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E#ects of continuous feeding on population growth and feeding cost in the

culture of rotifer Brachionus plicatilis

Masahiko KD>HD, Tsutomu TDBD96, Hiroshi KJL696, and Akinori H>CD

In order to investigate e#ective feeding methods for the mass culture of rotifer Brachionus plicatilis, we

applied three di#erent feeding modes� continuous, twice/day and once/day feedings� Daily growth rates and

feeding costs using condensed freshwater Chlorella for the production of 100 million rotifers for continuous,

twice/day and once/day feedings were �61.1� and 1.47 l�� �45.7� and 2.28 l� and �44.5� and 2.33 l��
respectively. We considered that the superior population growth in continuous feeding was due to the ability to

maintaining the proper food density and dissolved oxygen levels� These results suggest that continuous feeding

improves the e$ciency of rotifer production�
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Trials to reduce high mortality rates in the rearing of

larval and juvenile devil stinger

Tomoyuki K>ND@6L6, and Tadashi S6H6@>

In devil stinger seed production, a slump has continued since 1994 when we achieved survival rates of 47.0�
(131,000 settled juvenile individuals) between the egg and settled juvenile stages. However, in 2000, we gave

reconsideration to basic rearing technology aiming to improve current methods by including several innovations,

for example, enriching cultivated live feed. In 2002, we adopted bacterial control methods (periodical bathing in

nifurstyreneate acid in order to reduce Vibrio genus bacteria in particular), and the “Hottoke Method” of rearing,

and as a result, achieved the rearing of more than 50,000 individuals at a survival rate of 30� in multiple

experiments. In addition, in 2003, we used water quality-improving probiotics, and were able to obtain survival

rates similar to those when using nifurstyreneate acid.

2004� 7� 8���

����� Inimicus japonicus�	 
�������
����������������� �	

����
�� �!"	 �#�$%&'()%*��+�,
-./�012
�����+����1, 2)	 343)	 5�4),6789
:	��	 ;<�=>?@;*�+A�, 30�B�C1
89&D��;>B�E�<F�G)�HIJ/12 �
"�	 D�K���;>B�E�	 LM,N�O/<�
P./<Q:G	 ���R,�+�	 +A��� &!
S,+T<F�GU15)2 V�89:	 �����+�
�LM":;W#X$&%YBA��01Z[:U1�
P./12
&\*G]�LM^�_`B-0&,J��+�B
-a�0<,	 2002��bcd'"JeJ"�fg,�
��R:h(��01i)j,6kO/<<l	 V�m

**�+F,?-.n4:Ua<+o:8>	 p/q8
rst��+0B-a<�Vu	 ��+�	 q8r+A
��v?,i)�&>	 ;<	 2003����+�*Gw
�xyj,N1O/<2 OJ:	 +F,�z{*��+
�:q|1+o�}2,� :~�O/��U1V�"
J	 0.�1 �!a�|st�6) 	 ����z�o�4B
20<st3	 +oB}2��:fgB~�71_IB
���<,	 V/J:�0�G4�"D0�K*���
B51V�,*�<2
���*�	 2001�;*:&\*�LM^�*5J/
<��+�:h71��"6�B7;C	 ������
8�stm:fg~�B9"��< 2, 3�_IB-9
V�*	 +A�BX$":v?O�1<l::���C
J/10H�"�6�B5<�*;�712

�1 
�%��_`\�
��<\ �690�0322 
�%=>��
?�@�AB 530�10 (Shimane Prefectural

Fisheries Experimental Station Kashima Branch, 530�10 Kashima, Yatuka, Shimane 690�0322, Japan).

�2 y�C� 
�%��_`\ � 690�0051 
�%D� ¡¢£
? 25�1 (Shimane Prefectural Fisheries

Experimental Station, 25�1 Setogashima, Hamada, Shimane 697�0051, Japan).

�3 y�C� 
�%D���FE� �697�0041 
�%D� FG? 254.

�4 ��¤¥¦§¨E©�ª�H:�«I:�71Jj,&0K+H,¬�O/�q>	 V/JBst�L*M
O�1V�:8>N®jfg��tB~��<>	 �¯�°��§OP�±/B²³71�O/12 �´µ�
¶·�¸�QRST¹ º»�

Saibai Giken, 32(1), 5�13, 2005 
�L�	 32(1), 5�13, 2005

� 5 �



�����

2002�2003��	
��������������
2002���� 2003����������	��
� 1

���� 2001�����	�
���������
�����
����� �����	�����
��
� ���� 2003�� � !"�
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ABCJ� KLMEKJ 
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12�Q�53�4���R�
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" 1. 2002�� 2003����������	��

m� 2002� 2003�

&�� ?n/�J

�	�E��Fo-�pTo 6,7����
 70n/� ?G���8�H�J� :�<o
 Iq�&��
r;� &'�lo J�
�	

pTo 5��<= 20n/�� pTo 9��-
� 33n/�� &'�lo-�J��	

�	Q� stuQ�
 1vmwf`axgYyLzf�(tu ?{K�E�'L|M}"
N~� &
'o stu�'J

�0������OP �Q�RS9 ?0,3�/TJ ?2002� ����.���]zf���){K�0J

�����U6 1 m3V( 20,000,30,000W����
��

�	�E�# (m3) 3 m3���E ?{K 5��� 0.5 m3��E
�0J

_]�����CZ�7V _]�����CZ�U68 50,100X!Y/ml������	��7V

�	�� ZS�� ?2002��{K�E� 24� <������V�J

>*�[ �\ 2��-� 6,10���� L@ABC� �\ 5,7��-�&'o 1w+]6��KL
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N>
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bV
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02��\ 7��-�&'�� 2,3�� 11� :�<= ��e�N~

ABC�- ./ �a]KLY�
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�7V�� 2+O�./ ?2002��{K��1  �a]��Z)7VJ
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�&
 UVWXYYZ>[!)`'�!y�;<*+!
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3 $|}IM~h 012
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������������S���#!!
 ^���!
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b
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 s[�
 ���
�\���s[� 1 ml� 99 ml!]�d 
���& 100 ml���
 �.R^_&�! 
 ]�i¡
XY¢£m���4B 100 �l¤:�&
 TCBSST!
F��>¥kg 2`�¦§�
 � 20¨ � 2�	S�&
��
 WX���IYHk"��Z&
 \���vw!
a©b�� 1 ml J! Vibrio Oa�"�ª��!«�
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 2003�!GHGIJ�B�evw
2002 

stu
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*+ 3
A� (m3)

@�
$®/�%

¯�>?
@" $°%

���¤?§
d" $d%

�� �!
�±e (%)

����
��� $�f% stGA

1 3 6/10 55,000 0 0 6/20 (8) ²IgS*+
2 3 6/10 55,000 0 0 6/19 (7) ²IgS*+
3 3 6/12 27,300 0 0 6/18 (4) ²IgS*+
4 5 6/14�16 116,000 0 0 6/21 (5) ²IgS*+
5 3 6/18 56,300 0 0 6/24 (4) ²IgS*+
6 3 6/18 56,300 0 0 6/24 (4) ²IgS*+³`´ $67 ´ 26¨%
7 3 6/18 56,300 1 0.0 6/24 (4) ²IgS*+³`´ $67 ´ 26¨%
8 3 6/19 39,000 0 0 6/24 (3) ²IgS*+
9 3 6/24 51,000 0 0 7/1 (5) ²IgS*+³`´ $67 ´ 26¨%

10 3 6/26 43,000 18,437 42.9 ��67� ²IgS*+³`´ $67 ´ 26¨%
³NfsµNa¯�

11 5 6/28 127,000 55,099 43.4 S& ²IgS*+��³NfsµNa¯�
12 3 6/30 76,500 22,567 29.5 ��67� `´*+$67 ´ 26¨%³NfsµNa¯�

'(��)
*+, u 1

3 7/2 44,600 10,449 23.4 ��67� '(��)*+,u 2, 3��
 �f
7�h� 1/3rA53&B{A

�? 2 3 7/2 44,600 587 1.3 7/16 (12) '(��)*+,
�? 3 3 7/2 44,600 0 0 7/14 (10) '(��)*+,

13 3 7/4 121,000 13,740 11.4 ��67� ;<.:C'��*+67³NfsµNa¯�
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1 0.5 6/20 13,200 3,405 25.8 S& '(��)*+,
2 3 6/27 47,600 4,672 9.8 i�S& '(��)*+,
3 3 6/30 46,400 18,449 39.8 ��67� ¶�jst $NfsµNa¯�%
4 5 6/30 46,400 18,478 39.8 S& ��012�3!¯� $NfsµNak¯�%
5 3 7/1 74,900 5,137 6.9 ���� '(��)*+,

�NfsµNa· Hl¸[¹gVºU�j»=
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�. /01 TCBS
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�9� %Marine Agar 2216
����:;�<9�. /
01 Vibrio�<9��=>��
������ 2002�� 2003�7���?�@AB*
���C�$�3���� 1.5 m3��� 2.5 m3DE��
%0.5F3F0.5 m� ��� 0.5F5F0.5 m. �� 254 mm�
G�H)IJKLH�������IM (0.6F0.85F
0.4 m)����� NO�P+Q-RS*����C��
����� TUU�� 8V��W��+JXY+7Z�
��G�� % [ 0.751 mm. �!��� \;&]��
G�^7��� ��"#�� ��_`$%� 1IMa�
$ 7,00058,000&� \;&]�b)LH'(���cd
�)*�+�C,e���&��f��� 8V'��
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�����5'��� r�6�� 0.551s77���
c/� 89:t�u;<9� v<<9:�=�d>>�
;� �p��IM 1IMa�$�?w�d�@&�A�
�x�� B# 5510 ppm, 1526�NSCD���6
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��� \;����C�
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42.9, 43.4, 29.5 %Q�G�6 39.0�. 7��c��� 2003

��� 1���^� 2002����R�	����d� .
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;<9d��7��;{wVd��p���	
�>>
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2002�� ���7q��� �� TU�{��R�� �
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�c���d� 2002��yz����C����Y�/
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���W 10�
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�	

`ª

_¥V�
%V/�.

�a
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r�6
%%/�.

�«
(4)

Vibrio�<9�
(CFU/ml)

¦§¨©:

�	

12

7/16 14 150 26.0 2.7F104 �bcyzUH� H�0$��?d�
¬ ¬ ¬ ¬ 1.19F105 �bcyzU�� ./g?d¢£���e^`>�
¬ ¬ ¬ ¬ 7.0F104 NfsNa 2 ppmCD� 36¨©

7/17 15 150 25.7 6.0F103 ��e�®./g?d.���
7/18 16 150 25.9  G�;¯�f°
7/19 17 200 25.9 3.7F104

7/20 18 300 26.3 4.4F104 gh±Gi�²³�0{JKwdLG

���7q���

 2

7/16 12 0´100 26.6 1.0F103jk r�_`H %�bc��NfsNa 2 ppm�CD.
7/17 13 100 24.5 6.5F103

7/18 14 100 24.7  �bcyz�� NfsNa 1 ppmCD
7/19 15 150 25.0 4.6F104 ��?�µ>

�	

13

7/16 10 150 25.9 8.5F103 �bcyzUH
¬ ¬ ¬ ¬ 5.0F103 �bcyzU�
¬ ¬ ¬ ¬ 1.5F103 NfsNa 2 ppmCD� 36¨©

7/17 11 150 25.4 2.25F104 H��
��*¶·¸¸¹Rb�lº�mn
7/18 12 150 25.8 3.05F104 �bcyzUH
¬ ¬ ¬ ¬ 4.35F104 �bcyzU�
¬ ¬ ¬ ¬ 4.85F104 NfsNa 1 ppmCD� 36¨©

7/19 13 150 25.9 3.0F104 ��?d�_`
7/20 14 300 26.3 3.5F103 o�K� 150%�� 300%t7	p
7/21 15 300 25.5 2.05F104 q����?�µ>

� NfsNa» ��Jb�Q*��H)��
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�� ��������	� �
��� 23.4��	��
2003�� �������� ��� 3����	� � !
"�����#�$�%&'��()*��
�� 
25.8����+%��,��� -./0��
���
9.8, 6.9�1%��� �������� �234	

5� 2002��6�� ,	7�6��8%�� 29:;
<7��=&.>%�� � �23?%&�@�%�
ABC�D�	� !E�>
���17>)F� G
%���
�HIJKLM;N�	� 2003������O�)
�$�%&'��()*��
��� 39.8 �� PQ
�RF����S)�TT1%��,��� �23%
&'�3UV$WE�*��X� ����
5��=&
.Y� �����	��
��������	
�����	�������
� 4� 2002����	�Z[\�]^_;`	�� �
�� 12�� '�3 ab	��� 14���c<���
��23�d� 1e	� ��fe	g=�h�%
&� -�i��NS��;�� 2 ppm���	�� -�
�jk�lm�KL	g=� �����fno23�4
�� pq�$	� rs>jt�>��� -�u�
VibriovZ[\�� �c<��iw 2.7x104 CFU/ml

�y����z	��c<��i��� 1.19x105 CFU/

ml*�${	�� 	%	� ��%& 3|X}P��Z[
\�D~ �=&.� ��� 6.0x103 CFU/ml�*�D

~	�� -��� �� 18���
� ����
��� 
�!"� ��)4	
5 #
	� � -�u���9
?� VibriovZ[\���>����=&.>%���
��� 13��� 10� O�q 12���c<w��Z[\
�];��	� � �c<��i�� VibriovZ[\�
��>�� �=&.>%��� NS����) Vibrio

vZ[\�D~�� ����; 2 ppm�	��� 10�
�#&.�,��� $�� 1 ppm�	��� 12���
�=&.>%��� *�� �������������
�%�;�=��� VibriovZ[\��� � �9	�
��;���u� Vibrio vZ[\�D~ #&.��
�������� � 2�� �9�gw� VibriovZ[\
 1.0x103&' ��a��/e� �~>%�� � �9�
�c<;�gS)��|���	g=� '�3 ���
.��� 15������ 12, 13���� 9¡� 4.6

x104 CFU/ml��	��
2003����	���� 2¢5�Z[\�]^_;£

1�`	�� ��� 3 �NS��;������� �
VibriovZ[\�� �� 8��*�� 103 CFU/mlw�
���	A¤� � ����¥¦E�i�����(
 � 104¢106 CFU/ml��	�� �23�@ ��� 12

��/0� ��� Vibriov� O�q§[\�,)��*
+, 4¨7>��� �c<� O�qNS��;��	
����Z[\�� Vibriov��1eS)©ª �=&
.� �§[\���=&.>%������ 4 ��HI

