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ABClimit 1,260 Fsus 0.57 39%
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1970 5,500 8,900

2012 6,019

2012 21%

1

1986 2012
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7+ Pope

(Pope 1972)
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(M) M=0.208 1960 M

M 10% 2012 1
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3
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1999 2
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59% 36%
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4

1997 1999 2,672

2006 3,599 2012 3,174 4

10 1997

11 4. 3 2000

1998 2000 1990 12

F 1986 1996 0.6 0.7

1997 0.78 2002 0.49 0.46~0.60

5 13

5

2012 3,174 1986

3 10 5

2000

6 11 1990

2005 1 3

0

1

6

1997 2,200 1998 2000

1 1997

7 14 F 1996 1999

F 15 2000

2007 F 1kg 1

1996 16 17

1986 1995 2,200 1 3,200

1996 1997 1

2000 1



1986 1,814 2,600

10%(R-High) 10%(RPS-High) 2,144

Blimit 2006 2,500

2012 2,277 Blimit 2008

2011 0.77

2009 2011 3

7

2006 2012

1.4 6.8% 3.4 38.1%

10.4 15.7% 3 1 2006

2012 4.4 5.9 3 2 2012

F 400

2018 130

3
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2012 F(Fcurrent=0.57)

(Fsus=0.57)
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1 F Fsus

2 ABC

Fcurrent(=0.57) Fsus(=0.57) Fmax(=0.32)

Blimit 2,144 2,277

ABC

1-1)-(1) Fsus

Flimit

2014 ABC 2013 2012

2014 2012

F 2009 2011

(=0.71) 2012 F(=0.57) 2013

1,261 2013 3,204 2014

3,198 2014 Flimit(=0.57) ABClimit

1,260 Flimit =0.8

Ftarget(=0.45) 2014 ABCtarget 1,065

2014 ABC F

ABClimit 1,260 Fsus 0.57 39%

ABCtarget 1,065 0.8 Fsus 0.45 33%

ABC 0 F

3 ABClimit

F

20



2012 2013 2014 2015 2016 2017 2018
Fcurrent
(F=0.57)

1,259 1,261 1,262 1,261 1,254 1,255 1,255

Fsus
(F=0.57)

1,259 1,261 1,260 1,260 1,254 1,257 1,258

0.8 Fsus
(F=0.45)

1,259 1,261 1,065 1,176 1,263 1,362 1,466

Fmax
(F=0.32)

1,259 1,261 808 1,002 1,183 1,393 1,634

2012 2013 2014 2015 2016 2017 2018
Fcurrent
(F=0.57)

3,174 3,204 3,198 3,192 3,186 3,186 3,183

Fsus
(F=0.57)

3,174 3,204 3,198 3,169 3,193 3,196 3,197

0.8 Fsus
(F=0.45)

3,174 3,204 3,198 3,501 3,775 4,079 4,408

Fmax
(F=0.32)

3,174 3,204 3,198 3,902 4,622 5,475 6,487

4 ABC

ABC

2012 2010 2011

2011 2011
2012 2005 2011 RPS Fcurrent Fsus
2012 2005 2011 RPS Fcurrent Fsus

F ABClimit ABCtarget

2012 F2010 0.59 3,305 1,310 1,110
2012

2012 F2010 0.52 3,153 1,184 998

2012
2013 F2010 0.56 3,174 1,259 1,067 1,259

2013 Fsus 0.47 3,051 1,070 900
2013

2013 Fsus 0.57 3,204 1,259 1,064



2012 2012 2013 2011

2012 2012 2013 2013

2013 2012 2013 ABC

Fsus

30%

(1960) Population Dynamics . , (28), 1-200

Pope, J.G. (1972) An investigation of the accuracy of virtual population analysis using cohort 

analysis. Int. Comm. Northwest Atl. Fish. Res., Bull., 9, 65-74. 

(1995)

, 21 , 37-49

(2004) ,

70(6), 910-921

(2005) 17

, p.189

(2007) Age-Length Key

, 4, 75-78

(2011)

,517-542



1.

