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E#ects of water temperature on survival, spawning and hatching in adult

female snow crab, Chionoecetes opilio, under laboratory conditions,

and a trial to determine larval quality

Tetsuo MDG>I6

Ovigerous females of the snow crab, Chionoecetes opilio, caught from the Japan Sea were kept in the tanks in

which temperature was regulated at 1, 3, 5, and 7�C for five months or two years. The time of larva release,

numbers of newly hatched larvae, spawning rates of females, as well as survival rates of females and larval quality

were recorded. As a result, it was seen that there was no di#erence in spawning and survival rates of females upon

the first larva release, but numbers of newly hatched larvae decreased at 5� or more. Spawning rates, survival

rates and larval quality decreased with increasing temperature at 5� or more upon the second and third larva

release, and markedly decreasing size and numbers of the newly hatched larvae became apparent.

On the other hand, there was a relationship between survival rates up to the second zoeal stage, and body size

(rostral-dorsal spine distance) of newly hatched larvae or mortality rates of larvae until day 6 under non-feeding

conditions. This result suggests that body size and mortality rate of larvae until day 6 under non-feeding conditions

may be used as a practical indicator of the quality of snow crab larvae.
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1. ���	
�
�

���
����� �������� 2000���
2001�	�
���
������������	


�������� ��� 	
��������� 	�

���� !"� 900 l���� �� 1.8 m#$ 0.8 m#
% 0.6 m� 	 70�/�&'	()�*����+ ���
,�!-./�	����0�	���� ����1
�2��	 9 �� 17 � !34-!	�567�8�
��"#�$%9:;<=&'(")7��-��>)
�?� @ABC*&,	�+,-!�-�(�7�+ .
/�0,12D3� ��-4E 30,000 mW�sec/cm2&"�
.�3FGH5IJK6L78"6>� 19:�5;�
4!< 10M.=>��"NO��+ ./�P� 3Q7R
	?@��+ AA	�6BSTU �CVDEWFXGH
I�� Y��� Z�	�J 200 mK[��LM	�5N
O�� 6BPQ���>�\]^_`RBabcdeR
.fS4Tg��� U	 2h!VW	XA8Y)ZW"
[i�+
���	 �j� 2001��� 2002�	�
�\]^_
��klm<"`a��+ bc����../��>)
��!n<o<p;<q	����rsl\_ltu_
�d�> 150 ml� �4< 30 l� "Ne��+
�	
�
�
��
�� vw� 2001� 9x 209Q
2002� 3x 309Y"!1	 191h3��� y!*zf
g{! 17h	|>�� vw}aS!~hi4���j
k��k1!l� �j�k1l� .mS��+ Y�� v
wbc.f@A"n��� �R�����R!vwbc
!��op.q��)rs	t>���>)10�12)f@A
cXru (Survival Activity Index: SAI).�?�+ �r
s!mS7v�&'!��5"�)+
~hi4E bc. 50�wY�� 60R" 24 1~h�	
i4.�m��+ �;u_	|>�mS!�5x�u.
3h��� ���'�"y��+
j�k1lE bc. 30�wY�� z{|��.t>�
10}	�G��jk��k~�1!l�.�m��'�
�.�?�+
SAIE vwbc 30�.�P 12R! 1 Lb<�<	+,
���� f@A'"n���+ n��1C	��9cX
�������.�u�� =1�10)	�>�8	�5
SAI.�?�+ n���;u_	|>� 3�6>� SAI

�y!'��"y��+

SAI�
k

�
t�1

(N�hi)#i/N

ZZ"� N�bcu� hi� i9d!��bc���u� k

�cX�u8 0�(7�9.y�+
fS�1 �i9d� Y"!���E SAI.�?�bc�
	|>�� �8�5n��� i9dY"!���.�Y

�� i9dY"!������+
i9dY"!����hi/N#100

bc!@An�E SAI.�?�f@An����n�
�� 3�	y��� 30�!vwbc.���� � 2�
}aS	���)Y"n�.67�+n��� 12R	?
P�� �9��u_.t>�=>(��.���n��
�	���i�+AA���� L� ¡¢. 2� /ml� S
=£¤S. 0.5� /ml!¥�"@A��+ � 2�}aS
Y"!cX�� 3��!'��"y��+
Z��!�rs�� � 	67��fI¦�§'"!
@An�	�
)� 2�}aS¨!��+�Y"!cX
��!©ª.?��)Z�	�7�� Z��8bc!�
!�Srs�(5�)�«���+

2. 3, 5, 7��������� 
�� !���" 1#
�"$
%
 �j� 1999��� 2002�	\]^_�
�klm<"`a��+ �j¬���� ./�P. 3R,

5R, 7R��)¬.�S�� 2�1./��+��j¬	
��	 41�� 41�� 40�!�������.����+
����� �������� 1999� 12x 299	�
�������	�
������!C��� �$c8
 3� vw8[>������ 122�.�¡��+ ��
���P 1R	?@����.��� 1 kl��	��
�� ¢£¤.t>��klm<Y" 5 1�
�¥¦�
�+
���� �¡������­l. 1 mm!§®"mS
�� 400 l���� �� 1.8 m#$ 0.8 m#% 0.3 m� 3�	
����+ ./�P!'�� �¨¯� �� 3R, 5R, 7R¬
!�	 3.6R (2.8Q6.5R), 5.3R (3.1Q8.8R), 7.4R (4.1

Q9.6R)"�7�+ AA�CXI6BSTU.U 2h!
ZW"XA8Y)VW[i�+ y!©!./7v�vw
bc!�!�S�j	�
)���!./	���+ �
��!./�� ���" 3hd!vwª« 1U1�Y"
67�+ ./�1C�U	 2h!ZW"� ���!c�
.°¬��+ vwbc����!n<o<p;<q	�
���rsl\_ltu_"h���+ bc!�u��
4v"2��	�­ 10 ��	`a��+ ��� 1�
:�5!vwbcu�� ./�1C	vw��bc!;
�u.� ./����u"®���?�+ �H�� vw
�	�������./����u	±?(�7�+ �
���vw�²³ 1U1&�	¯���)Z��� �°
$±�� ����!vwª« 1U1�	���!I�²
´.C*�� I���!µ� �I��� M� .�?�+
&'�� ���!cX�� I��� bc!vw�1�
vwbcu../�P!q�rs���t>� �¶d	
|>�mS��+ ./I¦'	�
) 2hd!vw"
�� bc!vw� 69dY"!��� �&'� ³���
�� ´¶S·�� j�k1l� ~hi4 rs���mS
��+ ¸¹¬1!µº»!«S	�¶·¶¸�¹iº¼
.t>� ¸¹�. 5M���+

� 2 �



3. 1, 3, 5��������	
��
 ����� 2�
������ ��� 2001��� 2002���	
��

���������� ������� ����� 1 ,

3 , 5 �!"#$��%&�� '()� 1*+,-�
����� .�����/� 300� 300� 290123
4�567�8����
����� 8���567� 2001� 129 13:� 21

:�;<=�
>?@A���BCD�EF1G���
�HIJKL� '(JMN�OPCD� 890�QR�
�� 567�<S1�T�U��� 2V+�W��X�
��
���� QR��567�YZ� 1 mm1[\�]&
�� <S�?�1 400 lP^�_ 3_�U���� ��
`a����� 1�bc�� ����1def ghij
�� 1 , 3 , 5 �1/� 1.1 (0.3k3.9 ), 3.2 
(2.3k3.6 ), 5.6 (4.7k6.7 )�lm������1n
opq����� 2�?��rs� ]&���

� �

1. ��� �!�"�
tuvwx�uvwx�yW$Iz{|�} 1�~�

�� tuvwx�yW$Iz	�� wx���,���
�����#$�1��� uvwx�yN�� 2
��
�J��#$V��������#$�1-�� ��$
�����~��� ��� uvwx�yW$� 2
��
�-�1Iz	 (y)� SAI (x1)� ���� (x2)y���
��+Z (x3)1���} 2�~��� Iz	� 25.0k
90.9�, SAI� 89.2k315.8,����� 0.07k0.15 mg,�
��+Z� 4.62k5.25 mm1hi�lm�� Iz	��
.nopqfJ ¡#$����N� ���� ¡#$
¢£�~�� .�����¤¥¦�§
��¨��©
�� '(�I1����y�����+Z1ªA�«¬
�­Nf�~�� g} 2j�
��� ?��� 2
���Iz	� i:®-�1¯°
	 (x4)1�����¤¥¦�§
��±²�³ 11¤¥
¦J´�D� 6:®-�1¯°	�1¨��©Jµ�­
Nf�~�� g} 2j� ¶1�·� µ�� 2
���-�
1Iz	�¨�J¸�m� 6:®-�1¯°	�¹�¯
°	�&º���

2. ���� 1

'(� Izy��»�±²1¼��³ 2� '({|�
} 3�~���

# 1. tuvwx�� 2
��� (Z2)-�1uvwx�yW$Iz{|

� 3 �



������� �	
� �����
 �����
�
��� 1����������� !"� #$%&�
100'�()*+� ,-� 2���������" 3.,

5., 7.&�/� 75.6', 58.5', 55.0', 3������
���" 51.2', 29.3', 19.5'�()*0 ������
1������1�2�!"� #$%& 100'�()*
+� 2������1"/� 100', 57.7', 5.3'� ,3
-� 3������1" 3., 7. &�/� 52.4',

14.3'�()*0 4�� 3������1� 5.&�"$
%��56�78�9:�����+;<=*0
> 1��������������?@AB"CD�
9:EF4G)*+� ��BH"CD+IJ4�KLM
J4)*0 �*� 7.&������N���OPQ�
"� RS+4J� TUV�WX+YG)*0 ���Z[
\" 3., 5., 7.&�/�]^ 2_
`� 2_a`bc
`� 1_
`b2_a`�(:���� 1de*:���

N�f"/� 6.7gd� 6.2gd� 5.0gd�()* �h
2
0 2�����?@AB"CD+IJ4�KLiJ4
:� 1de:���N�f" 3., 5., 7.&�/� 7.5

gd� 6.5gd� 4.7gd�()*0
��N��jklHm"� ��CD+IJ4��no
p/� 5.09 mm, 4.97 mm, 4.66 mm, qrst" 0.111

mg, 0.107 mg, 0.088 mg� aB;<!" 2.8', 4.0',

32.6'�()* �h 3
0 uvow 3., 5.&" 7.&�
x=pyz4F+{|}o� jklHm� 3.&~ 5.
&�wyz4F+{|}o*0 3�����?@AB"
3.&��wiJ� 7.&" 1���+{|}o*�V�
4G)*0 1de*:���N�f" 3., 7.&�/�
2.8gd� 25d�()*0

3. ���� 2

��� � � 2��9�N���������]��

� 2. N�� SAI� jklHm� qrst� ��1 6�����;<!~> 2�������� !���

� 4 �



� 4� ������ 4	
��

���� 1�, 3�, 5����	 100�, 100�, 93.1��
�����	 96.7�, 100�, 86.2�����
 ����
����� !"#$%&'"#(� ���)� 3��
 *+,-��
 ��./0��	12 3345� 23
45� 2365��(� 178�(���9�:��	
8.2;7� 8.5;7� 6.4;7����
 ��9��<=�
)>��	 5.17 mm, 5.20 mm, 4.93 mm� ?@A��

