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GHIJKLMNOPQRSTUV�1981WX�WX�4YZ[W 3YR\]W"̂ _�

92Z140`I;Rabcdefghijklijmno�2001WX^_Vpqrstuv�
2008WXRSTUV 1981WX^_wxR 804�I;ykhz{n|i}i�~�UV 154
Z327�I;Rabckli�2008WXR~�UV�W��R 255�I;y�1981Z2007
WX�cRN� 226�I;����jmn|�����U�0��RST��"V 1981W
X^_�6Z54��Rabc�����ijm�|�R�c��Uo 30������nW
�Q���W�Qy��y�1981�1991�1994 ��� 1995 W�Qo��W�Qy��|
�n�1982��� 2000W�Q ��{¡{ 29��� 28��ym¢£m��U�¤i�
��W�Q��RW�Qy¥¦§{�|\¨R©ªy��jm� 2 �^�RSTUcST
�«����R�s�¬h��y���«cpqrsy¬®z{n|�PQRSTUV�

©t 1995W��¯R��W�Q°�{t±²³XR£m 2000W�Q´oµ¶in·t¸
�ijm�|��j��PQt&ijV�2000W�Q�STUR©�¸�� n§inW
�QR�cwq"^�R��Uo]¹c��wx�«R~�U� Blimit yi�~�U�
Blimit ^�tº»��¼y�½¾R¿Àyin|nÁi�1996 WX^_RÂ¶ÃÄÅ
�RPS���U/~�U"oxmÆcklijm�nÇ�¼Rxm RPSoÈÉinyij 
~�U� Blimit ^�tº»c���¢�\¨U� ABC yi�Ê/ftËX�\¨Ìt�
�\¨ F0.1�STU�º»�� Fsus��ijÍÎR\¨Ì�º»�� Fcurrentt��\
¨U�Ïhin| 
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FÆ 
(Fcurrent
yRde" 
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Ö×\¨U ØÙ 
2010W

ABC 5W· 
(80%�Ú" 5WN� 

Blimit�
º» 

�5WÚ"

Blimit�
º» 

�10WÚ" 
Ê/ftËX

�\¨Ìt�

�\¨Û 
�F0.1" 

0.49 
�0.65 

Fcurrent" 
12% 

85�I;
Z � �

128�I;
96�I; 100% 100% 91�I;

STURº»

Û 
�Fsus" 

0.66 
�0.88 

Fcurrent" 
16% 

91�I;
Z � �

141�I;
112�I; 96% 86% 117�I;

ÍÎR\¨Ì

Rº»Û 
�Fcurrent" 

0.75 18% 
92�I;
Z � �

145�I;
118�I; 83% 57% 130�I;

ÜÝ;I 
ÞßWR��UV�����i�1996W^_RÂ¶ÃÄÅ ^�tdàxm| 
Þ�ØÙQRST�*¦�y¥¦§{���W�QRµ¶V�2001WX^_áâz{j
m�m| 
ÞABCÏhRnÇRÔ�ãä 1 1) (1)�åmn| 
Þ�]f½¾�æcVçßWR
Oèé´oSTR¸�têË�Îëtu�yVâÇ§{

�m|¼RnÇ�MNOPQtìmjV�STR�í�Ô��syiìì ��íRnÇ

Rîïo&ð\7ñRÊòt���óô�un¦�0?tVST�«�º»��´�í

RGõ=öt÷øùúij�½¾�û¢ Ry��|üyz{j�v���æt?ý��

RVÛcu�| 
Þ ßWR~��«V 1996WX^_RN��«�º»ijm�ykhz{�o�Â¶
ÃÄÅox�ijm�¼y}§�ÍÎ^�R\¨Ì�}þ�¼y����à�cu�| 
� Fcurrent�ÍÎR\¨Ì"V�2004Z2008WXR 8�^���yÇn�LG��=�R
ÆRN�Æ�åmn|\¨Õ?V\¨U�STU|ABC ��tÏh\¨UV�á	
o�
t£mwßW�2008 WX"���ßW�1996Z2007 WX"RÂ¶ÃÄÅ�RPS"RN
�ÆR ycÏh|Ö×\¨U��tØÙÆV�]ÚRÂ¶ÃÄÅ�RPS"Æ}§�
L;K��;�Ò;���Ð���=Ð�;�1000 �.û"t�vÏh|Ö×\¨UR 5
W·V 2014WX�5WN�V 2010Z2014WX�ØÙR 5WÚV 2010Z2014WX�10W
V 2010Z2019WX�¤�| 
 
 
 

WX STU��I;" \¨U��I;" FÆ \¨Õ? 
2007 924 153 0.69 17% 
2008 804 154 0.76 19% 
2009 781    
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Blimit ~�U 1982W�«�154�I;" 
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2000 W�Q^�R��Uo]¹
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2008W ~�U 1981W^_RN��« 
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GHIJKLV�o���
�t�þ� !�"�STR�ìc��o�cV 4 ìRS
TØÙQt�øz{½¾z{jm�|2008WXt�þ� 4ØÙQ#ªR\¨UV 209�I
;cu�n|$Ð%�&'("R)*fÊ+���h�cV�	�,E�����Ó-=

./
����0Ò;12�¯t \0o34i\¨U 5}�no�Í4V	
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�cR67o©ªcu�|¼R¢7�MNOPQVw ���STcuv�2008WXR
\¨U�154�I;"V�4STØÙQ#ªR\¨UR 73%�8Çn| 

�=<:�I Ô9:;�&ð<=´ 
W>?ÞW?\¨�� 	
��Í@�	
�" 

	
�A?"BC\7\0?\¨DEW;��F���:"

MNO	�A?"��C\7\0?\¨DESG���:" 
Y?ªHIÃ<=���:�	
�ZFC6�6�6"" 
ªH ª <=ÞªH W>Kh<=���:�	
�ZFC

6�6�6"" 
 

STU�� 
Þ��U�� 
ÞLU 
Þ���øM³X 
 

 
STUNOkh<=���:"ÞÞÞEU�P�I$=� 
LQR<=���:"ÞÞÞS�T�/U�I 
�QøM<=���:"ÞÞÞEU�P�V�=�I$=��

WC 
Xã��U<=���:�	
�ZDE6�4�6""ÞÞÞE
U�P�I$=� 
 

YZ[\ð��M" 3�^�VW�nv 0.25�]h�Widrig�1954"R�^" 
2�V 0.3�1�V 0.35�0�V 0.4�]h 
 

2008W��U 
 

STUNOkh<=���:"ÞÞEU�P�I$=� 

\¨_`U�� 
 

	
�A?"BC\7\0?\¨DEW;���:" 



 
 

����PQR\¨UV�\]�¥úij 4Y 1a}§[WR 3Y 31a�cRWXcR
Eijm�| 
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�1"øMÞ�b 
�PQV�cd}§	�,Et}þjRMNO2tøMijm��e 1�2"|©L0V
fgh��
�cu�o�Nishimura et al. 2002"�ij���
���'
����kl
E��
�t L0o34���mno} 1988�Tsuji 1989� pqÞ(r 1995"| 
ßWR©L0cu�fgh��
�cµ¶inLV�©tfghstuvz{w�]

�xy�o�Nakatani 1988"�z�t��y5�R{ªV�'
�tl���y|hz{
jm���}o} 2003� Honda et al. 2004"|�n�¼{§�'
�c�Ã�]�xyi
n{ªR5�V�Ã~��yfgh��
�tL�bi�Lo����yÂ��'


�t���b��|�ij��R· ¼R�'
�yfgh��
�RÚR���b��

v��|���'	MNO
�tøM���>�R5� �fgh��
�cµ¶in{

ªy¥¦§{jm���� 1985� i� 1989"| 
 

�2"W>ÞÃH 
�W>t�þ�ªH��Ïacu� 4Y 1aRªH�(r �µ�"y�W>?N�ª 

�WXN�"RNß 5WN��2003Z2007WXN�"���ye 3t¤�| 
 
W> 0 1 2 3 4 5 6 7 8 

��H(cm)  18 27 34 39 44 47 50 52 
ª (g) 40 111 222 364 460 521 595 652 735*

*8�^���yÇn�LG��=�RÆ| 
 
��tìmjV�§}y��jm�m|\¨��t8Ç� 10�^�R{ªRÕ?Vxm
o��'
�R\¨�tV�t 20 ���¦�{ªo��{jm��(r �µ�"|���
�=Ò;�
cRw£>V 28�o;�z{jm��Beamish and McFarlane 1995"| 

 
�3"Ã~ÞL 
Ã~V 3 �c��z{�4 �c��øR{ªoÃ~���e 4"|�n�©L0cu�
fgh��
�t�þ�L]V 12Z3Yc�L�]V 1Z2Ycu���}o} 1981� 
� 1981"| 

 
�4"���&ð 
©!��¶�V�Ó�%� °¡¢ �V£Çy��¤b
¥¦ cu�o��§� �

¨© �"¶¥¦ ���èª���¯ ��ijm���}o} 1983� Yamamura et al. 