1970 1971 1972 1973 1974 1975 1976 1977 1978 1979

995 848 1,224 1,171 1,363 1,293 1,302 1,277 1,566 1,523

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

1,591 1,585 1,772 1,888 1,982 1,736 1,678 1,517 1,640 1,713

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999

1,528 1,691 1,902 1,743 1,802 1,780 1,880 1,707 1,368 1,135

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

1,180 1,114 1,103 1,211 1,227 1,110 1,414 1,360 1,409 1,332

2010 2011 2012

1,302 1,230 1,259



2.

0 1 2 3 4 5 6 7+

1986 632 1,432 551 196 66 26 13 11 2,294 

1987 575 1,385 504 171 56 22 11 10 2,158 

1988 784 1,522 546 179 58 23 11 10 2,349 

1989 730 1,525 581 193 63 25 12 10 2,408 

1990 548 1,328 532 174 58 22 10 9 2,134 

1991 901 1,453 561 188 62 25 12 11 2,312 

1992 994 1,823 649 198 65 25 12 10 2,784 

1993 812 1,586 604 193 61 24 11 10 2,488 

1994 713 1,819 582 190 64 26 13 11 2,704 

1995 765 1,746 614 181 61 24 12 10 2,649 

1996 1,091 1,695 644 193 65 26 13 11 2,648

1997 1,025 1,165 490 202 86 33 16 12 2,003

1998 317 930 384 170 78 29 15 11 1,616

1999 470 752 340 146 62 21 10 6 1,337

2000 467 741 335 162 63 24 12 7 1,343

2001 508 768 327 143 57 21 11 6 1,332

2002 473 699 293 144 63 22 10 9 1,241 

2003 444 770 330 155 67 25 11 11 1,370 

2004 73 594 348 182 74 27 12 14 1,249 

2005 114 395 317 168 70 27 12 12 1,001 

2006 137 625 430 221 84 30 13 12 1,415 

2007 94 488 385 215 85 32 13 16 1,234 

2008 90 424 371 224 97 36 16 16 1,185 

2009 388 342 345 200 115 28 12 12 1,055 

2010 150 500 365 192 103 25 11 12 1,208 

2011 118 410 320 168 98 30 13 15 1,054

2012 144 454 361 186 98 25 12 11 1,148



3.

0 1 2 3 4 5 6 7+

1986 70 387 485 327 179 97 59 76 1,678

1987 63 374 444 285 151 82 50 68 1,517

1988 86 411 480 299 158 86 52 69 1,640

1989 80 412 511 322 170 91 55 71 1,712

1990 60 359 468 291 157 81 48 63 1,527

1991 99 392 494 314 168 92 55 75 1,690

1992 109 492 571 331 175 94 55 72 1,901

1993 89 428 531 322 164 89 53 68 1,743

1994 78 491 513 318 171 96 61 74 1,802

1995 84 472 540 303 164 89 58 71 1,780

1996 120 458 567 323 175 98 61 78 1,880

1997 113 315 431 337 233 124 74 81 1,707

1998 35 251 338 283 211 107 68 75 1,368

1999 52 203 299 243 167 78 47 45 1,135

2000 51 200 295 270 170 89 54 51 1,180

2001 56 207 288 239 153 78 49 43 1,114 

2002 52 189 258 240 171 84 47 63 1,103

2003 49 208 290 259 182 94 52 76 1,211 

2004 8 160 306 303 199 99 57 94 1,227

2005 13 107 279 281 190 99 56 86 1,110 

2006 15 169 378 369 228 110 59 86 1,414

2007 10 132 339 359 228 118 63 110 1,360

2008 10 115 327 375 261 134 77 111 1,409

2009 43 92 303 334 312 105 58 85 1,332

2010 16 135 321 321 277 95 54 83 1,302

2011 13 111 282 280 264 111 62 108 1,230

2012 16 122 318 311 265 94 58 74 1,259



4.

