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1 16
1

Stn.5 11 12 16 18
19 Stn.4 6 7 8 9 10 13 14 15 17

1
12

4 5
2

DIN
PO -P DO COD a4

COD
a

Jeffrey & Humphrey

1985 2014
2

2 5
6 10

8
11 1

1
18

3

27
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3 4
158mm 6 164mm 30

8
113mm 10

11
77mm 30

12 72mm 12 32.5mm
2 65mm

4 4 23.7h
30 5

6 9 8

8 9 30
10

11

3

5
4 6

7 10
11 2

4 5
6 10

11 2

6
4

5 9 10

7 9
6
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10 3
12

DIN 8
2

8
11 12 3

PO -P 94

10

10 3
4 6

7 10
12 2

COD 11 12

a 12
4 12

3
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2015

1
1980 154-159

2
1980 160-162

3
1980 324-325
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10 12
13 20

20 15
16 1

10 18

10 27

11 2

9

17 18
56.0mm 24 28

19

11
18 24

726 30

12

18
21

20

1
1

2 1
18

4

27
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13 74 36,796 284,394 3,843
14 71 28,290 152,885 2,153
15 67 10,219 51,397 767
16 57 8,948 47,336 830
17 50 18,963 112,070 2,241
18 42 10,496 63,245 1,506
19 38 9,313 42,453 1,117
20 31 8,794 41,580 1,341
21 27 6,847 36,559 1,354
22 24 7,647 47,749 1,990
23 21 7,003 49,897 2,376
24 19 6,620 40,878 2,151
25 17 5,147 26,662 1,568
26 15 5,948 41,518 2,767
27 14 2,483 20,354 1,453

1 15
2 10

7
248 41.7% 2,035
49.0% 8 21 117.6%

145 52.5%

1 9
10

11 1
2.4

1
18

2)
2 9

10
20 11

3 4 9 3
9

10 1
11

11
30 1 2

12 2
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4) :DIN
:DIP

5
DIN 9

70
10

11 20 793.6
950.3
11 17 18

DIN
1 DIN

DIN

6 DIN DIP DIP

DIN/DIP=10
12 1 15.1 6.4

7 10 12 DIN

27
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27 10 6 12 22

22 DIN

178 1 8.1

88
3

3 27

0 13 9 10 0 0 32
0 11 9 0 0 0 20

0 13 12 11 0 0 36

0 37 30 21 0 0 88

11

12 4

3
No.2 95 1h

780m
6m

12 4
A
B 12 1

1h -29 72

PESI
2 PESI

6
12 7 15 500mL

2cm

12h:12h 54.9 58.5µmol
7 12 14

7 12 21

DIN PO -P4

23.94 74.9 9.6
25.05 373.5 22.8
31.15 170.8 29.9

8 7 14
U-test p 0.05

9 7
PESI p 0.05

PESI p 0.05 p
0.01 p 0.01

p 0.05
14 3
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p 0.01 p 0.01 PESI 3
p 0.05

p 0.01

3

PESI
23

2000 3 .

, .2000;170-171.

27
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27

2012

5

Karenia mikimotoi

K.mikimotoi

6 8

5 8

6 7
8 9

7
1 9

1
6 7 8

Karenia mikimotoi

7 100cells/mL
7 2 2,430cells/mL

7 10cells/mL
10cells/mL

8 24 2,400cells/mL

Heterosigma akashiwo
6 9,600cells/ml

K.mikimotoi
PCR

PCR

2016 1

PCR

2015 K.mikimotoi

K.mikimotoi



22327

K.mikimotoi

K.mikim2014 11 2015 3
otoi 1,217cells/ml
2015 1 K. mikimotoi

4

5

1)

2)

6

6

K.2015
mikimotoi

1) Gymnodinium nagasakiense

1994 251-39427
2)

