Akashiwo sanguinealZ 2\ Tl /Kl 1<%t
T B HGEINE 2 P AT SUIRDS RL b 7 S 10 - 7o o,
H. circularisquama® 5531 HE U T lalkk o /Kil il %
ToTT—4 %8, BH, AERIN I RFIHETOHE
FEA R 10w, BRI 126mLED K Y H — K %
4 MI=H TSR arui,

F 7o, AIWRFITB T ZKROBEHER IT> VT,
IKEET & B ROKEE RS & ML [E T - TV B 7
mEMHE,P OB ONLT -y (BEWNFER) ©
JODCO 7 — s N—2 &ML, 3, HEHEEIA
BACBY 3 AHEBEBEICO VLTI, EENKESR
BRiG & IR R KEE R BRGS0 19T24E LIBEAT - T W % i
ERGHARE R (220085 OFEEERME L TTHW 7,

ERBLUEBR

H. circularisquama ® /KR IZXS 9 2 BEAEIRE 2 F5 X
F R AFig. A0TRT . AHEIRKIR12.5~35°C 0 Fil
T A[RETH > 720 L LA S, 10~11.2CHE L

Table 9. Composition of the the modified f/2 medium
used for the growth experiments of Heterocapsa
circularisquama

Chemicals Concentration
KNO; 8dmg
KH.PO,-2H.0 7.8mg
EDTA 11.2mg
Fe-EDTA 0.84mg
Mn-EDTA 6.9mg
CoCl,-6H.0 0.24mg
H:SeO; 173ug
ZnCl, 0.108mg
H,;BO; 12.4mg
Thiamine-HCI 0oug
Nicotinic acid 25ug
Ca-Pantothenate 25ug
p-Aminobenzoic acid 0.25ng
Biotine 00251 g
Inositol 1251 g
Thymine ourg
Vitamin By 0.025ug
Folic acid 0.051g
Autoclaved seawater 1000mL

U375 CTRAeIENHR S NIEr > T, TS DIR
FEH TR FEBRBIIGIE %0 & — Bl v 2 MRITis D, 2o
BIRAIWCIBEL TR EAENII L, £/, 125TH
KU CTRIMERMEESNE DD, OREX LD
HIGEHE 3 L KL, L bEEROGH b IEER
L0/ AEET L0 L, EftcaVwWiEifs s
LTVl eEhs, PBOOEHEA M LREZIFTNS
CEMIREBE NI, BEED E— 7 1327.5~32.5°C D Hi[H
TR o, HAREEEE 232.5°C T1.84divisions/
day i Lo, AR %25 2 2 /KR L 0 &l
TRTEN 2N T T2 2 &0 5, FlEEOEY) 7
7 vy by THEBIICBES NS KELE (TL=9
2RO RTEANRE) 2R d T EARES L,
Yamaguchi et al. (1997) &, HREE?» SHHEsh
72H. circularisquama ® 7 0 — Y ESERZ R WT, 7K
i« T BHIHIRE IS SV THHNR TV B, T D
FEOR, ARREI37KIR30°C, HE430psud W S Sl - St
DEE T TR GIERICHIE L, Th X (KE» K
DTS B EIENE LR T8 2 E2HME LT
W5, KIITHE T 2RI E (E Al o fEE & 3FE U
TH - 120 7272 L, Yamaguchi et al. (1997) 3Kk
W E 1330°C TR 5, € O (31.3divisions/
day EfREFE LTV 5D, SED30CHBKX TIILS
divisions/dayic b7 L T 7o, FRHTKIEM o BEGEIEE
IR REWEOVPRED 5Nz, Yamaguchi et al.
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Fig. 44. Effect of water temperature on the growth of
Heterocapsa circularisquama (30psu, 150 £ mol pho-
tons/m®/s, 12hL:12hD).
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(1997) 1215°C < 30.2 divisions/dayHij & ® i T
HbHEHELTWBEH, 4Eid1.0 division/day D EH
Bonsind, HobEPEmd -7, THIFFEERIC
VI bEA RIS 5 & &, FiE OEBROHEGEIICH 2
ZHEDE VNI D F 2 — 7 (¢13X150mm) ZH W
TN TWE I LB ERERT S EHEINS
(Yamaguchi et al, 199D, W3 nic L Td, H
circularisquama O ¥ 1327.5~32.5°C & W 5 =il fE
THEINI LB —HLTVE, InSDFERE,
F3FM TNk DT, REBPLLEBICEWVTH
circularisquama 725 &l SR BB N THEICRAE
THEVSRERE—HT 5,

— T i B8 D A KM TE 4 131.0 division/day
AMAWESbATVWE I LML (F)ZI1EBrand
and Guillard, 1981), H. circularisquamald if#i &
BONT ORI > THIHHESHWEICE TN &
Z oM 5, ARMHE WO =Kk I <R & I
RTEaHRICE, CoRVEBEELPEIL TV S
bOEEZOND, —HT, H circularisquamald’k

]

W

125 CHtEED FRTh b, 10CTIRA T 5
EMTENLDP 5T, 125CTHRITHIES Nzl
Z11.2CicH L cdiEnEeicFElbds & o,
AFEDBEE FRRI311.2~12.5°C O W#iFHIC H 5 &£ &
ZoNnd (F530psudi). # 3 B TR LILEE
BT 5B R T b AR O 1B FRRIF11.2~12.6CT
HoteTEms, HIEBIUENEEOMH Y S B
FRIKIEDII1~12°COFPHIT b 5 T EMHI S & 75 - 72,

Fig. 4512, PHHAN S CHEICRM 2T 2 i€
#: 5 ffi (Chattonella antiqua, Karenia mikimotot,
Akashiwo
Alexandrium catenella) & H. circularisquama® 7K
Wi d 2EINEE R LI, BB, Eadvwdnsg
30psubiBicBIF 2EEH W, K6, BEAED
HiE# 8 20~25COHIPH Cix bIEFEICHEGE L, 30°CIic
BOTREHCHIEELENE T2 L0095, C
NS OYIEEEIC IR 2T 5 8 H AR O 2
KR 1320~29°C O FEPHIC b b, EEIEHE/KE & HE
HoKEN L —FKLTW5, £/, H akashiwo, K.

Heterosigma  akashiwo, sanguinea,

.'(A--'-—-

2.0 - —<— Chattonella antiqua

--‘W- - Karenia mikimotoi
---A-- Heterocapsa circularisquama

; —>— Alexandrium catenella

-g 1.5 - —O— Heterosigma akashiwo

O .

CC) —e— Akashiwo sanguinea
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Fig. 45. The effect of water temperature on the growth of six representative harmful phytoflagellates in
western Japan. Alexandrium catenella (from Takeuchi 1992), Karenia mikimotoi (from Yamaguchi
1994), Heterosigma akashiwo and Chattonella antiqua (Nakamura and Watanabe 1983; Watanabe and
Nakamura 1984), Heterocapsa circularisquama and Akashiwo sanguinea (in this study). The salinity of
data sets are employed are at 30psu in all literature.
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mikimotoi, A. sanguinea® £ 51, 10°CE WS PHH
RUFR DR L HKIRIC B W TH, (ROVEEL S
SIET 2 HiERE b H 5, 10°CTHIENED SNV
C. antiqua®A. catenellald, 10°CHi#% DK T &t
JMEERT YA M EERT 5 2 EBASENTVLDEDT
(5 HE, 1990; 774, 1994), 05 H10CITB W TIdAE
EOHGETH 5, HIEBHE LI O FIE O R EN 7S HEY)
T vy b vThBIEEHOZ G, 10~25CEWV S
U P P s W SRS 2R 9 A, 30°CIT IR B A
WK M2 (i, 1994,

Fig. 461CLEE & IR EE D K105k 0 H Bl o~
K% Rd o DB R 2 5 HEE T IIA
DO ARKIEED12C T, & /KiRI1F27T~28CTh 5, —
B, RS TIERIEKE 2 10~11°CRifZ T, &E/Ki
1325°CCdh %, H. circularisquama %5 < MiE# Tl
P H A s R & 2 KR E P & R i v
I AN IZIE—E L T v B8 Cali, 1973), H. circulari-
squama 3 AFRINETIRIFE A EBNS NI W32.5CE
WO KRS TR bIEFICIE L, S & o (K
KETH 2 9~12CE V> FKEIAIKTIRIE & A LB
ETERWI ENGN 5B, 95 Lickiicxtd 2 140
IR, N THHABE TS N TV 3R EHE
BEIMPITORIE>TVBEES A B,

ZDXHIT, H circularisquama 375 H AR E TR
WENER T 5 fth D Wl E#E O BRI & IR E LD,
Bk el < h 2 KR & 0 5 Cilr < mwoKiR I E

30
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Fig. 46. Monthly changes of mean water tempera-
ture (from 1989 to 1999) in Ago Bay and Hiroshima
Bay. The dotted line periods are regarded as critical
levels for the growth of Heterocapsa circularisquama
vegetative cells.

G FETH 2 LN b, EYOKIITHE % HhE
Rt i, ROWEHA 220 CTHERBRBIICHEIG L /iR &
LCHEBLLMETH B, TDZ ED D, H crculari-
squama lF HARRFIC T EOETIZ L, AKidLD
PG O (B - iEvE) IR L Tw A TR
MOhEHEES NS, BaEEORERN I ERTDH
% Pyrodinium bahamense® ¥l 2 8 /K IR H327~30°C
THbHEVIHE (Usup et al., 1994; Usup and
Azanza, 1998) (3, 95 LGz L TVb,

Vi H A B I R s kic g 3 2 08, il
SHBHTR & W o FRHRSEE L, T ofBEninETIC
FTELTOVS Y, 95 LR mE & Riio
BRMAEICH 225 EF A 5, BICEHEKHESSE
WKEOLDNTH L SREEL Y, Bay - o4
Vi 84 2 DIc oy RBREE B HE S, 295 LT
id, ZXWoOEKENSEG « AR EYORA « E&%
HIPR T 2 KD EK T, KA DIRI N 25K PR
EEOFERRE TIE, —RUSEFICKII TSI L
Hb, b LH circularisquaman3EG s & fhi a2 4
B4 2 EEals & LcEs, EaEicEd a2EHA
RIS ALK T 2 72dicid, Ko KE IR
T L1513 9ThH D,

Fig. 47TI2JODCOF— ¥ ~— 2 L 0 &4 (1 A) @
SRR DA & H. circularisquama @ H B A 7R
T KERTE&O» 20, H circularisquama ® H
BIgik (3 KA B & 2 10°CLLE oy LT
W3, 10CI2BWT, H. circularisquama 34> < 15l
TEBWIEEFET S E, AONHEFIRL TV
B RKDOERE U TEYPIKED10C%E Fal 2 &S h
DEBICBHE L TV B SRS NS, —5H T, /NEE
REEEE 1 EOBIBINE, B BV IRILEE R ER ik
INFED K D TR A I O S AR/K IR A 10°C % 1 (o] 2 s
TOIERBOFEN RSN TVWE, T Enb,
VEH AR T3 H. circularisquama 34 2 X 51
15 5 721980 LA S ZHKIRDS AL TW B 0T
(ESANRY IR Y g

