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� � 
Z[\]^A�_`ab�_	
��c¤dPQef�2002 gd 967 Z hi 2004 g

d 876Z jklmno�2006gjf 1,039Z jpqmnr�sdofkljtu�2012
gf 717Z v�������	
�������	���������������
��� !"#��$%�RPS&�'(���#)*�+ ���,�	��-./#�
01�������2� 3456��2018 %7 2006 %	 1,039 89:���-�;#
�<=>�?@	���^7��'(-AB5C�+ -DEF� #�ABCG;	�H
	IJKL 1-3)-(3)7IM*) ABC-G;#��JN�OPQRN��S�2012%� 163
TU	VWNX&YZ56��2011 %	VWNX	[\]� 27%�^_`]� 0.07  �
;56�� 
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2014cABC defwgh Fi j���

ABClimit 112�� 0.54Fcurrent 0.24 19%
ABCtarget 92�� 0.8�0.54Fcurrent 0.19 16%
F����	
���

� ������� ������� F� ����

2011 841 286 0.46 34%
2012 717 234 0.45 33%
2013 639

F����	
���



����������� !"#$%&'()*+ 
 !"#$% ,-./�01234 

5678579:;< =>79:?@yAxBCD(20)=>^ 
EFGH@IJ#�KLxMA(9)>^ 
EFkNO01@PQ 2006^ 
56kEF01@R^S 2010^ 
Age-length key@R^S 2010�TUVW�IJ#^ 

��?XY 9:HZ/[\@]^9_2`abc^ 
de?@(0fghij@k^̂  
lmn) CPUE@Fo>^ 
Y�9p) CPUE@MA>^ 
Y�9p)��?XY@IJ#^ 

qrst1<(M) 5u�+ M = 0.25vwx 

9:yz?XY {|}÷9:HZ/[\@]^9_2`abc^ 
Y�9p)yz?@MA>^ 

~�� ������;<@��9_�������8���Z@E� �̂

]^8D���n�%�������1��1���8J��

u�����^ 
lmn�) 0 )��¡¢23@Fo>^ 
£¤n�¥¦§�) 0 )��¡¢23@¨�©ª«I��¬v
®¯���°±²³a_l´µ���¶v�·�¸¹ºn%

�����»)¼½°±)¾¿Ày®����^ 
Á;§�) 0  )��¡¢23@ÂH 24 5¿E�%�����
9_°±²³ÃÅ�����^ 
ÄgÅn�) 0  )��¡¢23@ÂH 17 5¿ÆÇ=>ÈÉÊ
®a_/[\@ÄgÅnn�%���ËÌ��23^ÂH 13
x17 5¿)ÍÎ@ÏÐ>�VÑ>�D�> �̂��9_���

�4Ò¬a_@ÂH 18x22 5¿^ÍÎ/[\@ÏÐ>�¥¦
>�VÑ>�D�> �̂ÏÐ>�D�>�IJ#^ 

 
� ����

%���&�h�&¾Ó�OÔ©9_ÒÕ�����Ö©9j���×�n�¸¹ºn

ØÙÄgÅn�&�9:?&ÚÛ�Ü+���ÝÞß9_ØÙ��9_)ÒÕh�

*©àÜ·��20055Ø+�á¤vÒÕ*��]^8D���n�%�������1�
&�âãäÜm������1�& 20115¿�åæ��&�Ì1���âãäÜ·�çè
& 20125¿'é�̈ �©êGë�����ÝÞXì81�)(�íî�Ü�âãäÜ·��

ïrhð����v�·�Yñòó23�S�×�n�¸¹ºnØÙôn)Hh&]^

��õ�ö÷§ØÙÄgÅn»�ø)�ù�úû¯�ü*@^A8ýþ 1996�ýþS 1998^
ðÄgÅn�³��� 0 h&��IÇ��ýIÇ���©Ó�]^��õ»��¯�ü



*@	þS 1996^&/[ãäÜ·�ü*�S�×�n�¸¹ºnØÙÄgÅn���
��&���*�Ü
á¤*��ãäÜ·���á¤)Ñn��&�1993 5'é�128
x297�;)����&�5��ãäÜ·�@� 1 �̂ 

 
�� ��

@1^Ñ8�û 
�á¤&×�n�¸¹ºn�ônØÙÄgÅn�Ñ¯�@� 1 �̂��³�����

h&�øj��vH�j*��HF��àÜT����¯�@ýþ 1997 �̂×�n�õð
]^��õ�)³�¤&�×�n�¸¹ºnØÙôn»����ÄgÅn�õ�)³�

¤&���IÇ'���ýIÇ'��×�n�̧ ¹ºnØÙôn»��¯�@ýþ 1997 �̂
���ïrhð����v�·�Yñòó23�S���&�ø���Ü·����&�

�ü*&/[ãäÜ·�@	þS 1999�PQ 2006 �̂���´ )J��&�lmn�&
��h&¾·!"��ø���Ü·�ü*&/[ãäÜ·�@PQ 2012 �̂ 

 
@2^568HF 
�á¤���#$7)56(t)*EF Lt(mm)) von Bertalanffy HF%@R^S 2010^

ØÙEF L(cm)*NO W(g))01%@PQ 2006^v'(�&¯� 
56kEF01% 
$]Lt=534.3(1-exp(-0.648(t+0.130))) 
#]Lt=559.8(1-exp(-0.598(t+0.144))) 

EFkNO01% 
$]W=0.0000395L2.82 
#]W=0.0000530L2.74 
HF%ØÙEFkNO01%�S'ù�#$7567)EF*NOv� 2�&¯�()

&* 10 5*xãä�������& 6  'Rv+�,�-!+*�Ü·�&���&
10 �#$·.ä/EF 600mm'R*©�Vß����@;0 1987 �̂ 

