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2014 8 25 9 3
39 1

DO
COD DI

N PO -P4

IL CO
D AVS 3

0 5 10 B-1
3 0 5 B-1 STD

B

15×15cm

IL 450 2
550 6

2

1
2

10 1994 2003
30

IL 450 2h COD AVS

S 0.561 × IL 3.55 / 2.48 0.588 × CO
D 15.05 / 14.37 0.582 × AVS 0.28 / 0.52

S 0.1
0.1 S 2

2 S
2014

38 24 11 3

, , ,1990,
pp.149-186.

,
, ,1980,pp.242-257.

26
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( ) 0.561 ( 3.55) 2.48 0.588 ( 15.05) 14.37 0.582 ( 0.28) 0.52
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CTD
(SWA T BLTEC )

2014 4 7 10 10 15 17

5 7 9 11 4 7

6 3 6 12 1 4

7 1 4 2015 1 5 7

8 2 2 4

9 3 2 4

DO COD

NH -N NO -N NO N PO P DO COD- -
NH N NO N NO N PO P 7 9- - - -
17 21 22 26 27 31

1

2

0m 8 30

1990 2010 20

26
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3 2014

6 9 12 1

8 10 12 19
2

8 8
6

12 7 10



12326

10.3 22.2 9.6 22.3
4 7

10
12

10.1 23.9 10.8 22.3
4 7

10
11 12 2 5

4
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5
7.6 12.1 10

12 1 2

4.8 16.5 11
2 12 4

6 10

*

0.6 0.6

0.6 1.3 ( 1.3 0.6)

1.3 2.0 ( 2.0 1.3)

2.0 ( 2.0)
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DO 7

7 2
10 2

COD 7
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2014 8 25.2 3
12.0

26



128

Cochlodinium poly
krikoides

Heterocapsa circularisquama
Chattonella spp Ch.anti

qua Ch.marina

1
4 7 1 2

5 9 CTD JFE

AAQ-RINKO

B 5m
2m

10m
1m

DIN PO -P4

7 8

44 2
2014 5 6 7 1 3

C-CTD JFE
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6

57 183%

-1.3
+0.2

51 74%
7

8 21

52 113%
-0.7 +0.

5
82 93%

8
8 7

133 303
% -1.4
-0.1

37 56%

4 9
3 4

5 +0.1 7

6 8 2 9
25.9%

5m DIN PO4-P
5 7 9
2 1

19.1 23.7 17.0 23.9
19.8 23.3 18.9 24.3

17.6 24.2 32.
97 33.76 33.27 34.16 33.57
34.01 33.29 34.09 33.30 34.4

6 DIN 0.01 2.24 M
0.00 4.05 M 1.57 2.81 M
0.00 4.51 M 0.00 3.07 M
PO4-P 0.07 0.29 M 0.16

0.51 M 0.35 0.60 M 0.12
0.56 M 0.03 0.21 M
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1
13 1

4Gonyaulax polygramma
Prorocentrum sigmoides K( 1 )

arenia mikimotoi Myrionecta rubra Het3 2
erosigma akashiwo Cochlodinium polykrikoides2
2 13

1

C.polykrikoides 1
12 2

5

C.polykrikoides 13
3

K.mikimotoi
5

9 K.mikimotoi
Prorocentrum.spp

7 1,300 ce
lls/ml 8
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10

K. mikimotoi 790 cells/ml 8 11
H. akashiwo C.polykrikoides2 cells/ml 6 18
6 cells/ml 8 13 1 cells/mlChattonella spp
8 13

K. mikimotoi 80 cells/ml 8 12
10 cells/ml 9 2 1 ceC.polykrikoides Ch.spp

lls/ml 8 8 H. akashiwo

K. mikimotoi 1,300 cells/ml 7 18
H. akashiwo Ch.spp27,800 cells/ml 6 11
C.polykrikoides

K. mikimotoi 1 cells/ml 7 31
H. akashiwo Ch.spp C.p3 cells/ml 8 28
olykrikoides

K. mikimotoi H. a2 cells/ml 9 3
kashiwo Ch.spp C.polykrikoides

2 cells/ml 7 15K. mikimotoi
H. akashiwo C.polykri10 cells/ml 6 20

koides Ch.spp272 cells/ml 5 2

10 K. mikimotoi

2014 5 6 7

5 5 7 9 Ch.spp H. akashiwo
K. mikimotoi 8 cells/ml

St.A,C,E,F,H,J St.10
St. 17,21 29

6 6 3 6 Ch.spp H. akashiwo
K. mikimotoi 14 cells/ml

St. A,E,H St.11,15,
St.16,17,20 24,26,28,29

Ch.spp H.7 7 1 4
akashiwo 10 cells/ml
St.24,28 17 cells/mK. mikimotoi

l St.10,12 15
St.16 18,20 23,25 27,29

2014 5 28

37

26 JF
2014 5 22
9

2014 6 13
12

6
12

26
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5

G. catenatum
2 N.D.(4cells/L

) 74,111 cells/L N.D.(10cells/L ) 62,
176cells/L N.D.(10cells/L ) 1,111 cells
/L N.D.(10cells/L ) 65 cells/L

