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Ecology of the harmful dinoflagellate Alexandrium tamarense, a causative organism of the paralytic shellfish poison
in Funka Bay, Hokkaido (Doctoral thesis)

AKIRA MIYAZONO

Central Fisheries Institute, Hokkaido Research Organization, Yoichi, Hokkaido 046—8555, Japan

Contamination of paralytic shellfish poisons (PSP) to bivalves such as scallops, caused by blooms of the toxic dinoflagellate,
Alexandrium tamarense, is a serious economic hardship to the scallop aquaculture industry around Funka Bay where is an
important area for the scallop aquaculture in Hokkaido, Japan. It is empirically known that excystment of A. tamarense cysts in
sediments is important as inoculation for the blooms. However, there is a paucity of information on contribution of the
excystment on the bloom formation. For forecast of occurrence of PSP caused by A. tamarense, the present study was conducted
to understand the biological background of the mechanism of the blooms and a role of the cyst for bloom occurrences.

Long—term fluctuations of 4. tamarense bloom and oceanographic parameters in southwestern Funka Bay were analyzed for
32 years during April 1982 to December 2012. Large bloom years (maximum cell number > 5000 cells L™") were observed 3
times in 1982 — 1995, and no bloom years (maximum cell number < 100 cells L™") and/or small bloom years (100 < maximum
cell number < 1000 cells L") were observed in 1996 — 2012. 4. tamarense blooms fundamentally have three phases, i.e., the
primary population formation in March, the population growth in May, and the population disappearance in July. The bloom
period in 2000s shifted one month earlier than in 1980s and 1990s. Yearly increasing trends were confirmed in water temperature
in March and salinity in April. The environmental changes with these trends appear to affect the changes in period and
magnitude of the recent blooms. The pycnocline development for long period (almost two months) after the primary population
formation is thought to be important in the large bloom years (1984, 1989, 1994) indicating that vertical stability of water
column is an important factor for the bloom development.

The effects of temperature, light intensity and day length were investigated on the growth of an A. tamarense strain isolated
from Funka Bay with culture experiments. The Funka Bay strain of 4. tamarense grew at 3°C and temperature range of 10 —
18°C was suitable for the growth, the strain appears to adapt to cold environments.

The growth parameters of the strain to light intensities showed higher values in the order of increasing water temperature from
3 to 10°C. The strain more adapted to low light intensities than other Honshu strains of A. tamarense. The growth rates were
strongly affected by day length in 5 and 10°C. These results suggest that the strain showed an adaptation to high latitude
environments.

The correlation between temperature and the excystment activity of 4. famarense cysts were examined with the field
observations and the culture experiments. The maximum excystment activity was recorded at water temperatures of above 10
C. The temperature window (excystment activity > 50 % 10—days™!) of the cysts was found from 7 to 18°C (possible > 18°C).
The excystment period was February — May and the dormant period was June — January, respectively. The seasonally of

excystment was observed both cyst populations in surface layers and deeper layers in bottom sediments. The excystment
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seasonally in the surface layer was explained by an innate dormancy and that in the deeper layer was explained by secondary
dormancy which was given to old cysts under quiescence with anoxia conditions.

The sequences of the blooms in large bloom years (1984, 1989 and 1994) were estimated with water temperature, light
conditions, growth parameters of the vegetative cells and of excystment characteristics. In 3 large bloom years, the combinations
of the extents of excystment and the growth of the vegetative cells were different in each year. The excystment and the growth
in 1989 were both active, the excystment was not so active but the growth was rather active in 1984, and the excystment was
active but the growth was fair in 1994. The observed vegetative cell numbers were results of processes of the excystment, cell
division and others. The excystment was considered evidently to contribute to the formation and maintain of the primary
population in 1989 and 1994. From these results, the most important role of the excystment of the cysts was concluded to be the
inoculation of vegetative cells into water columns, but the magnitude of the excystment is not so important to form blooms in
Funka Bay as compared to the growth of primary populations in water columns.

The vertical distributions of the cysts were examined in offshore sediment cores collected in Funka Bay. The cysts distributed
entirely in the sediments and subsurface maximum layers of the cysts abundances were observed in all the examined cores.
These subsurface maximum layers were thought to be formed in the same bloom.

Viabilities of A. tamarense cysts were examined from surface to 32 cm depth layer of the sediment core collected at the
deepest area in Funka Bay with the culture experiments. Some of the cysts from the sediment which deposited about hundred
years ago could germinate. This is the longest record of viability of A. tamarense cysts hitherto. A negative exponential
correlation was observed between the germination success and deposited period of the cysts. The viability was higher in the
newly deposited cysts. The cysts deposited hundred years ago had transparent protoplasm and thicker cell wall. From these
results, the old 4. tamarense cysts in the subsurface sediments considered to have high tolerance ability to anoxia.

The ecological strategies of A. tamarense in Funka Bay were summarized as follow. The cysts in deeper sediments have a
high viability under anoxia conditions and are able to play a role as seed populations. The cysts have temperature window for
vigorous germination (7 — 18 C and/or >18°C), but the excystment period and degree were limited when bottom water
temperature was 3 — 5°C with the germination of small portion of cyst populations. The vegetative cells are able to grow under
low temperature (3 — 5°C) and low light intensity (I0:2.7 — 4.5 umol photons m=2 s71), and these features are helpful for
establishing primary populations in cold period. The large scale blooms which occur every several years and/or decades enlarge
abundance of cyst populations, however, small scale blooms or no bloom reduce the abundance of cysts in sediments.

The influence of long—term trends of water temperature and salinity was examined in western area of Funka Bay in relation
to formation of the blooms. The increasing trend of water temperature in March, and the increasing trend of salinity in April
were found and the former trend affects the scale of excystment and the latter does reduction in growth rate of the vegetative
cells, respectively. The key of the toxic blooms in Funka Bay is the success of the growth of the vegetative cells rather than
excystment. Thus if these trends continue, the magnitudes of the blooms are expected to be small and /or failure in the future
years.

A hundred cells L™ of the vegetative cell density in water column is an indicator of the control of scallop shipments by
paralytic shellfish poisoning caused by 4. famarense blooms in Funka Bay. The vegetative cell density of 100 cells L™ or more
in water columns can be attained by the direct excystment with higher bottom water temperature than the 32 year average (1982
—2012) and the cyst density in May of over 400 cysts cm™ in sediments. It is proposed that to monitor the cyst population in
every five years would contribute to predict the occurrences of toxin contaminations to scallops.

The density of viable cysts in subsurface layer (16 — 22 cm layer) is about 1.4 times magnitude of that in surface layer (0.5
— 5 cm layer) in sediments of offshore of Funka Bay. Tsunami resuspended cysts and selectively concentrated the cysts in
surface sediments in Funka Bay when the Tohoku Earthquake occurred in March 2011. These highly concentrated cyst
populations in surface sediments endangers the occurrences of the toxic blooms by A. tamarense. We need to pay more attentions

and to monitor 4. tamarense in Funka Bay.

F — 1 — N | Alexandrium tamarense, FIEHINE, MREFEIRE, ¥ A b, WA, MEMEHE, 4£RE



1-2  A. tamarense DEFE & ATEW

1-3 WEKBIIBUF AR5 74 4 FEREE L RREEHEBO
e

1-4  MEJGEIC BT 2R 3B

1-5 BRI O i B

1-6 AWFFEOHK

1-7  AHFFEORER

REKIBIZ BT B Alexandrium tamarense DA HEE)
RE L AW et

FHET VEEBIREIRIZ BT B A. tamarense 7V — A
2-1-1 #5

2-1-2 MR E

2-1-3 #iRBLUEL

2-1-3—1 A. tamarense D7)\ — LIN5 —  OFFAELEL
2-1-3-2 A. tamarense D7)V — L &K - ¥y - BE L
DR

w2

E2ET PEKIBEE A tamarense D YEHEE
2-2-1 #E

2-2-2 MEtL ik

2-2-2-1 RiEIEER

2-2-2-2  BEREIZ RATSIRE & ERRIE 0 R
2-2-2-3 HFHICKITT H RO PE
2-2-2-4 BEFHEOWE

2-2-2-5 HESHHEE DOEE

2-2-2-6 B OIKHLO LA

2-2-3 fER

2-2-3—1 HERHIC K AE KR &OLERE OB
2-2-3-2 HFHIZRITT HEO R
2-2-3-3  BULOKA ORI

2-0-4 EE

2-2—-4-1 JKii & BEHHHE

2-2-4-2 et & BT A

3ET MEKIBRE A tamarense ¥ A N DIEIFHEVE
2-3-1 5

2-3-2 M EHE

2-3-2-1 R OBRE & LB

2-3-2-2 VA NBEOHK

2-3-2-3 VA MOFEFIEFEORED D
2-3-2-4 S OERE

2-3-3 R

& KB B D Alexandrium tamarense D HEREF 52 3

YA MEREOEHEAL

2-3-3-2 ¥ A MEEOHERY) T OERE S

2-3-3-3  ZEIFEME L IR O BR

2-3-3-4 A tamarense> A MBI} AEHFIEEDO AL
2-3-4 #£%5

2-3-4-1 ¥ A NBEOFEHIZAL

2-3—4-2 A NEEOHERY T OSRE SR

2-3-3-1

2-3-4-3 FIIEMEDOFEZEA

F4H A tamarense DR IKTEENRE

2-4-1 f5

2-4-2 MELEFk

2-4-2-1 BT — 8 H O HEE S NS KEEMIE OB sEH
BLU YA FDFIFER

2-4-2-2 BB B X USRI AR O MAEEIRE I BT 5 1%

2-4-3 R LEBE

2-4-3-1 fEREFE)EE &R OB SB L TV A B
DRI

TEARTEENRE 12 BT 2 REilg OB e B L O
A b OFEHFBAE DRI

2-4-3-3 A tamarense 7\ — L DFEERNEE T A b DOEE]

2-4-3-2

W XBZ BT B Alexandrium tamarense D7)V — L
S B JEE O 5T

BEMEEY PO L A FOHESAHICL S A
tamarense 7 v — L FEHETRIE O FHM

3-1-1 #E

3-1-2 MEEHE

3-1-2-1 a7H T VoiRE

3-1-2-2 “AMHRLIK

A WRBIUHT Y 7 AMGEIZL 2 37 OBI%E

by
i

#
=
=

B Wl ST

C W

D S B L OBL oEig:

3-1-2-3 VA MNP USRS X UEHK
3-1-3  FHE

3-1-3-1 ‘AMFEE#EK

A HIEBIOHT y 7 AMEEIZL S 3T OIS
B kIR

C WM B X O DEIER

3-1-3-2 ¥ Ak O F OB S

3-1-4 H£%E

3-1-4-1 I 7 O

3-1-4-2 KIKE D% & FRE TV

3-1-4-3 A b OHEFESEACHEE

3-1-4-4 VA NEBEEMKHOERK & Z DM



S
T}
=il
11

B2 EAKBIZBI D A tamarense ¥ A b DERIATFRE
71 DFHi
3-2-1 #E

3-2-2 Mk

3-2-2-1 aT7H T TVORE

3-2-2-2 a7 T OHERRFEEE
3-2-2-3 VA MYV IVOMEB X OFHK
3-2-2-4 Alexandrium ¥ A b D5F-al5E
3-2-2-5 A. tamarense ¥ A b DHAFEM:
3-2-2-6 A. tamarense ¥ A b DIEIEF I
3-2-2-7 A. tamarense ¥ A b O SHIMEREAEE
3-2-3 fiR

3-2-3-1 7Y ¥ T OHFEFA
32-3-2 A tamarense ¥ A t OHEFEWH DERE 5T
3—2-3-3 A. tamarense ¥ A ks DIEIFHE
3-2-3-4 A. tamarense v A b DIEIEH IR

3-2-3-5 A. tamarense ¥ A b O SHIMEEEIEE

3-2-4 HEH

3—2-4-1 A. tamarense ¥ A b OEI A5

3-2-4-2 JLRERIEE

3-2-4-3 BEEEL7230~32 emE OIS A PRI L
o 7B

3-2-4-4 A b DERKEBESEE

3-2-4-5 WEIZHEE LA tamarense D RIIE T IV — L

AT WMEEER

4-1 FEKIBMEA. tamarense D HEAFHERE

4-2 BEEEENORFWAEEMN & 7V — L5 E

4-3  WEKIEIZ BT B R H B RENL R OAFIE &

- )
E
CILIBEN

FB1E K @

1-1 #5

Alexandrium tamarense (Lebour) Balech 19953 iH#li=E
il (Dinophyceae) ZJ& T % HiMiluAdWTdH 5 (Fig. 1),
KEZELODY TIE, EEHEEMEICERSNS
WM REEZEAETLIAEE ST v by LTHBENT
W5 (& 2000), MEEEBETF S XY, A A
FEFT bR T Y, T2F PR T U R EFEEGMS N
TBY, HERAZEBELZACHELRI T, FOIEIR
EBMRERRIC 2R, W/, EEOMNLTHY, HEE
LA IR X D IELICE S (49 - IRE 2007),
COL)ICBIEW LREREY b 725 TR HE IO W T
X, BEORERLEHRT L2012, 3L HH%
THITME SN EARD LN L, HIEOILEET
i, LR EHORBRAL LB ICHBRER T T
7 N OEZS) YT TbNR, BEBREIC L B EF
H & RIKICBEIES B RHI2SHESL L TV b, dLiEIc BT
BMEMEHBOREKN TS > 7 b BT A8, B
1970 4ERB I E o 720 RIRAY 2 45ET 2307, W
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Fig. 1. Alexandrium tamarense, A, B; light micrograph of the
vegetative cells under normal light (A; single cell, B;
two cell chain) C, D; epifluorescence micrograph of
the vegetative cells stained with calcofluor white
observed under UV excitation (C; single cell, D; two
cell chain), E; light micrograph of the cyst under
normal light, F; epifluorescence micrograph of the
cyst stained with primulin observed under blue
excitation.
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Fig. 2. Life cycle of the toxic dinoflagellate Alexandrium
tamarense. Stages are identified as follows: A;
germinated cell, B; vegetative cells, C; gametes, D;
fusing gametes, E; planozygote, F; hypnozygotes.
Modified from Anderson (1998).
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M KBS K T 2,568 cysts g wet sediment 2SHEJE D
FEHBYWHCHHLTVDLIEPHLE 2L B o7
(Shimada and Miyazono 2005), fii5, H#EgsAIZ X A4
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Fig. 3. Sampling stations of Hokkaido HAB (Harmful Algae
Bloom) monitoring program in coastal area of western
Funka Bay. Otoshibe station was from 1981 to 1992,
and Yakumo station is the present station since 1993.
Dotted lines indicate bottom depth (m).



Mg MAX) & & BITRL7: (Table 1), E=FY ¥ 7
SOEEITIE, 19844F & 1988 4EDFKLKEIZ A tamarense DERES
R BEEINTVE, ZDH 5, 19884FEDFKDE Y 7
A DFALIZA. catenella\Z & 5 Z EDFEENTEBY
(Bk 1989, 1990), THDSE=41) v 7iske LTESN
TWDEEZ T, 1984 12DV T b [AREDTTRENED D -
727280, MEDOKLIEIZFEER S ILT W5 A tamarense DER

EHERATIRNT 2 & A L 72

W EARTEZ UL 1~5 HORBICH Y, 2, 3 B OEG)
BENEN, &ERD20, 50% % 5D/ TIV—LE—2
L3 ~8 HDMIZH Y, 4, 5, 6 H OBAIGIASZhZ,
£RD25, 33, 22% & 57, TIV— AHEIZ4~10AD
Bz, 5,7, 8 HOBINBIAZEN, 2k 16, 34,
F22% % 5720 1981~2012F- DK 7 7 )V — LS

Table 1. Summary of A. tamarense bloom pattern from 1981 to 2012. S (hatched by light gray): the month
when A. tamarense was first detected in each year. P (hatched by gray): the month when the
maximum cell density was observed. E (hatched black and white letter): the month when A.
tamarense was absent. E*: Occurrences of A. tamarense were observed in autumn, but these
records were omitted, because these records might be the occurrences of 4. catenella. MAX:
maximum density (cells L") in the 4. tamarense bloom of each year. Sf, Pf and Ef mean the
number of monthly frequency of S, P and E, respectively.

Year Jan. Feb. Mar. Apr. May

ul.  Aug. Sep. Oct.

1981 S
1982
1983
1984
1985
1986

1987

1988

1989

1990

1991

1992
1993
1994
1995 S
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005 S
2006
2007
2008
2009
2010
2011
2012

Sf 2

Pf

Ef

Jun. J
I

780
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Fig. 4. The variation in maximum cell densities of A.
tamarense blooms from 1981 to 2012 at Otoshibe
station (C>1981-1992) and Yakumo station (41993—
2012) in coastal area of western Funka Bay.
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AP L TN — 285 = OBRERET A 720, &4
DTN —LEFRKMBEICE V4005 4 TITXKB L7,
Thbb, AHMBE <100 cells L' D7 — A% IET I —
L4E, 100 < FAHIFEEL <1,000 cells L1 D4 — & % /N
BTV — L 4E, 1,000 < e AAMIEEL <5,000 cells L1
br— 2 & T — L 4EB X 1U55,000 cells L < K
WO — A2 KBTIV —LEL L, ET IV —24
B, MBI T OV — B4R, BTV — L4 B L OVRHUE
TN —LFFENREN, EED31.3, 438, 123, 9.4% T
HY, TORFEMIIIET IV —L2ED D VI NI TV —
DAEL Bl — AN S h o7z (15%) TNEDI B, JE
TN—LAE, BTV — LAEB LU - KE TV —
LED3I T A TIZOWT, MEEERIEZER (3), 7 —A4
E—2]M (P) &7 )V— 2% (E) ©HBISEHEE
Table 212 F & 72, FET I — LAEITIE, IR
TN — L — 2 I B BT R 2 B I g
HELTVDEH, 7Th— AR EMREEA (7
H) OFi#BORBICTNDEr — A% oz, $7-, T
V= LA, WEEARETERA I T V-4 Y= 7550
FENTWBE T —ADEA &7z (Table 1, SP), 2L
VAR A O 7V — 2RISR L2 r — A L%
ZAoNb, NN T IV —LEIZVThO T 2 — XY
BTN — 285 — o720 THUS/NEE T IV — 24
FEOREHENZDORERTROIFNZOTHD, H -
KEUE T — 245 T, W A32,3 A Tl
BRI — 2AD% o7z (572%) TIV—LE -7
WIEFEE I Y 1~2 45 A BT — A% otz T2, 7
V—LHRIZTI8ATH D — AN o7 (85.8%),
W R 7OV — A TR & 7V — 458
EETHMETIEA LR, P GET N — 24 -

Table 2. Comparison of A. tamarense bloom patterns among no bloom years (A: maximum cell densities
< 1000 cells L"), and middle—large bloom years (C: 1000 cells L' < maximum cell densities). S:
the month when A. famarense first detected in each year. P: the month when the maximum cell
number was observed. E: the month when A. tamarense was absent. The numbers are frequencies
(%) of occurrence. Hatched numbers indicate the month when the highest frequency of the phases.

Type Phase Jan. Feb. Mar. Apr. May Jun. Jul.  Aug. Sep. Oct.
S 10.0 0.0 60.0 20.0 10.0 0.0 0.0 0.0 0.0 0.0
A: No P 0.0 0.0 30.0 40.0 10.0 20.0 0.0 0.0 0.0 0.0
E 0.0 0.0 0.0 10.0 30.0 10.0 20.0 20.0 10.0 0.0
S 0.0 333 533 0.0 133 0.0 0.0 0.0 0.0 0.0
B: Small P 0.0 0.0 6.7 26.7| 46.7 13.3 0.0 6.7 0.0 0.0
E 0.0 0.0 0.0 0.0 133 200/ 40.0 133 13.3 0.0
. S 143 286 286 143 143 0.0 0.0 0.0 0.0 0.0

C: Middle
P 0.0 0.0 0.0 0.0 286 429 286 0.0 0.0 0.0
&large ¢ 00 00 00 00 00 00 429 429 00 143
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Fig. 5. Long—term variations of water temperature (upper
panel) and salinity (lower panel) in western Funka
Bay from 1981 to 2012. Monthly data were averaged
for dates of seven different depths at Otoshibe
station (1981-1992) and Yakumo station (1993—
2012).
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Fig. 6. Monthly averaged water temperature of water column
(upper panel, 4), bottom water temperature (upper
panel, A), and salinity of water column (lower panel)
collected at seven different depths from 1981 to 2012
in coastal area of western Funka Bay (Otoshibe
station: 1981-1992, Yakumo station: 1993-2012).
Vertical bars indicate the standard deviations.
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Fig. 7. Long—term variations in deviation of monthly averaged water temperature in coastal area of western Funka Bay. Rising
trend of the temperature was detected in March with positive linear regression.
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Fig. 9. T-S—P diagrams. Solid circle means cell density of
A. tamarense at the first detection. Dotted circle
means cell density at maximum cell density of 4.
tamarense bloom. A: the cases of no bloom years
(maximum cell densities were <100), B: the cases of
small bloom years (maximum cell densities were 100
< <1000), C: the cases of middle and large bloom
years (maximum cell densities were >1000 cells L™).
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Fig. 10. Seasonal fluctuations of A. tamarense blooms with contour of sigma—t in large bloom years (maximum cell density >
5000 cells L™"): 1984 (A), 1989 (B), 1994 (C), and small bloom year (100 < maximum cell density < 1000 cells L™):
2009 (D).
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Fig. 11. Schematic diagrams of seasonal fluctuation pattern
of A. tamarense bloom and pycnocline developing
in coastal area of Funka Bay. 1984, 1989 (top panel),
1994 (middle panel), 2009 (bottom panel). A:
Formation of initial assemblage of vegetative cells,
B: Growth of the bloom in surface layer, C: Growth
of the bloom in all layers, D: Growth of the bloom
in subsurface layer. E: End of the bloom. Horizontal
bars indicate pycnocline and x mean no pycnocline.
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FRECOMICEAFZONOBEICIIFICL2EHEH S
%@@,ﬁpmw®l7&*%mﬁ%@%%§mi&é
FH)Thb (Fig 12), i, LI —24T 7 MIHERHR
DEEEHTH Y, £ OFEHAR KOO EFZR) I
WELTWLZ eI ENTWS (Kawasaki 2002, —
- 2007), Minobe (1997) 1% 19004ELIKE, 1924725, 1947/
48, 1976/77, 1989/904F 12K ML ¥ — L2 7 PASEA L 72
L, F72, Yasunaka and Hanawa (2002) ¥ 1925/26,
1945/46, 1956/57, 1970/71, 1976/77, 1988/894EIZL ¥ — L
VI IMBROOND L LIz, WKL > TETOEE
OFNEHLL DD, 1988~19904FHICL YV —L4 L7 b
WdholzbFEZbNb, F (2007) ZLY =27k
DB EME ﬁ%@wﬁ’ﬁﬂé’i%$®&4Aﬁ
TWWETHY), TOEHE L THKAREDOEIRRE
%%%ﬁﬁ%é”(“éo%@Lkb”éﬂﬂ%%yu
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14 ¢ &
12 ¢ ; . .
e * *
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Fig. 12. Long term variation of winter NO3 concentration in
coastal area of Funka Bay. *: data from Nishihama
(1982), **: data from Muroran—chiku Fisheries
Extension Office (1993), ***: data from Miyazono
(unpublished data) .
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¥ 7T 1980~ 1990 4 & D EALAER 2 S 199042118
DEDOEFALEMRAD Y 7 b S T 5 (bl
3K R 2000, LT 222005), 7 2 TIEAER 2B
G L LT, MEMHRBENTZ 27 b, Alexandrium
tamarense D BB EOHi/)N, FRIEHBBERN 77 > 7 b
>, Dinophysis fortii D LB DM/ NGO 5N T 5,
PDloZ Ehs, 1988~19904EEHD L ¥ — 42 7 Mk
EDYALTTOOE, BB L GUILEERRICBT
BARMED TN — LR EE L T2 RENED D 5,

28T MEABEE Alexandrium tamarense DIETE4FE
2-2-1 #E

VAR BIEEED TV — L8R, ThE
NOMEOFFOBEFHE T AR, 2 & B R OB
EERICL > Tay ba—VEND YA N DOJHFHEED
HMAEDEIILD, SNy -V RFEOLEZLND
(Anderson and Morel 1979, Anderson and Keafer 1985,
Ishikawa and Taniguchi 1996, 1997, Perez et al. 1998, Kim
and Han 2000, Kremp and Anderson 2000, Itakura and
Yamaguchi 2001, Kim er al. 2002), MEAKEIZBWVTA.
tamarense DI T 5 B D EIREE, SAMFHEICOWT
E, BREIC L > TECOHRPRONR TV A (T
1EA> 1979, 1980, Uchida et al. 1980, Shimada et al. 1996,
IEH 2000), %5 15iCTlX, 4 tamarense 7V — LHVINFEAL
LTV 2EES EO2EMIDI2 TNV —LDINY —
VITOWTHERL, BISICBWTARRED 7 )L — 47058452
SNTBEDOKImEIE T OB ZW S0 L7z, LAl
WENIBRE A. tamarense DYSFHFFIEIZ DWW TOMAE & LTI,
BEREI RAT S HREE OB (PUE - E7E 1981) 2% %
2T E%W, L DRFRIZE Y, A tamarense D3 E K&
P 2 IR B IR IRRIEIS, TSI L D
BobZ MO NTWAS (Yentsch ef al. 1975, Watras
et al. 1982, £l 1985, Su et al. 1993, ILIA(T 2> 1995, 1114 -
M 1997) o MENBIZBIT 2 ARFED 7V — L BHE % PR S
5720020, KB EROZEARR 2R 2 S 01
THLEND D, & 2 CRETTIE, RO [T
i, e, BLUOHEOREIZOW T EEREAT
W, AR OB & OBEFEREE O L E 4T o 72,

2-2-2 MKERHE
2-2-2-1 EHEXEER

FEERIZH\ 72 A tamarenseld, 19954E11 FIZHEXKEDTE
BOCALE $ 5 ANEMKER 35 m s (Fig. 3) 25158721
MM O Y A P ERFEFESE, Uy bk L
BGEIAOREZ HEE A4 DR L, MIEIC X B8 E R/ NR
Wz 727 0=V BRCH B, BEHICIZSW I-mEEH (Sako

et al. 1990) % M\ 7z, B3 551230 2> & 32 psu, pH
278745 &) ICFNENHEAK, AT\ CHE
L7zo BEREREZIIAN T AR (413 mm x100 mm) %
vy, FEERICHER L7247 A BRI+ cgkd L,
Bzl L7z, SHUCHEE ENENS mNZ, A— b7
=7 (121C, 2053) L7-2b D& EBRIHH L7,

2-2-2-2 HEEICRIZTRECABEDETE

FERERIIATEARESE (31 b T Y FR-535a, /)
SHEWERT) Z2HH L CTIT - 720 BRIREIIABEIZBL
LA HEIEZME LT, 3, 5, 10, 15, 18C D 5B
ZFEE L7z WIREEHIL 14-hL:10-hD IZFEE L 7o 22
NOMELEO T CHRMEEEZ 7220 OFEBHEEIT 572,
1A EIEFVOERE, 2l EIMOtRE L2 80560 Ch
5o BRSO FEMIL Table 312F 72,

W I I A fEEOEE & vz, FRENDIEIREZ,
WA S OHHEL RO A v+ ERBEEICARED
ZEIED, 2~TERSICHRET L 72

BARBAAIRE B L ORI TR, 2R ENOERXIC
Bl A% % w7t % — (LI-COR#L, LI-192SA)
WX o T L, 20 HEERELB R OME L L
7o BREERIZNTNDGMTIRDOHEE & V- TiT -
725

BEBREMICHIE S D720, RO X ISR
1T = 720 mEE15C, 658 B2 #9100 pmol photons m2 s7!
DEMTERELZDOPLEER 1BRETO LA S 50
TRES 2GRN L7z, € D5EMT TOME = 2
L, ROBESLMBICERNTA I EZYE Lz, Bk
(\ZIEFREE 1349 100 umol photons m™2 s C, {mfEIL3, 5, 10,
15, 18C DEMICE L7z, FNENORBESLMT CHigil
FHERTE 2L D%HIRREE L, BB BE i
THDHIEREALT, TNENONFRESRI~NERL,
EBROARREZE % BilG L7z B85 AR O3 B B 1
HUEEEHBLZEEAME L2720, 1HHOREBRTIIE
EINBIEEM 2 RECEFHICES 2 & 2R L7272,

Table 3. Temperature and light conditions in the culture
experiments.

