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Chaetoceros sp.1 3
Chaetoceros sp. 28
Leptocylindrus danicus 5 6
Skeletonema spp.




Rhizosolenia 1958 1965 1980 1996
2000
Rhizosolenia imbricata 2000
Rhizosolenia imbricata
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Eucampia zodiacus

Rhizosolenia imbricata
2011
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Rhizosolenia imbricata
12 1

Rhizosolenia setigera

Eucampia zodiacus 2 3

2000



Chattonella 1984

2011

Chattonella
CcoD
DIP

2010

Chattonella  Heterosigma akashiwo

Chattonella
2000
1989
Chattonella
Chattonella

1988
DIN

Chattonella antiqua
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5 Chattonella

Chattonella antiqua
Ceratium furca Akashiwo sanguinea

Karenia mikimotoi
2000 2015

Cochlodinium

C. polykrikoides
seed population

1.4 3.6m/h

C. polykrikoides

2000 C. polykrikoides

40 2002 5 8,700 2003 2015

Karenia mikimotoi 1989 2000
C. polykrikoides

2015



radiation

Over wintered
cells

Single

cells |

and amount of solar

\I

.

Low precipitation and Hich irradiance.-
Low dffusion losses and cell aggreation

Biological growth
competition

Diurnal
vertical
migration

Mixing

N

September

High precipitation

M Turbulence
| Ternperature and salinity decrease

High diffusion losses

Over winter

Sinuleceﬂﬂ Single cells
and/or
Chains of '

2 cells
Mixing

C.polykrikoides
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53 26

1985 Cerataulina

1986 Skeletonema
Asterionella kariana
Chaetoceros curvisetum
Eucampia zodiacus
Pseudo-nitzschia
pungens

1988 Skeletonema

Eucampia zodiacus
Asterionella kariana
Thalassiosira

1988 Chaetoceros curvisetum
Chaetoceros sociale
Rhizosolenia delicatula
Skeletonema




1989

Skeletonema
Thalassiosira
Asterionella kariana

1989

Skeletonema
Prorocentrum

1991

Eucampia zodiacus
Chaetoceros
Rhizosolenia
Skeletonema

1991

Skeletonema
Chaetoceros curvisetum

1992

Chaetoceros curvisetum
Eucampia zodiacus
Lauderia

Skeletonema
Chaetoceros
Coscinodiscus

1993

Rhizosolenia
fragilissima
Skeletonema

1994

Chaetoceros sociale
Skeletonema
Asterionella gracialis
Leptocylindrus
Thalassiosira
Eucampia zodiacus
Ditylum brightwellii
Asterionella karinana
Rhizosolenia setigera

1995

Chaetoceros sociale
Asterionella gracialis
Rhizosolenia
fragilissima
Rhizosolenia setigera
Skeletonema
Thalassiosira rotula
Eucampia zodiacus
Gymnodinium

1995

Skeletonema
Akashiwo sanguinea
Eucampia zodiacus
Coscinodiscus
Ditylum
Thalassiothrix
frauenfeldii
Chaetoceros
Thalassiosira

1996

Skeletonema
Asterionella karinana
Asterionella gracialis




1997

Nitzschia seriata
Eucampia zodiacus

1997

Skeletonema
Chaetoceros
Pseudo-nitzschia
pungens
Thalassiothrix
frauenfeldii
Akashiwo sanguinea

1998

Chaetoceros sociale
Leptocylindrus
Eucampia zodiacus

1998

Chaetoceros sociale
Chaetoceros
Skeletonema
Thalassiosira
Asterionella karinana
Leptocylindrus

1999

Eucampia zodiacus

1999

Skeletonema
Rhizosolenia
Asterionella karinana
Eucampia zodiacus

2000

Eucampia zodiacus

2000

Skeletonema

2000

Rhizosolenia imbricata
Rhizosolenia setigera
Skeletonema
Chaetoceros sociale
Chaetoceros curvisetum
Chaetoceros debile
Chaetoceros

Biddulphia sinensis
Thalassiosira

Eucampia zodiacus

2001

Skeletonema

2001

Chaetoceros sociale
Chaetoceros curvisetum
Chaetoceros debile
Skeletonema
Asterionella gracialis

2002

Skeletonema
Asterionella gracialis
Asterionella karinana
Chaetoceros sociale
Chaetoceros
Rhizosolenia setigera
Eucampia zodiacus