 
 

2002"| 
����'
�t�þ�©!���ñV�«KL�%¬L�¨�Ó/©®©cu�o�

�§�t��¯�m û°{jm��Yamamura et al. 2001� Yamamura 2004"|�n�

± R�¶�yij  !cu��Tamura and Fujise 2002"| 
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�1"\7R²! 
�PQV�A?"��C\7�^��A""°�³iC���hïC\7�¯R12\

7t��j\¨z{jm�|©\]V 9Z3Yc�©\0V´µ¶��0Z2��·�Ã�¸
©ª"�¹EZº»¶��4Z7 ��·L~�¸©ª"���÷¼Z,-¶��2Z4 ��
©ª"R12cu��e 2"|���³XR£mW�Qoµ¶��y��¶t�þ�\¨�
RW>IÃo�Róô�½þ�| 

 
�2"\¨URkl 
MNOPQR\¨U�� 1ye 5t¤�|\¨UV�1980W¾�cV 200�I;¿c¸
p��v�ijmno�1990 W¾^_t��y�·À����W�Q�1991�1994 ��
� 1995W�Q"°�³XR£m 2000W�Qoµ¶in·t¸�ijm�|2004WXtV�
2000W�Qt�v\¨UV 181�I;tÁino��R·V 150�I;�·cklijm
�|2008WXR\¨UV�W��R 154�I;cu�n|nÁi�2007WX^_V�TAC
�UÂÃtÄ¢Å\îï´oû°{jm�| 
a�\�t��\¨UV�PQ#ªR\¨UyoÆÇR��rstu�|���È�

\�t��\¨UV�È�}§R;�t�{É�1987Z1999WXt}þj 9Z75�I;R
abcklin|���È�\�t��67V�XaÈ\7ÊhtÔË� 1999Wc��i
n| 

1980W¾R�Ì�c©\0R�ìcu�n	�,E��t�þ�\¨UV�$Ð%t�
�\7ã�RÍÃty ��j�1990 WX^_ 3 �I;�Îcklijm�|2008 WX
R\¨UV 2.3�I;cu�n| 
 
�3"©!\7R\¨_`Uy FRkl 
12\7R_`UVÏ§{jm�mnÇ�\¨Uo5m	
�ÐÑRA"R_`U�� 2

ye 6t¤�|C�V�
�Þ\^�Ò°Ó�1980W¾^_#ªftÔprstu�no�
ßWVÕÉmrsy��jmn|i}i�2008 WXVÖ×£Ø° TAC �UÂÃt��6
7���¯ uv��
�y _`Uopqijm�|2008WXR_`UV��'
�R
}þ�°io5.8�C��Wd78%"��'
�RÓ�<=I$=�o4.0�C��Wd88%"�
ÙÚ^Û
�R}þ�°io 3.1�C��Wd 64%"cu�n| 
�W>RST��c �Üþin\¨ð��F"R� N�V�1980 W¾^_#ªft

Ôprstu��� 4�e 7"|�R�c�1990W¾^_V�·À����W�Q�1991�



 
 

1994��� 1995W�Q"°�³XR£m 2000W�Qoµ¶in·t¸�ijm�|2008
WXR FV�2007WX�v °°£m 0.13cu�n| 
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�1"STØÙR�^ 
Pope�1972"RßÝÞ�åmnß�=à;� VPAt�vSTU�khin�áâSG 1�

2"|ß�=à;���yijV�GHIJKLãô<=�áâSG 4"t�vkhin	

�MNO
�t�þ� 1 ��RÍ3Uy�	
�ÐÑRA"RW>? CPUE�2 �^�R
W>?\¨��y��'
�Ó�<=I$=�yÙÚ^Û
�}þ�°i�=<�vÏä

z{nÀ«ÃC��vEÏ�áâSG 2"�åmn|���2008WXR 0����� 1�
�RST��tìmjV�	
�MNO
�t�þ� 1�2 ��RÍ3Uyß�=à;�
VPAt�vkhz{n 1�2��RST��yR&ðÞ�áâSG 4"}§�2009WXR 1�
2��RST���Ïäi�z§t�RÆ�Ôt�VPAR·å^t�væÇn| 

 
�2"STU�ÀÆRkl 
	
�ÐÑRA"R CPUEV�
�Þ\^�Ò°Ó�1990W¾�ç�cVdefghi
jklijmno�1990W¾·ç^_t��y�·À����W�Q�1994��� 1995
W�Q"°�³XR£m 2000W�Qoµ¶in·tèét¸�ijm��� 3�e 8"|2008
WXR CPUEV�
�Þ\^y ¸�i�ÙÚ^Û
�R}þ�°iV 6.4I;/C��W
d 115%"��'
�R}þ�°iV 4.2I;/C��Wd 161%"�Ó�<=I$=�V 8.1
I;/C��Wd 110%"cu�n| 
GHIJKLãô<=t��jkhin�	
�MNO
��¹EçE'�ZÐêçE"

t�þ��>�RÍ3U���ye 9 t¤�|���<=RëìtìmjVáâSG 3 �
#íz{nm|2000W�QtìmjV�10������ 1��oîïz{no�2001W
�Q^_tìmjV 2000 W�Q��R³XRW�Vîïz{jm�m|���2009 W<
=cÏ§{n 2008W�QR 1��RÍ3UV��W������� 1.9��cu�no�
2007W�Q 2��V�W��R 0.5��cu�n| 

 
 � Í3U�ð`�"  Í3U�ð`�" 

W� 1�� 2�� W� 1�� 2�� 
1999 -� �  28.0� 2004 77.2� 68.3�  
2000 1445.1�  -� � 2005 275.9� 240.6�  
2001 -� �  313.5� 2006 131.6� 60.5�  
2002 222.0�  51.7� 2007 50.0� 54.5�  
2003 318.4�  400.2� 2008 187.2�  

 
 



 
 

�3"\¨�RW>IÃ 
1980W¾tV 0�1��R\¨o¿+�no�1990W¾^_V�{§R\¨Vq�m�e

10"|¼{§ 0�1 ��Royñ¯V�'	MNO2c\¨z{j�v��{§R\¨��
y�©t	
�MNO2c\¨z{��{^_RW>QR\¨��yRÚtV��ò�&

ðVâÇ§{�m|W�Q³Xtó£n\¨T<=;�¤��¢t��RV�²ô 2 ��
^�y¥¦§{�| 

 
�4"STUy\¨Õ?Rkl 
��U�0��RST��"V�1981WX^_ 7Z54��Rabc�����ijm�

�� 4�e 11"|�R�c���Uo 30������nW�Q���W�Qy��y�1981�
1991�1994 ��� 1995W�Qo��W�Qy��|�n�1982��� 2000 W�Q �
�{¡{ 29 ��� 28 ��ym¢£m��U�¤i���W�Q��R³XR£mW�Q
y¥¦§{�|2001WX^_cV�2003��� 2005W�Qo 20���õ¦���cu
�no�2004W�Q�2006W�Q�2007W�QV 10�������«cu�n|2008
W�QV 10.8 ��ykhz{no�1996WX^_RN��15��"�����«cu�
n|nÁi�2006 W�Q^_R 0�1 ��VW�³Xt&��:;oq���khöXV
£��m| 
ST��V�1981 WX^_ 36Z94 ��Rabcklijm��e 12"|�R�c��
�W�Qcu� 1991�1994��� 1995W�Q°�³XR£m 2000W�Qoµ¶inW
Xt��WX�v  10Z30��÷X¸�ijm�|2008WXRST��V�2007WX�
��v�1981W^_wxR 35.8��cu�n| 
STUV�1981WX^_ 924Z1,397�I;Rabcklijm��e 13"|�R�c�
©t��W�Qcu� 1981�1991�1994��� 1995W�Q°�³XR£m 1982���
2000W�Qoµ¶in·t¸�ijm�|i}i�2002WX^_Vpqrstuv�2008
WXRSTUV 1981WX^_wxR 804�I;cu�n| 
STUø�\¨Õ?R�Ã�e 14t¤�|\¨Õ?VßW 10Z26%Rabc�Ãijm
no�2003WX^_VW�Ão�z��oÆÕÉmrs�¤ijmn|2008WXR\¨Õ
?V��W�°°��� 19%cu�n| 
~�Ut&ijV�L]oWXRw·tu�¼yy�VPA R 1 WoL��N·R 4