2t 2 TOFFE ] oD i 7 P 7 B8 o0 PR W i s Kk O il Y PR i
WHOILEBIIE8T 3% 2 HoKiliE, £EHOH.
circularisquamarRii) O FEEME # Fig. 4812/~ 1%
Bt 2 HoKiEZ, 1972~19874 % TD15539.6°C
THh - 1208, 19884FELIBF T H ICAEL D 1~ 2°CREE
EVIREEDS LW T W B, AR b [k 2] Td - 72,
DT N i L R 1 P H A o BRI hriE L, B
Xt B s & o B R EEZ TV cy, oK
imDHRANE, PHHAZEOHAEZREXL TWE EEX
oh b, EBICHIRE & DfthoidRics v, 1980
FERBYD SLHKENE L EA LTV S T EAH
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ST > TS (AR, BME). Ihid, 1988 LUK
BFEOLITHVTOLLELOEELZZTTVEID
rREEZOND, TNEFEMNT L XD, HIROEE
g T VRN O & UK & [5] LH%E;E@ 50 |
FLTwaZEpEsnTtnsd GEES, 1999, H.
circularisquama D IR T 5 L 72 7KiE @ _EA DB
INB LD 5 721988 FLIED & BN FE 5 5 &
It oty TOT LMD, PHHARMEICE Y 54
KD EFDY, ARG < I T OB RE I MK W
EFZ NS H. circularisquama D AZBE L TV
Z—HTEBONEHEIN S, 1995~19964F D& 1
WERFERREBL, — RN ZIIKIR AP X D KW
HTh-teh, TOBEDH. circularisquama DR

HED 2L DS o T E S TOHELFEL TV S,

Honjo et al. (1991) (I =FBEOH » BB IT 5
i B Karenia mikimotoi® BRI & A&7k &
DREE A 6 FficE » THA L, LWKES IO R
FIFAER L B HEICBR L T 0 B T E RIS T LT,
JThbbL, XHMOKENEV EK. mikimotoi D HIHIH

-

Bl fiicR v EREIRAERASEN 5, Ihid
MAED v 2 b ZTEHE 3, KEMIEORE TS
5 K. mikimotoi 2 & - T, gﬁ;@k?ﬁ@%{&ﬁigﬂf@ﬁ‘f
WD v — X E18 BA AR EE IS CEEL
W35 EAEBERLTWDS, H circularisquama %ﬁﬁx
BECRMAMED ¥ 2 » 23, KWK TH 510
Tl ez LA EILLIcD, iR E 2RSS
THEIAL S B—r1tE ~ 2+ (temporary cyst) DIRIE
ke s, L L, REIREENE (Hid & Th 5 ofiifg
i%ﬁtftiﬁzt&$W£%f%%Lfmé(w
, AL, RFEZR) . BE- T, 19884ELIFETE H Aiglk <
K. mikimotoi ® R i &L, & 1 & |6 K i H,
circularisquama O IR BT S NS L H 1T -
oI, COXMIKED ERABEE LTV EE
oMb, Zofiicd, BEPHEATICEZNHT 2
i ¥ & % Prorocentrum sigmoides ¥ Gonyaulax
polygramma 13 E DJREIDEFE LI UNR S, 1996;
EHS, 1998), H. circularisquama [@%f, 10~12°C
E W o oK T O MRS FE L <R W HEE

EREREEEERES
T oooooocooooo

Fig. 47. Distribution of mean water temperature (January) around Japan. Data sets were obtained from JODC.




H. circularisquama 7R# O FEH: 3 X O KRR I 22

Gymnodinium catenatum @ HIEBEAPE H A TBEA
LTWwaZEb|GEancnsd Uha, KA, 1998),
X 51T, 19804ERL D S D HAIRFEICE F 5 1EiH
PEDFEAY) O B IR ORI, HEREICRS
F, MOEEAEYIC O WTHIECHESNE LD
7o MORERWBORBEMT VT HED I F VA HA
Perna|BDIRATH A5, I U A H A Z1960FA L
D5 RE OB E VK EERICEE T BRI E
LRiEn ETisilansn (1R, 1984), LR
FMAEMRTRARHIA L0 T 2HH (28, 1969) A3EL
FENTERE SN T O, EEBREE 72 0 RIFBIR A
THE G 5 T Sl o (BRI, 1984), & T A,
1980 &, A, HHEE, REE 7S &R
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ABHEN S W20, IS P A A4 REFALBEY
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5N 3 Cigdk, Sk, 1991; P14, BIO, 2000), 247K
MO AV B ARSI R 597, #L « JhigEiEg T
bl ThBY, =P cllEsn s oMz K
ZikLich (RES, 1995 Af, @6, 20000, e
Foyik (BFE, 1995), A 7 4 F otiglliE D5
mILR (O, 20000, THRiEHBTBORERKE T3
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PEEIN TV S,

BHIKE, TN=—=3RE

ST HIER B D B IR AN B & AR & s BB 9 B A
RABE S HEINBE L HIT > oo HAITHED XY
Kimzw FREETVE—2IcT b =—= 3 B IEH
ENTVE, R T V= — = s HENRAT 2 &
HAMITRSE « BAHEIICE 2 EEbhT0as T
ED o, 1980FEACERE» oMEIHAET s V== 3
& KR J:%Er@—ﬁ.f“ » A 5, Hallegraeff
(1993) &7 ¢ V) EVITBY 2 HHIE#EP. bahamense
DT NN—sbz=—=aBH]RLOEAEI R L TL
5o BBICBY BMEORFEE L V=—=3 LD
Bt m v EWvwS (Yin et al., 1999),

ok, AWKED EFEE bIT, B . di#
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Fig. 48. Relationships between minimum water temperature (mean of February) and the occurrences

of Heterocapsa circularisquama in Japan
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WL, FEAEY OB L ARV R IR %
L TWwWadEnbironsd, Tnld, H crculari-
squama B HIEE, o AT, WS, FTEBR L,
ShrEicm L, SRARII D3 W SRR 13 S TR
WIS A L L bERICBELCwWa L b b, #F
HeEBET2RENBHY 7S v 7+ v Th D HEM
LT 5 L, M EROZ < FEREN SR ICH
IBTEAMEAA L CVWEEEZLONTWS (BUF,
1976; Margalef et al., 1979; Smayda and Reynolds,
2001),

Honjo (1994a) (FAFEOREN 2K TH 5
NS B T 5 REBEOHERIRILIC D WTHD &
HBTWVW5E, Thicksd &, EEEOERY Y v OHEE
DIFHIC B 1 5 IR, DR OF P AN &
WL - 721970FEROFE R ik b &<, & LR
DA, BERHEDS L REEVIREICH 5, C
DA AR O & & X—HKLTHD,
Bl O Biff & N 2 KRB O & 2 ncfES ivE
W OIKELEN RO EHREET SR RKOE
KThHdEMEAsd GB1ESR),

KIDIRFE « WEET, 1970FERLIBICH D flE N
TEEERBIAED—E LT, VU v OHHHEE D
bFoNnbd, TNRERESIBICB T2 5 v
7 b vOWIRICB VLT, U v HSEEGE O #LEERIC T -
TV 5 EWVWSIFERER (Il 2 (3 Schindler, 1977) 25
TRELIEMOEATH > 1cs T8b L, EXREFLOEK
KOBINE LThEE» S0 ) v OARAIERS Lk
RNThb, CORM, B rifivEENTRITA 2,
F B NS & OB T 13 Chattonellald % K &
TAHRMMBHI L CBY, LEPRErSAMENS
) Y ERE(LELLS L TVE & L THEARTEL
foo T, MY VEERIOL IR I NS LD,
) v OPEHB R SR ICHE s e (Fig. 49, <
DFEEL, W I B T B 19894F o s A S e 1 et
950 vOAMER4M4t/HTHY, 1979F D66t/ H I
Rz =00 g LTcuwsd, LaLERS, V)
V[EARRICZBILHRDO—DTH 5 EFHIT DV TIF19894F
DT/ HHL98ET HT00t /H & 1Z E A EZLLTL
2w (Fig. 50)0 MREIOFAEBHEEERT & B2 F 5K
BHERZ, PEE, S0 vORAREOHDTH S b0
D, bHI—DDOENTHIERICOVTIRIZLEALENH
EINTOLRWI EDBD 5,

DT &, TEREEORELZTRT VIREPH
Bt aEHE) vOlE (N: PH) 28E< 5D,
TR D RS ENERERE S IR ISR £ B K 9 IR T,
ERITHAY Y OHHNITRZ LR g OERBEIR LA H
HLTOWEAREEART DO TH 5, KEICEHOE

5

P

W

B RKZWKRIE (B, 1991; KFF, 1993) ©ILEE
AR S, 2002) icbF 8T, AFHEKFPON: P
HASEELEALTOWE T ERHSMITENT VS,
ok W THXMIC ) vodlghbia < mnid, £
HeEoy vHIFRERBEICEL L E»ESELTL 3
w] gEME A = W (Stockner and Shortreed, 1988;
Takamura et al., 1992; [IA S, 1999, =2 <, H.
circularisquama ® ) v HIREE T O @G IO W
THRETL, REIFECHERIC O VWTEET %,
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Fig. 49. Changes in the detergent production and
phosphorus consumption in Japan (Environment
Agency 1999)
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Fig. 50. Changes in estimated total nitrogen (upper)
and phosphorus (lower) loading into the Seto Inland
Sea from 1979 to 1994 (Environment Agency 1999)
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B 118 H. circularisquama RS RER DOREIEIRIE

H. circularisquama 7R RF O SR EIGERIE, i
ISATREMERE - BHE Y v OFEREICO W T, 19954F D H
B E RSB B 2 IR AT BUGH A A 50 L 72,
BB VTN OUHE T & 1995F D AR I P RIEREE T dH -
7o, WEEL L TV AHEHBEEKL EH creulari-
squama LI OTERE D & % 0 {RFE L 72w [ HUh IR
REETH - 720 T 9 L 7o BRES 3R HE R 5 o RSB IS H A
LIKBLEOBBREEZEZ LS ATEHEIC 5D THLAW
W 21T - 72,

MBS UHE

JLEE DA, Fig, TR L 72Stn. 1 ~47T, H.
circularisquama ZR B FEH L TV 519954E 7 H2TH
i, AHPLETH S 5mE TmOEKERKL TE
NICEbLRY, ComKicEEnsH creulari-
squama OB 25T L 7o, IREBOEE, Fig.
2008 L e KEFMEF IS & 9 5 Stn. 1°C, H. circulari-
squama FREIDSFEA L TV B19954E11H16H, 20H B
FU12A 1 HicREilKE=FEKLTEDICENICHED
JF, ZoimKIZEENDH. circularisquama ORI
EREAFEL 1o

KEEHER ORK KL 722 05045 umD
Y)Y 7 4y — CREAMRSEED 20T Ak,
WHHIOA>tc 7 —5 =K v 7 ZITNE L THEBREIC
BHiRn, orE ©—20°CLL N CHESIRE L 7o, ik

DIP, A{FREMEFEEERRIE: DS OHlE 1%, Strickland
and Parsons (1972) @S FEICHEL, HEjHHEE
(TrAAcs 800; 75 v b —~fh&ED AW CHlE L 72,
WK OBRER-EGHK ) v (LITFDOPEFRYT) o
B (ZMenzel and Corwin (1965) D5 EFICHE L TR
f Vst ~ (TDP) # bMEHE ) VB (DIP) off
ZELGIK T EITk > TR,

KR ORI FEHESE 12> W T IR O Sk A S 3T
L7

1995FEDEEEICH T EIREERE

Fig. SLICH AR R R T 19954 O HEE A 3 H.
circularisquama 7R O FHEIBFAEETH - 7253, Stn.
132 T3 E5,000 cells/mL & THAGE T % 70 & LRECHY
EKEETHER L Wi, 19954 3 BE @i T 5 2 &
b CEEE KRB Wz, e g TIIDIN, DIP