� 1. 2003����	���9?�Z[\�]^_
?-��c<;��	��« ��¬®�¯°�±�²³´���)��;��
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���� �����	
� ������� �� ���
���������� 8, 9��� Vibrio�����
 !"! 3.8#103, 1.37#104 CFU/ml$�  �����
�%&'(�����)*	� Vibrio����$
+
,�--./��0  �1�23��	�����
�� �4��5��$������� 3$�678��
%9//:;<� �����/���=/� ���>�
?%�@A 0%B���0 B&� ��CDE)�
Vibrio����� &FG��������������
3$
+,�HI/��0��� 2� J@�$'23K%
&'( Vibrio������L�� ��� 3, 47M;!�
FN%������O��E7�BP� �����Q
R,��� 11�ST78��0 �6 J@�$'23K 7
8��9� ��� 57���� 2FU9�����Q
R� /���=/� Vibrio�����Q���� 9�
%VW��0
������ 2002&FG 2003!�"#D23XY�
$ 2%Z,�0 B&� 
+��=� 2001!�XY9[:
\�Z,��� 23%&� 2002!$�'78��0
2001, 2002!7�]U4^(_/;`a��%F($b

:!()c�*d�  �+�NS,-������ eY
�fg%.h,� iO/%�W��PeY�M;!BP
B��0  ��=� 2001!�jklm�nopqrs�
� �Sh OTC� 10 ppm, 1?*�,-9�M���eY�
0=;!B/��0 W�� 2002!%�� 12t34�u
v$b:!()c�53,� )c6� 20wS4%7,
�0 8!$9 8xhy�)c�1� 9zD�:;�<=
,� TCBS>?%F(��@A����XY� Vibrio�
${|;!(���}B>CaD7@AI!�~$/;
���lE$�=,� OTC��F�� G[2H%IJ
,� 4�5�*��KL,�0 XY� cM�ON,�9�
�� "#D]U4^/;�! 9x 5�W7�3�6��
2001!� 67.8w� 2002!� 57.2wW7.h,�0 2003

!�"#D]U4^�E%���)c�0=;!�9�
��  !ST��O%P�,�~$/;� �)*�3�
6� 96.1w$.PB��0 )*	���� 2003!� 7

xhy/; 8x	y�*�Q!FU./����  !S
��@AQ!RM7P�,�0

� �

S�l�l����T3��� ��E 10��W7�
?)$��E 15���/;"#?)%/'�UdBR
V�M;!(~$��0 W��������� E��
�HX��C��-23�������� W���Y�
� ZX�¡[I!�(2)0 (¢%&'(l�l��
�T3��XY �3�:�$4£ 3���Q¤3�6�
�$ 3%Z,��� 1994!%�4�/;"#D]U4^
��� 15�40�� \] 10�18 mm� W7�Q¤3�6
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Diseases occurring in marine fish and shellfish

Hatcheries in Japan (1994�1999)

Masaaki K6BDH=>96, Makoto T6@6=6H=>, and Yohnosuke M>OJI6

In 1989, the Japan Sea-Farming Association implemented a project to collect informations on diseases

occurring in larval and juvenile marine fish and shellfish at public hatcheries in Japan. From 1994 to 1999, a total

of 255 cases were reported, including viral diseases (27.1�), bacterial disease (23.1�), fungal disease (14.9�),

parasitic disease (3.9�) and other diseases of unknown etiology (31.0�). Viral nervous necrosis (VNN), penaeid

acute viremia (PAV�white spot syndrome), and viral epidermal hyperplasia were the major viral diseases

reported. Six fish species were newly added to the natural host range of VNN virus during this period (1994�
1999). Kuruma prawn PAV was first reported in hatcheries in 1995, two years later following the introduction of

the virus into Japan. Among the observed bacterial diseases, bacterial enteritis, vibriosis, abdominal swelling, and

gliding bacterial disease were prevalent. Fungal diseases have recently become a serious problem for several

crustacean species. Moreover, amyotrophia in abalone and epitheliocystis-like disease in fish were often reported.

However, outbreaks of VNN in striped jack, PAV of kuruma prawn, and amyotrophia of abalone have been

decreasing due to the increasing implementation of prophylactic measures.

2004� 7� 5���
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 �������������Z��
�M�^ epenaeid acute viremia: PAV, Y�=�� white

spot syndromeG�� white spot disease�t�?i�
c����HB� ����� �����V?�?c��
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evi� ���&���)O³�´^Bµ¶<?� F?<
�����o� 70~��«��WH����mªB+
J4�����·<?	

�voB©�������� ���� ��&O� �O
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� 1. ���178���<�»16R

78� �<, »16R (~)

�< 36 41.9

op< 17 19.8

q< 25 29.1

V�I 8 9.3

d 86 100.0
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� 2. ��������	
 (1994�1999)

�
������ (�)

��� ��� ��� ����� (mm),

�����1

��
(�)

����

� �

�� ��
69

(27.1)

VNN !"# 95, 96, 98, 99 TL9�50 14�20 7 13

$%&� 94�96 TL3�60 15�24 6 29

'�() 94, 97�99 TL3�24 21�30 6 18

*+ 95�99 TL3�FL54 20�28 6 17

%," 96, 98, 99 TL8�129 9�14 4 9

�$-',� 94 TL4�100 20�29 3 15

��' 95, 96, 98 TL9�15 15�18 3 7

�$,� 94, 95 TL3�8 21�28 2 7

%() 97, 98 TL4�40 24�27 2 2

./ 96 TL3�8 24�35 1 10

%-0� 96 TL10 19 1 1

�� �1234�5 !"# 95, 96, 98 TL5�22 16�21 6 28

*67� 94, 96 TL9�15 14�18 2 3

8$-0� 96 TL7 17�20 1 1

9$: 97 TL13�14 13�15 1 1

�;<�� �� %,� 95 TL60�80 24�27 1 1

�$-',� 97 TL90�140 19�23 1 1

*+ 97 TL75 24 1 1

$%&� 97 FL140 22�24 1 1

PAV * %+= 95, 97�99 TL10�35 22�30 11 25

>$+= 95, 97, 98 P50�P79 25�27 3 5

?@�
59

(23.1)

=A;B� %-0� 94 TL50 12�14 1 1

%,� 99 TL13 19�22 1 1

A; 95 TL60�75 18�19 1 1

*+ 96 TL23�30 24 1 1

C"DE 97 TL25�30 26 1 3

* %+= 99 TL20�25 23�25 2 2

>$+= 97 P16�P58 26�28 2 6

*%+= 97 TL6 27�28 1 9

-FG 99 Z4�M 25�26 1 6

C.A$ 97 SL10�30 19�27 1 1

?@1HIJK5 !"# 95�99 TL6�20 15�24 14 59

LMNO5 *6,� 95, 96 TL4�15 18�23 4 32

%,� 98 TL5 19�22 1 3

!"# 94 TL6 17�18 1 1

PQ?@5 %,� 95, 98 TL20�40 18�23 2 3

!"# 99 TL30�55 21�23 1 1

%-0� 95 TL200�300 9 1 1

��&" 98 TL68�120 26�28 1 3

&R�9 94 SL3�12 17 1 1

STU5 VWX &R�9 95 SL4�12 11�13 1 1

Y�Z0"5 A; 95 TL132�208 28�29 1 1

�$-',� 99 TL42 26�27 1 2

+<[�+"5 !"# 95 TL30�45 17�18 1 1

$\�<]^�� ��' 98 TL60 17�20 1 2

_H`JK5 VWX Ca%+= 97, 98 Z3�Z6 10�16 2 10

bcIJK5 VWX (^�'-9 98 Z3 8 1 2

d�e %,� 98 TL8�12 25 1 5

��&" 99 TL50 27�28 1 1

B9B.f 98 TL11�12 26 1 3

* %+= 95, 98, 99 M3�TL24 20�28 6 27

>$+= 98 M1�P10 26�27 1 9

-FG 97, 98 Z2�Z4 23�26 2 2

#-�&[= 98 SL25�35 23�24 1 1
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����������	 �
�������	 ���
������ ���	 ����
����� !� ���	
"#$%	 &'�$%	 &�$%	 
()*+�,�-
.
()�/�0	 &$��)'�12��3�	 42
�5	 #��2	 ���*+�67�$897:#4;
4��<=>?@	A@?�B0C+DE��F 80GH
IJKLM�<NOPQ RC��'4SB0	 /�0�
E��FTU	 VW<XYUZD[\<]^OPQ

