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Abstract

The chain-forming toxic dinoflagellate Gymmnodinium catenatum Graham is one of the causative species responsible for
paralytic shellfish poisoning (PSP). This species was first reported in the Gulf of California by Graham in 1943. An apparent
increase of PSP outbreaks due to G. catenatum blooms has occurred worldwide. In Japan this organism was first reported in
Hiroshima Bay in 1967 and first outbreaks of shellfish toxicity occurred in Senzaki Bay in 1985. Since 1996 G. catenatum
blooms and associated PSP contamination in shellfish have been reported in Inokushi and Ogamae Bay in Oita Prefecture.
Since then, G. catenatum blooms have frequently been observed around Kyushu Island; Suo-Nada, Karatsu Bay in Saga
Prefecture, Furue Bay in Hirado Island Nagasaki Prefecture and the southern region of Mie Prefecture. Incidents of PSP
contamination due to (. catenatum have increased and it is a concern for the shellfish aquaculture and public health.
Therefore prediction of G. cafenatum blooms and prevention of PSP-contamination in shellfish are desired by the fishery
industry as well as for public health. However measures to enable a plan to prevent G. catenatum blooms from occurring in
Inokushi and Ogamae Bay have not been identified because PSP contamination is thought to occur at very low cell densities and
show a low seasonal pattern of outbreak. To elucidate the biological background underlying the mechanism of G. catenatum
blooms and associated PSP outbreak in the scallop Chlamys nobilis, the present study carried out an intensive field
investigation in Inokushi and Ogamae Bay.

The winter weather of Inokushi and Ogamae Bay (Saiki City, Kamae area) is a typical Pacific climate type that is mild, with
low precipitation and a high amount of sunlight throughout the year. In Inokushi Bay, water temperature and salinity in the water
column ranged from 14.5 to 29.9 °C and from 21.33 to 34.75 PSU, respectively. Especially in due to lower run off of the fresh
water from rivers. Seasonal changes of inorganic nutrient concentrations are low. Characteristics of water movement during
winter in which G. catenatum blooming season was an inverse estuarine circulations driven by the cooling the sea surface and
inflow of warm the Kuroshio Current into surface of this Bay.

The vegetative cells of G. catenatum at surface, 2m, 5m, 10m and above Im from bottom were observed from undetectable
(<6.7 cellsl) to 1.9x10" cellsl'. However undetectable period was short, therefore, G. catenatum reproduces their population at
vegetative phase in almost all year. The peaks of blooms are generally observed two or three times in a year. The maximum cell
density was observed from February through April during low water temperature, high salinity, and low concentration of

chlorophyll-a periods. It was speculated that the bloom due to G. catenatum regulated by the seasonal pattern of environment
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factors in Inokushi Bay. The cell density of G. catenatum increased in the innermost part of Inokushi Bay, subsequently growth
of the population had occurred in neighboring area, Ogamae Bay. The cell density increased in which the inverse estuarine
circulation was started and markedly increased when the water temperature increased. However, the cell density decreased rapidly
when the estuarine circulation occurred and its hydrographic condition allowed the cells flush out from the bay. Furthermore, a
reverse relationships between G. cafenatum and diatom population had observed in this bay. Inverse estuary circulation is thought
to be greatly advantage for G. catenatum development due to remaine their population in the water column with their faster
swimming capability against downwelling. The nutrient concentration during inverse estuary circulation periods is very low but
G. catenatum is known to utilize dissolved organic phosphorus even in depleted inorganic nutrient condition. Overall, G.
catenatum was successful to expand their population during the period when the competitor of diatom population was reduced by
loss from the estuary area due to being flushed out and stressed by low inorganic nutrient conditions.

To elucidate the PSP outbreak in scallop, weekly plankton monitoring, toxin determination on natural suspended matter and
toxicity of scallop C. nobilis were investigated in Inokushi Bay throughout the year. Direct measurements of natural suspended
matter showed that the cell density and estimated toxin content per cell of G. catenatum ranged 17 - 8,442 cells L" and 89 -
1,688 f mol cell”’. The toxin content of G. catenatum increased with decreasing water temperature. The toxicity of C. nobilis
(digestive gland) rapidly increased with the increasing cell density and toxin content in suspended matter. The maximum toxicity
of C. nobilis was 675MUg" on 31 March 2003. Rapid toxin accumulation in C. robilis was closely related to not only the cell
density of G. catenatum but also the increase in the toxin content of G. catenatum. The toxicity of C. nobilis was successfully
predicted (R=0.98), by applying two factors; toxin content in suspended matter and toxin content per G. catenatum cell.

Frequent field surveys were carried out to elucidate the effects of contaminating the cultured scallop by G. catenatum and
detoxification after the blooms in Ogamae which is the major culture area. As a result, the key action in order to predict the
contamination of cultured scallop in Ogamae. 1) The monitoring system for G. catenatum, the examination carry out in Inokushi
Bay and Ogamae Bay throughout the year, and must be done at weekly intervals during the bloom season from winter though
early spring. 2) Measurement of toxicity in scallop to start when the G. catenarum cell density is more than 30 cells/L, and
monitor the toxicity until one month after the G. catenatum density declines to under 30 cells/L.

Once the scallop has been contaminated by G. catenatum, depuration of PSP toxin requires a lot of time (usually several
months) even though they had been relocated to an area where G. catenatum does not exist. Therefore, in order to reduce the
risk of PSP toxification, the most important skill is to reduce or prevent the PSP intoxification of scallop from the G.
catenatum exposure in the farming ground.

It was established that safety areas can be selected from the results of the investigation in terms of G. catenatum  cell density,
toxin content in suspended matter and scallop toxicity score during the season of G. catenatum blooms.

The level of contamination of scallop by G. catenatum was predicted based on monitoring at Inokushi Bay and relocate the
scallop to safety area before the spread of G. catenarum from Inokushi Bay to Ogamae Bay. The threat of PSP outbreaks from G.

catenatum can be reduced by establishing a monitoring system and the selection of safety areas.
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Fig. 6 Change of salinity of each depth layer from January 2000 to December 2003.
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REHE CICBEINTVWS. BHRBCBT3 G
catenatum O HBIE IR D528 %R S TV % A[RE
NN &G, BIFICBT 5 RENEOBNIZTTV,
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MKICRRE L, REHSIEMEE T Im IR 72 ]
FU7z. St3 TU/KE R 3 m, 10 m, 17 m (CERFHE
it (7 Ly BT ACM-8M, CEM) Z&iEL7c.
%8, St3 TIEEEMOLEIC LD 2 ALIBEDOWRET
— ZFEFTI TN o Tz, St ~ 4 127K (T L
w 7 EFHE MDS-MkV) &AL, 2.5 ~ 5 m #IKi
ERIE L.

BREER

1) SEMR
BRSSO % Fig10 1IR3, KD
PRI S ENLT & & BT > (St Jbm & oD,
St2 o dbpEm E ARGy, St3 HEEHKT) THH, ED
EIXHEASEERLTWS, 2L, SEllHEE E -
e RO 3 TR, St T, AWM
EEMMOBRAERR I DEMAEL T WS, St2 Tk, ¥H
FHAOZENIHAE TIZ A<, MWD LD &R ERDHE
BLTWS. flz13 12 H 4 Hiligicdshidmosnm
Y —%Hib, LEETHA, METHELTWS. St3
T, LRSI ECREISEHEHCHIIE LS E
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%. Fig.1l RIANOEDIK 7 ZHOMCT B 7DIfT>
T ERBIRT OFERTH 5. BHICIESBEILNICE TS
PO OB /7B 2% LV, KiciE g e Rgofsi
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B BRI TR 217 > 72 (Fig.11-d). #ih
KOV TIEBENSE & MBI 1 Q&M 05 Aice—2
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Table 1 Details of current and temperature meters. The meters were moored from 20th November 2002

to 6th May 2003

Station __ Depth (m) Sensor Type _ Sensor Depth (m) Interval (min.) Note

1 22 ADCP Bottom 30 600kHz, Depth cell size Tm
T 0.5, 5, 15, 20, 22 10

2 18 ADCP Bottom 10 1200kLz, Depth cell size Tm
T 0.5, 5, 10,13, 18 10

3 19 ECM 3,10, 17 60 Burst mode 0.5sec, 30samples
T 0.5, 3, 5,10, 15, 17 10

4 15 T 5,10, 15 20

ADCP: Acoustic doppler cumrent profile. ECM: Electromagnetic current meter. T: Temperature
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Fig.10 Time series of current velocity (basin-axiscomponent)

at stations 1, 2 and 3. Positive valuesof the velocity de-
note inflow. Thick solid lines, dotted lines and solid
lines indicate current velocity in the upper, middle and

lower layers,respectively.
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Fig.11 Power spectra of current velocity at stations 1, 2 and 3, and wind velocity
at Kamae during the observation period (from 24 November 2002 to 20 March 2003).
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Fig.12 Time series of water temperature at stations 1 to 4.
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Fig.13 Vertical profiles of water temperature,salinity and
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Fig.15 a: Time series of 24 hours moving average wind
velocity at Kamae. Thick line and thin line indicate the
north wind (southward component) and east wind(west-
ward component), respectively. b: Time series of 25-hour
moving average of currentvelocity(north-westward com-
ponent) at every 2 m depth from 3 to 15m below the
mean sea level at station 2. Positive values indicate in-
flows. ¢: Time series of water temperature in the upper

to lower layers at station 2. d: Precipitation at Kamae.
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Fig.16 Schematic views of the current structure of Inokushi
Bay in winter. (a):density flow induced by topographical
heat accumulation effect (inverse of estuarine circulation).
(b):calm hydrographic condition under the strong wind
and surface cooling effects. (c):estuarine circulation after

precipitation.

