
 
 

 

 

 
 

 
A B

 
A 1960 70

80
1990 2006

2002 1999
2002 2007 2008

5  
2015 2016 2012

2016 2019

(0.89Fcurrent)
(0.66Fcurrent) (0.59Fcurrent)

(0.59Fcurrent) 2014 ABC
3,700  

B
1990

5

(Fcurrent) (F0.1) F30%SPR
F40%SPR 2014 ABC  

 



 
 

A  
 

 
 

F ,  

Fcurrent

 

 
 

, 

 
 

5  2014
ABC 

, 5
, 

5  
 

, 
 
Blimit

 

* 
(0.59Fcurrent) 1) 

0.14 
(0.10, 0.23) 

(0.59Fcurrent) 

13% 
(10%, 21%)

25 39
(13~21, 
11~18) 

31 
(17, 14)

91% 100% 26 
(15, 11) 

* 
(0.59Fcurrent) 1) 

0.14 
(0.10, 0.23) 

(0.59Fcurrent) 

13% 
(10%, 21%)

25 39
(13~21, 
11~18) 

31 
(17, 14)

91% 100% 26 
(15, 11) 

* 
(0.66Fcurrent) 1) 

0.15 
(0.11, 0.26) 

(0.66Fcurrent) 

14% 
(11%, 23%)

26 41
(14~22, 
11~19) 

33 
(18, 15)

84% 100% 29 
(17, 12) 

* 
(0.89Fcurrent) 1) 

0.20 
(0.15, 0.35) 

(0.89Fcurrent) 

18% 
(14%, 29%)

29 47
(16~26, 
13~22) 

38 
(21, 17) 50% 98% 37 

(21, 16) 

* 
(Ccurrent) 

- - 37 
(21, 16)

37 
(21, 16) 59% 89% 37 

(21, 16) 

 
2014

 

 
(Fcurrent) 1) 

0.22 
(0.17, 0.39) 

(1.0Fcurrent) 

20% 
(15%, 33%)

30 50
(17~28, 
13~23) 

41 
(22, 18) 32% 94% 41 

(23, 17) 

 
ABC 1-3)-(2)  

1) �1=0.59 0.66 0.89 1  
Ccurrent 2012  
Fcurrent 2010 2012  

5 2019 10% 5 2015
2019  

5  
2013 11 4,100 Blimit 2002

11 2,400  
7 6  

23
*

 
 



 
 

2013
 

2012 2016 2017 2019
2013 F  

2012 2016 2017 2019
2004 2007 F  

2014 2013
F  

2014 2013
F 0.9  

2012 3,700 2019  
 
 

 ,  

 

, 

 

F ,  , 

2011 222 (159, 63) 38 (22, 17) 0.19 (0.15, 0.31) 17% (14%, 27%) 

2012 169 (126, 43) 37 (21, 16) 0.25 (0.18, 0.48) 22% (17%, 38%) 

2013 223 (165, 58) - - - 
11 1 12 1 2 1

12 13 11  
 

    

Bban    

Blimit  2002 2,400  
 

2013   2002 4,100  

 
 



 
 

 
  

  
  

 
(URL:http://fs.fips.go.kr/main.jsp) 

 
  

 
 

CPUE  
 

(M) 
 

1 M=0.2 
1 M=0.35  

 



 
 

B  
 

 
 

F ,  
Fcurrent  

 

 
 

,  

  2014
ABC 

, 
 

5
 

5
 

Blimit
 

* 
(Fcurrent) 

0.10 
(0.08, 0.23) 

(1.00Fcurrent) 

10% 
(8%, 21%)     340 

(230, 100) 

* 
(F40%SPR) 

0.16 
(0.16, 0.16) 

(1.58Fcurrent) 

15% 
(15%, 15%)     510 

(440, 80) 

* 
(F0.1) 

0.16 
(0.16, 0.19) 

(1.61Fcurrent) 

15% 
(15%, 17%)     530 

(440, 90) 

* 
(F30%SPR) 

0.22 
(0.22, 0.22) 

(2.20Fcurrent) 

20% 
(20%, 20%)     700 

(590, 100) 

 
ABC 1-3)-(1)  

 
Fcurrent 2008 2012  

F30%SPR F40%SPR F0.1 50%
0% ABC F0.1 460 F40%SPR 400 F30%SPR

540  
7 6  

23
*

 
 
 

 ,  

 

, 

 

F ,  , 

2011 2,800 (2,300, 500) 370 (260, 120) 0.14 (0.12, 0.29) 13.4% (11.0%, 25.3%)

2012 3,900 (3,500, 400) 380 (250, 130) 0.10 (0.07, 0.40) 9.7% (7.1%, 32.7%) 