0.106 mg, 0.105 mg, 0.101 mg� B�CD�� 5.1�, 5.1�,

11.7�����
 EFG+ 1��H 3��	�IJK 
LMNG#-�� � 1� �H 5� �� 3� �H 5� �
	�IJK LMNG�


� �

�������	
 O�PQR�	ST$��9��
U�VW�� XYZ[\]^_`Y13�15)aXbc_d12)

#&�� SAI,?@A�� <=�)>e�fg	hEij
kNGil�
 �-�� ��PQR�	mEi�� nG
o���9��U�VW�jk�p��#E
 qrs�
�� tuv_d��9��U�VWw$jkH�i� x
yz{	ST$| 2�}~Xo�����H SAI, ��
9��?@A�S��<=�)>�������
 ��
��� ���H SAI�)	��������LMNG�
+��� ���:��-��
 o�� SAI���w$o
�	 3�4�)+�wnH-N� SAI�tuv_d��
9��U�VWfgH�i��iE#E+�H��NG
�
 ��� ���H?@A�� <=�)>S���W�
)o��CD��)	����!E���: �NG
�
 �	B�CD�H�� 6��o��CD�H���
�: !-��

�6���-N� B�CD��!E9�S��?@A
�� <=�)>���E9��� ��j¡	hE$n
H�¢o�"#EH��$nH �l$
 �-�� ?@
A�S��<=�)>�£W�¤¥��$ � B�CD
��£W	� 7�)¦���(¤¥#§¨H�¦F�+
E�#E
 ���M� ��9��U�� oF¤¥#<=
�)>	�(©o-	Vª�i«¬	��E9�­�®
¯�� *°�	�B�CD��±²w�l��$H��

� 1. 9�� i��o��CD�H| 2�}~Xo���
��	ST$³´µ¶��:H���:

i ·l ¸¹ ���:

1 0.0 72.0 º0.71

2 º3.4 72.0 º0.73

3 º2.5 74.2 º0.68

4 º1.5 74.6 º0.66

5 º1.5 79.3 º0.74

6 º1.4 82.1 º0.80

7 º0.8 80.8 º0.63

8 º0.6 79.7 º0.59

9 º0.6 79.6 º0.53

10 º0.5 79.3 º0.48

11 º0.4 79.5 º0.46

12 º0.4 79.5 º0.46

13 º0.4 82.0 º0.46

14 º0.3 82.3 º0.42

15 º0.4 86.3 º0.43

16 º0.4 89.9 º0.43

17 º0.3 89.2 º0.35

18 º0.4 100.4 º0.38

19 º0.5 109.6 º0.34

20 º0.6 116.6 º0.35

21 º0.7 127.0 º0.34

22 º1.0 158.8 º0.31

23 º2.0 257.9 º0.47

24 º3.1 373.5 º0.42

25 º12.4 1298.4 º0.40

� 3. 	»j¡ 1	ST$¼��������
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����
�������� ����	
��
��
�	��
�������������� !" #$%&'()*
�+,�
��
�-./01��23456�7�8
9��:�16)" ;<�=	��0�� 1.4>1.5?@A�
BC�0������DE�B�� �F� %�" GH
��+,�HIJK�	���L����� 240>260

mMN17, 18)%OP�B�0QR���+S"T	�LF
�U������� 1>2?VW�B�0QR����T
	�X" YZ[\]%^�_�`a��0��bc��
�� 3?�" ������dS 1>2?VWe��E0 
��
��JK3%`afgA�hX�iKj�_�	kl

��" `amn 1, 2	opF�qrj�0" st	`a
��	uv (1>7?)��" �
�	�wx" iKx�y
� �0QR�d�� z{|�}�" 1?~0 3?~��
y� �%" 3?~�����" 5?~" 7?~����
�" ��T	���e�	 7?~���� _�" 1?~0
3?~��|�	����" ���l����y%�X

	 2. `amn 1�+,�z{" �w+d�iKop	��

mn~��m�}���

����
���y

(mm)

����
�uv�
(?)

z{ ���JK�
�wx

( )

iKx
( )

z{ �2t¡�
�wx

( )

iKx
( )

z{ �3t¡�
�wx

( )

iKx
( )z{kl

�¢G�
|�}�1

�£��
z{kl
�¢G�

|�}�1

�£��
z{kl
�¢G�

�}�1

�£��

3? ~ 41 67.8¤3.5 3.6

(2.8>6.5)

1.13>4.6 275.4

(6.7)

100 100 11.23>2.10 233.2

(7.5)

75.6 100 10.31>2.8 59.7

(2.8)

51.2 52.4

5? ~ 41 67.6¤4.5 5.3

(3.1>8.8)

1.14>3.21 253.4

(6.2)

100 100 10.21>2.5 215.3

(6.5)

58.5 57.7 11.18>1.24 13.3

(�2)

29.3 �2

7? ~ 40 67.9¤2.3 7.4

(4.1>9.6)

1.13>3.13 201.4

(5.0)

100 100 10.11>1.23 113.4

(4.7)

55.0 5.3 1.27 25�
(0.0)

19.5 14.3

�1 z{|�}	A	 ( )�" z{	a¥���
� 1�Y�S	z{|�}5¦����
�2 z{§¨V�©ª«¬%BC��X­®��� �

	 3. `amn 1	 2t¡	z{�+,�z{|�	¯	
q°op	��

mn~� �l�
(mm)

����
(mg)

hk©ªx
( )

3? ~ 5.09�5, 7

(17)

0.111�7

(15)

2.8�7

(30)

5? ~ 4.97�3, 7

(21)

0.107�7

(20)

4.0�7

(40)

7? ~ 4.66�3, 5

(23)

0.088�3

(22)

32.6�3

(44)

( )�" ±°t}5¦����
�3: 3? ~�²����yBS
�5: 5? ~�²����yBS
�7: 7? ~�²����yBS


 4. `amn 2�+,�³��~	z{´µ

	 4. `amn 2�+,�z{" �w" iK+d�|�	¯	q°op	��

mn~� mn�}
���

����
���y

(mm)

����
�uv�

(?)

|�	z{ ���JK�
�wx

( )

iKx
( )

|�	¯	q°

z{kl
�¢G�

|�}�1

�£��
�l�
(mm)

����
(mg)

hk©ªx
( )

1? ~ 30 80.6¤5.4 1.1

(0.3>3.9)

1.29>5.17 247.4

(8.2)

100 96.7 5.17�
(31)

0.106�
(26)

5.1�
(66)

3? ~ 30 79.3¤6.5 3.2

(2.3>3.6)

1.22>4.6 254.0

(8.5)

100 100 5.20�
(23)

0.105�
(24)

5.1�
(49)

5? ~ 29 78.3¤6.7 5.6

(4.7>6.7)

1.16>5.21 172.8

(6.4)

93.1 86.2 4.93

(23)

0.101

(24)

11.7

(58)

�1 z{|�}	A	 ( )�" z{	a¥���
� 1�Y�S	z{|�}5¦����
�2 |�	¶·q°	A	 ( )�" ±°t}5¦����
�: 5?~�²����yBS
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Relationship of growth and gross growth e$ciency to rearing

temperature in juvenile Manila clam

Ruditapes philippinarum

Yutaka KD76N6H=>, and Mitsuharu TD76

Juveniles of the Manila clam were maintained at 12, 18, 23 and 28� for 14 days using a closed re-circulating

air-lifted upwelling system. Initial mean weights pooled for each treatment were 53.6, 54.5, 58.8, 48.1 mgAFDW/

ind. (AFDW: ash-free dry weight) at 12, 18, 23 and 28�, respectively. Growth rates and gross growth e$ciency

were determined.

Growth rates were 1.9, 11.7, 25.2, 45.2 mgAFDW/ind./day, gross growth e$ciencies were 8.9, 33.6, 43.2,

57.0� at 12, 18, 23, and 28�, respectively. Both growth rates and gross growth e$ciency increased in proportion

to temperature. Total ingestion rate of the juveniles also increased. The relationship between growth rates and

temperature were best described by the cubic regression curve: G�0.0002�T3.78, where G�growth rate

(mgAFDW/ind./day), and T�temperature (�) (r2�0.99).

2005� 5� 24���

� � � �

��	 Ruditapes philippinarum 
���
����
�� ������������ ��	��
 �!"#
$%�&'()*�+,��(-!.�	�/(0 1

2�3� ��	��
 �!45
&6�738	�9


:;�/(0 -<=�� ��	����
 �!4
5
&6�;��

>./(1)0 ?@?� ��
 �
!45�;��
3
�,�AB��0 1-�� 
CB
�DE��� ?A��	���45����?�  �
�FGH �I�!45
&6�JKA0

 !�"#

��$%&' ��LM�NOPQRS�T ?AU�
520 mm
V�W���X�� Y4� 100 l
Z	[\]
^_`��4a���bcd�eM?Af�\	g`
�hijk	lm�n�F(�op"n
LM�/(
qr 1s0

V�W���X
�� q�t 60 mms ��u\iQl
m 500 mm
v_wl^h`��b� -
^h`���
�	���x�?A0 ���X��@Byz 95 mm

!-{�u\iQlm 300 mm
v_wl^h`��
b� ��
�|��}?A0 =A� yz 330 mm
!-
{���t 60 mm
�4~�e�� ��4a
4��
-
�4~
c 30 mm!?A0 �4~@B�8b��
�APQ\R��\�����|�}
^h`�=��
�?� f�\	g`�F����4����X
c�@
B��z�� ��
�4~@B�4z�A0
�hijk	lm
 4�� 600�1,000 ml/!��
(F��e"?A0 ��4��{��4�����4�
�LM q��#E$� SF�4NSH� ������%&� 2

kl/h�'�� 145,000 m Wsec/cm2s �����?A3

��'?A0
��45� 12, 18, 23, 28�
 4��!?� �45� 1

;
��LM�'�A0 45(���\�� h` q�
)¡¢�£R�\� 100 V� ¤*¥1�s� �FG+d¦§
n� l¨\ \/(��©ª¨\ \���A0 ��
4a�
45�«:�,;AK� ��4� ¬�Fb­

� �-®4
Y¯°±²l \ )³.´µ°±¶ ·293�0042 �-®/0¸¹º, 3091 (Chiba Prefectural

Fisheries Research Center, Tokyo Bay Fisheries Laboratory, Kokubo 3091, Futtsu, Chiba 293�0042, Japan).

