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New system for egg management and collection of newly hatched larvae

in laboratory-reared giant cuttlefish Sepia latimanus

Masakazu O@6 and Nobuhiro T:OJ@6

A new system for egg management and collection of newly hatched larvae of the giant cuttlefish Sepia

latimanus was developed in order to accommodate a large number of eggs which were collected from broodstock

under captive conditions. The new system consists of containers (708�460�83 mm) made from polyethylene,

FRP tanks (4,280�1,750�1,010 mm, water volume: 5 m3) and a device for the automatic collection of newly

hatched larvae. The new container type can accommodate three times as many eggs as the existing Atokins type

container (310�310�60 mm). Total capacity of the FRP tank for egg accommodation was about 22,000 eggs,

being 11-fold that of the Atokins type tank (420�2220�400 mm). It was clarified that we could manage 60,000

eggs per year using the new system three consecutive times. In addition, the new system saved on occupied tank

areas and cut back on tasks such as egg transportation from Atokins type tanks to hatching tanks as well as the

collection of hatched larvae using dip nets.
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m3 FRP$%ij�r[s$%j
) 11?
�"�"
<�I�)m�UP=�

5 m3 FRP$%ij
²;-!�� ij³´� 60 cm

A
p�5Zµ\Z�cB�� "#}$�*=12¥¶
·56:ij ª¸«¬ 88­64 cm® 
�$� 1C
y12
¥¶·56:ij�¹O 1.2 m
p�Zµ\Z��G=
)�
ha� 6.08­2.95 m�17.9 m2�*= ªC 7®� �D�

� 6. $%&'"#}$��= 2@AB)
"#�(
�%

� 1. r[s$%j) 5 m3 FRP$%ij
�"�"<� F�±º;-!
=£

$%ij»E $%�»E $%�F
�
"��( ª¯®

H�$%
�"�( ª¯®

H�"�
�( ª¯®

²;-!�
(m2)

r[s$%j ¨9©6Z$%� 100 20 2,000 31.1

5 m3 FRP$%ij 123456:$%� 300 72 21,600 17.9

G¬ 5 m3 FRP$%ij 1-
"��()�(�"�L=ha
²;-!¼ H$�C 7�D�
¼

� 58 �



������� 11�����	 2�
����
 4��
1������ � 3������� 7����	
�

����
���� ��������� 60 cm��� 
!" ��#� $%�� &��'#�(
)�� *�+
,������ -2 m3 FRP��� .�/ 1250265 cm�
3.31 m21 �23� 31.1 m2��4$5
6 75%��8�
�#� 5 m3 FRP������9�
��:���;<
�5�(,7�9=$5
6
�>?@�A�BC�"D�� 5 m3 FRP���� 1

�EF��(� 1993G1995�����H�� 55,557G
66,205I10G12)��J��KL��;
6�����*�
 !�" 2#IDMN
7�O%� P�Q�$����
� 3R%�$5�(,7��S,6 7����� &TU
DVW�
 5 m3 FRP�� 1��%�D� �� 6#I'
(���J�+,7�9X �SN
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Estimation of seed production costs for the Japanese Spanish mackerel,

Scomberomorus niphonius

Akio IL6BDID, Hideki Y6B6O6@>, Hiroshi FJ?>BDID,

Shigenobu O@JBJG6, Yoshihisa Y6B6BDID, and Yasuhiro O76I6

Seed production costs for the Japanese Spanish mackerel were estimated based on the accounting of seed

production operations at Yashima Station of the NCSE from May to June 2003 in which 205,000 seeds of ca. 40

mm in mean total length were produced. Accounting was divided into three processes: egg collection, live bait

culture and larval rearing. Each process consisted of seven calculated items (manpower, electricity, fuel and

water, broodstock purchase, feeding, equipment, marking reagents, and materials and consumption); however

depreciation costs were disregarded. As a result, estimated seed production costs were 11,633,000 yen for total

operation and the unit cost was calculated at 56.74 yen per seed. Live bait culture cost was of relatively high

proportion, ca 48.1�, of the total cost since the Japanese Spanish mackerel is a highly piscivorous species.
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���������	�� 150
��� 1�
���
50 kl�� 5�� ����	���������� 50 kl

�� 1�� ������ 5 kl�� 8�� 20 kl�� 2��
���
1. ���  !�"#$%���� &'()*+
,� 3-� .	/0�
&12�3�456�7*+8�9
�:��;<=>� !�"?@A�A�BC9�D.
�*
E�F� !����� 
1� ;<=>�3�4
5"� 2001��GH��IJ 1 �8)��KL�
5,6474)MN'��
& 252
 ,8/0- �+O� 1/0�
8)�45 2,801N'�P8� Q8� �/=>� !�
" 1/0�8) 900N�+8�
2. ����
2.1 ��	 R�STU� VW�X� Y(�Z[��E
��\]'^7+8� _���`0C� 1ab�cP8

d� e	L� ��f�gh� i��X� �\�XjX

k�l�mn��\]"�o+8� p�q�r.sT
jX� 2003��_���`��� 5b��\�t"
499,653N� �\l��" 39,740 kWh��u8��� �
 1 kWh�8)� 12.6N'�+8v��
��
2.1.1 
���
 p�q�r.sTjX�" 15 kWh

R�STU 1w� 80 kl/h�xyz�'l�+O1)�
{�z� 1 kl�|7+845" 2.36N ,15 kWh/80 kl}
12.6N- �
�� :�^7��!" ,#�- �~+8�
�$��l�z��� 1 kl�8)45'��O�\]
�+8�
2.1.2 ���� ����_���`"��* 7.5

kWh�VW�X 2wC��+O1)� �#$��VW
�X�l�� �':�^7��!" ,#�- �~+8
�1)�+O�\]'�d8� Q8� _���`���
12b��6� 4bQ��� 135
0��PO"����
���������
	��
�"%���� 50 kl�
� 5�'�PO��'�uO1)� v�`0" 7.5 kWh

�VW�X' 1w��+� ��l�� �6��\]'
�d8 ,#�-� 
1� _���`� 12b��6� 4b
Q�'��`0�	��
���"z��Y(��&�
�uOP���VW�X"l�+
P�
2.1.3 ��� 	��
����Y(��Z[�"�
7.5 kWh��XjX'��� z�{�`0�� '
 2/
0� 100
��E����+8 ,#�-�
2.2 ��	 9��l�E�B(��)l��"�
800 l/1�� *
�&" 3��+8� p�q�r.sT

� 1. 2003� p�q�r.sTjX�1������_��������

���$
���� �*�* R)+�R)+�

��,
, -*�

(kl)
�& b
 -&

,.--
{�
&
,
-

-&
,.--

�KG¡
(mm)

1�¢ 150 1 5.20 21.4 24 9.4 36.4 44.4

2�¢ 150 1 5.20 23.0 23, 24 11.1 35.3 48.0

£¤ 150 2 5.20 44.4 23¥24 20.5 35.8 46.2

� 2. l�+8���¦��

���_/ 1�¢ 2�¢ £¤

�§¨©ªi��� ,«¬­- 311 307 618

	������ ,«-- 2.6 2.6 5.2

	��®¯� (kg)�1 24.6 19.4 44

�����2 ��� ,.-- 0 100 100

	�� ,.-- 0 162 162

�°±² Y (kg)�3 170 170 340

�°±² ³ (kg)�4 189 134 323

�1 ®¯��QQ¦�´
�2 G¡� 10 mm.