2013 3,500 (3,000, 500) - - - 
1 1  

 
 



 
 

    

Bban    

Blimit    

2012     

  

  
(M) 
 

1 M=0.2 
1 M=0.35 

  
 

 
CPUE 

 

 
 

 



 
 

11 3
7 2011 69% 2012

A B
TAC

A
B  
 
 

1  

200 500m 1 500m
500m 2

260 300m
2 3 1

2  1980

 1974  
 

2  
 1968

 1991  1992
60mm 10 2 11 13

11
11 11 6

1  1970 1 1
1°C

6 11 7 8
10  

 
3  

3  

 
10 11



 
 

1 2 3
2 1 2 3

 
 

4  

 1974
 

 



 
 

 
1  

6 ABC A
90mm 12 13

11  
A

90mm
90mm 1999

EEZ  
 

2  

1960 A B 15,000
1970

1960
1970  1974

1970 1960
1970 1991

1992 2,000 2007 5,200
2012 4,200 A 3,900

A 4
4  

1990 2007 4,800
2012 2,300 4 A

 
1999

5 2007 1,000 2012
600 2005 2008
1,900 2012 1,600 2001

2007 2,100 2008 1,500
2012 1,600 2012

3,700  
 

3  
1970 1984



 
 

6 7
6 11 3  

 
 

1  
 

3 5 6 1999
ABC 2014

12 11
2  

 
2  

5 7
 

70 80 90
90

1970 1/3
1/2 2012 2007

22% 13% 2005 2009
2012 2008  

1970 116kg 1974
8 1985 1992 10 13kg

1993 2006 59kg 2011
49kg 2012 50kg  

1999
1999

EEZ  
 

3  

3 A A
9  

90mm
105mm 95mm 11

80mm 12 105mm 13 132mm
 

2009 13 12 2010
13 12 2011 2004

13 12



 
 

 
1

12
2008 38% 1 

13 2012 12
14% 16% 26%

2
6

 
 

4  
2003 5 6

10 3

 
2013 7 8 35mm 4

 
2013 13 120mm

2012 2013 2014
11 80mm 2012 2011

2014 12
2013 10 60mm 2012  

2013 11 2012
2011 2014 10
2012  
 

5  
2  

11 2001 11,900
2005 29,800 2007 33,700

2008
2009 2010 27,800 2011 2012

2013 22,300 2013 2008
2014 20,600  

11 5 F 12
F 2012

F 6% (0.06) 46% (0.62) 17% (0.18)
38% (0.48) 22% (0.25) 2005 F

2008

                                                        
1  



 
 

2008 2009 2010 2007
13  

 
6  

8
(116kg) 0 39kg 77kg 39kg 39kg 77kg

77kg 2002 2012
 

2009 2013 11
2010 2011 2012 2013

 
 

7 Blimit  
Blimit 8

39kg 2002 Blimit 2002
11 2,400 14

Blimit
 

 
8  

2013 2013 11
2014 2013 10 2015 2016

2013 9 8
2  

2013 2013 11
ABC 2014 13 2013 11

2012 57% 22 15
5 6 11

2013
 

ABC 2014 2013
10 10 2013 19 17

15  
2015 2016 2013 9 47mm 8

35mm 2013 8
2016  

ABC 2015 2016
2017 2019 2012 2016

2015 2016  

 2009 3



 
 

 
 

9  
(Ueda et al. 2009) YPR

%SPR 8 11
10 12 13 11 F

0 0.5 1 3
12 11

1  
F YPR 16  

1 Fmax F0.1 0.19
12
0.5 0 Fmax (F0.1) 0.28 (0.16) 0.23 (0.14)

2012 F 0.18 Fmax
 

0.5 0 Fmax (F0.1) 0.23 (0.16) 0.15 (0.11)
2012 F 0.48  

%SPR 17 1 0.5 0
F40% 0.40 0.18 0.12 F20% >1 0.37 0.24
2012 F %SPR 37% 14% 5%  

 
 

 



 
 

1  
2016

2014 2015

2017
2019

2013
1/5 1/10

 
 

2 2014 ABC  

4 8

ABC 1-3)-(2)

 
2019 2013

F 2019 2004 2007
F 2013 2014

F 2013 2014 F
0.9 F 2012

 
4 8

F
F=0.23 (0.59Fcurrent)

F=0.26 (0.66Fcurrent) F=0.35 (0.89Fcurrent)  
2019 2014

18 2015 2016
19 2016

2014 Blimit
2,400 19  

ABC
(Fcurrent) 2014 2019

4,000 2019
 

F 0.8  



 
 

 

  
 

