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5  2010
ABC 

( , )5  
( , ) 

5

( , )  
Blimit

 

* 
(Fcurrent) 

0.18 
(0.15, 0.31) 

(1.00Fcurrent) 

17% 
(14%, 27%)

2.8 4.3
(1.6-2.3, 
1.2-2.0) 

3.4 
(1.9, 
1.5) 

98% 100% 
3.3 

(2.1, 1.2) 

* 
(Fsus1) 

0.20 
(0.16, 0.34) 

(1.08Fcurrent) 

18% 
(15%, 29%)

2.9 4.5
(1.6-2.5, 
1.2-2.1) 

3.6 
(2.0, 
1.6) 

96% 99% 
3.5 

(2.2, 1.3) 

* 
(0.9Fsus2)** 

0.26 
(0.20, 0.46) 

(1.45Fcurrent) 

23% 
(18%, 37%)

3.3 5.2
(2.0-3.0, 
1.3-2.4) 

4.2 
(2.4, 
1.8) 

68% 87% 
4.4 

(2.8, 1.7)

* 
(Fsus2) 

0.28 
(0.22, 0.51) 

(1.61Fcurrent) 

25% 
(20%, 40%)

3.5 5.5
(2.1-3.2, 
1.4-2.5) 

4.5 
(2.6, 
1.9) 

50% 74% 
4.8 

(3.0, 1.8) 

   
2010

 

 
(Cave 3yr) 

 
 
 

4.6  
(2.7, 1.8)

4.6 
(2.7, 
1.8) 

49% 60% 
4.6 

(2.7, 1.8) 

 
ABC 1 3) (2) �1=1

5  
** �1=0.9  
Fcurrent Cave 2006 2008  
1999 F

Fsus1 2025 1999 2009
F Fsus2 2009 2010 F

5 2015 10% 5 2011
2015  

2009 2,758 Blimit
2002 2,387  

*
Cave 3yr  

 
7 6  



 

� ��� (�, �) 

�	
�� 
�� (�, �) 

�	
�� 
F� (�, �) ��� (�, �)

2007 33.8 (24.0, 9.8) 4.9 (2.8, 2.1) 0.16 (0.12, 0.24) 15% (12%, 21%) 
2008 22.5 (17.2, 5.4) 4.1 (2.5, 1.5) 0.20 (0.16, 0.33) 18% (15%, 28%) 
2009 20.6 (16.4, 4.2)    
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F  ( , ) 
Fcurrent

 

 
 

( , ) 

 
 2010

ABC 
( , ) 

 

5
 

5
 

Blimit
 

* 
(Fcurrent) 

0.11 
(0.08, 0.14) 

(1.00Fcurrent) 

10% 
(8%, 13%) 

    
240 

(160, 80) 

* 
(F40%SPR) 

0.16 
(0.16, 0.16) 

(1.51Fcurrent) 

15% 
(15%, 15%)

    
390 

(300, 90) 

* 
(F0.1) 

0.17 
(0.15, 0.19) 

(1.58Fcurrent) 

16% 
(14%, 17%)

    
390 

(290, 100) 

* 
(F30%SPR) 

0.23 
(0.23, 0.23) 

(2.11Fcurrent) 

20% 
(20%, 20%)

    
530 

(410, 120)

 
ABC 1 3) (2) �1=1  

*
 

Fcurrent 2004 2008  
F30%SPR F40%SPR F0.1 50%

0% ABC F30%SPR 410 F40%SPR 310
F0.1 330  
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  ( , ) 

 
 ( , ) 

 
F  ( , )  ( , )

2007 3,200 (2,500, 700) 241 (176, 65) 0.09 (0.08, 0.10) 8.4% (7.4%, 9.7%)

2008 2,800 (2,100, 700) 249 (172, 77) 0.10 (0.09, 0.11) 9.5% (8.7%, 10.3%)

2009 2,700 (2,100, 600)    
2008  
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1 M=0.35  
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2008 2009 2010 2011 2012 2013 2014