Experiment Temperature (°C) Light intensity (umol photons m?s™")

3 4, 13
5 2,7, 26
1st 10 2, 5 22, 34
15 2,9, 23, 32, 82
18 2.4, 11, 22, 35, 71, 87
3 4, 15, 32, 52, 108, 146, 201
5 3, 34, 72, 98, 151, 209
2nd 10 2, 32, 61, 118, 263, 556
15 2, 27, 63, 128, 330, 609

18 1, 33, 60, 145, 266, 634
Light cycles were 14-h L: 10-h D in all experiments.




2 [0 H O FE IR T LI B i SRR S 72 B I E®
WICEBRANIERZ T L7,

2-2-2-3 HEIZRIZTHROFZE

H O UORESRNEE S, 10, 15, 18C, WIREELZ 14-
hL:10-hD (23 E L 724 D DEFEEHIZB W T, £k
B 3R T ORI ZITV, WHEEITH 5 2 L 2k
1%, 5C TIEFILuEEE 112 umol photons m2 571, 10
CCi485 umol photons m2 s71, 15°CTi&Z100 umol photons
m2s71, 18°C Tl 128 umol photons m2 s~1 DIGHREE T C
BB AT o 720 BERREBUIF —F Mo SRBRE 3
RILTTIT o 720 BARE 41413 8—hL:16-hD, 10-hL:14-hD,
14-hL:10-hD, 16-hL:8-hD TH 5, #74 2HARGSME, 16
—hL:8—hD IZF%E L2 ERHIZB VT, ZNENDOEM4D
BRI IS FE 2 B R I RE L T EICE D RE L7,

2-2-2-4 IEIEBDAIE

KIFZETIE, invivoZ7 007 2 VEGEEHIETH I LIZ
& o TA tamarense DYGEBE T E=5 — L7z TOHE
MWL LICLY, ABETOSEEE» L-ETH
Bl CEMEOELNE=Y —TE20DT, K&, ##f
I & FRICEEZERDTERES LV W) R A8 H 5
(Brand et al. 1981)

invivo 7 HH 7 4 ViEHIE10, 15, 18C DIRESME TR
2HTEIZ, 3,5COEMTIE4H T LICER (11:00) 12
WL TH S ENEEEN (Turner Designs f: - Model 10)
IV TllE L7,

2-2-2-5 IEEREDEE

HHZin vivo 7 @1 7 1 )G E SO R T RO
HiETRKD 720 mE15C, #9100 umol photons m=2 57!
DWEEIZBVTISEDREZAIT, invivo7 HH 7 4
IVEICEDBIEC & 0 FEH, RIS & OEE N
MR LS, #E, MREGEHEHOY > 7Y v 7%
T, 1.4% Fv~1) ik CEE L 720 bk % 5K
L7zo invivor 017 4 VEOGE (F) AR (C)
DB (Fig. 13) 25 (1) X&fi7z,

In (C) = 1244 1In (F) + 3.034 ----(1)
(r=0.995)

HEGEERE 1, FEER IR S NI @ in vive 7 O 1
T4 VESEEE, (1) W TER LR E &,
RO (2) AUTHTUIOTRAEFEEICEI VAL Lz, 7
Z133 0 DOREBREIC L 2RO TFIHMEETRH L7,
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Ln{C) = 1.244In{F) + 3.034
(n= 18, r= 0.995, p< 0.001)
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In vivofluorescence (arbitrary unit)

Fig. 13. Correlation between in vivo chlorophyll a

fluorescence and cell density of 4. tamarense.

p= In (Nt/NO) VAN BEEEREREER TR (2)

ZZT,
No : RGBT O ML EEE  (cells ml1)
Nt @ AP EEEFEHIA O MBI B (cells ml1)
At D RHIEFEOMIR (d)

Thhb,

B (W) COGRE 1) OBREMS 7012, EA
BHl#EE 7V (Lederman and Tett 1981) #cZZE L7z (3)
A (UAITA> 1995, IUA - 14-1997) (ZFERIE RN B ek
THEBLT, K87 A =% (um, Ks, Io) % RD7z2,

p=pm X (I-lo) / ((Ks—To) + (I-To)) -~ (3)

DB (divisions d1)

D65k (umol photons m2 s1)

lo : OGSEEEDRIE | MHHABEA X 1 & 7 HIEOHREE
(umol photons m=2 s1)

pm - BRHAGHEE  (divisions d1)

Ks : um/2 % 5-2 5658 (umol photons m2 s7!)

(v
(v
— = d

2-2-2-6 IRIBDOKFFDERH

B2 BT 2 KB OFEREALE I Z 72012, K
& (Li—corft LI-192SA) ZH\T, 199644 A H
519984E7 H ¢, FHIE LA 1A, AZEH (Fig
3) 2B BB 21T - 720 R X o THlEHE
FIET BNBENZENT B 720, M ETHETE LY
S PE & AR L L7, MM 1, 5, 10, 20, 30 miEDYE
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DREE I, MRIANE L O GIREEITA B KRB I BT B AT
W (=100 XK FPSEEREE /Hm e _Bonses) & L TR
L7

2-2-3 &R
2-2-3-1 HBICRIZTKEENEED
FNEFNORERE B O TRL B 50T 50T T8
LTS N2 A tamarense DB EBEE 0L %, 1
[ H OFRERIZDWCTId Fig. 1412, 2HHOREEIZOW T
Fng R U720 ST T, BEERED ST LD
hiﬁh§#%<&%_0ﬂfﬁhﬁﬁiké<&
é@ﬁﬁ%ot(EgMBE%ﬁ%@@@&%K@%%
JiE & BABEHEE DR IIIRETIZ % A o 7275, JEHREE13 pmol
photons m=2 s I DEFIZIZWD 2RI L7 (Fig 14 A)o
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SRVEIREE & SR COREBTIE, 1 N HOREREY
B E 2T, I OMRHEE AT E L2k A TR
ERa T L7272, 10C L EDREREDRETIE, 5
HWHIZ1I0B & L7 (Fig. 15 C-E), 3T £ 5C Tl
JEHREEIC R 59, BG5S HREEOFENON L
P & 72 > 72 (Fig. 15 A-B)o

IREE 10, 15, 18°C TIXFPAM T4 HEEOFHLNA S -
7273, 30~50 umol photons m2 5! DIV TILEAE
BIfG 1 B H 2 S B & % - 72 (Fig.15 C-E)o 10~
18C 12 BT 2 50\ IR BE S CIIBIHEEE DA T 4 5
¥, #5600 pmol photons m2 s~ THEIERHED R\ 2 &
Vbhhoiz,

NS OMIBEZALD? B 5 N7 IR I BT 5 15
WEE (W) EGEE (1) & OBR% Fig 16 12K L7z,
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Fig. 14. Growth in cell density of 4. tamarense at different temperature under low light intensities. Temperature conditions were

A:3C,B: 5C, C: 10C, D: 15T, E: 18C.
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Fig. 15. Growth in cell density of 4. tamarense at different temperature under low—high light intensities. Temperature conditions

were A: 3C, B: 5C, C: 10C, D: 15C, E: 18C.
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Fig. 16. Correlation between light intensities and growth rates of A. tamarense at various temperatures. The formulas in each
panel indicate approximation modified rectangular hyperbola model. All correlations were positively significant (r >
0.95). Temperatures of A: 3°C, B: 5C, C: 10C, D: 15C, E: 18TC.



FoERIEANMEETVORERIZLY, FhFh
UTD (4) ~ (8) O TRT T LATE 7,

3C: u=0.19 (1-3.51) / (1+622) (12 = 0.92) -(4)
5C: u= 026 (1-2.65 / (1+15.86) (12 = 0.92) -(5)
10C: p= 047 (1-3.85) / (1+31.65) (12 = 097) --(6)
15C: u= 048 (1-3.90) / (1+24.97) (2= 094) --(7)
18C: p=0.47 (1-4.46) / (1+2649) (12 =091) --(8)

FRROKX D> S5O Nk KA E, e, &
OWHEFEDBEIC DV TDOE /T X — 5 —fHLKIRE D
BIFR % Fig. 17128 L7z S IREEIC BT B i K fifl o8
(um) 130.186~0.479 divisions d~! DHPHIZH V), HHE15
CTlRERS72%H5, 10~18C OMTIFIFIZF LETH -
Too WKHHHED 1/2% 5.2 568E (Ks) 1313.3~39.3
umol photons m=2 s I O&FHIZH 1), 10C TiekE o7z,
10C U ETRED/NE L B o720 KIBEIZB 500
ORFME o) 1£2.7~4.5 pmol photons m=2 s~ DEIFHIZH V),
WTFNORE T IR ICEFLRETH - 72,

2-2-3-2 HHEICRIZFTHROTE
FNFNOEEREEIC BT A HHEE - HE L oMK
ZFig18 AR L720 WINDIREIZBWTH HEMEL
72 B & BESHMEE T IE AR I A M ASRRD b i,
HEOBMNI 3 5 BHHEEOZLIZ 10C D & &R b K
&<, 10CLLETIE, HEDOHEIIH T 2 HHHEDZE
1IN E L o720 10C TId B E 8K & 16 T
FHAEEE IR 1SR 572, HE 4FEICBIT 5 £KET
OILEE % 1 & Lo Ao LghdE s, AEE OMfR
% Fig. 18 BITR L7z, HWHEAE TABZ L, 5SCTOL X
O ZALDKE L, 108 & 16 FRRIC 351F 5 BBl 1 &
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. 17. Correlations between temperature and maximum
growth rates (um: A), half saturation constants (Ks:
B), threshold values of irradiance (Io: C) of A.
tamarense isolated from Funka Bay obtained with
the culture experiments under different light
intensities at different temperatures.
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Fig. 18. Correlation between day length (DL) and growth rates (A: GR) and relative growth rate (B: RG) of 4. tamarense under
different temperature conditions. Relative growth rates were calculated as follows: RGpL=GRpL/GR14. Regression lines
were significant (p < 0.01). & 5C , > 10C, + 15T, [J 18C.
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FI6MERT o 72, IR OZALAK X W OIHKIRE T
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WL 7z I Y0 BB % Fig. 1913R L7z, AEAR
P H DL X o TP OBREY DRI R0 5729
KO BMFEMNE RS - 7205, BB ONSEM OF % ik
T 5720, 3FEMOFHE (1,2 A 1324 H) % Table 4
R L7z W28 L C, WHD S AS L72tidkE T
1m T50.2~76.0% IZF L, Ki#E10 m TIEAFHLOK 10
BAEE (3.4~18.7%) 1725720 HDWEIKE Do 72
DIEF3ATHY, KESmTAFHD10%FEEF THEL
7oo SHUTHLT2H ETHIZIIEDOREIVNE C, Kig
30mTH AFED 1% DL EA2HE L 72,

2-2-4 EE
2-2-4-1 JKiR CHEIERE
BHNEBEORERNS, BEKEMHED A tamarense 33T H

518C £ TOIRVREHIFCEHCTE 2 2 LAYRE NI,
FETIZ10~18C D & & i KW EFE (um) 1304
divisions day ! ## 2z, 10CLLETIZIZE A LEICEEIZRR
DML o720 —H, 3C & 5T DRSNS T b M
MHERR S N, IRIFHAEE X2 Eh, 10C DG D40,
55% 1Y L7c, THE THRAKE TR LN

12, AREIZAE10~13C DRBICEBEICSAT A2 (1
HEIE7> 1980), 5CHRIBRDEAKIRD & &2 EBEEICHE

TAGEDH D Z ENHE SN TS (P - fE5E 1981),
3~5C DEIKIR T THHGETE % &\ ) KIFFRORRIL
55 1 H Tk 7R IME AR BRI B O KR S5 2~6C T
HHLILEEMNTLLDTH D, M), BIGBIEETIIA
tamarense DYEFEE#KIRD FRAT10~16C TH 5 (i
127> 1980, WSHI 2000, FE2FLE1H) 725, AFEETIZ18C
FCHWIHEEDZREVWIEPHENE otz 2Dz,
BB 2 70V — LRI OKE EBRAT16TCI2E £ o
TV 2 BHEIREE |23 2 ATl D 345 R 2> & (EFHBT T
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Fig. 19. Correlation between transparency (%) and depth (m) at Yakumo station from January to July in 1996—1998. No
observation was carried out in January and February in 1996.
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Table 4. Relative radiation decrease (%) at different depths (m) from sea surface at Yakumo station from
January to July. Average of observation data from 1996 to 1998 were shown.

Depth (m) January* February* March April May June July
0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
1 53.2 69.8 50.2 52.8 54.8 76.0 57.7
5 26.7 31.3 111 23.6 26.0 27.5 32.5
10 13.3 16.6 3.4 10.5 14.7 11.0 18.7
20 3.9 5.2 0.8 2.2 3.3 24 4.3
30 0.6 1.6 0.2 0.3 0.4 0.6 4.1

*The average data of years in 1997 and 1998

DBE I N TBEB Y (Anderson ef al. 1983, Takeuchi et al.
1995), TDZ &S, Th—AHIZEAT B AL
L AKBBE RV A MERDS TV — AELEOEELERT
b LB ENTA (Anderson 1998), [LEEIZBITA
A. tamarense DEETEEIREIC B W T, WHEE FKED
14C %2 5 & R ZINWA T 5 2 &AL
&1 (Itakura and Yamaguchi 2001), KAEPROAKIRE & OxF
T, MfaEo 2L 14~17C OFPANTHE L T
% (Ttakura et al. 2002), i, Nagai et al. (2004) 1%, 5
FRETIZBWTILEEEA tamarense D A MEROE
HARATN4CTHETH B Z L 2R L, JEBBIZEWTHE
BEINTVWBRHGAKIES15CEZBR S LTV — LHHE
FTHBGIITER G VA MERICE B Z L ZRIEL TV A,
BERBIZBWTD, 7h— 24K —27 OB #EARD 14
CHEZMZ 5LV A MEEMNETEL 2D, ZORKRL
LTTINV—LHEkE 6L TWDHEEILND,

A O I KB EE % b 72 5 TIE LM IRELFNC
LBHRDBENTHEL L EHELN TS, K FEE
P12 0~24C OFEPACHIHCT &, 15~22°C ASR Ak L
L7725 TEETH A (Yentsch et al. 1975, Watras ef al.
1982) o KAREB #EMIL 6.5~17.5C OHPACHFEIHET H
0, RORBIEEE Z 52 HIREE17.5CTho7 (il
1985) c —{A[BREE DR TIIHFE T BEFFHIL 5~25C TH Y,
T RIS GEE L (LR 15C TRIgE Sz (IUARIED 1995),
JEESTERR D513 5~25C OFPATHGE T X, 15~20T 7A*
WRKMHEEEZ -0 FTIRETH o728 (1A - 1
£41997)0 51T, BEERORKEIEREY 7253 iR
FEIZ28°C (Sueral 1993) LW d b, RO
DR E S ENE N OO 5545 T 5 BN 2 KR
BRERICHEIN L Twb EBbh b, BAE#ERIZ3~5T &
VI KBS T THEGETE, 10T & v o) KW
IR 2> & BB\ E T B e ST E B 2 e b,
FEE R BREIHEID L7 2 o T b bR B,

2-2-4-2 NEHLEBRE

AAEDYEFEN LR (B © o) 12DV TIET A
) AJEEERD R A b ¥ kR Gloucester TH il & L7k Tl
35 umol photons m~2 s~! (Langdon 1987), =BT
45 pmol photons m2 57! (IIAI37421995), TAREHEMTIE
76 umol photons m=2 s~ (1114 - f8451997) &\ JidEE
ORfE (To) 29SS TB Y, REOHIHICIZILER
WREASLETH S Z ED SN TwD (1A -
219970 L L, AEFZED— 35l fhig D 5 Rd 722
FNOEFRREICBIT 5 BERDIE2.7~4.5 pmol
photons m=2 s L DFEPHICH V), TN F TORE IR T
WEEREE G TG L, ARG TR B BRI S L 7o B
HrxFoTwbEwnwzg b,

FRCBI BFH 1S PRI TOER
O FFHME (1993~1997) &, BBLZF2AD1.5MIm2
253D 2MIm2 h HISHML, 20%7H ETiE2
MJ m 2 h THIfRCTHER 55 (5871996, 1997, 1998)
MR ELIFEET A2 253 A DMREIZA. tamarense
OYIEEREOTEBINAYS$ 5 (Table 1), Ju5MFOIF
LR BMBE O T v~ AOWKIZE#T 50T, 3
A EREE O BUEEE 25 VR O — D IS0
a5 2 LD TE 5,

B KBIZB T A. tamarense D3 % CTHIIR L 721978
FEH 51981 4E 121, AREIZ2~3 A12£E (0~10 mfg)
THIEARZER L7206, 6~7HIIZEEBH» 5%
LT (20~30 mfE) CHUBEEE O @ W EAER %
Bg B &) SRIE A OREREZEAL N Y — v R L7z (
i 1T A 1979, 1980, Uchida er al. 1980, T #% - 1
1981)c SBIEITRLAZE B, 1981 FLUFEDO K 7 )L —
LEED ) B, 6 HIZHEERE D 5 E L 7219944F 124
tamarense 3 4~5 A 12FE (0~10 m/E) ZHM20A6 L,
6 IZiEHiE (10~30 m/@) ~FHOH.LERBE I TE
Y (Fig. 11), THOHHMB & XL~ T 5, EKA4HE
(KR IT 1996, 1997, 1998) % SMoh I 5 5 &
(Thimijan and Heins 1983), A. tamarense DIEAEEDFIE 2
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SHRLDHB2ADPOEEERPHRBIIEREI NG 6
~7 AT EEE 112 B0 50 EE 1£938~1,250 pmol
photons m2 s 1 D # 2 L$ 5 2 LTk B, HUKEEA
tamarense DGR E DB (Io) #93~4 umol photons m2
sTHIMETEIE L OKIRE D 0.3~04% ITHLT 5, 2D
fifi & ANEhE B CHEB L 720 B EED S AR - 72K
TEOBTETT e 2 IRAKIZEE, 3, 4BV T30mE Y b
EVIKEE 20 (Table 4), 7KZE30 m AT i3 HE5# ] fE 70 i
Erhb, SRNOORMD VITAPRD LR % 50
Wi o ] P2 B ICEtE S N7, EBRICIED S
FREEE ARG L TV AW RS H 5, L L, 6~7THIZ
A. tamarense D315 B FE 234G § B W AKGE IR FEIR O AKEE 20
~30 mB Lo e bR E TH L EEZ BN D,
F72, KE1~10 mE TOIE5EE L 38~620 umol photons
m2stEREDONLIDT, BERBIEELZ6~7
HOFRBIIAEOWIEIZ L s TIFBELEELE S22, &
D7z, 6~T7 AT ZFRE D HIHKT 5 OIS05 M4
SOOI TER . ZOMRHEELM LR, A
DEIER EDOEWFNEREEE T LULENH 5,
HEZALITH 3 2 BGEE O II KR 10C D & k&
<, HEM 4R 5 1651 & % o 72356 1B 1
FLABIZKRE o7 (Fig 18 A), SBIFHITRLIES
D, BABIZBIFA2FHNE T V-0 -7 EHIE6
H<T&® % (Table 1)o ALIRD HE (L4 H THIIHK 14 H5 ],
6 A FAICKIISKER 2050 TH 5 (ELKILE 1996). 2
NSO ENn, REOWEHEEEIIHEORETIFICH
NT6AICIERHIIGERL 252 L1k b, AEOEERE
O 6 HEFMIALNLEZ EIFZDZ L& L —
L, BMABICBTA2AREOSREROERITEHICE
LHEIHHEED FRIZE > THHZONTwEEEZ LN
%o )5, Fig. 18 BIZ/R L7z ILHEEEEIZDWT AL L,
KiSC DEMTIL, MEERE O TRV -OIZHE16
R O BEEREE X 10 D L X ofefse ), HEZE
{BIZxd§ 2 WGEEE O ZALIE K & Ao 720 BEAETRR
BBV TR RIED ST LR bDIZ4~5ATH Y,
EEIZL BEVH/IE WV (Fig 6)o 20RO HEIX
13RI A S 1SR F T T 5 (EV.RLHE 1996),
ZD720, B THE SN LWHHEE~NDO HEDZEIL
Blafsl ey, PIIMEAREE S 70— LA OIK, MR~
DHEDOPEBIMETE L\,

F3E MWEANEE A tamarense v X b DFEIFEHHM
2-3-1 #E

A. tamarense \I¥EHR TIT P E LGRS TOTIE
L, BERORICEEMO Y A NIETT 2 b oM
DM % 5>, —# 75 27 b (meroplankton)

THb (Fig.2)o MABTI, 15OH5rHETI 7
ML LTKIETHIL, RYDTr AZ VAL LTl
JETHE T (Table 1) ¥ A M # BT 5 Alexandrium &
DD TN — LEBIZ BT, HREWHRO Y A P O%
FEDKEANO KM OFRERERE L Rz T LEZONT
% (Anderson 1998), MEKBIZBIT 5 A. tamarense DA
REIZB S 2 W78 1R H B O AR O T A P45 2 H
BeT 5720, TNETEICHREMBMEAETIER L
e ThINTE 7o, TORER, RMEORHEIZH L 723
Bt tiony — VIS 2 MR EE SN TE /2
(PEiEIEA> 1979, 1980, VUL - fEfE 1981, Shimada ef al.
1996), F72, V= FIZOWTOMELEHRL2D, VAN
BWERMAEI IO TS (faft 1980, 7¥2 2 (Fk) 1991,
EF1EA 1993, 1994, 1995, Shimada
2005) LALBDS, REOT IV — AL VA PO%
FAELOMBRTECTZOONEL RV, MW7 T v 7
DY A PDOKRIRRFEF O A 7 Vi, FHBREE & A
WA OKRIRIRE 2 Rk U <DL (49F 1990, A
2007)0 $ b b, FITTERE S NIy A IS EPEKIR
DIRFEIZDH ), 2O T OIRRETIEZEF 108 2 B4
HTZBPNTHEFIITE LV, BHETRELIREIC S
5 (=BT %) 1213, »HBETH L EOREH DL
Hrah, zoEs (NHRERIRPIE) 382X > TR
%% L FARHCAER S B BREESRM (FRIOKR) I2X->Th
7{t3 % (eg. Wall and Dale 1968, Dale et al 1978,
Anderson 1980, Kim and Han 2000) , PN PEARIREA % #% 2.
ToA Y A MRBERESEGPIETHNIREF T 5, B
B Al (72 2 I TEFRFE) THIIFEHFIHH &
n, ZOREEZIRERIREFRT 5o A tamarense |22\
TR &S RERIRDOFEDZ S TV b
(Anderson 1998) o WA IEFEH 1T & o TEARNY 7 FIBE A
THY, FEHYZKR AL TEOHFTEL 5 FEF#IR
38, (temperature window) W CTHEFEFEIH < & 5
(Anderson and Morel 1979, Anderson 1980, Itakura and
Yamaguchi 2001) 2D X 912, A tamarense ¥ A ks DIFEIE
AR BIRER & 41 R A ARER 3 & U temperature window (2
foTaryhpu—LantTtnwibEZoN5, BWAET
32 CBEE, RO TNV — 2 0VNRBLLTB Y, FRE
MEHBOFERES M/ OB H L, 29 LIz7 N —
L OBNRER, AN O PR R A OB RE 72 1)
TETFHIATERVDOT, YA MORED GO - BjfE
W30 % Cd % (Anderson and Morel 1979, Anderson
and Keafer 1985, Ishikawa and Taniguchi 1996, 1997, Perez
et al. 1998, Kim and Han 2000, Kremp and Anderson 2000,
Itakura and Yamaguchi 2001, 2005), % Z CTAKIZB W T
&, BRBRFEOBEMEEDPICB 2RO Y A

and Miyazono



BB L URFELEOFMELAMEL, ¥ A ORI
PRI AT 5 A E L7

2-3-2 MEEAE
2-3-2-1 BIREBEMOIRE &8

1996 F4 A5 199743 A £ C, MABEWEIRIAET 5
NEMI A VoM (Fig 3, HAE8km, KE3Sm) %
ERE LT, A 1 R ORE LT o 72, TR
W TFORFFRE: (MfEL.5em, BEGHL) MR L7 155
Na 73T ETZ2 Tk Tlhy, B3¢0 F
FHRGHN L DGR L 2O EREZICREBIF 72, FEBR
HETW, A7 TOLEREERT L%, MLHEL
BRICX DRI 212 4 I L7 L, B2 53cem
HO4BIZXS L T1R2emEE TR 51F72, I L7
FEIRBEHI A F 0 — VERERKIC AN, L CRE L721,
VA NBEOFEB & O RERER I V2,

19974F7 FIZid > 2 T+ D$aiEs i 2 & O #5728
BONIARRAEE2FE DS lemBO15SEIZX G L, ¥
A O E FERE L7z,