Saibai Giken, 33(1), 9�13, 2005 »1¼°� 33(1), 9�13, 2005
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����
��������	
 ����	��
��
���
2002� 9� 30���������������� !
"#�$%�&	'� ���(� 150�)*+��,�
�-.�
/0��
������(�1*�"'��2� ��
345�1*�(678�(6�9:;<=!����
��34>��(?@&A!�� �(?@����34
>� 5�)&B"� ?@>�� 11C�-!�1*�(
& 2�)�DE 20CF�GH� IJ� 2�)�KLM
L�78�(�NO�� 5�P��KLML�78�(
�1*��� ?@QRS� TU=V345�WXYZ[
\�]8	6�"T 1,000^Z&_`��S� I!�

�a 1,000^Zbc&T��d�Be��� fg� ?@
QR5�
���WX�T�(� 1.32, 1.35, 1.37, 1.37

mm�-J� ?@h)i�+X9�f=!� jtk8� P

l0.05m�
��
���� ��h)� 2003� 3� 5n19�F�

� 14�)6��K�)o��-V=p2KLML�78
�(�N(��q��
��rs&tu"vwx�&
A!��
yz�{|}~�� Pavlova lutheri j�S����6
��m &o� 1�� �>i�x�S j>���y 245)
Sm ����� �y�-�!"�� x�>�����]
�� j������������ MultisizerIIm �1*�
i�Iyw j�� /mlm &]8�� ����f'  �
�yw&NO��� �y��¡¢�� £¤� 35,000��
/ml j1*�m 6�� 100,000�� /ml j1*�m F�¥¦
��� �=�� 23, 28C���d��KL�,Iy:§
f¨f!��2� 23C���d�� 12�P�©� 28C
���d�� 9�P�©=V�>i6ª«� 1� 2��
�y&Af!�� 2�P��y��� �y¬>�Iyw
&]8�� 1�P�����yw6­p�f.  ��
���
������ ����������� (Ash-free dry

weight: AFDW)��� 
��
�� ����6,�®

� 1. ����	��¯
��°±
�²³´��µ«¶� .
��
�1*�� jGm 61*�· j¸m �¹¶º
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��� (DW)���� AFDW����	
 ��
��
�� ���������� 1,000��� ,������
�������	
 ��
���DW� 0.5 M���
 !"#$%&�'���()�	�� *+,�-��
% 80., 24�/%-�01	�����	
2345��
3 l�6789:;�<��= 20.�>?@A%B�C
D	EF
�G�� HI���	J��K9:8LM
NO PQRST U GF/CV B%W��XYZ[�=\

��]�� 0.5 M��� !"#$%&�'()�	��
^����%-�01=���	
 <��	K9:8L
MNO�� _DC`ab�c�XYZ[�=()�	
�� TR8M� PdTSef� FM38V % 450.g14�/
,�h��	

ij� 2345�DWjkl AFDW�� mnon

(1.94p0.13)q10r8 mg/\
� (1.86p0.13)q10r8 mg/

\
 (Ns3)�t�0n	�%� uv�wx%�ynD
�z�<��	

��������	
���
� ���
������
����� �c?%�{��|}~�������	
a� ��������'^���������=� ��
�c?%�{ 24�/��\
�� P\
 /mlV ����
	
 m���� �{�	2345�|}~��� 12, 18,

23, 28.%mnon 7.0, 6.8, 17.0, 28.7�%_�	

�������
�� 1��	�����\
� (I)

�� Is �P�{��V q P|}~��V r P�{��V�
q Pc�V ��=�a� u��t��'k������
'���	


1��{�� U Is{Faq(D/C)rRa}qV

2��{�� U IsIa¡Ib

Ias[FarFaq{1r(D/C)}q(Ha/24)rR0]qV

Ibs[(Fb¡R0)r(Fb¡R0)q{(1r(D/C)}q(Hb/24)

rRa]qV

IaU 2���{¢���\
�
IbU 2���{CD��£c¢���\
�
FaU 1����{\
��
R0U 2���{¢�c¤A�\
��

FbU 2����{\
��
RaU £c¢�c¤A�\
��
HaU 1��CD 2���{¥%�¦[�/
HbU 2���{CD���{¥%�¦[�/
CU §F���{\
��
DU §F���{ 24�/��c¤A�\
��
VU ��c��c� (100,000 ml)

B'¨©�=t��	����� 1��	����\

� ICD AFDWªO:'k���
��� n���
1���	���{� Jn PAFDW/� /�V �u��t
��'k����	


Jns{In/(NsrMn)}qP

InU n����{\
�
NsU �����'j«��������
����
MnU �����CD n��¥%������¬��
�� P��­/®��¬����CD 1��	�
�¬����¯W�'i�k°'±²�	
V

PU 2345�� (AFDW)

nU ����
����� AFDWªO:'k���
�� 1���	
����{�W1 PAFDW/�V �³´µ¶� K1�� u
��t��'k����	


W1s
14

�
is1

Ji

K1sW2/W1q100

W2U ��
���·�� PAFDW/�V

� 2. ����'j«���
���{��¸¹

� 1. �������
������·��º�

���
�� Pmg AFDW/�V ·��º�

Pmg AFDW/� /�V��� ���

12. 53.6 79.6 1.9

18. 54.5 218.0 11.7

23. 58.8 411.0 25.2

28. 48.1 681.1 45.2

� 3. ��
���·��º��c?�»¼
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� �

������	
��
	����� �������
�� 12, 18, 23, 28	
��
� 88, 90, 94, 85�
����
��������� 2��������������
�� ���
� 51, 46, 41, 34�!"
�#$ ����
%&'�	(�)*
�'+���
������ ,-./0�1���$ 8��2
��
���34��� 10550 mg AFDW/6 /��7
89
:;#
�<=�� �+�$ 9��!>+?�1���
�@AB=CDEF'��� 12	
�� 20 mg AFDW/

6 /�
GH'�I�'+��A$ 23, 28	
�8JA

�F$ K�L�1��� 12, 18, 23, 28	
��
�
33, 75, 159, 201 mg AFDW/6 /�
��� MN 2O�
����� ,-./0�8P�Q���@ABF'R
CDQF'#$ 12, 18, 23, 28	��
� 1.9, 11.7, 25.2,

45.2 mg AFDW/6 /�
��� M� 1O� S�8P�Q
�3�@�TU�!V� 3WX
YZ[�� MN 3O�

G1\0.0002]T3.78(r2\0.99)

G1$ 8P�Q� MAFDW/6 /�O$ T$ �@ (	)

����
 ,-./0�^_�`� K1��@ABF
'RCDBF'#$ 12, 18, 23, 28	
��
� 8.9, 33.6,

43.3, 58.0�
��� M� 2O�
���� �a�bc
�$ ��0�_�:dRe�3
�<f�Ag4�hij=3kl�R� ��A�<$ f
��_�Q��m=<4�nRS33���
K�L�f���@ABF'RCDB=o:p�$

12, 18, 23, 28	��
� 1.55q0.23, 2.41q0.51, 3.31q
0.61, 3.88q0.68 mm
�# M� 3O$ rs<����7�
�=<�tuA�v?�� (Pw0.05)�2�$_�Q�3
�@�TU+?�xX:gy�z�
{vR3$

G2\0.01]T|0.108 (r2\0.99)

G2$ _�Q� Mmm/�O$ T$ �@ (	)

3}~[�� MN 4O� S�TUX+?$ _�Q�A 03
'R������� 10.8	3~�[���

� �

,-./0� 12528	����
�$ �@ABF'
RCD1���EF$ �����<8P�Q� ��_
�Q��QF$ ^_�`�4�@AB=CDBF'RS
3A�v?��� m2#$ �!�a
�/0�_��=
<�$ S��@��
�
HR��B�@
��rRS
3A�"
�R3��?�R� ���$ B�@
�/0
�1���EF'R�
$ 1�#�#����:8J[
�'���'?'=� 3S�A$ ,-./0���$�
A 160,000�% /ml!"�'R3$ B$�����#_
���:��RS3A&�[�<=R3)� ��A�<$
B�@���
�_���:'�rR�v�$ ��$�
�(9�)���'D��R��*���+A,-3'
R� [?�$B�@
�����IA�H�rF$/0
������:��r�.�A�R�v$ �����'
D��� /:01rRS3A,-	�¡3'R�

AFDW¢£¤�^_�`��$ f� 0.77 mm�,-
./0 (R. decussatus)
�$ 31.8554.9�
�#4)$ 2�
��¥¦3Y=� §���0�/0���R^_�`�
�$ ¨34©ª«¬­ (Argopecten ventricosus)
� 36.1

574.9�5)$ ®£¯°,¬± (Crassostrea virginica)
�
11.1522.6�6)$ ²³-±­¬­ (Mytilus galloprovinci-

alis)
� 2.81532.11�7)3&�[�<=R� ^_�`�
����@��5�6��#´'RA$ S�?�/03
7µrR3$ ,-./0�^_�`����B=3��
?�R�
2��
}�[��,-./0�_�Q�� 125

28	 
��@AB=CDQF$ 0.0250.18 mm/�

��� M� 3O� ¶*$ f� 0.8 mm�·¸¹­/0�_
�Q��$ 7520	���
��@�78�<QF'#$
20	
gG3'R� �+�$ 25	�'R3_�Q��(

 4. ,-./0��@3_�Q��TU

! 3. ,-./0�f�3_�Q�

���
f� (mm) _�Q�

Mmm/�Oº»L K�L

12	 1.32q0.20 1.55q0.23 0.02

18	 1.35q0.15 2.41q0.51 0.08

23	 1.37q0.23 3.31q0.61 0.14

28	 1.37q0.18 3.88q0.68 0.18

! 2. �����,-./0^_�`� (K1)

���
¼1�� 8P�

K1 (�)
Mmg AFDW/6O Mmg AFDW/6O

12	 291.1 26.0 8.9

18	 486.3 163.5 33.6

23	 814.3 352.2 43.3

28	 1091.1 633.0 58.0
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��� 30��� 10���	
��8)
 ��� �� 6.3 mm

��������� 7.5������������ � 10

!25��"#��$%&'��(��� )*�� 25�
�+,-��
�.�� 27.5�&��-����/���
35���	
��9)
0�&��� 2.3 mm�1234�
��� 10������������ � 13!34��"#
��$%&'��(��� 56�� 37������ 
,7&/���9)
 8���8-.�� 9:4����
�-$%�;<�� 1234���=�&>?� @AB
���� ������CD�EF$% G�

HIJK���L-������MN-$%�;<O
'P��-� 9:4���L���MN� 9!30��"
#�$% G�QRM?1)� STU�"#��� ��-
�L�$%&V����MN�;<&,W�X��Y�
��.Z�
 �.�� [\]���������&^_
�L`ab�N� 10.8��cD� �L�d (7.9� )1)C
DG�
 e�D� ����LCD/$%fg���� 
hi�j��-kl���
 @AB��L�$%-��
MN�;<�� 10!26��"#��$%&'��(��
MN�M?� 26����MN�+,-�D� 30��� 8

���Q-mR	
��10)
 1234��� nop�L
-$%&;��qr�� nop�L���� 15�.�
24����sj.&� 25�.� 30����tu&)*
�� 32�&vZ(tu&/���-wx(��11)
 3I
�JK���L-�����&���$%�"#�� ,
W�X��Y���� � 9:4y@AB������
Qz � 1234���L�Qz {|}?� I&CD
~�&XzCz�c�
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239�245.
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Mark-recapture experiments using Spanish mackerel,

Scomberomorus niphonius, in the Eastern Seto Inland Sea��.

Stock size of yearlings and recapture rates

Hiroyuki T6@:BDG>�1, Hisashi S6@6BDID�1, Hideki Y6B6O6@>�2, and Akio IL6BDID�2

Mark-recapture experiments were conducted using marked seeds of Spanish mackerel during 4 years from

1999 to 2002. For marked fish obtained with yearling samples, the stock size of wild fish and recapture rate were

estimated annually. Based on these results, the stock numbers of wild fish were 86,000�924,000 and numbers in

2002 were the largest in 4 years. In addition, recapture rates were 2.6�16.8� and the rate in 2002 was the least in

4 years.