��������	 _`aB0bcMdCcef@P
g�ZB0�hijklmHn 5CopPQ
1. 
���

�������� (VNN) VNN�jkF 1994,

1996hC 10qr]U	 s�tuvwxCFND<	 	
hjk<cef@yzDQ 1994h{|C#��2	 �#

���	 �#��	 }5~�	 �2�,	 &$*+�
���-� 7�_�
0jk�ce<NOP<	 1994�
1999h� 6h�C�PC�5�	 4��	 �
��	 �
�5	 �;*+���,� 6�_�ce<N�	 ���

� 2. ��Y

��
B0jkq� (G)

B0� ��_ jkh j0��� (mm),

4912�1

��
(�)

jkq�

� �

/�0
38

(14.9)

/�� "#$% 94�99 Z1�P10 26�30 12 42

&'�$% 94�99 N�P6 21�29 11 26

&�$% 95, 99 Z1�P7 25�28 2 5


() 94, 96�99 Z1�M 23�28 10 49

,�-.
() 94, 98, 99 Z2�Z4 24�30 3 3

�k�0
10

(3.9)

4&1;�� �5� 95 TL12 24�26 1 2

 �0 ��� 99 TL40�50 24�25 1 1

�&;:��� �#
��� 94 TL6�12 24�26 1 3

��� 94 TL10 23 1 1

��3#��k� ��� :�:�� 99 TL25�50 22�25 1 2

�)'�12��3� &$ 99 TL8�10 25 1 3

�A0 67 95 TL130�150 22 1 1

��� �� 67 94, 95 TL173�296 22�27 2 2

¡� :�:�� 98 TL18 30 1 2

¡�0
79

(31.0)

¢£¤� ��� &¥�-% 94�99 SL3�36 13�28 15 15

$¦�-% 96 SL5�10 17�29 1 1

$897:#4;4�� 42�5 94, 99 TL4�15 27�29 2 13

��~$~� 94 TL9 28 1 1

#��2 95 TL6�10 25 1 1

��� 99 TL5�6 23 1 1

67 99 TL12�16 22 1 1

¡� 26�_ 94�99 57 130

\§ 255 702

�1¨©	 1��_	 1B0H 1qrpP[\�B0jkq�
�KLM�iB0jkq�
�1 TL: ª«	 FL: ¬«	 SL: ®«	 SD: ®¯	 N: °1±7�4	 Z: ¦$�	 M: �
¥²	 )#4	 P: ³4}51´

� 1. cef@PB0���_i�µ¶·\

� 2. ¸��_¹r�B0jk·\
º B0jkN�	 º B0jkZp»
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����������� ��	
������ ���
�� ��	�� 
�����	�������
�
����� �� �!"#� $%� &'()*�
�� +&,-�.+/.)*���������0��
��*����� �123.456��78�9�
PCR��:;<=��0�7)���>.?*�.+/.�
5?@� AB� &CD.)*�� 3E15 mm	��F
G�H)���� .+C@/.� +&,-� $%� &
/")*��F�IJ�� 50 mm7 J�>.?)K
�H��;� ��>.?*�!L�=MN�0�� ��
"#O$P*���:;QR; 9E35S)�NM� +
&,-� 5?@� !"#� &/"� &CD.)* 20ST
�$P)K����HU��0�� +&,-)V%
W&*'(V%	$)V%*+�X,
�Y;� -�
 �'(V%./01	
�23-�#OZ4� -
�567 PCR88[\�]^_3.45`9-�
:;� <=3a@+/bcd$��0*efg>�
:�?@� $)V%./01	
�#O;$Y:h#O
ABCij#O�k9�l
D�m�<=��Y;
./n\�Eo���0�8, 9)�F��)*��<=3
?@Y:h$)V%./01�GAU��0��� ./
n\*�_��
MHp*� �IJqKL� AB?
@M�<=��0�� � 6Nr� 11��)Os�
1,000PQT��R�ST��HU��Y;Ut*
Vu0�
��������	
 3.459WXY5�10)*�
5vD*ZR0K 1999N7/u[N�HU��0
�� �5�H*!"#)\_� �� �$wx.�
y+CD.� Y:hz+b)�5��HU�M� ��	

�����j]{^_Y:h
W� Q`� a`�\
D|}bc�Eo��M� ��*��8~�:�WX

�Y��|}bc�E�:;<=��0�� ��>.
?*!"#)*�� 5E22 mm, $wx.)*�� 9E
15 mm, y+CD.)*�� 7 mm, z+b)*��
13E14 mm	�	�����F)��
�0�� ��"
#O$P* 13E21S)�;� 20ST�)��9�d�
\0� STe* 63E100�	�_� ��
MHp*Jq
KLU�Mfd�\0� !"#)* 6Nr) 1,000PQ
T�ST��HU�Ut�Vu0�
������� 1995N�&/.) 1v� 1997N�
+&,-� $%� .+C@/.)���� 1v��.�
g3.45� �RSIVV%��11)�5��HU�M� �
�	
������ 
���� g���� hij
V������0�� 0��fdKkl#Omdn
5o�M*p�$q)��
�Y;� ��>.?*��
60E140 mm)�;� ��)�5*�HU��0R0�
��*��hi5(b�rs��y�%�7A
� Q
}jVbc7�t9�+��	���0�12)� STe*
$%fd7/u 90�T�	�0�
������������
 (PAV) 1995N�su�
f�)vo�$4&%��93.45�� (PAV)13)
�5�H��;� ��K 1996N7/u[N 2E4v�
�HU��0�� ���)$4&%�Y:he+%�
2�)�5��HU��0�� ��	
�	��w�

��x�M*y�� z��{��tU��|}� ~
�	�M������ ��*�� PCR��:�3.4
56��8�)<=��0�� ��"��*$4&
%�)*�5c"f� 19��F (P19)EP57, e+%�
)* P50EP79)���4� ��"#O$P*$4&%
�)* 22E30S, e+%�)* 25E27S)� ��"F
* 9�T��$PF�\ NM� ���13)�:���
-%� ��3"F��0���I �123.4

� 3. ����GM�IF���5vD (1994E1999)

��� ���  �D� ���5
����D

�I52
¡XD (A)

���5�I
52¡XD (B)

(B/A)

(�)

���5vD

�(�) �(�)

�d�¢�� ��d�� ��� £�� ¤�� ���
�}� ��  7�

6 18 7 38.9 16 (6.3) 48 (6.8)

X� �¥�� ��� �¦� ���  4� 2 9 3 33.3 5 (2.0) 14 (2.0)

m{ ��§� ��� ��� �¨� �©� ª   6� 6 15 8 53.3 31 (12.2) 70 (10.0)

«¬ �¡¢� ¦�� V£� ¤� ¥®�  5� 5 12 7 58.3 34 (13.3) 70 (10.0)

m¯ �¦§� �°� ©�� ��� �±  5� 5 11 9 81.8 52 (20.4) 188 (26.8)

¨¯ �©�� ²�� ªª� �   4� 4 10 8 80.0 31 (12.1) 81 (11.5)

³« ��©� �´� �¬� µs� VL� ¤¬�
®�� ¶¯  8�

8 20 15 75.0 86 (33.7) 231 (32.9)

p· 39 36 95 57 60.0 255 (100) 702 (100)

�1¡X� 1°±�� 1��7 1v	
MHp���5vD
�#Ofd����5vD

�4 �5c"f�F¸²��0�*���13)�³¹� �5c"f�F�´
Mµº ���)W¸
M»
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� 4. ���������	
� (1994�1999)