N.D.(10cells/L ) 8,111 cells/L N.
D.(10cells/L ) 675 cells/L
7 12

7
4 7

3
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A. catenella
4 N.D.(4cells/L

) 79,111 cells/L N.D.(10cells/L ) 465,
111cells/L N.D.(10cells/L ) 4,111 cells
/L N.D.(10cells/L ) 51 cells/L

N.D.(10cells/L ) 3,585 cells/L N.
D.(10cells/L ) 1,141 cells/L 11
12 12 1

6m
127,00

0 cell/L

Dinophysis spp
5 N.D.(4cell

s/L ) 612 cells/L N.D.(10cells/L ) 5
11cells/L N.D.(10cells/L ) 515 cells/L

N.D.(10cells/L ) 41 cells/L
N.D.(10cells/L ) 515 cells/L N.D.(10
cells/L ) 511 cells/L 6

1000 cells/L

1

10

100

1000

10000

100000

1000000

10000000

4/1 5/1 6/1 7/1 8/1 9/1 10/1 11/1 12/1 1/1 2/1 3/1 4/1

2009

2010

2011

2012

2013

1

10

100

1000

10000

100000

1000000

4/1 5/1 6/1 7/1 8/1 9/1 10/1 11/1 12/1 1/1 2/1 3/1 4/1

G. catenatum 6
N.D.(10 cells/L )

471 cells/L N.D.(10 cells/L ) 3,
631 cells/L 4 1,000
cells/L

A. catenella 7
N.D.(10 cells/L )

26,511 cells/L N.D.(10 cells/L )
1,591 cells/L 11 12

12
10,000 cells/L

N.D.(10 cells/L
) 2,111 cells/L N.D.(10 cells/L )

21 cells/L 1
1,000cells/L

1

10

100

1000

10000

100000

1000000

4/1 5/1 6/1 7/1 8/1 9/1 10/1 11/1 12/1 1/1 2/1 3/1 4/1

1

10

100

1000

10000

100000

1000000

4/1 5/1 6/1 7/1 8/1 9/1 10/1 11/1 12/1 1/1 2/1 3/1 4/1
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1

10

100

1000

10000

100000

1000000

4/1 5/1 6/1 7/1 8/1 9/1 10/1 11/1 12/1 1/1 2/1 3/1 4/1

1

10

100

1000

10000

100000

1000000

4/1 5/1 6/1 7/1 8/1 9/1 10/1 11/1 12/1 1/1 2/1 3/1 4/1

1

10

100

1000

10000

100000

1000000

4/1 5/1 6/1 7/1 8/1 9/1 10/1 11/1 12/1 1/1 2/1 3/1 4/1



137

11
N.D. 0.1 MU/g

73.9 MU/g 4 7
11 1 3 4 11 1

A.catenella G. catenatum11 1 4 7
3

12
0.6 16.7 MU/g

A.catenella0.7 4.4 MU/g

12 3

ELISA 2.0 MU/g

0

20

40

60

80

4/1 5/1 6/1 7/1 8/1 9/1 10/1 11/1 12/1 1/1 2/1 3/1 4/1

0.0

5.0

10.0

15.0

20.0

4/1 6/1 8/1 10/1 12/1 2/1 4/1

26
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(
)

2014 6 11

7 1 3
SWM-3

20 14hL:10hD
MPN

2014
9 25 10 7 2

KareniaL
mikimotoi 5m

1g/L
1 2 4 6 8 200ml

NH4-N No2-N
NO3-N PO4-P SiO -Si Chl.a2

12 CTD

2014 9 4

 

 

 

 
 

 
 

 
 

5 

2 

3 

4 

7 

6 

1 
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HSD2.55S 100

2m
5m 10m

Chl.a

2014 4 5
1m 10

m 2m 5m 1m

Omnipore me
nbrane filter( 5 m -40

2014 11 2015 1 2m
5m 10m 1m K.mik
imotoito

K. mi
kimotoi C. polykrikoides

Real-time P
CR

2014 6 11 7
2

3 4.4 × 10 ~4

2.4 × 10 cells g wet sediments 1.0 × 10 cel5 -1 5

ls g wet sediments-1

2.7 10 ~ 2.14

10 cells g wet sediment 6.9 x 10 cells g5 -1 4

-1 wet sediment
2

7
2 20m 37m

4 Navicula

Navicula
Navicula

K. mikimotoi
4 5

K. mikimotoi 6
8 2

4
K. mikimotoi 6

2
Navicula spp Other Pannales

Ch2
etoceros Skeletonema
K. mikimotoi
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K. mikimotoi 5m

K. mikimotoi

5m DIN PO4-P Si
O2 6

4 6
5m

5m

1

10

100

1000

10000

100000

0 1 2 4 6 8

K mikimotoi

K. mikimotoi 5m

5m

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0 1 2 4 6 8

other Pannales

other Centrals

Navicula spp.
Asterionellopsis glacialis

Thalassiosira spp.
Skeletonema spp.