2005� 6� 1���

��	
�� 
�� Scomberomorus niphonius���
������� 1998��������� !"#$%&
'()*+,-./&'() 012 3*+,-./&'
()45678
9!:;�
���<=>?@ABC�
:�� 1999����D�>?EFGH����I<=
�JK@LMC�JK>?@�NO6P1, 2)Q >?R�
��	 !STUVWX5YZ*+,-./&'()5
5[�JK>?\�]^_`@�6� 1999a2002��J
K\�bcdF��
���ef�ghijkl 00l8
\�mn�o6O�pqC�5rs
tP3, 4)Q uv� <
=>?�wx�yz�b9!@{|}~
�����
0����8����tPr5�������hijJK
>?\�bc�@���Pr5�� 
��<=�>?E
F@GH�P7�
�[��Yr5
tPQ
Dr
��� 1999a2002�� 4���JK>?\ 01
2 3JK\4 5678 �kl
�bcdF������
���� 0� 18 �h�P���
��kl\����
�hijJK\�bc��o6O��C��
pq�
PQ

45678

JK\���O*+,-./&'()
9!:;� �
�	���*+�� :� �¡¢�hij£¤	�9¥
¦§¨
>?:;�[�
tP 0� 18Q JK5CO�©
ª� ALC 0«¬­¬'®'¯°±²'8 hij TC 0³

�1 ��	 !STU ´761�0111 ��	���*+�¥ 75�5 (Kagawa Prefectural Fisheries Experimental Station,

75�5 Yashimahigashi, Takamatsu, Kagawa, 761�0111 Japan).

�2 ������ !"#$%&'()*+,-./&'() ´761�0111 ��	���*+�¥ 234.

9 1. ���������

Saibai Giken, 33(1), 15�20, 2005 ,-µ$� 33(1), 15�20, 2005
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�������� 	
��
����������	

��
��������� ALC���������

������� !� ����"#� ALC����$
%&��
' ����� ()���
*+��, -./
25045 mm� �12345����
6+��, -./
830230 mm� ����� *+��,�7���8	
9
��:�;<=.=<��>���� !� 
?@A�
6+��,���
9B$C8	
9�$D�EF
9
�8	�	GH�
' I
� JK�L��LMA�EF

9B$C8	��GH��

N� ��LMA��

9�8	
9�OP !Q�
'
��A� 4R��JK�L��LM�BS��T��
��5�U���
9B$C�
1�����8	
9
	� 1�� 4R�������VWXYB$CZ���
T�
��[�LM��\XY���� -6+��,�
�8	]^	_`a`�� 1, 2�b�
'
cdeA��f��EFg��
N 1998�hijU
�A����k���lU -9011[� 	mU����
�'�
�D��e���
�j� 10[�VW�
��
k���nopqAUrk`
>���st� ��5�
*+Hu�v6+Hu�AUrk`
>�� ����w
x�yz{|}���A~rk`
>��1 !���
��\�
>�A��' ��� e���
���e� �
�e� 6��� ��eB$C���eA���v� �
�%!AUrk`
>��1 !�����\�
>�
A��' _��_��
1������N��� !�
JK�L��LM�BS��f��T��6+�"��
#	Q�
��EF
9B$C����8	�	GH�

'
��������	
�� 199902002��Z���
T���EF
9 (N«)���$%�N
'

(N«)�M(n�m)/m


��� M� ����
9� n� �T�
9� m� �

1����
9'

I
 N«�#�	 (V)��� N«� 95��$�2�
9
	� N«�1.96� VV !�N
'

��
���
�� 8	�	GH����
%� I
�JK�L��LM�BS������8	
9	�
N� %!`
�8	
9���
9 !Z������
8	�	GH�
' ��A� JK�L��LM�BS�
�����8	
9 (R«)���$%�N
'

R«�cm/n


��� c� �f�JK�L�,�EF&�Abk`

JK�L��LM��T��Ur
95)� m/n���~r
� -�
1������N����'
_��Z��8	� (r̂: �)���$%�N
'

r̂�R«/M�100

� �

�T���EF
9�GH]^	� 2�b�
' � 2

$%JK�L��LM�BS��f��T����EF

9�� 1999�� 115�
� 2000�� 86�
� 2001�
� 261�
� 2002�� 924�
�<%� 4R�A� 2002

��EF' (�¡¢���
' I
� £¤GH�
J
K�L��LMA��f��T����EF
9	� �
f�JK�L�,�EF&�5)Abk`
�T�EF

9�)¥�� _�]^	� 3B$C¦ 2�b�
' EF
&��$�EF
9�§¨©�ª«�$%GHk`�B
%�"��#	¬­�>��<D���
N� £¤8	
]^ !GH�
EF
9�� �N
��EF
9��
�
9	®¯
>���
' � 3$%� ���8	]^
 !GH�
EF
9 N«°M�EF&��$�EF

9 N ��� (N«°M)/N � 68.20100.5� �*±��D

' k!�� � 2� N«� 95��$�2�²³�´³�
_`a`��
9M	®¯
EF
9 (N«°M)��2
	b�
���`�EF&��$�EF
9 N 	)¥�

'_�]^� 2000�	Q=µ� 3R��7��� N �

� 1. JK�L��LM�BS��f��T��U���
9B$C�
1�8	
9

��k�� *+Hu� 6+Hu� �� �% _�µ O

1999 154 (6) 11 (2) 0 (0) 15 (1) 14 (0) 21 (1) 215 (10)

2000 174 (22) 34 (34) 254 (44) 55 (6) 12 (1) 16 (6) 545 (113)

2001 454 (7) 21 (5) 218 (0) 107 (2) 165 (6) 10 (0) 975 (20)

2002 695 (28) 1,609 (188) 359 (19) 317 (11) 87 (5) 65 (7) 3,132 (258)

( )� 8	
9 ��k��� �f���k��� yz{|}��k��
_�µ� *+¶·�� ¸�� ¹º�!

� 2. JK�L��LM�BS��f��T����EF
9�GH]^

�
��
9
-6+�"�

(M)

�
9
(n)

�
1�
���
9

(m)

��EF
9
(N«)

M(n�m)/m

N«�#�
(V)

N«� 95��$�2
»´³�²³¼

(N«°M)��2
»´³�²³¼

1999 5,598 215 10 114,759 1250493816 [ 45,449� 184,069] [ 51,047� 189,667]

2000 22,619 545 113 86,473 48620099 [ 72,806� 100,139] [ 95,425� 122,758]

2001 5,468 975 20 261,097 3325004701 [148,078� 374,116] [153,546� 379,584]

2002 82,992 3,132 258 924,492 3005980147 [817,032�1,031,953] [900,024�1,114,945]
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�� (N«�M )��������	
��� 2000�
 N 

��� (N«�M)������
����
���������������� 4����� � 4

� !"�#�	#$�%&'()*�������

� 1999�� 13.3+, 2000�� 16.8+, 2001�� 5.5+,

2002�� 2.6+,- � 2002�
 4.�/01����
23
��

� �

�������34����5��67
8 N«�M


67�9��'67
8 N ,�:;<�� =4�> 2

�����?��@�A�BC�D4E�F,34� 

GH������������
I�/	'F,��J
=E�� -%� 2000��K���L N ��� (N«�M)

������M�-
�� F�F,�K��
� NOP
'�?���QN��R���
PS�����/	

�F,34 N«�TU�9=E�F,��V,WX4E

'�
������K��Y�P'� 
GH�%��� ()
*��Z����� r̂ 
� ���'[*\]
	'1�
� 2.6^16.8+����	
�� T_�
GH,�`#
$/� ab����cdefZ�������gh=E
�% 6, 7)� ��=E�cd���������
 3.7^
11.3+����	
�� i��()*�������

<���,-
�� j�5������L',� 2002�
����� 2.6+,012:-
���� F��V,�
� 2002�
67
8 N �k�l�
����m��n
o
8 C�U-�F,�WX4E'�� no
8�U-
��
� 2002� 4p34 q()*!"�#rs67��
tuv �w xL�yj
��'�z,1{|E'� =
4�� 5�� r̂,67
8 N«�M�C}�> 3���
�� > 33467
8�U-� 1999�~ 2000��
�
����:� 67
8�k� 2002��
����2:�
��BC��|E'� F�F,34� ()*67���
�2����
Z���������1�,{|E'�
,F�/������������
�
� ���~
�*�/gh=E��'�?�� ��Z����P'�

������� �������=E���Z��8�
���� �
��/�n��������
8���
�� =4��E���#$��������� ����
������P'F,��j��8)� ,F��� ()*

�$���/	 � no=E'n�1���~���
 k��|�'F,�  ¡��/	'�z�
�¢�P
'!��	'F,� =4�£¤¥/no=E�()*

�¦��§¨"��~©ª�#��«�¬�P'F,-
­34� �
��/��8���$®�¯%/	'� �

� 3. 67�9%�°���������'!"�#�	
#$�()*�m��67
8�&±

�

67�95)67�95) �������������� &�
(+)

(N«�M)

N 

67
8
(N )

'²
67
8

(N«)

³´Z�
��
8

(M)

67
8
(N«�M)

1999 176,495 114,759 5,598 120,357 68.2

2000 146,796 86,473 22,619 109,092 74.3

2001 364,168 261,097 5,468 266,565 73.2

2002 1,002,251 924,492 82,992 1,007,484 100.5

� 2. 67�9��%�°���������'!"�#
�	#$/�()*�m�67
8

� 4. !"�#�	#$�%&'����µ��
8%�°������

� �
8
(n)

³´��s
��
8

(m)

��¶o�
(m)/(n)

!"�#�	
�m�no
8

(c)·

���
µ��
8

(R«)¸(cm/n)

��
8
¹³´Z�º

(M)

������
(r̂%)¸

(R«)/(M)»100

1999 215 10 0.05 16,053 747 5,598 13.3

2000 545 113 0.21 18,309 3,796 22,619 16.8

2001 975 20 0.02 14,636 300 5,468 5.5

2002 3,132 258 0.08 25,968 2,139 82,992 2.6

·()*!"�#rs67�95)34(¼

� 3. ������'67
8,����C}
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�� 1�1. ������ �1999�	 �
�� 
	

�� ���� ��� �����
(mm)

��
��
�

��� ����

���� ����� 6/10 25!45 ALC 2,778 2,778

"��� ����� 7/23 200!250 ALC 84

#$%��&'( 7/1 150 ALC 714

����� 7/8 120!150 )*+TC 2,132

����� 7/1, 7/5 120!150 )* 2,322

����� 7/8 120!150 )*+ALC+TC 168

����� 7/1, 7/5 120!150 )*+ALC 178 5,598

ALC� ,-.-/0/1234/
TC� 567��3-/

�� 1�2. ������ �2000�	 �
�� 
	

�� ���� ��� �����
(mm)

��
��
�

��� ����

���� ����� 6/15, 6/20 35 ALC 50,500 50,500

"��� #$%��&'( 6/30, 7/7 110!130 ALC 17,867
�89:;<=>'( 7/11 120 )*+ALC 3,300
����� 8/2 230 )*+ALC+TC 1,452 22,619

�� 1�3. ������ �2001�	 �
�� 
	

�� ���� ��� �����
(mm)

��
��
�

��� ����

���� ����� 6/12 34 ALC2 55,000 55,000

"��� #$%��&'( 6/29 99 ALC1+TC 2,083

�89:;<=>'( 6/26 83 ALC1+TC 1,280

���?@�'( 6/29 96 ALC1+TC 2,105 5,468

ALC1� ABCDEF
ALC2� GH 10 mmEF

�� 1�4. ������ �2002�	 �
�� 
	

�� ���� ��� �����
(mm)