DOV N EKETHER L TV, DINA1.6~2.3 M,
DIP%30.003~0.37 « M, DSi»38.1~32.8 u M ® i i
Hotoo HEIHNDI 5 72 ODS R E WV IEE TE
FEL TV 72h5, DINEDIPOEE 3K - oo FITDIP
DEEFEOD TR L TH D, Stn. 4 D 5mfE
%R < EDIN: DIPHA31I~T44E &< 15> T,
[ERFICHNE S N ciEFEKEEZESR (DON) B LU
FHEEREY » (DOP) @it %= Fig. 51IC/RT,
WFNOE/ITHEVTSH, DONIEDIN®D 3 ~ 5 f5Hi%
HFELTW, £/, DOPH, Stn. 1TIRRIAGFREY v
DIFEALETNTHDOPE LTHIELTH D, Stn. 4
Tld, 3mTEIDIPD 8%, 5mTRIAGFMAEL TV,
DT EnS, 1995FEDH. circularisquama JREIFA:
Hild, MREREDZEZP) vMRExboThiEl, 3EA
EMWDON®DOPDIERETHAE L TV Ic/KEEE T
FHLTWiZ LT b, DOPIZH. circularisquama
DIIIE R D= WIKER T IR, ST fiiaE R AR
KETIRE WIS EHOBRPED S ic, FFIcDOPIE,
Stn. 1 TH. circularisquama D&% E O LTV
KETIEZDE FEDEDH 1 /3 DiEE/RL TV,

1995 FEDEEEBICH T2 REFRE

FREIIRTE,  Stn. 1 ©iE/KEURR O SR EIE IR % 1
iE L 7oA S % Table 1012789, DINA7.8~12.1 M,
DIP430.09~0.14 £ M, DSi»14.3~17.1 u M@ §ipH Iz
b, REIARPRERL# IR SN d - 72, DIN
DL i L TDIP D EE A3 ed T{E <, DIN: DIP
H368~121& 5 < 75 - TWW 7z, DON & DOP4MT (352
fELTWings, wPhic LTd, KEDOKEIZDIP
DEEIEVIRIET H - 7212 b & 3, BEEEITITH
HELTuwi,

% =

WIEETH. circularisquama H> FE TR 2 JERK L
TW A IREORETRE I, DSinE<, DIPBIEEAL
FBIRBETH - 7o THIIH. circularisquama DB
IZ & - TDIPAYHE S 1, DS A & Iy
LTWBIEERLTVES, 1995FDILEEICET S
H. circularisquama O7REIHARB iz BV TH, DINIZ
0 MATRGEAL TB D, KRS WETH -7, L
7L, DIPDEE IDINIC g4 2 & Ml <,
DIN: DIPIi368%#A TWic, DSid 14 4 MAiT# & I
IS - 1o TD X DIT, 19954F D JLRETE R 1L 1A
DX HIT, H. circularisquama 33 B THRE %
WL, BN EMORIT 5 v b o RIASET b
DOREIGEE X, DIN: DIPHEOSEFE IS, LA bR
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R BEIC (SDIPSHEIRBIC S 2  TIHBE S T L
LT EDBNM T, TDT EHNS, H circularisquama
[3DIP DR AR TR W ERER [T & fike i 1o 7Rl %
k9 2RENI DN E N T EHMEA B,

HHRENT 5 v by DBEEEICNE LT R ERP Y
YO, KR/AOAMEAEE (ninimum cell
quota=Q) THKILTZE B, Fi, REEOKREERLT
0P BRI A Sl 9 5 DI iE, BEGEEEE o A
EH (Ks) TEILS N5, WD (1996) 3 H. circulari-
squamall >V TEEREZH W TDINEDIPIZ S\ TQ
LKsZHNTHD, TOMRR, AHEAINE THNS
N HARBEETHRAET 2l EsROT T, KHEL
QEKsZEZHLTWAZEAHLMZLTWS, TDC
L3, H. circularisquama MUfERYI 75 v 7+ v &
gL <, REHBEOROWERBIICHEIGT 2605
WILERTEDTH 5,
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Fig. 51. Concentration and form composition of dis-
solved nitrogen (upper), dissolved phosphorus (mid-
dle), and cell density of Heterocapsa circularisquama
(lower) in Tategami Inlet (Left: Station 1, Right:
Station 4), Ago Bay, 1995

7K D DIN: DIPH. (& % \WIEN: PH) 238 o fb
W77 v by O ERICRES BEEEMITS T
EDITFEEHENTWS (Takamura et al., 1992;
Smayda, 1990; %%, 1991; LA S, 1999; F5H, 2000; Oh
et al., 2002), D X 5 I1DIN: DIPLASE WIREEDS
M HC &, W75 v v YD H. circulari-
squama 13 £ VHIFRERSE ICE L /cE AT A I
HHONTL 5, — 4, BITEHE 2HTHENL KDL,
1997~19984E D [L S 12 81 % H. circularisquama 7%
IR A X DIN: DIPHEASRedfield b & 6] U 2 KW
REETH - 7208, T LIcEREE NTIRH circulari-
squama VSO 7 5 v 7+ v 62 BIEELTED,
FEERIICTRE OB/ NS p - 2o 0 EE TR ET %
A Z 720 H. circularisquama 3 AFBi 5 T kit
MICEIX S B 7ovicid, HeadT Y777 ~ v
DEFHNTIE 5 ) HIFRBREE O A 2 12 E 2 7
LTOVBRREENEZ R 5N 5,

Fr, WEBICBY2HEBICBWT, H cdrculari-
squama O FIRAEEE A3 5V /K 2E TDOP D 2L 72 15 A3
SR WEAAME b, TDT EF, H. circulari-
squama’, DIPHSHLE LBl FTDOPH ) viki& L
THFA LTV ATREEERIET 2D TH S, R
Wk NiE, H. circularisquamal3fEx OGFHEEEY v %
) viEE LTHIHTE S &5 (Yamaguchi et al.,
2001, BUGHHEODOPH ) vRE LTHIH L TW A A
BEVEDS D B, TDT EITHOWTIFRIATHRET 5,

8 2I8 H. circularisquama®7IVHVU T xR T 7
¥ —EMH

BITATH. circularisquama?sV ~ HIFRERES 1@ )6 T
ERHENEAL, LrbZ) LERE BV, BIF
B TE ST 3R b B &, £, DOPZEY V&
LRI TS 2 affEMEic > W T EE L1, DIPSHEE L
TeERIE N CfEREY) 75 v 7 b v SERB L CTHEYI 7S v
7 N HEPSESHICIE B, BEICHES ) YEELT,
TCRMBIE I B S ITEET ADOPAFIHTE 5 &, AfE
FEHNTEALICL S C EDAEET H %, EHNSDOPA Y

Table 10. Concentrations of DIN, DIP, DSi (¢ M) and Heterocapsa circularisquama cell density (HC,;

cells/mL) at Station 1, in Hiroshima Bay, 1995

Date Depth (m) DIN DIP DsSi DIN:DIP DSi:DIP (CQHI;I ;ij)
16 November 0 114 0.09 14.8 121 157 1,613
20 November 0 9.8 0.13 17.1 75 131 1,579
20 November 2 8.3 0.11 16.7 76 153 1,057
20 November 5 7.8 0.11 16.6 68 146 1,377
1 December 0 12.1 0.14 14.3 87 102 725
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VIREL TR 27e0icid, BT 27 Vv AETINL
THW) vIEE TS MR T + 27 7 ¥ — €D
FETh b, KETIE, H circularisquama%WR E L,
2D 7+ 2775 —€¥DS5L, 757 b voOfild
KEICREL, BEKTPOFKY v ORIFICEES LT
W3 EEbNE7IAY)FRZ7 5745 —+ (Alkaline
Phosphatase, VItRAP) OFMEIZ > W THET L 72,

MBS UHE

TIUVHY T4+ R7 75 —EOKHIE, ~NS=ro 72
/=) viEYE (LI pNPP, ML) 2B & LT
FHWTiT -7 (Kuenzler and Perras, 1965), AB:#
IZ & D pNPP KRS % &, HGICHDT 55
=to 7=z = (LEpNP) AR T 2, Zolnk
DR TH BT = a7 2 ) —VDRE, HILE
i (UVIDEC-340; HA M EHED ZH W, 410nm®
WG A543 C Ltk D ER LI, % Bin vivo)
VHIRRGE R TD 7 5 v o+ DOPHI A RERER#S 3 %
312, pNPPIZAP & OBIFIPEAME BB & L T3y
TERIBWEIEHT 298G & —HicFaET 5 (PRI
Yamaguchi et al.,, 2001), C#(ZAP® pNPPITXd
B BRI FEARNTRIREEM (25 u MELR) TRV C
Licdkd s b0 Thh, —EREL EToRBERE
BMEOSWEEDNZEOERE [ F vy v Ny
LY vRIE ] L pNPPE DORIICHEBERRED 513
W (Hernandez and Whitton, 1996), 4r[a]daklR (5t
B oEWIT X B E/NFHT 2 VWX 5, Hernandez
and Whitton (1996) DfEf§ICHE V', pNPPDEEE 1Z
BRI EEN R SN O EBERMA T (125 o ML
b)) THERL . MERRIOMEN THE/ X7 =107 =
/= (RIDEAEED) ot 2 BERI DRI 78 5 & 51
B A K TR L TIEk LT, 8%, N5=to 7=
J =V OFER ERKITH T B IERE MKW 7o, T b
WMDY/ — VKK CThE 2 IR R LI AL 72,

F 9 H. circularisquama %> S KM 75 v 7 &
YOAPIEMNAFTIND o, T U vHIREEH (N=
2000 M, P=10uM, N: P=200) CTHEEREINK
H. circularisquama (JEEEHE, HA9401) BX Uz
OfhoWEYI 75 2 b v (Stephanopyxis palmeriana,
Skeletonema costatum, Licmophore sp., Scrippsiella
trochoidea, Prorocentrum dentatum, Akashiwo
sanguinea) DREENE 5 mLABE S N7 E L T4 HL
L, THICpNPPEAMIEES0 M, IO 7z ohiE
METHER=v) Y= L7 h=<A v ViR ER
KBS 0mg /LI 2 K5I, 22Ctikze 1~
2 WMfERE AR U 7o, BEERRR, m0EE (3,000rpm, 5 min
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DAPIEM:L, S. trochoidea & 0 K> - 123, T D
oY 7 Z 7 b VICHE L TR &Eh -7, C
DT &5, KFERIHSMAPEEL, LirdZ oM
fad 7z o OFEE IR E W T EHEAL 72, Skeletonema
costatum, Prorocentrum dentatumiZ (312 & A EAP
TEVEDSIE D St ip - 72,

Fig. 53D A & BIZY)H « {LF WML 2 L 72 s D .
circularisquama ® APTEMZELIT > W TH NGB %
"9 o H. circularisquama OFEIEOELE L 72IREE (in
vivo) THIE S NI APIEYELS, [6] UHIEEE 2> S 5l
NEfic X o#EB s N B Gn vitro) OiEHIERE &
AEBUTH > 12 Fio, BEILMIEAZLRE], BEEiEK
TUEE L ot o SR is, APIEHIRIZEA LS
BOoNBhotc, TOITEMS, H crculari-
squama®APIGHED 13 & A &3, MlaLBICREL,
WL EIT LD Z DR EA S EFRICES IR S
N2b0DEEZL 5B,