�3 G¡ 30¥40 mm.

�4 G¡ 40¥50 mm.

� 3. #$0��� >

;<=>;<=> �/=>�/=>

.	!* =>&

1
f1 
�8)�
.	/0
,/0-

1µ
&  f/ =>&

1
f1 
�8)�
.	/0
,/0-

1µ
&  f/

1�1´ 9�D. 10 7 3 210

1�2´ �¶2 1 1 4 2 1 2 4 8

2�1´ ����� 1 2 30 60 1 2 30 60

2�2´ ���������
f	��
�¶2 1 0 252 50 2 3 252 1,512

f��� 1 1 25 13 2 2 25 100

3´ _���
f·¸¶2 1 8 30 240 1 1 30 30

f¦���¹ 2 5 20 200 4 6 20 480

fº»¼¨º�� 1 2 25 38
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56�
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5. ��
 G
HIJBKI��+ �#
 2�2 ^�
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l �#
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�:�� !5-)+.N-�
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 101�O�-)' 56.74P/0
N28!�� � !
5Q3�R4��7�.	STDU.?� 5VW�#.
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!456789:;< 106 2,400 l'( 44� ) 3*+,
�=>!?@A
 100 BCDE FGHI

1�2� ��	� 113

�� 
 13

!"#$% 6 2 �!&'( 2,801�
!J&$% 7 8 �!&'( 900�
�123
 1

!KLM 1 N:O3P 0.5 kl'10Q'10RS'5*
�=>
 100 0.5 klTUVWXYZ[3\'10Q/5�

2�1. 
��
�� 1,137

�� 
 222

!"#$% 168 60 �!&'( 2,801�
!J&$% 54 60 �!&'( 900�
�]^
 650

!_`abc� 550 55 d'(10,000� eAfg �abc� V12 abc�h7
!HFAij_`abc� 100 5 d'(20,000� eAfg kWlW�abc� V12

�123
 215

!KLM 15 N:O3P 20 kl'25*
mb�WKnP 15 kW/h'24&o'30*'1/10

!p<M 200 4,760 l'( 42�
�?@A
 50

2�2� ���������� 4,459

�� 
 1,502

!"#$% 141 50.4 �!&'( 2,801�
!J&$% 1,361 1,512 �!&'( 900�
�123
 1,710

qrst (1u6v�
!KLM 576 N:O3P 150 kl'3.2RS'50*w50 kl'5\'3.45RS'135*

mb�WKnP 15 kW'24&o'30*'3/10w7.5 kW'24&o'135*'2/3 ���xy�
!p<M 917 21,842 l'( 42�
Orst �7u12v )

!KLM 19 z{|}~67: 7.5 kW'2&o'100*
!3�M 197 z{|}~67:
���Z-./0
 252 1,260 kg'( 1,000�/5�
�]^
 670

!�.E ��]^ 500 �.!��. 2,500 kg'( 200�
!���^ 170 �Zk[: 34 �'( 5,000�
��A
 125

!�Zk[��� 125 2,000��/2.�/8�
�=>
 100 10 �'(50,000�/5� z{|
�?@A
 100

3. ������ 4,680

�� 
 1,725

!"#$% 1,232 440 �!&'( 2,801�
!J&$% 493 547.5 �!&'( 900�
�]^
 1,535

!ZV�� 1,500 1,000 kg'( 1,500�
!�H��� ��t�.:� 25 5 d'( 5,000�
!�sij�I��� 10 2 �'( 5,000�
�123
 249

!KLM 108 N:O3P 150 kl'2\'2.5'30*
mb�WKnP 22.5 kW'24&o'30*'4/10

!�<M 88 2,100 l'( 42�
!3�M 53

��A
 871

!���� T¡¢M 125 2,000��/2.�/8�
!.£¤M 256 4,100��/2.�/8�
!¥¦§¨M 490 1,960��'2©/8�
�=>!?@A
 300 ��:=>!?@A 1ª
� 11,633

40 mm�� �/1� 56.74 20.5����
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Seed production of red seabream, Pagrus major, using a closed

recirculating system

Masaaki K6BDH=>96, Hideki Y6B6O6@>, and Yoshihisa Y6B6BDID

We reared red seabream from eggs until 30 mm in TL using a closed recirculating system having a

flow-through system, and a zero-exchange water system as control, and compared survival rates, growth,

morphological abnormalities, and water quality of the rearing tanks. The closed recirculating system consisted of

two rearing tanks of 4 kl in water volume, a biofiltration tank, a foam separation unit, and a UV irradiation unit.

Mass mortality did not occur during the experiment using the closed recirculating system and survival rates were

higher than those of the flow-through system; moreover, little di#erence was observed in growth and morpholog-

ical abnormality rates, although the maximum values of NH4�N and NO2�N reached 1 ppm and 4 ppm 30 days

after starting the experiment. About 1.1� of rearing water in the closed recirculating system was replaced by fresh

seawater per day. Based on these results, red seabreams can be reared on a practical level using the closed

recirculating system by supplying small quantities of fresh seawater.

2006� 1� 10���

��� ��	
��
����������� ���
���������	��� ��
��� ! "�#$
�%& ��
���'()* +,-� �#$�'()*.
�/��012��3�4����5���
6!��
47������89�:!1); <��=���>:�
?�
������@�A���B�?CD !E�4
F 
G�HI!J"�K#ALM�/��0$�12
�@�%N&��G!�OPQ9!; RS� T'UV

�(�)3W�XY!SZ�<��=[(\�*2�]
ZQ9�>�� ^��_�)`���+a��b<��
=c,�>d!@�>ef-g�hh![(\�12 
!SZ��� .i�jd/����0k1�:A���
�$�l4mnopqr2s�l4:�#$�'()*
�34��3�OPQ9!; 8Q�� �#$�'()*
�� @�A�hQ�5t6�74�uv8�2Q w�
�
6� x59y�:;hQ?<'()*�&�8�H
I�R!?��OPQ9!; �h�4�Q� ��	�A
=a=�<��=�>:��#$�'()*��:��

��z{S|>�l4m� }�
�� ?@Q2)�~�~
[��A��G!?��� ���B
�� ����C�
89�:4:���D
G!;
w�e�4E�hQ� FGzHIJ�=K�����
�r�LT'UV���r +�� �<T'UV���L
|V�. 
�� 2000�e������#$�'()*�
�O�<��=��'()*�M�@�%��;
Tomoda et al.3)��NO�PQR��S��T� ��U�
�QR4�hQ4!�#$�'()*����� �S 
V���¡*'�¢p)£¢��:� �W 9 mm¤¥¦
R
�§¨¥ Pagrus major ©a�ª«����¬��
:!;�h�� Tomoda et al.3)��­
��®X����
��#$�'()*��O� 15�/��1�:A��'
()*Y�����>�� -g�hh![(\�*2b
���SA�Z[�5t6�\4�¯]8�*m !S
Z��� 1�:A�����4:��^I��M�&�
�OPQ9!; w�e�4°_hQ� `±Q�� J�²
�$�aP!SZ�� bcy�NO�P����d³ 

�1 FGzHIJ�=K������rT'UVe ´220�6115 fghµ¶i·j¸¹4�¹Q: 2�3�3
(Fisheries Research Agency, Fisheries Stock Enhancement Department, 2�3�3 Minatomirai, Yokohama,

Kanagawa 220�6115, Japan).