��
��
�

��� ����

���� ����� 6/6 40 ALC1 51,000 51,000

"��� #$%��&'( 6/20 112 ALC2 33,000

#$%��&'( 6/22 93 ALC2+TC 8,389

���?@�'( 6/22 105 ALC2+TC 10,998

����� 6/21 109 ALC2+TC 4,468

IJK�L<'( 6/21 127 ALC2+TC 2,353

MNKOPQ<'( 6/21 101 ALC1+TC 8,180

����� 7/5 152 ALC1+RS TC+
TUV6 10,765

IJK�L<'( 6/21 127 ALC2+TC+)* 4,839 82,992

ALC1� ABCDEF
ALC2� GH 10 mmEF
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�� 2�1. ��������	 
���
�������� ������� �����
�1999 �� ��� !�

��

�

"# $%&' ()# �*+ ,-./ 0

1999. 7 � 31 (2) 11 (2) 42 (4)

8 � 18 (0) 35 (2) 53 (2)

9 � 5 (1) 5 (1)

10 � 72 (2) 72 (2)

11 � 1 (0) 14 (0) 15 (0)

12 � 15 (1) 15 (1)

2000. 1 � 13 (0) 13 (0)

0 0 (0) 54 (3) 119 (6) 0 (0) 42 (1) 215 (10)

��!1 �������!1�

�� 2�2. ��������	 
���
�������� ������� �����
�2000 �� ��� !�

��

�

"# $%&' ()# �*+ ,-./ 0

2000. 7 � 28 (0) 5 (3) 39 (35) 72 (38)

8 � 153 (0) 20 (1) 191 (38) 364 (39)

9 � 8 (0) 1 (0) 103 (9) 41 (11) 153 (20)

10 � 26 (1) 27 (5) 12 (1) 65 (7)

11 � 10 (0) 13 (0) 22 (0) 45 (0)

12 � 42 (8) 42 (8)

2001. 1 � 1 (0) 1 (0)

2 � 2 (1) 2 (1)

0 199 (0) 26 (4) 372 (83) 68 (16) 79 (10) 744 (113)

��!1 �������!1�

�� 2�3. ��������	 
���
�������� ������� �����
�2001 �� ��� !�

��

�

"# $%&' ()# �*+ ,-./ 0

2001. 7 � 111 (0) 23 (2) 25 (4) 159 (6)

8 � 102 (0) 18 (0) 216 (3) 336 (3)

9 � 222 (3) 222 (3)

10 � 158 (0) 20 (1) 178 (1)

11 � 38 (0) 52 (2) 125 (4) 215 (6)

12 � 3 (0) 2 63 (1) 68 (1)

2002. 1 � 10 (0) 10 (0)

0 213 (0) 41 (2) 662 (10) 54 (2) 218 (6) 1,188 (20)

��!1 �������!1�

�� 2�4. ��������	 
���
�������� ������� �����
�2002 �� ��� !�

��

�

"# $%&' ()# �*+ ,-./ 0

2002. 6 � 23 (1) 147 (147) 170 (148)

7 � 3 (0) 1,133 (11) 260 (38) 1,396 (49)

8 � 240 (5) 167 (5) 248 (16) 655 (26)

9 � 208 (7) 59 (0) 267 (7)

10 � 394 (15) 76 (2) 82 (3) 552 (20)

11 � 21 (0) 93 (4) 122 (7) 236 (11)

12 � 23 (0) 54 (1) 77 (1)

2003. 1 � 22 (1) 22 (1)

0 243 (5) 1,323 (17) 1,278 (223) 192 (6) 339 (12) 3,375 (263)

��!1 �������!1�
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Results of release experiments of reared young black rockfish,

Sebastes schlegeli, in the Suttsu area of southeastern Hokkaido

Masayoshi S6H6@>, Shyuichi T6@>N6B6, and Shyuichi N>H=>J8=>

This study on reared black rockfish, Sebastes schlegeli, released in the Suttsu area of southeastern Hokkaido

in 1990�1997, aimed to ascertain the migration, age of recruitment, principal gear used and recapture period of

tagged fish. Tagging experiments were conducted using yearlings (total of 37,701 fish except 1991, mean total

length (TL): 73�150 mm) in October or November 1990�1997, and using one year-old fish (total of 1,066 fish,

mean TL: 162 mm) in June 1996.

Released rockfish were found at the release area and its adjacent waters and were mainly recaptured by fixed

and bottom fixed set-nets. The number of recoveries began to increase from the summer in the first year and

increased in April-June and October-December until tagged fish reached the age of 3 years. From these results,

we concluded that tagged fish were mainly caught during the period from the autumn for one year-old fish, to the

spring for 3 year-old fish at the release area and its adjacent waters using fixed and bottom fixed set-nets.
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���
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���
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���
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���
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���
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E#ectiveness of stock enhancement programs for the kuruma prawn,

Penaeus japonicus, in Japan: present status and problems

Katsuyuki H6B6H6@>, and Shuichi K>I696

In order to elucidate the present status of stock enhancement programs for kuruma prawn and analyze their

e#ectiveness, we present trends in fishery and release statistics for this species for all of Japan using data for seven

specific areas. In addition, we review the results of recent marking surveys for estimating recapture rates of

released juveniles. Kuruma prawn catch greatly decreased after the mid-1980s, and juvenile release did not very

much a#ect catch trends throughout Japan. Although the estimated recapture rates exceeded the breakeven point

in only a few case studies, high recapture rates were reported in several cases. These facts suggest that stock

enhancement of kuruma prawn can be successful on the local scale. It is therefore important to use scientific

methodology in order to estimate recapture rates and evaluate the e#ectiveness of stock enhancement programs for

kuruma prawn in respective localities.

2005� 5� 26���

1. � � � �

����� Penaeus japonicus�	
��
�����
�������	 30 cm�
���������� �

��
���������1)� ����� �!�"#
$!%&'�( �����)*� 1960����+,-
.+�,/&01�22, 3)( 3������)*�14
+�5�6 1960��7+,-� 8 9:;�< �=>�?
@AB�?�$�&�  �:;C��DE@��$�2
F����GHI���J�� �����K�"#�L
�MN&'24)( �E #!�OP@��$�&I�M
N2������#!C;GH�"Q���R ST�
�
�&UV5, 6)� =>�?�U/�WX#!�#$%
Y� 1964��Y 10&%,- 1968��� 500&%@'
Z3)� #$(��[22�\��?)@]�^8_(�
`��27)(
�����#!�#$ab*c� 1960��+,-=
>�?
�?�@�d�IeMN� f�._(�RgM
N28�17)( fN-�*c�h%&� ������C,�
i��j��-klmnMN�$$K�� �oAB��

h�#$ab�.p11)q�	rstu�vw'2#$x
$/yx��0�h%&� #$z��{|1l}�MN
�h~�!%210, 14, 17)( [2� #!#$2�D�$$K
��o2lDZ2�3K4�MN22, 17, 18)( M-��
1986���fN[��j��*c���3lS���
MN� ������C,� #!��/5N,-#$� #
$,-|�� #$ab�.p$6�78Uh�#!#$
ab��3@�V[$�2 ������F����J�
�� l��MN217)(
3�h~�� =>�?�;�@��2������F
����^8�9IMN&�2( �,�� ������
:;�&s	��2�� #$z�@	+��2%&�<
���=�l!,%23$,-� #$z�$/yz�@
>��<�&{|1@}����2?��	-��@�
�%2( 3����� ��	 Pagrus major�A��; 
¡19)q¢£¤ Paralichthys olivaceus�B¥¦§¨20)C�
©y=�21)@D �2ª«*c821)�h%&#!#$a
b��2?�l¬E�!%2#�$��­���V� �
�����F���@}®�&�2i¯°�\�� �b
2�&�����#!�#$ab����±²~,³�
$'~´Flµ�6�[$%&�2G¶�K�%2(

�1 H·?��¸?�C�)*¸¹ º108�8477 H·I»¼»� 4�5�7 (Department of Marine Biosciences, Tokyo

University of Marine Science and Technology, Konan Minato, Tokyo 108�8477, Japan).
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 �� ��!������"�#$
�	�� �%������22�24)&
���� �	'�()%*+,-./�01� ��2
���34�5��6.789%�:���:"�;
%& 2����� <=*+,-.��>?�@A"� 2
�0B:�����C9%�D���EF6G+�H9
::I��0B���:�����C �J%&K;��
L��
���MN��%#$����O4�!"��
����34#P�5��:�<:�� #$��QR�
ST9$U�V;�WX"� YZ�[%�\]%&

2. ��������	

&'�^_`� *+,-.��a(b:�a(b��
�<���)c�* 1�$+"�H"�9, 14, 17)& *+,
-.��a(b��`d�,-�:.���F/ �
%& efg*hg�>�ij��� 7k9 mm01�2
"�lmhf8n�op3�4Ec�5-"�6q7r
��s76q87r<��9:t�!"�;."� <�
�:I�;/=c�>;?uv�9%& @wAEBCE
c�
���"�!��xDEy��� <�"�/=c
�z{�F|*+,-.�}GH��~IH�>J��
J"� K�������<�"��L���j%�:	
M��� ��;%25�27)& }GH3��Ec���%N
ZOP����<��	/="�(�28)� AE�
��
�"�!�	NZOP<�#-"� 2|�xD ���
Q	�%�:��� @wAEBCEc��NZOP�*
+,-.�R��9c!����<"�;%:Wj��
�;%17)& @wAESCEc�T��UV�9W���
 ��*+,-.�� XYHZC��XYH[C�%;
���\��]"�� �~OPu��9%I�:�X 
��;%29)& �~OP�NZOP:R^��L
<��
�0B	_;�:��30, 31)� @wAEBCEc:R^�

*+,-.��>��z	�	`� ��;%17)& <
�� aME��� 
���:�-.��bcd����
�� \�C:�E��\	��Le��%�:	M��
� ��;%32, 33)&

3. 
��
����

3�1. 
��
01�fb1���D�E34)��%:� �	'�()
%*+,-.�0B�� 1965��� 2915hg����
�	� 2�Z�g����h���"� 1970�����
i� 1263hg��j"�  k 1¡& 2�Z�0B��l

� 1. m��()%*+,-.0B����
01�fb1���D�E34) ��¢<"� 0B�
�_;EF:��;EF��k�H"�£ <�� @
wAEF�SC:BCEc�F�"�£

� 1. *+,-.�>?�()%�a(bF/  &'9, 14)�*+,-./�01�¤¥`¦§¨17)�^_`�C©�¡

F/ �ª<� ���1
�� (mm)

�>^« (�2��)O>
(m)n �

o ¬p 0.6m 0.24�2 ,- ­
q� ®� 30m 0.3k7.0 -¯ ­
r° s�±< 15m 7k25 .� ²2k0

³� ��´� 2 (10)µ¶ 25k90�3 25k110�4 .� ²2k5

t<� u<��
 9 (1)µ¶ 90k100�5 110k125�6 .� 0k20

<� u<�±< 24µ¶ 100k220�7 125k262�7 .� 20k110

�1 �  �¡ ��!����£
�2 Lv·£
�3 Petasma	O¸9%�s�£
�4 ¹wx�IV�s�£
�5 ypº�»C	z{|¼"��s�£
�6 ±�L�IV�s�£
�7 Y<�����£
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������� 1985�� 3741��	
���
���
�������������	������ 2001���
1970������� !�"#$!%&'()�	�*
+��,&-� ./012�345��	��6789
:
	�;�
��+� ��*<��=8��*	�;
�>?*+�@ABC�*+!�% DE 1, 2F' ()�G
H��IJ/��
��+	KL-� M*+�()��
�N������	��� 1980�����	OP.��
���%&' �Q�� BC�*+�()�������
���RSL� � *5 D!TUV� �W"� #XV�
YUV� $%V� Z&VF -' *5 D[%V� U\V�
](V� )YV� �*VF �*^�,&-� � *5�
+�*+-,-�����	���%&����� ' 
*5!� 700��._�IJ/!`a��%&�G/0
S�&'
bb!� cd12-./012	K%�efS��%
&��+�12��()��`a	E 3����' 1g
��,&-� ()��23��������� h�!�
1965����4*��� !�"#$!%&'Si��
jk12 Metapenaeopsis barbata <�l12 M. acclivis