(Fig.16-a). LML, SEOFHIEDSWNZIRICIE, E5
B DIPKADIES B NGRETIE/NE {75 5. 6
BERAIR B IC X A EILIC X v IEIEANEA T EE
ERBOKIRANIR L IZD, WD BRSO TKIR
OKEEEDTESD (Figl6-b). D%, ENTH KB
E RO IKEDNR VIR DAV W e o, FKIRIK
THAREL, BRIERENBKEE (EERD HHE
DEETCTEEBICAP > TBIL, BhSHHT 3.
TRERKROBNNDHHEZH S 72, LBICEND
ERKDEN EEANTAT 5.
FIROFHIEE BT B 728D, BN - OB
L THECAEEROAKEE, BLUEIC X ZWERD
KEXEHME 3. BEROMETHELEERATEZ 5N
%7,

=20 -

l(QH - D)(H - D)
H(H + D)

(1)

U= \/g/)ﬁ
0
TCTT, U & FE/KOMEITERE, gl dEIIMEL, p
WTFEKROEE, Aplil - FEDEEZ, HIZKE D
W EEETHS. 2 H 3 HOKIR - Hism Osiawik o6
(Fig.13) MH5EZ T, H=16 m, D=8m, p = 1.0253,
Ap =000015 £F% &, U=75cm/s 7%, THUZ, St.1
&2 TEHRENIREROREX F 5cans) EFFEL
RO, WOEROTGEGIELED 3 % INTVA
*. AMeDAS Jifi{LOEAIIIE KT 3 /s FYLTHZD
TR ENZWEERER 9 enmys LRBEESNG. HEE
DOHIIEMTH 2 DT, Fok 9 em/s DWEFRAIHEIC
HUBEREZLNEVD, 3 n/s BEOEDSHRT L
ESOKOFA EEFR) 3o LE26NM%.
DEI, BN ERTEIICRIETHEIC DOV TR
Z. FIIKOBEAT ZNBICBOTCIEZAF 27 —1E
RRNFET S ™. FIKOFAIC LD, HEKICERE
JEO/NE DKL, k&G LEPOERE (LB &
BOlcabh > THEIL, BhSmMET 5. FOBIC b
IKELDENNDRHERZHI S T2 6b, TREICEIIKDTRA
T5. LML, WMEREETEANEZRMAFNNGL, &5
IR BIKRADNDIR N D T AT 2 7 ) — BRI HE
B9, 1D & B D UEARENIS BRI DR w2
THLRAF- 27V —ERG (LETHA, MNETHRLD
PEAOHEIEZRLTWS. L L, FBEREHSH)D
5OBKIMARBDEM LGS, TAF a7V —1E
B —IFNIC R AT . BIZE, 1 A 26 ~27 HORE
RIS PRI D & DFIKIRA BN BN L2728, 1 A 28
HICWE T RAF 277V —EERA A USRI B T
kizo e (Fig15). 2 A 8 DORERICHES BRI M
TRV, 2 H 15~ 16 HOBFRORICIETZAF 27
U—ERAIEE L FIETHE, FETHALTWEZ. £
DADHEAR T & BRI S I DBKRHCIE T A F 277
U—BERRA S A Ue, K0T, HAs
HIPEREKOEEIC L WL AF 27V —ERRH
WENZ L L T2 A, FERICHE S )1 ORPKEHCIE T
AF a7 VBRI — R 49 % (Fig.16-0).

% 38 Gymnodinium catenatum O HIRFFHE &R
b=l

ATETCILEFE B ISIC BT 2 HIBAPIER ORHIC DWW TAY
BT, REITCIRERBICBI S G catenatum DL BT
& BRBESAFIC DWW TS 5. FIDICARTED MR EE



K53 IR IK AR B R

Nol 7-64 (2007)

Gymnodinium catenatum O HBRE 1%

EFNEMOLLEBICOVTRL, MBS THEIT S
AREHNEFCEB L, ZOMBINEEOZFNNELL
TWB T E7mRT. EHITIV—LDERE NS RHHD
AFEDEARREE K & LS DOWTRL, AFEOHIHA
BiA 5 LHEE T OO AV RIS OFRE O
FERBOZITVBTEICDODWTHRE L. E85
I B TYIHHBURATEO Y — X 5%V A M il
USRS CHIRYT 28RO — FRa L—v
3 LTOBEEIC DWW TS LTz,

1. Gymnodinium catenatum DHIRETEIE Z DIREEM
B &

AEI TN K 51, HMRBEOBRICGRE A Sta &
wid L (Fig.1), 2000 4F 1)1/ 5 2003 £ 12 )] DIHIHNIC
WA 15 50, KR EEDDRIEB X TEKZT- 2.
KR E W oREE, yaasy sy (7 Ly il
ACL-1180DK) ZFWVWTIHFEE 05 m ~BEE T 0.1 m [H]
B, Bk (Ud— B 8B) ZIWTERE, 2m
B, SmfE, 10m /F, BEL 1 m BORFETIT-> k.
PR UTzifikERY) o L WA AN, 7 —F—
Ry 7 ZCNE L THIEZECHbBR- 72, RiblRo7z
Wkz7S5 7y b (JLE10 pm) ZAVTIL
710 mL T Uk, Vd—/L% | mLRINL, G
catenatum FKEMPADGH I Z 175 2. HKEMIROF L 3
W4TV, FOFE K 1 L G720 OSEICHE L,
HipasE & L.

fBR-ER

1) KRR EDH#ERE

2000 FF 1 A5 2003 £ 12 HIZBUIA8BD G.
catenatum SREHIUER GO Z Fig.17 ISR, T
fH, G. catenamm TERIAEIE ND.(<6 cellsL) ~ 1.9
X 10% cells/L THERE L, IZIZNERBEI NG, £HTL
—UI (100 cells/L B L) (&FHEIHRP, Fic 2 ~ 3 [0lfE
mEN, 2 H~ 4 HOWIND T )V— Lh i & MRS e
B, MOEFIC#EE L. 2 A~ 4 A OLIBICHnS
EEAIIN U 72 BRIV AN B K CREHHEDO 7T, LS
YXAHA, eATFHAFEO ME THENEEHBR D
W KB bR S Nz, RFET ORFLE AL L
BAETET 1.2 X 10* cells/L?, AZEEST 6.1 X 10*
cells/LY, =TT T 6.27 X 105 cells/LVA LG & N,
FOTN—LIFnTNnE 12 A~ 1 HOHMICED 5N
5. BB TOHRBE, MRSE TIERE GAGRVD
B ORFMbER K D & 1~ 3 7 HEh B ainc
Hol-.

221 -

=y
(=]
&)

Cell density (cells/L)
2

N
A

A
N
OLH OO

- N =
o o o
o w (S

Cell density (cells/L)
3

A
-
o

G

-
5
= 1
g
5

103 4

10% { 4%/

Cell density (cells/L)

-
=R

Cell density (cells/L)

<10°

T
May Jun. Jd

T T T
Jan  Feb  Mar.  Apr Aug  Sep. Ot Nov. Des

‘—“—Sun‘ace ——2m —S—5m —4—10m —2—B-im

Fig.17 Cell density of Gymnodinium catenatum of each
depth layer (surface, 2m, 5m, 10m and Im above the
bottom) at St.a in Inokushi Bay from January 2000 to
December 2003.
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Fig.18 Relationship between cell density of Gymnodinium
catenatum, water temperature and salinity in Inokushi
Bay from January 2000 to December 2003.
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Fig.19 Relationship between inorganic nutrients (DIN,DIP) and density of vegetative cells of Gymnodinium catenatum Graham
in Inokushi Bay. Inorganic nutrients were examined for the five different layers (surface, 2m, Sm, 10m and B-1). Total of 455
data from January 2001 to December 2003 in Inokushi-Bay
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Fig.20 Changes of mean cell density of Gymnodinium catenatum (@) and chlorophyll-a
(O) from February 2002 to December 2003 in Inokushi Bay.