�� ���
������1

(%)

(A/B)�2

�����1

����
���

(�)

VNN ��� 35 (8/23) 91 4�80

���� 60 (28/47) 809 14�100

 �!" 51 (18/35) 11 60�100

#$ 63 (17/27) 73 10�100

�%� 45 (9/20) 69 40�100

&�' %& 94 (15/16) 253 15�100

() 86 (6/7) � 0�86

&�%& 88 (7/8) 434 100

�!" 22 (2/9) 45 91�100

*+ 91 (10/11) � 100

�',& 14 (1/7) 9 100

-&.(/012�3 ��� 69 (27/39) 1,474 60�100

#45& 33 (2/6) 97 68�100

6�',& 25 (1/4) 1 63

7�8 � 15 76

&9:-&.(� �%& � 5 98

&�' %& 100 (1/1) 1 97

#$ � 0.3 50

���� 100 (1/1) 0.1 90

PAV #.�$; 21 (24/117) 1,591 0.3�96

<�$; 17 (5/29) 47 10�23

;=9>� �',& � 5 67

�%& 13 (1/8) 40 50

=9 � 1 40

#$ 25 (1/4) 1 38

?�@A 27 (3/11) 8 50

#.�$; 7 (2/29) 177 60�90

<�$; 32 (6/19) 90 25�78

#�$; 100 (9/9) 500�600 50�60

'BC 75 (6/8) 580 41�73

?*=� � 5 18

DE/FGHI3 ��� 62 (58/94) 1,599 3�97

JKLM3 #4%& 73 (32/44) 729 50�100

�%& 30 (3/10) 1,393 99�100

��� � � �

NODE3 �%& 67 (2/3) 53 10�45

��� 25 (1/4) 4 35

�',& 100 (1/1) little 98

(��� 100 (3/3) 0.1 2�27

�P-7 � 27 26

QRS3 �T� �P-7 52 (13/25) 35 35�100

U(V,�3 =9 � 0.3 13

&�' %& 100 (2/2) 6 53

$:W�$�3 ��� 100 (1/1) 5 71

�XY:Z[(� () 17 (2/12) 2 68�72

\F]HI3 �T� ?^�$; 100 (5/5) 3 1�10

_`GHI3 �T� ![a '7 40 (2/5) 50 79�98

bE3 <�$; 38 (42/112) 9,457 2�100

#.�$; 23 (25/110) 10,689 3�100

#�$; 29 (5/17) 1,728 50�100

'BC 24 (45/189) 7,194 24�100

"&W8'BC 10 (2/21) 1,240 100

(#Y+P3 ��� 17 (2/12) little 1
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� PRDV��������	
�������� �
������� 9�10����������� �	�
��	
��  !"#$%� 0.3�96& �� 1,600�
��
'($%� 10�23& �� 50�
� ���)�*+	��
,-��.�� PRDV���)��/��01�
)�*+	�2����34�	������*+	
�56�	�7��.��89������+:;��
<�=��>-?�@���A	B��C	� !"#$
%� D�E��F�E�G��C	�2�H�I��
* � 8�=�J$%K��� PCR�L�MN�
PRDVOPJ$%� !�"Q�)�*+	14, 15)�

1998#�$R�!"#$%�'($%S.��8�*
+	 31TU���*VW��XYZ[\�]^� �
30TU�J$%�_`Ya� �%7� K��� PCR

�L]^�MN�OPJ$%�b&� '[cd�e	K

��f'� K���g9hi7� jk(0lhi�e
	)m� *+J$%� PRDV������+ 4�6�16)

��8SnoA	,��H�I�VW)�*+��
2. ���
�������	 pqr�stu���A	vlP-
w./x17) 1994#SHy���0#��)�� 1997

#� 6z�1{�23����� 1998, 1999#� <
�|� 1z�}~��� x���*�4�56� 7�5
6� 8����� f�w�./� ��� 9:��;��
��*+	� �< k:x�����e��t��
%�`�=vl��>�e����*+	� �	� 
3�97&�,-�?�e���	�$@�3	�?��
���*+	� pqr�� 1,600�
��	���)
�A���y+� E�� ��l���)���B�C
���(� X"��XD�� �56�*��17, 18)� �I


 4. �Ny

 �E FB.
 �����1

(%)

(A/B)�2

�	
��1

��
�
�	�

(&)

.�� #¡¢ 100 (1/1) £¤

¢!¥�¦cx ¢(§¨¡¢ 38 (3/8) 2 25�33

#¡¢ � 25 45

©ª�(�«�x �¬� ��®¯ 67 (2/3) 0.2 14�33

X�"©[°©�x !$ 75 (3/4) 46 62�100

±B� �` � little 16

_wG²Hx �` � 0 0

³��x �¬� !´X�% � 325 5�83

$µX�% � 22 96

$¶�`�(�¥�Ix �°Xq 33 (13/39) 76 16�100

·#¸$¸¨ � 7 58

(#X° � 22 85

#¡¢ 5 (1/19) 40 100

�` 50 (1/2) 10 100

�1 �: 5J
�2 A:  ����?�� B: ,-�?�


 5. F� ��#!���¹

��  �E
 ���z��1

1994 1995 1996 1997 1998 1999 ;º

©¢"�� VNN 10 7 10 3 6 5 41

©¢"�PKL1�x 1 1 4 1 3 0 10

¢`c©¢"�E�x 0 1 0 3 0 0 4

PAV 0 5 0 4 2 3 14

vl� vlP-w./x 0 3 3 6 1 1 14

9:MNx 1 2 2 0 1 0 6

»l� »lx 5 4 5 5 8 11 38

5J�e�<�O ³��x �¬� 1 1 4 5 4 1 16

$¶�`�(�¥�Ix 2 1 0 0 0 3 6

�1 1TU� 1FB.� 1 �S 1z���:;� ���z�
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��������	
����
���������
������������������� �!

1997	�
"����������#$%�&'
()*��+,-.�/�0�12�.34�%56&
78 43,-� 17,- (39.59)&�������:8
�;�<=>7
� 10?15 mm, �;�@A�B7
18?20C�DE�F$% G� 3H!
����� 1994?1996	��� 1998	�IJK=8
LK=8 ���'()&����M3)��������
� �! M�����N�O��#:8 PQR����
�PQ���
��S��� �T��UVW�� 
�! X�YZM�FW !��� �! �;�<=>
78 IJK=�
� 4?15 mm, LK=�
� 5 mm, '
()�
� 6 mm&[:8 \�]^���_�����
 �! `"#7 50?1009�ab$c�%d ! IJK
=&& 700'(8 LK=&& 1,400'(�`"����
�%!
T�\F�ef)g���78 hi�j�Lk�
=8 LK=8 i�8 Il8 �(m8 I�Llh8 IL
lh8 nolh8 kpq8 ����rio&8 s*ef
M�'()8 LK=8 Lk�=8 �t0(8 ���0u
��&8 +,vM GwH �0u��&8 x�y�(M�
i����=okzK=&8 l{|tl(M�'()
&8o}2{~����>z&8�-./0M GwH�
��Llh&8 PQR/0M GwH ���<zk�&�
���%�8 ���17 ��E 1?2���#F$%!
3. ���
2f7��3&4	����8 1999	�7 11��
5����3�*��+.��6&%d#���#$�
 �19)! I�Llh8 nolh8 ILlh8 kpq8 ��
��=|�kpq� 5*&7f3���W��2f�
�������%! M�����N�O��#:8 89
�/0��8 ����::�8;�2f�f��Z��
��T��UVW�� �!g���< 38���� 4

�&7f3 (Atkinsiella sp. Lagenidium sp. Haliphthoros

sp.)���2f���=3��� ��8 T�\F��

<&78;�2f.�>�%��&?@7���� #
 ! �;_7b����3&7�2����FW��
�(2� 10AB_�Fv�8 ���3&7�l0 1_
FW)kJx_�Fv����� �! `"#7CD�
ab8 ����
E���<�� !