2-3-2-2 VA MNREDEH

VA MREOFBICIEHEISRS LEHA03~05¢
B L7, BEEKIBESEHF I FMar iy v
wiRo 2 T, 100 um L EORI T2 BE L, 10
pm HEWOEi T 72 D B IHEE IR L 2535 7858
KTHY, BEVWEKIT AR T2 TE5720KBELT,
RAHIIZ 10~100 um D 5% 10 mlREBRE 1ZED 2, &
NETNVY—VTIVTE FIZLDBEEBL xS /) — )L
kA 7uu 7 VEEEIToHB, T)LA) Ik o
Tt L7720 b (Yamaguchi ef al. 1995), 10 mlIZER L,
VERTENSAEE TCh 7 e VIROERZHT 5 A tamarense
DYARNEHBIENDE YA FFBL, FHEICIEERS
KBS D5 /102 L7z, 22D A MZDOWTIEET
B HBAL72,

2-3-2-3 VX MDOEFEMORIED

KIFFETIE, BUBIIBIT B A P OFFEFH L BED
Bz, U TINREDSREFERHE T TICTELZYT
NERERED D S22, 10 BB Oy FEREICL AT
EERA L, BHEEAKREZHS 2T 572012, BiE
BE#Z1, 3, 5, 10, 15, 18C D6 ERICHKEL, BEAET
A. tamarense ST L 1APSTAETOTHRIZONWT
SRR AT o 720 1EEZ M U725 R B 720, 38
FRKIR B & OPREFRH OMKE KR #E L, BE
RHEEEL LD o TiTo 72, BERBIZZNFN
DIRFER TN LT3RV T CTERET o 72, BRI

KB BT B Alexandrium tamarense O HEREFRINTFE 25

X300 mlBZ =M 77 A% MHH LA (Fig. 2000 HH2T
O, P A SERE L TEBYEKRE GF/IC H T A
METANT—THEBE L% HEL, REEEREICHRE
LTBWe, D728, FEFEFEBRIMEH L 72#KITHY;
WARTH D, FRROYUH, EFRZIIR 7205, Bl
KIS0 mlZK5FE 7 7 A 3TNz, BEMTHE LK
Bo—F (03~05g) HEHSE, HHITEELZHIEBL
720 FEFMBLITHATICKERTOT, BE5E EIFR
WE Y I EEBRBEFRIL, ZOhoREMEEFHRY
5T LICE o THFMBEZMHEL 2. BFEMRIET
FEDFIEMEIC X o TR L 720 BB AWML Fig. 1912/R L7
AV —VERy NEITL, MEIN—75 2205
72128 A 7+ K VERHRBEIRL, BE7I A
IR L 72 0Bk % 2 OFREE B0 L CREZE & Mkt L
720 77 AIAROWAKIIT B L AMEAKO BRI
[\ 70% TH > 720 L7zh > T3 HTHED 97% H3[AIL
ENBZ LI D, FEIFIEMEIT 10 HEOREEDHER 25
RKD7=DT, 9, 10HBITHEIF L2k, ERMAEISHA L
TR R S N h o 2R D B, LA L,
BRI P oBlgClE, BFEZROFEMIIZER K
LTBY, 0% IZENLE Nz EERERICSA L7
EEZOND, I0HHOEENKT L0b, BHHITE

Fig. 20. Experimental vessel and sampling method of
supernatant of the sediment culture. A: 300 ml
conical flask, B: silicone rubber cap, C: siphon made
from Pasteur pipette to collect supernatant of the
culture, D: silicone tube, E: sieve with 10 pm
opening nylon mesh to collect germinated cells in
the supernatant, F: Pasteur pipette with tip of bended
j—shape, G: circular cover glass attached for
protecting from the
sediments.

suction of resuspended
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BT AINOKREOLL, KRR 72V A Mz
FAE Y A b & LC Yamaguchi et al. (1995) D5 CEIER!
L7, 10 HHORBEYMPIIEF LIV A bodlEZ
BEERLERL, (9) KL oTRHE L,

FEIEMEYE (% 10—days™!) = 100 X F&3FEMEL /
GEFHMABATRAE Y A MR -+ (9)

BB T, 19884EIC 4. catenella SHBLL 722 L 5%
% (Bk 1989, 1990, Noguchi ef al. 1990) %%, 19784FLIK
DOMEEHBREDIT L A LD A tamarense DHIRIZ L 5
bOTHAHZ L (i AkEREY 2000), BXOF
EBRCTHIF L kEMRZFE Lz 2h, &THA
tamarense TH o722 L0 0, KWFETIZA tamarenseTID
JEIREIRT T A M & A tamarense D A+ & LTHio 72,

2-3-2-4 RFMPEOERTE

DA MPOIFE LIRS LML, 42X Y il
BrmsEs720, 10 B0 L7y FRE#ETIE
T & ZDRICHR LML & 2 KB 2 LEDFDH
%o A. tamarense DFEIFH % OMNTIT M F O KAZMZI I
NTHA APKRE L, Mot digv, AW
29 LcHifa e s83fiiia e LCatodg s Lz, LaL,
TR L7y FEEFREE T3 H TR D 11T R
PRI ND DT, ZOHOMTZIC L 5514 X4
HEAL L 72 DIZOW TR S BRI S B TTREME A
RV, FEFERTO T A M idred body & VDO NLLARVAR
F2EEO70, FHEFED T A FOFIEE 7 45 (Anderson
and Keafer 1985, Itakura and Yamaguchi 2001), ¥ A + @
red body 135 A OMMBIZZIT DN, FRLIZOB D 1
EDOWMILI T EMAND Z LM T W5, Tt
BRIZX D, red body & b D A N 201H 72 & 583 L 7=l
18112 red body 2552 VT #EDSIL, 48 HERIf2IZIZ0EE R i
$H L 721258 ORI red body 25521 kAT B 2 & %
MR U720 BEOKIBED A tamarense |31 HI120.48 [0]
DT HOT (E2EH2H), red body DI L - T3
Ml 2 3 R3 HI3HBIF T & 5, £ 2T, ZHER
DOREGHRE B & Ured body % oSl & F535/a & 2
D7z,

2-3-3 &R
2-3-3-1 Y X NEEOEHEL

WM 7Y > TV E3 emfEIC4G K Lizene
NORIZBIT 5 v X M REDOFEZAL% Fig. 2118 L7z,
A MEEEILZ0~3 cm/E TlX186~365 cysts g1 wet sediment
(g7 ws), 3~6 cm/E T (3406~1,157 cysts g! ws, 6~9
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Fig. 21. Seasonal changes of A. tamarense cyst densities in
four depth layers of sediment samples collected at
Yakumo station. A: 0—3 c¢cm, B: 3—6 cm, C: 6-9 cm,
D: 9-12 cm layers.

em g TIX211~736 cysts g ! ws, 9~12 cmfE Tl£90~377
cysts gl ws DIZH o720 HBIZBITAZEADY A NE
FEDEDOFIE, WATENEN20, 2.9, 3.5, 4.2f50D:%
WhH 72 b 0D, FEMEIRDON o7 VAR
BEOENIE, a7V TVEBEORE— S OFEON]
BEEbEENL, AEHMEOEEIZE » H A RO
KICHRT 2B AEEEORETH Y, KMD0~6 cm
JIZHART, 6~12emBICEADPE S GEIN/, LEB
RS NToKE LEEOEITEADRAIL & B KR
FORE—Sb—HThHhELEXOLNL,

2-3-3-2 VX MBREOHEBEYTRONES

199747 BICAT 0723 A MNREDFE LV ERE A & A5
& (Fig. 22 left), ¥ A MHEEIISHEMICKE (EL,
4A~TemE & 12~14 em @ B ER KA S Nz, 4~7
emED YA MEEDNRSEL, 0~2 emfFOK3ETH -
2o INO DKRIIEFEREDTFEMETHIz Y A - DS
B (Fig. 22 right) & & {—FH L7, FERETIEIa
T TIVOFRIGEED RN, 4~T cm & ORK LA
et SN Do 7288, KT O VEIEHEET R C LI MR
K@ LI A, tamarense T A N B E DR R IHKEEAFAE L T
WBITREWD D B
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Fig. 22. Vertical profiles of 4. tamarense cyst density at
Yakumo station. Left: the cyst density at every 1 cm
depth layer from 0 to 15 cm sediment core collected
in July, 1997. Right: the average cyst density at
every 3 cm depth layer from O to 12 cm sediment
core collected monthly from April, 1996 to March,
1997. Horizontal bars indicate the standard deviation
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2-3-3-3 HEIFFM CBREDBEMR

LARSTAET, 6BBEDIREZE TIT - 72 A BIZ 3
AEROAER % Fig. 23 1R L7z BHFFRIISTUTORET
R, ZOMEMIIEA L QIEL Tz, @REA10
CULD L EDWMEITTBEFINEITIAICL o TKRE
(R o7z 3AL4HIZIZ10T L HARTIS518CIZBT
BEFIIE 07205, ZOMOH TIE, 10CIZH~<T
15,18C DFEFHFRIIMET L7zo WMo [ b oS
L13FE% ) 10C TIHAHRAYISE W IEEESRO b 27z
B, 10C 253K & A% LT OFERRICHEMH L 72,
FKIRGEA B OFEHF L BRSNS 2 & THREFR
A¥50 % 10—days™! & i 2 7= IREEHIPH % temperature window
(BE3FEEAIRIE) & A% 7% 51X, BKIEEA tamarense
A MZBIT B FEIHF O temperature window D T R I3 7
C, ERIZ18C (1ISTLL EoaettdH ) L HIWr Sz,

(n=11).
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Fig. 23. Effects of temperature (C) on germination activity of A. tamarense cysts in surface sediment (0-3 cm depth) collected
from April to July in 1996 and from January to March in 1997 at Yakumo station. Incubation was made for 10 days

under light cycle of 14—h light: 10—h dark.
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2-3-34 A tamarense ¥ A MIH T BHEIEFMEDEEZTIL
IR (10C) 1I2B 5B ¥ R b OISO F A
k%, YA boSAREHINR L (Fig 24). Sk IC
b 54 YA O IIBEE R FHMEATO 5
oo YANDFEFRIIAPORBEINELHICED, 2
AHS 5 ETHFEE 10 HIOZEFEER) 134980 % 10
—days 1L L EBED o7z, 6 A L7 BICIIFESEHIMET L,
SHD S 12 H £ TRIFENEIZ0~1.2 % 10-days™! & fKh -
2o TOTEMD, BHKEBIIBITA YA NOEBTIIE
FiEEOBCERII2~SAD4»AMTHY, 6 LT
HAXSEIETTHE e BEH & I S 7z,

B0 HKE FKROHER &, B KRICBIT S VA
b DEFIHEUDOFHIZLE ¥ A F DHEREY h D58 R
2R L7z (Fig. 25), MK E FAKIRIZI0A D114TC &3
AD25C OB EZAL LTz FE0~3 cmEDY A F D%
IGTEIIZBEAGR T O ¥ 2 b E BRI, BB 2% Tt
RO 6 NI, FHHEITRKLI % 10-days ! &@KIRT
IZHARTED 5720 —F, 3 emPDIED Y A MIFIEHE)
JAHEA L, 0~1 % 10—days | O TH > 72,
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Fig. 24. Seasonal changes of germination activity of A.
tamarense cysts after 10 days batch culture
incubation at 10°C, light cycle of 14—h light: 10-h
dark. A: 0—3 cm, B: 3-6 cm, C: 6-9 cm, D: 9-12
cm layers of sediments.

2-3-4 E®
2-3-4-1 VX MNBREODEHZEL

PEE R BT DY ERT OV A MEEIZIE, BHE
LA b b o7z (Fig 21 A)o ARRILE®
HAECIEMEDERRE (B X1 cm) B D Adlexandrium
catenella® > A MEIZBWT, BFIZI LTV A NEEDR
D EARBEORKEMIBD ¥ A MRS & BRI H O
DA NEBEOEIMABE SN TEY, HELRV A NDZF
iR, RBEDT106 cells L1232 T 5 2L
FEORELEELBEBRLTVWDLZEDYEHINTHDE (IF
PIED 1990) o A. tamarense \Z BT b FIREIS, Sl
DTN — L E 7V — LHRICHE) Y A MERIZL 5
MR D 2 A MFEOHINAHE SN TS (Perez
et al. 1998, Kim et al. 2002), T4 5 DG IZ BT % 4
tamarense 7 v — L D FAMNBECE B 13 104~ 105 cells L
THo7z, 7, 1996 5D NEEFIIBIT D A tamarense
DERFAAMILLL230 cells L1 &1L 5 DIEHETH D,
NBE TV — B4R L R E 7z (Table 3), F72, BlK
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Fig. 25. Changes in bottom water temperature at Yakumo
station from April, 1996 to March, 1997 (A) and
seasonal changes in germination activity of A.
tamarense cysts after 10 days batch culture
incubation under in situ bottom temperature, light
cycle of 14-h light: 10—h dark. B: 0-3 cm, C: 3—6
cm, D: 6-9 cm, E: 9—12 c¢m layers of sediments.



BICBIT 54,5 AD Y A b OFEIEEMIL 2~4 % 10-days™!
EIEFITRNMETH 572 (Fig. 25)c TNHD T L b,
KB ORI ER B D v A NBEICHE LB/
LD RBD SN Lo LB O—21d, REMOTIL
HEO#H - IHY A N OZBROHED NS hrotzlz0 b E R
SNb, T2, WO A MIEEmICEREL 72
Db, EYHEL, HEDOBERRE 2 EONRNER
IZZDBOSAIHESND (Keafer et al. 1992), F D7z
O, KEVPHBHERNNAEZELDOY X MEEIRX, 29 L
M BERICHEEL2ZITWwAEEZLNS,

2-3-4-2 X MOHEMFOIBES

WY v A b DEREANL, T A - OHERFIR],
HEREW) DIREREI, ¥ 2 N OFEIERWRE, ALY IZ X
LEFEM D EYIEEL R &, £ OBERPEG§5 L2
5N 50 (Anderson et al 1982), D A. tamarensefffk
HOERKPEROBERL/RL TS (IUTIE2 1995),
BAKBOFAEELTIE, 5~T7emfE & 12~14 cmE 12T A
MNEE O KBS A O (Fig. 22 left) o —F, JLEE
TIE0~3cmBIZY A MEEOMARBIHEI N TV
(UTTED 1995) 0 MWEABEIZBIT B A b OERESAIE,
ILEBBICHRTRVBIZE CHFEL TS 2 L, AR
W20Hb I LR ENRR DL, ILEBEEUEINETIE,
A. tamarense DFEHEIT 19904EED SRS NAE L 9 12% >
72 wb T (Imaietal 2006), M K& TidA
tamarense \Z £ % FREE H#OFEDT 19784146 TRidk
S (VEIEITZA1979), 19794FEA 5 1991 4F F CTHME R
FOFMBEOEVERD D - 72 (b HEiE 57K R
2000) MEXEOHEHREW D 4~T cmBIZRD SN
A NBEOMAKIL, 19784 LIFEIC Y A N DS KEICHEREY
P LB TH A ReMD S 5, )7, 12~14 cm
BIZHSNIZY A MEEORARIE, D7 L b 197841
BIZ A, tamarense DFENIT & A E L WFERZIRAT, K
FEATKEIIAE LD D - -t 2 RIE S 5, 2
K EE (1980) IEEKBOME OKE0m L Y ims)
IZBWTHERE 2 220 L TV 298, ANEE IS
OFTH LD bIFBISAE L, BEEEIA S O RHA
OWELH L0, WREEIZMNA L) KEWITEEMEDS
BHhbo TDID, WMNIKDOFHEDITEA LR VHETD
YA b OPRE L RIS EEOWTE 2 ERT 5 2 LA
MEE R D,

2-3-4-3 EIFFEMOEMEAL

W KIED A. tamarense ¥ A MMIFEEIFEKIE (10C) T
TI2AD55H, BISKRTTIRIADSS A E TRFE
HAEL, AP 12BOMIZIZEACIREL hd o7

KB BT B Alexandrium tamarense O HEREFRINTFE 29

(Figs. 24, 25) A. tamarense > A s OFEIFEHEMEIIIARMIZ
FEMNKERO LA &ETRICE > THEL M@ RGO
WM & o TRl S N, Z D53 IR HIPH % temperature
window & - 5 (Anderson and Morel 1979) , Itakura and
Yamaguchi (2001) (&, JRBEHED A. tamarense D A b
HT~15C OFPHTHEIEIIHRIHF L, T DOHIPHA temperature
window T&H 5 Z & /R L 720 W KB D A. tamarense D
temperature window (Z#7~18C (LBRIZZNLL L OWTEE
T h)) LHFrEns (Fig 23). I O&PFHIIHRE - L
DM & AR TRIRIETIZIZIZFE L, ESgciE3 Tl
W LB, BEL TRBORREAZT ZENT
L) 25 IR REIE 10T TRWVIEFE (80 %
10-days ' DL L) 7Zo7z02x L, BEKIED3I~5C TO
BHEEDI0HBET5% LT & &Ah»>722 & (Figs. 24, 25)
135 OB IKIR A  temperature window % F[H] o TV 72
ZERBERT L, Thbb, BEREIIBI S A tamarense
YA MOFEFH 2~5H) D KIiR BB 3 temperature
window EiFHAMCH o722 L 12 B RAIICAEET A A
tamarense ? temperature window |3 ILERYFE <, T A FAY%E
FLABICREBEMIESHECE 2IRERICH L, 2L
WL BTETIZ10~15C (takura and Yamaguchi 2001), 7
A H DO F 22—+ v VI Cape Cod D salt pond TlL5
~21CT& % (Anderson and Morel 1979) . fiiJ7, MFEH;
WA BT % A. tamarense ® temperature window (&1 <,
KIZEDN L FEN 2 B2 T X TOR M CHRIENTEE
TH5D (1~16C, Perez et al. 1998) . MEKIBRE A. tamarense
HRATIEC AR BT A BRIZIUL\ temperature window % FFD &
W2 b TDE)ITHEKEMEA tamarense DHEPLF IR
FIRFIROAEBKRIE VD, BHFRIBNThED3~5
CTHRFDV TR TH > 720 FFII3H~51I35TTH
10 HET10~20% DI EFE- 722 LIk (Fig 23), 14
KIBD A. tamarense DEJFREIZ & > THIFWREIREIAEE
LB EHRRLTWA,

BIEFRML A tamarense T At DEEIEZPIHI$ 5 EE
LREREENTH Y (Anderson ef al. 1987, Rengefors and
Anderson 1998), HEREWIHT O T X MIAMEEDOSLMT Tl
ARPEARIRIREEIZH % (Anderson 1998) . F 7z, HEESA:
DWHEFTOLATXTEEET 260134 7% %% (Binder
and Anderson 1986, Anderson et al. 1987, Rengefors and
Anderson 1998), £ { OiMHEEHAM TIIR RS CTHRIFDS
BIESELN5E#HUESN TS (Anderson er al. 1987,
Cannon 1993, Rengefors and Anderson 1998) . BFELSe(13
BHEZOLOZHEL LWL OO, BIEE b 725 THH]
BREEZEZOND, Thbh, REICOMATLIVANE
B CHERE R D o A MR, BRI DRWIRRIE D 41
TTRERZIZL 2IRAMRIRRELZ RERZSN, S
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SICHEICI o TEFE T oA BIEIESNTWAS &
ZZ 5N 5, Figs. 24, 25127k L72 & 912, A. tamarense
VA MINOHBEZTHFEROAL LT, BESEGD
3~R2emBIZAATEHHDIIBNTHHNH12HET
S IR FEEDMR L, RIRBIICH o728 R 5,
WS, FHFEEDPE VIS (1~5 1) 3EFHTH -7
VR BN, BUGKIRSEMN T TORFRNPERIZHRT
3~12emBO YA M T o7z, TOT LIFHEREY IS
BT R MIARERIEDIRREICH - 727215 T <,
MERAEIC X D RIF T O AHERTEY, 10 HHOR;
HEBRIABPICHETE RN -2 2 BRL TV AET
REED D 5 6

F7-, HWEWERETO YA MNPERED Y A T EFERIZ,
FESEETEICH © D KIR I & BBl s nz0s, C
LY A MCHRMKIRO Y A 7 VAT 5 2 L %R
L TW5b, ILEBIZBI S A tamarense DY A NI
SEONRERIRIE 2 A 3% (A 2007) BEAED A
tamarense D ¥ A b b FARIZ, #9775 3 0N K BRI
RPEET D EEZNL, 6 HEICHEMEME B U THE
A OEAIZ L D72 I NS 2 A PSR
WL, TH~1HOBIZEAEREF L khr o722 %
FHWICHHTE 5, LT, FICHHREIIHEHF
I EN TV 2 3~12 e B DRI 3Ai§ 5 & A b
2OV, FHIA Y A PSS AERD 2 WREMEIRIT &
ALLweEZoNDL, ZNICHEDLLT, KEDOV A
b EAZIZE U AR ZEE) 2R L7z 2 3R 0583 & Kk
REIOYI ) Bz X = X L0 HUREEN D 5, —FRD
WY 77> 2 b DY A MOFICIE, FIFETRERIREEC
HDHYANIPHER (728 210E, 5, BE, BAmE,
HERIC X 2RI R IFEIHE) 12X ) BIF 2 IH S 7zik
A —EEk < &, BFREE I VIRIR (CRIRIR) @
REBIZH B2 EPMENT VS (5 2012), A tamarense
12 ZOZRKIROBIG 5 ST % (Anderson and
Keafer 1987), BEFFEERICL > T3~12cm/ED T A MIA
5 NTARIRED & 3 FMozUUE, ZRIKIRTHBT 5 2
EVTE D, K977 HOPRPERIR & ZRARIR &) A3
BRI L o T, BABIZBIT 2 Y A M OFEFITIEFEH
VEDMRTZI, A, tamarense D T IV — L H33~6 H % M IHE
DRENAFHYTA I NVEZLZTWEEEZ LN,

F 48 A tamarense DE{KEEENRE
2-4-1 #E

HEAFHEE (harmful algae) O REIEAFE % B+
Bz, BISEEICBI R, KRN, R
BROER) L GEO LB L OB AL 22T 5
BEWEAS T 70— T35 5L, SRR

HERE, ARTETH O & o 22 YA A S 7 S —
FILHERH L (W 1973, [HO 1994), BAEICB
VT % A. tamarense DIEARTFBIREIZ DV CUL, FHIGEHIRE R
FERICLRELOMBRTRLEONTE L (FEIEH,
1979, 1980, PHT - /£#E 1981, Shimada ef al. 1996, WEMH
137> 2000) o
REHIHCEE=S) Y 7O T~ 258,
1981~20124F F TOMIZAHIME 7V — L4EE3MBH Y, T
Z104EIE TN — LHEAVNES W & 3 H ORFEEE KR
M EFEEICH S &, 4 A OAMEFEEE G F A
HHIETWHLDII LT, F2HTIE, FEREICBITH5E
BERZE U TH LN REMIORE L IRESGE D
PR 2 TR, MEKIEPE A. tamarense D S FEHI XK IR
(3~5C) BRBELIFCLRBTOMMIZIALL Tns Z L
N P

fs, A MCOWTIIHEREHERY T O 5 A 5
IZOWTOFED b TE 72 (]t 1980, /S22 (k)
1991, 47134 1993, 1994, 1995, Shimada and Miyazono
2005), THHDH B, NEEMEFEOKGEI mAEICE
VT2 HAER R VT, RBHERYHO Y 2 NEEOHE
BrhbdE (Fig 26), 1979FD T X MNEZ L85 cysts cm 3
THo72h, 19854E121L 117 cysts cm™3, 1990 FEAIHH 21X
1,122 cysts em 3 IZHINL, ZDRBEMHRIIITHS L, 1998
4E1213200 cysts cm3 &2 FHI>TWh, 2OLHIRI AL
B DRRAEJEALIE, Table 1127R L 72 1980 4B - KR
BTV — 212 & 0 1990 FANFEIC AT T A PRE 2 L —
TarvPHRL, TOBROIETIN— LER/NBET L —
LEDEBFIZED VA MR 2 L= a v L2
EERLTWDLEER D, VA MDEFFETLERN
i3, Harmful Algal Bloom (HAB) %2 &4 777 + VH)

£ *
1000 A @***

o+
(X}

200 A oo @*** L4

1975 1980 1985 1990 1995 2000

Year

Fig. 26. Annual variation of cyst density of 4. tamarense in
surface sediments of 0-2 and/or 0-5 cm layer
collected from sea bottom near Yakumo station from
1979 to 1998. Cysts were enumerated with primulin
staining method (Yamaguchi et al. 1995). *: data
from Kaneko et al. (1993, 1994, 1995), ***: data
from PASCO Inc. (1991).