Table 2 Summary of multiple regression analysis for data from February

2002 through December 2003. The multiple regression analysis was

made by calculating of 61 data. Water temperature, salinity, DIN,

DIP and Chl. a means five different depths average

Partial Reg. Stand. Partial

Cocff. - Req. Cosff,_ Stand: Error
Water temperature -0.16 -0.44 0.05
Salinity 0.45 0.24 0.23
DIN -0.02 -0.04 0.05
DIP -0.62 -0.12 0.54
Chla -0.07 -0.18 0.04
Constant -9.98 0.00 8.39
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Fig.21 Changes of predicted and observed cell density of G. catenatum. The densities of G. catenatum

were as an average of the 5 layers in Inokushi Bay from February 2002 through December 2003.
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Fig.23 Longitudinal distributions of salinity from January 26th to April 20th in Inokushi Bay
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Fig.24 Time series of residual current (a) and water temperature (b) at St. 2 in Inokushi Bay,

and mean cell density of the entire area (open circles and dotted line)and index of distribution

(closed circles and solid line) of Gymnodinium catenatum Graham in Inokushi Bay and
Ogamae Bay (c) from January 26th to April 20th 2004.
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Fig.26 Changes in cell density of Gymnodinium catenatum Graham from January 26th to April 20th 2004

in Inokushi Bay and Ogamae Bay.
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Table 3 Subdivision of Gymnodinium catenatum Graham growth phases

Growth phase Season

Characteristic of population

Cell Density Area of distribution
Early growth Late in Jan. — Early in Feb. Increasing Increasing
Stationary Middle in Feb. — Middle in Mar. Unchanged Increasing
Exponential growth Late in Mar. Increasing Unchanged
Senescent Apr. Decreasing Decreasing

Feb. 16

Apr. 12

. >5X 108

>103
>102

¢ >ND.

o

=N.D

(cells/L)

Fig.27 Distribution of cell density of Gymnodinium catenatum Graham in Inokushi Bay and Ogamae Bay from

January 26th to April 20th in 2004. Circles indicate vertically averaged values for the five layers at each

sampling station.
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H9M~3H 15 NCHEREINTWS. LR - 291X
BT AF 2 7 V) —HEER OFEEIC K - TEA DKM T
fEh ST 2N B O 250, AEEAREO
—EE RO SIRE L, ISR OAFROME R IE
BFI2LHELTVS. SEE2A5H~2H23H,3
H 4 H~ 11 Hic ki BN, BANOHWKITE» S
FHT 2 HEREN, 2 A9 H~3 A 15 HOBAR
DIERTBED G. catenatum FHABEEE OWMNIH T AF 2
TU—RRMIC KD, EEEO—FHATEN ST LT
LD EZDBNS.

G. catenatum O{EAEFZALBIE L IRIE & OBER
RBICBT 3 G catenatum O HIIIHRB D2 K
LRI T Wz, 2 TEARBE TR L NI AEDOEAE
I B D &R & imE) & DOBHRICDWTHEI L7 (Fig.
28). WIHEGEST (1 H26 H~2 H 9 B) ICi3EHER
Z DA U, DTSN AN > TW5. LAL,
FONMIFBEBABLCZFOFAICELSNTVS. T
TUIIE R BA T L /eA O —&5h, BT AFa7Y
—RERIRIC & > THERENABIR - LR LTIRRTH S
EEZH6NB. LK LIEHE R OBSEE T O KRR
EMERNT=DIT, BHABTR - LT B EEFD DL,
BB O R RKELZT, NMHENRSNTNEED
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Fig.29 Longitudinal distributions of cell density of Gymnodinium catenatum Graham and water temperature from

February 9th to 25th in Inokushi Bay.

EEZOLNS.

JCERHT 2 H 9 BH~3 H 16 H) i, Hs¥EY
MBI RE CHERB LAV, HBREBEROEREROD G.
catenatum HIMSF LD WAL, SaEBEEICLNS.
SR OB DD Uiz 2 H 9 A~ 2 )} 25 ADKil,
G. catenatum M3 D St.a, St.c, St.d, St.e DFRET
Ai(Fig2 2[5 &, 2 H9 BITIHHHIBROR/KIRK T 5
BEEICE L AO 5, 2 A 16 HIZIE St.d, St. e D
BRI L, FORSHEDNLN>TNWS. Th
W& FE SR T 0 I N U T T BB AR A D — BRI
AQKMMBBHELTWE T EERLTWS. T O
KRBT AT 27 VU —ERFEN L TWE T e b
IEERBHEOUATED ST A F 2 7 V) — B &
STIKBO M UAmBNER > EDEEZ BN,
£, T ORRMETEMEEA K E R LAV O,
TEERBHOERBIC B 2 [EFFHZE OB L BEN S
BANOR « ILEUC & 2 (BB E O\ T LT
WAt EEZLND.

5 (3 H 16 H~ 3 H 29 H) &, G. catenatum
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DIIAAH St.a ~ St i ODRBICHERINIE E, T5IK
B R LI R B EDIN L TV 5. 2 ORHY]
ORBRBOORAERZ RS & —RNCHEE > TV 5.
DT ENRINCE BT T2 7 Oz S D&%
5N%. ESICHEFHOIKIDHERE (Fig24 b) 2 Hh % &,
BEIREKDFEAII L o TEBICKED 169 THhHS
19.6 CET25 CEALTWVA., AFMOMIEAE— RiX
17 CHh5H 20 Cit ERT B E, AL —FA 0.1
divisions/day LARM 5 0.15 divisions/day &N % T &
MH 2) IKR EFIC K > TAREDEMA Y — R L
rreEZoNS. b b, BEEIHEEEHO—
B8 & D EIKIR F AT & o THEEBROEKREA
miizea @ e&#EZ 5Nz, Fraga et al 235 X T Fermin et
a5, FREREFEICX > T Vigo BHNTEENS G
catenatum ~FEBDRE U1, 220 LTz Kgh itk
TBCELT, REFRSETHLMET ST M OFE
LZWIRBET G. catenatum DRI 7 )V— LW HEAET
BEMRTVDB., —fRNCT S >7 b DT I— LIS,
BZA—ETH-> T WHICE > TZOREER I A
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Gymnodinium catenatum O HiBLRE

D RS2 LW LI W E SN TWwaA, #iFl
FICRRME L 7z Vigo B EHEHRET, BT AF a7 U —1E
TS X B TREMORE & FD%OZT Ll OfReh
G. catenatum D7 )— LFEEICHGE L TV 3 UL KE H
BREZR .

BREBICEIRE (3 29 O~) ORI DWW TG LTz,
THRIFICIE, BN ORI 2 kA L—IR
ISR OMARSEENE I k> Tk, MIREEORD &
PEEOMV RSN S. BRI T AF 27 Y —1f
BOAIC & o TRBKDBIANRILL TS b, 1E
FEIKD G. catenatum MIBIDKRI T VNG BB & BHAE
WMLz EZ26N%. &5, TORFOMLE
FEORKTARMTHR T D, TAF 27U —ERR
WX BENBHNANOEAREORIBFIERENEEZON
5.

Upper

—_
()]

(1m)

HEREDSINEILEND G. catenatum DIGIE

CNETOBRFERD S, REODRIZEREN SN
LN ERZITED > T EnhH oS, &L
S0 b TH BRI - B L THmEEZ/NHL
EANET TN S &R 212, S S/NETLS
NN FEETRIC K > THENZ LB DH S, 2T T
St. 2 D/INTHLIBDFR AT DV TR L 72 (Fig.30).
ICIE St 2 OWE | m, HE 7 m, EE 15 m ORERYID
HALTH YD, B ATIIEHITRAS TIEOMIE M &
DWNERT. St 2 OWERITEETHRA EAMN,
BEBEON S/NELEBHNTN TV, 20T b
D DB LU T A O— IR X - TR
NEEN, NETBIC M Z LT TwS EFEZBNS.
KRBT, BB (St o) hO/ANTTLEREZ (St £T
D G. catenatum SRE DT OHERE (Fig. 31) ZH3 L,
RS TRBILICE LT G catenatum R ZIT/INETLIEA
LW TOLKBEFNMAS TENTES.
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Fig.30 Time series of residual current at St. 3. Thick solid line, solid line and dotted

line indicate current velocity in the upper, middle and lower layers, respectively
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Fig.31 Vertical profiles of cell density of Gymnodinium catenatum Graham in Inokushi Bay and Ogamae Bay from March 8th

to April 12th 2004.
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CHUE, AEMEEE T L, TO%, /MfiTLEAE
WML e ZTBT 2L DTHS. THHOEH
R, AN A DEEHIE TH B/MHTEIC B
T G. catenatum DHIZFEL U THEMZF SR TOTE
72, BAERO EIRICH T2 B R R TR L 7240
FEEIN T AT LICK D HEABELTVS T L%
RTEDTHS.

3. BERRICHIT S Gymnodinium catenatum 2 X 53
%
5 E

AR mld Fig32 IORT RS, INETEBICHEES 13 &
i L, 1999 £ 11 A 16 H, 1999 £ 12 A 24 HicE
RBAERIT- 2. RiElE kk LSAHIREFBHE (N 38 mm) %2 /1]
WTITY, %, 0 ~ lem BOREFEL, 75X
Fu TRBICEABBEL, EBICHERBICEBIRDG
TR CERME Uiz, RN S e BRI U 72 %%, S]] 7
VA (o 80 pm, ¢ 20 pm)ICHEAY, @K TG L.
Tei41E 20 ~ 80 um Wi DIRZHLD H L, FHEXHE
LT dBUE 1g BORL, ETHERE LR, v
A S ZER ImL RO A MEBEICHE L .

G .catenatum > A NERET T2 Figl33 ICRUiz, Ak
IIEEBOHIA SIBHEEITMTI T 3 ~ 6 cysts/ cm’wet
sediment MGAE NIz, FMERE NI A Mg 21 °C (H]
EREIW 12H) THHEEREZIT-IE A, 3 HRICEH
MRS N, ZTORKEMEOBEE I N, DLE

DT s, BEEETHEIT S G catenatum 13 A N 7%
R, ZOYAMIFTFRENIZET S EhbhoTz.