1999	�
"�b����3������3�*�
�+,-.�/�34�%0�12�56���� 32

,-��� 11,- (34.49)&2f����8 F�n
olh&7g��#�& 709�aF$%!kpq&7
�G H���7�¡��%2f�¢Q;�:���G
�����W��! F£�78 IJ¤���Kk���
�:��¥�L�������)E����%�8 @A
�L;&34&d�J¦�¤���kpq&72f��
A.M��%§�@A����Q�����.N���
T���: pH.& 9.25�OP��T�E�����
� �20)! �%8 nolh&7 2/3�%7 3/4QR�¨
©ª�&@A��T���:�.J¦&d�����
 �21)!
4. 	
��
�I2�uM�'()&8 «j¬J®y���M�
'()�K�&8 /S�LK=&8 =I�j®{M�
=okzK=���LK=&8 �>�o�¡�M GwH
�j�jr¯&8 0q��2t���M�Il&8 °T
���±R;²TM�i�&����%!
#�8 «j¬J®y���M7²±)U�3 Neohe-

terobothrium hirame22)�¡����E�&VW'()³
XY'()���*��+´Z�'()K��E���
������:8 [±M�X%������� 
�23, 24)! *��+µQ��\�&�¡�T���'()
[±M�����7# �8 *��+.��6&]¶.
^��g���W�!
5. ����
���� ��� [��3�·¸¹M GwH25)74	��
����[:8 1996?1998	�7 4?5��5��%�8
1999	�7 1��º��%!IJ0|h�l�0|h�
2*&�������%! M����_d�O��#:

� 3. '()ef)-R/0M���<&��;�`»
��@A�B

� 22 �



�������� ���������	�
����
�� ������
���������������
���� �	�

������������ ���
������	�
�
�� ��������!�
��"�#���������� $����"��
	�������%&�� ����'()��� 3*
36 mm+&����� 20 mm,+����������
� -� 13*29.+� �!�/� 4*80
�1�!�
���� "��� 5*962+#3$�
45%�&��
�&��6'�(�
4�7)&+#3 �8�� �
7)9�����"
���:5� *+���,��
�-���.�!/0��;�� 12��34� 5$6
7<= 
4�#3� #38��9:
45�;�><
+&�26)� .�/=�>�
�?��?@A@& BCD
�*+���"����;E� ���?#3F���&
F��;��#3 -� 25.GA
B-9�����#
������ CDHEI�� ���H��
���������	
 JKLMLN� OPQR� S
KQP� KT(� :4UVW+��27)��!��?��
���� &F�����X�Y �H5� !"� #�

SOZ�[-�� ������������ ��
��G��JKLMLN� 9 mm, OPQR� 4*15

mm, SKQP� 6*10 mm, KT(� 5*6 mm, VW�
12*16 mm�� \�]^�H_/+�!����� "�
��I1� ���?���9:JK`L����$��
���
6. ����
Ma5)��?+� 1994N�.�/=�>�$bc
�Odef� 84ef+&g?�� 1999N
� 95efc
�Pd�?� Q�.�!/ef�\�]^�Od���
�Fh
�&��� 0R�.�/=�>�SOij+�
ST
�!����9k��>��UV+l���Fh

�H1� >�Wm�XY
9�? �fnef�op
Zqrst�u � >�Z[�\�v]���1$%�
&��^w��
Ma5)��?�? 1989*1994N�=��!Fh�

1994*1999N�=��!Fh�&x9���(y'�&
�
z���� {(|O�� 1989*1994N+� 242,

1994*1999N+� 272, _<��` 232, 232, a<�
�` 142, 152, }!b��` 22, 42�\�]^�t
���H�� ,?� {(|O�+� VNN, {(|O'
()P!&�_<�+�~VW���_<'c�*d&�
+�,-&� �e_<&� a<�+�f�.�a<&�
��g�=�+�&#U.�@A@& BCD� M�iW�
SO�O.&��!������h+�`/H�i�j
����� s|KM~�.�!/+klH0��%?
�?�N��{(|O'lcm�"&��!�?�
1991NGn�H���� 1995N
o � PAV��!�
?�&g?���;l� =���!Fh
klH%��
���H�� Ma5)��?�`/
.�/=���

��?��?=���� 1/4�1�(y�pq���:
�� ��
�Ma5)�rs����4�
k1"�
?���  t��t� !2�3����t4��#3�
u�4�
�y9�%�"7)&
4�%�"	�v
������y�^w�� .�!/ef+��	�\

z��%wx�$%+&��
.�/=��l+p
0��kl"g? VNN, PAV,

@A@& BCD
z����!y�(y4����?��
��Jz{|��}�� VNN, PAV
z���(y�
�{(|O+&5,_� ,M~"�~�7)�
?�
7)�5+&���� @A@& BCD 
z��%�6'
�(�
4�7)&+#3 �8�� �7)9���
���"
���;*+�j��?14, 26, 28)� �
�
;�u�6��}]���
45=��!������
i
&��� B( 5D ��$b�l+�"�Hg?��
�� �R��_<'c�*d&� +�,-&� f�.�
a<�+�(y� *+�wx�����
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Mark-recapture experiment using Spanish mackerel, Scomberomorus niphonius,

in the Eastern Seto Inland Sea�I. Migration

Hiroyuki T6@:BDG>, Hisashi S6@6BDID, Yutaka U:96,

Hideki Y6B6O6@>, and Akio IL6BDID

Mark-recaputure experiments were conducted using marked seeds of Spanish mackerel for 4 years from 1999

as a basis for evaluating the migration of released seeds. Seeds released in the Eastern Bisan Seto were caught in

the Harima Nada and Osaka Bay before October, and in the Kii Channel after November. Marked one-year-old

fish were caught in the Hiuchi Nada and Harima Nada in the following spring. Marked two-years-old and

three-years-old fish were caught in the Harima Nada in spring. The above results indicated that Spanish mackerel

migrates according to season.

2004� 7� 16���

��� Scomberomorus niphonius�� ��	
��
����	
�������� ��	��������
�����  !�"� ���!#$%	!
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1998��()�*+�,-.�/0123456�
7�	
2345 89: ;6�7�	
2345< '=
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./012
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�1 L��-.MNO ¡761�0111 L��¢£¤6�)O 75�5 (Kagawa Prefectural Fisheries Experimental Station,

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

�2 �*+�,-.�/0123456�7�	
2345 ¡761�0111 L��¢£¤6�)O 234.