HEERIKEZ VT, ABEROFHEIC > W THRETL
fEHR%ZFig. 53DCEDITRT . AV Y VIBOTRIIRN R
NI E A, ) VERORESEINT 5i2on, ihiE
DAL ED SN, 7272, 100 kM T & AKX D90
%P ot E /R LT, E72, 500 u MELEDREE
DEDTAIC £ 0 BiFICHE S i,
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Stephanopyxis palmeriana
Skeletonema costatum
Licmophora sp.
Scrippsiella trochoidea
Prorocentrum dentatum
Akashiwo sanguinea

Heterocapsa circularisquama
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W
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Fig. 52. Alkaline phosphatase activities of seven microalgal species cultured in phosphorus-limited

conditions
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TIUHY)VERT7 77— (AW ViEE/) T T
W73 AFREFT—¥) EHE—H FHlhrra—u
$, 7=/ —VHH, BXUOT7TIVHERBEDHEZLDY
VIRT R TV EMKSET 5 (Reid and Wilson,
197D, ZOfEH#IZEE L CHHIF- LA Ru
EEN, SEEYICEEAELTV, L LERS, i
EEDREY) T & 5 RBLEIA LM BRI 13, AP
LS HwRZEh T3 (Herndndez et al, 1994;
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Uchida, 1992; Oh et al., 2002),

4el, H. circularisquama OREER & TN AL L
1 EEOAPEMIZIZEALRI L TH - 2 (Fig. 53D
Ao F o, PRI ORE S BB IZAPIG AN 1Z
EAERBD N » - (Fig. 53DB), TD T &p
5, H. circularisquama @ APIEVE X HIE D i/ 8 1<
FEL, @ Eickhi3EAED EFRclsh
ltbDEEZ SN D ATEDRANEDOHELK (glycocalyx),
JFORE RS, B & OfEi T Sldamiiic K 0 ES T
FHRLAWEEB LTS, COTENDL, AFEOAP
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Fig. 53. Effects of physical and chemical treatments on the alkaline phosphatase activities of
Heterocapsa circularisquama. A; 121,200 cells/mL of H. circularisquama, B-D; 30,400 cells/mL.

* Ultra sonic ruptured cells pellet
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3 T S HEs OREEYI IR L IS S L IIREET
HFHELTL b0 LRSI NI, [EEOFRIRHEE
# Prorocentrum micans IZB VT HREBIN TV S
(Uchida, 1992), %7, RMEHICBBWTS, APE
PSR O RABITIRE L TV 3 T & A1 i
SmmicEnTwb (Hernandez et al., 1994), Wit
2L Tsd, H circularisquama OIERE I HAEST 5
AP, EREIKF OB 12DOPA S i#E « FIH4 2 DIz
BT -TWBEEDEEZ LN B,

ABEZOFEM, ISEETH 52PO-P (4L b
VR Itk - THANIKIHFEI N I LAMoNT
W2z, A, H circularisquama ® APIZ5WT b,
PO-POIRNMIBNEAF ~Ic & T 5, 2130 PO-POIEE
BN sicon, IHEOEKFMHES S17chy, 100
uMTHIAMX D%V EOiEEEZRL T, &
fo, RBERFIEERLCIn 2B L TV307T, &R
FL—y—ltL-THHEERZT 5, SEIOFHR, 500
u MU EDOEEDOEDTAIC X O, AP/EM IFPEE T HE
SN, 722 L, H. circularisquama® RE# 1285 H
WABSWMSHERIZ 1%, MY ~IRI1359100 « M, EDTA
F50 e MRREE IS D @, lH OEERERICE W TEHER
FHE S &= 2 AR (Z(R W & S Lt

o X HIT, H circularisquamal il o i EE: &
L COBOAPIEEE B LTV B T EMIHS ML -
720 $6- T, H. circularisquamal3 5O iEEIZ 0
T, MWHE) » (DIP) 2HhE L 7oREIcs VW TH
BB IS 2 APTDOPADRL, V) Y& L
THIfIT& 22 LB anc, FEBICH. creulari-
squama \IIEFNIOGEHE) v 2 ) vEE L T TX
352 N6 (Yamaguchi et al, 2001), IS
DOPAFIH L T W 2 affEd: 138 s

¥, H crcularisquama l3FAIENICILE xS 71
7A2HLTWV5 7Y (Horiguchi, 1995; Maki and
Imai, 2001), [ 7S =T O RO AL REE T H

o HRIOHEICH Wk S By b PRI X bl
fasicigdi L Cw 2 = aJRES RO L e b D T,
HHEOMEMREREMTORERIRED SNE VL, Lrl,
DAPLIC & 2 HERE T BN ZHO N7 7 ) 7
DAL, L b—#IikR LIcH. crcularisquama
ORI SHIEM IS T Wi, MIES T VA ) 7
277 4 —EEEBETHLENS, RET HHMED
BEAEAICHMOKRZERGTERL, LAL, H
circularisquama® A% & AP & ORI 3@ W IED
MRS 5 &, PIAEMEENESETREELTHAP
EHEOER NEbT VEESIN LI En S, 4l
ORBRTHEONIIEED B EAERH circulari-
squamall & - CHEA SN BERICHFRT 3 &l &

N5, i, MlANT N7 7Y 7Lk - CTHEAS N
A2 B IR S N REVE I T E TR IS,
EILTEONIZH. circularisquama O fRIEZ iR L 72
BAPIEMEZNE L CORIBS N h ol Eh 5, M
RINAMEE T & B APPEA A IS IFR ITER W & o &
Wrai s,

5318 B/ WNEICEFBH. circularisquama HIREA
DDOPDEHHE

HiYETH. circularisquama’SAPIEE =G L TH D,
DOPZKER E L CHATE 2R IC > WTHI S
Tl LMo, EEOHEBIZE W TH
circularisquama 73 & O FEE ODOP A HH T X % D »»
O WTERMICIH S i L i, DOPOF
2L E RS AV, £ T TH. circularisquama
MBI 2DOPOBIEA TN S 7w, JEEE, IR
B EWOH. circularisquama SR QST TH 3
EHIE O NBICB W, REFEHICHETE &
IKERIE 2 TR L 720

MRELUHE

FHET 12199641, Fig. 54127k L 7o @R 2 N O
FROLEBIC B U 7o 1 0 ST i MR K PE SR D /1 2 15
TERL 7o ABETH. circularisquamani ¥4 L T O
HEE (7 H15H, 9H9H, 9 A13H) 1€0m, 2m,
5m, 10m, 15m® 5 ETHAKRZITV, Hko—EI3E
K%, EHIZ 045umfLo v ) vV 7 4 vy — (T
AfkAEED) TAE L, HESRE L CRERB D 1T
E Ui REWMONE X, Strickland and Parsons
(1972) ITHE LT, EESHIEEE (TrAAcs 800; 75 v
v — gD A O TIT - 720 DOPODE (3 Menzel and
Corwin (1965) D HEICHE L TRD Ic2inlFREY) v
(TDP) »ofER Yy v (DIP) ofEizZ= L5l T &
KTk,

x5, BHEmEIcB T 5H. circularisquama O F|
FAJRER DOP D RIS 248 3 5 7o o, 6] Uiili 2 N
Kiz, H. circularisquama ® &M &5 L 72 AP
B 2B UHBERKZRMLTA v Fa~x— b L, BHEE
LT 2R v (AP-Hydrolyzable Phosphorus
=APHP) O BEEEHIE %2 il A 7o MRERAR O TH513
KDL HIT T, £, ) VHIBREEM (N=2,000 « M,
P=10 M, N: P=200) <TH¥:# L 7« H. circulari-
squama ORI (25X 10°cells/mL) & F 4 v 7 —
Va Itk DT4x10%cells/mLE TEM L, TNz
wd s Ltk biEEG, XLy M IDEROME
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WK TR L 7otk FEEIL L oo T OEEE 3 M
ORI, Bonik ki@t ciEoni ik
toEbE B -HEEREL Gly Ao 28, H
circularisquama B2k O AP (3 S RFIC & - T HiG:
MREEAERT LRV &2 PR TR L TV 5,
APREHI @R, 0lumD 7 4 vy — (A4 L7 R
GV, 3 ) ®E7—@8) TAHHELLE HTELITD
RO A (v o b, 43 FE3,000; 3 ) &7 —#k
) &AW THIL0065 IR L 7o, BfEK (20mL) %
TE—2F 2= 7ICPEE, 1mM-Mg" &8 b))
25 (pH 8.0; 3,000mL) (3% L T—RB&EENT L
RO ) VIR T DM O AR ZH D B i, &
2R A Lo, 29 LBl i
FED0.1mL % 10mLOBUSHHEAKICHRAN « #FE L Uik
212,500 cells/mLD H. circularisquama > 5 O i H
WIRINTHE), $924°CT AW A v 2 "=} L7cEg,
ZTOFFMEY) VIBORIEEIT> 7o TOEEICE T
BN L 72 ) VIR OS2 APHP & LCTHD - 72,
[EREDEIE G AL KIS LTHITY, 75 27ELT
WOtk -7 TOMUIT K DA Uik ) VIBOERIZ,
R D 7 i it W HE ot dEiE 2 W T T - 7,

APIEVE 3R E K © pH, BLUORE OB OEEL
RELZF B0, HIL—EDFEERTHE S M
AATH B, PREASHBRORER TR, FEEDHEKE
TOpNPP (30 £ M) @5y iR 13 4% i th o 151 73
AR DI2%TH -7 DT, THEILICFHEEIT - 72,

H. circularisquama®FED R S il (7 H15
H, 9H9H, 9 HI3H) <8 sN7cif/ Wik o
DOP#ilak % Fig. 551275 L 720 HARIHDIPO HLEE 13 K
ICBWTED - 7128, H. circularisquama ® 5345
BTh20~5micBVWTRI2EBDEL -, H
circularisquama ® FAEWRIth, DIPASTDPIC 5% 5
NG 1E156~2T%Th b, £< DEHWDOPIZ L - TH
o TWi, 7/, APHPATDPIZ LG 2E&13 3
~8% EDIPL Y FEKWb DD, HS I T DIEEN
OO NI, BRITH. circularisquama 135 R ISR H
SINFIHIH EIH13H DEKIEE, DIPREEOFRG <
IET 5738, iRnEKETHRb s,

Z =
B NBITBWTS, H circularisquama 7734

B 1385 12 DOPASE W IBEE CHEAE L T\ 3 & & 2353 -
t2o TODOP®D 5 LH. circularisquama ® APIZ 53 fi

aNhzY) v (APHP) ORELZRET 5728, REEM
fan 5B L 7c APZEBITH. circularisquama 73 7,
SN RO MAKICEI L THRE L 720 i/ NBICH
J 5 IEE D RER, B R © DOP ® 10% [i % 13 H.
circularisquama ’H 9 % APIC & » THfE & 1172 DIP
E155, TOAPHPOEEIZ L LIZDIPD EE TP
g5 Emo, APHPIZAEYIEICSZAENGERET
WG /K cfZE LT, DIPAHEE L 7cEis & i
N VBE LTHLETH S ENRES N,

Shan et al. (1994) &, /37 51 7RO APZEEE
fblich s oMW, ZJa—A vy vavitdbd%
Wik D APHP JIE k% 5A%6 L, BREGKD o4 i
Lo TORER, BRIk, WW>s s b vict
SR AFEREOAPHPAEENE T EN0h -1, T
5 L7:DOPI3#H ODIP JIE Tl A < R & i,