Leptocylindrus danicus

Chaetoceros Total

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0 1 2 4 6 8

other Pannales

other Centrals

Navicula spp.
Asterionellopsis glacialis

Thalassiosira spp.

Skeletonemaspp.
Leptocylindrus danicus

Chaetoceros Total

K.mikimotoi
5m

K. mikimotoi

K. miki
motoi

K. mikimotoi

.

0

20

40

60

80

100

0 1 2 4 6 8

0

5

0

1

2

3

4

0 1 2 4 6 8

0

5

0

10

20

30

40

50

0 1 2 4 6 8

0

5
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( )

( ) 7

8 Chl.a 9

6

DIN SiO Chl.a2

6

7 5.60 µg /L
1

Chl.a

7

Chl.a

7 Chl.a

PCR
1

C. polykrikoides PCR
10

11 PCR
10
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0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

-1 1 2 3 4 5 6 7 8 9 10 11

0

2

5

10

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

-1 1 2 3 4 5 6 7 8 9 10 11

0

2

5

10

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

-1 1 2 3 4 5 6 7 8 9 10 11

0

2

5

10

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

-1 0 1 2 3 4 5 6 7 8 9 10 11

0

2

5

B-1

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

-1 0 1 2 3 4 5 6 7 8 9 10 11

0

2

5

10

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

-1 0 1 2 3 4 5 6 7 8 9 10 11

0

2

5

10

22.0

23.0

24.0

25.0

26.0

-1 1 2 3 4 5 6 7 8 9 10 11

0 m 2 m
5 m 10 m

23.0

25.0

27.0

29.0

31.0

33.0

35.0

-1 1 2 3 4 5 6 7 8 9 10 11

0

400

800

1200

1600

-1 1 2 3 4 5 6 7 8 9 10 11

22.0

23.0

24.0

25.0

26.0

-1 0 1 2 3 4 5 6 7 8 9 10 11

0 m 2 m
5 m B-1 m

23.0

25.0

27.0

29.0

31.0

33.0

35.0

-1 0 1 2 3 4 5 6 7 8 9 10 11

0

400

800

1200

1600

-1 0 1 2 3 4 5 6 7 8 9 10 11
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0.0

2.0

4.0

6.0

-1 1 2 3 4 5 6 7

2m
5m
10m

0.0

2.0

4.0

6.0

-1 0 1 2 3 4 5 6 7

2m
5m
10m

10
Cochlodinium polykrikoides

0.001

0.010

0.100

1.000

10.000

100.000

1000.000

9/5 9/19 10/3 10/17 10/31 11/14 11/28 12/12 12/26

Real-time PCR

N.D.

26
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26

(2)

, ,
,

,
, , , ,

,
,

,
,

,
,

,

,

karenia mikimotoi
2014

5 8
CTD JFE AAQ)

K. mikimotoi

K. mikimotoi

3
10 201K. mikimotoi

4 7 12 22 ,
9:00

5 L

5 m
K. mikimotoi 1

11:0
0 13:00 3

,

7 13 21 7
15 21 11:00 13:00

1 mL K. mikimotoi
Gyrodinium dominans

200 250 mL 5%
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3 5 mL
G. dominan

s Noctiluca scintillans

K. mikimotoi

0.45 m

K. mikimotoi 4 8
10 15

K. mikimotoi
31,000

cells/mL 7 15
K. mikimotoi Chaetoceros spp.
Skeletonema spp.
K. mikimotoi

K. mikimotoi
12 168

100%
K. mikimotoi

7 15 1
000 µmol m s-2 -1

7 16 K. mikimotoi

K. miki2014
motoi

K. mikimotoi

G. dominans
N. s7 cells/mL
90cintillans

G. dominans N. scintcells/L
illans K. mikimotoi 1

13.2% 0.9%

Tintinnopsis corniger Tintinnopsis spp.
Strombidinopsis spp.