3Z 46" N

131" 53'E

Fig.32 Sampling stations for Gymmnodinium catenatum cysts
in Inokushi-Bay and Ogamae Bay
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Fig.33 Spatial distribution of cysts of Gymnodinium
catenatum in Inokushi Bay and Ogamae Bay in November
16 and December 24 1999 Numerals indicate the number

of cyst in cubic centimeter wet sediment.

L L ZHE T A FPRIRIPHRESHEI N TS
Chattonella JED 0~ 7.7 X 10° cysts / cm’wet sediment
) Heterosigma akashiwo 0D 5.6 X 10 ~ 2.9 X 10* cysts /
cmiwet sediment®”, s Skeletonema costatum 0D 8.0 X
10° ~ 2.1 X 10° cysts / cmwet sediment, Chaetoceros spp.
27 X 10~ 6.6 X 10° cysts / cm’wet sediment’” (MRE
2000) LB L T THRwv. Lz BD

(Fig.17), ARG REMBNZITREREIN TS
D, BEEICBIAAMOMBICT A Y —F
cRE2—L¥arye U TRESHRELTVE EIEHSZ
1< <, AEFEL TV A RENROEEN T — LFE
EEEALTVSEEDNS.

FAE G catenatum EHEFEBROHIBEEE

RIEMC BT G. catenatum DNEEBICHIRG 54F~
BEZFLDIE, Chla BEMIIHERT B L2H]I5HIC
U7z, Chla EHEVITS 27 b v ORI & > TEH T
M, G catenatum OWBHHEIHFERKTE 1 ~ 10
cellymL TH Y, Chl-a ICARIEN E 2 HEIEIERITL
V. o T, AEOHBICIE, Chl-a DA Z LD B
TEE 7527 b OB KECEKRLTVE EER
SN, —RHNCARZ T SR O B BUIEESE D
FRE L WML D S EHMEETNT NS 2 7Y COfffi
Tl G catenatum & HEHFHO HIIZ T DWW THET L,
MDA - MR WD S G, catenatum DN D
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Gymnodinium catenatum O HiBLRE %

TR L7z,
B E

HEBEREP LU G catenatum EXRZBERE

WS OB RIS A B Sta BRI U (Fig.1), 2002 £ 6
A5 2004 4 4 AOFICER 1 5 5 EH, KEEE
DOE B L CEKET- F-. K& ORIk 7m
a5y (7 Ly 748 ACL-1180DK) ZFVT/KEE 0.5 m ~
MEE T 0.1 m B TITo /. BkLiKIER TS
VU b VA K UeE (NHa-N, NOs-N, NO»-N,
POs+-P, Si0x-Si) DFEEICHE LTz, RERIE TS AT 4
JVZ— (GF/C Whatman) TAitf%, BHRELIZE D%
Strickland and Parsons*iC#EL, B HTEER TrAAcs 800
(T —_EED ZROVTHIE L. HEE 6
catenarum DFIEUTIZEEOHEIK 1000 ml 275> 7 k
Yaxw b (07 10 pm) ZAWT 10 ml IZEAL, £
D%V I—IViRZ 1ml LI E DRV, i
WEEETEAESS 1ml OO LLEEAELED
D% 1 PR LKPFEGHiaEsE e Uiz, G catenatum
B ORMEEZ 3 RS L E OFIAEZ TIVT, /K
RS A B Ui, K TEEEHK 1L Y
D DEEICHELZLDEBAW:.

Eucampia zodiacus, G. catenatum 3 iHE

A ESIERIAN Sta, Ste, Std O 3 £, 55} Ste
D1 JFOEG 4 g Zmld (Fig.1), 2004 41 7126 HA
5 2004 4F 4 A 20 HOWARIC/KIE & 50 ORIE B L U
KT o T KL, SR OWE S K TEOK, I RTR
DBEY. FEFZEOMREE « 5L E zodiacus $ 1 [8], G.
catenatum & 3 ISR LHAK 1 L M7 D OBRICHRL
ML & Uie, &z, ERCORfm i/ st 1

kHz 354U BBADCP600 kHz) ZHEEIC&ZIMTL, FEM
SEFEE THEE Im I 10 2FIC 1 7EEEL A #
# 60 0, 1 RS L TR T —2—& LTz, Eiz,
KIERE (7 Ly 7 EFE MDS-MkV) ZERE2.5m ~ 5.0
mBICEREL, 10 7R TRIEZIT-> 2.

ERER

HEHEE G catenatum DHEFS

G. catenatum & EETFHIRVERGOHER Z Fig34 ICRL
7z, FHAHARIFIC G catenatum D7 J—I\E 2 [AIRERE
Nz, WAED G. catenatum WHKANRAIE 10 ~ 11 B DA
MiC -EHnL, 2otk -HEd Uk, 12 HIicgT
BINARER S N 10> ~ 10° cells/L THER L7214, 3 HiC
AHELE—JICETHLDTH -7z, —HEHEMREE
1&, 2003 4F 3 HOMRID 10 cells/L A — X —DLE)ET
Hef2 U2 BAMEZ RN T, -l D iR S N B 0,
42 10% cells/L LA L THRE L Tz, EEbo oS
ffi i&  Chatoceros spp. T & 0, FF A Nitzschia spp,
Skeletonema costatum, Eucampia sp.0D 7 )— LIRS
Niz. HEWHEE G catenatum OERICIT O BIEZEN

AENTz. KT 2003 4F 3 AOEEEDRGILEET
R LRI, G catenatum OMIPESZEEEL 1.9 X 104
cells/L FTHUnb &¥HEICE o7z, 2004 F 3 Jlich
EEENWD LUIZRICE G catenatum 13 5.8 X 10°
cells/LICELE =2 ZER LTz, UEDT EhE G
catenatum & HFHIOMNCIX, 5D OFAEBEGRNEE
g5, LELEEMICERREZETAEDEER
sEnie.

HESR YA R R DR
HFIORZHINOHBUC I FEIENA S NE L, %
DB EINH DRGSR K> TEHT 2 L5
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Fig.34 Changes of Gymnodinium catenatum Graham and diatom cell density from June 2002 to April

2004. The densities of cells were as 5 layer average at st.a in Inokushi Bay.
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FFDOWMET A MERDE G- L, SBHOBEEZE O
FRIC K-> TRIREAIIR (A M) ZERT 5z &%E
ZBNTVBE™ VA M DIERIEHKHORERDORZ,
FRCEEDRZICE > TRETNZ LEZ LN TN ST
I DICHRIE R OB R D I DERIHOR Z & H:
FARIETEORIBER & EZ 5N, ZFOREEIX 3 o M b
BTHB LI, T hbBREUOM D DM
EERETIEEEZONZ. ZTTHEER (Sta)
THEY OB & REHOZEIC DV THGTL
7z.

ERSRIIOA S S K UREE (DIN, POs-P, Si0-SD) D
FHiHEFEZ Fig3s kL. 10 A~ 2 ARHETHB X
U 4 AL AR b SRR OABNI A —3 L
Tz, KZDEHOHAZH% L DIN DEICET
L, ZDf% POs-P, SiOx-Si METF T 2EEMNH SN,
CHUSEEFACIC, DIN ZiE L, Z 0D POs-P,SiO-Si
EHBTAEMZ RLTWVWAEEZLNS. JEHEDR
EHOWBIETREENH D, 1 ~3 HIZMITRTT S
HADMERINTWVNS., COTEhD, | ~3 ADESE
ERBHROWNC K - T, EEMLBILICS VBT
HrLEZILNS.

2 ATFAMS 3 AR T, REHEMETLTY
ZICED 5T, HE RSNl Tz, 2o
WOEEREDENNZ B 5 EIRAIC E. zodiacus WEEHTL &
HFEICIR > TV 5. E. zodiacus X EREED ) VU D%ERE
HEHICRIHT 52 EMTE, MOEEMHKL D ERERR
EOBEI T CHARNCHIATE 2 L MEINTNDE ™
FEEW T ARENHIET % L HSEEOREE 2 HE L
RETETHRIRBEDIRL, /U SIS HEERIET
EEZBNTWVA ™ kDT s, BHEETHIAT
BRI AR R B O & > TE DHFEAHIEE
ENTEBY, G catenatum DHIRFATH 2K ZH 5 HZF
M TR CHER TS, LHhL T 5 L%
MR HERR T BN TH->Th, E. zodiacus FOER
ENARECHIBE T AHBREMEINT A8 H B
EEZBND. G catenatum MBI TH 54770 HHEF
WICHEINT B ERREE, RRC Eucampia zodiacus & DFREM
TI— LRI L TN ENEZ 5N 5.