RTHUOODOMBEN T ) Y T2 XA bODHE
5 TH S (Genovesi et al. 2006) o

E3EITIE, BIGBIE L EREICBI 2 ER T L
TARFEED Ak D temperature window 257~18C LL 1 TH
52k, K970 AEONRMERIEIAZ £ & 25 512
L72o LA L, TABERIZBEITSE YA NORFEDOKLE
IZOWTOMEDP LR ENTWREWED, BREKZ A
BEOEAD TN — AL ED L D ITHEL TV 5 2
WARHTH S, 22 TREITI, $H2H, F3HTHRON
TeREEBERDPS, FKEMILIZOWTIKER, HfkMt
Ot L HE) SHEEOMMRE, A MIowTid
ABIOMREE KR & BHFEOBRALZERL, 3R
BB 7V — LETH 5 1984, 1989, 1994 EDBIGEIELHE
IOV INZ 720

2-4-2 MR EHE
2-4-2-1 RIET — 22 S5#TFE S h 3 REMIBOEERE
BSLUI X MOFRIFE

A. tamarense DKL TV — L4ETH 5 1984 4F, 1989
o OEER) BLU19944E (NEEH) D1LADS,
KRNI L2 (1984, 19944127 H, 19894E1%
8H) £ To, BIKIRE GBREE & KWk L 72538 g ok
e VA MDOEFE IO AIZLY, BBHOEREOH
Bl % ATz IREEIZ & o CBUREE & BHEE o BRI
R offzd (FE2EEL2H), HBOKRGHEE=S
)y IRERE AV, BIGTONEME, ERICBITS
1984, 1989, 3B X UN19944E D% HF¥ LK A& (MJ
m2day!) ZHE (HOHE HOAREO®E) TE%
XD HEYERKHAE MIm2h!) %K, Table
41Z7R L 721996 ~1998 4E 12 /NESE S TR L 728 H 060
S EBIEE o T, BIROKEDZEIZBIT 5 0E
A EE L7, @R E MIm2hl) 25 05E
(umol photons m=2 s71) ~OFENNI RO BRI % FH\V 72
(Thimijan and Heins 1983) o

1Tm?2s!1=1Wm2

4.57 W m2 = pmol photons m2 s~1 (/B[] HbE 5 1F)

FI T, BEERCEREN OB S
L, FKRIGEVWREOR T EH L, t&Ethor—7%
HWT, 1984, 1989, 19944128 \) 5 EIIE: - K@D
WG RHEE LT 510, REAEEICBIILIHE
& BAHERE & OBFR (Fig. 18 B) # FIWC, HE 148
D& EDOBTEREE (Wiah-day) (T 2 B EE OIS
DWTROBMRA (11) ~ (14) 21E L7z, 22D,
EBUH OBFHEE (uobs) 13 (10) KWL > THREDE

KB BT B Alexandrium tamarense O HEREFRINTFE 31

BEMIE L7z, BB, KE3IT TOERIIITONL TV RN
o, EEMIZSCTICBITA2ERERZ D Tl
(Table 5) o

Lobs = [14h—day X @ = s sreenrerennnnns (
i 3, 5C:a = 0.18DL — 1.54 (12 = 0.52) -~ (
JKiR 10C:a = 0.05DL + 0.38 (r2 = 0.91) -+ -+ (12)
JKii 15C:a = 0.03DL + 0.65 (12 = 0.80) - - - (
JKii 18C:a = 0.02DL + 0.75 (12 = 0.57) -+~ (
pobs © AEHIIH - 2578 DI hE A
Widh—day - FEERZE TR HR 14K O & X DOIEFHHEEE
a . HIREICBIT 5 HEMIERE
DL : BHIHOHE (K:[)

f5, A FORFRNERFEDL 5 7-0121F, 1984,
1989, 19944FE, ZNZENDO1HKHTED L BWVD T A b
WEER, NEEHIZOM L T2 MbLENS D,
Fig. 26 127k L 72 19794 & 1990 4E O F2IME % EAffsE T 5
& 19844F, 1989EDMIA T A MRIZENF, 112, 789
cysts cm3 & HAED SN 7z, 19934 & 1996 EDFENME % 1E.
WAL T 5 &, 19944 DWHI 2 A b #1403 cysts cm™3
EEH SN, HEI3HOER TR KT
WEIIHICL > TR >720T (Fig. 23), ABNIRE &
BHEOERE 4RDEENTEL. & ORI RD
(15) ~ 21) TH 5, ExiFFHH=E (% 10-days!), tidifF
KELKETH S, HERELKRIIE=S) V7RO
30 miFoKiRZ#EHL, KEOKRERICEITSL LA b
BERLME L. B, Fiobabs (15) ~ (21) T
I EFKIRL T OMRIR TRFRNADEL L DIGED
HolDT, FOWEIIIFEFFIL0 LRE Lo HAE
\ZBIT % A tamarense ¥ A s DIRIRIAIZS A5 12HF T
% DT (Fig. 24), 8 ADFHFHIZ0 & L7z,
1A Ex = 0.0031 t4 — 0.1187 t3 + 1.4067 t2 — 5.0014 t

+ 4.1325 (12 = 0.89)
27 :Ex = 0.00541 t4 — 03381 3 + 5.5197 t2 — 20.67 t

3 1 Ex = —0.0009 t* —0.02463 + 1.2648 t2 — 4.209 t

47 T Ex = 0.0106 t4 — 0.4582 3 + 6.0985 2 — 18.865 t
+ 14.108 (12 = 0.99)
5 Ex = 00132 t4 — 0.5831 t3 + 7.7116 t2 — 26.085 t
+ 19.986 (r2 = 0.99)
6] :Ex = 0.0083 t+ — 0.3334 t3 + 4.0854 2 — 14.397 t
+ 12,056 (12 = 0.94)
78 :Ex = 0.0008 t# — 0.0307 t3 + 0.354 2 — 1.2106 t
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2-4-2-2 1EWEH L URFEBEOEGESEICS T BRE

1984, 1989 1 X UN19944E D 1 F 20 & eI AT 2 L 72
TRECTo, FEHIHBME BT A %EMliog{bt,
KEMBOMIME L KB HE O > A F33FB Lo
BRI L > THMT 22 &2 A7 (Fig 27). Hiaedhs
2X % &, A tamarense ® ¥ A b OKIREAIZ8 H 205 12
HT®H-72 (Fig. 24)o 72, FKEMBLOMLIL324EH D
9 B 19954 L 2005 FFD 2R 2 bR E, 2AN3ATHY,
LEOHBIZIZEAER W (Table 1)o 2NHEDT EDD,
LA1HZEEH (To) EEOD, ZDE XA tamarenseld™
AMELTHAL, FEME LTI L2V EMEL
7oo Thbb, TollBU 5 RIEMIOBIEME Nobs (To)),
DA MBI L BRI (GoGermination), HEFEIZ X
LB (VoVegetative cell division), % OMZEERIC
& 5 REMIBE (Oo:Other factors) 1FWVITNDHOTH b,
KB H OSBRI B 2B (Nobs (Tn)) DZEAL
E A MRIFICL o TRINS N D KEMEE (Gn) &aT
O] > @B HIZEREE S N7z i O 35 & % Al
(V) & ZDOMZERIC &0 385 L 7-/1fa% (On) 12&o T
BB SN D L E R T, S, NEZESIIKELTTIS m
DT, 1X1X3500 cm3 DIRME % FHEOIERRALE L7z,
TolZBIF 5 A M (D) 131984, 1989, 19944ETZE
L, 112, 789, 403 cysts cm3 & L7z,

FEIF L7253 &SRR L & D IHEIKEE ) £ 1D,

Nobs(TO) Nobs(T1)

& KB B D Alexandrium tamarense D HEREF 52 33

A (HMIE) ok I3 KIR8~16C O T 100
~200 pm s CTa ), HEEHHE O HEFRHEE | T HAN I A
TRV (Lewis ef al. 2006) ZDEIRIZHED &, 35 mKA:
RESOREE CTHEET LI 2~ 4ALEEEZ LN
b 7, FAHIZT~14 HREEORMIEYH 5 DT, F4
H (To) KETu25TaOBICFEF LAY A (B
Excystment) 72SRFEMFEEL (Vo) & L OREEICHE IS
ENDEELTe ZOM, KEEEHFDO Y X Md Do
PORIEFHTMP LD & b, TDXHIZ, HEOHTHI
H B OS2l s 71+ 2 2 81l & 5 %Mo
FMEZEREE LCEEL, Zh5300ERDOERDS
KR OBEGE & ¥ A N DFIFEORE % F- L 72,

FEIHEE LFERIRD (22) ~ 26) TH 5D,

i&%%%@@“/z’(ilﬁ (cysts cm™3)
Dt = D, — - Dt dr
A MEEHEEL (cysts cm3)
En = Dat X (Tn—Tait) / 10 X (Exa + Exa-1) /2

TR M & B REMIAMEL (cells L) -
Gn = 2 X En X 1000 / 3500 «+ccvvrveerecees (24)
SR OB (cells L) -
Vi = Nobs (Tne) X exp ((pn + pn-1) /2 X (Ta —
an)) .................................... (25>

Nobs(T2) Nobs(T3)

Vi Gy...
Layer 1 \9/0%09_ om0

V, Gy..| Vo aGor
Fos5o [ oo o)
@?@ 0119 4| I

Layer 2 |@ 9 i ;70/?9 B

:‘:u .‘:: | -Q .:.o"":
89, {10 %

Layer 3| @ 9 <}
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Fig. 27. Schematic diagram of composition of the vegetative cell number of 4. tamarense observed on Tn at Yakumo station.

It is assumed that the cell numbers on Tn are affected by cyst germination, cell division and other factors. Gn
(Germinated cell population) is the vegetative cell added from cyst germination between Tn-1 and Tn. Vn (Vegetative
cell population) is the vegetative cell division from Nobs(Tn-1) between Tn-1 and Tn. En (Excystment number) is the
germination number between Tn-1 and Tn. On is the difference between Nobs(Tn) and (Gn + Vn). Dn is the cyst number
at Tn. Do is the cyst number assumed by interpolation of the data of Fig. 25 at To(1-January). It is assumed that Go=

0, Vo=0 and Oo0=0.
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Z DMEERIZ & 2 REMILDOZAL (cells L)
On = Nobs (Tn) — Gn — Vn

ZCT, miEFRAER (To) 2B 5 S o 8
(divisions day™!), Exnld Tnl2BIT 5T A FDIEER (%
10—days™!) T»H 5,

2-4-3 EREER
2-4-3-1 {E{FEIEDRE & SREMITDEEIFME S LU X b
DRI

19844E-D A. tamarense DIEATFEIRE & Fig. 28 AR L7,
DA N OFEFITHIM 2 U T <, 6 H124.0 % 10-days!
& 7% o7z (Fig 28 C)o WHIMEMAEEZTZR T 2] (1~4
H) OXFEHMILO TR A50.1 divisions day 1 Ll 1 &
B HEIE20 MR TR LA SFEE L7z, 5~7HIZiE
FRE & P FIIEREEE IR X < 2D, 5AICIE10m
DT, 7AH121320 m DT 0.4 divisions day ! & Bz 72
(Fig. 28 B) o AAFHKIRE X R KA - /MEDHER %
Fig. 28 CIZ/R L 720 TV —AHEDE oI EE 2L BN
BKIR14°C (FE2FE28) 136 A VAR 72,

19894F-D 4. tamarense DIERFEENRE L Fig. 29 AR L7,
A MEFRIZSAUKICE L 2D, 5, 6 A121220 % 10
—days ! % 2 72 (Fig. 29 C)o fIHMEARTELZIER T 5 1

%‘A 0: .o 10_
5% 104 - o
gg A ° 104
§§/ 20: Cells L1

30 4

| I

0
g 10 4
£
g 20
[a}
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30 A 25
3 c 2 5
) e
K 20 1 [
= 15 5
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Fig. 28. Monitoring data (Seasonal change in cell densities
of A. tamarense at Otoshibe station in 1984: A),
estimated growth rates (divisions day~!) using water
temperature and light intensity from the results of
the culture experiments (B), germination rates of the
cysts calculated using the bottom water temperature
(®, % month™!: C) and water temperature (@,
average in the water column, vertical bars indicate
maximum and minimum: C).

~4 7 ORAEHNL O T HIE5EHEEA0.1 divisions day ! DL
R BDIE2~3 A TIE10~20 mLRICBR S iz, Tl
TR E 1L 6~7 A 1213 10~20 m LL{% T 0.4 divisions day!
Tz 7z (Fig. 29 B)o AMTHIKIRIZ 1984 4F 1R 5 &
RREDICHER L (Fig. 29 C), KR14C B2 7-DIF7
AHaLETd o7z,

1994 4F-D A. tamarense DERTEB)HE 2DV T Fig. 30
AR L7z YA FOEEFFRITS 6 HICHE <, 10%
10—days™! # 82 72 (Fig. 30 C)o MIAMAREZ LT 5 1
~4 7 ORAEHNE DT JIE5EHEEL0.1 divisions day ! DL L
L AHIZ1I A DD A B N7205, Wik, oIz
RS54, 20 mfgC0.1 divisions day~! % #%z % Dik4 H T4
THhotzo SATEANSTAORKTINIEIEHEEILERE T
b, 0.3~0.4 divisions day! T& -7z (Fig. 30 B) o AHF
¥IKiRIZ 198940 I3RS L (Fig. 30 C), KiR14C %22
72DIZTATHTH o7z,

PEo X512, 3EORBT IV — L4EIZBT ST A b
FEIFIRPLRC KA NG O T Bl FE 13 2 DI & o TR
GBINY— YRR LTz, 2DZ EIRKEETIL— LT
W=Dy — VR BHT A LIZHL <, 1989413
A N DEEFIRIR, FEMEOBRIEE S S ICB o7 —
A, 19844E13 ¥ A P OFEFFIRIULE DY, ZDHDKE
MBS B W — A, 19944133 A b DFEHFIR
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Fig. 29. Monitoring data (Seasonal change in cell densities
of A. tamarense at Otoshibe station in 1989: A),
estimated growth rates (divisions day~!) using water
temperature and light intensity from the results of
the culture experiments (B), germination rates of the
cysts calculated using the bottom water temperature
(®, % month™!: C) and water temperature (@,
average in the water column, vertical bars indicate
maximum and minimum: C).
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THIXIIZE o — Z BT T & B,

2-4-3-2 {AFEEEIREIC H 1T B REMIRDEBBRES LU
2~ DORIEEFEDOFH

1984, 1989, 1994 4E |2 5\ THI CTEBIZE S M7= Sk as iy
e, YA OFFLREMBOMIEOHE %GNS 5
72ODOETIV (Fig 27) #ffio7-fAHBO Y X N DFSE,
FEMEOEM, BLOFOMBERIC L 2 REMPBOZE
1k, %5 ITREMRM OISO 2 30D EROE &
*ZFNZEN, Figs. 31, 32, 331" L7,

1984413 A b DEEIFEMMEFAT, KENOKEMILO
B IEWE Ch o 7z e S N7z (Fig 31 B)o O]
BHIEEIFE L7 0 A M EUE20 cystscm 3 TH D, WIS R
N 112 cysts cm3 D 18% 1B E 7o\, FATEH B OBEHHIZ
X2 HFEMBEIE 7 A L4 0 3RFE T k49,887 cells L1
EFHE N7z (Fig 31 C)o ZOMHITHBGERZE S N2 K
HRE %5 14,300 cells L1 D3 5RRIZHHY L7z, #DOMERIZ
£ % AR H R o SR IER IR & v e D
bh7: (Fig. 31 D)o 2 A DRFEMILOWIH X Z OMER
IZEBHMTHY, Z20H3 AITIET A MEEIF L R/
DYEFEN D > 72h%, TOMERIZE > THEL Lz, TD
2%, 4 AosEEEBIZZOMERIC X - THsh
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Fig. 30. Monitoring data (Seasonal change in cell densities
of A. tamarense at Yakumo station in 1994: A) ,
estimated growth rates (divisions day~!) using water
temperature and light intensity from the results of
the culture experiments (B) , germination rates of the
cysts calculated using the bottom water temperature
(®, % month™!: C) and water temperature (@,
average in the water column, vertical bars indicate
maximum and minimum: C).
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720 S A D5 m LR TIESRIENINE O Bl 7725 2 DAMEEA 12
Lo THEL, B TOMIEIE T REN L O B5H &
FOMBERICL > TH 26 NI, 6 AILICFKETOM
o > A k26 O & SR O HE5EZ 2 DA ZE A
WX BN 5720 5 mPUETIEFOMERIC X 21
MBIz T AT KRN OBEHE T L T2 DB
K2 & 2 A 750~10 mET, BINAT15~30 mETZh
TR SNz, 8 FITIE MM ORIl T Z DMWER 12
IDHEELze TNEDOELEEEGTRLIZEZ S, ¥
A N EEIE OIS T 5 HEkASIT & A LT
XM o7z (Fig. 31 E)o

19894E 134 A TR E, #HEL TY A POEFENHRS

1
10
102
10°
104

Cells L

SRR
O @

Depth (m)
N
o

-

O—B" .« 0 1o
. .. « 0 1o
§10_.., 08 |8
§ 23 8 E
0 30 < 0 1o
= 07
E 03
£ —
8 20
g

30

Depth (m)

5 o |

Depth (m)

30

Fig. 31. The observed number of vegetative cells (A),
estimated vegetative cell number inoculated from
cyst germination (B), the estimated vegetative cell
number by growth (C), and the estimated vegetative
cell number fluctuated by the other factors (D), in
1984. Solid circles and dotted circles were increased
cell numbers and decreased cell numbers,

respectively. Composition of cyst germination

(white), vegetative cell division (gray) and the others

(black) in observed vegetative cells numbers (E).

Vertical bold broken line indicate the timing when

the average water temperature exceeded 14°C which

is known as the upper limit of active growth of 4.

tamarense in Funka Bay (Nishihama et al. 1980,

Shimada 2000).
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N7z, (Fig. 32 B)o ZOMARMICEEIELZY A MEEIT611
cysts cm3TH Y, P A FLT89 cysts cm 3D 77.4% &
B 72, FIUTHE CREMB OIS AL —XTho72
(Fig. 32 C)o A H M ORHEIC & 5 mAFKEMIBIETAT
A D10 mET16,922 cells L1 & BAED b, BIEIES
N7 K %29,120 cells L1 D 1985 1I2AHS L 726 6, 7
HEBWTOWENRS ZOMOERIC & 2 5B O
BRHHNT (Fig.32D)e bbb, TOMERILS
AHos 2 MEFICLLREMBRMEHAEL, 4, 5
A A N3 L R OB % 40H L7z, 6 A T &
7H EA® 15 m DLE TlEZ OMER 23Szl o B iz
HiitL72b oo, 7TH EAD10 mEEE 7 T TlEsEE
MR OBETH A HSZF ORI X - THIHI S, 8 AIidse
EMB OB F L ZOMERICE Y HEER L, ThHD
ZALEHEGTAL L, 1989434 HPRAIDS~15miE &5
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Fig. 32. The observed number of vegetative cells (A),
estimated vegetative cell number inoculated from
cyst germination (B), the estimated vegetative cell
number by growth (C), and the estimated vegetative
cell number fluctuated by the other factors (D), in
1989. Solid circles and dotted circles were increased
cell numbers and decreased cell numbers,
respectively. Composition of cyst germination
(white), vegetative cell division (gray) and the others
(black) in observed vegetative cells numbers (E).
Vertical bold broken line indicate the timing when
the average water temperature exceeded 14°C which
is known as the upper limit of active growth of A.
tamarense in Funka Bay (Nishihama et al. 1980,
Shimada 2000).

HEAD15~25 mE T A M2 X B FREMBLRINA T 2
BENER BEINERD40~50%) &% >THY, 4~5
A ONEFR o A N BEFEISIEEEIERI A o 72 &
Wrs 7z (Fig. 32 E)s

1994413V A P DOFEIENTLHA D SIERTS - 72 (Fig.
33B), ZOMARMIZEEH L7z X ML 238 cysts em™3
ThUY, T A %403 cysts cm3 D 59.1% TH - 72,
4H F CREMBOBIIL/N S o 72285, BRHkiE7
HTFH®D15mETI18,559 cells L' & A& 5172 (Fig.
33 C)o I OMEIZH RIS SN AL 6,740 cells
L1 D285 TH o7z, FOMERIC X 5 HEMI ORI
BISROOKBTRL Y, 19844 & FREICHEMETH - 72
(Fig. 33 D)o 3 A T TIXZOMZERIC X 2 Mo
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. The observed number of vegetative cells (A),
estimated vegetative cell number inoculated from
cyst germination (B), the estimated vegetative cell
number by growth (C), and the estimated vegetative
cell number fluctuated by the other factors (D), in
1994. Solid circles and dotted circles were increased
cell numbers and decreased cell numbers,
respectively. Composition of cyst germination
(white), vegetative cell division (gray) and the others
(black) in observed vegetative cells numbers (E).
Vertical bold broken line indicate the timing when
the average water temperature exceeded 14°C which
is known as the upper limit of active growth of 4.
tamarense in Funka Bay (Nishihama et al. 1980,
Shimada 2000).



AEEATE R & FHE Lz 4 H 1213, ZOMERIZE
BOREEMEOEIMIEFS- L2bon, SHIZIET V-
LR EHE L 720 6 31213 10 m DA% Tl Sessiii o by
FEAZFHEL, 15 mEUETIEINIES- Lz, THICIEZD
MEERIZ &) 2 A NI & 2000 & Seasiianin s 3
HELe SNOLDOELEZEHATRLIZE Z A, 1994
FII3~4 HDO Y A MREFOEME L 19894 (10~30%)
FEELBWDS, VA NOFEEFMIEEREOILRICE
Bk L7z & fIlr S 7z (Fig. 33 E)o

— B C oMY 7T 7 b OBEREICIL,
i, 5y, JGIREE, WU, A COPHMER, S
YRR RE 72 & OALFMER, hoEWIC X 2 HERHES %
EOEYMER L &, A e BRPVEMEICERL TS
(Parsons et al. 1984) o HHRZALATK E WA KIS
BT B dlexandrium D TNV — 2D A F1 = X LI REHEMET
FNEEEIHIAT LI L IIRETH H05, FOEHED
D eok LTHEEES)IC X AEEBEIH 5\ 2B 24
W7 & DY %0 etk & W3y L OB E IO W T O
BWMAARR L TWBEZEPEHIN TS (Anderson et
al. 2012) .

MEKIBIZ BT 5 A tamarense D 7 ) — LAIERITKAED SR
BHEEEE DMLY IKE { (Fig. 11), ZOHBELEE
IR I & Bz & Bk ATz, BERKDBN
NOBADE A4 I TSI EEIN S (Shimada et
al. 1996) o MEKBIZBIT HARED TV — 412, 3HEIC
REXLEETI V208122 HBIZALNS (BT
2000) o MEKBIZBIT D BB TV — LIENOERER
WBULEFICRERANRY N THY, TIV—LHHET
1bef, EWREIIRE BT, HETV—205] &
132 HEICEKBE D S AT 5 BHRKDTEANZ & 5 KEE
WEEDWNNTDH 5 (Tanaka 1984, Shinada et al. 1999,
Kudo and Matsunaga 1999) . Z<IfIC3#E0 L 7-DIN (%
REEHR) IR V212X 0B L, DIP (EREEY ©)
AHeDH (k- Tk 2003), MBI ClaEE 7
V— LZICDINAER L, FEKHRDODONSHEINT %
(=R - B, 2000)o A. tamarense \I&)F-M1Z DON % 253
BO—E RARKTINDT5%) & LTHHTES (Stolte er
al. 2002) DT, 4 7 O DONBENNZZ DD BEHIER D —
OSOENHRLDEEZ NS,

IR, A tamarense DREILEIIGEH O AL BT, &
FAHBEYWZWILTE %5 Z & (Mixotrophy:Dyhrman and
Anderson 2003), #NERZEITE S Z & (Phagotrophy:
Jeong et al. 2010) “EHSHH S 2027 5 TV 4728, Anderson
etal (2012) BIERDERECOREELMFICL S
Alexandrium J& DIEFEHE D WA D D I3E/NEM L T 5
TREMZIER L TV b, 207z, Ao ICIZ
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Mixotrophy % Phagotrophy (238 L 7Bt % ERe 3 5 LB
bAHH, TRLOM@Y, HET IV - LAKRICEARED
Mixotrophy %° Phagotrophy {2 B4 % f/MEE BB H 72
EIrug Ty b BIOAA T VEERLEL
ZAVEWMT T Y b OBHFREIARO 5L Z L
o, FOMOWINER L LT, RFEHOXREREDOE
BOEETLLENH S,

—F, AEBEHROBFESRARL 2 5 BITHE Y
V=L DE— 72BN LH, (ZITFEHA LR
ERTEHESIN TS (TJE 1982), #MEHRZEE 3
sUE 7o 7 by (RE20~200 um i A X) OBAF
w77 07 N CBUEREORIEEFF L, HEETV—
LREEICHAFRIT R E B v (B 2000) 0 MRS
TIREET NV — AR EESNDWY 7T > 7 P D
Z BNE 7T 2 o b v, FRICIER SRR
WWEAESND ZEPEIEINTYS (NE 1990), 7
QY77 2 b CIBFEEREE AR N Z &, Al R
L2 FFDC & b HABIH§ 2 EE LAl fE & L TRl
&3 (Pierce and Turner 1992, Hansen ef al. 1997), #TH
LR R ERPEEREOMAI HAB OBREIC ALY RITL
TWLRIZEN 74—V IFIETHRIRBINTVS
(Watras et al. 1985, Nakamura et al. 1995, 1996), A.
tamarense |22 \WTIL, WBHRAVEEANIHET S Z & A3
BEBCTEBIE INTWw5b (Stoecker ef al. 1981, Stoecker
and Guillard 1982, Hansen 1989, Hansen et al. 1992,
Kamiyama et al. 2005), & 512, B RO AL 134
tamarense D7) — LEJREICHE L 9 A Z MR I N T
W5 (Kamiyama ef al. 2005), CNHD T Lh b, HET
V= LRI 2 I 2 a8 TS vy b VB
EOWNMEZE DDA LR OB TH) b DDO—D &
EZDHIEHTED,

A. tamarense D FVHEARRETZ K 2> S M T 5 2
~SHOAA T VHICRES WA AVEYT T 7 b v
(hE02~2mm¥ A X) OBEROHBEHL L, Biff
EII2~3 AR TV — L0820 HEDS HICHKT %
(PE#E(I 2 1976, Odate and Maita 1988), FEHE7 )L — 24 &
AVEWMT T Y b BGFREOWERDS A LT T, A
AT VHEICE > THERLT LOREOM TRV L (1
& z21E, Banetal 1997), 72U 77 7 b hA
TVHOBRWEETH D L) i 52 ARBRET IV
THRIAIN TV D (BEHIZD 20000, 2 VEWIT T v 2
N OTEBEHETHAEDAT VHED I B, Acartia
hudsonica & Pseudocalanus sp.7*A. tamarense * £ L T
2 MERWZ LS SN TWA  (Turner and Anderson
1983), #D—J}T, A hudsonica & Pseudocalanus sp.b:%'l5
- FEEAR - EERREAR COERENH o7z v
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IHEDH D (Ives 1985, 1987), Liu and Wang (2002) 1
Calanus sinicus & Paracalanus crassirostris 3G 3k - 3
FRICEID 594, tamarense wIHET 5 2 L 2 g L TW5b,
Abe et al. (2013) (X Neocalanus cristatus, N. flemingeri 3 &
U Eucalanus bungii ® 9) &, Neocalanus 2TEIZ DWW TIX 4.
tamarense & X, FOFALRIRIIEREHEFNETHL L
EHE LTS, BHEET LV —2ED4~T7 HIZEKE CTES
95 h AT THIX Acartia longiremis, Calanus plumchrus,
Pseudocalanus elongatus 7% £ C& 1), P. elongatus!311~6
HIZHBLL, $RCs Bicidaeh 4 7 HEEEED 72% %
G5 (WD 1976) o Pseudocalanus, Acartia B £ O°
Calanus 533 A. tamarense ®THEL TWE 42 5IE, SHON
A7 YOI Z MDA ER D —> & 72 % T HelE:
WH5b o

A. tamarense \LFEIKIZ X o TEEREE) (BH, L) %
TV, FRBICHIN-T—VEFIATL2Z LD TED
(MacIntyre et al. 1997), Fauchot et al. (2005) (X515 D
St. Lawrence estuary (2 33\ TATEAE 1222 IR A =
wE (>10m) FTBETLI LICL o TERERL M
7oL, HHIOLAEBICITFE 2 65 t0WE d~6m) 2
BEL BB LT MAEDONEEHTIIERE T IV —
DX o TRIFEERORFEIRIHEGET DT (FHE - 1§
H 2000), EECE LAFEE TR L2V EN-T =V IZi
WY DIF R\, A tamarense DIEFKHEE KR8 ~16T D
M T100~200 pm s 1 TH Y (Lewis et al. 2006), 7KiFE35
m DK Z PR E LA HlRE L TBE)T 5 12132~4
HEZETLDT, A tamarenselll o TIIERFEEID L X
VaiBz, BRERTH/-T-O0OHERIT) A7 D
BWATE E b b, it T, Hilik L 72 DONOFH %
Mixotrophy, @ % \*id Phagotrophy (Z4KAF L 7213 9 2353K
2d LNBWnDS, ZhHIZOWTIIABROMZEDfEzh
5o —F, HESERENIC X 2 HEGEENDEST,
ZOMOBIEEERO—>E LTHHITHA ),