2012 2013 2014 2015 2016 2017 2018 2019

 0.59Fcurrent 
(F 0.14) 37 41 26 27 31 32 32 32

 �0.59Fcurrent 
(F 0.11) 37 41 21 23 26 27 28 28

 0.59Fcurrent 
(F 0.14) 37 41 26 27 31 32 32 32

 �0.59Fcurrent 
(F 0.11) 37 41 21 23 26 28 28 28

 0.66Fcurrent 
(F 0.15) 37 41 29 29 33 34 34 33

 �0.66Fcurrent 
(F 0.12) 37 41 24 25 28 29 30 30

 0.89Fcurrent 
(F 0.20) 37 41 37 35 39 40 40 38

 �0.89Fcurrent 
(F 0.16) 37 41 31 31 35 35 36 35

 Ccurrent 37 41 37 37 37 37 37 37

 �Ccurrent 37 41 30 30 30 30 30 30

 Fcurrent 
(F 0.22) 37 41 41 38 42 42 42 40

 �Fcurrent 
(F 0.18) 37 41 34 33 37 38 38 37

  
 

2012 2013 2014 2015 2016 2017 2018 2019

 0.59Fcurrent 
(F 0.14) 

169
(26)

223
(41)

206
(42)

197
(44)

239
(55)

246 
(55) 

228 
(55) 

226
(54)

 �0.59Fcurrent 
(F 0.11) 

169
(26)

223
(41)

206
(44)

200
(47)

244
(60)

253 
(61) 

237 
(61) 

236
(62)

 0.59Fcurrent 
(F 0.14) 

169
(26)

223
(41)

206
(42)

197
(44)

239
(55)

246 
(55) 

228 
(54) 

226
(54)

 �0.59Fcurrent 
(F 0.11) 

169
(26)

223
(41)

206
(44)

200
(47)

244
(60)

253 
(61) 

236 
(61) 

235
(61)

 0.66Fcurrent 
(F 0.15) 

169
(26)

223
(41)

206
(41)

195
(42)

236
(52)

242 
(52) 

223 
(51) 

221
(51)

 �0.66Fcurrent 
(F 0.12) 

169
(26)

223
(41)

206
(43)

199
(45)

242
(58)

250 
(58) 

232 
(58) 

231
(58)

 0.89Fcurrent 
(F 0.20) 

169
(26)

223
(41)

206
(37)

190
(36)

227
(45)

231 
(43) 

210 
(42) 

207
(41)

 �0.89Fcurrent 
(F 0.16) 

169
(26)

223
(41)

206
(40)

194
(40)

234
(51)

239 
(49) 

220 
(49) 

217
(48)

 Ccurrent 169
(26)

223
(41)

206
(37)

189
(34)

224
(46)

229 
(45) 

209 
(45) 

207
(44)

 �Ccurrent 169
(26)

223
(41)

206
(40)

194
(40)

234
(54)

242 
(55) 

226 
(56) 

226
(57)

 Fcurrent 
(F 0.22) 

169
(26)

223
(41)

206
(36)

187
(34)

223
(41)

226 
(39) 

205 
(38) 

202
(37)

 �Fcurrent 
(F 0.18) 

169
(26)

223
(41)

206
(39)

192
(38)

230
(47)

235 
(46) 

215 
(45) 

212
(44)

 
F  

0.8



 
 

3  
ABC

2016
4 8

2
F 2019

1000 F (�) 0.8  
(Ccurrent)

80% 2016 2017 20
2

(Ccurrent)

 
5 ABC 50%

Blimit ABC 89%
(Fcurrent) 5 32%

Blimit 94%  
 



 
 

 

 
 

F , 
Fcurrent

 , 

5  2014
ABC 

, 5  
, 

5
, 

Blimit  
 

* 
(0.59Fcurrent) 1) 

0.14 
(0.10, 0.23) 

(0.59Fcurrent) 

13%
(10%, 
21%)

25 39 
(13~21, 
11~18) 

31 
(17, 14) 91% 100% 26 

(15, 11) 

 
* 

(�0.59Fcurrent) 

0.11 
(0.08, 0.19) 

(0.47Fcurrent) 

10%
(8%, 
17%)

22 34 
(12~19, 
10~15) 

26 
(15, 12) 97% 100% 21 

(12, 9) 

* 
(0.59Fcurrent) 1) 

0.14 
(0.10, 0.23) 

(0.59Fcurrent) 

13%
(10%, 
21%)

25 39 
(13~21, 
11~18) 

31 
(17, 14) 91% 100% 26 

(15, 11) 

 
* 

(�0.59Fcurrent) 

0.11 
(0.08, 0.19) 

(0.47Fcurrent) 

10%
(8%, 
17%)

22 34 
(12~19, 
10~16) 

27 
(15, 12) 97% 100% 21 

(12, 9) 

* 
(0.66Fcurrent) 1) 