�2 FGzHIJ�=K������r�LT'UV���r ´761�0111 ºhµ�»·�Lkl 234.

Saibai Giken, 33(2), 67�76, 2006 T'¼�� 33(2), 67�76, 2006
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��� ������
30 mm���
��������
���� !�"
#$
��%&�'

�����

���	
��
��� �"(�	�$����)*
+,�� 
�-.�
/�
��01�$1� Tomoda

et al.3)2	�$)*+,�3�4��� 56�7-.�
89$
�-.��:6�7-.;�� <=>�?�@
�AB
�-.����)CDEF���&�GH��
I�$' )*+,
J���  !�� 2�� K��� �
������ 
�-.��� L��MN��� OGP�
�QR? 2�;�$ ST 1U'  !����� 5 kl FRP�
� SV�� 4 klU �	�����WXR !YZ[;"
\	
]^_E* SS`U]^_E*U �#��$' K�
���� 0.4 kl
 FRP�� SV�� 0.3 klU �	�
�a
$bcdef SD,)
gh� 63 mmi�jRdef�
kl+mk
gh� 200%QnoWpRdefU� ?p
qrlXE Ss��t �uRjev 0M-150U� OGP"
\	
]^_E*�#��$' ��������� wE
x*okpEXE Syz7\{|h��U �&}$KA

7������ SV�� 0.4 kl� TAS�~oR�^kn
R�U �	�$' 
�-.���� 0.4 kl
 FRP��
SV�� 0.3 klU 
5'�-.�;��(�)�qf�u
mev S*+t qrl+ev* FB-3U 40 kg� :'��R
�� 60 kg�,��� 5-6��:-�-.�����
��-7;�� -.�5�"\	
]^_E*�#��
$' L��MN����� qjRu��E 2DL S./0
�1U� ��QR?��� ��defQR? SSANSO;

PMD-613� ���2 28 l/�U ��	�$' �����

��3��
�� K�'��
�a$
bc;4�
5
���6�
��� �������� !�7
�6�

��� 
�-.����kR�^k89:;�/�8
9:
/�� L��MN���� !�7
�N;
<
:�%3;����' �����=�� �>-.�=;

�-.�=
?�
���=�J������' �>
-.�=��  !��
*fpEiE��@���$ 
!�7

�a$�K��7

�a$bcdef�b
c�$ � ?pqrlXE�4�
5���6�2¡A
��� �����QR?��������B���¢6
�£2���;��@���@���� ����$ !
�2K���C¤¥P��&�)*+,�8�' 
�-
.�=�� �>-.�=�����$ !�2
�-.
��
-.��/���� ��� !���QR?�L
��MN���B���MN��$ �  !�����
��� D¦
	��¥P
�-.��-.�����)
*+,�8�' �>-.�=
E���� 0.7 kl�QR
?
�������F� 58bG/H�8¤� 3-� 
�
-.�=�� IJ�E��� 0.3 kl ���F� 134b
G/H;0§�9���
2KL�8�'
�������� 
�-.��¨����$1�"(
A© 1wªM�� !���
 !�
��F2 5b
G/H;��GH�)*+,
«G�A©�� 
�-.
���� N��¬;��fuq�	,h $ S­noR
Xl®O�¯`7°±U � 200%
def�P��
�
-.���Q:�� /��N
R²�S�$'
������� "(³�� �³´T����#���
����)*+,�	�$��-.�1³; 2³�Uµ;
��¶V���
����·B��
��³;Z���

� 1. ����)*+,
¸WT
�¹ �>-.�=
�
��� �¹ 
�-.�=
�
��º

A:  !�� S2��U� B: K��� C: ������� D: @��� E: 
�-.�� F: UV��� G: ��QR?�
H:  !���QR?� I: @�*fpEiE� J: 
�a$bcdef� K: ?pqrlXE� L: -.��
M: ]^_E*º
�£�X	
»�YZ
S1:  !�� S2: �>-.M� S3: �>-. � S4: 
�-. UV � S5: ��¼> º
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���������	
 4����
 �� 1�� ����
�� 2002� 10� 8����������� �����
�	���  !
"#
$%&'��()
)*
+,
-����� �./0�1�1� 41,600�� �./0�2
�1� 43,600�� ���1� 43,600�� ���1�
41,500��2�#34�56#
�
���� 34�7�� ����89:��;<=�>
22?�@ABC D���#
� E�F��34���
�� G�/0=1/0#
H��IJ 10 mm�KLM
NOPQRS9L (ADVANTEC: TCW-10N-PPDE) T
3 mm�KLMNOPQRS9L (ADVANTEC: TCW-

3N-PPDE) 1 2�U�/0#
H� �VW� /0H��
���
� �F56X 3��Y1�E�F�TZ�<�
Y
��.����([
� �./0�1�T 2��� �
F56X 4�� !�./0�56#� �.��� ��
� 1\�/�() 7���� 1.5\�/�� 12��() 2

\�/�� 23��() 3\�/�T#� 33��()�F]
 ��F56X 47��� ��� 5\�/�T#
� �.
/0��� !"� !^�#
#	��$��� %&'
(T)*+� !^�#
�,�/0H�1-_#
�
����� /0H��`��#� C<����./0
���.�T.a��/#
������<����b�
�./0�.0�!"'��$�1� )*+� !^�
#
'�/0H�1-_#
�
1c�� 34�d.�BC D���� 2e��2#

fghLi� !��� $%&-��53�4B

j� �F56X 5��() 9�����51cT#� k
�X� -��67�	�l>8m9nol
� Y
� .
p� f40 mm�qr�s&t�u�vw�:x	�l>
y�#
;<+z=2�34�>��2#� 8m34�
�>�;<�+z#
�
�{�|/�?C
j�},@ �QRO~��NL:�
�����NL:�KS8��� �'��2�A� 2

kg, �F56X 7��()�B�E34��� 80�200

gb��C#
�
)*+��� f13 mm�qr���&Q�:����
�F56X 20��Y1���b� 21��V� ! 1�
�� 2\� 35��V��B���)>����DEF�
GHF�+z#
�

�� �IT#> Lw��~ �JK�� ��F56X 1

��() 30����� �S���L���F56X 20

��() 44�����$%&�M	3I ��N�:9S
�N������� ��F56X 26��()�F] 
p����#
�

Lw��~�� 1 kl�S���+,� 2>���>�
�$�1 80����#
H����#� 800�1,700�
O/ml�PQ1RS#
Z����
� ��~��I�
�� iLsL��� ¡ V12 ��� ¡�������
� 1����~ 1¢�O�
! 300 mlTn#>RS�
�1.p�£S¤,Z�[
� 2¥#
��~�� /0
H�1U'VW#
X� 34�X���~PQd 5�
O/mlT�C D���#
� ��~���¦�X�
iLsL��� ¡ V12��$�1 100Y���#

X� 34�X��� ¡PQd 50Z§S/mlT�C 
D�� f4 mm�rgLShLi1[,b�Tn#
�
�S���L��� 200 l�S���+,��2�#�
s�O~� A ��N�:9S�N������� � 75

ml/kl�¨	1Tn#> 16�22p�£S¤,#
X� /
0H�1VW#��#
� �./0�T������,
�� �F56X 20��() 30����� 100�900Z
�O/�� 31��() 39����� 1,600�2,000Z�
O/�� 40��()�F] p��� 900�1,600Z�
O/�1©C� Y
���1�� �F56X 20��()
30����� 100�450Z�O/�� 31��() 35��
��� 700�800Z�O/�1©C�
M	3I�� ª\��=���> 1�� 10\�'�
>��#
� �./0�T������,�� �F56
X 26��() 30����� 30�70 g/�� 31��()
40����� 100�250 g/�� 41��()�F] p�
�� 270�330 g/�1©C�Y
���1���F56X
26��() 30����� 30�70 g/�� 31��() 35

����� 80�90 g/�1©C�
��	
��
� 34¦�X����]�� �F56
X 6, 9, 12, 16���^��_`�:tN:�#� �,a
1b/#� �F] p��� c]�«!d¬� e,a1
b/#
� Y
� 7�­T� 27�40��fy®��:t
N:�#>c7�g/#
�
����	������ E�F��34���{�g

� 1. h¯�.34� C$%&�34�F°±

�F� 2��]
���

i²34�7 �j³�
(?)

�F
�]

�F] p

�]
���

34PQ
�� /kl�

i²c72)´klmµ
(mm)

���3)

(�)

�./0�1� 41,600 21.7 (19.0�22.3) 47 28,200 7,050 28.5´2.47 67.8�
����./0�2� 43,600 21.7 (18.8�22.3) 47 23,800 5,950 30.3´3.88

�
��
�
�
�
�� 54.6

�
�
�
��

��� 43,600 21.7 (18.9�22.3) 47 18,000 4,500 31.2´3.59 41.3
�
���

���1) 41,500 22.0 (21.7�22.4) 36 40 10 20.9´2.80 0.1

1) �F56X 35�36��� 6,900�d¶n#� ·T¸¹co#

j34�X�#
º
2) t»/�°±� �: p¼0.05, ��: p¼0.01.

3) c2pqr�»/�°±� ��: p¼0.01.
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����� ��� pH, �������� ��	
�	

���� ���	
���� ��	
���
��� �
��� pH� pH���� (HORIBA: F-22), ����
����DO���� (YSI: Model55), ��	
�	

������	
����� (Orion: EA940), ���	

������	
����DR/2000 (HACH)���
����������
� � !"#$%

��&'(
)'� *+,-.
��/*+012#�345�6�
3�7����89:';� �������� ��	

�	
���� <=>���	
������&'( ?
�@��� AB�� AB��C�D��E3�� FGH�
��,-�I� D��C�J�,-�E3�� FGH� �
�,-KI� AB��E3�� FGH� J�,- UVKI
�&' FL 1I(
4MN.3AB��3O�PQR�STUV�PQR
�WR9:';XMNYZK 1, 9, 22, 35, 43��XAB
��?�&'( ?�@��� *+,-.
��/*+0
12#�3PQR3����89:';� AB�� ��
,-�� ��5� �C�D�!E3�� FGH� ��
5�KI�J�,- UVK�&' FL 1I( ?�&'[��
\]�&�� "Q[�
 10#^_`&� a$3
MARINE AGAR 2216%& (DIFCO)�b�cdU"#
�'e&�b(��� 2fX)g&' TCBS%&
(DIFCO)X4_`]3 0.1 ml�h�i��*�jk�
+l&� 23mX,�&'n���
 3�o%-&'( .
B&�p'hq
��WR&� _`#^C�/r3QR
�s;'( MARINE AGAR 2216%&X=k�0��'
QR�O�PQR� TCBS%&X=k�0��'QR�
STUV�PQR�&'4)(
�������� 12 30 mmtuv
�wxX=:
y	z{|3}3�4&�';� y	z{|~.5
p
:12 90 mm�6�:)
AB&� y	z{|3)�
��k'( )��� GH37

�k'( AB��X��
5 klFRP�� F��8 4 klI 39���� MN�:K3l
;�*+,-.�<�.
����� 500=� ��.

� 40=�MN.��X(���>&'(AB�����
��3����?���X� 22mX)g&���u�@
�AA���&� 100�oAB&'( J�|3�C�*
+,-.
� 103=� <�.
� 100=� ��.
� 31

=�t��U��&� �By	3wx�C�
��� y
	z{|��{|X.(&'(
	
��
����������� �/*+012#
3��DE�� ABMNYZF� F�/*+012#3
�GYZ 1��KI ��:K F�/*+012#3�G
YZ 3��KI XGH37

��&'( 012#�3
AB��18�&�,-[�X��&'K� AB���
X��	
�	
�3��~ 3�8 ppm��:=�Xb
���	
"#�'e&� 5�G/�3*+,-����
24�oKXAB��3��	
�	
������&
'( �/*+012#3��	
�	
�3��DE

�� H IXGH3¡
s;'(
��DE (mg/h)¢ b���	
"#'e��
24�oK3��	
�	
���3£ (mg/l)

¤012#3J�8 (l)/24�o (h)

��������������� K.�����¥
�Ck'~� LM¦���(N3O�8�P8(3,-
[��'e&'(�3';� 1�/'�3��Q��GH
3¡
s;'(
��Q (f)¢ ��&',-[�83RW (kl)/

012#1S3J�8 (kl)/AB�RF�I¤100

! "

#$�%& J�Q�� MNYZK 12��3*+,-�
1.
� 52.2f� *+,-�2.
� 70.5f� <�.
�
61.5f� ��.
� 34.5f� 16��3*+,-�1.
�
65.9f� *+,-�2.
� 44.3f� <�.
� 42.0f�
��.
� 29.4f�§�¨�' FL 2I( WR�X=k�
J�=R3§�TX�U��:©33�4MN.�© 16

��)
XJ�Q3VH~ª��� WX��.3J�Q
3VH�«X
�k'( MN�:�3J�Q�� *+,
-�1.
� 67.8f� *+,-�2.
� 54.6f� <�.