T4 =)V FREDPSE SNz, A tamarense DA JDIEK
i LA 10~16C (PHEciZ 2 1980, WGH 2000, 552
FEHLE) ThaILl, FEEFRHERICLVESNIH
G AKIRAS10~18C (ZNLLEOWEEMSH ) THDH
EDTIUIDWTIE, E2EF2E T Lz B0, HE
% A MO HZAKIE14CTHIEIZH S (Nagai ef al.
2004) HAEZETIUEL, BBLZ 14T MR HORE
HMREDOWEREFIE R CHIATE %, MABIZBIT2KH
FE7 N — 5 ORI PKRP BB G214C 2R
7DLOWEFER VA MEBIZE o T 258N, T0Z
EN6~THIZBIT 2 ZDMORELELBIER EEZ S
b,

7= DI BT B AROKFEMIL OO ) b,

VA MEH L REMBB ORI DA O E DMERH IOV T
HBNZHEH L 72 (Table 6)o 2 A IZSRIELERE AR 720,
Wil EOREEZ TR TV RICHE L O IC L 55
IIHIAE 2 SN b, HINERE LT, ) 725
DRFHBOBADEZ LN, 3 HOFDMERIZHD
BEHROAT, HET V-2 I 70877 > 2 b
VL BHERHE L OBRFVEZ NI, T72, Table
SITRL72EBY, 2, 30 ORMEOEGEREIHO TEL,
TRAEBEDOMER PRI & > THEELERIETH 2 2 LHVR
BXNb, 4 AOZOMERDH &, BINERE L TI3E
ADIER, FEMERECH & 72 D HyNMEY ORI X %
REFFED, BAERE LTI ZzaBI A VEY
TN OMIMCEAHEENEZ LN, 5~6
ABLU7TH (15~30 mE) 1Z4EIC & o THE O FEIR
MARZLY, FOMERE LT, REFECHBIEIC
L DR INER, KEEMEL I 7 0B LA VE)
W75y b ALK AHEESBIERTHA 9, TH
(10 mLLi%) & 8 HOZDMERILRAERN 238 L TH
D, FROEBY A MNERICLE LEZDILNTE
726

A NDEIFENA. tamarense TN — L DI R
HELT, REL2D0EZONE, 121 31~4HIZBIT
BYANDREFETH D, ZORHADFIFRIZIER MW
72, KWW T T V7 b Y EEOTORBEIA NS VD
DD, KA D REZEHNE O N AR D R REE %
BEEL7OICEERHE TR LTWLEEZLNS,
20DIE6 ADWERLREFETH D, I ORHDOIEIFERITR
FEATERT MUE10~20 % 10-days ! F2EE O HE Y s W I8 3EeR
52, KHENOFREMPBOHIRICL o TT IV — LD
KPP OSFTEHEL TWLEEZ LNL (19894E & 1994
HED6H)s LL, BIBETOYAMNOEFEa >y bu—
WV BERIEKERDAMNCOH D, EMTLIEPLEFEL
v (Ishikawa ef al. 1995, 2007) 0 5 1345 DMES i
Thb,

2-4-3-3 A tamarense 77— LDOREHGEL > X FOIRE|
PED & 912, FEBETH S WM O Wi
EVA N DFEFREICEDOMENZMA S Z & T, FIH
TEFEETZE DS 70— LHK L TOEHEIZBIT L X b
DFENZHZETH LD TEz, KETHONHMAD
)L, BRELOBRBRIZOVWTIERUTOL ) IZEFEDH LN
72 (Fig. 34) o
A B OKIRIZAKFE P KIL T 2~18°C D % ZHimy I
TET 575, IREOHEE FARIZ2~12C 0fBOFH
ZH)x T 5,
B . A tamarenseld ¥ A MER E VA MEFEOTO LA E
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Fig. 34. Schematic diagrams of seasonal change in averaged
water temperature (average of 0 — 30 m water
column: @, bottom: []) from 1982 to 2012 at
Otoshibe and Yakumo stations (A), life cycle stage
of A. tamarense (B), physiological phase of the cyst
(C), temperature conditions for growth of the
vegetative cells (D), and temperature conditions for
the cyst germination (E).

AT BHEFRRICLD, KRIRY A M &R LD
BT,

C: YA MIWHEMERRII ZH> 2 &1 & ) FEFH A
~6 HIZHfEi SN T 5,

D [ REMIEOHHEIZ#E S 2 D3 AKIRST 28z 55 AL
FeTd by, MIEETRERI O 1~4 A 138561 & > TK
RITERWIRETH 5,

E: ¥ A M OFEZFITE L 72 temperature window 13 7~18C
(ERUKIRIEE SICHCTTRENES ) Thbo ¥ A MEHF
DI RE % IEFPHIZ3~7CTH %,

FKEMI O KREREL, REMBRORZY: (6, 7
H) 12X R CHBMEMEKIRISET 5, KBTIV — 25
6, THICE =2 23 5 O BEKRHCH L I L
W—DoDHHEL D, LAL, WHEREKRIRIZE ) #HES
NTWaE Y X MEEY 2~6H) DKt temperature
window & D RV FEF T RELR TR TH 5,

WEEEEDO 7 —2I2BWVT, YA MORMANEKE
BIENEFNIHL TN =L DES>PFERDEV) ¥ —
KX 7 A3 (Steidinger 1975, Wall 1975, Anderson and
Morel 1979, Anderson and Keafer 1985) 131719 7z g &
EZONDD, W OPOMRTIIFHEFAIE T — 4
IZBITARFEOHREIFEIC L BB DIEFITRENT L
MR ENTW S (eg Anderson et al. 1983, Pfiester and
Anderson 1987, 4-If 1990, Ishikawa and Taniguchi 1996,
Anderson 1998, Rengefors 1998), % < OFfZETIZ T < /MR
B RFMEE T 7V — A BICE > T TH D,
Z D/ S VB AR E AY A N 0D Y4 A\ G 2 BRBR S

HETHILIE T, ZTV—LdREND LEHFHS
NTW 5% (Heaney et al. 1983, 53¢ 1990, 53132 1993,
Ishikawa and Taniguchi 1996, Anderson 1998), MEXED A.
tamarense 7 )V — L IZBWTH, 1984 FEDKHE TV — L
D E TV A+ DOFEEHF ORI AN O HBRAR
TERWVIZE/MRBTH - TH, A POIEIFEITKEN
ICHREMRZBET L L ARICEERRE D D), 7
W= LTERRC G R & AR U 2 WV R AR E O 35l A5
HEEZ BN,

BNEZ$ B Alexandrium tamarense @)
TV — LBEEBREOFHM

BIE

F1H BEUEBYUSIOICIMNOHESHICL S A
tamarense 7 )V — LFREBEDTHE

3-1-1 #8

1975 ED BUEE > 72 A. tamarense DFEEB L ORREE
HEICI 2 HEFBOE=S) V7V ORERIZE B &,
KB BT AARFE T IV — 4 & R 0S84 E i
10 FERRFE DI CRFR L TR 2 W REMEATRIE ST D
(LHEIT 2> 2005), E=% ) ¥ ZFEJELLRT D A. tamarense
TIW— & R HBOBEENR L IEREER DN
W, R OB H B EANOR RS0 BB % IE
KBEOWERBEREIHAMT 5 LB TE %,

JLIEEN T, HAREM 2B AR — v 7B &
KN A £ Alexandrium spp.D Y A MDA L, &
IS, MAKEWREOWRERRY IR WEETY X b
HAFEAET 5 (Shimada and Miyazono 2005) o {EEEHEREY)
D Alexandrium spp.> A b OMIPRAATL, AL 7 FRE
MH#HEHAELY) 7T THDHI L %/RT (Shimada and
Miyazono 2005) & & 12, HEREWH D L 2 b OEE A
(2 DOWHRIZ BT 2 AREDIEEDBIE % KBS 5 2 &
5, FMZARITKEEHTHS (Dale et al 1993), 1992
ENCH D T Alexandrium spp. 7V — L RO FREME H 312
& BEGH A ¥ OFALDAE L L EBE T, EHEEY
\ZBIT 5 A. tamarense B L U A. catenella D A+ 35I@ T
MICE AL TNE ZEhD, WBEEICEoTY
A MG SN2 L AL TWD (HITE21995) 0
KBEBDWFEB TS NAHERE 2 7128 WT, Alexandrium
spp.D ¥ A NEENFEUIMIR LB, #EICK
TESSEE L7 REEEZRT DD TH S (FE2HEIH).
L2 L, BIEIN2Y A NEEOKDNEE:D Alexandrium
DFEEERDBRETHAHH L) IO TIL, FHLZ
a7 DFEMRICHAT DHBEPLETH D, —HITHERIC
EHERERE O R CRELSE L B S DB B 720, L
T2 EHEREY) 2 7 OHEFEIRIAC DV T DN S ETH



b, F72, VA MDEEGSAINY =TT 2T T
TEICHEBEINDL Z L 058 A DT (Anderson et al. 1982),
HHLMBBTHEBYTO L A FOHMBESMAICHITD
Alexandrium DFSEJERE % K 5 121%, EEHMSO a7+
¥ TR DR KIE DR 2 MRS 2 LED B %o

WK BT 2 WEFZEIEN < 2 B TIIcATh i C
&7 (& zIX, KIB - #H 1985), HEFHEE OHEELC
i, Pb210EE0 BNV SENDE (AR - B2 1980,
FIEA 1998, K% I1ZH 2002, 2003), —7F5, MWEAEIE
A% B o i, BRI, BEAEILEOFEXNICHEE R,
B E CHREL 2 CRINEKDEEEZITTE2D,
S DR EHEE 11X Po-210 DM, ‘AAHELH D 5
MR OB LHEEST 2 HEOAHTESL (A -
B 1980) o KILKEEIC X 2 EMRFEORINE, KIK
& o L & T % MR RmE (YR O#FRD 2\ IR TH)
ELTEBIChzo TRHETEL I ETH D, 1T, K
KR OFRE)C L 2 KELB AL > TR S NkE
o CRET AR S 5 7280, KILIKIE DOFEREHE
R BNEFIZ OV T ORAPLETH 5,

KRETTIE, BAEOMAL TR 7B S O R o
T\ BT B dlexandrium spp.D ¥ A b DERE AT A & HE
a7 OEHEE E R IATV, BAETEEICA
tamarense D RKBE TN — L B3FEHE L TW-Z 252
2L 72,

3-1-2 #MHERE
3-1-2-1 AT7H L TIDORE

3T Y T ORI 1999 4 7 B AE K EE R ER
ff, SEAEEHLT, BAENO 6T TTo72 (Fig
35) o FRACHLAT DJKIEIE Stn. 14546 m, Stns. 2, 3, 475
70 mB &£ UStns. 5, 67385~87T mTHo7z0 ITH T
VA EELRRER (BEAH, HE) ZHAWTKHA Tl
REREL, 77I)Va7o0EE= LT, EEkzx)
avFa—-TWEYVRELLZDL, EEELTCEEZR
L, FEBRZIELR o7, 9 E TST OWEHEIN TR
L7,

3-1-2-2 F1BEE

A ABRBLUHI Y I REEICL S D7 DEE
FEX25cmlE5em/EX 1lemDFEHT7 7 ) vr— 202, HE

FEHEEZ AL Sy ) R L 2238 2 8k v 7 AR EERK

FAEE (SOFTEX CM—2H#l) 12X > T L7,

B ZRErIEE
Fedi e UIBR L7277 ZAF v 713 (EE29 mm) %,
HEREW OREED LT L v & ) 22 Lk, &M L71,
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426 1 1 1 1 1 1 1 1 1

Oshamanb Mt. Showa Shinzan|
A
42,54 A -
Mt. Usu
42.44 B
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42.29
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Fig. 35. Location of the sampling stations in Funka Bay (@).
Dotted lines indicate bottom depth (m).

WL LS 1 emBRICH Y N Lz By b LRE
W L GRER S L EERE (105C, EEL %5 £ TR
KR BEEEZEFHIL 2, SO NZHEEMEE D L2, BBk
mOKS % 3% EMGE L, WEREHCER S AESEY
WiIE L7z SEEB L OBEREZHE L,

C #hdsR
RO, MY ORIZ Lo TREY, Sio
TR D KRE CIRKFFT %0 KIWKDIRAR, FifE
DZEAL R & DOHEREIRDLDZAL % SO L 725l & HERE Y
WL TWB 72D, FEED A Ny M T 5EFE %
b LA E O ISR SN S, 2D X9 BRI
IS 5720, %37 OWEREIE L7z, PR
RIE, EE,LSHEENECD bW LT,
Bartington # MS2 ¥ A7 A & il L Tll%E L 72, FHIME
WE OB & THR L72EERE L LTI L 72,

D Sh¥p#ER S L UEBRNDERE

BRI R LB E L0, A MK
225 emMFEICA T A4 A LB 2 v, KEdkD
S B L OB OBIE T 570 AV atAX
63~125 um IZHFB L7z F 2 > 79 v =a—IlkoT
HALATA NI AEERL, WINEME T Tk
L7zo $72, KINEARIZOWTIE, BWEMTHROELO.S
mm 2L E DR T % WL CEIZ L 72,

3-1-2-3 X MY TR S L U

a7 IV EREPSIE0~1cm, FNLY TRETIE
25 emfEI A Yy ML, RERT TV EREL 72, FEEK
B SE7-B L 20.3~0.5 gD X A0 > Ay
Vakifo 2R VT, 100 um DL EORFEBRIEL,
10 um HE VORI CZIT 7o RITHBEWLIL L 2575 7558
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0}
=
it

KT, BEVWERRKIT AN T2 TELLETHRELT,
WAHIIZ 10~100 um D 5% 10 mlREBRE 1ED 2,
NZ 7V —=LT7 LT FICELEEBLTRAY ) — )b
2EAruu7a VREERITo 720, T LY Y iREE
i L (Yamaguchi et al 1995), HAMIZS mlIZERL, %
SHEOGRE AL BERMEE (OLYMPUS IX71) FCTY A b
ERMEL 7o MERTETIE, 1975 LIRSS L 72 bR
H#HED ) b A catenella D7V — L %R E T 5 HDH1988
FEIZFEFESI N TS (B 1989, 1990, Noguchi ef al 1990),
A. tamarense & A. catenella D A MMIFVLEILED S 1ZIX ]
THIENTEL W (F&8 2000, Itakura and Yamaguchi
2005) Z kb, EREMAM%E L72A tamarense— 5 A 7D
A N & ARWFFE Tld dlexandrium spp. > A b & L CRHL
7o LAL, REF2HTHRRD LB, BIEIIBITS
Alexandrium spp.D > A MIFEEMIZ A, tamarense & A7 L
TRWEWIHRLS, TTTEHEBRLAEYANE2A
tamarense & LTI H o F7z, LAV A MINEW%E
GUEELVAPOARTHY, BV AMIRIIL, &
BEHIOWT3~5HDF I EIT, 2 DIl & A%
BB ¢H 720 DOV R MRS BHlY v T
VDY A NREZ2DODYF 7 2 TV O 72,
BEANOBEEN—ADV A NFEEIZIATF > T VOE
AhSHEEMERERZZEL, Tio (27) X THIE
L7HRY O EESH /2D O A MEEITIHRE L7,

Ddry = Dwet X (1 —(WCw X 1.03)) 71 --(27)
Dary (cysts g1 dry sediment) . ¥ZE3EREVS720) O A N,
Dwet (cysts g1 wet sediment) : {BFBIERII47- ) DY A NEFEE,
WCw (%) @ &K, 1.03: iEKDILE,

3-1-3 &R
3-1-3-1 ‘AtBEEH
A AESLUHI Y 7 FEEICL S I T7DOEE
27 ORIRBIEOER, FESIEOFEEIC X 2
WZHE) EINE A D 513 51E, REGOEERCIRENC L 2
HRAEIC & o TT & 2 HER O TR ENR B/ T (23850
LNZed o7z (Fig. 36)o Stns. 1B X U5 % B 724K
BHE, AEWERLE S THENICHE/LLTBY, FEIC
372, 4, 61212 DHERE S AN OREE 5RO
Bz, INSHIETTHRIEEO T RIEE TR Y A
ERLTWAZEERT, L2LEDS, WwFhoa7
V2 b HERE Y P I B 2 ASEBE T 580 S N Ao 720 St
L, e TEICEADREIRICESI L TB Y, T
H L ORE oI, FATEMRINRIEDO DT T
ELTRD LN, St 51213, 8 em fHE I DR

ADFRO B NI, T FEBIRGEDOZER 25D &
iz, Bt XHEHEOMRY) BETIIRAB LU0
A LHERD, TEICITHALORTH 5 7 @ HFEAE L
720

B wME

TRTO AT %58 U T, 5~107X107 emu g!
DHEPAIZH - 72 (Fig. 37)0 Stn. 1D I T DHEEI~13 cm
12, $iv2onE—2 (36X 1078 L0 54X1077 emu
g ) BROOLNIz, T2, =27 DAOHRERDON Y &
777 Rl ($#18X107 emu g!) (6RO I T OFTIL
A EDP o720 Stn. 2D I TIZIEHE L THHEROE — 778
%<, REE10 em [ EE (15X107 emu g71) 2%
AHNTzo Stn. 30T 7T T EICAHBE A HEE Y — 2
DEAEL, WREHEIE EH IS o TR 2SI L7z,
Stn. 4D I TI2iE, EHICELD o TR 2 HBEIRD
Y= 7 DAL, TREE22~23 ecmIZBWTRAME (18X107
emug!) DEIZEINTz, St SOOI T OTERICIE, FHREER

10

Depthin core (cm)

20

T
Q N
" a
wW
»

. X—ray photographs of vertical profiles of sediment
cores collected in Funka Bay.

Magnetic susceptibility (x 107 emu g')
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Magnetic susceptibility (x 107 emu g-')
Fig. 37. Vertical profiles of magnetic susceptibility in
sediment cores collected in Funka Bay.



OFVEBENEEL, 200WBELRY -2 (T THEER
~24 cm:107 X 1077, 19~20 cm:64X 1077 emu g!) 2D
SN7ze TTHEES~9 em I, LT OREUHEIZHRPRHE
VIR DGR Y — 7 3% o 72, Stn. 6D 3 7 (XA
R =7 %, BAHEIZ11X107 emu g ! TH o720

C ¥k & L UBRROERE

WSRO E A - 728t 1D 10~12.5 cm, Stn. 49D 22.5
~25c¢m, BLUStn. 50 7.5~10, 17.5~20, 20~22.5, 22.5
~25 cm DATEHEIZ DOV CEHIBUICEE$ 5 3Ell @it &
To726 Stn. 5D 17.5~25 cm DBUETIE, FHHWHI25
D 5APA (ho) OEEPMOBUEICERTE» - 72
(Fig. 38) BHDOHMBIZETIE, Stn. 1 DRFHEIC iﬁﬁh
DOHBEN L IR ORI & EOEARIEL, W
NLABEIN TV, Stn. 4 DEBHEIC aiht%ﬁimw
T L THIRTH b, MBS h7zHBi a2k
OB L TESTH o 72, Stn. 5OBHETIE, AET
HHER OB L IR O REATIIES LA
XaTE, AL OMHEROBEAL o 72,

3-1-3-2 VX NOHEMFOIBEL

FNENOHEDO T T, ¥ A MEEORKEHSE
fE L7z (Fig. 39)o W RHEZRL72JE1EStn. 4TIZ6 em
Ao T2hY, Sts. 1, 5, 6 TIE9~10 ecm T IZ, Stns.
2, 3TIX14~15 em IS A BNz RE 1 cmB D T A
NEEICHRT2~5ecm/BD T A MEENEH W L 13 Stn.
2B 5o a7TIicdb@m L Tz, BHEE TR D HEM
IREEDSHLAICTH - 72Stn. 5TIE, 7emBD T A NEE D
NEEA, 9~10 cm & 5 emEIZ T A M EEDORKLITTRD
SN7ze F72, IT7D20cm & DFEVBIZY R FHEIES
n7z.

(%)
20 40 60 80 100

Stn.1
(10-12.5¢cm)
n=259

T O

Stn. 4
(22.5-25cm)
n=83
Stn.5
(7.5-10cm)
n=123
Stn.5
(17.5-20 cm) ‘
n=130

Stn.5
(20-22.5 cm)
n=312
Stn.5
(22.5-25 cm) opx opqg
n=253

==
[t
9 hey

Fig. 38. The petrographic property of high susceptibility
layer (indicated in parentheses) in sediment cores
from Stns. 1, 4 and 5. opx: orthphroxene, cpx:
clinophroxene, ho: hornblende, bi: biotite, opq:
opaque minerals, n: number of measured particles.
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3-1-4 %$
3-1-4-1 DB

Stn.l1 DI TIZED SN/ & & b 7% D) HEFEHEE DR
HFEND DI, BEEELTIRESWOIFIED 2>
7o, & B \ITEYIEELD R SHI L 2 CHEBY SR
L2 Vo RBREPLETH B, MAETIEITY
ORY M ADBEBEZSALTBEY (KIBIED 1979, KiE
JT 19807 &), TDa7dLEEE L UMD 3 7 HsEWiE
BLE I TWna 2 ehs, FETIICEEAEY OEEH /K
mtt:tuxof%ﬁént%ﬂﬁﬁki%i’<w
175, Stn. 1Id7kiEE46 m & L&k <, #EEE RIS
VW) BT D, %m%wmwﬁéwhaﬁ
HEIRTWEZ s, —RURHERICE > TEYE
ﬂ%%ﬁé%ﬁib%ww%\ﬁﬁféhtﬁﬁﬁkf
HLIEEEDNE VY Stn. 5O T 7I21E, TEE T ERIZHHEE
&%ﬁ#xﬁ%ﬁ@%&tbfﬁb%hto:@%ﬁib
TAZKINERER 2% < & E T2 KIKETH
5o Tz, TOBEFRILY PR TOREEICE L WAE
IR &, TEORIRGE % o 724 11Z 2> (1998)
D RINKIE O RIGRE L 13IT—3T 5 &0 5 MERIC
HefE L 7-HEREW T B L HIRT S N7z F 72, Stns. 2,3, 4,
IZBWTY, WEREEAE IC DV THRIE I LA B 7 284
RO LN o722 05, S 1 2R 5ADaTIR
HE I HERE L 72 T 5 LIl S 7z,

3-1-4-2 KIUKBOREEEERLETIV

Stn. 5O TIE, TEOKINKE MO 3 71RO L
HBUVEWIRREERE R L, KILKEE &0 B s 13
LT EHraN, £22C, ZOa7xHwnizK
IR & 2 MR 2 A 72,

BB DOAEE I, ALHEEE 7 15, AR, FEAEETIL
Cyst density
Stn. 1 Stn.3 Stn.5
0 3 6 0 2 4 0 2

Depthin core (cm)
N N = -
(6] o [$)] o (3]

w
o

Stn.2 Stn.4 Stn.6
Cyst density
Fig. 39. Vertical profiles of 4. tamarense cyst density (x 103
cysts g7! dry sediment) in sediment cores collected
in Funka Bay.
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T}
)
1k

Vo 2 KIUDSEAE L, Bk TlE 2000412382 2 - 728 Fk
(DMK DB AT BRI RBD 5N T D (KEE
FF AL i XK FERFZ2RT 13 2> 2000) o MK EDIZ 046§
BEO KDL, BAETEHONAZIZBWT
A2 XD A BRI 1663 FEMEILY (Us—b), B4 1F 1640 4EMK
Y (Ko-d), #)IT 75 (12,0004E87, MIFEEA 1992)
PHFIEL TS (- I 2004) 0 AETEDSNT
V2 A2 O KIKRE I BHRTR A & O 2 R 5 &
BEREBOWEIZOHFET S LTSN, EHEEOK
KRBT 5 2 & 72 SHEREW P ICRAF ST,
FAMEZ R THE L L THfETE %, St 5O 7170
SN KIKE IE ERLD 9 O WTF D KK THRERK
SNTWBEEEZLNS,

BHIRILB & OB & TSRO KILIKIE Z 1 ENEHER 7%
P E AL, Usb (BER1663FEMHIRG) &, KMEmHsE
HENTHAZHITWLE I DL, BHRIZEIEDT
W7, A OBHEERICO VAT A0S 45 (bikE
KIREE % ZER S 1979), T 72, BRI ARL % &
& (ITH - Fr3F 1992), 177 DBy o F e A D FREIE,
HEITIIIZFILTHBY, KA, Hilas X Ot
EAOHMIER, AEEAMTIATHL (ALiEE X
KA BEE S 1979) 0 Stn. 5D KILIKE A BRILFRED
BO O E AT 2 A0y OMHEROB O AES T, A
I 2o I RE (G ATV 2, 8518, Birih
HROF A AT HABARIE L 22 & D, Okl
L) TRCE » HHRO KK D FEFET 5 L HIC &
Bo ITNHOHTRILEY L B EWE Y & OiHE L7z
BRI, ANZETED 572 Us—b & Ko—d DfE IR
(FFF - I 2004) &% 1L <, Stn. 5O KILJKE X Us—b
W3R A KRINKECTH B LHETE 5,

Stn. SO FEED Y — 27 (22~24 cm) % Us-b
(16634F) 1A 5 &, HEFEMEIEX 0.035 gem2y,
0.71 mm y~! EH &Nz, ZOHEIE, A - = (1980)
?0.06~0.12 g cm 2 y T IER TR VA, F1LIiZ
A (1998) @0.88 mm y ! IZUE\Vy, Stn. 5Tld, Stn. 1 &K
Wi 3 7 & ARTKINKIEDSS o & bRV HE 1257
L TW5D, ZHUE, St 512812 HEREEE Al I
HRTEWIEZRLTWAZ DS, I OHRHE
0 L L7z,

3-1-4-3 X FOMWHEFLHET

Stn. SIZBITAHEEW R D T X N DOERE AR & KILFKEE:
WA LR EE D, S, KEO YA N ORBER T
E L7 (Fig. 40) . KB TIX A tamarense DHINIELDORE
EWEEI DS, A tamarense 7V — b D5 EAFE (1985
~19914F) LIEF AR (19924ELIE) DASEEATRD &

2000

1500

1000

500 [

Cystdensity (cysts g' dry sediment)

0 S e 1 1 1 1 1 1
1600 1700 1800 1900 2000
Year

Fig. 40. Cyst density and estimated deposition time of A.
tamarense cysts at Stn. 5.