0.15 
(0.11, 0.26) 

(0.66Fcurrent) 

14%
(11%, 
23%)

26 41 
(14~22, 
11~19) 

33 
(18, 15) 84% 100% 29 

(17, 12) 

 
* 

(�0.66Fcurrent) 

0.12 
(0.09, 0.21) 

(0.53Fcurrent) 

11%
(9%, 
19%)

23 36 
(13~20, 
10~17) 

28 
(16, 13) 94% 100% 24 

(14, 10) 

* 
(0.89Fcurrent) 1) 

0.20 
(0.15, 0.35) 

(0.89Fcurrent) 

18%
(14%, 
29%)

29 47 
(16~26, 
13~22) 

38 
(21, 17) 50% 98% 37 

(21, 16) 

 
* 

(�0.89Fcurrent) 

0.16 
(0.12, 0.28) 

(0.71Fcurrent) 

15%
(12%, 
24%)

27 43 
(15~23, 
12~19) 

34 
(19, 15) 78% 100% 31 

(18, 13) 

* 
(Ccurrent)   37 

(21, 16)
37 

(21, 16) 59% 89% 37 
(21, 16) 

 
* 

(�Ccurrent) 
  30 

(17, 13)
30 

(17, 13) 83% 98% 30 
(17, 13) 

 
2014

 
 

 
(Fcurrent) 1) 

0.22 
(0.17, 0.39) 

(1.0Fcurrent) 

20%
(15%, 
33%)

30 50 
(17~28, 
13~23) 

41 
(22, 18) 32% 94% 41 

(23, 17) 

 
 

(�Fcurrent) 

0.18 
(0.14, 0.32) 

(0.8Fcurrent) 

16%
(13%, 
27%)

28 45 
(15~25, 
12~21) 

36 
(20, 16) 65% 99% 34 

(20, 14) 

 
ABC 1 3) (2)  

1) �1 0.59 0.66 0.89 1  
Ccurrent 2012  
Fcurrent 2010 2012  
� 0.8  

5 2019 10% 5 2015 2019
 

5  
2013 11 4,100 Blimit 2002

11 2,400  
7 6  

23
*  

 



 
 

4 ABC  
 

 
 

2013  2013  
2012  2012  
 

 

 

 

 

F ABClimit

 

ABCtarget 

 

2012 2011  Fcurrent* 0.22 215 43 35  

2012 2012  Fcurrent 0.22 169 34 28  

2012 2013  Fcurrent 0.22 169 34 28 37 

2013 2012  Ccurrent* - 153 38 32 

2013 2013  Ccurrent - 223 38 32 

2012 2013 TAC  

 

 

*ABC  

 
2012 2012

2013 2013 2012
2012 3,700 TAC

2012 (Fcurrent) 2013
(Ccurrent) 2013 2013

F  
2013 TAC (Ccurrent)

ABClimit ABCtarget 2013 2012
15,300 2013 22,300

+4,500 (+54%) +800 (+28%) +1,700 (+42%)  
2012 ABC (Fcurrent) 2011

2012
ABC 2013 ABC (Ccurrent)

2012 2013
ABC  

 



 
 

1  
1955

A

1 2005 1
2009

2
 

 
2007

20% 2012 15% 2008 14%
 

 
2  

3 5 12
87 100%  

1994 77%
 2011 50%

 2013

 

 
 

3  

ABC TAC

 



 
 

 
4  

90mm

 
EEZ

HP  

 



 
 

1  
1

21

8
10 1 5 31

90mm 12 13 11
 

 
2  
B 1960 1,000 1980 800

1990 200 300
21 2008 2012

390  
1998 2003 2008

2009 22
2008 2011 1.5 2009

2012 2  
 

3  
1/4

170 23 1979
1998 1979 1/4  

3  
 
 

1  
3

 
 
2  

10 5
1988

 
1985 1983



 
 

1993 1992 24 2000 2005
2002 2005

2007 2007 2008 2009
2011 1978  

1992 3 6kg 1993
5.5 8.5kg 25 2007 2008 5kg

2009 5 1992 3.4kg
2005 7.1kg

2011 1982 7.3kg  
B B A

10
CPUE

 
 
3  

2003
2009 2 26

2009 2010 4,000
2011 2,800 2012 3,900

27  
F 2 28

2003 2007
2010 2012 F 0.40 2008

2012 F 8% (0.08) 20% (0.23) 9% (0.10)
 

2010 F

CV 44 70% 23 29% 2010

2009 2011 2 CPUE
3 F

2012 F
0.40 A F 0.39

 
 

4  
5 25 2009

(7.1kg) 0 2.4kg 2.4kg 4.7kg
4.7kg 1995

2011  
27



 
 