� 41.3f
��� 16��G¬�� Yp�J�Q3VH
�ª���Ck' FZ 1,L 2I( )'� *+,-�1.� 2

.3J�Q�� <�.3J�Q=�[­X®Ck' ( p

¯0.01)( O7� ��.
�MNYZK 34��XZ!�
E�°\±9:²S~ª��Z;� 35��C� 36��
C�� 6,900=~³]&�J�=R� 40= FJ�Q
0.1fI ���� ´µ1"&'(
^¶12�� MNYZK 19��)
�4MN.o

[­�£��Ck'~� 27��3*+,-�1.
�
11.04 mm, *+,-�2.
� 11.08 mm� <�.
�
11.85 mm� ��.
� 11.12 mm
��<�.3^¶1
2�� *+,-�1.� 2.�_·&[­XYp°��
( p¯0.05), 33��3*+,-�1.
� 15.16 mm� *+
,-�2.
� 15.13 mm� <�.
� 16.97 mm� ��.

� 17.81 mm
��<�.���.3^¶12�� *
+,-�1.� 2.�_·&[­XYp°� )'� ��.
3^¶12�� <�.�_·&[­XYp°�k' ( p

¯0.05)( MN�:�3^¶12�� *+,-�1.
�
28.50 mm� *+,-�2.
� 30.34 mm� <�.
�
31.18 mm
��<�.3^¶12�� *+,-�1.3
^¶12�_·& ( p¯0.01)� *+,-�2.3^¶12
�� *+,-�1.�_·& ( p¯0.05)[­XYp°�k
' FZ 1� L 2I(
�'�(� pH�� *+,-�1.� 2.
�MNYZ
K 3��C� 5��XC�� 8.0C� 7.8)
VH&�
�3K� 26��)
� 7.8�7.73`¸
�U&'~� �
�G¬�¹ºXVH&MN�:�X� 7.2��k' FL
3I( <�.
�MNYZK 3��)
� 7.9�K�»¼
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���� 4���� 6��	�
� 7.7�
������
�� 36���
� 7.8�7.7���
���� �����
��	��� 44��	� 7.5� !�� "#$
�%
&'(� 7��	 7.5�
������ ��� 26��
�
� 7.7)�*+,�� �����-./0�1$� 2

$�12 3
4!��
56789:;�� <%&$�=%&'(� 29��
�
� 90>�?*+,��@��� �����	��
�� %&ABC	�-./0�1$� 2$� D#$�=
80>)��
���� EF 3G� "#$
�%&'(� 35

��	� 87>�
�����
HIJKHLM8N;��-./0$�1$� 2$
�
%&'(� 30���
� 0.3ppm��
4!��� 37

��	� 0.9�1 ppm	?O�� �����	���%
&ABC� 0.6 ppm� !� EF 4G� D#$
�%&'
(� 26���
�-./0�1$� 2$�12	PQ�

��������-./0�1$� 2$RS�?O�T�
�U� %&VW*X�� 0.5 ppm��
4!�� "#$

�%&'(�� ��	?O�� 28��	� 10 ppm�

?O���� ������� 36��	� 9 ppm� !
��
YZ7LM8N;��-./0�1$� 2$
�%&'
(� 28���
� 0.2 ppm��
4!��� ����
[\	?O�� %&ABC� 3.9 ppm� !� EF 4G�
D#$
�� %&VW*X�� 0.1 ppm��
4!��
"#$
�%&'( 19����[\	?O�� 36��
	� 4.3 ppm	]���
Z7LM8N;�� -./0�1$� 2$
�� %&'
( 30����?O�� %&ABC	� 31 ppm� !�
EF 4G� D#$
�� R�^S?O�T��U 2 ppm�
�*+,��� "#$
�%&'(���	?O�� 36

��	� 5.4 ppm� !��
������ _`#a�bcdef�� ghi��%
&'(� 1��
�<%&$�=	 104 CFU/mlj;

4!��� klm�no'(�� 9��
�[\	pq
�� <%&$�=	 106�107 CFU/ml
4!� EF 5G�
���� 105�107 CFU/ml���
����� rstu
vdef�� %&'(� 1��
�� @U��%&$	
w@�=xyz� �!��� 9��
� 103�105

CFU/ml�
[p�� ����<%&$�=	 102�105

CFU/ml���
�����
��	
��
������������� <{|}
j
�HIJKHLM8N;�� %&'(� 12���
~|/0)
� 0.157 ppm� ~|/0�
� 0.123 ppm�
�~/0 UV�
� 0.047 ppm� 23���~|/0)

� 0.124 ppm� ~|/0�
� 0.089 ppm� �~/0 UV

�
� 0.041 ppm� 33���~|/0)
� 0.446 ppm�
~|/0�
� 0.310 ppm� �~/0 UV�
� 0.241

ppm� 44���~|/0)
� 0.561 ppm� ~|/0�

� 0.245 ppm� �~/0 UV�
� 0.225 ppm
4��

� 2. ��-._`%&	w
�<%&$��������
�� -./0�1$� �� -./0�2$� �� D#$� �� "#$�

� 3. ��-._`%&	w
�<%&$� pH�DO�
PQ
�� -./0�1$� �� -./0�2$� �� D#
$� �� "#$�
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�������������	
��
 �� 6�� �
�
������������������� !� "#$
%� 12&'	! 0.034 ppm� 23&'	! 0.035 ppm� 33

&'	! 0.136 ppm� 44&'	! 0.316 ppm	()� "
#&*+,�-./01� ���������234+

5678.9:+;<=
�
>?@�����!� "#$%� 12&'�����
�	! 0.087 ppm� �����	! 0.138 ppm� ����
UV�	! 0.075 ppm� 23&'������	! 0.092

ppm� �����	! 0.138 ppm� ���� UV�	!
0.086 ppm� 33&'������	! 0.665 ppm� ���
��	! 0.795 ppm� ���� UV�	! 0.620 ppm� 44

&'������	! 3.500 ppm� �����	! 4.225

ppm� ���� UV�	! 3.600 ppm	()�����
�	AB�� ������	
��
 �� 6��
CD@�EF�!� "#$%� 42&'������
	! 93G� �����	! 97G� ���� UV�	!
74G� 43&'� 44&'������	! 83H86G� �
����	! 92H93G� ���� UV�	! 69H73G
	()�����!AB-.+� �����/!���
��� 80G��/
��
 �� 7��
IJKL*!� "#&*/MMN<O� �����	
! 3.1H8.2P106 CFU/ml	(Q
+� RST��	! 1