K. mikimotoi

K. mikimotoi

7 16
K. mikimotoi

K. mikimotoi4
K. mikimotMPN

oi 7 14, 15
1 titer unit/mL

2.3 ~ 9.1 titer unit/mL
K. mik204~1000 %

imotoi

K. mikimoto
i

Heterocapsa c
ircularisquama Heterosigma akashiwo
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26

(2) Karenia mikimotoi

Chattonella antiqua

C. antiqua 25 300 µmol m s-2 -1

12hL 12hD 6:00 18:00

5,000 cells/mL
5 cm

20 µmol m s LED-2 -1

8:30 15:00
850 nm CCD

CFW Scion Corporation
10 1 15 Image J

, C. antiqua
320 680 nm 40 nm

50 µmol m s-2 -1
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LED
HL01 455 nm

10 30 100 150 µmol m s-2 -1

455 nm C. antiqua

LED ISL-150X150-HGB45
CCS 450 nC. antiqua
m 50 µmol m s 525 nm 50 µm-2 -1

ol m s-2 -1

2014 9 8 12
33 09.9 131 50.3

2 2
3,200 80

7 14 8
:30 9:00 9 11

1 4
HDS-10 H

ST-DFSBL Lowrance 2
00kHz

0.3 m 5 m
5 m

8:
30 12:30 17:00

2012 6 21 7 5 11:00 13:00
9 CTD

15
K. mikimotoi

K. mikimotoi

K. mikimotoi

K. mikimotoi

K. mikimotoi
2014 7 17

10:05 15:35 330
K. mikimotoi

10 3
Line 1 3

10 m 25 m 50 m C
TD

K. mikimotoi

50,000L

48 mm, 38 mm, 18 mm
66.5 L/min 58.2 L/min 47.0 L/mi

n

48 mm

2014 7 23
5.5 m

25 mm
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K. mikimotoi

0.5 m

1 4

K. mikimotoi50 cm

K. mi7 m
kimotoi 5 L

5 m 3 20 50
K. mikimotoi

Waltz Water-PA
M A
AQ-RINKO JFE

K. mikimotoi

K. mikimotoi Km69-9
SWM-3

10 K. mikimotoi
5 mL

K. mikimotoi 2,000 µmol m s-2 -1

1
25 Water-PAM

Fv/Fm

32 57.4
131 57.5 24m
Workhorse ADCP 600 KHz Teledyne RD Instr

uments COMPACT-EM INFINIT
Y-EM JFE

10
1 m 1

1 m 5 m

C. antiqua
320 480 nm 640 680 nm

3
440 nm 52

C. antiqu0 nm
a

30 µmol m s 100 µmo-2 -1

l m s 150 µmol m s-2 -1 -2 -1

3
100 µmol m s 150 µmol-2 -1

m s 3-2 -1

C. antiqua
3 455

nm 10 30 µmol m s-2 -1

50 µmol m s 450 nm-2 -1

525 nm
C. antiqua

Sonar viewer 2.1.2
Lowrance 30

9 8 17:30 18:30 9
9 18:00 18:30 9 10 6:00 7:00 9 11 6:0

0 8:00 10:30 17:00 5



14926

9 11

0.3 m
1,200 µmol m s 5 m 200 µmol m s-2 -1 -2 -1

5 m 22.3 24.0
16:00

5 m
32.8 33.4

5 m 0.7 1.1 ppm
1.6 4.9 fsu

1.1 6.1 mK. mikimotoi
K. mikimotoi

99 7,150 cells/mL

20.2
23.7 20.1 22.4

12.7 32.7
22.8 33.4

32 1,035 µmol m s 9 298 µmol-2 -1

m s-2 -1

100 300 µmol m s-2 -1

100 µmol m s-2 -1

32.3 443.7 µmol m s-2 -1

12.7 20.6

K. mikimotoi 25

K. mikimotoi

9:59 7.5 m
15:31

K. mikimotoi

Line 2 25 m, 50 m
7.0 7.5 m

Line 1 3 3 m
6 m Line 2 10m

K. mikimotoi
<1 cell/mL 3 cells/mL

10 cells/mL Line 1
Line 1 10 m

10
11:15 12:35 6 7

14:35
10:05 11:15 12:35 14:35

K. mikimotoi

K. mikimotoi

20 mm
20 mm

50 mm

10 cm 2

393 2,
246 µmol m s 1-2 -1 K. mikimotoi
0.5 1.5m 2 0.5
1.0m 3.0 4.0 m 4.5 5.0 m

3 4 1.
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0 2 m
K. mikimotoi

1 4 5 m

K. mikim
otoi

Fv/Fm 0.49
5 m 50

5 m 0.36 0.25

50 1,500 µmol m s-2 -1

100 150 300 400 µmol m s-2 -1

1,450 µmol m s-2

5 m 13-1

28%
K. mikimotoi

1
1

1 2

K. mikimotoi

K. mikimotoi

2014 5 1 16:00 10 8
13:00

1 2013 5
28 10 3