�3 ¥¦§Pl¨QR<l©�STlª�«lUV¬ (2004)®¯°±�²�¯³ DNA®5�5���YZ 
[!���`$!^!"W´µ� 2004 8Xb 16? ����-.¶·¸¹�º
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�� ���������	
���������
�� ��������������� �!"# 1999$
2002% 4&%� '(�� )*+,-. 1/���
01-2 2/34�# 4&%�564�789:;< 
=>?@A/��4�B� CD� 2002%/��E/7
89:�F< =>?GHIJKLMNOPQRST<
 UV?W�JKL/���4�#
'(�XYZ [<'(MNO\<'(� �E/�]
 ^_-_`�# [<'(a4��� XYbcdefg
�!"hiji�k�lmno�apqrstui�-
v_4� swr �xy�z���{| 10 mmz/h
iji�k�lmno�-}~4��� �ALC'(a
`�� a�������-�����/��� 3W��
�� ��/pqrstui�-���������4�

� 1. 9:[@MNO��@A
K: ����� O: ���� Ha: PQR� Bi: 789:� Hi: �R� A: ��R� I: ��R� S: ��R� �Bu: ����� 

� 1. swr'(�� ¡¢

��%£ ��01
��st¤
{|
(mm)

��¥¦ '(��

1999 6$8£ §¨©��KL 25$250 7,662 I, II, III, IV, V

�ª«©�¬KL 140$160 714 I

2000 6$8£ §¨©��KL 35$230 51,952 I, IV

�ª«©�¬KL 110$130 17,867 I

®J¯@KL 110$130 3,300 III

2001 6£ §¨©��KL 35$40 55,000 I

�ª«©�¬KL 100$120 2,083 VI

®J¯@KL 80$90 1,280 VI

§¨©°±�KL 90$100 2,105 VI

2002 6$7£ §¨©��KL 40$150 66,233 I, VI, VII

�ª«©�¬KL 90$120 41,389 I, VI

§¨©°±�KL 100$110 10,998 VI

²³´GHIJKL 100$110 8,180 VI

UV?W�JKL 120$150 7,192 IV, VI

'(�� I: ALC'( µ '(�� IV: ALC'(¶·¸'(¶TC'(
II: ·¸'( µ V: ·¸¶TC'(

III: ALC'(¶·¸'( VI: ALC'(¶TC'(
VII: ALC'(¶TC'(¶¥¹&ºq

� 2. '(���»12
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 �B 1#�y�EL� E*� 2001� 2���§¨
©ª�¡�B 1#y�EL� �L*M�¬� ��x

�� 1�1. 5��� ¹ALC�� �YZ	º �� 1�2. 5��� ¹ALC��»TC�� �YZ	º
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��������	
� � 11��������� 9�
�������� 3������ ���� !"��
#$%&'(�) *� 1+,-.�� 2001/ 5��01
234�$ 4� 5/ 5�'6 6��'7�829:�
$ 3� 5/ 9���;<=>?�$ 1�����)
�6� 2+,-.� 2002/ 5��012?@� �AB
CDE?�FG� $ 1� 3+,-.� 2003/ 5��5
HI012?@� �JKE?:�FG� $ 1����
� �L 2�2�)
2001���� 0+,-.�MNO'6 9�PQ$��
RSTU:�$ 2� 0129@�$ 8� 012?@
�$ 1�01234�$ 4�����)VWO 10�
��/PQ$�;<=>?�$ 1� XYZ$ 2� ;

<=>34�$ 3� ;<=>?:�$ 3����
�) VWO 0+,W��,�[\$%&'(��� 1+
,-.� 2002/ 6��0129@�$ 2�����)
2003/ 5]6�W 2+,�^����,�[\$%&
'(� �L 2�3�)
2002���� 0+,-.�MNO'6 9�PQ$��
82$ 9� RSTU@�$ 4� RSTU:�$ 16

� 0129@�$ 201� 012?@�$ 6� 01
234�$ 7� ;<=>?:�$ 1�����) V
WO 10���/PQ$�0129@�$ 13� 012
34�$ 3� XYZ$ 7� ;<=>?:�$ 5�
;<=>?@�$ 4� ;<=>34�$ 3����
�) �6�� 2003/ 1���5HI;<=>34�$ 1

� 2�1. ��,W�#� FG#��_ �1999/MN`� �abc �

de �^fg/�
FG

h
82 RSTU 012 XYZ ;<=>

0+, 1999. 7� i 2 (31) 2 ( 11) i i 4 ( 42)

8� i 0 (18) 2 ( 35) i i 2 ( 53)

9� i 1 ( 5) i i i 1 ( 5)

10� i i 2 ( 72) i i 2 ( 72)

11� i i 0 ( 1) i 0 (14) 0 ( 15)

12� i i i i 1 (15) 1 ( 15)
2000. 1� i i i i 0 (13) 0 ( 13)

1+, 2000. 5� i 0 ( 13) i i 0 ( 13)
6� i 0 ( 4) i i 0 ( 4)

2+, 2001. 5� i 0 ( 1) 0 ( 27) i i 0 ( 28)

3+, 2002. 5� i i 0 ( 14) i i 0 ( 14)

4+, 2003. 5� i i 0 ( 2) i i 0 ( 2)

h 0 (0) 3 (55) 6 (179) 0 (0) 1 (42) 10 (276)

��_ ��^_�

� 2�2. ��,W�#� FG#��_ �2000/MN`� �abc �

de �^fg/�
FG

h
82 RSTU 012 XYZ ;<=>

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

8� 0 (153) 1 (20) 38 (191) i i 39 (364)

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

10� i i 1 ( 26) 5 (27) 1 (12) 7 ( 65)

11� 0 ( 10) i 0 ( 13) i 0 (22) 0 ( 45)

12� i i i i 8 (42) 8 ( 42)

2001. 1� i i i i 0 ( 1) 0 ( 1)

2� i i i i 1 ( 2) 1 ( 2)

1+, 2001. 5� 1 ( 47) 0 ( 1) 4 ( 39) i i 5 ( 87)

6� 2 ( 13) i 0 ( 36) i i 2 ( 49)

9� i i i i 1 (10) 1 ( 10)

2002. 1� i i i i 0 ( 3) 0 ( 3)

2+, 2002. 5� i i 1 ( 14) i i 1 ( 14)

6� i i 0 ( 4) i i 0 ( 4)

3+, 2003. 5� i i 1 ( 7) i i 1 ( 7)

h 3 (259) 4 (27) 89 (472) 16 (68) 11 (92) 123 (918)

��_ ��^_�
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� 2�3. ���
(C' 23C���� �2001O��x% ���  �%

¡¢ �£�¤O(
23

9
G, ]^_` *+, klm 5678

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

8( 0 (102) 0 (18) 5 (218) ¥ ¥ 5 ( 338)

9( ¥ ¥ 4 (223) ¥ ¥ 4 ( 223)

10( ¥ ¥ 0 (158) ¥ 1 ( 20) 1 ( 178)

11( ¥ ¥ 0 ( 38) 2 (52) 4 (125) 6 ( 215)

12( ¥ ¥ 0 ( 3) 0 ( 2) 2 ( 64) 2 ( 69)

2002. 1( ¥ ¥ ¥ ¥ 0 ( 10) 0 ( 10)

1M� 2002. 5( 0 ( 97) ¥ 0 ( 20) ¥ ¥ 0 ( 117)

6( ¥ ¥ 2 ( 55) ¥ ¥ 2 ( 55)

2M� 2003. 5( ¥ ¥ 0 ( 23) ¥ ¥ 0 ( 23)

9 0 (310) 2 (41) 15 (763) 2 (54) 7 (219) 26 (1387)

���� ��£��%

� 2�4. ���
(C' 23C���� �2002O��x% ���  �%

¡¢ �£�¤O(
23

9
G, ]^_` *+, klm 5678

0M� 2002. 6( ¥ 1 ( 23) 147 ( 147) ¥ ¥ 148 ( 170)

7( 0 ( 3) 14 (1136) 40 ( 262) ¥ ¥ 54 (1401)

8( 9 (244) 5 ( 167) 18 ( 250) ¥ ¥ 32 ( 661)

9( ¥ ¥ 9 ( 210) ¥ 1 ( 60) 10 ( 270)

10( ¥ ¥ 16 ( 395) 2 ( 76) 3 ( 82) 21 ( 553)

11( ¥ ¥ 0 ( 21) 5 ( 94) 8 (123) 13 ( 238)

12( ¥ ¥ ¥ 0 ( 23) 1 ( 54) 1 ( 77)

2003. 1( ¥ ¥ ¥ ¥ 1 ( 22) 1 ( 22)

1M� 2003. 5( ¥ ¥ 49 ( 571) ¥ ¥ 49 ( 571)

6( ¥ ¥ 3 ( 79) ¥ ¥ 3 ( 79)

10( ¥ ¥ 0 ( 14) ¥ ¥ 0 ( 14)

9 9 (247) 20 (1326) 282 (1949) 7 (193) 14 (341) 332 (4056)

���� ��£��%
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Growth of Spanish mackerel Scomberomorus niphonius yearing

in the Eastern Seto Inland Sea

Hiroyuki T6@:BDG>, Hisashi S6@6BDID, Yutaka U:96,

Hideki Y6B6O6@>, and Akio IL6BDID

Mark-recapture experiments were conducted using marked seeds of Spanish mackerel for 4 years from 1999.