 
Fcurrent 
F 0.18  

4.1 3.6 3.3 3.4 3.3 3.4 3.4 

 
�Fcurrent 

F 0.15  
4.1 3.6 2.7 2.9 2.8 2.9 3.0 

 
Fsus1 
F 0.20  

4.1 3.6 3.5 3.6 3.5 3.6 3.6 

 
�Fsus1 
F 0.16  

4.1 3.6 2.9 3.1 3.0 3.1 3.1 

 
0.9Fsus2 
F 0.26  

4.1 3.6 4.4 4.3 4.3 4.3 4.4 

 
�0.9Fsus2 

F 0.21  
4.1 3.6 3.7 3.7 3.7 3.8 3.8 

 
Fsus2 
F 0.28  

4.1 3.6 4.8 4.6 4.5 4.6 4.6 

 
�Fsus2 
F 0.23  

4.1 3.6 4.0 4.0 4.0 4.0 4.1 

  
 

2008 2009 2010 2011 2012 2013 2014

 
Fcurrent 
F 0.18  

22.5

(3.8)

20.6

(2.8)

19.7

(3.3)

19.2

(3.7)

19.8 

(3.9) 

20.1 

(4.1) 

20.2 

(4.2) 

 
�Fcurrent 

F 0.15  
22.5

(3.8)

20.6

(2.8)

19.7

(3.6)

19.6

(4.1)

20.2 

(4.4) 

20.5 

(4.7) 

20.7 

(4.8) 

 
Fsus1 
F 0.20  

22.5

(3.8)

20.6

(2.8)

19.7

(3.3)

19.1

(3.6)

19.7 

(3.8) 

19.9 

(3.9) 

20.0 

(4.0) 

 
�Fsus1 
F 0.16  

22.5

(3.8)

20.6

(2.8)

19.7

(3.5)

19.5

(4.0)

20.1 

(4.3) 

20.4 

(4.5) 

20.5 

(4.6) 

 
0.9Fsus2 
F 0.26  

22.5

(3.8)

20.6

(2.8)

19.7

(2.9)

18.6

(3.0)

19.2 

(3.1) 

19.3 

(3.1) 

19.4 

(3.1) 

 
�0.9Fsus2 

F 0.21  
22.5

(3.8)

20.6

(2.8)

19.7

(3.2)

19.0

(3.4)

19.6 

(3.6) 

19.8 

(3.7) 

19.9 

(3.8) 

 
Fsus2 
F 0.28  

22.5

(3.8)

20.6

(2.8)

19.7

(2.8)

18.2

(2.8)

18.9 

(2.8) 

19.1 

(2.8) 

19.1 

(2.8) 

 
�Fsus2 
F 0.23  

22.5

(3.8)

20.6

(2.8)

19.7

(3.0)

18.8

(3.2)

19.4 

(3.3) 

19.6 

(3.4) 

19.6 

(3.4) 
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5  2010
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( , )5  
( , )

5
( , )
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(Fcurrent) 

0.18 
(0.15, 0.31) 

(1.00Fcurrent) 

17%
(14%, 
27%)

2.8 4.3
(1.6-2.3, 
1.2-2.0) 

3.4 
(1.9, 1.5) 98% 100% 3.3 

(2.1, 1.2) 

 
(�Fcurrent) 

0.15 
(0.12, 0.25) 

(0.80Fcurrent) 

14%
(11%, 
22%)

2.4 3.8 
(1.4-2.0, 
1.1-1.8)

3.0 
(1.7, 1.3) 100% 100% 2.7 

(1.7, 1.0)

 
(Fsus1) 

0.20 
(0.16, 0.34) 

(1.08Fcurrent) 

18%
(15%, 
29%)

2.9 4.5 
(1.6-2.5, 
1.2-2.1)

3.6 
(2.0, 1.6) 96% 99% 3.5 

(2.2, 1.3) 

 (�Fsus1) 

0.16 
(0.13, 0.27) 

(0.87Fcurrent) 

15%
(12%, 
24%)

2.6 3.9
(1.4-2.1, 
1.1-1.9) 

3.2 
(1.8, 1.4) 100% 100% 2.9  

(1.8, 1.1)

 
(0.9Fsus2)** 

0.26 
(0.20, 0.46) 

(1.45Fcurrent) 

23%
(18%, 
37%)

3.3 5.2 
(2.0-3.0, 
1.3-2.4)

4.2 
(2.4, 1.8) 68% 87% 4.4 

(2.8, 1.7) 

 
(�0.9Fsus2)** 

0.23 
(0.18, 0.41) 

(1.16Fcurrent) 

19%
(15%, 
31%)

3.0 4.7
(1.7-2.6, 
1.3-2.2) 

3.8 
(2.1, 1.6) 93% 99% 3.7 

(2.3, 1.4)