5  
 
5  

%SPR YPR A B
%SPR YPR A

A 11
10 12 13 11

F 0 0.5 1 3  
%SPR 0.5 F30% 0.22 F40% 0.16 0

F30% 0.17 F40% 0.12 29 F 2012
0.40 2008 2012 0.23 2011 F

2010
 

YPR 1 0.5 0 Fmax 0.28
0.23 F0.1 0.19 0.16 0.14 30 F 1998 2012
0.10 2008 2012 0.08 F0.1  

1 0.5 0 Fmax 0.29 0.18
F0.1 0.47 0.19 0.13 F 2011 2008 2012

(0.23) 0.5 0 F0.1  

F0.1 F 2010
 

10 0
0.15 3 4 5 12 3 0.71 0.87 1.00

 1994 10 0.8

0.5  
 
 

1  

 

 
 



 
 

2 2014 ABC  

ABC 1-3)-(1)
 

(Fcurrent)
(F0.1) (%SPR) %SPR

30%SPR 40%SPR 2
F0.1 %SPR 0.5

Fcurrent F F0.1 YPR
F 30%SPR 40%SPR F  

F 0.8  
 
 
 
 



 
 

 

  
2012 2013 2014 2015 2016 2017 2018

 
Fcurrent 

(F=0.10) 380 310 340     

 
 

�Fcurrent 
(F=0.08) 380 310 270     

 F40%SPR 
(F=0.16) 380 310 510   

 
 

�F40%SPR 
(F=0.13) 380 310 420     

 
F0.1 

(F=0.16) 380 310 530     

 
 

�F0.1 
(F=0.13) 380 310 430     

 F30%SPR 
(F=0.22) 380 310 700     

 
 

�F30%SPR 
(F=0.18) 380 310 570     

  
 

2012 2013 2014 2015 2016 2017 2018

 
Fcurrent 

(F=0.10) 3,900 3,500 3,500     

 
 

�Fcurrent 
(F=0.08) 3,900 3,500 3,500     

 F40%SPR 
(F=0.16) 3,900 3,500 3,500     

 
 

�F40%SPR 
(F=0.13) 3,900 3,500 3,500     

 
F0.1 

(F=0.16) 3,900 3,500 3,500     

 
 

�F0.1 
(F=0.13) 3,900 3,500 3,500     

 F30%SPR 
(F=0.22) 3,900 3,500 3,500     

 
 

�F30%SPR 
(F=0.18) 3,900 3,500 3,500     

 
2013 2014 2008 2012 2013 2008 2012

 
F  

 
0.8  

 



 
 

3  
�=0.8 F ABC

 
 

 
 

F ,  

Fcurrent

 

 
 

,  

 
 

2014
ABC 

, 

 

5
 

5
 

Blimit
 

* 
(Fcurrent) 

0.10 
(0.08, 0.23) 

(1.00Fcurrent) 

10% 
(8%, 21%)     340 

(230, 100) 

* (�Fcurrent) 

0.08 
(0.07, 0.18) 

(0.80Fcurrent) 

 8% 
(6%, 17%)     270 

(190, 80) 

* 
(F40%SPR) 

0.16 
(0.16, 0.16) 

(1.58Fcurrent) 

15% 
(15%, 15%)     510 

(440, 80) 

* 
(�F40%SPR) 

0.13 
(0.13, 0.13) 

(1.26Fcurrent) 

12% 
(12%, 12%)     420 

(360, 60) 

* 
(F0.1) 

0.16 
(0.16, 0.19) 

(1.61Fcurrent) 

15% 
(15%, 17%)     530 

(440, 90) 

* (�F0.1) 

0.13 
(0.13, 0.15) 

(1.29Fcurrent) 

12% 
(12%, 14%)     430 

(360, 70) 

* 
(F30%SPR) 

0.22 
(0.22, 0.22) 

(2.20Fcurrent) 

20% 
(20%, 20%)     700 

(590, 100) 

* 
(�F30%SPR) 

0.18 
(0.18, 0.18) 

(1.76Fcurrent) 

16% 
(16%, 16%)     570 

(490, 80) 

 
ABC 1-3)-(1)  

 
Fcurrent 2008 2012  

F30%SPR F40%SPR F0.1 50%
0% ABC F0.1 460 F40%SPR 400 F30%SPR

540  
7 6  

� 0.8  
23

*
 



 
 

4 ABC  
 

 
 

2011  2011 2011 2012  
2013  2012  
2012  2012 2012  
 

 

 

 

 

F ABClimit

 

ABCtarget 

  
2012 2011  F40%SPR 0.16 3,200 480 390  
2012 2012  F40%SPR 0.16 3,300 490 400  
2012 2013  F40%SPR 0.16 3,900 570 470 380 
2013 2012  F40%SPR 0.16 3,300 490 400  
2013 2013  F40%SPR 0.16 3,500 510 420  

2012 2013 TAC  

 

2012  
 

B
ABC 5

2012 2011 2006 2010 2012 2007
2011 2013 2012  
B 7 6 4

4
2011 281 371

2012 4 10 80
2012 1 3 2012

380 2014 2013 1
3  

2012 2013 TAC (F40%SPR)
2013 2012 2013 5%

ABClimit ABCtarget  
 
 

B F
A B

 



 
 

 
(1970) III. 