NTws (THEIED 2005), 7V — L DIEFEESEITITFR
BRI P D Y X PARIHIC X WA T B —T, bk
A POBRFEDIT L ALV, FHEREYTO Y 2
FNEEIIELBPLTOLEEZLND, YA NBED
WAMEE 251960~ 1980 4F £ ) 1980~1990E D TR E
ZLIEFZnZ LI —H LTS, YA MNEEOMA
12 19704F & 19004EEHIZ, ¥ A MEEEORIME 19404EEH 12
DB, 30~504E4F I A. tamarense D 7 IV — LIEHFA,
IR H o722 L BRIET B,

3-1-4-4 2 X NEEBAEOME & % DBER

Stn. 2 2R X, A. tamarense D v A N EEIIHEFEY D3
L) b2~5ecmBOBTEL 272 ZDX) LEKELD.
M DRGTOHED A MREDE < 72 5 BT HIE R KM
EETLROON, KB X FOEFEN Y X MNEEOR
VOFERE % B EEESTRRENTnD (BHAE). L
MNLGHS, EBEEEDY A N ORREY BT 5 8ES
ORY — 1%, A ML B, $RIBOZEH),
83, VA MO, N b ADIEEIC L B EKEOMHEEL,
W & BHELS & CIRE QR % E0BHER T 5
(Anderson ef al. 1982), F72, =27 ANy N ADFLENE
HRD YA NEEDWPICRELEETLZ LGN
TWwa GE%  2006) 720, BEROEZIIRBETH 5,
75, %3 7SR 10 cm 225 15 ecm DRIZBEE 72
A NBEEDORRDFED BTz, KIEDTEWHLE TH % St
5& 8. 6, % 5 IRV A O Stn. 2 & Stn. 3T
FNEFNV A DOBMAKBEAE—FHLTBY, HBEIHHE L
DRI AN, HHIEIEE T, St 52 BR <M T Iz
EKIRIC & B HERRSERIEE BT E Lo 7225, &
A+ OWwKRIE % [F—kel L e 3% &, Stns. 5, 6 DHER
WA LT, Stns. 2, 3OMEREE X 1SHEREEREI N
LD, MAE T, RIS L o THERDEREEAT2



BRERLE L (A - EF 1980) OT, 10~15 cmfF(C
HONT2Y A NBEDORKIE HIE CAERD A, tamarense
DRBET IV — L DIERETH o 72 REMEII LT ITEZ S
ns,

F2H MBABIZHIB A tamarense ¥ X NOREIETE
BEF1 DR
3-2-1 #E

MBI BT B R D38 1213 % { D Alexandrium
spp.D ¥ A FHFLEL T B (FEAL 1980, 75 A T (#R)
1991, 4&7-135 1993, 1994, 1995, Shimada and Miyazono
2005) F2EFARTIE, HEWFBIZHD VX FHTA
tamarense D 7 — LRI THRENIDOWTig Lz B2
R 3HITIE, RO PO A A2 I3FE L
MRS A Z L 7R L7z (Fig 22). $E3FE 1A TIE,
WMETIBIT MBI TO LA M OGAICIE, L T
IHBRPHEAEL TWDLZ %Rz (Fig.39), dL, Z
NOEDYAMPEETND R OIE, REUTORICEHE
BETHAT A T A MEIEIGEIZ BT B A5 7% Alexandrium
DTN—=LDY— KNy 7L LTHEET 2 WHENED S 5o

MEPETHIEEEED ¥ A b OAFRHIIZ OV TIZW o
DREIZOVTHENH Y, ZOHBI s H72>5 1004ELL
F LRIV (Wall 1971, Dale 1983, Blackburn et al. 1989,
Lundholm et al. 2011, Ribeiro et al. 2011). A. tamarense
DY A Ot EBRZENIRAFL Ty A b oARk
M 1X 14E (Anderson and Wall 1978) 2° 5 134 (Nagai
et al. 2007) LW IMEDD L, M), HilERHEREY I
B 5 AR 34 (McQuoid et al. 2002) 75 84FLL
F (Mizushima and Matsuoka 2004) F TOHEA 7% ST
Wb, DX HIZA tamarense T A b OEFRIHRIZIED S
5D, ERETHNRKEE THN, VA N DORFER
B (& 203, Bfe@EocEN, fifbksE, BRFRE, i
B, R, WEBONY M%) SRR HEER
bNb,

RO UEERFEY P2 BT 5 2 A - O AT % BLfF
THOITIE, VA NOGHT EHeREY 2 7 OFEUINE &
FM—I 7IZDWTHEEIZAT) LEDH S (Keafer et al.
1992) o MEKIEIZ BT 2 HERGHEEICE LTI, Pb-2103:%
MW7 HERROBE DD 5 (A - iR 1980, A%(3
7 2002, 2003), ZHFE TIHE SN TV BB OHE
HHREEER TS L, M30emEOITIEBB L2100
FrMd LN TEDL, BMABEIIBIT L HBREDTHE
RIENT T 7 b VIZ A tamarense TH H DS, A. catenella
AS19884EFKIZ PSP IZ & 2 HOBALDOFEER & o722
LB D (FR 1989, 1990, Noguchi et al 1990), JI4ED PSP
FEERIIEHBE L TWwawnb oo, BIFHICHERY H o
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T A MZA. catenellaD¥E TN T WA HEMIX T (0T
HAEDVTEEIIIEETEY, YA M TR O28 %
Kol$5ZEVPBEE LD,

KEITIE, KB D Alexandrium > A s DERE AT &,
R B WRER DB I 15722 X P ORFRET) 2 5HI T
LEBEAT o7, BONTHERIT, ThETITHRES N
T L HEHEREY D A. tamarense > A N DFEFREL D b
B IZRVARMHE 2 RO mTReME 2 R L7z, #% H iR
G bRz A N DFEFRIFRDOFERIIEKEIZL T 5
WY OERB UM EEE ST ST A O—E2H
TETCOHEN Ry — RN 2R )DL EEHLICL
720

3-2-2 MPEAHE
3-2-2-1 A7HLTILORE

HER a2 7 4 > T IATRGE D REES (Stn. A: 42°20°N,
140°31’E) 2SS N7z (Fig. 41) o BAEBOMWEE )
BT CAR7-HERE Y 2 7 I AEYREL OIS BIE S Tw
5 (FEIWE1HB) 25, FAH AT TIEHEREY 5
SSRGS N TWA Z L9 s, EPWEFELIIN S VR
B CTHDLEEZLND, 20002H12, Y VFINAT T —
(BeAHL, ASHURA:GS-type corer, Mf%8.2 cm) %\ T,
FERemDIATH Y TNERIz, EIFHEIHTHEHL
AL RS, HEREW I L CRREICY Y T v 7
ENTWRWIr — A0S 5120, WY a7 OFEGHE
WCHEEPLETH LI Lo L7720, L) REFEICH
EI 7R CEBRRBEMHA Lz a7y 7L
BIEE HIZ, 0~1 ecmiEE TIX0.5 em 12, 1~10 cm
EFEFTIEL emfBIC, 10~32ecmEFT TE2 ecmBIZA T A
ALBINCERR L7z I 7 Fa— 7 oUW % LT
FTHIZIE, a7 Fa— 7 LYW OBEETE L 5 5E1
HiHERER D, I TH Y T IVONEIHE - THEREY

N
42.6 1 1 1 1 1 1 1 1 1

42.54

42,4
Muroran

42.39

42.29

42.14

0 10 km

I3 0 i i i i tls tie 1a7)

42 ) ) ) ) ) ) ) ) )
140.3 1404 1405 1406 140.7 1408 1409 141 1411 E

Fig. 41. Location of the sampling station (@) for the core
sample collection. Dotted lines indicate bottom
depth (m).
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AHHIVED, A4 AEDEF R ANTF 272 Hw»
TR L 720 VLED X9 1ZEBREONM DRSO A %
VA P OFEBHSB L OHREDERIER OV 7 v T
LT YANEBHOY 7YY FVIEE 5122012578
L, TNFNTITAF v 7 Fa—TIWNE L, ThH
DF T > TV LTI ST ORI TR L, £
TIE3C OBEEMTRAF L72o M ETOH PO KD
BRTIREDAICE & 2 &9 (REITILE L 72,

3-2-2-2 AT7H LTI OHRBELHTE

BB OHREY T > TN O—Ei 24 BRI LL | 60°C Tz
Sk, FEREIEEZHNCTTDE LA, BB
L7 RIZAT L VX2 —7 (28cm3, #20 g
DOFEH) (AN, BURHEE T 215 5 72912 3 8 uE
L7ze B Y <#EHIGBE Ny 7 75y FRe3avy
77 —ktss - £F v R IVHTEE (SEIKO EG&G, MCA
-7700) % F W CEHI L 720 T 7 O AL HE E 13 CRS
(Constant Rate of Supply) E7 V& HVy, #EEER210% ~X—
A2 LCEME L7 (Appleby and Oldfield 1978) .

3-2-2-3 VX MY ITILOMNIE S L UEHE
ENENDRE D SRTZHAR WY > TV O—E ({91 g)
VA MOFHICH 72, ZERIKIEE S 73T
AR YAy TakiEo/fiiz Hvy, 150 um Pl RO +%
B3 LC20 um HE VO T2 720 RISHEE R L %
BHIEHAKTHY, BEVWERIRKIT DM T T2 0K
LT, WHEAIZ20~150 pm D5 % 10 ml 3R 124
Oz TNHTNVIT—=VTITFE FIZXAEEB LR
) —=NZXArzua 7 4o VOBRERITV, S LY Y
W& > TYft L7282 10 mHICER L 72 (Yamaguchi ef al.
1995) . YEGFEOUEE A ZE A BEME (XU %A, 1C-
70 with IX-FLA) %\, FHhhetod & TY 2 o
BETo7. VA M3 EEE D B LTV, RERISHERE
Y OUGIRER 1 g2472 ) OFHEHEHERAE & LTORLT,

3-2-2-4  Alexandrium ¥ X s D4HFRE
MEREOHEFEYI TR ICIX, A tamarense DT A N 7217Th
A catenella D A b b 5A L TV AW H L, L
L, BREFHICHZO Y A MEIEMICKET 22 L
T &7\ (Itakura and Yamaguchi 2005), L7225->C, 3
FHIREHT H720DOFERIZH N2 A bOETH A
tamarense TH 5H Z & BHEERT 572012, KEEO LEA
W I L 7St & HER AR 19724, tamarense
A4 TDYANMIDWT, LAMP#: (Loop—mediated
isothermal amplification method) 2 & % 73 F-EW =M [EE
(Nagai and Itakura 2012) %47 - 72, LAMP{Z:(ZDNA % |8

T TR, Bk, HEHMNICHIET 2 HETH 5
(Notomi et al. 2000, Mori et al. 2001, Enosawa et al. 2003)
ZDFETIZ60~65C DIEIRT T, FRAEIET-DOEYIA
56 DDHIRE EATHAGDEATMHO T 74~ —%
T, PCR (Polymerase Chain Reaction) % FlJf] L CH%
HEET 2 IR S5, IR TEUNREWHICE
U 2R DNA BEAEY OB X 2 ®EOEINEfaiE & L
THIHNTE 2, BEIIENEZRTORICETHEMNT 5
729, BFEMBERPEOND, FEFITKI LIz X b
WS A. tamarense T 5 T L ZFEDD B 72012, T HIFK
HEORBRERE THO~YA 70 7L —bOT 2 )LHIC
RSN HEMBE YA 70 F 2—7 (15 ml%) I
L, #05rHE (10,000 rpm, 10FPHE]) L7z, OB IS
LEAEETRE LT 2 — T % —40C CTHAFERF L 72,
b5, FEERIMHH L7232 A 234, tamarense THHZ L &
DD 5728, TR SR 7V % 2N EE
WHEIK AR IR S, B BEER T T A, tamarense ¥ A 7
DYAME, BELHWTERY Yy 77 v 7L, 14z
Ko X120 7uF2—7 (1.5ml%) A L7,
BREOHED S 10~20D > A b % 58EL, —40C Tull
BRI L2, A2 0F2a—TIWELZZREDY R
b EFEIE U725 E N2 DOWT, A tamarense & A. catenella
DT ITA~—ty FEHVIZLAMPIEIZ X o THOFE
%4T- 72 (Nagai et al. 2012),

3-2-2-5 A. tamarense > X b DEFK M

COFEBIIFIR L T2 » AHD 200944 A )12 FEhis <
Nizo KRE2 /MR AO—HE AT, 0~32
cm DEBP L[V A NPBFETEDEDEENPD 572
DI, Ny FRERBR AT 72, BT > T2 g
ZERIL, BEERLELZEL T, FMar Ay vakifo
72fifi (H420 pm & 150 pm) THF721H 5310 ml % 300 ml
D=7 5 ATIBL, 150 ml O £/2808538 (Nagai et
al. 2004) %7z L7z, ZOMEY % 12.5C, HEELLT
THR725658 5 100 umol photons m2 s71,  12-hL:12-hD B
JEEAD ST T2~ 4R L7z, ENThoNy T8
EOFEMEZBE20 um Offi @ L, Wi L > 7
W BAR7 Alexandrium JB DKL (F9205081) 122\,
TR B B BEMEE IS X AR NEE RV, 4
tamarense CH 5 Z L HHENPD T2,

3-2-2-6 A. tamarense > X b DRELFHINE

Z DOFEERIZ20094F5 AIZFEmS NIz, TODRE, 74D
50~0.5, 1.0~2.0, 4.0~5.0, 12~14, 20~22, 28~30,
30~32 cm 2 SIS HEFEW Y~ TV HWT, A tamarense
FATDYVANDREFRLHER L, EEBBLZ1



~2 g OHEFEWY » 7V & BT RE L, B E
o, i (HA&20 pm & 100 pm) % HVCEm45 %
S 77 BRI S 72, A tamarense ¥ 4 T DY
A MIEMELZF o TEVEMETCY Yy 7 Ty 7 L7,
HEREW Y~ TVEIC8~20fD Y A MEY v 27 v T L
FNEN150 W OB KT L2487 VD~ A 2
07 L— MIEME Lz, &7 2Bz OBHEEITRK
10 AMETE L7, BEINZY X MIRE10C,
JEkT CTH1%72 9658 EE 100 umol photons m2 7!, 14-hL:10-hD
HEEMOSLEGTTlLr ABERE L, ~127u7L—}
DET ZIVICER L ZNEFND Y A FOMEZREFkL,
2 Hfp & 2 D% EBERICE T BEMEE T CEHEIE L7,
ZDLE, BUAMOBEFREHFHE L TRGL 2, FER
TR, BHLeho723 XA MI3T, BEFTICIAEL, £
DUMEBIE It S Nz,

3-2-2-7 A. tamarense > X ~ DIEMIEEIER

TSI X A 2 A b OEIEE 20094 10 A 1247 o720 0
~0.5 cm & & 30~32 cm &> 51572 A. tamarense 7 A T D
VAMNEBIE L, 0~05 cmED Y A MIRE3T, K
FICRAFE L T 725k ) oMY > Tuirb ¥y 77y
TLbDTHD, 30~32 cmBDO Y A MIFEFRIIFE
KDBLEBROHRT, ¥4 707 L— DY 2 VTR
Lho 724 % REE3C, B CREFEL TV DTH
5o YA MOIRIERE, B, FIEEORIKE & U
DAL GRS C 2B M T CRE L, HEMEmG
I L7z,

T/, LEOBSBOREE, 30~32cmED T A N DI
130~05cmED DD EIZHL IR > TWiz7zd, 30
~32 cmBORER DY A M ER AT EIE D 2
MR A 72000, BABEICBIFAEKE Y X M 1004HI2D
W, VA MEDORES EVIRE B L, M L 72HER
W > 7 IOVIZEIREIIKIZE 40 mHLS T 2009459 FITHREL,
—20C THBEHRAEL TV 72bDTH B, R L72EEH
F&W) % Ludox—HS40 |12 & & &, #L4 B (500 xg, 2
min) 12X o CTHEOEVEWH T-2RELZOL, it
AW T 7210~100 um W 53 % 7 1) &) ¥ gefn L
(Yamaguchi et al. 1995), ¥HIEEBIBAMSE T TS A b
L7,

3-2-3 R
3-2-3-1 AT7H L TILOHEER

HefE o 7 OELME ICIZCRS E 7V (Appleby and
Oldfield 1978) % L, V33 # 5 130.249 g cm2
vy & RAEo72 (Fig 42)0 ZOMEIZRA - 218 (1980) @
BREDLY (006~002gem2y!) LI REDPoTz, £
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Fig. 42. Calculated sedimentary age based on 210Pb dating
(CRS) of the core collected from Stn. A in Funka
Bay.

JEHEREY T DO PO210IR X H IC—E IR TnwhH T &
#WELZET N (CICETIIV) TIEHEREY T O Pb-210
BERE X EICIRE L & D I LRI UE % & 2w,
CRSET NV TR OB HEIFIC—ETHIH I L
ERELTWA 720, &) ECHERY O RGTRE @ AS %
HMLTES 2o TV AHACTOMMEELHILTAZ L
HCTED, ZOWREW T TIE, 6cm & D EVETHRE
WA OB BIE S iz, BAETIIR LAY, KET
HELR EDVT bR TV LA, KR A, Wit LK
BELZ LD MEIIITON TV R WOT, I I EYHREL
DRBLZRLTNWALEEZLNL, LPLAEND6cm
L DBEUE T, HREIIERY OB S I2HE> THR
L7z SAUEHEREI 6 om & D) IRV E CIIHMMER % L T
WhHZEERLTWDS, HEEHEE0.249 g cm2 y1130.58
em y UZHIS L, HEREWIAS6 em HERE 2 1213 104E D50
BTHDHIEWnhoiz, £ LT, HWEWERBEFHIITE
BB I F10EMITEYREIC L Z2HEATIREZ > T 5
A, FNL D EOHEAER CIEEEELIE AW &, 32em
JEi£ 1903104 (106 104EH) IR L2 L HES b
725

3-2-3-2 A. tamarense > Z kDM ONE D

A. tamarense ¥ A 7 A NI 0~32 cmE T X TOREDHE
a2 R S 7z (Fig 43), ¥ A b ORI OE
SAHIERIO Y — 7 2R L7z, YA MREDOE -2 13
22 emEIZRH &N, 13994295 ((F¥+SD) cysts g! dry
sediment TH -7z, YA MEEIZ2 cmEHNS T ecm/EFE T
SN L7z, WY 2 7 o FEAMZE TIE22 eomfE 1
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Fig. 43. Vertical distribution of 4. tamarense—like cysts at
Stn. A in Funka Bay. Plot indicates the average of
triplicate counts (closed circle) and error bars
indicate the standard deviations.

1960+ 104EICHERE L 72b D TH D, EHPS6cmEFT
A MNEEDMIIIZTETHY, TOEEITE3~453 (262
+154,F%)+SD) cysts g dry sediment TH-72, LA L,
0~6 cmEBORMIZIE3 ecmBI/NS ¥ — 7 25380 b7z,

3-2-3-3 A. tamarense 3 X b DFIEHE

ETORD LB 2 528 L 2R oRE LE
ANZNE A. tamarense D HFEMNLHEREE S L7z (Table 7)o
INEDOFREFRIITRTOREIZGAT 5 A tamarense D A
MEO—ERIE, FNDT106+ 104ERTICHERE L 72 HERE o
bDTHoTHAEZTEY, BHFHEEEHERFLTVEZ
EEMEIRL TV,

3-2-3-4 A. tamarense ¥ X k DRIFERKIHE
BiBlath, OB VA PORFEVPBEINDIZ

¥#2HH, 0~05ecm/BO Y X b Tho7: (Fig 44) 5
FERIPRIEBB L Z20% TH o7z, BEI0HH I, ¥
A b D3EFIF1~2, 5~6, 12~14, 20~223 X UF28~30
em JE OEBRX CHER S N727%, 30~32 cmfE DX Tld %
FIIRDON Loz, FEFMIFIIFEE20HHIZET
DEBRX THIF L 720 SBIAIFEFHRIIZEIL0~6 cmE DX T
77.8~100 %, 12~32 cmfEDZTIZ0~34% TH 1), I
KIHNGEWBO Y A b OFEFERIFEVEDO S OIZHRT
eI, HREE (X)) ERFEE (Y) O
WD TORTRENS L9 B VWEOHMBA»RD b
72

Y = —3.034X + 924 (n =71 =097, P<0.001)

(Fig. 45)

Table 7. Confirmation of vegetative cells of A. tamarense
appeared after these germination of cysts in
supernatant of batch culture of different depth
sediment from Funka Bay.

Layer depth Detection of
(cm) A. tamarense cells
0-0.5
0.5-1

1-2
2-3
3-4
4-5
5-6
6-7
7-8
8-9
9-10
10-12
12-14
14-16
16-18
18-20
20-22
22-24
24-26
26-28
28-30
30-32
Open circle indicate that vegetative cells of A. tamarense were
confirmed in supernatant of batch culture of the sediment.
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Fig. 44. Integrated germination success (%) of A. tamarense
cysts from seven depth layers (@: 0—0.5 cm, : 1
-2 cm, @: 5-6 cm, O: 12-14 cm, A: 20-22 cm,
A: 2830 cm, [: 30-32 cm) of sediments incubated
at 10°C under 100 pmol photons m~2 s~! using cool
fluorescent light with a 14-h light : 10-h dark photo
—cycle.
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C ORRRITRAAIIM (X)) &RFRIE (Y) D% 100~ @
RICEIRT B I EHFTE, S 5
Y = 100 exp (—0.042 X)(n = 7, t = 0939, p < g
0.001)  (Fig. 46) S 60 Y =-3.034X+92.4
3 (n=7,r=097,p<0.001)
2
COEBRTHHLZTOOR P SE MY F DA E 40 — )
tamarense ¥ A 7V A N &, Eigpp~A4 707 L—b DT o g )
JVHIZEESE L CTAE U738 ifLIZ D\ T A. tamarense & A. © 20__
catenella@7°?47—'t"7]‘%)ﬂb‘f:LAMP‘ZfKJ‘\Zﬁiw 0 L L L L L R LB L B |

FE % To 72 (Table 8), KEMIOETHE I UHEEI N
=V APNDINIIY% (74T A MFE8T A L) 12DV T LAMP
B2 B RIEH LD S, A tamarense TH 5 & [FE S
720 A. catenella ERJEENT2b DI h o7z, 6D A
MZoWTHEZEIZHM L7-BHIE, B—Hilgs 5 DDNA

Fig.

0 5 10 15 20 25 30 35
Depth (cm)

45. Correlation between sediment depth (cm) and
germination success (%) of 4. tamarense cysts.

100 &

OO RELEE 572 LIk B eEZ NS, [, _ ¢
FAHMOMAE G200 — A EREFI L7zs 202 PR N
DOy — A3 BB AW REMIL DN 2 A o 7o RS g o i (n=7, r:e0.939, p<0.001)
HbHo LAMPIEIZ X V) A tamarense DA I N2 & g ]
&, WEKIBIZA. catenella > A N B3\, B B WISHRD 5 40
THRVILERLTYD, E -

O 204
3-2-3-5 A. tamarense ¥ X b DSEMIEERE 0 ] T

HEFEW 38 D 1572 4. tamarense ¥ A NIFERLIR O
DFFEL72EE % > Tz (Fig. 47 left) o JEIEE D
HIRERIZ 2 B3 TH 575, SOV A MEr T
07 4 VHRENEIRE Bholz, BBLR1004FRT (30
~32 cm/E) DA tamarense ¥ A NI, EHD DLV ITHE

Fig.

100 120

Elapsedyear

46. Correlation between elapsed year and germination
success (%) of A. tamarense cysts in natural

sediment in Funka Bay.

Table 8. Molecular identification of vegetative cells obtained from supernatant of the cultures in
germination experiments shown in Fig. 43 and A. tamarense—like cysts isolated by micro—pipetting
from the sediment samples. Both vegetative cells and cysts were identified by the LAMP method
using both A. tamarense and A. catenella primer sets (Nagai and Itakura, 2012, Nagai et al.,, 2012).

Vegetative cells

Isolated cyst

Sediment Supernatant 1 Supernatant 2 No Positive number and %
depth (cm) At Ac At Ac AtN At% AcN Ac%
0-0.5cm + - - 9 8 89 0 0
1-2 cm + - - 10 10 100 0 0
5-6 cm + - 2 - 10 10 100 0 0
12-14 cm + - - 10 9 90 0 0
20-22 cm + - - 20 17 85 0 0
28-30 cm + - 10 9 90 0 0
30-32 cm® - - 5 5 100 0 0

Sediment depth is distance from the bottom surface. Supernatants 1 and 2 were collected from different culture holes
of the cysts after the end of the experiments. At is result of A. famarense primer. Ac is result of 4. catenella primer. +
is positive reaction. — is negative reaction. No is number of cysts isolated.

AtN is number of positive reaction of A. tamarense primer and At% = 100 x AtN / No.

AcN is number of positive reaction of 4. catenella primer and Ac% = 100 x AcN / No.

a Vegetative cells were dead during incubation for 1 month.

b No germination of the cyst was observed in this culture.

Gaps between number of isolated cyst (No) and number of positive reaction of A. tamarense primer (AtN) might be
caused by incomplete in DNA extraction from the single cyst.



Fig. 47. A. tamarense cysts from surface sediment (0 to 0.5
cm depth, left top: cyst wall is thin with many
substance, left bottom: cyst wall is thin with no
substance) and deep sediment (30 to 32 cm depth,
right top: cyst wall is thick with hair like extension,
right bottom: cyst wall is thick with hair like
extension and many substance). Scale bars are 20 pm.