 
(Fsus2) 

0.28 
(0.22, 0.51) 

(1.61Fcurrent) 

25%
(20%, 
40%)

3.5 5.5 
(2.1-3.2, 
1.4-2.5)

4.5 
(2.6, 1.9) 50% 74% 4.8 

(3.0, 1.8) 

 
(�Fsus2) 

0.23 
(0.18, 0.41) 

(1.29Fcurrent) 

21%
(17%, 
33%)

3.2 4.9
(1.8-2.8, 
1.3-2.3) 

4.0 
(2.3, 1.7) 85% 96% 4.0 

(2.5, 1.5)
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(2.7, 1.8)

4.6  
(2.7, 1.8) 49% 60% 4.6 

(2.7, 1.8) 
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2008 2008  Fcurrent 0.21 22.4 4.3 3.6  
2008 2009  Fcurrent 0.21 22.5 4.3 3.6 4.1 
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2009 ABC TAC  

 
 

 
 
 



 

1  
1955

A B
 

A
1 2005

1
2

 

 
2007

19% 10 2/3  
 

1. A  
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2008 2009 2010 2011 2012 2013 2014

 
Fcurrent 
F=0.11  249 240 240     

 
�Fcurrent 

F=0.09  249 240 190     

 
F0.1 

(F=0.17) 249 240 390   

 
�F0.1 

(F=0.13) 249 240 320     

 
F40%SPR 

F=0.16  249 240 390     

 
�F40%SPR 

F=0.13  249 240 320     

 
F30%SPR 

F=0.23  249 240 530     

 
�F30%SPR 

F=0.18  249 240 440     

 
 

 
2008 2009 2010 2011 2012 2013 2014

 
Fcurrent 
F=0.11  2,800 2,700 2,700     

 
�Fcurrent 

F=0.09  2,800 2,700 2,700     

 
F0.1 

(F=0.17) 2,800 2,700 2,700     

 
�F0.1 

(F=0.13) 2,800 2,700 2,700     

 
F40%SPR 

F=0.16  2,800 2,700 2,700     

 
�F40%SPR 

F=0.13  2,800 2,700 2,700     
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F=0.23  2,800 2,700 2,700     

 
�F30%SPR 

F=0.18  2,800 2,700 2,700     
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Blimit
 

 
(Fcurrent) 

0.11 
(0.08, 0.14) 

(1.00Fcurrent) 

10% 
(8%, 13%)     240 

(160, 80) 

 
(�Fcurrent) 

0.09 
(0.07, 0.11) 

(0.80Fcurrent) 

8.2% 
(6.4%, 11%)

    190 
(130, 60) 

 
(F40%SPR) 

0.16 
(0.16, 0.16) 

(1.51Fcurrent) 

15% 
(15%, 15%)

    390 
(300, 90) 

 
(�F40%SPR) 

0.13 
(0.13, 0.13) 

(1.21Fcurrent) 

12% 
(12%, 12%)

    320 
(250, 70) 

 
(F0.1) 

0.17 
(0.15, 0.19) 

(1.58Fcurrent) 

16% 
(14%, 17%)

    390 
(290, 100) 

(�F0.1) 

0.13 
(0.12, 0.15) 

(1.26Fcurrent) 

13% 
(12%, 14%)

    320 
(240, 80) 

 
(F30%SPR) 

0.23 
(0.23, 0.23) 

(2.11Fcurrent) 

20% 
(20%, 20%)

    530 
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(�F30%SPR) 

0.18 
(0.18, 0.18) 

(1.68Fcurrent) 

17% 
(17%, 17%)

    440 
(340, 100)

 
ABC 1 3) (2) �1=1  
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F0.1 330  
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2008  Fcurrent 
1998 2006 

0.11 
(0.12, 0.11) 2,600 270 220  

2008  
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Fcurrent 
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0.11 
(0.14, 0.07) 2,800 310 250  

2008  
2009  

Fcurrent 
2004 2008 

0.11 
(0.08, 0.14) 2,800 260 210 249 

 
TAC  
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ABClimit ABCtarget 
 

2009  Fcurrent 
1998 2002 

0.11 
(0.14, 0.07) 2,800 310 250 
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Fcurrent 
2004 2008 

0.11 
(0.08, 0.14) 2,700 250 200 
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  (1968) �II
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64pp   
Ueda, Y., M. Ito, T. Hattori, Y. Narimatsu and D. Kitagawa (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. 
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1 A  