5�Rm./012��()G�%BC�*35)�6f7
	,&-� ��()��� 8' *5-
 1960��
_4�����G� ��_n8�� 1980����� !
�BC�*19! 2o2.5:���IJ/	`a��%
�' �p�� ��_23������ h�!� 1:��
�IJ/ !;q��%&'
�r�@s�� ./012	tu�./012��(
)�� 1960���������_n8��
��� 1980

��4vpiwA23������ xy�z{|;�I
J/�}&'
3�2. ����
~<(��=��� >�8?@�A D1gF �B36)@
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���D��E 4, 5����' bb!�D��6f7
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��� D����HIF� ����JH� ������^
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�S��%&1�������GH��;&���L�
�GH��� D���L�HIF� 1981�piE�S�
�%&1?@�GH��;&���?@�GH���
D��?@HIF !}&' 9F� ����HI� JH�@
A����VM�!6f7	�D�� ��
�7	*+
��N7-��' �Q�BC�*+!�� ��i6f7
-?@�9F��?@KH��%��� � -' *5
	*^����6f7
���' ��� ����	��
���
pp�i����G 100�-��
�S��%
&�G�?@KH�� bb!�efpiK�;&b--
��'
�=?@G%"OL� ��BC�*+!�� 1977�
�� 1  4P:K
��=G?@S����� ��¡-
$¢�9F 30 mm�q�Rm�=!}��' ��_� �
^>��=-?@�=�
�9F�£¤��m¥�� 9
F 30 mm�r��=�?@��G¦ &--
�� ?
@KH� 1995���23������ 2002���
4600:K§-���%&' �Q� +�*+�?@KH�
R¨S���	���G� ��_�BC�*+-¡©,
-���!`a�� �
��+	K%�h��?@KH
��=��m¥�-
�%����%&' ��� �
�
�+!�� 1986�	|_�./012��=?@��ª
S��%&'  �� ./012��=?@	����%
&"VH�� 1998� !� 33"V._!}���G�
����«3���� h�!� 30o31"V-���%
&'
¬������­;&6f7	,&-� ����HI
��
��+	KL-R¨ 50�._	��� ��_S
���*+�@��� 80�	T®�%�G� BC�*
+	KL-h�!������}&' ����JH�R
¨� 10J._!}���G� ¢�*+
¯°S���
%&' b��?@�=G�m¥��±�b-�²³;&

� 3. JU��^&��+12��()��`a
(�8V´���6f�E34) @�µ���¶ ./
012�()�G�%�
��+� �>?*+�@
ABC�*+	+������ Si�BC�*+!
�� -' *5	+���¶

� 2. JU��^&34WX�`a
·¸¹�Y 2n D1978�o1979�F �@AY 4n
D1989�o1992�F ºZ·¸[1»\]¼@�µ�
��¶
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MNO�PQ2R�� ST����&�#'
()�PQUVWX7U YZ=1'()�PQU[\
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b�cb2de� 70� 2f��
��	 DE� 2�12 g�hij^=57X�k(F��
��U 6�10 g�PQUV�	

� 4�1. lmnop9:�qrs�tu (mm) DEtu (mm) 
��
PQ (�) 
��
vw JvL 
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=xr�
��� (�) tuO�DEyw�PQxz{DEyw���
|}~�9:�� sM�DEk� J��L ��36) z��
�7�
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3�3. ��������	
��

������ 1958�1968�	
��
������
��������	������� !" 1 km2	
�
��
#$����� 6%&'(#$)��*+!,-
$37). /)�� 1964��01�234,5678�9
:;" /	5678<�=>	<?@AB 1971�C
D�� 1000@AEFG3)" ���� 1970�CDHIJ
�KLMN)�B OP 1Q" RSTU�5678�VW
	XYE*MN�Z[+!N2, 3). N\" ���	KL�
:\5678�?]�^_!,-`-�a�bcd�e

)4,-N)�B OP 1Q" =d	��K	fg�M,
5678Ch	fg�i-,bjG$kf�l$. mn
op�qrs��;:��Ntu 5�v�����78
wqxysyzf�3)��" 1960�{	�����	'
|�}qK|	N��~�+!,-N}�	�����
�+!,-$. ������}� O���Q ��-)�
�� !,-$38, 39). 1970�����DDT� BHC�
	��������	�-�����	����~��
��`;40, 41)" 1970������������^+!
N. + �" 1973������� ¡¢0�d£¤��

� 4�2. �����56	¥¦§!¨© (mm)" 78¨© (mm)" ª«¬u­v (®)" ª«¬um< OmQ" ª«¬u�¯¦$
°�± (®)" ¨©²	78A<	­v¯³´78A<	µ¶
op�q56°|" §·¸78¹º O01Q R�36)³;»uMN¼
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���-./���01,23 456789
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62� U@�V��X��()���R\]^(�4� 

_!34),%K��� U@�V��^(�4*-.`a�
bc� '�* 1965�� 5Y�;�-.!�/� 01 72�
X��^(�4* 1980�:J*�A!�/�	� 1985

�,%-.`a�"d�'�* 1965��ef�b���
��
�()���	-.!�/���,%� '���
����()��-.*#)�ghi�B�J*�/�
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c� 7�~hR5%,�i����eo7������
y��	9:��/��2� ������m/�B� 7�
n$op%�6��&'	b��,R5%,�i��

����8�	9:���

4. �������

4�1. �	�
�
3����=>R:���;�i��*� ���<�
=>�<R�?i���	�@���� �y�z�@�
��z@��A��3B�R<C 50�60 mm8���
�����DEi���*"�J� �F�G�H�A�
:	��I��J������14, 17, 25�27, 32, 42�44)� &
�
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�� ��������<RC
¨©�?J���3B�*�R���/�,���
���
�¬­�XJ� ������3���=>R
H�i����� ��Y�w�ms��
Z���F®
�(¯��[����\%����° �R�/� ()
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� 6. ������(M?()��´º
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�2 http://www.fra.a#rc.go.jp/pressrelease/pr16/160729/asari.htm
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� 2. �����

�� �	
�
�


� �� �� ����
(mm)

��

1 ��
 1995 7.28 ����� !"�# 63 1680

2 1996 8.5 ����� $%�# 60 3733

3 1996 8.5 ����� $%�# 48 4097

4 1997 7.29 ����� $%�# 51 11703

5 1997 8.1 ����� !"�# 51 12401

6 1998 6.25 ����� $%�# 30 16765

7 1998 7.25 ����� $%�# 49 33612

8 1999 7.7 ����� $%�# 33 5631

9 1999 8.3 ����� $%�# 47 8522

10 2000 7.11 ����� !"�# 47 7512

11 2000 7.25 ����� !"�# 71 3733

12 2001 6.27 ����� !"�# 33 7700

13 2001 7.24 ����� !"�# 48 9400

14 2001 8.24 ����� !"�# 50 10700

15 &'() 1995 8.10 �*+,- �# 48.5 170291

16 1996 7.17 �*+,- �# 35 50425

17 1996 7.17 �*+,- �# 35 24290

18 1996 7.17 �*+,- �# 35 27045

19 1996 8.2 �*+,- �# 45 52742

20 1996 8.3 �*+,- �# 45 23010

21 1996 8.4 �*+,- �# 45 25723

22 1997 8.4�11 �*+,- �# 41 95527

23 1997 9.27�28 �*+,- �# 34.6 34358

24 1998 6.25 �*+,- �# 46 55445

25 1998 7.24 �*+,- �# 41.4 26074

26 1999 7.9 �*+,- �# 40.6 79380

27 1999 8.9 �*+,- �# 42.5 48379

28 ./() 1998 9.3 01+./(�# 61.9 30000

29 1998 10.5 01+./(�# 47.4 20000

30 23
 1998 6.12�6.28 45+6�789: 46.1 875961

31 1998 6.12 ;<+;< �# 40 145657

32 1999 6.18�6.27 01+=8 �# 45 507500

33 1999 6.30�7.7 ;<+>? �# 46.1 508200

34 2000 6.28�7.17 45+6�789: 37.2 1015330

35 2000 7.19�7.22 �*+23@�# 39.5 156520

36 2001 6.17�7.5 45+6�789: 41.9 511900

37 2001 6.20�7.5 01+AB89: 45.1 505420

38 2002 6.5�19 45+6�789: 45.2 471000

39 2002 6.7�19 01+AB89: 47.2 454610

40 CDE
FB 1998 7.17 GH+IJ �# 50.9 176000

�G-CWTK 22LMNOPQRSOTUV S-CWTK WXYZWMNOPQRSOTU[
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�
��� (%)��� (%) ��
���� (%)��
���� (%)

����
�� �� �� ��� 30 g 50 g 100 g

����� 18.0 7.9 8.5 1.6 10.1 6.1 3.0 ����
����� 4.0 0.6 3.1 0.2 8.6 5.2 2.6 ����
����� 3.3 1.1 1.9 0.3 4.5 2.7 1.3 ����
����� 0.6 0.3 0.3 0.0 5.3 3.2 1.6 ����
����� 2.0 1.2 0.8 0.0 5.3 3.2 1.6 ����
����� 0.3 0.1 0.2 0.0 1.7 1.0 0.5 ����
����� 0.3 0.2 0.1 0.0 4.7 2.8 1.4 ����
����� 1.3 0.4 0.7 0.2 2.0 1.2 0.6 ����
����� 0.9 0.2 0.6 0.1 4.2 2.5 1.3 ����
����� 1.9 1.1 0.8 0.0 4.2 2.5 1.3 ����
��������� � 4.2 2.9 1.3 0.0 15.6 9.4 4.7 ����
����� 1.0 0.6 0.4 � 2.0 1.2 0.6 ����
����� 1.0 0.7 0.3 � 4.5 2.7 1.3 ����
 � 0.3 0.3 0.0 � 5.0 3.0 1.5 ����

G-CWT !" 3#$% 4.3 3.9 0.4 � 4.6 2.8 1.4 &'()��
!7�20*+%

G-CWT !" 3#$% 0.5 0.5 � � 2.2 1.3 0.7 ����
G-CWT !" 3#$% 1.0 1.0 � � 2.2 1.3 0.7 &'()��

!2*+%
G-CWT !" 3#$% 1.6 1.6 � � 2.2 1.3 0.7 &'()��

!3*+%
G-CWT !" 3#$% 0.3 0.3 � � 3.8 2.3 1.1 ����
G-CWT !" 3#$% 0.2 0.2 � � 3.8 2.3 1.1 &'()��

!2*+%
G-CWT !" 3#$% 0.5 0.5 � � 3.8 2.3 1.1 &'()��

!3*+%
S-CWT !" 6#$% 0.2 0.1 0.1 � 3.1 1.8 0.9 ����
S-CWT !" 6#$% 0.0 0.0 0.0 � 2.2 1.3 0.7 ����
S-CWT !" 3#$% 1.1 1.1 0.0 � 4.0 2.4 1.2 &'()��

!2�5*+%
S-CWT !" 3#$% 0.2 0.2 0.0 � 3.1 1.9 0.9 &'()��

!2�3*+%
����� 0.4 0.4 � � 3.0 1.8 0.9 &'()��

!13�17*+%
����� 0.1 0.1 � � 3.3 2.0 1.0 &'()��

!8�10*+%

S-CWT !" 6#$%
������

1.9 � 9.5 5.7 2.9 ����

S-CWT !" 6#$%
������

1.8 � 4.3 2.6 1.3 ����

����� 8.7 8.7 � � 4.0 2.4 1.2 ����
����� 9.2 9.2 � � 2.9 1.7 0.9 ����
����� 3.9 3.9 � � 3.8 2.3 1.1 ����
����� 2.2 2.2 � � 4.0 2.4 1.2 ����
����� 3.1 3.1 � � 2.5 1.5 0.7 ����
����� 2.3 2.3 � � 2.8 1.7 0.8 ����
����� 2.0 2.0 � � 3.2 1.9 1.0 ����
����� 1.4 1.4 � � 3.8 2.3 1.1 ����
����� 2.2 2.2 � � 3.8 2.3 1.2 ����
����� 1.4 1.4 � � 4.3 2.6 1.3 ����

����� 22.1 � 5.2 3.1 1.6 &'()��
!1*+%
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����������	�� 
����
18, 47, 48)���
�	�	��	�
������	���17, 49) ��
�����	������ !" �#�$ 
%&��'
()$ ���*��+���� !" �
��,��
����	-.��-/#��0$ ��123.��0
��� 
�	�
 30 mm��
 	� !�"#� $ $
4 455$ 67() 945.%8�	-�9�!17)"
4�2. ��������	
��
��
�
��,���:�	��	&'����� !�
"#� :�����!�$ �3;<=	>(�))/
#?(@	A�*+	,--�.�8:14, 17, 49, 50) B�
/#$ �	-���-	��/0�12�C� �D
!" �	��.�E345�6F8:!G�)$ �	�
�.
��H!����(I:7�	J,�@ ��:
� !	34"#�89�KL# :"
�3;<=	M:�N�OH��I!P;<�B �
QLRG!	) 1995=($ Coded Wire Tag 
CWT,

Northwest Marine Technology>
51)�?@ABC14, 17)

��:7��	�S(� !�"#� :�����
!22�24)" BB()T=	7�	J,U���� !."
#0!7��	�+V�	W9.DX$ �3;<=	�
�YE�*�FZ/#F[�\� !21).]G$ ^G	
� !.6F8:"

(1) 7�
1) CWT

CWT)
� 0.5_1.6 mm$ 3` 0.25 mm	abc�
7�($ deHf�I�� �I!52, 53)" J7��)+
K�	g�h�ij �kE$ �	-.��(I:LM
�9:" 7�)N�	OlmnPQ(RS�T�Olm
j $ opqroU(9 sN�	tVu(7�v�.
tV(I:" wW�xU 
22x
 (9 s$ X�v�.
Y XZPQ(yz0$ 7�	[\.tV(I:54)"

{&]>IS�22, 54))opqroU�xU	 CWT

.@ | �
 39 mm� 55 mm	�3;<=��	^
_�Olm}(`~0$ 7�	C.!$ ��	-C!�
�
.�X!" @	V�$ 7�v�	-C��
)ab
������$ 7�	C.!)opqroU��SJR
� 129cd( 82.55$ xU� 99cd( 95.45 .%0
!" �#�$ �
 30_39 mm��	e 3$ e 6^f�o
pqroU CWT.gh0$ ij�`~�S.��!�
B�$ �SJR 54c�	7�C.!) 79_935	7D
K.%0!B�/#$ �3;<=�	��	7��0�
L��k(9:���0!" !�0$ �D	���l�
�+()$ CWT	C.!)mD�KL# �D:"

2) ?@ABC
JnC()��	on	?@.�� 
�fp�
 /#
AB0�7��8:�$ AB� !?@) 3�	qr(
stv����(I�D��j(�-8:	($ ?@.
AB0!��	�	�	
�&')�u(9:�� �
I!14, 17)" �k$ �3;<=	?@p��)�vw�x

�yG�,^0�kE$ ?@ABv�()@	�vw�
x	,^�zDB�/#$ wx	,^G��?@ABv
�	���7��:�k{�%�� !14)" B	���
?@ABC)�	��	
�&'�)L�(I�D�K
L# �I!�$ �|#23, 24))B	?@ABC����
�	��	&'�+.��8:�}($ �f/#�	�
?@.AB0!v�.
�A`~0!�B�$ �vw�
x	,^~���DB����I$ @ .L�0��	
��.
�A&'�k�B�.�#/�0!" @	�$
�#)D��/	7��S.��0$ ?@ABC)��
5�)�
 30 mm��	�����(I:B�.�#
/�8:����55, 56)$ 7�v�	��;���3. 
�0�D:57)" �#�$ �#)?@	��p�/#��
.AB8:�$ �-0!?@)���¡�0��-0$
7��0�	��!�7j:B���#/�0�k
E58)$ �!�7��C�0��d� �D:"

(2) � !	"#
1995=�¢$ CWT�?@ABC.L�0!7��	
�S����	��*�� 
��$ ��£
59�62)$ 
{&
¤���54, 60, 61)$ �%&����63)$ [�£61, 62, 64�67)k
�¥�¦T£�_68)(��� $ 2002=j(� 40	�
	��(� !���� �D: 
� 2
" §7��	�
S�k¨:�	�
��	?+)@ | 30_71 mm

� 1.7_87�?	�©�9E$ �	���Q0!©D�
(ª«���0��	0!���$ ª«���8:B�
��34�	0!���	j���C(�	��H �
D:" � !	"#)$ ��£() �*�	]¡¬c
.¢V£­�0! 1¤�®o¯�°q±²q³C21)$ [
�£() ��3;<=	 �N(9:´¥� 
¦	0
�	 1�
 	§N<�§Nc.¢V£­�0! 2¤°q
±²q³C21)(�H �D:" @	¨	���k¨:�
 !)$ 7�v�	,µ?+$ ©�+?+k�¥��ª
����S	$4�ª/#¶V0!©��?+�·�D
!DH¸:ª�C21)����"#� �D:" j!$ �
�£()�	� 2=dj($ @	¨	£¹()«=/#
1=dj(	� !�"#� �kE$ [�£()�	
v�	��}���	«=�� � :�KL# �D
:62)"
§7��	�+("#� !� !.n:�$ ��£
	 18.05��¦T£�_£¹	 22.15��7D���
9:�$ 14��() 15¬­	mDK.%0�D:" �
k$ ����(��� !�	�+�� 28� 29()$
CWT�?@ABC(®ª�7�0!����	� $
¯7�	[�{��+� �D:" @	V��� s$
?@	�vw�x~�(�	v�.��0� CWT	[
\.�+0!�B�$ �� 28() CWT°[v�	º
»)�	«=	 75.65 /#±=	 6.35 f�I�¼²
0!B����� $ �� 29()�	«=	�X?+
�²�D�		�� 28�ij	V��³# �D:"
j!$ �´#69))ij� CWT�?@ABC(7�0!
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�����������	 CWT�
����
���
���������
�� ��������� !��
�"��� CWT�#$�%&'()*�+%�
,�
�	 �-+%
����
�������./	 CWT

���� !�	0��123
�4����%�5�
#67�
�,��89/7��

(3) :;
<=>�
����?@�AB��C�4��%	 DEF�,�
�GH�IJKL�����4�A��M=�����
N	 O7�&P4�Q�R�=>��:;
<=>��
��ST+U�21, 64)� ��+%	 ���V���WX�
�4����Y��	 ��Z[�\]��� !�Z[
./	 =>^���GH�H_����H`�:;
<
=>��ab�cd����4��

2002��e�I@��\f	 �gh��&i jklm
n�36)./���H`��gZ[ jo/�m �ab�cd
��	 pqrs�tU
,��	 ��Z[%H`��,
E
uvav��wt4�xy�z��
���./	
��+%O7/�ab�{|�uv}+�4���4�
j{ 8m� ~�	 ���\]��� !�f������
���[�%O7�7 4000o/kg��� 5000�6000o
/kg�����
�70) j{ 9m� O�+	 f���[��
4000o /kg�4��	 ����H`�Z[�ab}.
/	 :;
<=>�� R�(0.3987e0.0542BL)�102/4 BW�

�4���+U�� ��+	 R%:;
<=>� (�),

BW%=>^H_ (g), BL%�����H` (mm)+�
�� �ab}./=>^���� !�H_����H
`�:;
<=>��ab�cd����+U�j{ 10

Mm���	O7% 1���N�f���[�����Z
[�:;
<=>���ab���,�P+U�j{ 10

�m�
���	0��12��./��GH�H` j��
�m �����
�4�	 ��GH%��� 1����
+���EIJ�����+��H` 100 mm  ¡�¢
£+cd/7�H` (BL)�H_ (BW)�¤¥C`}
(BW�1.418�10¦5BL2.971)29)./§T��H_% 12.4 g¨
�C`�	 ���H` 140�180 mm (33.7�74.7 g) !
�©��ª«tUF"¬�E
29, 66, 71) j{ 11m� #$­

� 8. 2002���®���� !���H`��gZ[
�ab
e�I@��\f	 �gh��&i jklm n�36)

�N¯C��°

� 9. ���\]��� !�f���������[�
�C 14�±f%�&'S��70)�N¯C��°

� 10. ��� !�����H`��
%��Z[�:
;
<=>��ab
M{%=>^H_ (g)��	 �{%=>^� 1�
��N[� jom ��z��°

� 11. ����� !�C`
²³�­()­´����% 10*µ��ST67
�¶+GH���H`29)	 ·�­+%¶+GH�
��H`���12��
���¶+GH�¸�
7�
�H`¹Cº���H`71)	 #$­+%
2000� 7��10��.®�»���¼��¼�¶
+67�GH���H`66)+��°
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��������� �����	�
����
���
	�
���� 14.8�29.4 g� 
���� 23.9�43.3 g

���
����66)� 
������� 27 g���� �
�� ���������
���	������ 30.2

g� ��� 47.2 g� ���� 100.6 g���
�� �59)�
!"�� ""�������2�����	�
���
�
�����	#!�$� 30 g, 50 g, 100 g�%� � 2

��
����&�
�'�(	��#)*��� 	�
���'�(	��#�	��+,-��&�� 1, 30,

31, 32, 34�./ 39
 6&���� 0� 21�

5. ��������	
��

2�
.3�� �4�� � CWT#!"%�#$�
����.5�� 6789:��%&
	���'()
*
��.3��5��� +;
��&�
	���"
"�<=%��'�(	��#>	5���� ?,��
%&��&@�AB���C% ,D�E�"��3F
�,��
	���%&
���
-G� 0H.�1 �/(�I
0%� ��%&
H.����%&
�1� ��JK�
'(��2
��3 �.5�L��M
�+,-��
 �9, 12, 14, 17)� ��� 	���N(���OP456�
QR
��"�M7-�� �11)� 89��� 	��#
S�
T�3U#:V��;�F�#<��*�� 	�
��QR#WX�=Y�Z �+,�[� �
5�1. 
���������������
>?-
\]^7_`�� 1970�1974��F��@a
��A��b�B� 1000C�c
%& 0�1 10 mmD
E1 #��%� def_g��hiF���.5�%&