Eucampia zodiacus D ER

E. zodiacus DRIFAEE DR RACIE REE B L THE)
TRWEZBEHEE NP>, —75, JKiltd 169
TH5 19.6 CICEPUC LA LTz (Fig3e) . 7Kl 20
CHEWKINTH S E. zodiacus™ 1<k ->T, KEDE
FUIEEIEICGE L TV A, UL LAIREE XD LTV 5.
TDT EMD, E zodiacus DPMNIEHNER L 0 BN
ZINC X BWPINERDEBR L TVE EEZ 6N 5.
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DRFDIGRVED E. zodiacus  WEpK ML DRI 41 O HERS
EHBE (Fig37), 2004 43 15 BIc@ETOm LTV
TR 2SI U, 3) )29 FNCGERIE AN
OEED SIEBHD TOmEENEZ L, 4 A 5 HICIEM
HERA LR DM E L AT N B X 5/ - F. itk
FBRANED U7z e 1, FEERBIB RO ERIC L %
EKAIE BB RENTEA UM T AF 2 7 1) — B A
MERENTWVS (Fig23). TDT M6, BEREBNDIK
P U T Wz E. zodiacus \EIHEKDOTAIC X - T,
57 LT T KIENBANAIL L, YERNEEEIC K -
TRERBEERRDIELEDEEZONS.
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Fig.35 Change of DIN (NO;-N+NO:-N+NH4-N),DIP and
Si0-Si of each depth layer from June 2003 to December
2004.
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Fig.36 Time series of water temperature (a) at St.1 in
Inokushi Bay, and mean cell density of the entire area of
Eucampia zodiacus from January 26th to April 12th
2004.
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HEKBAED Eucampia zodiacus
catenatum DR

& Gymnodinium

E. zodiacus DM MWER TNz 3 A 29 HD E
zodiacus & G. catenatum OWHKFIHID S 7040 (Fig.38)
ELILET % &, G catenatum LB THHBENENT
EMNEIS T EMTES. G catenatum (T AF 27—
TEERFRIRFIC SRR U T & H AR EREIC K DB
NDEIF 2 PP T EENICME R R TE B &
5, & DR HELEOBEOIEENRE GREREES)
DEIE>TELEEDEEZ OGNS, ThIL Fraga et
al.?» B X T Fermin et al. % A Vigo P THE LR &
FEREICEHU L T 3.

IED X ST, BHBICEBUT A HEHEORA I A
ER CRBEHORZ) L EENER GAERE)EEJED
DEFHHRL TS T bRk E i, BERIZ, &
IKEWNDE CRBENBADT SR, BT AF27)—
TEERTED L LAV RA LT WIINTH 5. WE

Depth(m)
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Fig.37 Vertical profiles of cell density of Eucampia zodiacus in Inokushi Bay
from March 15th to April 5th 2004.
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Fig.38 Vertical profiles of cell density of Gymnodinium catenatum and Eucampia zodiacus
(cells/L) on March 29th 2004 in Inokushi Bay

-35-



ENME

FIIEEBEE TRELENSEEYDIEHINRT V. £
D7z DAREHOEEREIIEBE THR T HE DL EX D
N%. —7, G. catenatum W$IEBEDETFOKIET TlE
WK CROWHOERIITTEETH D, T HICHRET T
EWEMNFEETH A &, PHERIIZITS T LICE>TE
NANDUHZRIRTEA T L LD, HEEMNDEWERE
TTHHTESEDEEZIONS.

BOHEI ¥&H

ARETERBLEEICE Y % G catenatum DR EIRE R
RS 2720, KR, WA, @H, BEEEoLBlicow
TAFEOHAEHE RS & & DRfRZEHRTE LTz, ZOR
1. HBHBERAETOEWETH D, LT HERrnENE

THREAECHBEMNZ L, EFERRNZ <, HRE

DI OB ISR T H %

2. WEBRBOKR, Wk Tnthi 145 ~299C,
21.33 ~ 34.75 psu DFIPHTHERE L, 7Rk 16 °C
i, 34 psu AT CTHBE T HRETEETDOETH 5.
KENUEE DIN, POs-P IF, ZNTN0.1~17.0 pM
ND~ 1.6 uM THBB L, 2~ 3 H OO #1518
JEEAFICHIE I 2. FEHZINEE THROK DI AN D
TV, RRERENGTNBTHS.

3. ZFOWHYITCRE, ImAIR Rk DB
KO AF 27 VU —EERIRDREIZ L L TV 5D,
BERNICLE S T DHKARCIE T AF 2 77 U —iEdimhd
—IFAIC SR 5.

4. G catenatum FEKHITEEE X N.DK6 cells/L) ~ 1.9
X 10%ells/L THERE L, ZIEHFERBINSE. TIL—
Ly (100 cells/L DL F) WEEIC 2 ~ 3 @RS, 2 A

~ 4 ADOHIMND 7 IV — L s MR En i, »

D ERcik L7z,

5. WHEBOKIE, 5y, SKEHE, Chla BEOEEH
EMEIN G. catenatum RIRBEE FEOMERICEHKZ L TV
7z. G. catenatum D7 )b — LHE R X N7z RHSEIKILL
EiEsy, K ChlalfEThH - 2.

6. LB EATHIZT % G catenatum 1, IR
M TH D, EIEETHEN L @A Z 0%, B
o EL B E e ONFILEZ ST IKafmT
5.
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7. WEREBEAD G. catenatum DEAEFIZELAF 27V
—IHERIRIFICEIIN L, T AF 27U —IEEFRORHTIE
HELPT.

8. G catenatum D> A MIFGHEDOHIRM S SBITIC
IUFT 3 ~ 6 cysts / em® sediment 2 XN, fRDHTH

TownwTkhs, VAN Y—FR - RKEa—-L¥ark

L TARECHELTWS LIFEZIIQW.

9. G catenatum XERAE T T AR AE/R A HIAYEY
& REREN 21T S T &I K o TENADIR I Z 15
TEAHENFEEZET A LICK D, BREN DT
WEIR T CIAMTE 5.

REDQHEBMY Moz, TNEDOHEBIEARED T

W— L4 539 B e b OIRINIZ EINTH D, TD

FEHICIEL DN TE 4 BICBWT G, catenatum FEHIRED

FTEREMOMBEZITS.

B 3EFE  Gymnodinium catenatum DFIRNSE
seFvFH1nEl

“HAEAERKN TS N BRT A EICE S
T, ZDT 20 U OBERIZRNICERLTH
BF2LEZENTWVS. Tibb NN HETBIC
R E 7% 7527 b v OSSO #7553,
HRAAN DS & OFRMMPNHERICERT S Liciks. L
MUEH D, FHaREERORBHRICBNT, KM
DRI B OEIKIC BT 52 < DMEMZEA T I N T
ZOICH LT, B THIIL T A LR ES T % 4
BICDOWVWTI, THRMEBRERETRHXSNIc—EDH
7 RV TIEEAEHERNE V. K
Gymnodinium catenatum FfhopEEEE (PSP) FHRE Y
T R EHEELT, 10 ~ 10% cells/L FREDEEE
T HEZHILTEZ T ENREIND, fEL7Z0D
Gl DOWTE, flld PSP KT I 7 b &b E
EWIGENTVS D,

FCTHIETWE, F1ETG catenatum W& ET
BT BB TRIAD G. catenatum ORI 72D D
mazfilEL, TOMINERDZH & ZTDOERICDW
TR U, 25 2 BTl 2 ORI & T O R H
(AT FHA Chlamys nobilis) DEALICE DX S
B AMCOWTHRG Lz, B3 icidmngEaiz
WTEATFHABEERITDWTHRES Uiz, 54 #ild
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g m) T 150 ~200 mL X TPMOBMZITY, -BP
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BB>F )Y LEEEETS 10mM V) V-7 VB
LB 2B & LT, neoSTX IBL U STX DHHtC
&, pH 7.1 IS E N 2 mM AT S 2 VRV -
U LEBXT 5 %7 MUV EEET S 30 mM
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Fig.39 Cell density of Gymnodinium catenatum of each depth layer from April 2002 to April 2003.
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Fig.40 Relationships between the toxin content in the sus-
pended matter and Gymmnodinium catenatum cell density

from April 2002 through April 2003 in Inokushi Bay
(N=23)
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G. catenatum BN SEDEE)

PSP A7 G. catenatum B3R 72 & E Z N AFRHCD
WTHIKRIEY D PSP FamRZARHICTENS G
catenatum HIFIEE TR U T, RREBEICHREL TV
G. catenatum ORI 72 © DHIFIA TR I Z R Uz, Z
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Fig.42 Temporal change of estimated toxin content (total toxin content in suspended matter

/Gymnodinium catenatum cell density) per natural cell of Gymnodinium catenatum from

July 2002 through April 2003 in Inokushi Bay.
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Fig.43 Relationships between the toxin content per natural
cell of Gymnodinium catenatum and water temperature
from April 2002 through April 2003 in Inokushi Bay
(N=23).
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L7ctg, HiEHZ PSP AIEsRNC L7z, RIEHRIZE
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G. catenatum SRVEEDHRZ LA VX HAPSPRERDD
e

G. catenatum D REHIFOMIRAZE L v 4 FH A
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Fig45 Temporal change of Gymnodinium catenatum cell
densities and toxicity in the digestive gland of the scallop
(Chlamys nobilis) collected from Inokushi Bay from

December 2002 through April 2003.
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Fig.46 Temporal change of toxicity and toxin composition in the digestive gland
of the scallop (Chlamys nobilis) from December 2002 through April 2003.
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Fig.47 Temporal change of toxin content in the suspended matter (>10um) in natural seawater
and associated Gymnodinium catenatum cell density from December 2002 through April
2003 in Inokushi Bay.
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Fig.48 Relationship between the toxin content in the sus-
pended matter and Gymnodinium catenatum cell density
from December 2002 through April 2003 in Inokushi
Bay (N=19)
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Fig.49 Temporal change of estimated toxin content (total toxin content in suspended

matter/ Gymnodinium catenatum cell density) in a natural cell of Gymnodinium

catenatum from December 2002 through April 2003 in Inokushi Bay.
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LR TE TV, TR OSSR L AL I 1
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A B S REDO/KINC =5 11T, TNLSNORE
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B RIET EEREC, HENOFZOBEROHIC &8y
TiF 9. B 1 I TEKIDMENZ & G catenatum D{REF
T AHMRAOTRENEGL k5T &, BRI HIEIC
BRIU 7o BRI EFREE NI S WBHGHRI BN T
WaHTehs, KiEMENoTc2 H24 H~3 A3 HD
HAM TR EDEIT LT - AT REMEA B . FRah
5, HNENOmOHRICOWTIR T T THREY 28 8%
REGHETVWEVDTES 2T B LIETERY. 5
BOFEFICINTHEE SR 5.