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

t j a , ,a j tN 1

1 2 1 3  
 

 
j  

 1  
 2  
 3  

2009 t 10 13 2010 t+1 11 13
 

  � �1,1, 1 1 ,1, ,11a t a a t aN N S�� � �� �                  1  

  1,2 3, 1 1 ,1, ,1 1,2 3, 1,2 3a t a a t a a t aN N S N S�� � � � � � � �� �            2  

a� a ,a jS a j

2 3 a�

11 12 13 0.05 0.1 1  

,a jS 10 ,a jS 11

3 2006 2008 12 13

 

 10 10,1S         0.925 

 11 11,1S         0.523 

 12 12,1S         0.213 

 12 13 12,2 3S � 13,2 3S �  0.331 

M

 



 

2010 11 13 2010 12 13
N’ B  

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

12a t a tN N M� � � �
� 	
 � �� �
 �

               3  

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

12a t a tN N M� � � � �
� 	
 � �� �
 �

              4  

       , , , , ,a j t a j t a jB N w
�                       5  

,a jw

 

 12 12,1 2w � 373g 12,3w 403g 

 13 13,1 2w �  728g 13,3w  799g 

1  
 

1.
 

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
6 0 22 150 898 3,960 1,485 1,776 553 1,069 1,023 890
7 702 699 1,393 6,322 12,432 7,193 3,985 6,254 2,835 3,825 9,022
8 3,714 2,082 4,835 18,942 11,401 11,239 14,348 12,433 11,615 6,285 15,900
9 6,566 4,930 9,937 12,309 25,621 12,541 35,047 26,863 23,101 13,883 16,333

11,297 10,271 10,548 15,322 15,189 27,359 28,492 41,899 22,348 20,013 20,576
103 98 943 276 263 977 529 357 703 471 1,247

17,696 13,456 11,090 13,313 15,779 19,466 28,992 23,697 32,490 21,517 24,493 18,073
1,231 985 3,919 1,251 1,294 2,732 3,858 3,004 3,174 1,682 4,191
7,559 5,464 4,958 8,793 10,664 12,546 16,618 13,509 15,706 11,849 10,361 11,539
2,372 2,223 3,188 1,985 2,315 4,695 3,436 2,638 2,447 1,834 2,338 2,055

13 1,117 1,454 1,841 2,605 4,615 5,114 4,728 5,110 6,250 4,577 3,212 3,266

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
12,612 9,590 7,904 9,488 11,245 13,874 20,663 16,889 23,156 15,335 17,456 12,880
1,401 1,066 878 1,054 1,249 1,542 2,296 1,877 2,573 1,704 1,940 1,431
2,146 2,012 2,885 1,796 2,095 4,248 3,109 2,387 2,214 1,659 2,115 1,860
5,986 4,327 3,926 6,963 8,444 9,935 13,159 10,698 12,437 9,383 8,204 9,137
1,010 1,316 1,666 2,357 4,176 4,627 4,278 4,623 5,655 4,142 2,906 2,955

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
4,704 3,577 2,948 3,539 4,195 5,175 7,707 6,300 8,637 5,720 6,511 4,804

523 397 328 393 466 575 856 700 960 636 723 534
865 811 1,162 724 844 1,712 1,253 962 892 669 852 749

4,358 3,150 2,858 5,069 6,148 7,233 9,580 7,788 9,054 6,831 5,973 6,652
807 1,051 1,331 1,883 3,337 3,697 3,418 3,694 4,518 3,309 2,322 2,361

13

10

11

12

12

13

12
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B j Y
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       ,
,

,

j t
j t

j t

Y
E

B
�                           7  

       � �, ,ln 1j t j tF E� � �                       8  

12 13 F

8 F  
 

2. F  
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
9,585 7,125 6,134 9,001 10,808 12,982 18,144 14,787 18,651 13,186 13,207 11,990
1,672 1,862 2,494 2,607 4,181 5,409 4,671 4,656 5,411 3,978 3,175 3,111

11,257 8,987 8,628 11,608 14,989 18,392 22,814 19,443 24,062 17,164 16,382 15,101

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
1,029 891 955 1,002 919 865 1,113 1,018 939 604

913 1,114 1,220 1,282 1,469 1,776 1,512 1,829 1,887 1,935
1,942 2,004 2,176 2,284 2,387 2,641 2,625 2,848 2,826 2,539