UVWVX723� 1.7H5.0P105 CFU/ml�8)YZ
[\L�	! 1.7P102H3.1P103 CFU/ml/23�

�� 8�� ]^_U`KL*!� �����	! 3.9P103

H3.3P104 CFU/ml	(Q
+RST��	! 1UV
WVX723� 9.0P102H4.4P103 CFU/ml�8)YZ
[\L�	!abcde��8Q
�
���� 100&fghij�
��ijkl+m8.
nWopq/rs.t�muq�bvwx!� yz��
{	! 7.8G� |}{	! 8.0G� ~}{	! 9.7G	(
)"#{��1/�)��8 !�<=8MQ
 �� 2�
p�0.05�� bv�
t�mu��8�o�!� �����
��� ����t	(Q
5)�
����	
��
���� ij"#$%�����
���yz����/rs.���������?��
��� �
¡¢� ���������?���!� "
#$%�! 183.3 mg/h	� Ik� "#���! 1,379.2

mg/h	()� ����$%�	! 7.5£� m+(Q

 �� 3��
�������
 1����
��� RS¤¥¦}�

� 4. ��yzij"#/rs.§"#{�������
����� >?@�����r�¨?@�����
���
©ª yz���1{� «ª yz���2{� Pª |}
{� ¬ª ~}{­

� 5. ��yzij"#/rs.§"#{�ij}®�KL*���
©ª yz���1{� «ª yz���2{� Pª |}{� ¬ª ~}{­
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���������������	
�1�� 2���
�
�	
������� 4,500 l �47	��
�� ��
�� ����������� 9,000 l������ 1	

���������������� 1.1��� �! �
��"���� ��
�	
������ 900 l �36	
��
�� ���� #$���%�� 4,000 l��
&�
1	
������� 0.6��� �!

� �

������	
��
���� ��'������
�()�� *���+,-./��0123�4���
�56&7�6)� �89,:;�� 80 t/���<=>�
?+,-./8@A�������=B�
&7�� :
;C,D�E�� 950 t�@CF=��	
�G��<
H6&I�7)! J=K��<L���� ��� ���
�����M!I&NO1PQRST�#$UV=WJ
6&I�8�10)=� �"X#MY!Z�[$�<�\]%
^_5��������M!I&#$UV=WJ6�`
&�a�bc?I! '(���G�d)*#$����
��� 1	����+�ef+����H6��=g,
-���11)� Tomoda et al.3)E��������M!I

&.
I��M 1	�/ 15��hi���
� �0 9

mmjTF�CkTlL�\]#$�1m
&I�! 

_
?=5� [$�<n�o�2pPq34��r��
���� .
I��Ms5��
?I��������
�t6=78���� CkT�9i� g,-?[$�<
jTF����0 30 mmjTFu�gv
&����
�����#$MWwx�=�y6z� `{|:�[$
�<}�;tE>��~�56�! x���� <UV�
�� =6� >?�@��� �������������
MWJ?I[$�<�>�AM�B
�!
����� UV�C����	
������� 54.6

e67.8��D��ME��1FMG�x�=�y� �H
1�! "���� UVt�� 36	I�J��K
� x��
L�#$�M�0;��0NOPQ*� 10 ppm� �R
�NOPQ*� 4 ppmMS�&7� �T 4�� #$L��
�U�_5EV�q3��U�?Ix�_5�����
����K
��W�H6�! g�� ��	
��� U
Vt� 30	I��� 0���0X��Yi##��X
�=�6�6� 1,600Z��/	� 100 g/	MS���_
50;��0NOPQ*� �R�NOPQ*� R�NO
PQ*�E�E 
��� ¡d��0;��0NOPQ
*�/ 1 ppm� �R�NOPQ*�/ 4 ppm� R�NO
PQ*�/ 30 ppmu�E 
� �T 4�! 
_
� "�
���w?J��K�¢56£� x�Q*u���6z
����¤¥
?I�~�56�! [¦�0�� UVt
�� 19	Iu��§UV��¨�¢56?_ �=�
���D��� "���[¦�0���	
���E\
©�Jyª?�� UV�C��D���[¦�0�� �
�	
�1���E\©�Jyª? � �T 2�! g�� U
V�C��#$)*�� ��	
�1�� ��	
�2��
D���«�d_ � �H 1�! ���¤¥M¬­&�K

#$)*=¡E2I"��� 33	I�[¦�0��
D�����	
���E\©�JyIx�_5� §U
V��[¦�0�¨�� ���¤¥�Iw��E#$)
*�¤¥M¬­�>�A=JyI�~�56�! u��
§UV��]LM 100	�$1
®N¯(�°I&^±

���� ®N¯(��� ��	
�� D��7�²"
�����\©?¨�¢56£ �H 2�� #$�_�³I

� 6. ���������§´`�7­�0;��0NOPQ*��R�NOPQ*�a�
µ¶ UVt�� 12	I� ·¶ UVt�� 23	I� ¸¶ UVt�� 33	I� ¹¶ UVt�� 44	Iº

� 7. ��»�������§´`�7­�bc�Pde
*�W¼
¹¶ UVt�� 42	I� ·¶ UVt�� 43	I�
µ¶ UVt�� 44	Iº
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����������	
��
������� ��
�� ���������� !
"������	�

#$%&'()��
*�+,&'()�-����.
/0
� 1��� 1.822.3��/kl� 	3 2040�	�
���
� 45260�5���0�6�� 21.8229.9 mm

�7���8� 51.9263.390:;�<!
"12, 13)� �
=>�?@ABC�1���
� 1.021.1��/kl� ��
	3
 224� 47����6��
 28.5230.3 mm� �8
�
 54.6267.890D;� �� E�FG�0HI�

!J0K�
�� ��
*�+,&'()������
./�L�MN"O��
�����"� P#�QG�
?@ABC0
� �	C��R���S$0����%
&�./�'���T�U�� �(V?@WXYZ0 1

�)�;�[	�
 1.19�L�MNAB\	�*	]
^�7���_�`0D"�� 30 mma0�����
7����b+0D"T��,�U�� ��

��������
pH��	 pH� 6Pc��"�d'efd�-g�
.h��"T��/��!i;14)� 0j�k! pH12
��l�_'mnopqr�N�WXYZ3�45��
!
"��=>0s� pH6c0j�k!� ABt�_'
mn�7
�LU� ug8�9���	:3�v;k
�� ./<�
� ?@ABC� pH
� =>= 7P#�
wxk y> 3z� pH6c�Q"-g{7|��	
��
U ������"� ug8���	:|?}�"~/
��
!
� 	:@�ABk�ug8C��-g���
DE� FG�"T��Q;� d'efd�HI�-g�
"{7�Jl��!
"15)LU� �����i
!@�
"K�6�~/sD"T��L���!
"16)�� pH

12~/��
!
���M�"NO�D"� H�� pH

�#��Q;d'efd�HI
� PQ��
R�ST
���#�F}�"T��/��!i;� pH 8.5U�
10�U�!R�S�d'efd��#����F}�
"17)����l�d'efd�HI�UVk�\	� pH