. 25

2014 23-
44
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1 5 8
1

5 9
4 Karenia mikimotoi
4

10 3
1

K.mikimotoi
1 1 3 4
10 3

2015 2 4
Heterosigma akashiwo 2

K. mikimotoi 2
K.mikimotoi

2
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K. mikimotoi
K. mikimotoi 2015

4 13 9 /ml 4 27 87 /ml
5 11

228 /ml 710 /ml
7 6 56 710 /ml

7 14 8 3 4
/ml 2,000
/ml

K. mikimotoi 6 1
1,950 /ml 6 19

16,500 /ml 7 1
3,200 /ml

5 24 7 30
208 2,550 /ml 7

21 2,550 /ml

Heterosigma akashiwo 5 25 6 1
55 /ml

Chattonella globosa 4 27 7 22
178 /ml

Chattonella 8 17 9 2
1 /ml

Pseudochattonella verruculosa 5 25
3 /ml

Cochlodinium polykrikoides 7 6
1 /ml

Nitzschia Cheatoceros4 27 spp.
spp. sp. 710 /mlSkeletonem

7 6 spp.Cheatoceros
Skeletonem sp 1,600 /ml

3
4

5 6
7 11

6
7

8 6 9
8

6 9

5m 6 9
5m 4 6

7 8
7

Karenia mikimotoi 2014
4 10 /ml

2014
5 200 /ml 7

100 /ml
7 8

3 4 /ml

5
6 7

11
7 16 17

14.4 15.3m/

K.mikimotoi
1 2015 11 27 12

21 0.001 0.018cells/ml
1 2 3

1

10

100

1000

10000

4 1 4 16 5 1 5 16 5 31 6 15 6 30 7 15 7 30 8 14 8 29

K.mikimoti

H.akashiwo Chattonella.spp

C.globosa P.verruculosa

C.polykrikoides

0
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1 4
0.01 0.001cells/ml

10 11 2

Cheatoceros Leptocylindrusspp. sp.
Coscinodiscus1,000cells/mL

wairesii 10
21cells/L 1 3 4 56cells/L

Eucampia zodiacus 2
2,467cells/L

1 3 4 4,572cells/L

0

50

100

150

200

4 5 6 7 8 9

H27
H27

-150

-100

-50

0

50

100

150

4 5 6 7 8 9

H27

H27

0

25

50

75

100

125

4 5 6 7 8 9

H27
H27

-60

-40

-20

0

20

40

60

4 5 6 7 8 9

H27
H27

1

2

3

4

5

4 5 6 7 8 9

H27

H27

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

4 5 6 7 8 9

H27
H27

13

17

21

25

29

4 5 6 7 8 9

H27
H27

-3

-2

-1

0

1

2

3

4 5 6 7 8 9

H27
H27



22727

-2.0

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

2.0

4 5 6 7 8 9

/

5m 27

-2.0

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

2.0

4 5 6 7 8 9

/

27

-2.5

-2.0

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

2.0

2.5

4 5 6 7 8 9

/

5m 27

H27

H26

0m
5m
B-1m

27

0m
5m

B-1m

27
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1953

14
1 2 /

1L
10 m 500ml

5ml 1ml 1

Alexandrium
tamarense
A. tamarense 2015 2016

2015 3 18 4 13
3 18

800cells/L 10.7
2016 3 14 28

3 22
330cells/L 10.9

1
A. tamarense

2015 3 19
0.1MU/g

4
Gymnodinium catenatum Alexandrium catenella A.

tamarense Alexandrium tamiyavanichii
2000

A.catenella
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27

A. tamarense
2014 2015 2016 3



230

1994

9.5% 10

140 10

10,300 7,700
4,000

1
2015 5 28 2.3

2,049 / 819

10
2015 7 1 12 19.4

/ 20

2015 5 29 2.1
2,197 / 879

1
1,500

1 20 20
10

2

5 2015 11 9
16.5 33.7 28.3

12.3 26.1 21.2
648 /

11.2 340 /
2.4
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10

2 5
2

6 0.22 0.23
40 140

10

9
26.3 9 11

11
28.3 4.3g

8
8

9
11

21.2 1.8g
3
2,049 /

1 6
750 /

11
648 / 11

259 11.2

12

116

2.3
28.3

2.1 21.2
0

20

40

60

80

100

120

140

5 6 7 8 9 10 11

2,197 /
1 6

279 /

11
340 /

11 136 2.4

1 . 4

2014;12 :58-60.
2 , , , ,
.
. 2015;63:361-366.