G. catenaum HRNEBEEOEFE LA VX HIFLLED
E3LER

# 1 EIT G catenatum DFRIATRIEKEZEILT S
Tehh, RECLB AT ORI CITHBENEER
DEEIPEBLTWVWE EEZIDNDS. £ T G
catenatum OFIFANBEICOWVWTHE L. MilNEE
ZREITAICHTZD, G catenatum W E NIz HEKE
&Y PSP SR DEIC G catenatum WHFETHBT L
EWReT T AREDNDHS. FT T G catenatum FIHAZEE &
KR OFEOHER B L U2 OERIC DOV THET
L7chEH (Fig47,48 B, W& OHEBIXIZIEF—HL
miH DORNTIEFHVIEOHIET (R=0.91) MRS N, &
72 G.  catenatum WM E iz iREHC XML PSP RIS
TV N VRHERINTESY, FD PSP BOHKS
Oshima et al.* DE LTV 3B G catenatum OFHK & 1F
EAEHTL Cl+2, GTX5+6 BERITHEHT eh b

(Fig49 B, W/KEEYHR D PSP N FIEEAET
NXT G. catenatum HRFZEEZTHLLZZABRNTHA
9. F T THKHIEEYHORBEZEEHICEENS
G. catenatum FIREHETRRL T, RARWBEICHEL TV
7z G. catenatum DOFIFLY 72 O OMIBIAN & 2 TTIH Uz,
ZORER (Fig.50) MlAANEEIX 89 ~ 1,688 fmol/cell D
A CRIFICA T 5 T EDMEEINTZ. 22Tty
FHAHRGIRE & G catenatum FIRNEH B DR Z /K
STUTRM (Figs1), 2 ) 10 HEB#IC G. catenatum Hi
RANEENEBICHEINU RS, ed o341 RGeS
HBEML TV, UEDTENSLFTIFHALD G
catenatum 1 X B8 LICIE G. catenarum DOHIFEEEH £
Fg BT LA, KEEYTRORG DT TH->
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Fig.50 Temporal change of estimated toxin content in a natural Gymnodinium catenatum

cell and associated toxicity in the digestive gland of the scallop (Chlamys nobilis)
from December 2002 through April 2003 in Inokushi Bay.
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Fig.51 Temporal change of estimated toxin content in a natural Gymmnodinium catenatum cell

and associated toxicity in the digestive gland of the scallop (Chlamys nobilis) from December

2002 through April 2003 in Inokushi Bay.
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MEITHEONTBAKHDOS B, eATFH AL DHEL
RO ERFICTIRT % LHBT SN A ERZ W THEET
HZiTo Tz, £TWKPBREYHOEREDIZEALTX
TH G catenatum FHHKTH B EHET T ENTESE
WIDWTE, EkHREYERZHARPICEENS G
catenatum FHRIZEETERL T, RAWEICHEIL T
G. catenatum FfENFEE LTEH L. fifa%E,
KA R IB KO G catenatum FFIN SR DZEEH
E DRI v AT F A A FRERRO T/ OB 2 M IE
LTWa 7, BNZRZEZBEICE TS5 d 315
Ji (y) O e L, HHZE 1D 2 G catenatum
bR £ Ik B =2, SillEE 2 2 G
catenatum FIFIANHRE L THIMREXZEIHL, 1
ZNOMRENR R 5 R EE O EZ BN TEAEE D
LAt 2 T o T2

B R

EERSH
REATICBWT, SHPIERZMREE D, fpkh

Y E (2, HMIlRALE x3) & ULLE, fli
wE D, #khEEYHE x2) O2D0FALE
MO E < (Fig4s) ZREMENRD ONZ/20,
S RAE R 220 TR ZE Lie. Z20/%R, FiA
Zur X1 % G. catenatum FANENE, #FHHEZ L x2) &
HREANSER & LGE, et vE A higiieahoZH
M Ey=0010 x1) +0.128 (x2) - 85.758 TREM,
BRI 0.734 (F=7.03 = F (0.05)=3.89) LX-7-

(Table 4). —7, HHER 1) ZiKPERYIH R
W LZBE, vy =0.033 D+ 0.115 (x2) - 86214 TH
D BB REUS 0.785 (F=9.66 = F (0.05)=3.89) T&EY
TEMTER(Table 5). WITROREHG (p<0.05)
KT DT ERRENZC e b A O FHAH
NOHEERE, MiESE kg iR L G
catenatum FIFEANEEICKX > THHAT 2 ENTE S
(Fig:52(a)). S HICERNOEERMFREEZH S L,
WIFNDORE G. catenatum YFANHR (x2) OEHDHER
B E 2K IREYI R ED x1 KD KEWT eh b,
G. catenatum HFEN&E RN A D FH A DESIOEMIC
AR S & 7oAk PR s L D KRE BB LT
BT ENTRBEINBERE T .

Table 4 Summary of multiple regression analysis for data from December 2002

through April 2003. The multiple regression analysis was made by calculating

of 16 data. Variables are Gymnodinium catenatum cell density (x1) and amount

of toxin per cell (x2)

: Partial Reg. Stand. Partial
Variable Coeff. Stand. Error Req. Coeff.
Cell density (x1) 0.010 0.008 0.256
Amount of toxin per cell (x2) 0.128 0.035 0.734
Const. -85.758 34.543
Multiple Correlation 0.73452

Table 5 Summary of multiple regression analysis for data from December 2002

through April 2003. The multiple regression analysis was made by calculating

of 16 data. Variables are toxicity of suspended material (x1) and amount

of toxin per cell (x2)

. Partial Reg. Stand. Partial
Variable Coeff. Stand. Error Req Coeff.
Toxicity of suspended material {x1) 0.033 0.016 0.376
Amount of toxin per cell (x2) 0.115 0.031 0.659
Const. -86.21434 30.319
Multiple Correlation 0.78537
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Fig.52 Changes of predicted and observed toxicity in the digestive gland of
Chlamys nobilis. Variation of the weekly increases and decreases of toxicity (a)
and accumulated toxicity (b) @ : Observed toxicity. x : Predicted toxicity
estimated from two parameters of Gymnodinium catenatum cell density and
toxin contents per Gymnodinium catenatum cell. O : Predicted toxicity esti-
mated from two parameters of toxin content in suspended matter and toxin
contents per Gymnodinium catenatum cell.
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Fig.53 The relationship predicted toxicity and observed
toxicity of digestive gland of Chlamys nobilis. x
Predicated toxicity estimated from two parameters of
Gymnodinium catenatum cell density and toxin con-
tents per Gymnodinium catenatum cell. @ : Predicted
toxicity estimated from two parameters of toxin con-
tent in suspended matter and toxin contents per

Gymnodinium catenatum cell.
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Fig.54 Location of the sampling stations in Inokushi Bay and Ogamae Bay.
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Fig.56 Changes vertical profiles of water temperature (upper layer), salinity (middle layer) and cell density of Gymnodinium

catenatum Graham (lower layer) respectively in Inokushi Bay and Ogamae Bay from March 27th to April 17th 2000.
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Fig.57 Changes of Gymnodinium catenatum and Alexandrium catenella cell densities and toxicity

of digestive gland of scallop collected from January 31st to June 5th at St.8 in Ogamae Bay.
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D, AZVHAETI—LETHSE 2 7 AL EHE2 3
FHLTWEEWS., ACARZRYHARORATHAIKLE
WTEEMEHZRFETZEMMENTNE I &b
B, ©ATFHA L ERIC WA 2 RRF S 5 EPRRE
MHEZBELTWAEEZONS. FAREERIE, vA4AUF
HA LI R AHA Perna viridis DiGRDBEFERTL
Wy XN, FORVIE_KEOHFORBDEN &
HLTW3. ZO—KHT, AF TG catenatum I
FEME T L2 6, EHOoIS, BOMNRET 5T &R
HENTWBRTENE ™, TNHOMERIIHKTS Vo
MACKBEETIE AL, ZHRAOEFMREICHREL
TWBEDEeEZLNS. YLD b, G catenatum
IKEBeAyFHADENE, 30 cells/L Rl DRSS L
THEOEREVHRED, 20F/OE—J37I0 7 Y
DE—I N OENTHEES N, ZOWEICIE ELIRAIRFRT
ZRITBELEIOLNT.

B2 BECAVF A DBLFRENR

INTILYE T G. catenatum I X B 47 FHA D@LF
WITHIKE, BRTI20 Y ORBIA T Z X L2
WKLl o0 o b)) vy TR O%E, BIRTS
VIR ICEB e A TFEHA ORI D 2 T
L, B THRITTER T2 VR EET 505
WNH 5.