�B��#��]"T�
�=��� !�l!��0
D"� �����=>=� pH�"KW� (7.128.0)0

� R�S�d'efd��#
� 109Pc���
T
�U�17)� d'efd�PQ��k!
���W�0D
"�X�����

��
��	 =>�Y�HIZ��[K�� ��
K�WXYZ3�\]�I^_��"g� "�� `a
AB� 909b�D �\]�I^_���`AB��

c 2096ck! 709b��� � y> 7z� \]�I
����
� �`AB�Q"\	dg��¡e��"T
��L���!i;18)� �`AB:0-g�fM��O
�!
"T��GU���� kUk� T�P#�HIZ
��UU �g#�
� -g�Q"�I¢h�����
i��;� ��./� ��	�\]�Ij��6c�£
�i���D"� �=>0�?@ABC���	=�\
]�I^_�
 759P#�wxk�� y> 3z� T�P#
�\]�Ij��6c
� -g+k�6c�]"�
	17, 19)�¤��^� �=���8�N��	�s���
b+Q�D"�l� �`ABlm30��In¥��M

� 8. (V?@WXYZ�¦§o�i�"��p�"g
¨© =>ª«� 9��� ¬© =>ª«� 35��� ­© =>ª«� 43��®

� 2. �������"���q��i�"������
¯°�#

=>C �������#1)

y9z
1±�p
y�z

�6��²e³r´
(mm)

?@ABC 7.8 103 98.9²5.82

�	C 8.0 100 95.9²6.72

µ	C 9.7 31 93.9²3.36

1) c2��Q��s�./© ¦=>C50t¶´�k
p·0.05.

� 3. ��=>ª«¸�¹u¸�(V?@WXYZ�i�
"d'efd�HI�-g+kvs./

-g+k�
(mg/h)

d'efd
�HIj�

(mg/l)

WXYZ
ºw�5
yp»z

?}¸ 24¸5�

��=>ª«¸ 183.3 2.4 1.5 1

��=>¹u¸ 1,379.2 7.8 1.2 3

� -g+k© ¼gd'efd?}¸� 24¸5��d'e
fd�HIj��´­WXYZ�
	� /24¸5®
WXYZ�
	�
 5,000 l.
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3������ ���	������
���
�
��	���� 37
�����������
����
�� ���������� 30
�� ����!"#�
$� 4%� &'(20)�� �) 22*�� +,-�
���	
���./��� 101� �����./��� 201
�2������ �3��456�7�8���9�"
#�� :�� �;�<=>?@�A!����	���
�
��� !"BC��� �;�<=>?@
D#E
FG 1015H 301�$#%G���	����
�
�&G'#8�I( $( 3%� )	���*��� +,-
�
���	���./� �����./
+,G-.
�7IJ��K� /'01
LM&G'N7J�	��
2���3OG�PN7H� ���	������� �
�������������
��7#I�QR(S
�� Tomoda et al.3)
	��A#"�0T	���*

+,-
45EF�� 26F�7IJ��K� 	�8E
����	�����������
9:G
(S"A
H� 0T�
�;�<U�V=W��K��� 0T	�
��*�-.�45��+,-�>#���?G@XY
S��
������4#"�� Z[\
A]
�;�<0T
�� 800^900 ppmB�� 26F0T��C'� 5$�
_`GaS�8�G�9YS"#�21)� )	���� 	
�DE*��<+,b�� 30 ppm:�����G $�
4%� 5$��P7_`�FK(S7IJ�8�I(� 8

��:��cdeG]�_`G7#8�GfIJ��
��	�
� g	�b���h�H��0T�IJ�

./
��K7#G� i@=
LM����� jk�
lL./�� mnopM./���+q�� r
�� l
L./�� 106^107 CFU/ml� mnopM./�� 104

^105 CFU/mlN��V=�� $� 5%� �<+,b�O
�b
0T��
./�
���� P�b�s�tu�
f(7IJ�8�I(� #J�t0T�IJ�./G+
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./��w(W8��xQ����QR(S
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./
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Y���b~�QR(
S�� �I�� Bc��56�0T��
./��w(
W~C�FK(S7IJ��
g�N�
���>�4#"
��� ��(22, 23)�5
S�\].^d��� ���	�����s�tuY�
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Z+,�N����	����
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Occurrence of viral ascites in seed production of Japanese amberjack

(Seriola quinqueradiata) and yellowtail amberjack (S. lalandi)

Toyohiro N>H=>D@6, Satoshi S=>DO6L6, Takayuki KD<6C:,

Masahiko KD>HD, Keiichi MJH=>6@:, and Misao AG>BDID

Epidemiological studies of the occurrence of viral ascites (VA) on seed production for Japanese amberjack

and yellowtail amberjack conducted at the Goto Station of the National Center for Stock Enhancement were

carried out from 1987 to 2000. During this period, VA in Japanese amberjack and yellowtail amberjack occurred

during eight and eleven of these years, respectively. It was clarified that water temperature during disease

occurrence ranged from 22 to 24� and that severe outbreak of VA was observed in individuals ranging from 20

to 200 mm in total length in both species. According to these studies, it was postulated that the major infection

route of yellowtail ascites virus (YTAV), which is a causative agent of VA, is vertical transmission from

broodstock to larvae via the eggs. Both the selection of spawners and the control of high water temperature (over

25�) in seed production operations was e#ective as a countermeasure against VA.

2005� 12� 15���

1980����	
����
�� Seriola quinqueradi-

ata���	���� ��
�����
��	���
�
�� !"#$�%& '(�)�(*+ ,
-�
1983�	./012
34	56�789

%&	
��)��:;<=� >?@ABCDEF	�G>?@
AH��% Iviral ascites� JK VAL #�MN<=*1, 2)+
OP>?@A.Q@R>?@AS
 AquabirnavirusT	
�
U=� V�� YAV (yellowtail ascites virus)#��U
=*�3)� WX7.YZC���	[� YTAV#\]=
���+
�����	�N� YTAV
^_`�.� abc�

U=*�����$7	�>?@A	^_(���d#
e<� YTAV	^_(*���� ���	fghid
#	����j�#kl<=���4)+ mnop
1�

�����	�N� VA
�5&q7.� 5�Kre
< 6�sr
�t� 21u23�
vw	�xyz 3.0u
15.1 g
��	��$�d#��{U=���5)+
3�� 4	56�	���.� 4	56|s}~�	
���(](]m�)�� ��*;� ��4	
��
CD56	��D��#D����+ YTAV
^_`�
	���.� ����
3��>?@A���.>?@
A
s��y ��(���d#e<� ^_(*��e

�1 �������6��EF���� �p�������� �879�2602 ��o� ��p����p
(Kamiura Staion, National Center for Stock Enhancement, Kamiura, Saiki, Oita 879�2602, Japan).

�2 �������6��EF����  !�������� �894�2414 ¡¢£o�£¤/01¥��"�¦
§O 955�5.