H.�#)*%�14)� >?�!
��jk�lmn�
��%&�OPoG����
H.# 3Hp���� 
�� !��.�q� I 1
H.���'�
 24JN� I
2�!
��1 30 mm�J1����
KN 0rs��
2�3KN1� I 3�!�F-OPtu�1 0� 100 mm1
�J1����
KN 0rs��� 2vw1 �x"��

�� �� I 1Hp���H.� I 2Hp�LK-y
H.� I 3Hp��K-yH.�zq�� I 1�I 2H
p#{|T�LKH.�zq��� '(��%�}
�
�H.��%�� @a��A��b�� 32�80~
M
���
�� �17)� "
.3���'�
H.��N
%;� �� "
O�Y�%��P� Q���b�67
89:R9:�-Sb�	����P�.�TU
	=
V��W
��n�9, 12, 14, 17)� �,q� XYAZ���
���%��1 10 mmDE
%& 200C�
3�� 114

C�����[
\]��
^JN����� Favonig-

obius gymnauchen�.5�TUH.%��)�
�� 
�14)� ���_�`a��_�`b��_�`c��d8
�a��./@a����e�
��6789:
%&
������� ��%&
U�%�%��P 25%��

�P
9:��d Crangon a$nis�7-�� �17)�
��%&
LKH.,D#:V%�����&��@
a��2���f� �� ��-15, 16) ��1 11�15

mm
%& 30�56C�#d8�
�g���E�h�
��ijg�'(��%� kiF�.5�%&
lm�
��TU,D#��%� �� !
jk� >?-�no
�� ���^JN
H.���*�pn;� 6�10JN
� 99~q�#�%�"�#��%� �������H
.
�Y��f�� ����� Repomucenus richardso-

nii� 9:��d2�.�TU
�rV��;� b�M9
:��d�.�TU��� �)�%� �� 
-��
 �¡s-72) ����
�g���� �� �1 51

mm
%&#'(��%�iF��#e�%�jk� �
��^JN
H.��n|*�� �)t%� ��
2�
.3�� 6789:%&���'�
^JN�
 3n|*�u JN�H.%h�;� !
�Y��P
2�.�TU�+,-�� ��
5�2. �������
6789:%&��1 8 mmq��kV-¢�£��
v�wV#��.3���73)� "
v�wV�TU�/
(�I0%� �� �1 7�15 mm
%& 30���1
40�58 mm
���� 2�#� !�$��#x �yz
�x � � yz�n¤
T�e¥jk�.�q� q
{�� 10�
%&�-G%�
�|%� �{��-G
����F5�14)� ����74)�[
 3Z¦>� 8%�
P�.��1 10 mmq�
6789:%&�|���
Ue¥#§5� �� A¨ �#x � � yz�e¥
qd��U�#�}%� yz©ª«~�
T�%&#�
G��� B¨ �#x �yz�e¥qd��U�#�}
%�yz©ª«~�
T�%&#�G��� C¨ �#x 
�yz�e¥qd�%&#�}%�v��r�,��
%� �U�Mnyz�v��G��,���}%��
n� e¥tuJ�¬g­¬#�,� .3��U�#�
�� Z¦ A� B���'�
TU,D#�
����
®��M
�E�� B� C���'�
H.#	�%�
%&
TU,D#�®��M
�E�� !
jk� ��
��[�q� Z¦ A
TU�# 100����� B� 70

DE�E�� �� B� C��p¯��*-�� � �
��� °<�
�U6��UtuLK�±M+F5��
 3� 2����%��Z
e¥jkF-� f�;�M
�
�²� ��|�v�wV�TU	���³�� �
 �M
�´��n�� �µ%� �
�²�.5�TU
��p���>%� �|����;� "��°<%�
%&¶·���1 10 mmq��� v�wV�i���
�%� �F5�"��.�M
�+,-�� �74)�
��|�� ��
yze¥jk�.�q� �K¸�¹º
Z¦>�
v���
»{����1 14.6 mm� 58~,

20.0 mm�71.2~, 25.6 mm�87.6~, 35.6 mm�92.9~,

48.4 mm� 99.3~�E�� v�wV�J1��M� c
¼
��� 
-���1 20 mm2>
%&
v����
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���������	 �� 25 mm
�����
��
����������	 ��
����������

��� �����	���� !�"#$%�����
�&�73)� '(	 �� 14)26 cm�*+,- Plotosus lin-

eatus.
�/��	����0��1
2��� 3��
� 100425 20.9)31.2 mm	 � 31)68425 14.3)31.5

mm6 �����78.�9( !
:%;	 �<%�
2�"��
�"�������=�	 $>
����
?�2�����@
:���A�B!�?CD(��
E75)� FG�%;	 �%���H�"���@
:D�
IJ�(*+,-����

��K�L���=��
��	 &���1
������M������
:D
����L���=����	 '(�����N�O�
��P
�H�B!�=����.#�����

���� !C>	 ������� �QR1
�
!"#S
��
$�T��"��UV>%	 %W�(
&X
YZ�!"���'[.()Z�"��&�� (
\	 %W�(:E
]^�_*>��`��	 ����
�� �����UV>%��� 51 mm�+R1
�
!"a,��Kbc�?CD(���-d$%��
�72)� �%�	 #.!"$%(1
�e+fg+h��
ijki
:D�!"#S
��C>��!/����
�0���.12$l�"��&��
mnopq1
�����	 3r�45	 s6	 7t
T8/��������0��14, 17, 73, 74, 76)� $>
	 1

9uT:vw;x<�=y�z>�(�������
�?�77�81)� �(�D�	 �%>���
:D��	 !
"1
������=�	 ���L�.?c�{���
&��
5�3. �����
|@
}A.B~���~/�H����]"C��
+K��~ 3D�16 .EF���M
&��Gb%�
Y�	 mnopq.D����pq}A�B~GH� 1

I 1G&(���J
���K������L>%��
�11)� ���������n����(1
!"
:�
��J�78C>	 MN����O.�T������
P�JTQ�P�J&(���J.�@$l	 ��.�
;�B!�&�	 R������A���M�."(>
���
���S�$%���11)� �����	 ^T�
!"�`�"U��'����	 VS���m��W�
+�9&�����JH�"��a�
:D�}A�P
�J�a��	 $>
��J��=����"
	 A�
�"�=�����UV>%���62)� '(	 4���
�mnopq�7"�A 3}A6 � 11�&���A�
��$%����	 ^T���J��=
�"����
P�J�a��	 H%
�D�A����=�����
UV>%���64, 66)� 4�����`�!"$%(1

���� 40 mmXS���|�������C>	 �
��4���Y��Z��� �mnopq��J�4
��� 1998)2001T
�`$%(!"mnopq�A

���78.D[$l�¡��	 A�����J�v

�\��
4¢�]�^778�_c>%	 A���^
T���J��=
�"��#`�
�=������
�6C� 3a 126�
5�4. ���	
��
XW�:E
mnopq1
�;�
�"�����
��£�$%	 ��b����"��¤W
:����
"�=����C>	 +R1
��¥�a,���N	
A���?N������c$%�� ��:E���C
>	 �� 30)50 mm�+R1
�!"�S¦$%17)	 �
§
+R1
�!"
:D���������¨©m�
ª«��¡>%(d¬"&�49)� �C�	 �§
���
¥�a,�&���A���78.#.­c(®¯�b
�������� _*>� 1995TC> 2001T
CZ�
e°f±g�h²�(i³�� 30)71 mm�1
2.
VS��!"�	 A��.­c���59�62) 3j 26� XW
�:E
	 A�����P�J�����N��� _*
>��`�(´�
Y��"��P�J�a���Y
�	mnopq.´�µ�¶�(�9kH� 1996)1997


 12. Z���
YZ�mnopq��J�4��
Y
Z�!"mnopq�A���78
�~·Nl~9u\�T-34)�j 2��b 30)37

��©¸C>¹;�(º


 13. VS�
YZ�!"mnopq����A���
78
j 2��b 1)14��©¸C>¹;�	 A���
��P�J 3´�µ�¶�(�9kH6 �m]�
(º m]ng�»¼�op�q��(º

� 39 �



�� 1200����� 2001���� 329�������
�	
���
�62)� ���� ���� 1998����
1997�������	
����������� 

�!��� "�� 
�# 
�$1996�%1997��
�&�'�(��/)����'�(��*� ��� 

��+,!� 13	����  
���-./012-
�����	��-
34-�56�7����
5�5. ����
��
�! �8������� � ��8�!9	
�� 1) ��"	:;# "<=$#� 1%* !&'��>
?()�*+!,@-.� 2) >?()�*+�-
A
B-"/3	�C;D!01���8�-.� 3) 2E
;34�;DF�3G�.	56��78��8�-
.� 4) ��!	&'��H
#	%9!
:����
	;IEJK	<=8�-.�>L��� ?7��
�9, 12�14, 17)� 
M��-.�%9�@AB�CN	A�
DA�O�!PQ���!E�������R.� 4)�
���4�>STUSV)�WXYW	AZ�F[��
GHIJ�KL�\���
����]^���� � 
����M	H
#_`NO�PEa1�� �����
����!9�R.17)� ����JK<=bc�IQ�
��� ��	� H
#	A�a1	�%9RSdT	e

�Uf�Vg�Wh! K�i�bc�R�79, 81)� �
�AB-��-.�Bj� 1)� 3)�-.�XY	XZ
���
���[\�-
� 2)��C;D	k
���
]^;D	_l��3
�`��a���bc�R.�
���`m/����dbJ������12�14, 17)� Xe
[��-�Z�� 4)�H
#	A�JK<=�bc!�
 ���_l��nobc��-
� +fpgh82)��
 ��q "��4�&�� 39 mm* �H
#���� 8

iEa18�q "C 35 mm* !&��� ��ji� 6i
��%9��`�!0rSX0SstX.�Lk���
��uc� H
#	A�<=q��`��� ��q	
_l����ji	�l 2m� 6i�	�l 6m3�Z
���!\v��
�� ��� H
#	A�a1	AZ
�� w�R�.xn��
�Vgo� 24y� K��
�\v��
�� ��	� �pzqS?{!60)� CWT
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Catch fluctuation in Haliotis spp. abalones: annual landings of

Ezo abalone Haliotis discus hannai in relation to climate

oscillation and stock enhancement programs

Ai N6@6BJG6, Shuichi K>I696, Katsuyuki H6B6H6@>,

and Hiroyuki O@DJ8=>

In this manuscript, we have summarized the catch trend in Haliotis spp. abalones in Japan, and have placed

particular emphasis on the nationwide e#ects of climate oscillation and hatchery-release programs on catch

fluctuation of Ezo abalone Haliotis discus hannai Inshore surface seawater temperature in winter from January to

March and the Aleutian Low Pressure Index (ALPI) were examined as explanatory variables for climate

oscillation. Recent catches of abalone decreased throughout Japan; however, annual landings of Ezo abalone in the

North Pacific region (NPR) tended to increase with winter seawater warming. A negative correlation between

catches of Ezo abalone and the ALPI in the NPR was found, but the absolute value of the slope of regression line

became small after the initiation of stock enhancement programs for abalones. We postulate that the recent

increase in Ezo abalone catches in the NPR was influenced by the increase in survival rate of wild juveniles due

to increased winter seawater temperature brought about by regime shift, as well as increased e$cacy of

recruitment from enhanced population sizes based on stocking programs.
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