. 22 81-116. 
 (2009) . 20

86-91. 
 (1980) Chionoecetes opilio (O. Fabricius)

2 1-64. 
 (1968) �II

34 138-142  
 (1974) 26

64pp   
Ueda Y., Ito M., Hattori T., Narimatsu Y. and Kitagawa D. (2009) Estimation of terminal molting 

probability of snow crab Chionoecetes opilio using instar- and state-structured model in the 
waters off the Pacific coast of northern Japan. Fish. Sci., 75, 47-54. 

 (1994) 
4 1-53. 

 (1991) 57
1839-1844  

 (1992) 
58 181-186  

 (2013) 
5 141-149  

 (2011) 
77 372-380  

 (2012) 23
 

 
 



















 
 

1. A  

1 20 3 10 105mm 95mm

1 11 3 20 100mm

70mm

11 6 3 20

11 6 1 20

90mm

 
 

2. A 1  

24 800 5,000

48 1,600 8,000

48 2,300 16,000  















 
 

 
1 A  

6 1 2 1
12 1 11 1 M 0.35
1996 10 1 0.35 11 0.2

 
t j a Na,j,t 1

1 2 1 3  
 

 
(j)  

 1  
 2  
 3  

2013(t) 10 13 2014(t+1) 11 13
2 3  

  � �1,1, 1 1 ,1, ,1,1a t a a t a tN N S#� � �� �                  (1) 

  1,2 3, 1 1 ,1, ,1, 1,2 3, 1,2 3,a t a a t a t a t a tN N S N S#� � � � � � � �� �            (2) 

�a a Sa,j,t t a j
(t+1) (a+1) j

 
M A

 
�a

11 12 13 0.05 0.2 1  
Sa,j,t 10 Sa,j,t 11

5 2009 2013
10 1 12 13

3 F M  
   10 (S10,1,t)         1.19 
   11 (S11,1,t)         0.53 
   12 (S12,1,t)         0.15 
   12 13 (S12,2-3,t =S13,2-3,t)   0.46  (=exp(-F3yr-M2-3)=exp(-0.58-0.2)) 

 



 
 

2014 11 13 2014 12 13
(N’) (B)  

  1,1 2, 1 ,1, 1 1
8exp

12a t a tN N M� � � �
� �% � �� 

� �

               (3) 

  1,3, 1 1,2 3, 1 2 3
6exp

12a t a tN N M� � � � � �
� �% � �� 

� �

              (4) 

       , , , , ,a j t a j t a jB N w%�                        (5) 

wa,j

 

 12 (w12,1-2) 373g (w12,3) 403g 
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1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
1,653 2,703 2,598 3,402 1,715 3,950 3,212 3,358 2,856 3,815 3,145 4,906 6,641 3,581 5,608
1,991 3,307 7,897 5,581 2,789 3,285 2,003 1,928 2,709 3,111 3,435 2,450 1,570 1,730 1,353

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
421 384 376 388 365 304 295 297 296 337 330 430 364 491 476
361 358 346 338 373 335 366 479 438 369 435 356 439 648 727

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
220 200 196 202 191 159 154 155 154 176 172 224 190 256 248
64 63 61 60 66 59 65 85 77 65 77 63 78 115 129

283 264 258 262 257 218 219 240 232 241 249 288 268 371 377

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
2,248 3,371 3,247 4,147 2,261 4,669 3,845 4,009 3,452 4,554 3,806 5,852 7,703 4,449 6,674 5,697 5,697
2,562 4,013 9,073 6,506 3,455 3,966 2,580 2,609 3,431 3,807 4,231 3,064 2,174 2,560 2,222 2,850 2,850

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
1,173 1,760 1,695 2,165 1,180 2,437 2,007 2,093 1,802 2,377 1,987 3,055 4,021 2,322 3,484 2,974 2,974

453 710 1,606 1,152 611 702 457 462 607 674 749 542 385 453 393 504 504
1,627 2,470 3,301 3,316 1,792 3,139 2,464 2,555 2,410 3,051 2,735 3,597 4,406 2,775 3,877 3,478 3,478