Wi L7 BERCIRE B ASBIEE S vz (Fig. 47 right) o 8
JE30~32 cmfE D ¥ A b OfaEEIEEE (0~0.5cm) O
VANMIBRTELLEAN D 72, /2, VAIDOEK
I IZEIRDZEEREED TR b7z,

FEBHERED > S 15722 A P 100HICDWT Y A MEEDE
HEMRERARZEZAH, WTFNRL YA MERHEL, £
S DYANDEEY FES Tz, 72, 1004/ DY X
MBS SN ZBIROZERIZHED SN h - 72 (Table
9, Fig. 48), FIE DRI DOV TIIHAEIC X AEE DT
REED B o 72720, BIEOMR L LkroT, INHD
ZEMD, 100FERD Y A MIA LN/ A MEDEARIL
HEREWD AR I HE P LT\ % AR OGS L 72 T REVE ARG &
Nz ERBHRRMO Y A MIoWTIFBE STV,

3-2-4 EE
3-2-4-1 A. tamarense ¥ X s DREFEFZE

BRI O R F 2B W TIE, WD
TR T A PPEIARORET (50~1004E) ZFF22
ENHE SN TS (McQuoid ef al. 2002, Lundholm et
al. 2011, Ribeiro et al. 2011) 5 McQuoid et al. (2002) (%3
SERTCHERE L 72 MR P D A, tamarense D A N HIFEIFET
E7:2 L RHIE L TV 5, Mizushima and Matsuoka (2004)
1 Alexandrium spp. > A b D37 < & b 8L RIZFE3FHE
TMFRHTELILZRMBL TV D, KIFETIE, 4
tamarense ¥ A~ O —IERHSKINMEREY H C D R A% RE
(#91004F) 2O L 2SN L7z, CORRIIBUE
FTHETH, AMICHTAREDREHTH S, L2L,
DT — 7 PRIKHEEI D A. tamarense > A~ DAFRI
BORFZRTEDOTIIARL, YA PDOAEKIZE HIZH
L2 T TS IR WK T & 2T EMEDS
BHbo 30~32cmfENHE/2Y A MEBB L Z 10047 O
EAEEEE KL TWB &R D, A tamarense DIERTED
PR 100407 L BAE L TERILL T D 2 51E, Y2 o
AR A RE IO 100 4FRT E BITE & TRE K R% BT RE
DD b, v A MIBIEWERRIED S E BT, %
TR T HHTEE S L THRET A 2 &Ik D, 2ofERk
HEOAEFKRE ) 2 RS HIAERFFO L E X 5 NS (Jones
and Lennon 2010), ¥ A P DEFRMEOE ST KB D A.
tamarense [AIRTE DB EIEEOHERFICH KE CHEHBLL
T3 EEZLNS,

3-2-4-2 TREEAZR
TEREANEIEE 200945 10 B, HEFE O 7 2 FREL T

Fig. 48. The observation of A. tamarense—type cysts which collected from 0—1 c¢cm bottom layer at 40 m—depth point off Date,
Funka Bay in September, 2009. Special references were the thickness and the texture of cyst wall. A—D; textures of
cyst wall were smooth with no substance (type 1 in Table 9), E-O; textures of cyst wall were smooth with many
substances (type 2 in Table 9). Scale bar is 20 um.
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Table 9. Observation of the wall of 4. tamarense—type cysts stored in a freezer (—20°C) collected from surface sediment at 40

m—depth point off Date, Funka Bay in September, 2009.

CystNo. Thickness Texture CystNo. Thickness Texture CystNo. Thickness Texture

1 1 1 35 1 2 69 1 2
2 1 1 36 1 1 70 1 2
3 1 2 37 1 1 71 1 1
4 1 2 38 1 2 72 1 2
5 1 2 39 1 2 73 1 1
6 1 2 40 1 2 74 1 2
7 1 1 41 1 2 75 1 2
8 1 2 42 1 2 76 1 2
9 1 2 43 1 2 77 1 2
10 1 2 44 1 2 78 1 2
11 1 1 45 1 2 79 1 2
12 1 2 46 1 1 80 1 2
13 1 2 47 1 1 81 1 1
14 1 2 48 1 2 82 1 1
15 1 2 49 1 2 83 1 2
16 1 2 50 1 2 84 1 2
17 1 1 51 1 2 85 1 2
18 1 2 52 1 2 86 1 1
19 1 2 53 1 2 87 1 1
20 1 2 54 1 2 88 1 2
21 1 2 55 1 2 89 1 2
22 1 2 56 1 2 90 1 2
23 1 2 57 1 2 91 1 2
24 1 1 58 1 2 92 1 2
25 1 1 59 1 2 93 1 1
26 1 1 60 1 2 94 1 1
27 1 2 61 1 2 95 1 2
28 1 2 62 1 2 96 1 2
29 1 2 63 1 2 97 1 2
30 1 2 64 1 1 98 1 2
31 1 2 65 1 2 99 1 1
32 1 2 66 1 2 100 1 2
33 1 2 67 1 2

34 1 2 68 1 2

Thickness of cyst wall ( type 1; thin )

Texture of cystwall (type 1: smooth with almost no substance, type 2: smooth with many

substances)
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58519 5 AfRIAT 5720 FD 728, TREBIZEHRH0~0.5
cm 8 &£ 30~32 emE ORFBFIFEOENZT TR, a7
IR DAL ICD BE SN T LRSS H 5 & &
2776 0~05cmBN L8720 A M, TEREFIIFASE
FEHEFO T A+ (Itakura and Yamaguchi 2001) (2 & <fLT
W7zhs, zuua T4 VEBIFERO N7z YA
DFRVAREIE, FEHFER O TERRAAEANEEAL S Ik
RO~v—Hh— L) ZEHTEZ% (Anderson and
Keafer 1985)c 8 A 2> 5 12 H ORI KB ICBIT % 4.
tamarense D A~ OIRIRIABNIAL T2 (B2 3H)
DT, 10 JIZBIEEN720~0.5 cmfE D ¥ A MIRIRIIC
BHolz BB END, 30~32 emfE TR 1 7~ A OEERET
FH Loz AN EBIBLIZEZH, TOVARIC
BERROEBDIT L A LENFIBEE DD 517z (Fig.
47 right) o Z O & 9 IV IR EII S FERO BILG
BRCIZ T CIBBR SN T, 7 v 7RSI L BIR
FAFIARREEE (Cia, Cis, Cis, C22) ANEMEERE O K=Y
HTHY, ChLa®Chl c;, N—F A BF U BLUONRY 7«
S UDBTEEOMBTICRETND L VO HREVDH D
(Steidinger and Tangen 1996), BEXSM T CTld, LEWE
DERAACIIRE L Y DFERIEL THBY, HRE=ETY
A MERGAEEINT 5 1206 o TR L, MPRERE b kAL
WhsAhie L7z, Z0MowE BREor ¥ v /X7 'H) H
FIFH &5 &9 (Binder and Anderson 1990), Genovesi
et al. (2009) |ZHEEL A, tamarense D A b HEERET
TRAEL, 127 BRISER R IRNE) 2> 2 A b
2BIFE L, €L T, BREOtORBIIERMHEED
WAL ERTLEDOTHH ) L LT b, Anderson
(1980) X, A. tamarense® > A FDBEL % R i) DIk e
BEHEOBREYIELT L2 L, ROIJMEIZMEAT
T OERALELZ L, VA NOIEWE R kA
T OMRIHBLO P IRz A ISR B2 L, £
LCHEVHIREE DT S b v ) T 2 L Twh, K
7T, 30~32 cmE2 5137 A F DFPE LG T
Holzh, FRIRTHEFTO ho/zl L, EHITFH
FRBCTENLDPEE L TWAB I EDTRENTT 0D,
FHEEEL LD VA MEIERAKRL T2 &2
L CTd b, Sussman (1965) 1 ¥ H DR T-OMAaEED
JEHD3 A b ORI Ot & BR L, JaToHila
BEDSE AR TR T- O AR BN & 2 L 72, Wall
and Dale (1969) &, EEEEIZOVTE ¥ A~ OMEE
PEWHED 2 A P OEFREIENFHLDH 5 2 L % 5
LT\ %, Scrippsiella hangoei D > A MIBEGIHTEAME <,
ZOEHIE Y A D OMILEED FH N0 TH B L HE LT
W% (Larsen et al. 1995), #i%2 L 7-RI@HEREM 2> H1572
A MEwdh b MifaBEASHE 2> - 72 (Table 9, Fig. 48), 3

JEDT A N E30~32 cmED Y A b DOMINELEEDE M )T E
TolzZ & (Fig 47) 13, BEERIRBECH AHEREY~ D%
HRPEL o 2R, HO VA MOMRELIEL §25
ZEICED, BRI SO TV A IREME 2 R & E R
5N5, 30~32 cmBD T A b OFMAEE I ZIZTIRD 2R AT
SRBEEN, SHENZ T TRHCESEICLD Y
AMNOBBED LI IR Z A0S, 3T TH L, M
fakezE {352 LT, iEYMOREDSOMMEEED
TV B HEWD D 5

3-2-4-3 EEL/~-30~32cmEBOHEE I X MNHRIFLL
h - 7=

KIFFETIE, A tamarense DT A s DEAETEZIZOWT
2R DOFFREE T ER L 720 1 DB IIHEREY O/ Ny F5
HEEBTHY, 30~R2cmE2SH VDDA
tamarense D A MIFEIF L7z (Table 7). 22 HIHEFEY)
WOy Ty T Lz A NOEFEERT, 30~32cm
JEOHRED 0> SIS/ HBEY A ML RBFE L h o7z
(Fig. 44) o ZDFEERTIZY A N OZEFHIRIIHERTERE AT
WEizon A L (Fig. 44), 30~32cmBD T A bD
AEFRIEERIZIER IR EHER S 7z, 2THE OSBRI
L7z A P OEITRE R o725 30~32 em & DOHEFEY)
W& EN D T A MFEE 242 cells g! wet sediment (128
cells gt dry sediment) T& Y, RIE TIEF4FED L A T
MERICHINZ LIl h D, B, BETIISEDD A
S A4 7aERy bTE Y 27y F&R, EBRICHL
N7z ULEDS, BETYAMOZEFESRE ENED -
7HHOVEDE LT, ERRItSN/ 2T X M OFDE
WERIFLZENTED, T72, BBOERICBIT L5
BEMDEND, RGDHREDLO LML H 5,
AT A NI (CREEE, SR EPEEINT
W5) LIRIELTEY, B0 B CREE,
&B, €y IvEyEl) AL, EBE125C T
SNz, SHUITH LT, BETITRE R IR (5
T, &/, €y IvEHy IR oL, RE10
CTEEINT, A tamarense D T A MM ITEIREDON
EPOSHIAPICA F v 7 ENTWAET=D, BEFONLP
EEIIREFICHE L 2w E IR TWA (Genovesi et al.
2009) 0~0.5 cm @ DOF 7R > A MIBBORCROWE
PHEL, BELN,PA MY 7 2MERIICHE > TWA EE
AHNTW5S, i), HEE30~32cm/ED Y 2 MImEaD
FIEE LR WHIfRE 2 55, BHEDT-DILELYWED
Aby 7RZLVEDEEZONL, ILEBD»OIR/24.
tamarense D A N & W2 FEERTIE, FriER s A Faflio
2O b oY, HEEL, MEic48 T 2o A0
TL—MIHEMELIZEZS, REMEIHELAZDDIC



HARTRERRIIEA o720 (<5%) (BHiE,
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WRBMIRE & 75 ¥ TIERIRIEOM, fi L ToX
D EZ T 1VREB LN TS o 72, BB DOFEFFEERILIHE
B E R L T3 7 ARiATb sz, 1RHELEDSE~D
FHFEII A tamarense DFEFEFRTHLEHRELN TS
(Genovesi er al. 2009) o BEZMHIFH RS HEK & 7%
L, A. tamarense | DWW TIZZFDFEIIZEAE R VWE
EDHIS LT W5 (Anderson ef al. 1987), L, YA b
DEFEDPHANDOEEIZL > THF I LTz & T,
ZLDVA NIy AROBEEMFTTHRIFL, 2200%ER
DFERDBE NGB LT-0D L v, L, HED
TV RER, LTl (5C), £k
FTHWHEFT 3C) TRIEFSN T, ¥ A MRS
PR L - CThH D, BIGEIZBIT 5 A tamarense
D A b OFEIEIGT 8 7 temperature window 1£7~18T
(1ISCLLLoWEEEH ) Thb (F2HHEIH) TRES
NWREYORGFRETIE, YA MORFIIEIIZS
NTWheE2 oMb, EBZEITBIT S A catenella DX
FEEBRIC L B8 TIE, OB L RBELEUDPRF K
L, ZFRIROMEIHROMA G L REH S
PARAET B 2 EHE ST A (Figueroa et al. 2005) 6

3-2-4-4 VR MDEFREBRSEM

A. tamarense D A s DRAERAR & 38 3F IR OB I2E
DIRBERA D o722 L1F, ¥ A PAVRE L HERER,
FREHEREY R CHER A DO E LT 5 104EMICEWI,
ZORBRITIFFICD o () EFEFEHR TR L ZRLT
V5 (Fig. 46) MREMIIHERSEOTRIEREL?S,
HAHEARRE OB ERIRA L 20T 5. ABTROMRIZ
A. tamarense D > A+ O EFRVEDSIF LR BE T AEUIRA
L, BREBEBEHRTOW - N385 2R L7, KIR
AT =T DY A NDERIZBT BEEFEOHEEIOVTIE
Rl LA D B o BERSME T B ORI A A <0
EEOIAPDOREBLVEREZHKTEELLEZS
L T W % (Hollibaugh ef al. 1981, Kremp and Anderson
2000) L2 LAAS, #HERSEMIEIV L 29 0RIIEED
YA bOEKRE BT AEATRIE ST WA (Blanco 1990)
O &) BRI S A RS IR ERE O
HICX o TRELERR DL, T, BREMGOAY v b E
LT, RIBHIDOY X P ERY P RAICEBIHERNZ T Y
T OREDP SRS B HE 2R3 2 e HEshTn
% (McQuoid et al. 2002), FEXEPSITRL, 5T O
BT, RIRBEICI0FE MR L W7z o 7 ik s
N2V A PEFRE Lo TV EDPBEENTVS
(BRIEIPRRAT—5)o L L0, wEMREY O

& KB B D Alexandrium tamarense D HEREF 52 53

A. tamarense DFRIRT A % 10C, WG, BERSMT CHF
FL2EZA, BHE D I3EMAERL, F#eRERES
FRCE DN TREIIZ S DTHERE ST & W ) TiED D B
(Nagai et al. 2007), 30~32 cm/ED ¥ A b DEEES X U%
IEEERINS A tamarense DT A MRS T TORER
PR L CHEIG L, BSEE LS, B MEr &0
B2 EIE )RR RIMREL VWD EEX NS,

3-2-4-5 BXIZFLE L - A tamarense DARBRIE T IV — L
T A NBEOHREY I BT L EE SR IR S
&, 3 emfBINES A, 22 emEIZK X RSO 5
N7- (Fig. 43), FBUIMIER SN TS VA NEED
AT RTBIE, HEFEOKE R TIV— L0550 ITHE
FEOHB L2 TN —LDEEE KT 5DHh% 5T, 4
YEtE (EWREEL, FFE, ) BLOWILER (RE,
W, TRE) o LEE% 915 (Keafer ef al 1992),
0~6 cmEICASNI/NE % A NEFEOMK (Fig. 43)
TA TR L B DOEE L )T TCnDE LEZLND,
fi, AMpHEalE &) Tok ik, HEEmIER LCE
RSN TV 5, HERE I3 HERE R 1045 [ L2 A= L o0 52 28
L EMESNLOT, Wl a7 OERMERR
WX 0EBOBEHITH Wb ENTWDLEEZOND,
COEZFTEWRYTOL A N OESHIEETS L,
BUEOAEHEEIE L) TO Y A ML, 10EH DAY
WL ELERE OB, & b OICHERE R O HIRET O
B L TWAD, BEDEREZ EMICKELL TWwb
ElbNL, BEIZEDP>T BVET) VA MNEEN
BiMEmICH 2 2 Lid, KEOT IV —L0BHEL D b
BRI TH -7 EERLTWAE, 2DXIHIS,
A NBEEDLEIZ TV — L2V T 104EHA OB
WERLAZENTELEER LI,
BARBIZBWCE R Y 771 (kiR (PSP) A%
RANIHIE SN0 19784ETH 5 (WHEEIIH 1979),
BKEPSIRIN L 72K T A4 OMBEHEHBEIZOWTO
FZF )Y TF—51F, PSPOLNILAHT19804EGIZE <
1990 4RSI o722 &, F LTI DOEENDA. tamarense
OB E —Fd 52 & FWHEIRLTWS (LI
7 2005), 14~16 cmf@D Y A FEEEIZ9~12 cmfE D%
FErhdmd, 0~8ecmBOY A FEEIZI~12cm/E &
DD, HERE T 7 DEHIEIZ9~12 em 2T 19904FAT,
14~16 cmBH 1980 FE Db D TH L Z L #/x L7 (Fig
43), VA MEREEICBUT HERER 2RI, 1980 4E L LIRE
DWEKBIZBITHPSPIC &L 5 HOEHELE A tamarense
TN—=2D%fE L~ LTBY, A tamarense 7 —
LD 10 FEDZALDIEIED Z OHERRY 2 7 12 Fedk s
NTWhb, A tamarense ¥ 4 7D A NEEDORKE DLF
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e, BEOI0BEORE T IV — 2 OFEDEN & —FK
T4 LIIEITE TN, LA LT ZTIEA7R < E 51900
ERIZA. tamarense DTNV — L3 -722 8, 19604E12
WORELGZTN—LIEI o T2 & 2R L7 (Fig
43),

REEHE 1ECUE, Fig 401 KIKETHEE L 72 HERFA
EVA DR P OSESAZ R L, 19004EEH & 1970
FEEHIMKEDG S5 Z L 2R LTz, RUFZETIE, KK
& D b % W RO R KB L R TIRETED A, 0
WEREICHBRELED, KIIKETITAIKE &Lk
e L LR T T o2 T W SRR & LT
EHEXT 720, aT7H ) TEEOY VTV DEHER
HEDEE L TEIIIHHRTE Vv, 2RI L TPb210
HETIE, EBICBT L BRHEORSHEE ML -2 5
7290, 280005 FMTLEEICHRD LaTH T
DFRERDOEAHERLMEOELHRTE 5, TOT Lh
5, &0 IEMEGEHE 21T o 2ARE D Fig 43 LxfiT
%L, H1FHOFig. 40 T19004FH & HEE S NS &
1960 FE Db DTH % LHWTE %,

KRB ZELHARD 7 DG ED 51572 A. tamarense
TEARTE O MARFE AT OFER, BHE R EATERES, &
H DA EER CHERIRIIZITE A E W LSBT L,
KA ORI M & BRI L b0 TH D
ZEPREINTWS (B 2007), RIFFETHS ML
T —F1%, BKBIZIZA tamarense 3V 7 { & b 10047
WIFHFIE L 22 b 2B R L T b, IRkOFREE L
T, WERBIZBIT D A tamarense AREEIZDOWT, HefE
W25k S 78R E N 2 BRI S OB H T 5 5,

4-1 FENTBEE A. tamarense DHETFELRE

A. tamarense % & Alexandrium & DOMEE R BHIEK 7 F
Y7 P REICE BTV — 20, 197041213 T -1 v,
Kk, BEUOHARDET ) 7 TDHR, TDOFENHS
N T\W7z (Dale and Yentsch 1978) 19904FAX 127 5 &,
PSPIZILHFERD AR 6, My-ERI TEMEL, 77
B, A=ANIFVT, AVF, ¥4, T4, ¥b—
VT, TANVECVBIUONRT T D a—FTELSRE
ENTW5 (Hallegraeff 1993), % LT, FFEIFALMEIEIC
A BAHERE S (Natsuike ef al 2013), 70 —/3)V 7/
HE L CHRBTEx L, Alexandriumg 77 » 7 » v OHE:5
BROG ML ROER & L TiE, HlTOFREIC & 5
DO LS EETH B, HHMEOFFHIHN A 2 72
2k, BOLODOBREKOFEIR L2 L, B
BRRELAR L EWE) T T2 7 T — 205

SN2 &, BXUMMONT A MRS ZHEERORE
FHCAE ) IR OMRIFETERE S A b O#EENEZ LT
2% (Hallegraeff 1993), COIBIIHATHEEETH Y,
A. tamarense 7 v — LT & B RREVEHFEOFEAL 1980 44K
F TlAkE - B - BT O KT O —ER i8IS
RSN T/ (Kawabata ef al. 1962, Shimada et al. 1996,
WEH 2000, Ishida and Sonoda 2003) L 7> L 1990 4412
%0, AED TN — LIRHHARDRI LRSI TR L,
THARTOIET L LR, HIILEERKRET
BEED L) ICRBEMEEHELRET L L)oo
(Asakawa et al. 1995, —.127°2000, Itakura ef al 2002, Imai
et al. 2006), NS DFEFIX, AlexandriumED T 7 >~ 7
bR F S RN RREIEIL T & 3 A HUERE Y
MER-oTWHIERRTEFTA L) BIH (2007) 13
HARD9 # i 58D 72 A, tamarense BlZ DO\ TR
R 247V, HARIZBIT 5 A tamarense DIE(R5 LA HL
FRHEEEIE CCTAL, Wi e E o RRBSIC X 5 EH
HOBEMLRTREBAHRINTE/Z L2l RB L7,
HIEE2MTRLIZEB Y, HAEIZB W TIZ19004F(
VX A. tamarense DA L TR Y, IR 2R - T
EltEZONS,

REETE R 12 & 2 ANORFEEE 12OV T, 1793
4E, George Vancouver it & ZOFMEN I F 5D 7Y
T4 v aau T HOBTEPoison Cove & L THIH
BHGATIC LR U720, FOEMERBISHREI N M H %
ERTHRELLHCELEFIRDTNDDOD—DTH S
(Dale and Yentsch 1978), D & X, Sl EOEEASIHE
FBRET N — LI L > TERDOMIIBD A SN DI,
THHEERLILEY T LTV EERRERLT
Who RI200FEF D ETH D, TDR, TOHFED
AlexandriumJED 7 IV — LI X HPSPTHAH Z EHVHHL,
1944 DR, ~ T AT A MIE 2 ZHMHOHBLE=%
) Y I H bl Twb (White 1987), Fig. 49121%, 1944
5 1983 4E F TD A F ¥ HER R D Fundy B2 BT %
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Fig. 49. Concentration of PSP toxins in Bay of Fundy clams
(ug saxitoxin equivalent per 100 g tissue) in the
period 1944-1983 (from White 1987).



7 ) O PSPIREEDFEFEZLALZ /R L7z (White 1987) 6 39
4F-[H"C2000 pg Saxtoxin equivalent par 100 g tissue) 127
AL L72DIE, 19454, 19614F, 19764ED3M7ZIFTH
0, BELETERL TV RWnZ LRI LM TH 5,
H2REIMITR LA LI, BABIZBWTI8IEDD
20124F FTIZHEA L7CRHURE 7V — 24131984, 1989, 1994
FEOIATH Y, KBTIV — 203588 L TIFAE LT
e 3T 2HITT/R L2 L 91T, 1960+ 104 RICIE A4
tamarense DRI TN — DFEEDNH -7 EZ BB,
R IE D FEE AR 1349 10 FER O AW HEELC X 2B AL
1285 ENE720, 1HOMD TRBE LR 7V — 205
R, R L s/ -RED Y A MIZFOFEL ¥ —
7 & LIEEAIICEEN DT, FRICHCED TV —
LFREAVNES CTYH, Fig 4318 L2 &) RevES M %
AT TH )0 DL, BHF~THEEI 1 IR
ENDL KRBT IV —21E, A tamarense DFED MR PR
BIERIC L o TEELREKREZFE L E 2N, LA,
TEAFIZ TAFREE O U LA KB 7 L — LIPS T &
B\ &) BB O R CHE A MERE - KT 5 720 O #IEH
HIE TR TWVWDH LEZDREND LNV, [HHiERE
DY A MIBIT D HEIFHMEE, BECAEBREICL 5T
RupbThHrH, 7ok zE, FHINESOKE ZEREET
(&, RIS A DDPFEFTH I EITL ) TV — LT
DEFEREEL K72 L E X 5N T2 (Anderson 1998,
Rengefors 1998, Kremp and Anderson 2000), F2° 227 &5
ST T, #EiRM R REFEIRBE TV — LI E -
THME % % (Ishikawa and Taniguchi 1996), 4~ZEHEKH
O DG L HENIRETIE, KEMB O IIAE 2
AR TR WIEEIEEZF S, M 2 A G
LA SN TS (Kremp and Anderson 2000) . 83
W25 temperature window & —39 % & 2 WIE—EREHET S
ERPRI e REFEPSPHFTE DT, ZUTH HRE
FIRE D FEFE BN § AUT KB 70 — L8055 W gtk
Bdhb, KDY I 2L —va yZEiuE, BAED
A. tamarense 1% temperature window %3 P T @ 4§ 3 = 1L 50
% 10—days ! Bl & @< o 72 (Fig. 23) 728, 3832 &
HYy—FEE2L—Y 3 OM®RISEHMICER TS
Wl B, TOER L 7RI < HEiE T 0
LA, BEESMDEVE T — LB OKIIZD %A
7280, VAT PREVERE VR B, )7, FHEHL
temperature window & B L 2\ — A TlE, %IFITL S
KEMBOKENOEMA A L BT 5 L Pl S 1,

Z AT < KREHIL O BEHE I8 L 72 BREOF RO F v ~
AIEMMB L EEZLND, ZOWED TV — LD
DNE, KREMEOMIERE I CEG SN S, BIEICBT
BHRBBET N — LEOWRE TIX, FIFEWNIFEIF I8 %

& KB B D Alexandrium tamarense D HEREF 52 55

temperature window & D XV KERSGMICH D, FEFEHEE
U7z A NSIERBITIEI S A N BED 18~77.4 % 10—
days 1123 L (Fig. 31,32,33), Y= FNKREa2lL— 3>
DERINCT > Tnizg YA MIBEFICL LTIV — L0
BANDFG- & L BT, REMBEAESIINE 2 RBEOZE
Hiz [RES 5 &) EEREE 2R (Wall 1971, 1975,
Anderson and Wall 1978, Dale 1983, Anderson 1984), 3 A
N DOZEFHEAEHEDO TN — AIBRICEE T W 51T,
BHEREEMZ LI EIZE->T, V= FRE2L—V 3
CEEHTALVIEELHNRLELEZONS, DL
DT NG, EREIZBIT A A tamarense DAEREEIE LK
DEHITEHTE S,

Qv =F NI PEELT L] BKIEEA tamarense
DY A MIBRGM T TOREE & AFRETE W20,
V= FRE2 L= a Y ORMIBICH: 2 E5 &R
WRETH b,

@ TR R D - OICKED T A NEFELEE
L7Zv] o ¥ A b OFFDOIEIE I8 72 temperature window
37~18CLLETH %A%, ARERIRIC X D FFIL3
~5SCORICHEENTWS Z L TY A MEOHELH)
FL, REMIZI~5TC &) KRS T CHETE,
Mo (10:3.51~4.46 umol photons m=2 s!) D&
I % 58 U C SE6 70 eI SR IR O R0 B AR R % T3
5T ¥ v ADIFEMR L TV 5,

@ [HBFREEFER AT T 5 | L FFE~TBEIC 1RO
FETL2F - KEE 7L — 2 0BEF BN VWEAT
b, WEREWFRO YA MEE N A Y —R— 3 V5
12 & YRR - IR T E B,

4-2 REZERORINEEER E TV — LEE
H2FEIEITIE, 1981252012 FTHOE=Y ) ¥
T TS NIz A tamarense DT )\ — LN — o HFEAUL L,
7V — LR HY 1980 A TIZ AT 2000 412 131 77 A A%
BERFEFoTWAE I L, 3HOKRN EAEMICHL Z &,
AROES S EAMEMICH D E LI L7z, 62
T 2HI L EIEITIIZENEN, A tamarense KESHL O
EREYE, O A P OFREHREERSICL, HaEITIEIN
& AW CHBBIZ S N Rl OB ER %~ A+
DEIE, REMPBOWEHEB L FZoMicX s L, EEE
TRGEFEIZ BT 5 2 A FRFOHRE ZMGET L7, Ok
B OEKEBIZBIT 5 A tamarense ¥ A b D3EIEIL, HIKAY
KRR & AR IRER, 3 X UV5E 3FE 48 temperature window
CkoTarybu—LanTwaa, %FEH (1~6H)
13 8f-3 temperature window O T BR % T[] % KigBEi 12 H 5
728, FEHIT & B ARFEMIRAINRN R TR & Tl
SNz UL, ZFEIC LD AREICHEIN S Wz k2l
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FRMEMICH D Z LT A tamarense DRI AT
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SO F UL ) BB TV — L OFAZHE L T
LU[REMEDSH B Lk R7z, HE2BEEIHTRLIZVA MO
SR, 3~SHICHERIRE ST T T10~20 % 10-days™!
BETHY, 3CTTIE5 % 10—~days ! LT & KIRDZEAL
1239 B RHEEOELITREZ V. (Fig. 23)0 2OZ &D
5, KB OKEEFIIFERO Y A+ OFsFERE
bEPTH LR S, KEANOREMBOBEENN &
EE20T, MIPEEEOEMRFEIL T T 212 &
EZONB, E, TV—HEZD0HD00FF 5> Tw
AU, BHEEBPIFL 2o Twhn L #EIND,
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Fig. 50. Long—term fluctuations of monthly averaged salinity
of water columns in western coastal area of Funka
Bay. The symbol 4 indicates Winter Funka Bay
Water with salinity of higher than 33.0 psu, and
indicates Coastal Oyashio Water with salinity of
lower than 33.0 psu.