2049

648

2197

340

0

500

1000

1500

2000

2500

5 6 7 8 9 10 11

27
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1

2014

1 t
D

45
D 6 t FRP

30 t
1 2 / ml

Chaetoceros
calcitrans Pavlova lutheri
Isochrysis sp. T.ISO

140
C. gracilis P. lutheri 1 1

5,000 20,000 /ml
Isochrysis sp. T.ISO

220

80 125
0.5 1.0

100 g/
6 t FRP 30 t

C. gracilis P. lutheri
1 1

20,000 40,000 /ml

1

200

1
1 0.9
2.1 4,463

2015 6 10 7 6 3
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9,513 D 1,916
1,893

220
1,641

87 2015 8 10
1.4 2.1

1,210
2015 10 7 11 4 2 7

3,592 D 1 9,090
1 8,760

220
9,173

49 2015 11
2016 2 0.9
1.2 3,253

0.2
2,415

9 12 4,392
2 7,498 D

200t

2
220

2,415
2015

10
2.4 4.3 550

2015 5 2

2014 2015 10

1
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7 8 11 16 8

27 2 3
3

25 35cm 100
4

1 2 50L/ Chaetoceros calcitrans
Pavlova lutheri 500 /mL 6

100L/

7 27 10 8
7 1 2 7

1

2
IOV

IOV W/SL 103 4

W g

SL cm
SL

TidobiD

30 17 18
4 6

25
28

3
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27 7 3 10 15
4 7

21 24
25 8 11

29.6 8 25
9 23 25

10

20

22

24

26

28

30

H27.7.1 H27.8.1 H27.9.1 H27.10.1

1.3 1
IOV 35

1

14

9 4 20cm 15

1
18cm

1

IOV
25

35
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3 20cm

1

27 2 10
27 1 2

3 130
190mm

170 190mm 150 170mm
130 150mm

7 /

2mm
2

TidbiD
1

3
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4

TidbiD
1

STD ASTD687

5

2 8 3
10 4
20 5 7
21 25

7 29 30 8

11 33.5
10 20

2 26 10 20
6

144.5mm 185.9mm
+41.4mm 64.0g 148.9g
+84.9g
175.8mm 210.4mm +34.6mm

115.8g 187.8g 72.0g
159.8mm 185.0mm

+25.2mm 82.9g 148.3g
+65.4 g

1
42.9 71.4%
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8
2 3 7

15 3 11 4.2
3 20

5 25 7
25 7 30
8 11 34.2

8 25

6 12 24
9 6 2 11 10

217.5mm
6 12
11.9

-1.2m 31.1
24.5

-0.7m 27.5 6 20

5 0mm
6 24

-0.9m 30.2 30.8

6 24 9
7 29
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2013 5

26
1

29.5km 18.5km
126.5km2 43.5km2

1

2015 6 29 7 11 1

3 1

GF/F
TN TP

POC PON
POC PON 13CPOC

15NPON

SS
1

K1 I1

C/N

2015 4 20 4 23
2015 6 1 2 2015 7 13 14
2015 8 26 28 2015 9 26 28
2016 2 9 10 6

1 1
a

a Lorenzen 2

K1I1

27
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2

x y
y=68x2-176x+116 r2=0.997

y=52x2-106x+53 r2=0.986

3

4 SS TP TN

TN SS TP
SS TP

PO4

TN

5 6 1
5

DIN 8 10 3
a 6
PO4-P 8

7 1 a
8

1 .
. 26 2015

2 ,
, . 1980 325.

2016
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(a)

(b)

(c)
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a

27
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