FENFEBROFERICEINIE, H circularisquama 13,
DINOSD—>& LTEAOSNTL BIRFEPIREE
EHRFE LTRATE R VA, DOPIZ> LTl L
rREAETRTOYEEAFIHL i CE2E0D
(i1, 1997; Yamaguchi et al., 2001), 2@ &
5, WKPICEFES 2 MO »Ts, DOPIRDON
X0 & H. circularisquama O ¥EFEICRERRIICFIH & 1
TWBHREWEDS S W T EMERI S TV, EFH S
M >TVWB LS, Y777 b v hFIEARE
MRBEYEOEIZERECEEE ST, GRELE
NTHBIEEBZEADE N7 T V0 b v OEEHDE
B EEA 55 AT, ARYOFERIIBHTELL,

KBS EE R O APTEE D 13 & A E 3 ffastic
FELTWE L, ChoAERL TV RERETTH,
DIPASEEFE O R FERIC 72 513 KWV L N v THERS &
LT EIENS, BEARICRVIEENSAPR, RiE
K dDOP% Y v E L THHT 2 7cdicfFEL TL
b0 EHEEINTVS (Hernandez et al., 1994),
EBC, W NBIEBYZHERRICBVTS, H
circularisquama D FE PR 5 2 B O £hfE &,
DIP & [GIFEEEODOPIEICHEAEL TWD, - T, AP

0 1km
| SN |

Fig. 54. Location of Uranouchi Bay, Kochi Prefec-
ture. The depth of the sampled site () was 15 m.
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ZESEE LTV S EHE, DIPEENELS, BEAL
MDOPT 5 5 T 3 BREE N TIRAREFINTELLIC
VO EDA[RETDH A 5 (Bonin and Maestrini, 1981),

) VIREYIMANTIRIZER, ATP, VY VIigHE, Vv ¥
v G L IR YIBOIZRETHEAEL TV S,
WY ~7 5 v 7 b vilaNTE, JEE) v EIRE) »
THilAE ) v EE8D30~50%1C1ET 5 EWbh TV
% (Miyata and Hattori, 1986), #/KHICiEFES %
DOPD R EA LW, W75 v b v EY TS v 7
MR EPSEEHEHS ML, TNOSBBK - 9
TEHEETELTVWEEZEASNTVEH, FEROH
L oDOPM ED & 5 BYE THM s TV 5D h
FIEED 5w, Matsuda and Maruyama (1985) 1
Ln, BEHEKPODOPIE, 45,0008 EoEs
F&DOP, 2T DDOP, BLUNTEKH DK
NTEDOP» SRS N TR Y, Th O RLEBEKY
ERLEBRSY DM G SRS hTuE L0, &
i, ZHffh (1987) &, #EEE#EE/K d VR MPBRK
icid, Bug/LIEEORGEKRSEEEN, £D5
LORENY e Foxd v F v THERSNT
WA EEFSMICU o, FEBICKBRBEYIE 3,
TR0 ) VHELTOAK LS, HMEENEE LT
LTV EIERBMICHAS I >TV S
(Iwasaki, 1979), Wiz LTd, DOPEAEMIAH
kT, HBBIEDOYIE Z IS, R A ISR O FERK
INTVBEEER S, INLTNTODOPAEEBNICE
BT 20R3ES TRV, EARMICE, DOPIKE
NAAPHPHHEMI 75 ~ 7 b v @Bl I BRI Al RE
ThbEEAOND,

Pibo ki, BHGmKPODOPD 5 6 —ikiZ AP
mHAEE L TWBH. circularisquamal & > TEEH]
Ak Th 2 2 DNt BT S v v DT
W= LRI EEOERP ) VIR EDOZERERND
123y, MiEERIRT 2K E LTS %5, 9L
7B N T3, DONSDOP/ & 24l & L THH
HREISH 75 v o b R, ol S HTE AR - B A]
BRICIZ B 70, G TS & 72 - T 2 A[gE A E A
bNb, £, B 3mTbibREBD, H circulari-
squama \FEEEED 7 v — AW ELR UG Uw o plic g
AR DIGENE L, TG, ZEOEEEMEAR
Dk 5 (brwidftigsnsg) BEcHAEINS
MRS T5{, DON®DOPHRKERE LT
FIFH LT 3 AMEE S E W,

VI EH. circularisquama ®1X ) v BB E 1 5 #I5
P> WTHh NI, YT T v o b v OREBIEESH
iz id, 1D (KW IR OREIE 2 ORI H 0 1AL HREK,
2) D A AT REG A IR L CHE5E 9 2 BRI,

July 15
TDP=0.68u M

September 9
TDP=0.88 u M
DIP
15%
APHP
8%
DOP
77%
September 13
TDP=0.76 u M
DIP
17%
APHP
8%
DOP
75%

Fig. 55. Composition and form of dissolved phospho-
rus during the red tide of Heterocapsa
circularisquama which occurred in Uranouchi Bay,

1996
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3) B AATZRESE A MEN I E A REA D E(L D
BiA /D15 { T AERIE IS EDH STV (Sommer,
1985, 1989; #in, 1999), H. circularisquama & Z 11 E
THANDE TR A5 &# 2 LT & 7o ajMlIzEY) % Lz
T 5 &, WEENEREL D B -TEV I L
(REH 1HIZRD), flRNER - ) vEEPIERTICE
WwoE b, 1996) fmEas, 1) BXU2) kow
TRELHEIGEOEVETH 2 EMWEA S, 3) 1o
WTRAGDEIARE BRSOV, fMllay 1 XD
INS IS HEPNE EHINICREYE A ER T E 253
BWZ EA2EET 5L, H circularisquama O K=
LEENTRE B ESBVEHESINS, LK
Mo, AR VHIRBRE T CE@BY T VA Y 7 4 R
77 4 — iR L, BEKTODOPH Y viEE
LTRIHTcEsEENS, TNETHIONTOL
AR T L TR E (IR ») IRERRE FTo
BISHEN I E <, ) YHIFREBEE B L 29 Wil fE D
A RIS 38 W Tt A & DR E B &I H -
THREZIERR S 2 He105m 0 SR T 5N b,

838 H. circularisquama DS iR E ANBES
L DEE

H. circularisquama OFHEEEEZBEL WA T
RIMMBREERNOZE LT, ZWKED L7 &R
ON: Pl EFctE s> ) vHBREREEO HELIc > Wik
Ntz FEREAEYISHEBIL, L b LREL
B 2, Tk BERBEROZE L) EE L
ElERI L TWBEEEALD, S5IT, Bl1ETHAR
NickBD, INFTREAEHOSNTOVRED - I
Wi AEic BT 5 L K- bH—oDERME
E LT, b BUFBITH IS IREEY DIMA] S A D EER
THA - RAL, IhorfekofdyE osaich-
THEXT 5 EMtERS NS, v, HE, @8 H
W, DV AREEERETE, IS5 LAk
fEAEMIC & 2 EEROBEABICRE L L -T2
G, 1980; #2l, 1996), ARz ST L5 5H
FeHHTIV I P Th, 5 LMESANRITI
o TS h>od %5 (Hallegraeff, 1993; Scholin
et al., 1995; Hallegraeff, 1998a; Imada et al., 2001;
2002), H. circularisquama ® /KIEAT %9 5 BEGE IR E
T TAERIC I NE, AR BAD RIS EEOEY)
TEE <, By « VT, S A LT & 7o nfgEED
BT EPS, TOBARKEYOMICTEI LR, S
BODNHILRZBIET 2 /e DIcZEEBMR LA D,

& T, Fig. 56I1CH. circularisquama D775 A= 15
&, KILDOIREEDLWNE TR A 12 MU FHETE O 2

ZRIRFICHMR LT, CORZERT P 5E80, H
circularisquama O FREE, 7IAYHA, TH Y, =
HH+18 E HEEE SR A IR & FA s K —E T
5T EPNPE, $HbL, H. circularisquama O 7R
T T H OBIEED R A I TR rIc A L T
WBHEFA 5, Lvd, FEMERERRINNCHS &,
FEE DD S FHRIC 2 IERT 5D T3 <,
ROKINTFHAEL TOD T EDBDD 5,
TERFODY CTREEL > TVEY VAL ED
FleRTd, d2 MEYORERE EIT X > TRIEED
ENTRPEG 5| SR TEEE, ok
MEEHET 2 X5 BILTREKINCTEAET 5 2 &P
SNnTWws (Bkil, 1988; . 5, 1994; HJI 5, 1999),
O LIEymMESArolitEd 5 &, H crceulari-
squamab + A b &0 THH EITEIIEN, sy
HAEIERT 2ERDO—2ICHE > TVBEDTIIIE VWL
ZZ oMz, L _KWHITK > TH. circularisquama
MEEFN TS & 2 &, FE O KRR PR ETEE
I O OIS E O ED, H. circularisquama®
SEEIERL TV B A S T icd 5, I T, &
ficlx, FicKHEN LIH circularisquama®t%
EOAHEMIC S W THRET L 72,

£11H ZWBADH. circularisquama D&

HEEMILENCE S H. circularisquama® filid O i
EORFEHEIC > W TN B 2, T av A HEHZER O,
FEBE D HRH RN A FEE U 7o s P aRER 4 920 L 72

MRELUHE

FEERIT 1 19944F 1< AEA R A 7R 72 < S84 U 7o aRifivig 7k
s & B U 72 H. circularisquama (HU9436F%k) o
7o —vHEHWk, H creularisquamald
SWM3HEH <, 25°C, 65umol photons/m®/s® &
NTEREE L, SuUEOEIEIR I O file & i H R It L
too EERIZIROD 5 Y %217 - 120

1. Z7a¥HANDH. circularisquama#BiEDREAE
#79,000cells/mL @ H. circularisquama % & iz 1 9&
EAEE T 3 Y A4 GikE55~6omm, #ER15~20g) %
107 ERELI, RELLAFAKOHAELICZNT
NO vy — L FicE EFEICHKE L, &%, 5, 8
B K ORI D> S i 2 i O Ff g 2 i E
e ISl U 7os 72388, FEERFFORI25°C, BEE
1345~50%Tdh » 7o REETIE, WbIEHZ/NU
fAfs Eic & - Tl Lk S € 2 BT, BEED SR
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L, MEICEEE - roorcilig/k P O H. circularisquama
OB AE RS Z EITHYST B,

2. 7aAYVHABRENDH. circularisquama#BiED
IEE
1. E[EERIE M7 3 ¥ 44 ITH. circularisquama
T gkis LIctk, BEMOKE TRV TrLS v v —
LV EicEEERICHE L, BFEk 1, 5, 8§BLU2A4
Beftic HER D H L, Zh 2 h100mLo#EKgc R
L, 3008®ELikEATHlAKITDH circulari-
squama fIAE A TR L 7oo KREXETIE, R
SHED b, HlSFIC & - TH%ES TR o s
Bantk s xIBERINBH. circularisquama DI
AT B,

3. 7aAVPHABRNBNDH. circularisquama B D
&2

YEREEE T 3 Y A A Rl B S € A R o g
IKDFEAEBITIEA LS WE 51 L 72 IREET, %99,000
cells/mLDH. circularisquama ik 121047 ] 7=EE L
foo BEELIZHIIMNE LTV 2Kk E TSIk, B
LizzhZnho vy — L FicE S ERICKE L, #
#2iR 1, 5, 8 BRUUKRMBICHEZNO L, Thz
N100mL D #g/KHFIZ R L, 305088 L 72 & & A Tk
D H. circularisquama Ml L 72, T D%
HxREICHE LTV B H circularisquama®fila%k
ELTHMDIE -t RFETE, HEYEHFIT 2 Hik
K& L GEEN 2 MlaBuc Y7 2,