 
@3^HL8�ø 
$& 2  �#& 3  �HL¯�@� 3�þ^ 1988 �̂�á¤)Ö©�øj&�Á;§�

ö÷§�¥¦§�lmn�£¤n�01n2���3ÄgØÙ45Äg*ãä�67

8U�9��õ�/:;¯�*ãä�@� 1�þ^ 1996 �̂�ø<& 3 =(>�]^�?
�S@�+�IA)RB**/��R��ÄgÅn�)�ø<& 4x5=*ãä�ö÷§�
Á;§�& 4x6=*ãä�@þ^ 1996�ýþS 1998 �̂ 
 
@4^CóD01 
�h�<��&�E�+�FG%F��h&���)HßIJK�LHh&MN¹Kð

O)P)Qh�RS8TUK�Hh&hK�RS8TUKvóD¯�@PV 1997 �̂ 

 
�� �����

@1^9_)WÔ 



Á;§�ö÷§�¥¦§�lmn�£¤n�01n2���3ÄgØÙ45Äg�

&�3x6=�2 'R&xèX�Y+�ZX�ØàÜ9:ãä�7x1=�0 &xèX�H
ß�[X�Y+�}÷�ØàÜ9:ãä��×�n�¸¹ºn)\"���IÇØÙ�

ýIÇ�&�12x3=�0 'R&}÷�ØàÜ9:ãä�@ï]8^D 1996�ýþ8_?
^ 2000�`^S 1997^� 
 
@2^9:?)� 
�á¤)F<)9:? !"&:;�©·�F<a©9:?)XY*�Ü�(0fgh

ij@k^���de?@b5^v�·�@(0fghij@k^�&19705�S×�
n�¸¹ºn�vcn��ÄgÅn�dO>�Ïe>�f¦>�vÅn�*�Üg7�Ü

de·�h1v`4�Ü·�^�de?&1971x19935�610x1,727%F����1994
5�Sij�ÚÛ��19975'é106x313%F*kIl���Ü+�20125&114%F
��à�@�4^�5679:;<)x�&�á¤Ñmn)o=>)23Np&q��
�20025'é)=>79:?@9<5]4x3=^v�·��9:?&20025)383%F�S
r��©&S/ÚÛst��20125&234%F��à�@�2��5^� 

 
@3^9:yz? 
] 8̂D���n��&�9x3=�}÷�Ø+0 'R&9:ãä��9:yz?*�Ü�

]^8D���n�%�������1�ØÙ%���T���ÝÞuì�vSä�

2005x201159<)Íì<v�����Íì<&�2005x20065&18w�ì����2007
5'é&ÚÛst��20095&11w�ì��à�&�20105�Sx½�yz�20115&13
w�ì��à�@�3��6 �̂ 
ÄgÅn9{?)4|Äg�&�4x6=�}~X�Ø+2 'R)�ø`h&9:ãä��

9:yz?*�Ü�MA>)Y�9p)1999x20125)�_�<v������_�<&
r��©&S/20065�´V@806� *̂©+�O)���5a�ÚÛst��20125&431
���à�@�3��7 �̂ 

�� �����

@1^����)u¶ 
2002x2012 5)��?&�×�n�¸¹ºnØÙÄgÅn��� 0x5  * 6  '

Rv+�,�-!+*��5679:;<@� 4^v�·���!%¬�@ÂP 2001^�
Ø+x���M&´¾56v 10 *�Ü�^9)u¶@^9 1960^�Ø+'ù� 0.25
v�·��EF���7#$�* Age-length key@�� 1�2^v�·Ü5679:;<v
��������56kEFØÙEFkNO)01%& ���@2^)�+����
 
@2^��?XY�)� 
]^8D���n����}÷9_) 2005x201159<) CPUE@kg/�ì^&�2005

5) 5.0kg/�ì�S 20075) 6.3 kg/�ì�x½��20085& 3.7kg/�ì�VmÓÚÛ���
20095'é&�5a�x½st��20115& 6.8kg/�ì��à�@� 3�� 6 �̂ 
ÄgÅn9{?)4|Äg����ø`hvÒÕ*��}~X9_)MA>���



Y�9p) 1999x201259<) CPUE@kg/�^&�19995) 18.7kg/��Sr��©&S
/ 20085�´V@69.1kg/�^*©+�O)�/r�v�+���20125& 15.9kg/���
à�@� 3�� 7 �̂ 
ÄgÅn9{?)ÏÐ>ØÙTU>�õ�&�4x6=�xèX�Ø+ 1 v���ø

`h&9:ãä��TU>)Y�9p) 1982x201259<)l9X<u�+)9:?@kg/
l9X<^&�1986 5�´V@32.2kg/l9X<^*©+�O)���5a�ÚÛst��
20125& 1.2kg/l9X<��à�@� 3�� 8 �̂ 
lmn�&�4x6=� 2 'R)�ø`h@Ö�$^&Y+��9x12=� 0 &Y+

�9:ãä��lmn����ø`hvÒÕ*�� 1999x201259<) CPUE@kg/�^
&�19995) 4.7kg/��S�5a�x½st��20125& 7.3kg/���à�@� 3�� 9 �̂
lmn��� 0 vÒÕ*�� 1999x201259<) CPUE@kg/� &̂�19995) 11.4kg/
��Sr��©&S/ 20065�´V@32.0kg/�^*©+�O)�/r�v�+���2012
5& 23.0kg/���à�@� 3�� 9 �̂ 
�á¤&T�v 1á¤*�Ü��ãäÜ·�&��ø`hvÒÕ*�� CPUEØÙ�

�?XY�)�&�ÄgÅn9{?*lmn)Ø���Þa��ä�n����©��

���CPUE ØÙ��?XY�)�&�(Ã)(4)�&¯á¤EN)��?)�*�
.�/Ì2�©·�ÄgÅn9{?*lmn*� CPUEØÙ��?XY�)�&�©
�Ô�&��©ü*&�zSä�&�O)
�*�Ü�20045�SFo>&�q�d+G
��·�µ�M  50�;)��)���&�zSä�@� 10 �̂ 
 