FRRTZ 27 R YDA Z X L2 LT
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7 P EZZY KRGO T, ANELETe Y
FHAZBILEES G catenatum | 3T 2B HEETH
FEHEMHESI N, L3 5HF ORI/
ERISLTENL, U SRR O—ERD BRI EUC &

> TINHTLIENDIEZ LT 5 T & AN 2 RiDRG M,
LHOLMNER->TWA., TOTEMNL/NEILET G
catenatum DOWIZ T2 V79 BI12iE, /INHTLBR
TR, BT BB TRE G catenatum BT
DZRAENH D, RN EERICE G catenatum 01K
HEEINICEHRT 208N D 5.

BRTSV T b ickbedA0FHAHLORMT
&, MEITHRARIZL S A TFH LD PSP D&
R, AREAVNETLE RN T M E 30 cells/L
A BUNDOHEIN, TOHEHTOE—-21F G
catenatum IR E DR U Tk, FOERRICHR I,
D CEER Ui ISR ET 3 2 e ABTS
N3. £, B3IBTHENX ST, HEKRAICHIET
% G. catenatum \IMINTG 2L Z L, XU FHTA 2L
DEEEERTVTEDHHL TS, 2D b G
catenatum D NBIBED 30 cells/L Z#HZ 72fRICid, e
XN ABFBNOERZEELL, FD&, G catenatum Hl
JREEEEDY 30 cells/L AMICIARLTE, K1 7 HIMIEZ
DI OWBZEMT 2 0ELDH 5. G catenatum DH
FREFEESNSD, SAKIEAOEIAMOEIETIde 4
T FNA DbiEH E AT LR RN e 1H
V), FHAEAGREA(17 CLAR) THIRT % G. catenaum
DHBICIIEEZET 5. X, —EHEOMEIN
AT FH A 2T B BICIXERIC PSP M e A
XA BIMD U &R WRT 280D 5.

oz eht, INEITIET G catenatum 1< X 525
AT FHA ORHETEREITI I,

1) TS50 oY VTG EE, BERENS/NE
LTIV, FICEARD D AT 2L Ui
HWEZITS RENDH B.

AT EH A OFIIOREE, INETET
G. catenatum DHIFEEN 30 cells/L DL ICEL 72
R BhRsD, 0%, HIFEZEED 30cellsL DITFIC
WOLTER 1 7 AIUEEHT 20805 5.
CNHOEBNGEHZRET LS AT, B3EEIH
TiBNT2 K57 G catenatum OFNREEE & MFE AR D
BHEIMA 5T LT, LOIEEIceA Y FH 1 DHbE
TG B EMWRITRICR 2 LTSN 5.

5%, T2V Y TRGIORBIENS G. catenatum O
TREFEIRE ORI DB AR BRIMRIC R D, b4y
FHA OHEFENAEICRS EEZONS. LML,
THUIETEC A T FH A OFEEBRT 5D TIERL,
#HEZ TS BT TH D HblEE V2R, Z0
TSk d T FH A OBILTEEZER LIRS
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THATAIRRR © ot T F A O bR A £ 2 B0 LhH
5. B ATFHANL G catenatum WMEEE TEHL
L, ZOdBZHEIE3ITE, HUzETsLehs.
1%, B EEZ BB, BRELE PSP K%
WNEREZDOTIEEL, BeEEixy, s LERbE
BT 5 5ILEOHINRETH S EEILNS.

BS5E INEIEOEBEAVFHAD
FEERX R E RITH

FATTNELBORRE 3 U FH A IIHEBREN S
D G. catenatum BARFEOBRIC K > THLT B T &R
ENfe. EREHINICHE D BOERNRHT S et
FHADHHNF ORI ZEET 2 &, HEFHETFOK
BokE LT, BHEUIcHZBES YD [HE] IS
ZEL DTS, HEEZ#EAZ %2 X ClcEHEZEL
TR, & UL AIR BT T % S5 DML
WETH B EREEINT. WhidBEEH (relocation) 1F
TR - R TR B BIBICIITENSEFIETH B D
AERO K S I RSN XKEHEDOH T, EE DR
IR F 2T T OIS B ERZ F L TV 2RI B0
THMUIZHOFIREBERNH D . AERNCEAINTY
BRI, ZFTTARHETIE, HETRETE 54
XA A BRI OW TG L, REHCHIE TIITL
BN DONTEET 5.

B1H BREEAIFHA DECERAEK

By TR ER A T FN A O f ik e U
T, G. catenatum W EE I IR 2 RENICIIR O &E5E
KO, G catenatum FRRIEEEE D /DI OB B L,

PSP DEMZ TEBZRITRMT AR NEZENS.
2000 4 1 H~ 6 AOHANICHIRL, #HhfREIcH 5
T FEHAZa L T8 G catenatum E/NHEILE T
2000 4 A 17 HiclmEIREENERESHh B4 855
M), ZORO/NHLISIC B 2004034550 St8 G
E MBS 103cells/L), St.6(FREFIEMREERE 7
cells/L), StIO(EH FIIMALSIE 37 cellyL) TH D
(Fig.52), WG X DIREEOWRTH 5 2 L HHE
BEINTVE. 2O ehb, BIEOSEHH NS EE
KEOWHANEW X T FHA ZBETHC Lick>THE
ROBGEG K OB (LI 5 ENMRE NG, KREIT
X, G catenaum AXZE L8, GRESERIGIAIHD DRI
ZRETT A BF OB, BRI ES, 2L T
G. catenatum YEHIHK T H BIEHERIC, AU FEHNA%
fE L, JWEKTILUEHT % G catenatum FAIREE, WK
Y OmR, AT FEHA B0 R L.
B E

WIS, INEILBIC A T B H A Ehifs (Ste),
IR (Sth) BEX T G. catenatum HE5EEK (St.b)
D3 ERZEREL (Fig.l ). 2003 F£ 1 f~ 4 H
DRI 1 (8l Al 15 BIOREEER TR - fz, KiE.
\ROWE, BKBELUTRHGICHAEL TS AT F
HADY TV T RTIRo Tz, itk Fmollzs &
UK iE, 7527 b oo - &, ed o Fh04
DA IO 3 052 WioHEICHE L T2,

H,

m R

BEROD G. catenatum HRBEDOHETE
HRERD G. catenatum HIFRZE OHER % Fig.58 1R
L.
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Fig.58 Temporal change of Gymnodinium catenatum cell densities from January
through April 2003 in Inokushi Bay and Ogamae Bay.
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St.b i& 83 ~ 8,443 cells/L CTYIMARIESHE 1,004 cells/L),
Stg ITMHIRRLLT (LIS ND) ~ 132 cells/L CEEH
RE% M 37 cells/L), Sthld N.D ~ 136 cells/L (CEXfIRE
TEHE 29 cells/L) THERE U7z, #Hfc A A O Tl
fElk Stb TREECHB L, KT Stg, Sth DJETHE
LWz,

BROBKEFENPOEEDHD
BT R O/ KEEYITPOBE OB % Fig59 IR

CEE KGR T OEE 213 pmol/L) DEa THE
L. nE%UJFLHLP@%@@J%@W'#@@% ¥ Stb T
RbEHEE L, XIC Stg, Sth DIETHRE L Tz,

BROEF VX H A GRS NDHRE

Bt O Y FUPERRE ) OHBE % Fig.60 1<
Y. Stb Tl 23 ~ 675 MU/g (/71 335 MU/g),
St.g TId 11.7 ~69.5 MU/g ((FHFii77 38 MU/g), Sth
TiE 9.5 ~60.1 MU/g CEaHE77 28 MU/g) DHTHE

9. Stb TIX 39.5 ~ 3,639 pmol/L CEEUg/KEREYHD Lz AP OFEEeA T FH A HGRE
T 6455 pmol/L), Stg Tl 6~ 102 pmol/L (CEIgiF Stb Thxbm<HEBL, XIC Stg, Sth DIETHIELT
IKEREITh DR 39.2 pmol/L), Sth Tl 4 ~ 90 pmol/L Wz,
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Fig.59 Temporal change of toxicity of suspended matter (>10um) in natural seawater

from January through April 2003 in Inokushi Bay and Ogamae Bay.
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Fig.60 Temporal change of toxicity in the digestive gland of the scallop (Chlamys nobilis)

collected from Inokushi Bay and Ogamae Bay from January through April 2003.
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z =B
HABESICHIT B G catenatum DTRBEDEWNEZTDE
3]
BHEDOHELTS > 7 b O TN 7 s d %
& Sth TR, Stg & Stb DIETHHEEEMEL,
BEf A D25 (St.g) &0 Sth AV THR L T .
TDERE UTYHNREOREN Stg L0 Sth TKA
TV E26N%. INTILBIIBEONEICH =

EOPEICLY, BEORRMED ONGEREREADE L,
IKERINRY,  JT AR I BT <, KRR C

EMB, PEIKDE LARBIGIE/ METTA O/ TR E
WEEZLNS., TOT EFEAIOWMAICHB Sth O
Z5M Stg KDMERDOEEREREIRZITBEEZD
N, HBREBEDS/NHLBICEIAT 5 G. catenatum 12 & >
TStg &£D Sth DAMRBOLEZRKELRITIB EE
Abhd. FORER, Stg &b Sth THIfRZEEN DL
TAILTVWELEDEEZLNS. WEOHENLE, /N
LB T G. catenatum MAVEE OBHNMEZE S N BRIC
X, Stg XU Sth THIREMEHRBLTHWA T &M
BERINTWVEHIEND, EHWIC Sth & Stg L)
MR DB <, G catenatum HIFZEE L Sth
KD Stg TARVWEEZLNS.