Ouﬂe“‘

1 -

qusti® —

Vel

[#] .
| Pinctada fucata — -
[ < ?
Ny
f ]
>
— g‘,:
Ruditapes philippinarum y{\
Pinctada fucata

T

| Ruditapes philippinarum I
akl

4 . Karenia mikimotoi& Chattonella antiqualZX3d
37 AV HATFHOEE

H. circularisquama & [AlkE O S TREE S M 7o R
HiE#K. mikimotoi & C. antiqua k% EEIZFH V72,
K. mikimotoi 8 £ O'C. antiqua DIAEE 22Nz
115,000 cells/mL 35 £ 13,000 cells/mL iz #8454 L 7 &kig
W T a4 2100w Lo, &g Lo HITfE
LTWwaigKkzE+4iciy, shzhoy v — L ki
BOTERICKE L, #EER 1, 2, 4, 8 B X U24FF
MzicHZRO H L, £hZ20100mLoiE/KFICE L
5w LIics T ATHEHKTOK mikimotoi & C.
antiqua DFMIEEL AL 7o,

FHEU BRI & IRV AIIEIC 23 O TIT - 7o 183,
Fealevkiiiia & 13, ¥R &S E K - TEREAL L 7o fiiia
D ETH 5,

1. Z7aA¥HANDH. circularisquama#BiEDREAE

T aY A4 OTHEE & H. circularisquama D [EY
HHpE & ORI £ Fig. 5TICRT . AFEBRTIR, 7av
HAFBNEBITRFFE N T W B H. circularisquama @ %
R R TR M E L TWizH. circularisquama Ol
fammbil s b, EINE 05 MR FEB I AV H
DY A ANFRIZD 12, BT Ld—HETIEBTVD, i
Pk 3 & O IEBEGRAI O W3 & 23 24FFRi% £ TR
BNz, EEETHIZT EAEWIEEKMIBTS -
720

Pinctada fucata
i Crassostrea gigas

|

LCrassostrea gigas |

A

Ruditapes philippinarum |

o ey ¢/

f

Pinctada fucata
>\ L | >y =
o=

Ruditapes philippinarum
Pinctada fucata

Fig. 56. Distribution of the red tide areas (>1,000cells/mL) and major mariculture grounds of shellfish

species in the western Japan
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2. 7aAYHAEZANENDH. circularisquamafBia D
&

T av A O & H circularisquama @AY
ffs & DBAR %= Fig. 581C/Rd, AERTIE, FicT
I H A FENEICATE LT Wit H. circularisquama®
WEE BN E N 5, EINE 15 iR FEER I v
TCHOY A ZDRERIILZ720, %T LE—HTIRE VD,
Wk a3 8L & ©, JEdERINE (3 24514 % <H#
wahts,

3. Z7aAVYHABNBNDH. circularisquama B2 D
&=

T aYH A OTHEE & H circularisquama® [R]IY
Ml & DBk ZFig. 59I1T/Rd, AL T, TicT
Y 5 AR L CWicH. circularisquama®
BB EINE N 5, B E 15 fIaE SR W
THOY A PRI L7120, MF LTIV,
WAL 160 R & ©, FRbEkila 3 24k £ ©
E s,

4. Karenia mikimotoi & Chattonella antiqua [ZXF
IT37AVHATFHOKE
7 ayY A4 oFHEH E K mikimotoi B X U C.
antiqua®D [l & DBk % Fig. 6012739, [0lIX
SN AMIEEERICHOAHO Y A XHEE 5 125,
VP Lb—HTEBON, K mikimotoi® & UC.
antiqua® VN SN E S N oD 34K £ T

10‘{ V/
D
2 70

Time (hr.)

Fig. 57. Changes in the number of motile and
immotile cells when pearl oyster samples were placed
into empty beakers in the laboratory. Cells collected
from both outside and inside of the shells. Open bars
denote the number of motile cells, while solid bars de-
note the number of immotile cells.
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Fig. 58. Changes in the number of motile and
immotile cells when pearl oyster samples were placed
into empty beakers in the laboratory. Cells collected
from inside of the shells. Open bars denote the num-
ber of motile cells, while solid bars denote the num-
ber of immotile cells.
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Fig. 59. Changes in the number of motile and
immotile cells when pearl oyster samples were placed
into empty beakers in the laboratory. Cells collected
from outside of the shells. Open bars denote the
number of motile cells, while solid bars denote the
number of immotile cells.
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1000 3 O Chattonella antiqua
?—; ] Karenia mikimotoi
w _g B Heterocapsa circularisquama
82 1
- ©
o £
52 100
o9 3
2% ]
S o 1
20 1
=
I Iﬂ
10 -1 T T T T
1 2 4 8 24

Time (hour)

Fig. 60. Changes in the number of motile and
immotile cells when pearl oyster samples were placed
into empty beakers in the laboratory. Cells collected
from outside of the shells.

z =

TaAYAAEHVICENTO PR OFR TR,
H. circularisquama 37075 < & 24K TIREDON
ek EsFHRESINTVWE T EB D>k, K
mikimotoi % C. antiqua T3, X 72l RTERL 4
HiFE cLpERsSNEr-2 T E0 5, H crculari-
squamal: TN SHERBIOJREAY) & i 5 & A
NI E e E A LOT 0 Sl sz,

A loFEEE T I3 24F k] F T L FHER A2 0 Tu
Vs, EEOBETE WSS THEBR, RPNEL

bT oy 7 EET O 2URFMLNICTE T 5 2 &8 Z2 0,
H. circularisquama ®—WpPk > 2 b GEBEEMID) X
BRI Z T 1 ~ 3 HIREE TInolEk IR 5 6
it->T, b LFEH 2D % 58I H creulari-
squama D FAE L TOE, Bkick > TH. circulari-
squama P X fo % F ISR AT A AT REM: 13
FEICEHVWEEZ B,

BHE - AHEEES ABIIERIC XL > THTWEILK
L, U &rfc iaigis <Rl HEA L 72 & ok
EvoamEE LoMiEs| S92 EMTEREE
7 > TW3 (Hallegraeff, 1993; Scholin et al., 1995;
Hallegraeff, 1998a; Honjo et al., 1998; Imada et al.,
200D, CTO L7cBE - AaiEEORAZKE LT,
FUA =18 EDNS Z b KRP M & OFEE D%
WO FFonTunwb (Scarratt et al., 1993; Scholin
et al., 1995; Hallegraeff, 1998a; Honjo et al., 1998;
Imada et al., 2001, %HITOWVWTIE, FHEENKA
IS S DHHE AN L EEFF L AT N 5GP EZ 0
TEnS, MEFERICL» DR LEIN S AJgEENE
Vo B TS LCHEOBIEE, Wk ogY oy

(LW 5 A — VA2 HNRICT 3720, ikHh SHD |
FioRETZ O £, o UHlZITDN S &1
AT ENE T EDBEZ 0,

Scarratt et al. (1993) (3, FEERIUIC Alexandrium
tamarense DKEAMIAEZ L 5 F A4 HARK Y 7 HA
WCaEE L, BERSBERER AT > 70, T OFEE, H
DN I Z EDOMEAIE L i Tiad, Ht
HARE®E L CEEOPN S LA, tamarense® FKEE
fam ok e 7o EE LTV S, i, A
DV Alexandrium J{ED ¥ 2 b FFENICH D AE N T
bIREAEI A —VEZF L LRI EELEFHY
Pehan a2 ED5H > TW3B (Scarratt et al.,
1993; M S, 1996) . H. circularisquama @ 35 &
Alexandrium |8 D & 5 15l IS A/ BEREE 2 6 9 5
YA NOEERHIONTOE L, UL, AEBRTH
I IEERMEE VDWW Ky 2 FTHD
(Uchida et al., 1996), i lz—EWIR@EEcBEE N
THAEKL, RESENFHOREZ @ OBk
B8 L TR % B9 5, fif > T, Alexandrium &2
TRV, AABHBEOERESE WA TS S &
=A%,

B 218 H. circularisquamaZHEBIg N 5 DIEEEE
HE

HiIETT a ¥ A4 #EHITH. circularisquama @ flig
DEBMEZ T EMNET 2 ENERIITHS»E
155120 RIT, FEBITH. circularisquama 7354E L T
WhimE s ok shcE L HEIC SO REEH
circularisquama 73HEH L TV B Dh, EHEOEME
RN T 5 v 7 ik 2 0E U calBi 2l A 7o,

MHE L UHE

—EHEOWEEETH. circularisquama 73 HEL T
7R 9 HEITH25HIIC, Tav a4 (2HH) ERAR
D2HAFBLOA 7AF2HFNL, 5 HBikc
AATREET R F o — VEIORZITINE L CERLME T
WFgE =it L 7c (BRAVRAI24IFF[DD o & 72 3PRK 9 4£10
H20HICLEETHEE~ 7+ (3FH) 2L, [
BRICERE TR E it U e (BRIGR 18D . EII%5
%, HEZoF FHAESWMSEHIZRB L, #NA»
St LT X H. circularisquama O FE 8 i i % A
WEE P T L, 5B, REBZBICBI2HEOH
circularisquama O HIFAEE L 13930 cells/mL, LRI
B 3 HI%EE 1310cells/mLTH - 72,
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Table 1L ZNENDMWIE» SlEsnTx7HD
NI SFH U H. circularisquama O FRIEECE R,
H. circularisquama Ofifald, HEEZEOT7 3 v H A 1
A DA 5, 500~2,500cells, JLEBED < H+* 1
EIADFRN D 5200~500cellstr i & Nz, T SHH
L C&7H. circularisquama® fUREEE, BIGHHER O
FAIAZEEE (cells/mL) % ERl->TWi, 2O LD IT, E
BRIk & D IEEFE £ R IC X > TS H. circulari-
squama OIS ZHH EicE I N 5 & &R S
Nt &ip b, UKRHLINOBERNZ LA LD HEE
JEZEIcB WTh, AL EBRICH. creularisquama B3
FELIcEFDREETHREIN TV B EREN SV,
H. circularisquama 73 M H T E S $H 8
WIEIERIN S L FIAATH Y, SRIEATEIFAE
LT aiEnr o0 _WHDOREIAAL DRI, 7
IARA L 7l 0 R T S S W TG4 2 MBS B
A6

P bizai~tc X Sz, “HHOBRIEICHE S fE%F O
Wk R JR i 2 & OBIH O REREH 72 & D#EAER,
H. circularisquama O AHIEN % 5| &t & I a2
BhTWBESR D, H circularisquama 3¢ H AR
METOREOAH LN TV, KREH 1Hi Tl
ek ST, BEEKE» SEATHET V78 &0l
e BURIBE O #A LT X AREE R s T L
2o TNEEMT B X DIT, H circularisquama i &
5P OIREIFEEIZ198E DB TH - 72 T & ML
Rrant (Iwataki et al, 2002a), C D¥glEE HAD
fllE, & v 4 —>EYi OB hH» N Ts D i
OOERPBEETH 2120 TEL, TaAavHARTH
VI EOFE P HACEZEICELATN T E B EN
» % (Honjo et al., 1998; Matsuyama, 1999), -
T, AR T ¥ 7B LTV I AT DA A
TERTARIBIRERICEEbiIAZ N, TN 1988FLIREE &
LCRizsl Sl 24 k5107 - ealgEth i +1c %8
ZoNhbd, bbAA, H circularisquama D545 % i