@3^9:E)56GH 
9:E)V?Ñ& 0 (37x66%)* 1 (10x34%)�¡ùSäÜ+�ö6h�9:&¢

àÜ·�@� 4 �̂���n��ØàÜ/9:E)56GH&�©+�lmn�& 0  &�
ÄgÅn& 0x1 &�×�n�̧ ¹ºn�& 1x2 &9:)9£�©àÜ·�@� 11 �̂ 
 
@4^��?*9:!")� 
��?&�20025) 967%F�S 20045) 876%F�ÚÛ����20065) 1,039%

F�x½��&�O)�&ÚÛ�yz�2012 5& 717 %F��à�@� 6�� 12 �̂9:
!"& 29x40%@Â¤ 33%^����@� 7�� 12 �̂¥¿Ñ�*�Ü M v 0.1x½ã
¦�j"�2012 5)��?& 27%�SSB & 25%�½�?& 26%x½��@� 13 �̂M v
0.1 ÚÛã¦�j"�2012 5)��?& 21%��ø`h?@SSB^& 17%�½�?& 17%
ÚÛ��@� 13 �̂ 

 
@5^ò��01 
(Ã)@8 �̂&¯~��* 0 )��;<�,§·Ü 0 )ïrh*����vÑ���

ò��01vÃÅ���SSB&56*HL)01�S 3 'R)��?*���SSB&Ì
¨¿��àÜ/½�;<&VmÓr���m)©01&©ùSä©�à�@� 15 �̂2006
5'é�RPS(;/kg)&ÚÛst���@� 16 �̂ 
 
 



@6^��)Il8�t 
��Il&F<)9:?)XY���(0fghij@k^)de?v 0x´V�� 3

4Ñ��575%FLªvk«�576_1,150%Fv9«�1,151%F'Rv¾«*gÑ�Ü¬
x���20125)9:?XY& 114%F���ü*�S���Il&k«*����@�
4 �̂��?)��S���t&ÚÛ*����@� 12 �̂ 
 
@7^��*9:)01 
� 7ØÙ� 14�567 F)�5rÀv&¯�®) F@E56)Â¤�^&�¯a�

�ÝÞ,l��� F30%SPR vR�àÜ+�½�°:���ü*&&±ãä�@� 17 �̂
ãS��9:²@56* FvrÀã¦�j") YPR)4?²�v³H��*ü´�®)
F�9:²@56v®) 0 �S 1 »µS¦�* YPR&* 33%xV¯�ü*&¶·ã
ä�@� 18 �̂ 

 
@8^����¡¢ 
��&�����)�M ���jcØÙ;¸)¹º¿�ØàÜ��»)¼½¡�&

�©�*�zSä�@PQ 2005 �̂��¡¢v¹»�¼½¯��ù��á¤�&���;
<�&©Ó�o�¾�(�)¼½¡�v�¿��l¡��;<v����·��]^Ø

ÙD�>�õ�vSä�����)��jc��M ØÙ;¸)¹º¿7)�À�@9

:ãä�����);<`��;<^ØÙ�ÀO?@9:ãä�����)O?^�,

§·Ül¡��;<vx���l¡��;<)x)ÁÂ&ÃÄ�� 3�&¯��á¤
EN��� 0 ÅÆ�)����)~��&�Yñ@Ç¸ÈÉYñ�ÊËÌËF8�F
+ÍGÎF(ALC)�Ø�ÏyYñØÙÐÑYñ^�ØàÜñ7ãä�����v23�
�Òm}Ó���À;<vá¤EN) 0 )9:;<�É¯�ü*�ØàÜ�����O
)Ô¢�~��& 4x52%@Â¤ 22%^�����2012 5)~��&¾·ü*&ÄgÅ
n����À;<&¾·ü*�Õ�¯��20125)ÄgÅn�)�À;<&Ö×&Vm
·���&���ù�Ø��*��@� 8 �̂ü)<�& 2012 5)¼½¡�©SÙ� RPS
�ÙÚvÛÜ¯)��ABC �xðÝú¶·�& 2011 5��) !"v�·��l¡��
;<�Ò¯�¼½¡�& 0.05x0.18@Â¤ 0.11^����@� 9 �̂¼½¡�&P)��
ÒÕ�*Ì4����/0ÞS.@�N�ÄgÅná¤ÂH 24 5¿��]0.16 �̂~��
&¾·@�N�ÄgÅná¤ÂH 24 5¿��]4.1%^Ô�& 0  )��?&Û©·ü*
*�zSä��20145�SE56) F)Â¤�*l¡��;<vOäßärÀã¦�j"
�<~ãä� 20185)��?vx��4?²�v³H���ïr 0 )��;<& 2006
5'é�RPS &ÚÛst���ü**RÃ)Þà�S�S�2006x2011 5) RPS )Â¤
�* SSB)áv�·Üx��¼½¡�& 2002x20115)Â¤�v�·��O)Ô¢�F
v 16%ÚÛã¦�ü*&l¡��;<v 49�;(52%)x½ã¦�ü**Ì4)¡¢&��
*¶·ãä�@� 19 �̂ 

�� ��� � ��� ���

@1^����)�*ù 
�á¤)��Il&k«����t&ÚÛ*�zSä��Ýú¶·�S/®)9:



ØÙ����)��&íîãä�j"���?&ÚÛvî��*xãä�@� 20 �̂�
��üä��âÓ·���Üm� SSB / 2014 5'éÚÛ¯�*¶·ãä�@� 21 �̂
�á¤)��&¯��ãäa©®å��+�9:æ)çi©èÚ&�Ô����½zÜ�

����v¡�a����¼½¯�ü*�ØàÜ½�?vxð¯ü*&'ùSä�� 

 
@2^ABCéÙ�x9:?)�x 
�á¤&�ò��01&êm)���ü*�½zÜ���¬�v�â�� 11 5���

�Il&k«���î���ù�ò��01)+ë$%�S Blimitvx¯�ü*&�
m©�à��ABC)�x&�ABC �x)�ù),�ìí) 1-3)-(3)@Flimit = @,l��
Fcurrent^� �2�Ftarget = Flimit � �^vµ���20145'é)ÝÞ,l& Fcurrent*���
�2& 2018 5���?&]^8D���n�%�������1����îY*ãä�¨
�©��ÝÞXì81�)(�/íî�Ü��îY*ãäÜ·� 20065)��? 1,039%
FvïH¯����� 0.54 *��ABClimit & 112 %F*©à��Ftarget )ðE� � &Y
l� 0.8*��ABCtarget& 92%F*©à�� 

 
2013 5'é)ïr) 0  ��;<&�2006 5'é�RPS &ÚÛst�k·Il��

�Ü·�ü** 20125)~�� !")Ö×&Vm·���&��ü*�S�2006x2011
5) RPS )Â¤�* SSB *)á*wx�������) 0  ��;<&�l¡��;<
*¼½¡�)á*wx���l¡��;<&�20075'é��ñaâÓ·���Ü·�
ü*�S�2007x20125)l¡��;<)Â¤�@� 9 v̂�·�¼½¡�&�2002x2011
5)¼½¡�)Â¤�@� 9^v�·��1 'é&��!%¬�)ò®¶�x��@Ã
Ä�� 3Øó �̂ 

 
@3^ABClimit)�� 
ÝÞ,l��� Fcurrent�o1<vôz�j")9:?ØÙ��?) 55�)Ýú¶

·v(��&¯�Fcurrentvõö��j"���?& 20185� 543%F�ÚÛ¯�*¶·

2014{ABC C|���� F� ��	


ABClimit 112�� 0.54Fcurrent 0.24 19%
ABCtarget 92�� 0.8�0.54Fcurrent 0.19 16%
F���������

2012 2013 2014 2015 2016 2017 2018
��n�� 0.54Fcurrent (0.24) 234 198 112 133 154 173 199

��n��n�� Fcurrent (0.45) 234 198 189 187 182 175 173

2012 2013 2014 2015 2016 2017 2018
��n�� 0.54Fcurrent (0.24) 717 639 584 707 817 907 1,039

��n��n�� Fcurrent (0.45) 717 639 584 588 573 545 543
F�o2012�n}��n !��
��"o��#��$%~��#n !�������	
��

������

�������

���������



���2018 ! 2012 "#$%&'()&*!+ 0.7Fcurrent,¯)-./�),01�
�&�ABClimit ��) 0.54Fcurrent ,¯)2,�(345&67¯)2,/89,01�
�&�:;01"<=+>?#@ 2&AB� 

  

 
 
 
 
 
 

F pq� 2012 2013 2014 2015 2016 2017 2018
0.05 0.1Fcurrent 234 198 23 32 45 59 79
0.09 0.2Fcurrent 234 198 45 61 81 102 132
0.14 0.3Fcurrent 234 198 66 86 109 134 166
0.18 0.4Fcurrent 234 198 86 108 132 155 187
0.23 0.5Fcurrent 234 198 105 127 149 169 197
0.27 0.6Fcurrent 234 198 123 143 162 178 200
0.32 0.7Fcurrent 234 198 141 157 171 181 197
0.36 0.8Fcurrent 234 198 158 169 177 182 191
0.40 0.9Fcurrent 234 198 174 179 181 179 183
0.45 1.0Fcurrent 234 198 189 187 182 175 173
0.49 1.1Fcurrent 234 198 204 193 182 169 163
0.54 1.2Fcurrent 234 198 218 199 180 163 153

CDE�rs�

F p�� 2012 2013 2014 2015 2016 2017 2018
0.05 0.1Fcurrent 717 639 584 843 1,152 1,499 2,002
0.09 0.2Fcurrent 717 639 584 810 1,065 1,335 1,719
0.14 0.3Fcurrent 717 639 584 778 984 1,189 1,478
0.18 0.4Fcurrent 717 639 584 747 910 1,061 1,273
0.23 0.5Fcurrent 717 639 584 718 842 947 1,098
0.27 0.6Fcurrent 717 639 584 690 779 846 950
0.32 0.7Fcurrent 717 639 584 662 721 757 823
0.36 0.8Fcurrent 717 639 584 636 667 678 714
0.40 0.9Fcurrent 717 639 584 612 618 608 622
0.45 1.0Fcurrent 717 639 584 588 573 545 543
0.49 1.1Fcurrent 717 639 584 565 531 490 475
0.54 1.2Fcurrent 717 639 584 543 493 441 417

��E�rs�



F4^ABC"GHI 

 

 
2012 "JK%� LMJKNO/PQ��&RS�2013 GHI� 2012TUV 2013

 "#$%+W'XYZ[\��&� 

 
�� ��� � ��������

] �RPS/^_`a�bc�(_)2,de�fgh!Qi%&jQ�¦)&*!+�
klmnodpNq"rs")_ftuv&wl)7xy!z{¯)2,!U|�}Q~

�"�'&+d)-./�)F� 19 �̂Q*(����"Qi/����!�|)/e�
JK/ 0 �&��,¯)2,de�0 �"����X+Gz{�#$(3!�.,�*e
�)��Z��_�i�&��¯),�ftuv"z{/����!�*)��h)��

)+!�¯)��h)��" �!¡*���¢£¤��h¥¦§!¨��&uvz{&

©ª2,��.,�*e�)�«&�¬¤+®O"�¯yTUV7xy&°��±�e

&²;,¯)³�/´¬µ�¶·¸µ��¹�(JKº»,)¼&½��¯(¾�(_)

89§/�)��e!�¿µÀ" CPUETUV#$%Á5Â"bc/¤Ã�,-Ä��
ÅÆ¦Ä�¿µÀ"#$Ç�/È)),��*e�)�2�e"2,de�ABC!�§X
ÉÊZË!Q*(�¿�¯y!TÌ)�¯`�TUV7xy!TÌ) 0�&º»!JKÍ
Î¤��&©ª2,/¤Ã�!,¼(�.��),�*e�)� 

!� "���

�ÏÐÑ, ÒÓÔÕ (1996) ¶·¸µaÖµa´¬µ. ,×ØÙÚ"JÛ,#$ÉÊyF¥
Ü^ [Ý^ Þßàá�â, ¶ã, 53-67. 

-��./ 01ä ABClimit ABCtarget å2ä

34)*5-�æ 3��æ 3��æ 3��æ 3��æ

2012/34)æ 0.5Fcurrent 0.20 826 131 107
2012/32012/5-�æ 0.6Fcurrent 0.26 830 173 129
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2013/32013/5-�æ 0.53Fcurrent 0.24 639 115 95
���t/çDu���

2012/5-�EvF2013/5-��/ç6å2÷èEvF/ç6u�78wé9�G�
:;�ê�Fcurrent�������	
����������2012���������2006���

������ !�"��#$%&�'(��2013��2006�������2018�"��#$%&�'

(���)

��*� F+

,-H.IJ+x����

������

2009�2011��	
���� 2009�2011��	
������������������
���2012��	
�
2012�����	
�� 2012�����
2002�2012�������� 2002�2012����� 

!"#$%�����



&^'( (1988) )*+,-./0. 12^)*3�456789, 128. 
&^'( (1996) /_:_, 79, 15-18. 
;< 5x21=>?@ABCD���EFGHIJK1LM^(1995x2012)3�Na1O^3
�PQRSTUVWa12^LMXdY,01Z[\89. 

;< 17 =>]^_`abc\dBefg1hij,,klm./noHIpq^;< 13
x17=>-Pr(2008)st`3�RSTUVW�uv`wx3�RSTUVW3�yz
{�|}`~�3�yz{, 1-135b 

;<24=>LMlm./?@AB�����Å99�4�b 
;��� (2001)VPA(Virtual Population Analysis). ,;<12=>45�����"[\dB
efg – 45¬�F���g - �2���)*3�456789, 103-128. 

�&�� (1997)�����d��2 ¤. ,lm./-AB�45¡¢�1£¤^ ¥¦  ̂
§¨2©�ª, «¬, 41-52. 

�&��, ®¯°±, ^² ³ (1998)´µ¶�J·32¸¹HIJzd�[º32lm

./<»-��. )3¼, 64, 435-439. 
�&��, £¤^ ¥ (2000)AB8o½Q¾-¿UÀWlpqÁÂd�[º32)*ÃÄ

-lm./-vÅ. 3�ÆÇ, 48, 17-24. 
�ÈÉÊ (2005)ËÌ,ÍTÎÏlm./�ÐCD-ÑÒÓÍTÎÏHIÔÂ�ÕÖHI
×�. )3¼, 71, 805-814b 

�ÈÉÊ (2006)ËÌ,ÍTÎÏlm./Takifugu rubripes-�ÐCD-�Ø�ÙÓ-HI
ÔÂ. )3¼, 72, 1029-1038. 

�ÈÉÊ (2012)ËÌ,ÍTÎÏlm./-HI���HIÔÂÍÚ_ÛbXdY,, 26, 

1-5. 
�Ü¥; (1997)�ÝÞßàá. clm./-AB�45¡¢d 1£¤^ ¥¦^ §¨2©
�ª, «¬, 16-27. 

âãäå11987^æ,G«çè,�lm./-=é�<ê. st`ë,3�yz{RSe
f, 22, 30-36. 

?@AB45�ìíîïdB1;<18x22=>^Prefg (2011)st`�|}`�ðñ
`�uv`�12^LMXdY,01Z[\89, 411-444. 

ò&óô, õ�ö÷, ø^ùú, s*�û (1999)lm./Takifugu rubripes`»-hij
,GÅühi-�Ø{¾-�Ùá. )3¼, 65, 689-694. 

ò&óô, «, �, ø^ùú, ²ýþ, ���� (1996)ÅühiÃÄ,kd�-lm
./ÑÒ»-��. ��3RRe, 29, 27-38.  

ø^ùú, ò&óôa«, � (1997)hij,�4-ÃÄ3k. ,lm./-AB�45
¡¢�1£¤^ ¥¦^ §¨2©�ª, «¬, 68-83. 

^² ³, �&�� (1996)«çè,Gæ,�J·32¸¹HIÁÂd��2lm./-�

���. �3RRe, 74, 73-83. 
^~	� (1960)3��Ý-Population Dynamics �AB45¡¢. «,3Re, 28, 1-200. 

^��aò�(aj^��a����a�ÈÉÊa�s�� (2010) «çè,a)*
,T��hij,�lm./-<ê�Age-length key. )3¼, 76, 803-811. 