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
0.107 0.125 0.156 0.111 0.085 0.067 0.061 0.069 0.050 0.046
0.546 0.598 0.489 0.492 0.351 0.328 0.324 0.393 0.349 0.486
0.173 0.223 0.252 0.197 0.159 0.144 0.115 0.146 0.117 0.148

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 F 05-07 F 06-08
0.114 0.134 0.169 0.118 0.089 0.069 0.063 0.071 0.052 0.047 0.062 0.057
0.790 0.912 0.672 0.677 0.433 0.398 0.391 0.499 0.429 0.666 0.440 0.531
0.189 0.252 0.291 0.219 0.173 0.155 0.122 0.158 0.125 0.160 0.135 0.148
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2010 ABC  
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1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
1,991 3,307 7,897 5,581 2,789 3,285 2,003 1,928 2,709 3,111 3,435
1,653 2,703 2,598 3,402 1,715 3,950 3,212 3,358 2,856 3,815 3,145

(
1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

2,201 3,655 8,728 6,168 3,082 3,631 2,214 2,131 2,994 3,439 3,796
1,827 2,988 2,871 3,759 1,895 4,365 3,550 3,712 3,157 4,216 3,476

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
361 358 346 338 373 335 366 479 438 369 435
421 384 376 388 365 304 295 297 296 337 330

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
0.14 0.09 0.04 0.05 0.11 0.08 0.14 0.18 0.13 0.10 0.10
0.19 0.11 0.12 0.09 0.16 0.07 0.08 0.07 0.09 0.07 0.09

F
1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

0.15 0.09 0.04 0.05 0.11 0.09 0.15 0.20 0.14 0.10 0.11
0.21 0.12 0.12 0.10 0.18 0.07 0.08 0.08 0.09 0.08 0.09  

 









 

 
6 A

A
1970 1965  

 
6. B  
A B A A B A

1954 8,573 396 8,968 1991 1,691 291 1,982 972 2
1955 8,501 338 8,839 1992 1,621 326 1,947 907 11
1956 7,721 383 8,104 1993 1,880 386 2,266 1,118 94
1957 9,079 527 9,606 1994 2,424 355 2,779 1,379 98
1958 10,274 719 10,993 1995 2,490 308 2,798 1,475 79
1959 10,039 820 10,859 1996 2,631 322 2,953 1,571 133
1960 12,468 812 13,280 1997 2,938 328 3,266 1,867 815
1961 12,041 958 12,999 1998 3,282 270 3,552 2,378 459
1962 13,841 1,010 14,851 1999 3,415 280 3,695 2,441 1,134
1963 14,568 1,038 15,606 2000 3,521 267 3,788 2,584 756
1964 14,600 908 15,508 2001 3,501 246 3,747 2,531 1,001
1965 10,228 823 11,051 271 2002 3,735 241 3,976 2,740 896
1966 9,641 826 10,467 403 2003 4,155 252 4,407 3,073 1,889
1967 9,275 827 10,102 756 2004 4,698 244 4,942 3,608 2,605
1968 10,811 661 11,472 435 2005 4,120 197 4,317 3,223 3,240
1969 11,194 548 11,742 253 2006 4,841 252 5,093 3,723 4,062
1970 14,234 616 14,850 12,436 247 2007 4,978 239 5,217 3,870 4,817
1971 12,172 572 12,744 10,421 494 2008 4,434 274 4,708 3,439 3,019
1972 12,056 514 12,570 10,042 132
1973 8,205 588 8,793 6,823 355 2008
1974 6,434 501 6,935 5,176 340
1975 4,767 481 5,248 3,483 100
1976 4,308 540 4,848 3,242 9
1977 4,619 708 5,327 3,351 144
1978 4,367 765 5,132 3,192 228
1979 4,424 716 5,140 3,084 155
1980 4,035 735 4,770 2,945 193
1981 4,187 802 4,989 2,949 125
1982 3,529 804 4,333 2,470 73
1983 3,577 691 4,268 2,468 183
1984 3,015 624 3,639 2,044 6
1985 2,932 600 3,532 1,597 14
1986 2,591 539 3,130 1,259 9
1987 2,096 517 2,613 1,368 4
1988 1,929 453 2,382 1,182 10
1989 1,863 384 2,247 1,123 3
1990 1,806 297 2,103 1,079 3  
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