5

1P

al

W

REg e Nodzid, BEedBERRER EDe%
RN B MBRPINFERTESEBICANTEB LEEDH
%o FEBICH. circularisquama VA OFREERAY) <
(3, WRICPEVIREICBEIT 2 2 o nTw s
(TN S, 1995; A4 H, Ak, 2001), FEEE ORIz H L
T, ABNBELE S LR oORENH W ICRE
LTWaky, EEOREDRERMS L TWODE
BINCHHS 2T 5 L RIEFICNEECH 5, Ll
H. circularisquama O JREIFEH D2 < O K H #= 5
LEB-TWE I &, RRFICZRICTA RS L 725t
THORMICEEPNE L ExEETLE, AE
RIck 2 BEIMETE RIS VREVLD L
WA b, FRCEFE AR TN, ZR0EEH
ERESETHRT 5720, FENOHERERE O E
WK E T ATEREN S Do dH b, LD LM
BEAFEITH. circularisquama D3FET 5 155 &,
FE B Dk I > T—HF I 2 IR 5 fafaik
=

Al M HEEN LB RIC O W T D ARG 21T -
tzo FEHIZN L 7TH. circularisquama D2 A, 7Rl
e o 8] & L TEERREERILTEER
SN en, KEORMEL ICE TET LITE, HIE
PARE TN CFRIBRREIN D EE S WE S D B
LSRG 2 2 ENRTE WD - 1208, BEoMhicd
“HEBMEIS DO SN DA T ERNSH
circularisquama O HBUITRCBEBR LTV 20 b L
JAQAIN

B A, H circularisquama O $FEHIG T dH 5 JoE
BRILRBE T, 2RO PHBNE Dol & RS 1w
KRESNTWS, DD, ZEBOEKIT L > THlR
MBI SN, —EEEE U 7o H. circularisquama D3 ILEL
T VD F T HBERE IS LR o R AEREE
RELLTOWE—RHER-TVWEEEDbNG, F1E
IR L 7cFig. 3— Q@O BEIF199TEIC L BB O HE
BB 50 FMIGRUOH. circularisquama 7R D
Rz LicboTh s, BELSSHONE XS
12, H. crcularisquama O 7RO NI B W Tk

Table 11. Transfers of Heterocapsa circularisquama cells with simulated transportation of shellfish

H. circularisquama Collected cells

Date of harvest Location Specimen Field (cells/mL) (cells/individual)
21 Oct 1997 Gokasyo Bay Pinctada fucata — 80,000

4 Nov 1997 Ago Bay Pinctada fucata - 80

4 Nov 1997 Ago Bay Crassostrea nippona — 30

25 Nov 1997 Ago Bay Pinctada fucata 930 500~2,500
25 Nov 1997 Ago Bay Crassostrea gigas 930 100~2,000
20 Oct 1997 Hiroshima Bay Crassostrea gigas 10 200~500
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bEEETHMmL, oA, D F O BIE
SNV, ThEREHS X > THIRAT 51, H
circularisquama O FIA S PIEERJ I L 7ckERTH
B EYWrs NG, M H DR E 3 2 EEEE DO E S
HMiERETHNE, BAUICERLTL, “HHZzD0L
DIT & B IEFE S BEE)IC X 0 R 2T 4 2 % T
B2 E3mwh, H circularisquama |3 IR
H10~50cells/mLLL it 2 & “HHICEE SN 5 72
W, RO S NI NIk 2 LI LTLE 9,
J F LR B T B ERMERRE» 5 &, EoWEIC
B 2EREAMMORKL/1I0F TR T 5 T &0
ShicshTwas T Enrs (IS, 1998), % EHK
OMEEMNH. circularisquama OFREIFEAEIIE 2K & <
LTV B EkEtiE b 5,

7, BOoE MR WHBS» SHER a5 3P
B, HE5VENEEMOK N EMNEHEREL T
W7, RENPELLEMLLTOS ORF, 1999,
9 LcHERYIZIRE O R F 2 HE L CHMRHE D FE
e L, H circularisquama O Y5 % (gt 4 2 £ R
) visEEZRICHIL TV,

S5, “HHBASOEMEENBIGIHEICE T 5
W7o v b vHICEET 2AREGEZL SN b,
Bl Z1E, EEBRATEEENTVS <A+ 0 AKEN
LEtHE T B E, Y75 v/ b vidBLZE1I3HETY
NTvAFREHAINIbDLEHEINS
(Songsangjinda et al., 2000), & L < # +24EED
T vy b v aEERCEE L 2R L2 I 588
N3d 5 ETNE, BEEHTE~ T FicHrasne
TV INE - CEET2ARER O EZ SN b,
G i B Alexandrium tamarense % fhFEREY) 7
Sy VvERAGLTAFICHRETZE, < FF 1
A. tamarense?Z \F GBI THR L/c b, +40Tid b L
DI EGEIRFNCHER T 52 C &3t TH LI
BEDERIIPDA. tamarense 3EE L TH 0, Hritim
KRS 5 EuOWERMNEICR 5 &V (Scarratt
et al., 1993), H. circularisquama gz S iz~ 7
F712 L3, clapping 78 & DAL AR D 3R iR
BIAATEZEDH. circularisquama 53 &L L Tkt
WCHE T 3, 25 LfEMICL D, A. tamarenselalkE
IZH. circularisquama D ERINICHERa 2 L35 &,
WSOy 75 v 7 v v ISH. circularisquama % Wil
ELIMRENTZEbTRITEA SN S,

FbE Heterocapsa circularisquama TR DFE

FiEBARE

PRI LR IS R TRIEHNTTLE S B 70w, — L%

HELEbDEEERHELZ0BRELLDT ST &Y
s a 2 PHICIERICNEECH 5, D, L
o, EIT, FOREORMMPHET DMLV
[PE] %215 2 &, EHRTELRARMEST 2 &
WEETH 5,

CNFTEEBELILEBICB T 52 H crculari-
squama FREIFEE OBREEEMFIC oV TIHE L 7o Wl
BicB I 5H. circularisquama OFHE: & QR » RS
EDOBRIGHEIN & OBE A kT 5 &, FEA R A
KBOTHETOMHERS 2 0D, iR @iy, K
KSR, BRFKMOFGZER EPE L TR o
foo 51T, BEUC X 8BRS, TIHOKIEAREIC
X BEAEIRA, BIKIC & 2 EtEME, AWIKIE, HEK
DEN:PH, A E L COHEDOEERL & ORI
RbEBICBIE L TWA  ENS NI - 1o, AHi
T T D L7 BRBESM: &R O ISR B R 2 LU i
L, H. circularisquama O d 2 W idrpE R
FTHRICET D TPEERIC DLW TR Z A 72,

1. RSAREBHOEE

Fig. 4Tic/R L 7c#EDH. circularisquama 7% 1%
I D A S, ATE D JRE H AT A A R A
10CEMA 2 X5 BHHABRTRET LD EER
5N B, HARNFETREAMEMSHOTVDE T Lpo,
L% H. circularisquama O 3L ~NEK T % &
bdH B0, MlEH. circularisquama D77} Z H A5
FAERIBLIPE, ASPEE 3 A LIPS o Mg N Ic 8 W
THET DL D EEZ SN D, HL, Hib-odbiEls
HickswTd, KERPI0CEBA 2 L5 SRHHICH
circularisquama FEEHFR > 5 ¥ 5 2 b K0 T H S
M TRBAEN 55, BiEICX > TR
H. circularisquama 8589 5 [tk id d 5,

¥ 7z, PHHABERICB VTS, REFeAd BN
BO XS 1K AE L RV E—H L TVv 3
(B 213, Honjo, 1993; #:% 5, 1993), O En b,
H. circularisquama ® € =% 1) v 7 I3NEL E %2 hul
WWITAE, MERPIHAELZIA 2 T EDRRETH A 9,
WEOFAEIRID ST 2 &, EHEY O MR
M 5em/sLL N Ol 13 H. circularisquama ® 3D
BN S 2 EEZ 6N G, T, RREBSE VG
HWcd, PIARIEMEAETECEIEEICHE S N TH
RSB ITIS - TV AL, KATHIICH. circulari-
squama WIEHE L T EZEZ KT ERENS D 5 O T,
MGIcB 5= v/ bEELE D,

— 5T, AREFEES CHEESFEREL LTV
&5 RHEHBE IR AP L Wicy, KBTI
boTHHMME L HHIS N 2N H 5, 9
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U fcigiskid, REENDSFRA T 5wl LK, &b
VIR ELE D 5 2 B0 HKER| 2 AL KETTHIRED
YT 5, HFEEE U TERBESPERLS, LrbFL
WEREBLO DG S R AR SN S k5
IR (B2 R, AR, & & ORIRES
E) eBWTR, H circularisquama O FE5E T I 75
niche WK S NIT K W &5, FREIFEAED ERYE
fth D PASEMENIBIC LR TRV EEZ SN 5,

Chattonella &, Heterosigma akashiwo, Alexandrium
B EAFE TR SECTHERDOZC 3 Y
2 b AEREB L TR THRA T 2GR E2F L TO
% (Anderson and Wall, 1978; Lewis et al., 1979;
A3, 1990; Honjo, 1993), BHEEF TO & T A H.
circularisquamald T 5 Ui AM: >~ 2 b TR, —
etk o 2 b 2R L, —RERISEREEA LTI A TV 5,
CO—WpE v 2 P E OEEEHOERPICEEFN L
DO BEEEI N D 200 E S 08, Ko FIFAE
OEBELERNICIE 05, FEBRITIIH. circularisquama
IR R O K 2 8535 L C b H. circularisquama
DEGKMZ R EALHBI LTV, ©LAI2~2H &
W o 7o ARTKIR I SRV EE IR 0 S Pk AR B 3 e R
INBT ENS, AMNTEEE - folERMIE D BLE D
V= FEGREEE S > T B AREEAE V. THIFTRA
D v 2 b AL L 75 W Karenia mikimotoi? Proroce
ntrum/B R O AEER & X —Fd B, #-7T, H
circularisquama® P AEWIFEA 1B % FFE 9 5 121,
KEE OB AARBEOEMAHE T 2 LWHEETH
A9,

7o, SREETEHIE (WbWw B ¥ ) » O IERE
Hm S o FRE ko E A TR B L T E A 5|
FHITIENHZDOT, INOBENTELBED T
W B IR GRS ST &0 ICBLRE L T8 < BEDN
H5,

2. RARERAOTE

H. circularisquama® ¥ — F{EAEEEE L Tld, #%
U 7olfpkfiiaic 2 2 IREL TV 5 720, ZHKiE X -
TINSDOHENPFE LI ALGINS I EMNRESINT
Wb, TOIZEMS, K. mikimotoi TIThN TV K
912 (Honjo et al., 1991), FERENICIZRAZKEL (1
~3 H) oKiE#E» S IO PIHIEAE D X v & Tl
FTrIEMTENE, DELESHE S HL LORAT
TEETS CEWARRICE 20 b LTS,
TOXIICLT, PIRENEAL SN, Tk
DK < W OEME A2 5, Yamaguchi et al
(1997) BIohiE (1998) /R L 2ok & - THI
N i DN 2 P9 5 S S TEE T H B,

PAIIEZES

 (divisions/day) =—0.25767+0.00145 « T » S’
+0.00009 « T* « S—0.00003 « T*
2T, T=xKiE (CC), S=1E% (psw) ZmRd,