 (%)
1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

18.7 11.4 11.6 9.3 16.2 6.5 7.7 7.4 8.6 7.4 8.7 7.3 4.7 11.0 7.1
14.1 8.9 3.8 5.2 10.8 8.4 14.2 18.4 12.8 9.7 10.3 11.6 20.2 25.3 32.7
17.4 10.7 7.8 7.9 14.3 6.9 8.9 9.4 9.6 7.9 9.1 8.0 6.1 13.4 9.7

(F)
1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 F08-12

0.21 0.12 0.12 0.10 0.18 0.07 0.08 0.08 0.09 0.08 0.09 0.08 0.05 0.12 0.07 0.08
0.15 0.09 0.04 0.05 0.11 0.09 0.15 0.20 0.14 0.10 0.11 0.12 0.23 0.29 0.40 0.23
0.19 0.11 0.08 0.08 0.15 0.07 0.09 0.10 0.10 0.08 0.10 0.08 0.06 0.14 0.10 0.10

90mm 11
2012
2013 2014 2008 2012
F08-12 2008 2012

6 B
 (F)

 



 
 

 
1 A  
2013 5 8 6 25 190 550m

8
3 23 142

3 17m 30  
8,640 9,832

10 11  

0.442 1

1 3  
4 11

 
2013 90mm 2012

1999 15 8 2008 2009 5
11 2012 1999 15 7 2010 2011

 

2004
2008

2005 76% 2013 58%
2004 2007 94% 2013 81%  

6 1 5
11 2 11 12

11
90mm

12 11
 

2011 160
190m 3

 
190m 90mm 11

283 111 6 A 3.4% 1.8%
2012 2.3% 0.3% 2011 4.9% 1.6%

7
ABC 10 190m A

2014 ABC 5% 2013
Fcurrent F % ABC









 
 

7 2013 5 7  
    90mm 11  

(km2)
200 300 1,029 4 4.2 5.2 857 1,065 447 189
300 400 900 6 9.1 1.3 1,633 234 852 41
400 500 647 4 2.8 0.1 356 6 186 1

14 2,845 1,306 1,485 231
200 300 1,116 5 0.4 0.1 83 20 43 4
300 400 1,102 2 8.3 0.1 1,818 28 949 5
400 500 980 2 4.4 0.0 862 0 450 0

9 2,763 48 1,442 8
B 23 5,608 1,353 2,928 240

3,167  

 



 
 

 
8 A B

A A
1970 1965

2  
 

8.  
 

A B A A B A

1954 8,573 396 8,968 1991 1,691 291 1,982 903 2
1955 8,501 338 8,839 1992 1,621 326 1,947 935 11
1956 7,721 383 8,104 1993 1,880 386 2,266 1,215 94
1957 9,079 527 9,606 1994 2,424 355 2,779 1,424 98
1958 10,274 719 10,993 1995 2,490 308 2,798 1,541 79
1959 10,039 820 10,859 1996 2,631 322 2,953 1,602 133
1960 12,468 812 13,280 1997 2,938 328 3,266 1,959 815
1961 12,041 958 12,999 1998 3,282 270 3,552 2,418 459
1962 13,841 1,010 14,851 1999 3,415 280 3,695 2,733 1,134
1963 14,568 1,038 15,606 2000 3,521 267 3,788 2,472 756
1964 14,600 908 15,508 2001 3,501 246 3,747 2,514 1,001
1965 10,228 823 11,051 271 2002 3,735 241 3,976 2,891 896
1966 9,641 826 10,467 403 2003 4,155 252 4,407 3,132 1,889
1967 9,275 827 10,102 756 2004 4,698 244 4,942 3,600 2,605
1968 10,811 661 11,472 435 2005 4,120 197 4,317 3,402 3,240
1969 11,194 548 11,742 253 2006 4,841 252 5,093 3,706 4,062
1970 14,234 616 14,850 11,265 247 2007 4,978 231 5,209 3,891 4,817
1971 12,172 572 12,744 10,834 494 2008 4,434 274 4,708 3,115 3,019
1972 12,056 514 12,570 7,980 132 2009 3,913 267 4,180 2,808 2,372
1973 8,205 588 8,793 5,689 355 2010 4,058 320 4,378 3,060 2,606
1974 6,434 501 6,935 4,024 340 2011 3,810 322 4,132 3,016 2,567
1975 4,767 481 5,248 3,378 100 2012 3,848 393 4,241 2,822 2,317
1976 4,308 540 4,848 3,091 9
1977 4,619 708 5,327 3,162 144 2012
1978 4,367 765 5,132 3,158 228
1979 4,424 716 5,140 3,185 155
1980 4,035 735 4,770 2,911 193
1981 4,187 802 4,989 2,813 125
1982 3,529 804 4,333 2,329 73
1983 3,577 691 4,268 2,307 183
1984 3,015 624 3,639 1,885 6
1985 2,932 600 3,532 1,361 14
1986 2,591 539 3,130 1,278 9
1987 2,096 517 2,613 1,334 4
1988 1,929 453 2,382 1,131 10
1989 1,863 384 2,247 1,081 3
1990 1,806 297 2,103 1,044 3  
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9.  
 