Y}§���¼y}§�u�WXRù]ST����WXR¶�úv"Rs�Ã~ijm

� R��RWXRW�Q�¶�äin~�Uy��ijm�|ì�v�2008WX~�U
yV 2007 WX\]��ß�RLûR~�Ucuv�2008 WR���ñÁ~�URü
��ijm�|~�UV�1981 WX^_ 154Z327 �I;Rabcdefghijkli
jm��� 4�e 11"|�R�c�©t��W�Qcu� 1981�1991�1994��� 1995
W�Q°�³XR£m 1982 ��� 2000 W�QRÃ~tÄm¸�ijm�|2004 WXt
232�I;t¸�in^_VoÆÕÉmrsckli�2008WX �WX��R 255�I
;cuv�1981^_RN�Æ�223�I;"�°°����«cu�n| 



 
 

���YZ[\ð��M"RÆoSTEÏtý¦�óô���nÇt�3 �^�R M c
u� 0.25 �±0.05 c�Ãzþn0?R�2008 WXRSTUy~�U�Ïäin�e 15"|
���2�^�RMtìmj (�zþj�Ãzþn|2008WXRSTU���~�UV�
y tMo�����y¸�i�Mo�z���ypqin| 
STUy FR&ð�e 16t¤�|�ñRÚt�&&ðVâÇ§{�m| 
 

�5"STR�«Þ�s 
�WXØÙ�c�GHIJKLMNOPQRST�«Þ�sR¬htVSTU�åmj

mn|i}i�NßWR 0�1��RkhöXV£��mnÇ��WX�v 2�^�RST
U�¬hÔ«yin|£�«R¬htVx�tµ¶in��W�QR��Î��#¥t

i�x�«R¬htV Blimit�·À"�åmn|ßWcV�1994�1995Wt(Éij�
�W�Qoµ¶i�¼RN·t\¨U  1980 W¾�çt±²£m�«�c�íijm�|
¼R 1994�1995W�Qo 2Z3�cu�n 1997�1998WXR 2�^�STUo²ô 1,000
�I;�õ¦��«cu�n¼y}§�¼RÆ�£�«R�Æyin|�n�ABC kh
tåmnÖ×�K�·À"t�mj�~�Uopqi�Blimit Üß�cpqiny]hi
n�	cRSTUo²ô 500 �I;y�Kz{�¼y}§�¼RÆ�x�«R�Æyi
n�e 17"| 
XimÔ«c�«Þ�s�¬®��y�2008 WRST�«V���sV 2004Z2008

WXR��ÇÞ}§pqy¬®z{�|ST�«V���W�cu� 1981W�°�{t±
²£m³XRW�R��o
§{n1980W¾�çy�1994�1995W�Qo��in1997�
1998WXt£y��no��{^�V��«cklijm�|ßWcV�³XR£m
2000�2003�2005W�R��o
§{n 2002�2005�2007WXt¸�ijm�| 

 
�6"Â¶&ð 
~�Uy��UR&ð�e 18t¤�o��ñRÚt�hR&ðV
§{�m|���1981

WX^_R�àjR��UV�\¨�û°�m F=0�W>?N�ª V 2004Z2008 WX
RN�"RN��v �tu�|ino�j��PQV¾���ST½¾t��jct

~�Uo¸�iÏ�STy¥¦§{�| 
 

�7"BlimitR�h 
STR�íîï�y��Æ�Blimit"V�x�t 2000W�Q�STUR©�¸�� n

§inW�QR�cwq"^�R��UoâÇ§{nwx�«R~�U�1982WX�«R
154�I;�1981W^_Rwx~�U"yin�� 4�e 18"|¼R Blimit�«^�t~
�U�º»ijm�0?�2000W�Q^�R��Uo]¹c��y|hz{�|���2008
WXR~�Ucu� 255�I;V�Blimit�v  100�I;£m| 

 
 



 
 

�8"�·R��UR
� v 
�Â¶ÃÄÅRkl 
1981W^_RÂ¶ÃÄÅ�RPS���U/~�U"RÊW�Ã�e 19t¤in|Â¶

ÃÄÅV 1981WX^_ 3.0Z24.9�/kgRabc¸p��v�ijmn|i}i�1995
WX^�RN�o 13.3�/kgcu�Rt�ij�1996WX^_RN�V 6.3�/kgcuv�
� 50%R�«tx�ijm�|�n�1995WX^�cV
§{n 20�/kg�õ¦�£mÆ
 îïz{jm�m|ßWcV 2003�2005WXtdef£mÆ�¤ijmno�2008W
XV�WX��R 4.2�/kgcu�n| 
� �STy
OèéR&ð 
�PQR��U�h%�y
OèéR&ðtìmjV�ßWm�ì}R;�o�z{j

m�|Funamoto �2007"�����o}�2007"V�����åmj�PQR��Uy
øM�R����yR&ð�<à��PQR��UV 2 YR	
�MNO2R��o£m
Wt¸���¼y�¤in|¼R��t&ijV�Á��cu�o���o£mWtV�

�"w�RÃH�Xo�m��"12~�R@`o ��fgh��cLz{nL°w

�Rs��v5�R Rofghstuvz{��!"w�R�Uo5m��¯R¾�t

��j�L°wz�]R¶�úvo"���#$
o¤%z{jm�|�n�Shida et al. 
�2007"V��PQR��Uo 1980W¾tVdefghijklijmnRt�i�1990
W¾tV��o&i}�n¼yt'¿i��W¾cV�PQR©!����=Io(��

jmnykKijm�|��°7�~�R@`oÍ}�n 1980W¾tV�fgh��c
Lz{nL°wz�R5�o'	
�tuvz{��¼c�>]�xyinRt�i�f

gh '	
��=I"�~�R@`o }�n 1990 W¾tV�fgh��cLz{n
L°w�R5�ofghstuvz{��R·�'
�tl�ij�¼c�>]�xyi

nykKijm��fgh �'
��=I"|¼R¼yV��PQR���=Io
Oè

ét��j)*t�Ã��¼y�¤%ij�v�¼{o�PQRSTUodefghij

klijm�¼yt+ýijm�ykïz{�|����PQR��U�h%�y
Oè

éR&ðtìmjV�ST�s!�ø,<=t�mj-�É�./z{jm�| 
� 0�·R��UR]h 

1996WX^_RÂ¶ÃÄÅV��{^�yV(�v���1ô 10�/kg^�RxmÆ
cklijm�¼y}§�^�R ABCÏhtun�jV�1996WX^_R RPS�Ëåi
n|i}i�2008WXRRPSRkhtåmn 2008WX��URkhöXVxm¼y}§�
�·RÖ×�K´REÏtV 1996Z2007WXRN�Æ�6.3�/kg"�åmn| 

 
�9"¶�2f½¾Ô«�\¨ð�"yÍÎR\¨ÌR&ð 

Fy YPR���%SPRR&ð�e 20t¤��YPR y SPR �æÇ�3RW>?N�ª
 yW>?4kÅV 2004Z2008WXRN�"|ÍÎR F�Fcurrent"� 2004Z2008WX
RN�y��y�FcurrentV�Ê/ftËX�\¨Ìcu� F0.1°�ßW��á	
R£
m 2008WX��mn 1996Z2007WX"R RPSR�5Æt�óijSTº»�e� Fmed



 
 

°�»Éf6åR�Ày�� Fsus° F30%SPR�v£���jmno�F20%SPR�vV
xmÆcu�n| 
 
'��(�( � )*+ �,-�

�1"STØÙR�yÇ 
��UVW�Ão����ßWcV 2003�2005W�QR³Xodef£��2004�2006�

2007W�QVxm�«y��jm�|2001W�Q^_���W�°�{t«£n£m³X
RW�VäÍijm�mnÇ�STUV 2003 WX^_7°}tpqi�ST�«V��
�sVpqrsy¬®z{n|��c�½¾Ô«y��jm�~�UV�1981WX^_�
N��«cghijkli�2008WX~�U�255�I;"  Blimit�154�I;"��
�����jm�|�·�èé�Ãt���8���Rpq�¯o�þ{É�~�U�

Blimit ^�t97���W����¼{t«Ó�³XR£mW�QR��o]¹c��Î
ëtST�½¾��¼yc�STV»Éft6åc��y¥¦§{�| 

 
�2"\¨ÐÑÒÓt�óin 2010W ABC��tkh\¨URÏh 

ABC ÏhRnÇRÔ�ãäR 1  1" (1) ��å��:;�~�UyÂ¶&ð�STÎ
ë�B:Blimit"�Ëåin|~�Uo Blimit ����jm�nÇ�~�U� Blimit�«
^�tº»��\¨ÐÑÒÓ�ØÙcåmn|2010 WR ABC ÏhtV�Ê/f�Ô«Æ
cu� F0.1 y�Â¶&ð}§;}{�Ô«Æcu� Fsus����ÍÎR\¨ÌRº»
R Fcurrent�4ki�¼{§t�<fîïyijð� 0.8�=þnÐÑÒÓ��{¡{Ï
hin���"|�n�Fcurrent �Ô«yij�0.6FcurrentZ1.4Fcurrent Rabc�Ã
zþn0?R�\¨U�STU���~�U ��t¤in|Ö×�KcV�2009WX^
_RÂ¶ÃÄÅ� 1996Z2007WXRN�Æ�6.3�/kg"yi�W>?N�ª tV 2004
Z2008WXRN�Æ�åmn| ���2009WXR\¨ð�V 2004Z2008WRN�yi
n|kh>?�������e 21t¤�| 
 
�\¨ÐÑÒÓt�óin\¨UySTURÖ×�h� 
\¨ÐÑÒÓ  \¨U��I;"  

 ½¾Ô« 2008 2009 2010 2011 2012 2013 2014 
Ê/ftËX

�\¨Ìt�

�\¨ 

F0.1 
�F=0.49" 154� 148� 91� 93� 94�  99�  105�

�@R�<f

îï 
0.8F0.1 
�F=0.39" 154� 148� 74� 80� 84�  89�  97�

ÍÎRSTR

º» 
Fsus 

�F=0.66" 154� 148� 117� 110� 107�  110�  115�

�@R�<f

îï 
0.8Fsus 

�F 0.53" 154� 148� 97� 97� 98�  102�  108�

ÍÎR\¨Ì

�º» 
Fcurrent 
�F=0.75" 154� 148� 130� 118� 112�  114�  118�



 
 

�@R�<f

îï 
0.8Fcurrent 
�F=0.60" 154� 148� 108� 105� 103�  107�  112�

  STU��I;"  
 ½¾Ô« 2008 2009 2010 2011 2012 2013 2014 

Ê/ftËX

�\¨Ìt�

�\¨ 

F0.1 
�F=0.49" 804� 781� 739� 779� 820�  856�  884�

�@R�<f

îï 
0.8F0.1 
�F=0.39" 804� 781� 739� 799� 859�  916�  970�

ÍÎRSTR

º» 
Fsus 

�F=0.66" 804� 781� 739� 747� 760�  766�  760�

�@R�<f

îï 
0.8Fsus 

�F 0.53" 804� 781� 739� 772� 805�  833�  852�

ÍÎR\¨Ì

�º» 
Fcurrent 
�F=0.75" 804� 781� 739� 731� 731�  725�  706�

�@R�<f

îï 
0.8Fcurrent 
�F=0.60" 804� 781� 739� 758� 779�  795�  799�

  ~�U��I;"  �

 ½¾Ô« 2008 2009 2010 2011 2012 2013 2014 
Ê/ftËX

�\¨Ìt�

�\¨ 

F0.1 
�F=0.49" 255� 242� 250� 226� 216�  222�  252�

�@R�<f

îï 
0.8F0.1 
�F=0.39" 255� 242� 250� 239� 238�  250�  284�

ÍÎRSTR

º» 
Fsus 

�F=0.66" 255� 242� 250� 205� 183�  183�  207�

�@R�<f

îï 
0.8Fsus 

�F 0.53" 255� 242� 250� 221� 207�  212�  240�

ÍÎR\¨Ì

�º» 
Fcurrent 
�F=0.75" 255� 242� 250� 195� 168�  166�  188�

�@R�<f

îï 
0.8Fcurrent 
�F=0.60" 255� 242� 250� 212� 193�  195�  221�

 
 
 
 

Ô«Æ F \¨U��I;"  
2008 2009 2010 2011 2012 2013 2014 

0.6Fcurrent 0.45  154� 148� 84� 88� 91�  96�  102�
0.7Fcurrent 0.52  154� 148� 96� 97� 98�  102�  108�
0.8Fcurrent 0.60  154� 148� 108� 105� 103�  107�  112�
0.9Fcurrent 0.67  154� 148� 119� 112� 108�  111�  115�
Fcurrent 0.75  154� 148� 130� 118� 112�  114�  118�
1.1Fcurrent 0.82  154� 148� 140� 123� 115�  117�  119�
1.2Fcurrent 0.90  154� 148� 149� 128� 118�  119�  120�
1.3Fcurrent 0.97  154� 148� 159� 132� 120�  121�  121�
1.4Fcurrent 1.05  154� 148� 168� 135� 122�  123�  121�



 
 

Ô«Æ F STU��I;"  
2008 2009 2010 2011 2012 2013 2014 

0.6Fcurrent 0.45  804� 781� 739� 787� 834�  878�  915�
0.7Fcurrent 0.52  804� 781� 739� 772� 806�  834�  854�
0.8Fcurrent 0.60  804� 781� 739� 758� 779�  795�  799�
0.9Fcurrent 0.67  804� 781� 739� 744� 754�  758�  750�
Fcurrent 0.75  804� 781� 739� 731� 731�  725�  706�
1.1Fcurrent 0.82  804� 781� 739� 719� 710�  695�  665�
1.2Fcurrent 0.90  804� 781� 739� 707� 690�  667�  628�
1.3Fcurrent 0.97  804� 781� 739� 695� 671�  642�  595�
1.4Fcurrent 1.05  804� 781� 739� 684� 654�  618�  564�

Ô«Æ F ~�U��I;"  
2008 2009 2010 2011 2012 2013 2014 

0.6Fcurrent 0.45  255� 242� 250� 231� 224�  232�  263�
0.7Fcurrent 0.52  255� 242� 250� 221� 208�  212�  241�
0.8Fcurrent 0.60  255� 242� 250� 212� 193�  195�  221�
0.9Fcurrent 0.67  255� 242� 250� 204� 180�  180�  203�
Fcurrent 0.75  255� 242� 250� 195� 168�  166�  188�
1.1Fcurrent 0.82  255� 242� 250� 187� 157�  154�  175�
1.2Fcurrent 0.90  255� 242� 250� 180� 147�  143�  163�
1.3Fcurrent 0.97  255� 242� 250� 173� 137�  133�  152�
1.4Fcurrent 1.05  255� 242� 250� 166� 129�  125�  142�

 
 
�3"��UR�á	
�¥úin./�ÐÑÒÓRØÙ 

RPSR��o\¨Uy~�UR�stý¦�óô�
�nÇt�1996Z2007WXRRPS
o 2009WX^_ B�CijL;K�tÍ{�ym¢�	R�c�2010WX^_R F�
�ÀR3DvRÐÑÒÓy�R�<fEïRE6T<=;cÐ���=Ð�;�ûm�2009
WXR F Vct Fcurrent"�2009 WX^_R\¨U�STU�~�U��Kin|1000
�.ûin>?���t¤in|�n�ÀR3DvRÐÑÒÓR*t�Fmed�1.1Fcurrent�
1.4FcurrentcÐ���=Ð�;�û�n>?�e 22t¤in| 

F0.1 c\¨in0?V�~�URN�ÆV 2012 WX�cpqrsoÉ�o��R·V
7°}t¸�i�Blimit �����«cklijmn|Fsus cR\¨R0?�2013 WX
�c~�Uopqrsy��o��{^_V 200 �I;�õ¦��«ckl��|�· 5
WÚ�nV 10WÚt~�Uoct Blimit����ÅV��{¡{ 96%��� 86%cu�
n|Fcurrentc\¨in0?�~�URN�ÆV 2010WX^_7°}tpq��o�Blimit
����¼yV����· 5 WÚ�nV 10Út~�Uoct Blimit ����ÅV��{
¡{ 83%��� 57%cu�n| 

 
 
 
 



 
 

\¨ÐÑÒÓ 
�½¾ã«" 

FÆ 
�Fcurrent
yRde" 

\¨

Õ?