2002

Skeletonema

2002

Chaetoceros




2003

Skeletonema
Chaetoceros
Thalassiosira
Rhizosolenia setigera

2005

Skeletonema

2006

Eutreptia

2008

Asterionella karinana
Skeletonema

2009

Thalassiosira
Skeletonema

Eucampia zodiacus
Asterionella karinana

2009

Asterionella karinana
Skeletonema
Thalassionema
nitzschioides
Chaetoceros

2010

Chaetoceros
Skeletonema
Thalassionema
nitzschioides

2011

Asterionella karinana

2011

Rhizosolenia setigera

2011

Asterionella karinana
Chaetoceros

2012

Skeletonema
Thalassiosira
Asterionella karinana
Chaetoceros

2012

Eucampia zodiacus

2013

Asterionella karinana
Skeletonema
Thalassiosira

2013

Eucampia zodiacus
Guinardia delicatula
Rhizosolenia setigera
Skeletonema
Chaetoceros

2014

Skeletonema
Thalassiosira
Eucampia zodiacus
Chaetoceros
Rhizosolenia
Thalassiosira

2014

Skeletonema
Thalassiosira
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1998 2010

1988 1990

2011
Cochlodinium polykrikoides

Chattonella
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26

53

1978 2014

1/5 1/10
Iykrikoides

3

2000

10

36

Chattonella

inium po

Cochlod
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53 26
2
1988 Heterosigma akashiwo 3,453
Prorocentrum
1988 Chattonella antiqua 40,766
1989 Chattonella antiqua 62,560
1989 Chattonella antiqua
1990 Chattonella antiqua 1,099,673
1990 Chattonella antiqua 403,809
1990 Chattonella antiqua 51,585
1992 Chattonella antiqua 9,482
1992 Chattonella antiqua 366,155
1992 Chattonella antiqua
Akashiwo sanguinea
1995 Chattonella antiqua 18,749
1998 Chattonella antiqua 12,148
1998 Chattonella antiqua
1998 Chattonella antiqua
Skeletonema

- 12 -




1999 Chattonella antiqua
Karenia mikimotoi
Chaetoceros
Skeletonema
2000 Chattonella antiqua 264,070
Karenia mikimotoi
Heterosigma akashiwo
2000 Fibrocapsa japonica
2003 Heterosigma akashiwo
2003 Chattonella antiqua 363,666
2003
Skeletonema
Chattonella antiqua
Chattonella marina
2003 Chattonella antiqua 287,382
Cochlodinium polykrikoides
2004 Chattonella 226,844
2004 Chattonella antiqua
Chattonella marina
2005 Chattonella antiqua 94,108
Cochlodinium polykrikoides
Heterosigma akashiwo
2007 Chattonella antiqua 11,455
2007 Chattonella antiqua
Chattonella marina
2008 Chattonella antiqua
Chattonella marina
2009 Chattonella antiqua 185,508

- 13 -




2009 Chattonella antiqua 2,901,996
Karenia mikimotoi
Cochlodinium polykrikoides
2009 Chattonella antiqua 429,965
2010 Chattonella antiqua 5,274,909
2010 Chattonella antiqua 86,955
2014 Heterosigma akashiwo
53 26
1,000
3 1978 2014
1978 Gymnodinium sp. 30,220
1978 Cochlodinium polykrikoides 44,537
1978 Gymnodinium sp. 26,990
1979 Cochlodinium polykrikoides 1,242
1981 Cochlodinium polykrikoides 32,596
1985 Cochlodinium polykrikoides 59,322
1989 Karenia mikimotoi 255,754
1990 Cochlodinium polykrikoides 10,262
1990 Cochlodinium polykrikoides 40,380
1991 Cochlodinium polykrikoides 13,090
1994 Heterocapsa 225,000
Circularisquama
1996 Karenia digitata
1999 Cochlodinium polykrikoides 57,907

- 14 -




2000

Cochlodinium polykrikoides

3,984,067

2000

Karenia mikimotoi

29,215

2000

Karenia mikimotoi

28,065

2002

Ceratium furca
Akashiwo sanguinea
Chaetoceros

2002

Cochlodinium polykrikoides

587,808

2002

Akashiwo sanguinea
Fibrocapsa japonica
Chaetoceros
Skeletonema
Thalassiosira
Rhizosolenia setigera
Katodinium glaucum

2003

Akashiwo sanguinea
Skeletonema
Chaetoceros sociale
Chaetoceros debille
Chaetoceros
Eucampia zodiacus

2004

Akashiwo sanguinea

(2011)

2000

1,000

Eucampia zodiacus

’ ] p-29_70.
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