1 2 3 4 5 6 7+

1986 769 934 648 399 239 146 189 3,324

1987 776 901 610 375 225 134 182 3,204

1988 824 957 629 386 233 137 182 3,347

1989 816 975 653 391 237 141 181 3,393

1990 770 950 628 388 227 138 179 3,282

1991 837 986 663 401 240 140 191 3,459

1992 932 1,064 676 414 241 140 182 3,648

1993 852 1,021 662 404 246 139 178 3,503

1994 946 999 665 401 250 150 181 3,591

1995 933 1,063 663 411 236 146 179 3,630

1996 844 1,085 714 430 256 140 180 3,648

1997 633 890 702 467 264 150 163 3,269

1998 553 752 635 430 234 128 141 2,874

1999 495 727 582 421 220 117 111 2,672

2000 493 713 609 409 264 136 127 2,751

2001 500 716 595 406 248 169 149 2,782

2002 502 714 612 433 265 164 219 2,908

2003 535 774 660 454 272 175 256 3,126

2004 495 806 796 489 283 171 280 3,220

2005 474 839 719 472 301 176 273 3,254

2006 537 947 816 536 293 194 282 3,599

2007 477 926 806 534 317 174 306 3,540

2008 437 877 848 535 315 189 274 3,474

2009 408 820 793 567 275 170 247 3,280

2010 450 808 744 555 248 162 251 3,219

2011 444 796 697 510 278 145 253 3,122

2012 472 850 744 507 243 157 201 3,174



5.

F-matrix

1 2 3 4 5 6 7+ F

1986 0.82 0.86 0.82 0.69 0.60 0.59 0.59 0.71

1987 0.76 0.79 0.73 0.59 0.52 0.53 0.53 0.64

1988 0.81 0.81 0.75 0.60 0.52 0.54 0.54 0.65

1989 0.82 0.87 0.79 0.66 0.56 0.57 0.57 0.69

1990 0.73 0.79 0.72 0.60 0.50 0.49 0.49 0.62

1991 0.73 0.81 0.74 0.63 0.56 0.58 0.58 0.66

1992 0.88 0.91 0.79 0.64 0.57 0.57 0.57 0.70

1993 0.81 0.86 0.77 0.60 0.51 0.54 0.54 0.66

1994 0.86 0.84 0.75 0.64 0.55 0.60 0.60 0.69

1995 0.82 0.83 0.71 0.59 0.54 0.58 0.58 0.66

1996 0.92 0.87 0.70 0.60 0.56 0.66 0.66 0.71

1997 0.80 0.77 0.76 0.81 0.74 0.80 0.80 0.78

1998 0.70 0.69 0.68 0.79 0.71 0.88 0.88 0.76

1999 0.61 0.61 0.62 0.58 0.50 0.60 0.60 0.59

2000 0.60 0.61 0.68 0.62 0.47 0.58 0.58 0.59

2001 0.62 0.59 0.59 0.54 0.43 0.39 0.39 0.51

2002 0.54 0.51 0.57 0.58 0.43 0.38 0.38 0.49

2003 0.56 0.54 0.57 0.59 0.48 0.40 0.40 0.51

2004 0.45 0.55 0.66 0.60 0.49 0.46 0.46 0.52

2005 0.29 0.46 0.57 0.59 0.46 0.43 0.43 0.46

2006 0.43 0.59 0.70 0.64 0.54 0.41 0.41 0.53

2007 0.37 0.52 0.68 0.64 0.54 0.51 0.51 0.54

2008 0.34 0.53 0.67 0.78 0.64 0.60 0.60 0.60

2009 0.29 0.53 0.63 0.94 0.55 0.48 0.48 0.56

2010 0.40 0.58 0.65 0.81 0.55 0.46 0.46 0.56

2011 0.32 0.50 0.59 0.85 0.59 0.64 0.64 0.59

2012 0.34 0.54 0.62 0.87 0.56 0.53 0.53 0.57



6.