Ö×\¨U ØÙ 

2010W
ABC 5W· 

(80%�Ú" 5WN�

Blimit
�º»

�5W
Ú" 

Blimit
�º» 
�10W
Ú" 

Ê/ftËX�

\¨Ìt��\

¨Û 
�F0.1" 

0.49 
�0.65 

Fcurrent" 
12% 

85�I;
Z � �

128�I;
105�I; 100% 100% 91�I;

Ê/ftËX�

\¨Ìt��\

¨�F0.1" 
t�<fEï 
�0.8F0.1" 

0.39 
 �0.52 

Fcurrent" 
10% 

80�I;
Z � �

116�I;
97�I; 100% 100% 74�I;

STURº»Û 
�Fsus" 

0.66 
�0.88 

Fcurrent" 
16% 

91�I;
Z � �

140�I;
115�I; 96% 86% 117�I;

STURº» 
�Fsus" 
t�<fEï 
�0.8Fsus" 

0.53 
�0.70 

Fcurrent" 
13% 

88�I;
Z � �

131�I;
108�I; 100% 100% 97�I;

ÍÎR\¨ÌR

º»Û 
�Fcurrent" 

0.75 18% 
92�I;
Z � �

147�I;
118�I; 83% 57% 130�I;

ÍÎR\¨ÌR

º»Û 
�Fcurrent"t
�<fEï 
�0.8Fcurrent" 

0.60 
�0.80 

Fcurrent" 
15% 

89�I;
Z � �

137�I;
112�I; 100% 94% 108�I;

ÜÝ;I 
ÞßWR��UV�����i�1996W^_RÂ¶ÃÄÅ ^�tdàxm| 
Þ�ØÙQRST�*¦�y¥¦§{���W�QRµ¶V�2001WX^_áâz{j
m�m| 
ÞABCÏhRnÇRÔ�ãä 1 1) (1)�åmn| 
Þ�]f½¾�æcVçßWR
Oèé´oSTR¸�têË�Îëtu�yVâÇ§

{�m|¼RnÇ�MNOPQtìmjV�STR�í�Ô��syiìì ��íR

nÇRîïo&ð\7ñRÊòt���óô�un¦�0?tVST�«�º»��´

�íRGõ=öt÷øùúij�½¾�û¢ Ry��|üyz{j�v���æt?

ý��RVÛcu�| 
Þ ßWR~��«V 1996WX^_RN��«�º»ijm�ykhz{�o�Â¶
ÃÄÅox�ijm�¼y}§�ÍÎ^�R\¨Ì�}þ�¼y����à�cu�|

� Fcurrent�ÍÎR\¨Ì"V�2004Z2008WXR 8�^���yÇn�LG��=�R
ÆRN�Æ�åmn|\¨Õ?V\¨U�khSTU|ABC ��tÏh\¨UV�á	

o�t£mwßW�2008 WX"���ßW�1996Z2007 WX"RÂ¶ÃÄÅ�RPS"
RN�ÆR ycÏh|Ö×\¨U��tØÙÆV�]ÚRÂ¶ÃÄÅ�RPS"Æ}
§�L;K��;�Ò;���Ð���=Ð�;�1000�.û"t�vÏh|Ö×\¨U
R 5W·V 2014WX�5WN�V 2010Z2014WX�ØÙR 5WÚV 2010Z2014WX�
10WV 2010Z2019WX�¤�| 



 
 

�4"ABCRÂØÙ 
ØÙ�FW 

��ùÞÂØÙ" 
½¾ 
Ô« 

FÆ STU

��I;"

ABClimit
��I;"

ABCtarget 
��I;" 

\¨U 
��I;"

2008W��ù" Fsim 0.71 715 106 87  
2008W�2008WÂØÙ" Fsim 0.76 768 130 108  
2008W�2009WÂØÙ" Fsim 0.77 804 153 127 154 
ÞTAC�hRÐÑy��nÐÑÒÓ�Blimit��· 10WÚº»c�� F 

ØÙ�FW 
��ùÞÂØÙ" 

½¾ 
Ô« 

FÆ STU

��I;"

ABClimit
��I;"

ABCtarget 
��I;" 

\¨U 
��I;"

2009W��ù" F29%SPR 0.76 716 122 102  
2009W�2009WÂØÙ" Fcurrent* 0.75 781 148 123  
2009WØÙtìmjV�TAC�hRÐÑy��nÐÑÒÓtìmjû�n| 
*2009WR\¨ÐÑÒÓV��· 10WÚ Blimit �º»c�� FÆ�À@V F29%SPR"
cu�nRc�¼RÐÑÒÓ��WXRG,>?cÂÏh��y Fcurrenty��| 

2008W��ù"V 19WX;�t@H|2008W�2008WÂØÙ"��t 2009W��ù"
V 20WX;�@H|����PQVWX�4YZ[W 3Y"ØÙ| 

2008W�2009WÂØÙ"V��WXÂEÏ>?RÏ§{n 2008WRST���vÏh
in|2009WX^_R RPSV 1996Z2007WRN�Æ�W>?ª V 2004Z2008WRN
�Æt�vÏhin| 

2009W�2009WÂØÙ"V��WXÂEÏ>?RÏ§{n 2008WRST���\¨ð
�y\¨��t�vÏhin|2009WX^_R RPSV 1996Z2007WRN�Æ�W>?ª
 V 2004Z2008WRN�Æt�vÏhin| 

2008� 2009 WXRSTUV�mÓ{RÂØÙc ST��o¸�ijm�|¼{V�
ßW 2 �^�R�>�R\¨Ìox�ijm�nÇ�STG,t�mj�>�ox�ØÙ
z{�óôy¥¦§{�| 
 
.�)*+ /0�12345�67�

GHIJKLãô<=t�v�1�2 ��RÍ3Uokh#$y��n¼y}§���W
�QRµ¶�I]tJKi��{§�LM6å���¢�½¾�û¦�#$
ou�| 

ABC V�STRW>�Ãtó£jÏhz{�nÇ�£Æcu�j �|hijm�\
¨o�>�©ªR0?°�£>�©ªR0?�¯o34��|	3R\¨o|hy���

(��n0?�ABC ÏhR3RÖ×�Ky(��>?y�v�ST½¾t*N��n�O
{ou�|�RnÇ��Kz{n\¨�RW>�Ã�¯tó£j�\7Þ
�?t TAC�
�h��P!ou�|2010 WXR ABC�¼¼cV Fcurrent"c|hijm�W>?R\
¨�����\¨ U�±�t¤�| 

 



 
 

W> 0  1  2 3 4 5 6 7  8+Û ?E

\¨�� 
�ð`�" 21.0 14.3 21.0 34.7 33.9 92.1 26.9 32.1  13.3 289.4

\¨ U 
(�I;) 0.8 1.5 4.5 12.5 15.3 47.9 16.1 21.1 9.7 129.6

Û8�^���yÇn�LG��=�| 

 

���	
�cV�Ã�9QRnÇ�ST½¾ÊhtÔË�ªH���ªH 30cm�nV
#H 34cm"o	Rz{jm�|��ªH�ÎR{ªo\¨�R 20%�õ¦�0?tV�\
0l��¯Rîï�S£�¼yy��jm�| 

 
8�9:;<�

Beamish, R.J. and G.A. McFarlane (1995) A discussion of the importance of aging errors, 
and an application to walleye pollock: the world’s largest fishery. In Recent 
developments in fish otolith research, pp.545 565. 

Funamoto, T. (2007) Temperature dependent stock recruitment model for walleye 
pollock (Theragra chalcogramma) around northern Japan. Fish. Oceanogr., 16, 
515 525. 

�����Þ�}TÞ(rU´�2007"GHIJKLMNOPQ���a�
	�PQR
ST��tìmjV�ST½¾WXY;Z40Z25 37V 

pq[\Þ(rU´�1995"	
�'�MNO12tøM��GHIJKL Theragra 
chalcogramma R L�byL0V	
��������;�Z59, 31 41.�  

N]�^�1999"VPAR�_y	3. �ST½¾WXY;, 20, 9 28. 
Honda, S., T. Oshima, A. Nishimura and T. Hattori (2004) Movement of juvenile walleye 

pollock, Theragra chalcogramma, from a spawning ground to a nursery ground 
along the Pacific coast of Hokkaido, Japan. Fish. Oceanogr., 13(Suppl. 1), 84 98. 

�}TÞ`}aÞ��b¶�2003"12~��RGHIJKLy�R¶cd. 12
O�
�, 41, 41 49. 

�ef^�1982"	
�A?"��C\7\¨DEt���g?Þ
�?RSTU��Ê
W�Z200©¨Ò��s\7ST<=Þ	
�"�ÞGHIJKLÞ-�H��ß=�
SGZ10V 

i�h��1989"GHIJKL'	
�Qy	
�ß
QR&ð. \7ST��Yi� 	
a�"��Y;, 22, 39 54. 

��ûj�1985"I 2 GHIJKL\7y�RSTR6å. \7ST��Yi;, 24, 47 62. 
mnk�ÞlEmÞ��no�1988"ij���
�t¶p��GHIJKLSTtìm

jVq 9�'	
�"���ß=�YiYi;�Z24 31V 
�}rsÞ£t³uÞ�vw��1981"fgh��
�t�þ�GHIJKLÃ�QR¶

cW�]. a�x, 47, 741 746. 