KRR DOPSPEENER

G. catenatum MMEFEETE, Z0D G. catenatum FfAN
HROMIMIC K > C, #HEP ORI L T bhiE
TFFaeMNEZLNS. 2T, MG TRETTS
WIZHih, MELEOLRICInA, EEF O i DO»
TEMETT AEND 5. SR OMHKEEYHOER

DHERS 72 LR U TR0, RO D witgld S,
Stg , StbDIETLEIHRL TV, ERREHRNH
W PSP RSS2 b e UT G catenatum DH B
RENTWVS. KEEYIHOEREE G. catenatum AL
P ORIRIC DV THAT LIRS (Figel), Mi#icid
BN R E N, HKEREYIE G catenaum I
HELTWA T AR ENk. ko ehs Sth
TlISt. g KD G catenatum KR EDN Viz Tz, i
BHOHREDVEVIINZWVWEEZ BN,

G. catenatum [ KB F I X H1 DEL

BB EEL, G catenatum OIFINICX O A TIFH
A TTHGHRAE T OEINA NI N, BFHELSTe AU F
HA DI L7z 2003 £ 3 H 17 HO e AU F A
FRRRRD PSP K57 & G. catenatum FASR DK &R YT
O PSP Bz HiEd % L (Fig.62), wi#dD PSP A5
ZIEFUTTHD, Cl+2& GTX 5+ 6 BFEKD THERK
ENTW. ToTehs, FMTEOLATFAAE
BWHH T O LTz G catenatum 2B AATE T &I
KoTPSP i ZEML Tk LcE DL EZENS.

HEHEAIB DR

BSOS, BRI O R OHER & A
5L, BEOEREGO Stg £ Sth BV #BELT
Wiz ehs, e LT Sth AN 4525
Nz, FRFAEETG catenaum I X > THE{LLzE
FUFHAPEROR I OHRZH B & (Fig.60), Sth
PP B LTV cotehd, HiliEEs
X UKEEYI P O R it DD HEE, AT FAA
WICERBINS PSP DFEE DBV ENREIN, B
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Fig.61 Relationship between the toxin content in the suspended matter and Gymnodinium

catenatum cell density from January through April 2003 in Inokushi Bay and Ogamae

Bay (N=38)
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Fig.62 Toxin composition of suspended matter (>10 p m) in natural seawater and of the digestive

gland of the scallop (Chlamys nobilis) on March 17th 2003. Upper : suspended matter (>10 g m)

in natural seawater. Lower : digestive gland of the scallop.

{FDe A T FHA 5 (Stg) LD Sth THHFLRA
MeATFXFHABENEBRRTESLLEZI LN,
BRC[A#RIC BT % G. catenatum OEAREEIREIIEIS T
ZRUVThBHETER D, EHESG (Stg) IK
BT G. catenatum OEFAN TR NFzBCiE, dasic
b AN A e REalE (Sth) IBET A &icko
T, BArOEMG X OEZIRRTES LEZ LN

E28 BECAVFHABCERNRDOES

B 1HEIT G catenatum 1 X% & 47 F 514 DB LERR
DOFRHRENTz. 2T THEIC, B T FH A %
FEMEB DR II7ZIST, G catenatum €2V 7T, &
FOEHAHTE, ZLTeAUFHLOBINCKLS
B A U FHABIEEREFEIT U, B2 LI TIOR
7.

B ik
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(Fig. 1), 2003 4F 12 AH5 2004 4 6 H O HH
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SBho ka7 bk b (O 10 pm)
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Ul 7z Bl oiiEaiiiricide o F 41 D h
BRET BT AERES GHEE stg) £
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7w R

FREMESREATZ 7 b OHRIRIRA

FREHRRICHER S N REREN 5> 7 bV
DUFHA Y RIFIZERE D HERS % Fig.63 IR .

k] F'E]EF‘LC Alexandrium catenella £ G. catenatum 0D
IR R S N, EECEEMIE S I F N E Rt
FREFLLLT ~ 10,244 cells/L, MHFRFLLT~ 3,291 cells/L
THRE LTz, A catenella V3 2003 £ 12 )] 15 HITHEHE
B Sta lZHB T 4 cells/L THERS N, FD% 12 A 22
HICRFAICBWT 8 cells/L THERE NI, ZD% 12
H 26 HiCl Sta, St.c TRABUCHIFEZEMEBIML, £
LF 1 3,000 cells/L, 6,000 cells/L iZ1EL, 200441 H 6
HICWEESICHnL, HRIEHED Sta, Stb, Ste TZEN
FH 70200 cells/L, 18,000 cells/L, 4,000 cells/L. DiF#
AR DR SBIE Lz, 72720, FEREEDSN T 4.
catenella DWHHKHIIRETHEREE NG, 2004 £ 1 H 6 HIXL
BRI 2SI Uz, G catenatum W& NEDHIESHIH 5
100 cells/L RiE CBIZRE N, A. catenella OHEFERS I AN
BRI LIS, ZOBBETEML, 3 A 29 HIdE
3,291 cells/L DRI Uiz, Z O%aBuCib L
10 cells/L. AT THER U, 5 HIURRIC TN L, 5
H 31 HIC 66¢cells/L F THEMN U /2% Lz, FHlic
DWTIEEE 2 Z5 3 8 (Fig27 ) ABIEINV.

BHERIS & BEERIBIC BV BGymnodinium  catenatum #l
R E O

Hy; (Stg) CBEEMEE (Sth) ICBT %, Ml
EIEOHERE % Fig.64(@ IR . Stg TIHBHRALLT
~ 1,124 cells/L, Sth TIERAIBRYLILAT~ 286 cells/L T

104

He U7z, 3 H By~ 4 H EAWD G catenatum IEGKRIRY
EEHHEINL E— 2 U7z, Sth & Stg &b
ETERBETHEBEL TV 2003 £ 1 A~ 3 HICAKH
DI E AN LT BIC & R ARRE R TH D, Sth D
B & U T OABIMMEN RS N T WS, coceh
5, SInOMIRIEIENEIN L ZBRICE Sth Wkt
ELTEMTHSEEZENS.

BEERIBADORENC L BB A VX HCAFHOEH
b A T F A B O s 1 DHERE 2 Fig.64 (0) ITRT .
3 H 15 HORBICBWTHEBED G catenatum DIENN
HEN, FDHB, INHILETD G catenatum Wkl
H@(Dtﬂdhuh\ﬂuﬂéﬂhtc EhB, 3 H 16 HIC Stg i5
Sth N—iBz5R LETEH O 4w F 41 Zihtd L
fo. MHEHIEEREO A Y FH A BHOK FHHEEE
N335 H24MNETITo/. 2H25 B 5 H24 MNE
T OB Sth DA FH A RO R
ZHE U, A TR A oG OHERIE 1 A

AJIC 35.6 MU/g & RELIBIL, 2Dk, RAIIKEDL
T 2 AAILIREE 20 MU/g LITORBEISWTHB L. 1
AR OB 1O EEIME, Stg T G catenatum B 10
cells/L HEEENTWVASD, WA 10 cells/L FEE TR
W IDMEINT 201372 <, G catenatum I X 351k
DEEIVPEVEEZOND, RAKHICHEREBET
Alexandrium catenella DR2PICHNL, 7HVUAIERMT
9.8MU/g(2004 4 1 )] 12 BD, LTV FA HA BT
30.0 MU/g (200441 A 19 B) DEERINY, X 5ic
DA B HBBETHEW LI 750 7 b AV NETLBAN®
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Fig.63 Temporal changes of Gymnodinium catenatum and Alexandrium catenella cell density
from December 2nd 2003 through June 28th 2004 in Inokushi Bay and Ogamae Bay.

The cell density indicates the mean of the entire area.
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Fig.64 Temporal change of Gymnodinium catenatum cell densities at St.g and Sth

and toxicity in the digestive gland of the scallop (Chlamys nobilis) collected

from St.g and/or St.h in Ogamae Bay from December 2nd 2003 through June

28th 2004. Upper: Gymnodinium catenatum cell densities. Lower toxicity

in the digestive gland of the scallop.
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TR EZBND., COXSTRTehD, WHERHEE
BEL, HEDBERE XD I SICHEKROEEDOKE
WS 2 RIS 575 8, R OO B O D
WIS TR ZET 5 Z EDSHRORELIZ-T
{%. ERBHTOT SV M YEZRZDV Y THD G
catenatum DHERZEEH L, BHZ EZTEL TWVWBED,
TS MDY VTR EIKO I ARHBI AR E
ANBHZZADFETEHNEZLNS. TOEIBEIARRKL
T8, G. catenatum OIEIMBHET T NBRXE~FRIC
&, ZOMIEREDBRICE D 5SS, LRI SRS
T RMCEHBET 2% L, HRICENMERTE SEHE
Hpithii 2RI T 20BN S B EHEZENS. £, &
EIDHETICBENTE, EARFHRRET= 2 VTRl
WFINC TR BWINNC 4. catenella D¥HNIC E > Tk A
FHAFBIDRKBHEIMLTVB T &, E5ITiE 2002
FlcllEMdgHE LTHEEN TV AN &
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