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1. Life cycle strategy of Chattonella antiqua and
C. marina

2. Life cycle strategy of Heterosigma akashiwo

3. How do harmful raphidophyte blooms occur
predominantly over diatoms in coastal sea?
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1. Chattonella antiqua and C. marina are the summer
red tide flagellates.

2. The optimum combination of temperature and salinity

C. antiqua: 25°C and 25psu
C. marina : 25°C and 20psu

3. Survival range of temperature

C. antiqua: 11 ~ 31°C
C. marina : 13 ~ 31°C

-. C. antigua and C. marina can not overwinter as
vegetative cells in the Seto Inland Sea, and form
cysts for overwintering.
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MPN.-method for
enumeration of
Chattonella cysts

having germination
ability in sediments
(Imai et al. 1984).

Feasible for the cysts
without information on
morphology
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Annual life cycle of Chattonella in the Seto Inland
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Summary for Chattonella

1. Chattonella spp. are diploid organisms (2n).
2. Chattonella has cyst stage for overwintering.

3. Cyst formation was induced by nutrient depletion
such as nitrogen under low light conditions.

4, Cysts needs winter for maturation.
5. Cysts effectively germinate at 20°C or higher.
6. In situ germination of cysts show great seasonality.

/. Summer red tides are seeded by the germination of
cysts in sea bottom.

8. Life cycle startegy of Chattonella is well adapted to
temperate shallow coastal areas; changes between
cysts and vegetative cells are easy.
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Sampling stations
for H. akashiwo
study in Hiroshima
Bay, the Seto
Inland Sea.

The Setlo Inland Sea
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MPN method for
enumeration of H.
akashiwo cysts
having germination

ability in sediments
(Imai and Itakura
1991).
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Distribution of cysts of
Heterosigma akashiwo

In bottom sediments of . o
Hiroshima Bay, the 5 @ e

Seto Inland Sea (Imal ® o /
and Itakura 1991). _ G‘ e,

Cysts were abundant
In the coast.




Effects of temperature on
the germination of
Heterosigma akashiwo
cysts in sediments
determined by the MPN
method (Imail and ltakura
1999).

Vigorous germination at 15°C
or higher temperature
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Seasonal fluctuations of
the highest cell densities
of H. akashiwo cells In
water columns at 3
stations in Hiroshima Bay
(Imai and Itakura 1999).

Blooms in May ~ June
with great seasonality
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Fig. 3 Heterogyma abahiwe, Seasonal fuctustions in the hhglest
denaities of vepetative cellk in the water columns at thies stations in
o them Hiraldma Bay during the neseanch period
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Many cysts are always 1980 1980 1991
physiologically germinable.

Fig. 5 Heteropjpna abavhiwe. Seasona) fluctustions in e nwmbser of
merminable B abahiwe cyats in swiface sediments (top 1-cm layer)
colkcted at three stations in northern Hiroshima Bay, Enwmeration
by extinction dilution metlod
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Weekly changes in water temperature,
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total’ H. akashniwo live Cysts In surface
sediments (0-1cm) at Stn. 1 In

Hiroshima Bay (Imai and Itakura

1998). Total live cysts increased just after

the peak of bloom and needed 1 week for
maturation.

Table 1. Heterosigma akashiwo. Numbers of the total cysts
enumerated by the direct count method and the germinable
cysts enumerated by the extinction dilution method in surface

(top 1-cm depth) sediments collected at St.1 on 24 June and 1
July, 1993.

Date June 24 July 1
Total cysts 5676 5240

Germinable cysts 419 4223
(cm-3 wet sediment)
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Heterosigma red tides usually occur at 20°C or
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FIG.2: The ranges of in situ
water temperature
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Water temperature (°C)

and salinity during H.
akashiwo red tides:
1. Nagasaki Bay, 2.
Hakata Bay, 3. Seto
Inland Sea, 4. Mika-
wa Bay, 5. Narragan-
sett Bay.
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1. Heterosigma akashiwo has cyst stage for outliving
such as overwintering.

2. Cyst formation was induced at the end of blooms
and completed in the dark (Iltakura et al. 1996).

3. New cysts need ca. 1 week for maturation.
4., Cysts effectively germinate at 15°C or higher.
5. In situ germination of cysts can always occur.

6. Red tides show great seasonality, and hence
seeded by the germination of cysts in sea bottom.

/. Life cycle startegy of H. akashiwo is also well
adapted to temperate shallow coastal areas; changes
between cysts and vegetative cells are easy.
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Fig. 1-19. Temporal change of the numbers of Heterosigma
akashiwo in the water column at Station] in 1992,
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Fig. 1-17. Temporal change of the numbers of 5. costatum in
the water column at Stationl in 1992,
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Chaetoceros didymum NO3-N 1.82 1.29
PO4-P 2.16 0.48

Ditylum brightwellii NO3-N 2.02 0.73 —
PO4-P 2.00 0.16
Thalassiosira rotula NO3-N 1.69 1.28
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Table 1-3. Abundance of resting stage cells of flagellates
(upper column) and diatoms (lower column)
in bottom HEdlIt'lE'tll*i of lemhmm Bay

Al‘rundnnu:

Species . .
P {em ™+ wet sediment)

Seeds of
Raphidophyceae

d|at0ms and Heterosigma akashiwo™' 5.6x10'~29x10"
Chattonella .'-.|'I|'I-.” 0~7.7%10°

raphidophytes RS-

5.0%10'~1.3x10"

are abundant dh*mrr:.l'ufd_.r.'::_:-.E“_
Bacillariophyceae

|n Sed|ments 8. costatum 8.0x100~2.1 %10

Chaetoceros spp. 2. 7% 100 ~6.6%10°

Of CoaStal Sea. Thalassiosira spp. 3.7x100~1.5x10°

Note: Data of flagellates cysits were compiled from
Imai and Itakura (1991),%' Imai et al. (1993),*
Yamaguchi et al. (1995)*

Abundance of diatom resting stage cells (cm™
wet sediment) wene calculated from the present data




Germination of raphidophyte cysts
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Diatom resting stage cells needs light for
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Fig. 4-1. A schematic representation of the role of diatom
resting stage cell in the coastal environment.



Germination experiment

H. akashiwo cysts
330 / g sedimedt

__ Seawater Diatom resting stage
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Effects of light intensity 3.94E/m*/sec
ORGENMIRALGCRNENG/6); |
rejuvenation or diatom
resting stage cells.
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Diatom resting stage
cells need light for
germination.
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Comparison of the
| effects of light intensity
Ll to cysts and diatom
resting stage cells on
dominancy of H.

akashiwo.

In surface water:

1) Diatoms dominated
In higher light.

2) H. akashiwo
dominated in low light
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1. Diatoms are stronger than raphid?)p_hytes In
vegetative growth.

2. Raphidophytes have cyst stage and diatoms have
resting stage Iin their life cycles.

3. Raphidophyte cysts can germinate in the dark and
diatom resting stage cells need light for germination.

4. Nutrient depletion induce resting stage in diatoms.

5. Low light irradiation to sediments induced
predominancy of raphidopyhtes in water columns.

6. The diatom resting hypothesis is presented for the
mechanism of occurrences of raphidophyte red tides.




A proposal of idea for prevention of

Growth of diatoms
(exhaustion of nutrients)
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