For non-marked fish obtained with yearing samples, their growth formula was estimated and the di#erence in fork

length according to month from 1999 to 2002 was examined. Based on these results, a clear di#erence was

recognized except in September.

In addition, di#erences in growth between marked fish and non-marked fish were examined. Based on these

results, clear di#erence were not recognized between 1999 and 2001. However, the growth of marked fish was

better than that of non-marked fish in 2002.

2004� 7� 20���

��� Scomberomorus niphonius ���	
���
�������������� �����������
�� !"#$������ %	�&'(�)*��
�1)+ �,!"#$�����-. 5/6����
0�
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�1 TUV[�´µ� ¶761�0111 TUV·¸<de¹º75�5 (Kagawa Prefectural Fisheries Experimental Station,

75�5 Yashimahigashi, Takamatsu, Kagawa, 761�0111 Japan).
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Statcel6)������������ ���� 4����
�� �!��� 8"#$ 12"��"�%&'()�*

���� +�,-./01$23#45678 �� 
+�,-./01$279:�;� <$�=>?@45
���� A��� +�,-./B3#45678

� 1�1. 0CDE��"F� GHFIJKL M1999�N MOPQ 'N

"
G H

R
S T UVWX YZT [\] ^_`a

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)

R 0 (0) 54 (3) 119 (6) 0 (0) 29 (1) 202 (10)

DE�'b McdDe�'bN

� 1�2. 0CDE��"F� GHFIJKL M2000�N MOPQ 'N

"
G H

R
S T UVWX YZT [\] ^_`a

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)

R 199 (0) 26 (4) 372 (83) 68 (16) 76 (9) 741 (112)

DE�'b McdDe�'bN

� 1�3. 0CDE��"F� GHFIJKL M2001�N MOPQ 'N

"
G H

R
S T UVWX YZT [\] ^_`a

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

8" 102 (0) 18 (0) 218 ( 4) � � 338 ( 5)

9" � � 223 ( 4) � � 223 ( 4)

10" � � 158 ( 0) � 20 (1) 178 ( 1)

11" � � 38 ( 0) 52 (2) 152 (4) 215 ( 6)

12" � � 3 ( 0) 2 (0) 64 (2) 69 ( 2)

R 213 (0) 41 (2) 665 (13) 54 (2) 209 (7) 1,182 (24)

DE�'b McdDe�'bN

� 1�4. 0CDE��"F� GHFIJKL M2002�N MOPQ 'N

"
G H

R
S T UVWX YZT [\] ^_`a

2002. 6" � 23 ( 1) 147 (147) � � 170 (148)

7" 3 (0) 1,136 (14) 262 ( 40) � � 1,401 ( 54)

8" 244 (9) 167 ( 5) 250 ( 18) � � 661 ( 32)

9" � � 210 ( 9) � 60 ( 1) 270 ( 10)

10" � � 395 ( 16) 76 (2) 82 ( 3) 553 ( 21)

11" � � 21 ( 0) 94 (5) 123 ( 8) 238 ( 13)

12" � � � 23 (0) 54 ( 1) 77 ( 1)

R 247 (9) 1,326 (20) 1,285 (230) 193 (7) 319 (13) 3,370 (279)

DE�'b McdDe�'bN
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M� ��(�)*+,)�J/�1234K��LM�
E8N8�OP�0���Q:�; <<=� +,)�R
�ST�UV�WXY*Z[8'\]^�_`�a'�
6� bcd]RefLgh�ij��klm8��']
^n_opq���' 1999#2002 � 5$�ij��
rs]^ t30uv*�p�� 1w�xy]^z �p�:
�;
D%� -./*{|�}~�J/���>����=
��**��� ���\���"������)=��
�*��2�=���@A>��� t� 1z;

� �

1999#2002 �� �+,)�$�-./%��$
�{|�r 2�1#r 2�2�� +,)�{|*-./�}
~�� 2�1#� 2�4��:�;

1999���� @A) 202-���(�) 10-���
+,) 192-�{| (W: g)*-./ (FL: mm)�0�
��� �¡6'*� ¢ ����D?�;

W£1.11¤10�5�FL2.965 (R£0.99)

2000���� @A) 741-������@A) 199

-%��(�) 112-���+,) 430-�{| (W:

g)*-./ (FL: mm)�0���� �¡6'*� ¢ 
����D?�;

W£1.13¤10�5�FL2.957 (R£0.99)

2001���� @A) 1,182-������@A) 213

-%��(�) 24-���+,) 945-�{| (W: g)

*-./ (FL: mm)�0���� �¡6'*� ¢ �
���D?�;

W£3.10¤10�5�FL2.782 (R£0.99)

2002���� @A) 3,370-������@A) 247

- t(�) 9-¥¦z %��(�) 270-���+,)
2,853-�{| (W: g)*-./ (FL: mm)�0����
 �¡6'*� ¢ ����D?�;

W£7.55¤10�6�FL3.013 (R£0.99)

��� �%&'+,)�$�xy-./�� 3��
:�; � 3�� 2002 !"4 1999 !"� 2000 !
"��§¨©ª�«¬='<*45678';
¢� 8$F®�+,)�$�xy-./�0��� �
 !"¯�3���HI�r 3��:�; ��HI97
9$=>� !"¯�12345678D9?�4� E
8F°�$=>±*²³�LM� � !"¯�1234
5678�;
m7�� !�@A t���@A���(�)*+,
)z�J/�� 4�1#� 4�4��Y**��� 8#12$�
�$�%&'(�)*+,)�-./�0�����H
I�r 4��:�; r 497 1999#2001 > 2000 8

$����(�)*+,)�$�-./�123>56
78D9?�4� 2002 > 8#11$�%��� �´�$
�-./�12345678�;

� 1. ���\��\µ�

� 2�1. 0�+,)�$�-./ t¶·¸ mmz

 7$ 8$ 9$ 10$ 11$ 12$

1999 224¹21 291¹41 410¹36 500¹29 520¹54 542¹50

2000 234¹22 295¹30 415¹40 508¹33 541¹27 556¹21

2001 210¹28 315¹56 421¹33 481¹21 510¹21 518¹20

2002 197¹21 247¹40 414¹29 472¹25 491¹23 494¹24

7$> 20w#31w�@A xy-./¹@º»3

� 2�2. 0�+,)�$�-./ t¶·¸ gz

 7$ 8$ 9$ 10$ 11$ 12$

1999 104¹29 244¹100 629¹199 1,147¹201 1,191¹326 1,394¹352

2000 127¹36 225¹ 62 685¹206 1,111¹175 1,308¹187 1,442¹136

2001 87¹31 307¹136 632¹131 909¹119 1,043¹129 1,119¹118

2002 68¹24 142¹72 586¹121 853¹151 983¹129 951¹145

7$> 20w#31w�@A xy{|¹@º»3
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