1 2 3 4 5 6 7+

1986 2,850 1,061 388 148 64 31 27 4,569 

1987 2,875 1,024 366 139 60 29 26 4,518 

1988 3,052 1,087 377 143 62 29 26 4,777 

1989 3,022 1,107 391 145 64 30 26 4,785 

1990 2,853 1,080 376 144 61 30 26 4,569 

1991 3,101 1,121 397 149 64 30 27 4,889 

1992 3,452 1,209 405 153 65 30 26 5,339 

1993 3,157 1,161 397 150 66 30 26 4,985 

1994 3,505 1,135 398 148 67 32 26 5,312 

1995 3,455 1,207 397 152 63 31 26 5,332 

1996 3,125 1,232 427 159 69 30 26 5,069 

1997 2,345 1,011 420 173 71 32 24 4,076

1998 2,048 855 380 159 63 27 20 3,553

1999 1,833 826 348 156 59 25 16 3,263

2000 1,824 811 364 152 71 29 18 3,269

2001 1,851 814 356 150 66 36 21 3,296

2002 1,858 812 366 160 71 35 32 3,334

2003 1,982 879 395 168 73 37 37 3,572

2004 1,832 916 417 181 76 37 40 3,499

2005 1,757 953 431 175 81 38 39 3,473

2006 1,989 1,071 488 198 79 41 41 3,908

2007 1,768 1,052 483 198 85 37 44 3,667

2008 1,618 996 507 198 84 40 40 3,484

2009 1,511 931 475 210 74 36 36 3,273

2010 1,668 919 446 205 67 35 36 3,375

2011 1,643 904 417 189 74 31 36 3,295

2012 1,750 966 446 188 65 34 29 3,476



7.

1

1986 2,088 2,875 1.38

1987 1,977 3,052 1.54

1988 2,045 3,022 1.48

1989 2,090 2,853 1.37

1990 2,036 3,101 1.52

1991 2,128 3,452 1.62

1992 2,184 3,157 1.45

1993 2,140 3,505 1.64

1994 2,146 3,455 1.61

1995 2,166 3,125 1.44

1996 2,262 2,345 1.04

1997 2,190 2,048 0.94

1998 1,945 1,833 0.94

1999 1,814 1,824 1.01

2000 1,902 1,851 0.97

2001 1,924 1,858 0.97

2002 2,049 1,982 0.97

2003 2,204 1,832 0.83

2004 2,322 1,757 0.76

2005 2,360 1,989 0.84

2006 2,591 1,768 0.68

2007 2,600 1,618 0.62

2008 2,599 1,511 0.58

2009 2,462 1,668 0.68

2010 2,365 1,643 0.69

2011 2,280 1,750 0.77

2012 2,277
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Pope, J.G. (1972) An investigation of the accuracy of virtual population analysis using cohort 

analysis. Int. Comm. Northwest Atl. Fish. Res., Bull., 9, 65-74. 
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2000 2004

27.7 17.0%

2

3 1.

2006 2007 2008 2009 2010 2012 2012

2012

1.5% 2.4% 1.6% 2.9% 2.0% 3.8% 3.5% 78.3    

1.4% 3.6% 5.1% 3.7% 3.8% 2.4% 2.7% 145.2    

3.9% 2.6% 6.6% 6.8% 5.4% 2.4% 4.3% 124.7    

- - - - - - 244.3    

17.0% 15.1% 13.2% 4.3% 4.6% 3.4% 9.3% 38.6    

- - - - - - 302.5    

30.0% 22.5% 35.5% 38.1% 24.8% 24.7% 24.9% 299.5    

19.5% 12.9% 16.9% 22.7% 28.6% 17.9% 10.5% 45.4    

12.9% 10.4% 12.9% 15.1% 15.7% 12.3% 12.5% 160.0    

2009

1

1

*

3 2.

2006 2007 2008 2009 2010 2011 2012

4,540 4,227 4,334 4,233 4,311 4,320 3,989

2,019 1,793 1,648 1,497 1,613 1,566 1,750

(%) 12.9% 10.4% 12.9% 15.1% 15.7% 12.3% 11.5%

260 186 213 226 253 192 199

(%) 5.7% 4.4% 4.9% 5.3% 5.9% 4.5% 5.0%

2012 1 5.0%