 
 

�}rsÞ£t³uÞ�vw��1983"fgh��
�t�þ�GHIJKLÃ�QR¶
c]?¶ëtìmj. a�x, 49, 577 585. 

�)y��2007"a$¤�Þ"� �>z"VNÃ 19 WX�3\7STRÍ�
�http://kokushi.job.affrc.go.jp/genkyo H19.html"Z�FÞ��:Z62V 

Nakatani, T. (1988) Studies on the early life history of walleye pollock Theragra 
chalcogramma in Funka Bay and vicinity, Hokkaido. Mem. Fac. Fish. Hokkaido 
Univ., 35, 1 46. 

Nishimura, A., T. Hamatsu, K. Yabuki and O. Shida (2002) Recruitment fluctuations 
and biological response of walleye pollock in the Pacific coast of Hokkaido. Fish. Sci., 
68(Suppl.), 206 209. 

Pope, J. G. (1972) An investigation of accuracy of virtual population analysis using 
Cohort Analysis. Res. Bull. int. comm. Northw. Atlant. Fish., 9, 65 74. 

Shida, O., T. Hamatsu, A. Nishimura, A. Suzaki, J. Yamamoto, K. Miyashita and Y. 
Sakurai (2007) Interannual fluctuations in recruitment of walleye pollock in the 
Oyashio region related to environmental changes. Deep Sea Res.{, 54, 2822 2831. 

Tamura, T. and Y. Fujise (2002) Geographical and seasonal changes of the prey species 
of minke whale in the Northwestern Pacific. ICES J. Mar. Sci., 59, 516 528. 

Tsuji, S. (1989) Alaska pollock population, Theragra chalcogramma, of Japan and its 
adjacent waters, |: Japanese fisheries and population studies. Mar. Behav. 
Physiol., 15, 147 205. 

Widrig, T. M. (1954) Method of estimating fish populations, with application to Pacific 
sardine. Fish. Bull. U.S., 56, 141 166. 

Yamamura, O. (2004) Trophodynamic modeling of walleye pollock (Theragra 
chalcogramma) in the Doto area, northern Japan: model description and baseline 
simulations. Fish. Oceanogr. 13(Suppl. 1), 138 154. 

Yamamura, O., S. Honda, O. Shida and T. Hamatsu (2002) Diets of walleye pollock 
Theragra chalcogramma in the Doto area, northern Japan: ontogenetic and 
seasonal variations. Mar. Ecol. Prog. Ser., 238, 187 198. 

Yamamura, O., K. Yabuki, O. Shida, K. Watanabe and S. Honda (2001) Spring 
cannibalism on 1 year walleye pollock in the Doto area, northern Japan: is it 
density dependent? J. Fish. Biol., 59, 645 656. 

Yamamura O, Watanabe K, Shimazaki K (1993) Feeding habits of Pacific cod, Gadus 
macrocephalus, off eastern Hokkaido, north Japan. Proc. NIPR Symposium on 
Polar Biology, 6, 44 54. 

�}~�1981" 	
�fgh��
�t�þ�GHIJKL��R¶��]. 	���
;, 32, 22 38.  



                         

�
�
V
G
H
I
J
K
L
M
N
O
P
Q
R
\
¨
�
s
�
W
X
E
�
I
;
"

	
�
,
E



�

#


�

a
�
\
�

È
�
\
�




�
E

A
?

"
�
�
C

1
2
\
7


 

�
E

A
?

"
�
�
C

1
2
\
7

È
�
�


 

�
E

A
?

"
�
�
C

1
2
\
7

È
�
�

A
?