A A A

1970 68 32 85 48 23 61 116 1970
1971 62 26 78 40 17 49 102 1971
1972 40 20 52 22 11 29 62 1972
1973 33 14 42 16 8 20 48 1973
1974 23 13 29 12 8 15 36 1974
1975 21 16 23 12 11 13 34 1975
1976 19 22 19 15 13 16 35 1976
1977 18 15 20 17 12 20 35 1977
1978 17 13 19 14 9 17 32 2.2 1.2 3.4 1978
1979 18 12 21 14 8 16 31 2.2 1.3 3.5 1979
1980 15 11 17 13 13 13 28 2.1 1.6 3.6 1980
1981 14 14 14 13 11 13 26 2.7 2.1 4.8 1981
1982 13 16 12 10 10 10 23 2.4 2.4 4.8 4.0 1982
1983 11 12 11 10 10 10 22 2.5 3.5 5.9 4.5 1983
1984 11 13 10 6 5 6 17 3.3 2.7 6.0 5.0 1984
1985 8 12 6 5 6 5 13 4.0 1.9 5.8 5.5 1985
1986 8 10 7 4 5 4 12 2.5 1.0 3.6 5.2 1986
1987 8 12 6 5 7 4 13 3.6 2.0 5.6 5.4 1987
1988 7 12 5 4 6 4 11 2.7 1.1 3.7 4.9 1988
1989 6 10 5 4 4 5 11 2.3 1.3 3.6 4.5 1989
1990 6 10 5 6 9 6 12 1.9 1.2 3.1 3.9 1990
1991 6 10 4 4 5 4 10 2.0 1.3 3.3 3.9 1991
1992 7 12 5 5 7 5 12 1.6 1.8 3.3 3.4 1992
1993 9 17 5 8 11 6 17 3.1 2.3 5.4 3.7 1993
1994 10 19 6 8 11 7 18 4.0 2.6 6.6 4.3 1994
1995 12 21 8 11 16 9 23 4.2 2.2 6.5 5.0 1995
1996 11 18 8 10 13 9 21 5.5 3.2 8.7 6.1 1996
1997 12 15 11 13 10 15 25 3.6 1.8 5.4 6.5 1997
1998 14 17 13 21 10 26 35 4.0 1.9 5.9 6.6 1998
1999 16 15 17 21 11 25 37 4.3 2.4 6.7 6.6 1999
2000 17 16 17 17 8 22 33 4.0 1.9 5.9 6.5 2000
2001 17 19 17 19 13 22 36 3.7 3.3 7.0 6.2 2001
2002 19 19 19 21 10 26 40 4.0 4.6 8.5 6.8 2002
2003 22 17 24 26 12 32 47 2.7 3.1 5.8 6.8 2003
2004 23 16 26 26 11 33 49 2.4 3.5 5.9 6.6 2004
2005 24 20 26 30 15 36 54 3.0 5.1 8.1 7.1 2005
2006 25 18 27 34 20 40 59 2.7 3.3 6.0 6.9 2006
2007 26 20 28 31 19 36 57 1.8 2.3 4.1 6.0 2007
2008 23 21 24 30 22 32 53 2.4 2.7 5.1 5.8 2008
2009 20 20 20 32 14 40 53 3.9 4.4 8.4 6.3 2009
2010 20 22 20 30 15 36 50 3.9 5.6 9.5 6.6 2010
2011 22 21 23 27 12 33 49 5.3 4.3 9.7 7.3 2011
2012 21 21 22 29 23 31 50 2012

5

BA

 
 

kg  
5 5  
A B  
A 3 B 5

B 2012 2013 5  



 
 

 
 

1  
A 8

 
 

2  
2011 2 6 2011 8 11 60

2011 1 31 3 6 5 8 11
18 2009 2009 3 3 5 12

19 3 2010 2010 2 22 5 9 30
1 2011 2011 3 18 5 23 30 1
1

7 9 31 1
 

DHA70G EPA28G
1
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3  

10 7 7 9
2

1.4 1

9 4 11  
1

0.75 1 1 7 3
5 8 Ikemoto and Takaya 2000
0.75 1 7 9
1 0.75 1.1 1.0 1.2

0.75 8 9 8.7 12.3
9 5 5  

9 10 1
11 1.5 1

5 11 7 5 0.75 6 5 7 11  
 