 



�� 1. Age-length key��±�Q14x6 �^

 
 
 

1 2 3 4 5 6+ 1 2 3 4 5 6+
10- 1.00 1.00 0.50 0.50
12- 1.00 1.00 0.50 0.50
14- 1.00 1.00 0.50 0.50
16- 1.00 1.00 0.50 0.50
18- 1.00 1.00 0.50 0.50
20- 1.00 1.00 0.00 1.00
22- 1.00 1.00 0.20 0.80
24- 1.00 1.00 0.25 0.75
26- 1.00 1.00 0.40 0.60
28- 1.00 1.00 0.60 0.40
30- 0.50 0.50 1.00 0.00
32- 1.00 1.00 0.50 0.50
34- 1.00 1.00 0.00 1.00
36- 1.00 0.96 0.04 1.00 0.00
38- 1.00 0.82 0.18 1.00 0.00
40- 0.26 0.74 1.00 0.95 0.05
42- 1.00 1.00 0.86 0.14
44- 0.91 0.09 0.14 0.43 0.14 0.29 0.61 0.39
46- 0.27 0.45 0.27 0.50 0.43 0.07 0.44 0.56
48- 0.10 0.70 0.20 0.13 0.48 0.30 0.09 0.30 0.70
50- 0.00 0.20 0.80 0.09 0.36 0.36 0.18 0.13 0.87
52- 0.11 0.44 0.11 0.33 0.10 0.05 0.45 0.40 0.31 0.69
54- 0.50 0.50 0.23 0.14 0.64 0.08 0.92
56- 1.00 0.08 0.17 0.75 0.08 0.92
58- 1.00 1.00 0.13 0.88
60- 1.00 1.00 0.00 1.00
62- 1.00 1.00 0.00 1.00
64- 1.00 1.00 0.00 1.00
66- 1.00 1.00 0.00 1.00
68- 1.00 1.00 0.00 1.00
70- 1.00 1.00 0.00 1.00
72- 1.00 1.00 0.00 1.00
74- 1.00 1.00 0.00 1.00
76- 1.00 1.00 0.00 1.00
78- 1.00 1.00 0.00 1.00
80- 1.00 1.00 0.00 1.00

K������cm�
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� 2. Age-length key�����7�3�^ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0 1 2 3 4 5 6+ 0 1 2 3 4 5 6+
10- 1.00 1.00 0.50 0.50
12- 1.00 1.00 0.50 0.50
14- 1.00 1.00 0.50 0.50
16- 1.00 1.00 0.50 0.50
18- 1.00 1.00 0.50 0.50
20- 1.00 1.00 0.50 0.50
22- 1.00 1.00 0.50 0.50
24- 1.00 1.00 0.50 0.50
26- 1.00 1.00 0.33 0.67
28- 1.00 1.00 0.50 0.50
30- 1.00 1.00 0.50 0.50
32- 1.00 1.00 0.20 0.80
34- 1.00 0.92 0.08 0.25 0.75
36- 0.93 0.07 0.96 0.04 0.55 0.45
38- 0.80 0.20 0.82 0.18 0.53 0.47
40- 0.46 0.54 0.54 0.45 0.01 0.61 0.39
42- 0.19 0.77 0.04 0.25 0.75 0.56 0.44
44- 0.03 0.75 0.22 0.04 0.89 0.07 0.42 0.58
46- 0.50 0.50 0.04 0.40 0.56 0.42 0.58
48- 0.09 0.73 0.18 0.18 0.71 0.12 0.39 0.61
50- 0.17 0.17 0.50 0.17 0.11 0.44 0.22 0.22 0.40 0.60
52- 0.22 0.44 0.33 0.23 0.23 0.15 0.38 0.41 0.59
54- 1.00 1.00 0.50 0.50
56- 1.00 0.25 0.50 0.25 0.00 1.00
58- 1.00 1.00 0.00 1.00
60- 1.00 1.00 0.00 1.00
62- 1.00 1.00 0.00 1.00
64- 1.00 1.00 0.00 1.00
66- 1.00 1.00 0.00 1.00
68- 1.00 1.00 0.00 1.00
70- 1.00 1.00 0.00 1.00
72- 1.00 1.00 0.00 1.00
74- 1.00 1.00 0.00 1.00
76- 1.00 1.00 0.00 1.00
78- 1.00 1.00 0.00 1.00
80- 1.00 1.00 0.00 1.00
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	1. 
�������������  ̂

 
	2. ���������0 �!"#����$%  ̂

 

 
 
 
 
 
 
 
 

�� ���

��	�
 0�
2002 6 8 7 4 2 56 55 10 16 3 4 10 180
2003 5 5 3 3 1 32 51 13 18 5 1 8 145
2004 7 0.5 3 3 1 43 46 7 10 4 0.4 28 152
2005 6 0.4 1 3 4 51 47 9 24 3 0.2 16 164
2006 8 4 1 2 1 40 57 12 18 5 0.2 21 170
2007 6 5 2 3 1 44 64 9 26 10 1 12 182
2008 5 9 4 3 2 38 26 3 20 9 1 11 130
2009 4 1 2 3 4 34 49 9 22 8 1 10 146
2010 4 4 2 3 5 33 62 14 21 7 1 7 162
2011 6 9 3 4 4 35 59 9 18 10 1 6 164
2012 7 5 2 3 3 39 58 6 19 7 1 4 155

�


��������

�� �� �	 ����� ���� �� �� ��

&�

������

2002 8 41 20 39 10 16 31 15 18 4 202 383
2003 7 36 22 39 10 9 32 11 5 1 172 317
2004 2 19 21 22 9 3 26 16 1 0.4 120 272
2005 4 22 19 33 9 12 16 20 3 0.4 138 302
2006 12 43 24 49 7 10 19 17 2 1 184 355
2007 8 28 22 33 4 7 23 13 3 1 143 325
2008 2 13 20 17 2 10 17 45 1 1 127 257
2009 4 33 29 26 5 6 21 18 3 1 145 292
2010 5 22 25 19 6 6 10 7 1 0 101 262
2011 4 25 22 20 5 9 17 17 1 1 122 286
2012 1 20* 22* 18 3 2 6* 7 0.2 0.4* 80 234

	
��4�3����
*����

��
�� �� ���� �� � !"