"
�
�
C

19
75

2 27
4,

38
1

29
,1

57
57

,1
86

50
,8

93
13

7,
14

5
19

76
2 24

5,
77

1
40

,0
65

44
,4

58
87

,6
57

73
,5

91
19

77
227

3,
57

3
42

,8
29

73
,7

09
94

,7
44

62
,2

91
19

78
2 22

8,
95

9
31

,7
96

47
,4

58
70

,7
66

78
,9

39
19

79
2 21

4,
04

5
25

,4
00

48
,6

16
47

,0
27

93
,0

02
19

80
227

8,
14

9
37

,7
69

60
,0

93
73

,6
66

10
6,

62
1

19
81

2 29
4,

76
5

29
4,

76
5

667
,4

23
53

,3
27

14
,0

96
68

,8
03

8,
31

1
60

,4
92

778
,9

86
75

,3
26

3,
66

0
79

,5
53

19
82

224
6,

50
6

24
6,

50
6

554
,3

78
41

,8
86

12
,4

92
42

,0
75

7,
95

5
34

,1
20

664
,1

97
60

,0
12

4,
18

5
85

,8
56

19
83

2 27
9,

91
6

27
9,

91
6

449
,2

58
38

,3
04

10
,9

54
58

,8
15

8,
20

5
50

,6
10

991
,9

75
83

,4
70

8,
50

5
79

,8
68

19
84

2 28
3,

35
4

28
3,

35
4

442
,7

63
27

,4
82

15
,2

81
97

,8
02

9,
58

2
88

,2
20

773
,0

93
67

,0
31

6,
06

2
69

,6
96

19
85

2 27
4,

46
6

27
4,

46
6

339
,4

77
29

,3
88

10
,0

89
10

8,
94

5
13

,2
33

95
,7

12
886

,9
20

79
,4

31
7,

48
9

39
,1

24
19

86
220

6,
54

1
20

6,
54

1
337

,0
52

24
,0

99
12

,9
53

992
,2

01
11

,8
31

80
,3

70
58

,7
71

53
,3

49
5,

42
2

18
,5

17
19

87
226

6,
25

1
23

6,
58

0
29

,6
71

447
,8

45
36

,0
53

11
,7

92
12

5,
86

3
14

,2
15

97
,3

95
14

,2
53

778
,4

38
58

,5
40

4,
48

0
15

,4
18

14
,1

06
19

88
2 25

6,
17

4
22

0,
99

1
35

,1
83

551
,0

47
41

,9
71

9,
07

6
998

,0
87

7,
80

3
77

,6
49

12
,6

34
889

,9
51

64
,1

98
3,

20
4

22
,5

49
17

,0
89

19
89

2 21
3,

04
1

19
6,

64
5

16
,3

96
443

,0
07

35
,4

75
7,

53
2

999
,5

28
9,

98
7

81
,8

37
7,

70
4

66
,8

59
55

,8
94

2,
27

3
8,

69
2

3,
64

7
19

90
118

4,
21

9
16

6,
00

1
18

,2
18

441
,3

75
35

,9
13

5,
46

2
663

,0
88

11
,2

04
49

,0
41

2,
84

2
78

,7
46

61
,3

99
1,

97
1

15
,3

76
1,

01
1

19
91

1 18
2,

20
4

16
6,

80
1

15
,4

03
332

,7
88

28
,3

61
4,

42
7

668
,1

69
14

,7
45

53
,4

24
79

,6
44

61
,7

24
2,

51
7

15
,4

03
1,

60
3

19
92

117
8,

01
4

15
9,

02
8

18
,9

86
221

,4
03

19
,4

47
1,

95
6

110
0,

42
8

18
,5

59
81

,8
69

54
,3

32
32

,3
96

2,
95

0
18

,9
86

1,
85

1
19

93
1 17

8,
03

6
14

5,
31

5
32

,7
21

115
,7

34
14

,3
47

1,
38

7
771

,6
39

14
,3

12
57

,3
27

88
,9

13
54

,6
09

1,
58

3
32

,7
21

1,
75

1
19

94
1 19

8,
73

9
14

1,
72

4
57

,0
15

77,
68

9
6,

93
9

75
0

660
,8

71
23

,1
15

37
,7

56
12

7,
74

6
68

,1
52

2,
57

9
57

,0
15

2,
43

3
19

95
220

3,
47

7
14

6,
63

2
56

,8
45

112
,2

22
11

,5
26

69
6

79
,7

66
24

,7
25

55
,0

41
10

9,
13

8
44

,6
89

7,
60

4
56

,8
45

2,
35

0
19

96
1 14

8,
07

0
11

2,
66

1
35

,4
09

115
,7

34
14

,9
14

82
0

60
,2

19
13

,4
73

46
,7

46
71

,0
80

31
,8

03
3,

86
8

35
,4

09
1,

03
7

19
97

221
1,

75
5

16
4,

98
9

46
,7

66
99,

07
8

8,
66

2
41

6
665

,2
01

13
,3

39
51

,8
61

13
6,

46
9

86
,1

56
3,

54
7

46
,7

66
1,

00
7

19
98

2 26
4,

88
5

19
0,

36
0

74
,5

25
114

,9
11

14
,3

03
60

7
98

,6
84

17
,4

17
81

,2
67

15
0,

97
7

71
,3

01
5,

15
1

74
,5

25
31

3
19

99
2 25

4,
22

7
24

5,
15

1
9,

07
6

88,
29

3
7,

59
1

70
2

115
3,

60
9

29
,1

95
12

4,
41

4
9 90

,8
99

77
,0

05
4,

81
8

9,
07

6
1,

42
5

20
00

2 20
9,

90
0

20
9,

90
0

88,
90

1
8,

28
0

62
1

111
1,

78
7

21
,7

99
89

,9
88

88
,1

72
81

,9
13

6,
25

9
1,

04
1

20
01

113
0,

14
5

13
0,

14
5

99,
40

3
9,

04
8

35
5

772
,8

72
19

,9
47

52
,9

25
47

,0
65

42
,5

09
4,

55
5

80
5

20
02

1 10
8,

97
4

10
8,

97
4

110
,1

59
9,

16
3

99
6

336
,0

05
15

,4
04

20
,6

01
61

,0
45

59
,6

08
1,

43
7

1,
76

5
20

03
114

6,
92

0
14

6,
92

0
110

,8
07

8,
73

0
2,

07
7

664
,7

49
19

,8
66

44
,8

83
69

,2
16

67
,4

57
1,

75
9

2,
14

8
20

04
1 18

0,
90

9
18

0,
90

9
225

,3
86

23
,7

98
1,

58
8

990
,0

95
20

,2
61

69
,8

33
63

,6
58

58
,4

87
5,

17
1

1,
76

9
20

05
1 15

7,
82

9
15

7,
82

9
115

,9
82

14
,1

89
1,

79
3

880
,4

62
19

,9
46

60
,5

16
59

,4
96

53
,4

74
6,

02
2

1,
88

9
20

06
114

2,
82

2
14

2,
82

2
116

,7
79

14
,5

29
2,

25
0

669
,0

43
19

,8
46

49
,1

97
54

,5
63

50
,4

67
4,

09
6

2,
43

7
20

07
1 15

3,
19

4
15

3,
19

4
111

,7
00

10
,7

75
92

5
81

,3
95

27
,0

72
54

,3
23

57
,6

66
53

,3
84

4,
28

2
2,

43
4

20
08

1 15
3,

63
6

15
3,

63
6

117
,5

56
14

,8
54

2,
70

2
773

,4
81

21
,7

30
51

,7
50

60
,3

34
57

,2
97

3,
03

7
2,

26
5

	


�
A
?
"
B
C
\
7
\
0
?
\
¨
D
E
W
;
�
M
N
O
	
�
A
?
"
�
�
C
\
7
\
0
?
\
¨
D
E
S
G
�
	


�
�

Í
@
w
S
G
�

	
�
�
S
G
�
'
	
�
�
(
)
*
�
S
G
�
	


�
�
.
S
G
�
	


�
\
7
<
�
ü
�
�
S
G
�
È
�
�
�

�
�
�
�
�
�
�
�
�
W
X
V
�
h
Æ

'
	
M
N
O


�
R
1
2
\
7
R
�
�
�
�
W
X
^
�
V
W
E

�
'


�

\
]
W

Ù
Ú
^
Û


�

'
	
M
N
O


�

M
N
O
P



 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

��V	
�ÐÑRA"R\¨_`U

ÙÚ^Û
�

}þ�°i }þ�°i I$=� }þ�°i I$=�

1981 9.6 9.8 10.6 8.7 9.1
1982 10.4 9.1 9.3 8.8 7.7
1983 10.3 9.3 9.0 7.9 6.4
1984 10.9 11.2 9.3 8.2 5.9
1985 10.0 13.2 10.7 5.6 4.0
1986 5.8 13.7 7.0 4.1 2.2
1987 6.3 12.1 7.2 4.3 1.9
1988 7.4 13.5 7.0 3.4 1.8
1989 6.8 11.2 8.1 2.1 1.4
1990 6.8 12.5 8.2 0.6 0.3
1991 6.4 11.9 5.7 1.2 0.4
1992 7.1 9.7 4.1 1.1 1.4
1993 6.6 10.5 4.7 0.5 1.5
1994 7.3 10.1 5.6 0.2 0.7
1995 5.8 9.1 5.8 0.6 0.5
1996 5.3 10.3 5.6 0.4 0.3
1997 4.8 12.4 5.5 0.3 0.2
1998 4.4 12.1 4.3 0.1 0.1
1999 4.2 10.9 3.9 0.3 0.1
2000 3.5 10.6 4.4 0.5 0.1
2001 4.2 10.4 4.8 0.4
2002 3.9 9.0 4.4 1.1
2003 3.9 7.5 4.6 1.2
2004 3.7 6.8 4.6 1.5
2005 4.2 7.1 4.7 1.3
2006 4.5 7.3 5.2 1.5
2007 4.8 7.4 4.6 1.4
2008 3.1 5.8 4.0 1.5

��V	
�ÐÑRA"R����

ÙÚ^Û
�

}þ�°i }þ�°i I$=� }þ�°i I$=�

1981 0.8 1.2 5.8 2.7 6.6
1982 0.7 0.7 6.3 2.1 7.4
1983 0.8 0.7 6.9 2.4 8.3
1984 0.8 0.8 7.8 2.1 8.5
1985 1.3 0.8 5.6 2.0 8.9
1986 2.4 1.1 6.0 1.8 3.8
1987 2.1 1.0 6.3 1.9 2.6
1988 1.0 1.0 7.2 1.3 6.2
1989 1.4 0.7 5.9 0.6 0.9
1990 1.5 0.8 6.3 0.2 0.1
1991 2.1 1.6 7.4 0.6 0.2
1992 2.3 1.1 5.2 0.3 0.8
1993 2.0 1.6 7.8 0.6 0.9
1994 3.0 2.1 7.7 1.1 2.7
1995 4.2 1.6 4.9 0.7 1.9
1996 2.4 0.8 4.2 0.8 0.6
1997 2.7 1.7 11.7 2.1 1.9
1998 3.8 2.3 10.1 2.4 1.3
1999 6.8 2.5 12.7 2.8 6.7
2000 6.2 3.6 9.7 1.5 0.8
2001 4.7 2.2 4.1 1.7
2002 4.0 2.7 8.0 1.5
2003 5.1 3.1 9.6 1.6
2004 5.4 2.9 8.4 1.1
2005 4.7 3.2 6.6 1.3
2006 4.4 2.9 5.6 1.4
2007 5.6 2.6 7.4 1.6
2008 6.4 4.2 8.1 1.4
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\]W 	�,E
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�����	
�ÐÑA"ZI;�C"

\¨_`U�	
�ÐÑA"Z�C"



 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

��VSTG,>?

��"

1981 9,327 1,312 188 4,665 6 24.9 0.22
1982 8,297 1,378 154 2,929 5 19.0 0.24
1983 6,761 1,397 222 2,076 7 9.4 0.14
1984 6,180 1,348 259 1,920 5 7.4 0.16
1985 5,597 1,232 255 1,715 7 6.7 0.22
1986 5,667 1,114 272 2,415 5 8.9 0.24
1987 5,716 1,071 281 2,475 6 8.8 0.28
1988 5,794 988 235 2,695 7 11.5 0.26
1989 5,886 1,010 182 2,675 6 14.7 0.20
1990 5,155 968 161 1,728 7 10.7 0.19
1991 6,081 935 158 3,014 7 19.1 0.14
1992 5,358 933 197 1,607 4 8.1 0.13
1993 5,166 1,008 209 1,776 6 8.5 0.14
1994 6,467 958 197 3,223 7 16.3 0.13
1995 9,448 1,117 218 5,408 5 24.8 0.08
1996 7,024 1,176 200 930 3 4.6 0.09
1997 5,579 1,247 214 942 7 4.4 0.17
1998 4,685 1,144 234 1,204 7 5.1 0.22
1999 4,146 1,048 323 1,367 8 4.2 0.19
2000 5,346 953 327 2,836 9 8.7 0.12
2001 5,107 1,201 224 1,727 4 7.7 0.07
2002 4,716 1,152 183 1,300 5 7.1 0.07
2003 5,420 983 188 2,239 7 11.9 0.10
2004 4,455 944 232 946 7 4.1 0.13
2005 5,541 1,079 256 2,663 6 10.4 0.09
2006 4,366 1,018 243 739 5 3.0 0.10
2007 3,853 924 248 975 6 3.9 0.12
2008 3,584 804 255 1,082 8 4.2 0.13
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=>�? �� ��AB-C�

�1"G¬�� 1 
�Ó�Ü-=IG,t�v�wßWXRW>?4kÅ�W>? FRw£Æc�W>R F

��inÆ"�æÇn| 
�åinW>?\¨���áâSG 5"V��
�t�þ�\¨�RW>IÃ°\¨U�

ÔtÏäin|nÁi�È��R\¨�IÃt&ijV�a�RA"�y\0o ��n

Ç�a�RA"�R�{y£yin| 
3�^�RMV��'
�t�þ�A"R CPUEy\¨_`U�Ôt�Widrig�1954"
R�^t�vÏäin���"|���3��ÎRMV��t�>�RMo£>�R�
{�v £m¼y�¥úijÏäin| 

 
W> 0 1 2 3 4 5 6 7 8+ 
M 0.4 0.35 0.3 0.25 0.25 0.25 0.25 0.25 0.25 

 
wßWXR FV�x� 5WÚ�2003Z2007WX"RN�yin|nÁi�2��R Ft

&ijV�2008WXR 2�R\¨��o�x�wx�«cu�¼y}§�ßWcw xm
2003WXR 2��R Fy´imyin|�n�3��R Ft&ijV��R\¨��oß
WN��v ������jm�¼y}§�\¨��oßm2004WXR 3�y£yin|
�ij�8+��R FV�7��R�{y´imyin| 
wßWX^�R FV��Þ�vkhin|nÁi�8+��R Ft&ijV�7��R�{
y´imyin| 

Fa,y= ln(1 Ca,yexp(Ma/2)/Na,y) 

¼¼c�Fa,yV yWXR a��R F�Ca,yV yWXR a��R\¨���Na,yV yWXR
a��RST���MaV a��RMcu�| 
wßWXRW>?ST��V��Þ�vkhin| 

Na,y=Ca,yexp(Ma/2)/(1 exp( Fa,y)) 

wßWX^�RW>?ST��Rs�6�^�R�{§V�Pope�1972"RßÝÞ�v
khin|���7��y 8+��R�{§V�N]�1999"RÞ�vkhin��Þ"| 

N7,y=(C7,y/(C8+,y+C7,y))N8+,y+1exp(M)+C7,yexp(M/2) 

N8+,y=(C8+,y/(C8+,y+C7,y))N8+,y+1exp(M)+C8+,yexp(M/2) 

�2"G¬�� 2 
� G¬�� 1cÏ§{nwßWXRW>?4kÅ�Ôt�wßWXR F�<�i�VPAR



 
 

 

>?oß�=à;���tw Ë?���¢tin|ªªftV�	
�MNO
�t�

þ� 1��RÍ3Uy	
�ÐÑRA"RW>? CPUE�2Z7����"�ß�=à;�
��yi�¼{§�ß�=à;���t&��¿f&�R®�SSQ��Þ"�w�t��
�¢t�wßWXR F�<�in|���ß�=à;���yijV�ç4�2"STU�À
ÆRklüsR�c¤in 1��RÍ3Uy���t¤� 2Z7�RW>? CPUE��à
jåmn|nÁi�1��RÍ3Ut&ij�2005W�QR�=<Vß�=à;�}§¯
�ijm�|¼RW�Qt&ijV�<=ût�þ�øMÇÞ°\¨Î��z§t$Ð%

��t�þ�:;´}§�Í3U<=�û�nû]tV<=
��t5�øMijmn¼

yokKz{jm�|�RnÇ�<=>?ox�khy��jm�y¥¦§{�¼y}§�

G,}§V¯�ijm�|�n�2�^�Rß�=à;�tåmnA" CPUEtìmjV�
�RRE�^��°ijm�|�RëìV·ÀRáâSG 6�#íz{nm|��t�W
XRß�=à;�tåmnW>? CPUE�¤�| 
 

 CPUE���/C" 
W> 1991 1992 1993 1994 1995 1996 1997 1998 1999

2 3,650  953  4,020 1,291 1,203 2,389 9,040  450  1,776 
3 1,662  1,963  648 2,076 688 329 3,606  5,173  959 
4 1,159  1,447  733 724 1,909 488 818  2,906  8,255 
5 472  915  538 501 809 732 256  662  1,711 
6 103  262  287 234 553 259 238  181  517 
7 25  42  100 62 334 146 104  175  207 

 CPUE���/C" 
W> 2000 2001 2002 2003 2004 2005 2006 2007  2008

2 1,177  613  4,999 517 565 1,264 152  2,217  223 
3 875  630  1,329 7,395 2,310 1,221 2,496  672  5,306 
4 1,298  570  759 1,608 3,426 2,733 1,585  2,717  1,930 
5 4,099  893  646 786 838 2,543 1,407  1,150  2,766 
6 646  2,132  747 320 369 765 1,305  998  658 
7 126  636  1,921 276 198 464 542  498  516 

 
 
 
¼¼c�I1,yV yWXR 1��RÍ3U�Xa,yV yWXR a��R CPUE�Ba,yV y
WXR\]�5t�þ� a��RST���qV 1���QaV a��Rd±ð���V 1
����aV a��R�²ÞR³´cu�|�n�Í3URµy CPUERµ�oÆ´J¶¨
It��nÇt�CPUERµt&ijV�åmnW>��2Z7�"cu� 6cÕ�n|¼
¼cåmnß�=à;���tV�2008W�QR 0���ß�=à;�����V��{
jm�m|��j�	
�MNO
�t�þ� 1��RÍ3Uyß�=à;� VPAt�v
khz{n 1��RST��yR&ðÞ�áâSG 4"}§��Ó 2008W�QR 1��R
ST���Ïäi�z§t�RÆ�Ôt�VPAR·å^t�v 2008W�QR 0��RS
T���khin|�n��W}§VÍ3U<=t�� 2��Í3U�=<R·
o¸�

�� �������
ya ayaayay yy BQXqNISSQ
,

2
,,

2
,1,1 6/))ln()(ln())ln()(ln( �



 
 

 

z{j�nnÇ�ß�=à;�VPAt��STG,ch¹
RxmNßWR1�� �2009
WRÍ3U<=cÏ§{n 2��Í3Uyß�=à;� VPAt�vkhz{n 2��RS
T��yR&ðÞ�áâSG 4"}§�2007W�QR 2��RST���khi�VPAR
·å^c 2007W�QR 1���0��RST���khin| 
STU°~�U�¯�kh��3tåm�W>?N�ª yij�ª �=<o34�

� 1989WX^_t&ijV�W?RÆ�åm����"|�n�ª �=<o34i�m
1988WX^�t&ijV�1989Z1993WXRN��åm�| 
 

  ª �g" 
W> 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990

0 31  31  31  31 31 31 31 31  27  25 
1 106  106  106  106 106 106 106 106  109  96 
2 267  267  267  267 267 267 267 267  332  284 
3 405  405  405  405 405 405 405 405  453  419 
4 490  490  490  490 490 490 490 490  492  539 
5 564  564  564  564 564 564 564 564  585  618 
6 639  639  639  639 639 639 639 639  682  662 
7 789  789  789  789 789 789 789 789  819  820 

8+ 1001  1001  1001  1001 1001 1001 1001 1001  879  1030 
  ª �g" 

W> 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
0 29  30  42  33 28 29 32 41  37  53 
1 95  94  138  79 106 89 85 121  158  97 
2 246  248  227  264 222 221 201 258  288  305 
3 409  400  343  338 397 368 338 325  349  424 
4 452  464  502  434 525 485 452 394  447  463 
5 529  538  548  526 536 557 541 472  529  523 
6 594  612  645  606 591 632 639 500  609  589 
7 806  718  781  686 641 582 738 605  691  647 

8+ 1024  841  1231  889 782 814 869 701  780  775 
  ª �g" 

W> 2001 2002 2003 2004 2005 2006 2007 2008  
0 42  49  32  42 42 40 43 32   
1 239  155  76  87 155 157 81 91   
2 306  301  214  210 265 181 241 189   
3 467  461  384  340 422 358 316 345   
4 538  565  470  459 460 453 457 416   
5 581  586  518  509 525 527 527 511   
6 623  639  626  579 575 594 599 612   
7 673  705  684  645 625 642 665 682   

8+ 754  824  766  757 719 712 720 725   
 
Ã~Õ?tìmjV���t¤inÆ�åmn| 
 

W> 0 1 2 3 4 5 6 7 8+ 
 Ã~Õ?�%" 0 0 0 20 80 90 100 100 100 

 







 
 

 

 
 
 
 
 
 
 
 
Üe 3V�'12�t�þ�GHIJKLÌ�©!��ñÓ/©®©���%¬L�¨

R³XûPØ|�Yt�þ�B�RQR¶¡R¢7w�R\¨U��Àyin|2006W^
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