REMEDSH B Lk 7z, BKEBIZBIT 2 HEOEMET IR
FERERKOTRA L BRI KOTAICL S (KE 1979
1981, EAJ - .1 1997), TP b, iEBERAKIZN
KEOILHE, MO 30~50 m LLEOFE 5 S EMNIC
BAT A, BADY A IV 7INEL UIE BT
HCTIRBERS OB IERITFED T VIR E 2 5,
K& (1971) (LB ERERAKROED, KRR % 33.0 2L
T, 2CUTELTWD, TNIHEVE=Y ) V7 F—%
REWL, INEEERKOR AR & REIC I L7
(Fig. 50) 0 MENIEREVEER I RIR DKL IIEKR D S
BRI T 2 B IE, FWEICIZ1I~2H 8w
b BHLY, SHIIKETLENSL L, 4HIZIEBBER
REDE T THDODVHETH Do 3 AITKMALZE LIZEE
1981~ 1996 4E (2T 1997~20124E Tld A7 £, JT4EIL
NEBEAKOBNEARNIGENLDSH D 2 & &R L
TWEH, 4RIIEBBULRNERERAKIIZE L T,
BRI - 58H (1997) 134~8 A XA Hic s nT,
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Fig. 51. Long—term fluctuations of monthly integrated rain
fall (mm) recorded at AMeDAS Yakumo Station
from 1982 to 2012. A: January, B: February, C:
March, D: April, E: January and February, neglected
maximum (2003) and minimum (2002) data. The
negative linear regression was significant (n=29, r=
0.422, p< 0.05).
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72 (Fig. 51)o 1 A% 54 A £ TOHIERRKEDORFELE
(LICIEFRT IS E B B UEMIEEED Sz o 72,
T, HEOLHA L2 AOBAEORIZIE 1 HOBKED
ZVAEIZIZ2 A DRBEKENZ W (D7) & v 72 [E R
RO LN Lo, 2T, AMMEELICERESND
FERKOBEOHZE LT, 1THL2HORKEEZRAE L7720
DIZOVTHEMMIFRELXfTo/2L 2 A, &327 45T
WHEETED-72000, FICX LM Ex Y %
72012, ARME (20034E) & H/ME (20024E) Rz
& 2%, RHAMISEAMEMASTES Hi7z (n=29, r=0.422,
P<0.05), FAF - T (2003) 3RAKBICHHRAT 1D
ETEIEMT RN FEAAT 4 A IEREIIE B
WL FEHE LA RTI LA EHLTEBY, 4H0ES L5
I BRI K % E KR O RKTEA OB DR
D—DTHDHI ENRBEENT, BED S DPRITEA DR
P, BERBOFETEOCELIERE L L, 2O L
&, H2EE 1EOFig. 11IERWITIR L 7B ssE 10k
) FE TOMPEERIER B) O 70t AICHET LT
H59 o 1981~2012 DT T1997~20124E 1213 FE 7T N —
LAER/NRIE T N — LE L ROl 4 Hollig E&RLC
X B EIERRE DFEDENC X o THRERBENRLE &
%0, FHVEAREIZ R O I AR 25R < 2o TV 5 ] RE
PRI T & 5,

3 H oR EFEEIE S A PREFEOFERRIFICT T A
B, 4 A0S FREMIZREMR OB~ A F A2
@ EHEEING DS, BKBIZBIT DA tamarense®D 7' )V —
LATEBDORINNE Y A b DORIFREE LD b RO
FEASMAT I EETH 5720, BEOREERTEDME
A% < % H1E, A tamarense D« KB 7V — L1358
ELICCWVEREICH»I EEZOND,

4-3 BAEICH T D REEESRIEILE AN DOIIC & #iEE
WEXIBIZBIT A A tamarense 7 )V — LTEO I OFEL,
KA OWFEEREECH B FR L72 & 912, 4 HOEE
SAtEm e &, W KRBTV — 203 58E LITdw
B EE R SN, MM H B OBEEIL KO T hE
PR EZZONL, LrL, LY—AT 7 FiiEE
% & —SUTBRBE LM EAL L TIRILAS 2§ 2 W RetEAS
HEHIO, WBELRE=ZF) X TOMEIZED, JEE L
HRHZENLETH Do FHIZ, KRMIZL Y —LHY
7 N L7255 E 1213 1980 AN BRBEIZ R A W REED D )
e KRBTV — LA OFETHIREUARE L 25, il
¥, KB TIZA tamarense D/NFFE T IV — LAETH, K
JPEETE (PSP) 12X 2 K% 774 o HFMH T TH
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NABGENH D20, THUIKNTEYVAIILR =T AV
MR R TH L, dLEORAB TSI 7 My - EZF
VT - T s AT, EARBIZBWTA tamarense
DRFEMIBELATI00 cells L1 22 Tz D&, "FTH
A OEEEHATE EHHE @MU gfl &58—1) 28257 —
ANGNZ NS, FOPE (50cells L) B2 5L,
EEMRYS 2 SN D (728 21E, dbilEE T E A et
TREERFFEALS 2012) 6

A. tamarense TEAREEDT100 cells L1 L N)L OS5
L BI121E, YA PDFEFITL o THTMITKRENIC
S S NSRBI DS 5 2 L IC L B IE L,
HBiESs % ¥ A PRI X 0 SN AT B (A
WMENDZLIZEBBEDH B, MiZIZOVTIIHREM
NaDBIESAFICRE S ERSND DS, BB IRFRES
HPRESCEET S, B2EFAMOMHELZETVIZLS
RT3 (Figs. 31,32,33), A M ORIFHEDLIRAI K
EDo721989 & 19944E121%, 5~T A DT A MEEHHFE
DRFEHIL DRI DIMBEEE 1L 70~100 cells L1 & 72 5
= AWIH o720 R T HADPSP BEANEET ST,
A. tamarense D HFEHNY 100 cells LI FREEOEEDN D H1E
EOMBERT L2 EPUETH L, ZD705KEMI
OBEFEIIAR RIS BH, Lo RIEIT A D
ZEIENEEE, PSP O H FHM A b 72 5 T REME b IR
LTWwhb, 202k, BHETSI 7 o= ¥
TIZBWTHERIEH SN TE L REMB OISt &
b2, YA PDOREFEMEL L URBKIRIZOWTHER
TREZEZRBET B,
EMOE=ZS Y V77— 2 fliv, E2EFEAFOM
BRETr I VErE (15~21,23,24) 12L& - T, HBFIC L
D IAKAE IS S N5 REMILOBE % K72 (Table 10),
HeFEW B D ¥ A P8I 1d Fig. 26 1R L 72BN R %1
FRPTEAHR L, 1998 4F LUFEIL 174 cysts em 3 25HERF ST
WhERR LT, SHFRITI0HMOBBER2EA D%
ERIHIEIEIT L TV B 720, BREEMOTEEVEDL D 5
bDD, 1980FALH 5 1990 FITA T, F3FITL D 100
cells L % 8 2 2 KIS OTRINATS~6 A ICFD b7z,
ZOZ EIIHEWERB ICBI B Y A MEED TR D EV 1991
EEHPLICALBNLZ DL, 5~6HO _HHDPSP
HBLICEZEE DD v A MEFOREL, HEYERO D
A NTHREENBVWERE LGV EEZ NS, £ T,
1A»S 7 FCoERKE (1~10C) & A bOSA%E
& (100~1000 cysts cm™3) DFAEDLEIZLY, ZFAD
TR MR U 7 KA O S O G % 3 5
L7z (Table 11)o ZD#ER, 198145 2012FEDMIZ%&
ATl s N7z R KIRO RN~ R KDEOFHFHN T,
SRS OFIIBIEASPSP I X B K & 5 44 HG B F-HH)
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Table 10. Estimated inoculation numbers of vegetative cell in the water column from cyst germination at
Otoshibe and Yakumo stations. Hatched numbers indicate over 100 cells 1.

Monthly inoculation number ~ (cells I'" month™)

Year Jan. Feb. Mar. Apr. May Jun. Jul.
1981 0 78 0 0
1982 2 0 1 9 18 5 1
1983 3 0 1 0 15 129 0
1984 0 0 1 0 0 8 3
1985 0 0 1 5 2 52 0
1986 1 0 3 0 36 4 4
1987 4 18 63 34 5
1988 7 69 0 132 3
1989 0 16 3 255 160 1
1990 26 56 73 166 195 13 1
1991 86 176 74 169 134 2 0
1992 21 11 36 0 32 298 0
1993 1 0 25 70 95 43

1994 4 7 10 7 89 35 4
1995 15 21 5 3 53 65 1
1996 3 0 2 0 62 25 2
1997 8 5 4 11 40 54 1
1998 0 0 4 16 9 163 0
1999 0 0 3 1" 8 0 2
2000 9 0 3 17 70 0 0
2001 1 10 2 0 20 40 0
2002 0 14 9 5 42 1
2003 0 3 0 53 75 0
2004 6 32 11 10 41 0 0
2005 3 0 5 14 61 6 0
2006 3 7 20 35 34 0
2007 11 19 8 37 12 12 0
2008 2 3 10 4 92 0 0
2009 7 0 10 15 42 30 0
2010 0 7 14 20 1
2011 0 0 9 45 24 1
2012 4 0 2 0 3 52 1




Table 11.
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Estimated inoculation numbers of vegetative cell into the water column with cyst germination under the conditions
of cyst density (100—1000 cysts cm2) and bottom water temperature (1-10°C). Hatched columns indicate the range
of bottom water temperature observed from 1981 to 2012 at Otoshibe and Yakumo stations. Bold white numbers
indicate the case of inoculation number exceeded 100 cells 1" which is remainder criterion of self~imposed control
on perishable scallop shipping in Funka Bay.
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DOH% (100 cells L) %R A7 —AE5HE6HIZAL
Nz T4bb, 5 AICIZKBEAIRST TY A MEE 400
cysts cm3, 6C LL_ET200 cysts cm™3 D341, 100 cells
L DL EOFEEMEAAAEIHME NS AL ) L o7z,
6 A IZIZERKIR6T T A MEE 600 cysts cm3, 7°C LKL
T 400 cysts cm=3 DHGAIZ, 100 cells L1 DL %EHINY
SIMONFENEDSD B L HE STz 1981~20124ED5 H &
6 H O ERKEIZZENEN, 47C L£69C%DT (Fig
6), EREKIRIFHL EOEITIES DY A MEEH 400
cysts cm3 # X TWiLE, ¥ X bHROFFHILRINC
Lo TPSPOHTHM L NVIET AR O H 5 Z LS
Girolie UEoZ Ehs, sADERKRIIE=S) ¥
FOBEBERNTA—=5 =%z 5, 72& 213, Saitoh
etal. (2011) 2SRE L T B EEBHRSCHGEHNT— 5 &
BEE 7V RWEFE GISHEA L7 RIERRS AT 4% &
TEKBEOEBRKBFHATENL, ¥ A FHkOHE
I & 2R HEOREOTFIMICE S TEL2b L
N, ZORDICIEIREORHGZE T 7 b rDEZY
V7T M3 R WHEREYERE DOV A PRI
THIEMPLIEEL %5, ST MR IZHERDFRRE O >
A NFEOIRR BB LTB L EEE L EZ 51D,
ME B D R HERE Y TP 2 BT A tamarense ¥ A N H3F
G T ORICEEEICSMA L TW5hH I L% Fig 4318 L
720 EE16~22 cmED Y A NEEIZ05~5cm/BD Y A
NEEOIIBEDMTH -7z, ), HifER & 53Ry
DOINITBEOEFMENIR S N7z (Fig. 45), ThbH Dk
BHS, FBHEELEHERL TV 5B Y X bR O
B4 & %€ L Fig. 521" L72s B8 16~22 cm)E (29

|
0 20 40 60 80 100
Cyst density (cysts g'dry sediment)

Fig. 52. Vertical distribution of the viable cysts of A.
tamarense estimated from the cyst density (Fig. 43),
and linear regression between sediment depth and
germination success of the cysts (Fig. 45).

~464ETT) DEFETREL A PBEEIZ0~5 cm/E (0~3
R DY A NBEDLMEDETH 572, Z DORiHIL1960
~1980 FFACICHERE L 72 E D v A b7, BUEIZB VT
DWELICY—FRE 2L —2 a3 LCOHREEL, BE
BEDOEZoNITDY A7 2RO REEEZRKE LT b,
20114E3 H 1T HOBRHAKES T, FEREIENEIC
LIMLAEE, RY 77 A MRS ISR HEL RIT
L72o 2O & & OEEWHITRAE OHEREY) & KB IZHEL
L2 REMED D %o 2011 SFREICER L2 BHBETF > 7 b
VDEZY) Y TRERIZE B L, ZOEOEKIBELES
WZBIT B A tamarense D 7T I — AFEDSTAEDO PR T b K
&L, R THAOPSPHEALFSERE S IR L 722 LAVUR
ENTVE (AbifEE ARSI FeRERE - JbiffE 2012),
e T DRI T, 1961 4R 12 280K 584 L 72 Rkt H 3
DFRE LT19604F5 HICHILM T 2 8- 725 1) KithiE
HSkOEP I & B TREEAEH E T\ % (Kawabata et
al. 1962) o =B D KARPEE VE RIS TlE 2011 F DR
JErk B3 (PSP) J8E/3% — VILEEE L FKETH o 7275,
HWRICHEELZPSPIEN T T » 7 b ¥ H5A. tamarense
DATH-7-2 &, HEEIOBEREDORKEFTRLET
HotzZl &, REMBROFBUEVER ICE P72 LY
S, FE L OBEIZ oW, HESET vy —
T4 =T =Dl VA MOFRE, REREESORE
ZAUIC X B IR s PSP b s L THEES NS b
DOARHEATHAH L LTWD (B IEH 2012), 20114ED
HHARKEKIE ) HEEOREL BB THRAE L Z
5, KIEBHEFEWI YN D A. tamarense T A N BEEEDLLETO 10
L EIZ R o TOBBFHDH 5722 LB WME L TWA (K
EMERE Y Y ¥ — 2012) MAEIZBWTH 2O
WL BIEEOHBEBREZE L2 A FORBANDOER
WHhotzZ b, VAMERMIIIAEY—FFRE2L—V 3
CHEEREISERIZ 2011 FEDFEDO AR E SN2 L2 HE L
Twb (Natsuike ef al., 2014), 72, D& SV
DA NDEEIEITN D O TRIEIZEN B RN O
RSS2 TREME D E R 5N b, WY+
2% DY A MEERE 2 FEOMESICBIT 2 NAIWR FL Y
JIE VA MNP OMATEREICRE 2B E RITT S
EHFERE N T WA (Lundholm er al. 2011), R¥EIZL B
JEEETLIEE L9 2wy, BKETIE, 2l
NER F Ly DRBRIEEIRTERELZETLTHA I,

Z 8
RY T HAFETEEIBEA RENKETIE, A tamarense

TI— LR ET D REEREEEICL DAY T A D
AEGEIRTASEE S, FHEIEREICKRE REEL 252



DD D, WREMTOARED Y A b ORI, TIV—L4
TERLD 720 OFEAEHERE & 50 2 L 1T s L Tw
BH, TI—LEHBIIBIT BT A N DORFOBEBE MK
HEnTwaerol, KFIEZOREL ML, A
2 & B R RO S TSI R R 2155
EERHME LTERL,

WA ERMEIRIC BT 5 1982454 H ~20124E 12 A &
T3EMD A tamarense 7V — L & WEREOEZEE +
FRAT U720 KBTIV — 24 (KM% >5000 cells L1)
121982~ 1995 4EDMIZ3 M D AFEE L, 1996~20124E 12
FIET N — L4 (RKMIIEEL<100 cells L) & 5\ 3/
B 7 )L — L 4E (100 < e KHIE2L <1000 cells L1) D A
DB ENT W5, A tamarense D7)V — 2 121%, 312
WIEARTEDIER, 5 A IR KM~ 0, 7HI120H
Ze ) EREEY 22 AKX 5 — U 05H 1), 198044 B L O
1990 A1 AT 2000 D 7V — 255 AREHIE 1 7 A
BER o TR HEIHI L7z, KibB & UHESIC
EENENIH &4 HICRENL FREM B O,
NHIHE ) BB D A. tamarense 7 )V — L DR
EREBBEOEIHEL TV EEZ SNz, KH
TV — LR (1984, 1989, 1994) (ZIZHHEAMEARIECR (2,
3H) ki BWEREREENR 4,5H) s
Sl L, KHEOMELEERIIT IV — L OFEICERE
LRERREEZ BN,

FeAREERIZ X o TA. tamarense DIEHEIZ KA T HHEE,
B, AROMEEZRIz, AL, RE3CY L THgE
WEETH D, 10~ 18T (IWhIFEFFH L Ez 6N, 2D
PN IR ISR E R EDV AN D 572, 3~5
CTHIETE 5 2 LB L UEREREN10~18C TH
B D, MKBERIIES R EREIRE L7 Bty
MrFEoLEz 5hiz,

AREONHEEL AT 5 K WHE/ ST A — % —fHIZ, iR
3~10C ORI CIREMRAFMICBIN L 720 RINFEORRIZHEA
TEWHEEICHED L TWAEZ EHLNE R 72, B
Rl X BB O ITIRES CTL10CH & ZITRE L,
WREEE AR 5C 0 & XIS LERIEIRRE o 7o A
DGR § 2 Bl I BRI CEE L7200
EEZ b,

BB XL ORI X - T, A4 tamarense ¥ A b
DR & I RTTIRE OB A Tz, KikE
BHEROBRIEBEICELY, BFEHO LA bO5EE
HEHEEBBOCRIEBENSI0C DL ZipkERD, FHEXR)
50 % 10-days ! %8 2. % temperature window (£7~18C (%
WU LRSS Y) THLZEPHL 2R o7 K
A MI2H~5 HICZFM, 6 A~F4E 1 J TR %
FOoOZEPHLENE R o7, HEYERE VX N DIEFED
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AT, PIRBIRIEIC & o TBBIT A 2 05T & 72,
HREWTH B~12cm/@) IZEELTWE A M HITITER
g A b EFEFOZRE R RL, HY A FOTRKIKIRICK -
THRIEOFPEAER SN TV L EZ N, 1H
KBED A. tamarense > A Mk, WEPKRIR (ZRIKIR) -
AHRFIRIR B & U temperature window (2 & = THFH D
M2 MR L TWwb EEZ 5N,

KAMMB OB L ¥ X P OFRFEMEEZ VT, K
HBL 7L — L 4E (1984, 1989, 1994) DIKid & ERIEDE]
R OSARED 7N — L BEREEL, =5 V7
FRELOFMIIZE o C, REOBRRIZBIT ST A PREF
DEENZHET L7, ¥ A b DORFES X USRI OBE
RIZ3DDOKBEE TV — WEDr — AL TTRE > Tw
2o T7bbH, 1989413 T A b DRI, Mo
BEREEVED I B o 72 — X, 19844133 A N DEF
RMAE L TH 2 DBROREMI OB EA ST —
A, 19944F1E T A b DOFEFIRMIE R VA, ZDHOKE
MR O BATE I PE AT 4R 12 b CTHIA A L2 < g — A
IR T &, HFEDOREMBBBOBIEHRE VA M
3E, FEMREMEB L OFOMOBERCTRG Lz 25,
1984 4E 1213 # DOAMMTE K 12 X 2 By AR RN RE (25 < 3%
B 72H%, 19894 & 1994 4E 1213 T A b EEFHEA A TE
Tk - MEFRICEBLL Tz e 2 5Nz, EIREEE)REIC
WET L ZOMBERIIIEROWI, (b2, EWENRE
F-HHE SNz, BKBIZBIT S A tamarense 7V — L2
EoT, YAMORFIAEICHFEME L ERETLZ L
HIRICEEZREE DD, CORBEFIRKEVLEPIET
V= LRI OAETIE W e EZ 57z,

MBI EIIZ BT 5 A. tamarense T A » OHEFREY) H D
SR AR % ATz BB O HERE Y I E A D v
A MWL AL, REUTICOAOBKREZHF>Z &
WS N E R o7z, BHEICBIT DHEREEDENEE
B, InS oRBELT OSAMmRK LSRRI
EnbokEz S5Nhiz,

BRERICL o T, BAKBREBICBTDHEEYHO
A. tamarense > A N DEFRME % HERERE HIIZHH~<72, #5100
EFHCHERE LB 25570 A D O—ENISEFEIHER S
N7ze TNEHED L 2 AR Y A bEFKOIFRER
FTHD, VA FOFEFRIFEITIL, HEREWH ORAH
M EREBEEN 2 BOMBED RO SN, TRIIHEREEO
AR C 2 5 ETHMEAE C o TV D 2 b 2 /RIE
T 5, K 1004ERIE L Tz A MIERE A E CHl
JaBEASIE W &) S A i, RIIGREIC & o TR
TERENISHERED T COERRMELEREOTVLEEZS
n7zz,

WENKEBD A. tamarense DHEFEERE IR D X 5 1T T &
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%o A. tamarense D A MMIBERSMT TORLEME: & A:5%
HWAEmWizd, Y= FKREaL—2 3 Y oOEHIChE
HHBSTRRTH L, VA MNOESREFEORHE L
temperature window | 7~18C (LLE) TH A5, WHEM:
PRARIC X 0 SRR 3 ~5C ORICRRE SN TV B
CEIZEDY—FREaL—Ya v OlEEEHHLTY
5o KREMNLIZ3~5T & v ) KRS T THIET X,
g% (10:2.7~4.5 umol photons m=2 s71) |(Z#E g
52 LT, FEm R RN M O AR R & IR
LEEOEEHRL TVDLEEZ SN DL, HAEBHEA
tamarense |3 2 S O EREIHFHIC & - C, BE~TEKE
1RO CTHRAET 2 RBRE TNV — LTI RLAcY—F
RE2L—2 a3 YEENHICHE L 26RO Y — FK
Fal—3a O RE[EDOEVIBRKBEF LTS,

M B PEER I A 5 N - B o B2 LE M 254
7 — LD R T B & BET L7ze 3 A DKIRD
LEMEEIIFEFEBIEOIL K, 4 A O o LAEm IR
R OB O T I2E < L& 2 HMiz, BMABOR
Tl 70— L B84 DGR DOBFH O B2 & 1 5 <
BELTWAEEZONLIZD, THSDMEMDIRA
LREREAIRET S L, YEIIARE 7V — 2 /N HBLE D
LVIEIET NV — A EP L LTINS,

WAEIZ B CIIREE RS (PSP) 12X 5 +K5 774
DHEEEAT H R OFA HE L % 2 R EEIZ 100
cells L' TH Y, ¥ A PFEFHIK D KEMILEEEAT100
cells LN 2 B2 2aa g Lz L 25, EEKRIFE
LV EVEIZIZS AD Y A MNEEH400 cysts cm3 ZHE 2
T, YA M90S DOREFHFOBEHN 2 REMLO
IREENOTINC & - T, PSPOHFHMI L~V OB IE
AR H B Z EPMEE S NIz, 29 LICTTREMER
BT 2720ICE= ) v 7 A2 —0HIZ, 54121
MREED YA MVEEREEZT) CEPLE LV ERET
&5,

W )EDOMETBIITHIFRE L FFORBLTOL A M (16
~2cmfE) BEREIADM (0.5~5cmfE) D 14FED%
JETHA LTV 7z, 2011 SEDOHHAKE SR dpid
BRE BV T OHERWIEE L TWE Y A M E&E E
F, RBIGEIRNERE D720 L, BRBRICLAZ
S L7 HERED A BLIZEET X O 5% s, ARk
RWFL Y VERT BRI, BEY A NOBENERBIC
THEETNETH A9,

&
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HRBZ SRR R 2B OB 2 £ L T4, KHLizonT
DIYWF L TREOHEBY £ LzdbiE KFRFRA
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RO L) EH LT T,

KD % 52 T &Y, BY %D TRE LIED
W E L e w7272 & F LM AT B NGRS AR
B Fe R T oK e R e S L, TR K AR
BRBPEERICELL ) EH L FE T,

MDOTS 7 N VHIROE DT EDLY, WDk
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EHEEH LR EH LTS,

TOHATEOE K EREITTE 2 > & — Wl i XK
FFZeRT Il T A 112 1E S A b O segefaih e 5 108 &
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BOZAEACHERE L1213 Y A D ORIEIEICE T BRI
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CIHERBY T L7, TTICHLTELL Y BHW
LY,

TLALIE VAR KIS R, WO L, #hO T
SEAT B A A HRE AR A WFFe A T K R O B
BEELIILOEERBE I v 2 brEZS Y T
o MBOBERICEH LTS, NEILBITS
T4 =V FRERS Y A MR L Cwiz2 &
F L 7z AT Bk NG AR AT R R h oK
RER O 7 A E#N A7 LE T o A tamarense D51
[Fl5E % 4340 L CIHW 7N AT R K EER ST gE Y ~ & —
T UK EERTZE T RIS+, KB o 7 T v Tl
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R Ze T RME I IR e o FA T ICH 72, &
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FERTHIZH2Y, a7 IVRESTITHHE N
b5 AR AT B N AGHEE ST A A AT 78 B 1 B 7 R S gy
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