�

����

#� $% �

� 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
���� 1,481 1,493 1,392 1,501 2,010 1,390 1,283 1,392 1,502 1,653

� 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
���� 1,384 1,712 1,625 2,228 2,165 2,207 2,531 2,285 2,970 1,630



�3. �	
����������÷������� �̂CPUE�kg/�� �̂ !"����#$%&
�'()�����*+,� �̂-."����#$%&�/0)�12�3#4�kg/5%)� �̂
56�����78�CPUE�kg/,  ̂

 
 
 
 
 
 

9:; 9:;

�2<5�� �0��
�� CPUE ��	
� CPUE ��� CPUE CPUE CPUE

1982 3,295 12.9
1983 3,825 10.1
1984 4,022 12.2
1985 4,925 12.2
1986 4,560 32.2
1987 4,658 20.0
1988 4,137 12.5
1989 3,775 22.5
1990 3,596 8.9
1991 1,792 6.8
1992 3,445 4.9
1993 4,003 6.5
1994 3,492 6.8
1995 3,434 4.1
1996 2,906 3.9
1997 3,281 2.5
1998 2,469 2.4
1999 2,326 1.4 531 18.7 4.7 11.4
2000 2,309 1.2 5.1 17.4
2001 1,912 2.4 5.4 18.0
2002 1,762 2.8 698 15.9 6.1 16.0
2003 1,773 2.6 578 15.6 4.1 9.9
2004 1,017 5.2 412 27.0 6.0 28.5
2005 17,647,521 5.0 1,996 1.9 558 30.0 6.4 21.3
2006 18,063,367 4.9 1,295 3.1 806 20.7 5.9 32.0
2007 16,554,741 6.3 1,251 1.2 398 27.1 6.7 17.5
2008 13,972,456 3.7 1,254 2.6 525 69.1 7.6 25.1
2009 10,988,266 6.4 836 2.0 510 29.4 6.9 27.7
2010 12,257,017 6.0 794 2.9 493 13.4 6.7 16.3
2011 13,167,825 6.8 1,200 2.2 354 37.5 7.8 20.4
2012 984 1.2 431 15.9 7.3 23.0

�

��������� ������� � �����

�0�!�� �1�!�� �2�!��



"4. #$%&'()*+, 

 
"5. #$%-.()*+, 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0 1 2 3 4 5 6+
2002 289,537 98,161 48,570 23,551 10,336 8,072 7,131 485,358
2003 137,641 108,609 55,156 20,548 7,516 5,732 5,394 340,595
2004 260,718 54,869 33,192 23,960 8,028 6,685 6,168 393,618
2005 262,067 58,506 37,476 20,676 10,721 8,467 7,075 404,989
2006 188,583 139,796 53,866 15,309 5,255 4,587 5,633 413,030
2007 137,683 81,289 51,892 37,327 9,052 7,377 5,740 330,360
2008 172,322 28,948 25,858 29,332 15,784 12,126 8,630 293,000
2009 108,101 97,227 47,098 16,065 9,484 7,654 6,679 292,308
2010 90,338 63,039 41,054 24,957 8,643 7,418 6,225 241,674
2011 102,859 90,740 38,872 20,558 10,617 8,111 7,014 278,769
2012 67,685 40,351 37,779 24,949 8,469 7,383 6,026 192,642

,��
��

0 1 2 3 4 5 6+
2002 639,164 303,291 147,895 70,955 35,898 21,230 18,756 1,237,188
2003 426,694 283,254 149,576 72,318 34,476 18,836 17,725 1,002,879
2004 636,761 240,831 124,752 67,815 38,188 20,217 18,654 1,147,218
2005 706,849 307,970 139,138 67,865 31,670 22,656 18,931 1,295,079
2006 474,868 367,292 188,216 75,288 34,607 15,204 18,672 1,174,147
2007 409,777 235,108 162,678 99,046 45,124 22,315 17,363 991,411
2008 503,770 226,170 111,365 80,899 44,196 27,155 19,325 1,012,880
2009 409,937 275,206 150,595 63,911 37,119 20,491 17,881 975,140
2010 409,879 253,810 128,528 75,720 35,597 20,538 17,235 941,307
2011 274,874 270,274 142,036 63,867 36,946 20,096 17,377 825,470
2012 218,491 141,949 130,412 76,314 31,598 19,404 15,837 634,004

� ��
��



�6. ��	
�������  ̂

 
�7. ��	F������%^�� 

 
 
 
 
 
 
 
 
 
 
 
 
 

0 1 2 3 4 5 6+
2002 123 239 237 157 93 60 57 967
2003 82 223 240 160 90 53 54 902
2004 123 190 200 150 99 57 57 876
2005 136 242 223 150 82 64 58 956
2006 92 289 302 167 90 43 57 1,039
2007 79 185 261 219 117 63 53 978
2008 97 178 179 179 115 77 59 884
2009 79 217 242 142 97 58 54 888
2010 79 200 206 168 93 58 52 856
2011 53 213 228 142 96 57 53 841
2012 42 112 209 169 82 55 48 717

���
��

0 1 2 3 4 5 6+
2002 0.67 0.46 0.47 0.47 0.39 0.56 0.56 0.51 40
2003 0.43 0.57 0.54 0.39 0.28 0.42 0.42 0.44 35
2004 0.58 0.30 0.36 0.51 0.27 0.47 0.47 0.42 31
2005 0.51 0.24 0.36 0.42 0.48 0.55 0.55 0.45 32
2006 0.56 0.56 0.39 0.26 0.19 0.42 0.42 0.40 34
2007 0.45 0.50 0.45 0.56 0.26 0.47 0.47 0.45 33
2008 0.46 0.16 0.31 0.53 0.52 0.71 0.71 0.48 29
2009 0.33 0.51 0.44 0.34 0.34 0.55 0.55 0.44 33
2010 0.27 0.33 0.45 0.47 0.32 0.53 0.53 0.41 31
2011 0.52 0.45 0.35 0.42 0.37 0.57 0.57 0.46 34
2012 0.41 0.39 0.40 0.46 0.36 0.56 0.56 0.45 33