FFL, THRSEPREIEL & 0L IEEIC B S
BZBOWLHWARIch s T EDHFIHRTHD, BB»D
BUBITH T 2 B % £ 0 IFHEIC RS ¥ 5 729113,
MR oK (FE2 5, 1993) REW 75 v 7 b Vi
Sk aHEF (Kamiyama et al, 2001) & 2% Wi
FIARFET SR E %72 Ly | W TR 2 08503 5,

Table 121V HAD K &, H. circularisquama
DK 100 cells/mL A 2 TRl &2 #2 & L 7oy
MERL 7o H. circularisquama l37K#R30°C, 154330
psud i « SEN EIFORELR S 5, N EEMT
5 &9z, EBOH. circularisquama 7713 F 1T E7K
HHIC 72 2 B ST TREL TV 5, 1
BEE O AT RIRREA R, R R ILEEIC
B B ORI OBUGHIEFE R EES 5 &, K
T8 D FR AN G U 20 D 7K AS R i £ 78 & DD EIA]
Ao TEEBHAHMAS 21213, KESREKISCLL
ETrnonh@uonuwtEIons, oI, 2
Bl L TR AR L T V0 B 01, JKIRS323°CEBA
TWLBHIRIAHRLTH - 7o, T 9 L fcKii & BRI
ANTHBIE, REFREOEREA S VR T O &E
Bl H % PRI AE D RTREYE DR WIS (PR G &
W) RS E TR &, KEMISTIELITK > 72
SILDMHICR 2 &\ S BIED S A 7 V25T
LDIEIDOTH A,

H. circularisquama O 7R EIRANIC SR T &
52 SR I THRAET 208, —H T, MWicll
~12H & o ZERE T RIK IR AT IS L DD b B Bk
SRR I L TRl 2B T 2 Fl b 5 (553
B 2B, CORKNE L TEIHEHROMM 7L — 3
YU RREOEKTETHREL, —RINITKIRLIS OB
BN 5> TH. circularisquama ® BE5iE 1A F) 15
niche I 270 TR EVLWHEEZEZL SN D, BfkD
ARENZ KRR W 2o, B0 X5 i KBS D L
PHIS IR &7 2 &b, 7av HMp<hH+
DEJE L ETEIKEG T ORI EEZ 572010, B
I TEL, BEPHAD DK T EDED S e
MWEZoND, H crcularisquama OHENE L, KR,
oy, MBEE, SREIEEE B X UK E W - YR
(L ERE >Ta v b —rvEahTVW3600, B
SURITIC B 1 BIEEAE 2 5 ICIREBAGOHAS
15 EDHE A S GO THRENNC TS 208D 5,

3. REREREDIETE
T E=2 1) v 7ITBWTHIIAREEZIRZ 712 &
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EWERS IV, Ho circularisquama O¥EHE IZFEANIT
WK, HEoy, BREE, SREIEREER X OMKASHE & Vv o
PRI ERIC L » TR SN TV EH, Thb
BH—%NEZELT B, S51T, HETREREHRSED
HBEHELT ST 2RDERGESBESLTVWE, L
Lignin, Dl &b, Rl b BB ER s
H. circularisquama®EHEic & > TH@ESEHIAICINE -
TR, REOWEICE THET 2 LI3HL
WTH DD HIHIFARICEAE X b IKIELHE D35 <
HERZ L, 78380 DIBEIC L EL IS KBS DRI T3 1
e s n a5 (WAFEBOERREIL) Th 5 &
Wrah 2560, KBS REFELZ T DICEET 5
WIS B o

YRS & O AR EN TR HIKEN Vg B
WTIE, R DRI S ETE O AL E RN 72 0
PTV, WEOEGICE T 28NS, T L i
T, BEIC X 52— RERS O®RICH. crculari-
squama O KIEEIRMAFA L T0WD (B3 EFE 1H
B X U'Nagamori et al., 2001), T OZEKE L TIF,
SRERAIC L » TR S RBITM D > THREVH,
MR EME & 2 W H. circularisquama ®—Rpk ~
2 MRS s, B RS hTws b DL
FEZoNb, {t-T, TOXIBiHETRE, EEIE
BRI L TV AR, BEEEPHFEKRKORALE
I X BEEIREDIEET B &, H. circularisquama 7k
WIS AR IR T A EREN SV LS, mIHT
HOHWEEELA S, 2L, EEEO LS ITEN
MWIEKHOLTW A &S5 QlHTIE, BRI O RN
Ik > TIRELLIRERSFZEL (EF2 5, 1998; 1178,
1999), T NiT & » TH. circularisquama O {EAREE A
R TGRS N S, DX ST, BEICL - T
MERASFIZEISNTS, HAoms Lnx, 5
WIEH. creularisquama O $RERIIE3THIC & - TS
WEREERRD T 22 &b b b, - T, SMEEED
SR BB ICHMIDICERE 20T, Boffikh oWk
DFHENY — v 2 TOHER L TB L BELD 5,

H. circularisquama Of/MIIANZESE « ) Y G213
BEiciHom e ->TwB T &S (E, 1997, &L
REFENOZEFC ) VIRER S h0E, Rk D

AHIAEE (Cmax ) 2 FllTx 2 GHGT 524
W75 v b Tk B0 ABD IO E L),

Coun(cells/mL) = 1,000 X N/1.53 or 1,000 P,/0.0894

27T, N=DIN(uzM), P=DIP(uM) %/R7,

) oW T, H circularisquamall & - TFIH
FREIS T VA Y 7 4 R 7 7 5 — ¥ THES N SDOP
(APHP) dHiEIcfHENb o, b LAPHPOEE
DB NEPOMEITNA 5 C & TIRAHMIEE 2 LD
IEHEICETETE %,

% 72, H. circularisquama |3 EEESA & 58\ Bt & BIRR
IZH BT Ep o, PIFRARNCHEBPERYT 5L 9
RS 4 5 & H. circularisquama D3 K BT A
ToHmERMES S B, HEIEIIH. circularisquama &t
4 % & RBEIFFHOME L0 CITET 5 X 5 o &R
BTRFLIBENKTT2 2B TWS (L
M, 1994), #t -7, KhEIH ) 5 DIP®DSIEE D
P, EEicksE L WkEEe S, Hs0id
EBE7KE T & 217K & O s> 3 EEEEFH O =R %43 <
& EHIT, H crcularisquamall & > THHE S SR -
miEsY c mNPLHIREE A BT 5 O TR D Fe A
ZRELTHAHEW N D B, F o, ERE(LL foimis
T, HEEAED U 2R 3o MR & 33 [ER
HhckEmd 572 (3%, 1976), H. circularisquama
BN OMIERES SREMTHS LIZTNIZE STV,
L& L, H. circularisquama 3 —35 O MERE IR HETE R
XU T ORIaE I IcET 5 & il X b BEm
EHZRLTHEOGEZHER T 22 &N agERLOT
(Uchida et al., 1995; Uchida, 2001), HIHLTw3
MESEOHHN? O EOREBR G DEEN b 5 DHEE
95 LIFAEETH B,

F 72, BBFEKPLOFGED K & OWERIRI O T A4 B
bREABEIENMEIEF IIHTHO N LB - 7,
— NI BRI KD FGRIC R S B L T T DI
B SHEIich I CoORKETHLEEDNTVS
(W%, 1989; #E S, 1996), T OEHOREKENRZ W
LEMOREER T TTHL, REEOMBICLD
W75 v 7 by OREPERICED, KT 5
AEVEAMPERKL CRECIHET 270 THBLEH
ZoNTWS (MES, 1996), CDT &, MR
Waduh & LeBKESEFELI D Z0uhDinr b H

Table 12. Seasonal patterns of Heterocapsa circularisquama occurrence in western Japan

Ago Bay, Gokasho Bay i P < >
Uranouchi Bay < >
Western Seto Inland Sea < >
Western Kyushu Island < >

Month : J : J A S 0] N D
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AR D R DFEEE, O TIIIRE O R A M A HE
T2 LTEELEELL 2, BKESTFELDEL
/DWW EGBRFAKEEN S F 0 FEY T, RE b/
BRI 6D EEZ GNDEHD (1995FEDIEE), I
ICHBLT 2 58 1 EEMLE L Wi TORE) 5 D
KEUIE N D 2 DT, H circularisquama OE L{t%
BhiEd 2 AlHet: b Ev (19955 FEILEE) o /K E SR
FDFELLZ WV EIHEORIENML LA TH 5 EE#
HoBXehET 20T (PIAIF1993FDRERE),
OEAEFREOBE /NS B2 b0 L HTsh 5,
Bt - T, KRBTSR (AR RYREIA 0 BE K 3 AR &
PRDEVIRILTHRAET 2 THEW SV EEZ SN B,

PiboXBHIE, @HEOE=%1) v7itB8WTt+HI
TR 5 2 EaEEm 0T, H. circularisquama 77
FAEREORFEICRIL TSI ENTE LD, FERITIC
3K, mikimotoiTiThbNiTWa X5z CKAN, &,
1984; KN, 1984; KN, 1986), 7 — % OEREZITW,
% OERNC > W T EMIG AT 21T > T, RBIFEA
EUNRBERA BT 5 FikafR LD, 77 V-
—a2—5/V% v b7 =2 (Nagamori et al., 2001),
XS5 ERERE 7V (Yamamoto et al, 2002;
Yamamoto and Seike, 2003) ZFiT/¥5 X — & — % A
NF 5 ET, X0 IEMESREIFEARIEL & OHEE %
15 2 &R N 5,

4. FEERBOFE

YRS LRI B T AR, S, HEETH
circularisquama D 7R % IH IR S € 5 e KO B IR (358
RPN & Bkl FPRILED, MiaEd 2 v idKE
WEORZTH A5, AR, EEEREDLIICE
JA 7S &S &k BWGEF R KT & 20 i o ¥R 0 ED
FRELTHEZAONLZOT, T LML
TREITE I A B 15 & 75 5, 7222 L, sfaE e K
75 T & BEIRAAL I 2 OB ICEA ORI O T,
BORIS EN S, HITPREEEE2TMT 22 &0
FETHD WA, TTHNS, 1995),

S5, HEMOMINGH. crcularisquama O {EIA
HoORDRICIHEICBESATVWS, NS EHER
R L TWwWa ey, HECHBICOATH L TR
HBM E 2 0HEEAEES S C L RINETH 205, §li
BHETH DT RS R E W R A
Gyrodinium dominans ® Y45, EEEFHO BN E W
B L 125 5, —HoERICE W T}, H crculari-
squama D AR & i AT 0 BhE A E N IR D FE 3R
KHESVTHAfbE N TV B2 (Kamiyama, 1997),
NS DED» SHEREZEENNICEET 5 2 &8 ATEE
Th b, F1eiiliH. circularisquama ZRWd %37

TUVTRY 4 VADFESHE S Wl & s (5
5, 1998, £S5, 1999, Tarutani et al., 2001), <
N oMAEY O BSG BRI B 1T 2EFEICOVT L H
LTS RBEDDH B,

VIEo#ERZZERE L TH. cireularisquama ® 7R1E1%
HRREIC O WTHD £ & 72D HFig. 61TH %, HME
Wi U SRR D R W E R IR &, W O &
INTEPNTFNDTRA LK E WV E R B IC & -
THAERHIPBRES M IR 20Tz T NI
TLDF LD, MEDRRDENBKPORER L
MOEOEETH 5,

FFAEREMRRICE T B H. circularisquama D HH
NG — v ERNB, H circularisquama O A E AT
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