�������
��
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�9. SSB,-. �̂0�/0
#���
#�1��
#�231+�RPS,
/kg^�45 

 
 
 
 
 
 
 
 
 
 
 
 

��� ���

2002 368 614,537 24,627 1,653,000 457,300 0.05 1.7
2003 357 402,827 23,867 1,384,000 384,900 0.06 1.1
2004 364 539,844 96,917 1,712,000 569,300 0.17 1.5
2005 354 659,467 47,382 1,625,000 727,900 0.07 1.9
2006 357 352,991 121,878 2,228,000 867,600 0.14 1.0
2007 453 319,463 90,314 2,165,000 977,100 0.09 0.7
2008 430 416,918 86,852 2,209,000 852,400 0.10 1.0
2009 351 296,025 113,911 2,531,000 858,400 0.13 0.8
2010 371 242,772 167,107 2,285,000 906,400 0.18 0.7
2011 347 200,823 74,051 2,970,000 1,053,100 0.07 0.6
2012 354 104,144 114,347 1,630,000 1,074,300 0.11 0.3

RPS��	
���� 	�����
0�����

SSB

��6��

�7� ��� 8�� ��� ��	� 
� 0����
2002 6,794 4,362 11,156 289,537 4
2003 4,120 3,579 7,699 137,641 6
2004 36,322 3,360 39,682 260,718 15
2005 17,370 197 17,567 262,067 7
2006 42,610 13 99 5,679 48,401 188,583 26
2007 25,596 392 120 4,237 30,345 137,683 22
2008 23,334 253 172 5,950 29,709 172,322 17
2009 974 26,128 821 4 2,112 30,039 108,101 28
2010 2,454 31,060 3,317 36,831 90,338 41
2011 2,359 24,097 1,254 27,710 102,859 27
2012 8 20,906 14,509 35,423 67,685 52
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�������¬��Age-length key��1�2^���
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��1Age-length keyE�

L^M (2010) �NOP�2004B2006��4B5C�QRS>TUVWXVYZ[+\]^

M_M[+NOP`abc�def]gh�NOP^�ij+k������2cmlm

1*�n�*+��1�2^;o+��pqTrA<=>�st>�uvw�QRS>x

y?&zQRS>{|y�?@A0}�~��E�9B12C�C�/0,�C���!"T

�6��1��9:����T345�6��T0}�/09:�()*+; 
 



2^��O�¬� 
¬���/���4C���C�M=0.251*��Pope���%�&���9:���*

+;0}E9Ci�1*�M�7/12���+; 

 

Na,yEy��?@Aa}���9:T�Ca,yEy��?@Aa}�/09:; 

a}�y��FE�  

 

T1(*+; 
6}�L�W��Y�OW1*�5}16}�L�FG�*�1��*�5}16}�L��

�9:E���%T1(*+; 

N5,y =
C5,y

C6+,y +C5,y

N6+,y+1e
M

+C5,ye
M

2  

N6+,y =
C6+,y

C5,y

N5,y  

������9:E� 

Na,2012 =
Ca,2012

1
 e
Fa,2012
e
M

2  

T1(*+;2012��0B5}�FE ���¡¢5�£���1*�6}+�FE5}�F1�

*¤¥A&¦�§¨©�ªI+; 

 
«SPR�YPR�¬�¬ 

SPR�YPR����%TªI+;

SPR = fraSaWa
a 1

6+

�

 �

YPR =
Fa

Fa + M
1� e �Fa �M( )( )SaWa

a 0

6+

�

fra�WaEa}��L�?&z/0D���!";

 
««®¯°±¬  

 �����9:E���%TªI+; 

Na,y = Na+1,y+1e
M

+ Ca,ye
M

2

Fa,y = 
ln 1

Ca,ye

M

2

Na,y

� 

� 
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� 
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Sa+1 = Sae

Fa 
M( ) S0 =1



N0,y = Na,y fraWa � RPS + Ry � Ay
a 3

6+

�  

Na,y = Na
1,y
1e

M


Ca
1,y
1e


M

2 (a =1 ~ 5) 

N6+,y = N5,y
1e

M


C5,y
1e


M

2 + N6+,y
1e

M


C6+,ye


M

2
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2010^?&z��¶!"#$%JK 2006^^MªI+ C�	
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³´q¾Eòóôé��pq�9¿�ÀÁÂE0.8�L��¶!�#$%^M()Z[+

��11*+q�^�ïõ1*�ö[�÷�êë�T�³´E�U¼½�³´q¾?&z9

¿�ÀÁÂ�ö[ø[�~��LÃ�ïõ�ù6Aìí�î*¤Eìí",�2�ªI�
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Ca,y = Na,y (1
 e
Fa ,y )e


M

2

�� 0 1 2 3 4 5 6+
����(g) 193 787 1,604 2,216 2,602 2,827 3,041
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"#$%& '���%� ���	
��

0.8� 3.4� 1.00
0.7 2.6 0.76
0.6 1.8 0.53
0.5 1.1 0.32

������mm� ��	�%� 
�����

30 0.8 0.04
40 2.4 0.12
50 6.5 0.33
60 13.3 0.68
70 19.5 1.00

���� �����kg� ��(�)��

1. � �
�!"#$%X&*#$%X'($
$%X)*#+,#X-./'01
234567X89/:;1<=X
>?$� 343.7 1.00
2. � ��������	
�
������	��������
���������� ����!
��"#!!�$ 249.5 0.73
3. %&'(��)	*+,)
�-!���.���/0��$ 39.6 0.12
4. �	1	�) 39.5 0.11