�3 �������6��EF���� ¨£�������� �761�0111 ©ªom«�¨£¬¥ 234.

�4 �������6��EF���� #­£�������� �926�0216 ®ªo¯$�#­£°¥ 15�1�1.

�5 �������6��EF���� ����� �220�6115 ±²ªo³%�
´µD#µ<� 2�3�3 ¶
?��·�¸� B¹ 15º»
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������������	
 YTAV���
����
����	
�������
��6)� ���� 
��
������������ VA�	���������
 �!" ��
#$%� ��������&'()�� �*+!"
,#��$�%-./01234&��&'0123
567� 4&��&'01238 �� 1987'�� 2000'
9%� 14'��(:);%<�=>���?@AB S.

lalandi�
��� 5*+$,8 ����� 5-�C./
D��8 �*+�
���E0���� VA�	���
�F�
(:9�+�� #�1� G'����2��3
�4H 55�'6� ��7	8����9�8�8 ��
��%� VA	��:;���I�F�
J<����
K�� VA�	���5�=�����
��	
BL
MN	�$O 5	���8 ����PQ>?@�AB�
�� �R%"� $���PQ>?@�ST�F�
�!
���

�����

���	�
��
 =>%"� CDCU%&V���
E�9�"���4&��&'0123�C./D��
55 mW5 mWF� 5 mX YZ� �[ 10 m8 % 1\4'�3
���2��G��� 9�� ?@AB2��F�
"C
D�E�������]��� 
������^
��
3��
H_>�9��`��=�Ka	� 5I 18� 9
��`��2��J<� 5�KL8 "� =>���?@
AB%#�b� 4.2\14.9 kg��� 2.8\9.1 kg%a	
�� 2�"����M 2\4cdN�C./D����
*+$, 5e1f>3gO� AP� 90 kl8 
QP�� 5
�$O�=>%" 17\20h� ?@AB%" 17\22h�
?R��� 2���S�TU���+�� VW 5100 W

9�" 500 W8 �$,X�$�9�"$.+�YZ��
�[i 6��\W��]�^_N�`abjklm1c
dklm1 5gonadotropin-releasing hormone: GnRH,

SigmaO8%"�KL 1 kge�: 50\600 mg�fg�
�h-Ka	�� 9�� $,X%����7	���+
�� ?gijk�`abjklm1 5human chorionic

gonadotropin: HCG, lnmoOnO8 ��KL 1 kge
�: 450\1,000 IUop��� 3���=>���?@
AB�2�"� q'#�b� 2\5d��� 4\6d��
��7	��� 9�"� =>%"klm1op���$
,X%�7	��a��"�^rs 5pt�8 ��:�
9�� ?@AB%"�q
klm1op���7	��
��:,	��
���
����	 =>%"us�9�"rs��
50� 19�" 2��8 �5�$, 5e1f>3gO�AP
� 60 kl8 �QP�� 5�$O� 19\22h�tv�
5
���� ?@AB%"wx�$,�rs�� 51��8�
QP�� 5�$O" 22\25h���� �u���
��

�
K� yz{|}~� 5 mg/l67� � ��v��
wx3yg1�G��z�B��� 5���"$��{
��|��+}1~f����y Nannochloropsis ocu-

lata������ ���i 53��8 ����" S���
� Brachionus rotundiformisa��" L���� B. plica-

tilis����� #�i� ����]�-�|
xl��
x�E��������-5� 5?~Al���5��
��$�5�8OX ��5�(�� (���^'5�8O8
������ 1990'6N�5�%"� $���5���
]�����W�9�%����CDe��3��
5Acartia spp., Oithona sp., Paracalanus sp., Tigriopus sp.,�
�� Euterpina sp.8� xl��xE���]M 1.5\3 mm

9%����3�xl��x� �3��2A��1e�
A�LNL��L�us�Nrs��� Ax�� AB�
���Lc}���-���1��������
=>%"���]� 25 mm�� ?@AB%" 35 mm

�����\%*+$,��(:��� ����^0�
�,��� (:�����"�6��i� C./D��
54 mW4 mWF� 3 m8 � 1/D��e�:M 7��\2

����^�QP��� #�i� ����]�-�|

��/D���6��N�� c���9%�����
,	�� �u���
%K�������"� ����
-5� 5���+� ��O�OX A>1�>3M� J�
&'O8 ��]�-�|
%�KL�M 3\10���{
������  �� 2000'%"� ������*+$,
�YZ��/D:�� 54 mW3 mWF� 1.8 m8 %��
���,	��

1990'6N�����%"� $�6 �¡¢x�� L
c}����Ax���1��������
C.��%������"� ����£U�$O��
�$F 5 m����C$�9(��L�����i� ¤
�}~�¥����
VA��� 
���a��"����%	��� ¡
� YTAV�¢£���¤�"� CHSE-214�¥ 5Ay~
y¦��¢£�¥87, 8) �G��§Lly��¦¨�3
����>©@3ª	§¨« (polymerase chain reaction:

PCR)���� YTAV¬�©�Jd9)��:ª����
 �� 1994'�=>�?@AB�5�=����� ¡
�"� «$�¬­���«��®¯ ­�°�±²> 
°�1)�:;�®¯< VA�ª³��� ���� =>�
��?@AB�K� G'�9��`��2�����
YTAV���a��"°±��§Lly��²K�´
:�:;����?@"AB� �	��

CHSE-214�¥�G���¦¨�3%"� 
���a
��"����%� ¡���;³>�´m�µd��
9¶��Hanks’ BSS (HBSS)��µ
C·��K�¸¹
��� ¸¹��i�¶º�¦ 51,000W�% 15��� 4h8
�� #�+�� 0.45 mm�©1=·1¸¹l23%ºE
��� #�º±��e��HBSS%»»�� a��¼+
1���3�� CHSE-214�¥�¼
�
 20h�L1
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������������ 	���
� (cytopathic

e#ect: CPE) ���
�	���
��� PCR
�������� ����������

�

���� ISOGEN  ��!�"�# 
�$%&

�'(%)*+, RNA 
�-��� �-�� RNA ��
0.1 .DEPC  diethyl pyrocarbonate, Sigma�# /�0�
�1�� Suzuki et al.9) ��
�23% PCR�4
5$�
��6����
�	��� 7�� �48���� 50 ml

9�� :�;<��� Super Script TM II  GIBCO BRL

�#
��� DNA =>?@�A�� Takara EX Taq  �
B��# 
�$��
������ 1995 6 C�D!"6��$%� VA �
����E	FGH�I�J>#�  $K�% 42.7

mm# 
�L&M� �NO�PQR  19,300'# 9(SR
 18,000'# � 2 T�)U� VHWH*�+X0,  Y"
Z>�[�� \-� 60 kl# .�/0��1"2  4 m]3

m]^_ 1.8 m# �`-��� ab�0��cdef0

g���� PQR��1"2�`-��3h� 5�i�
j40k (21.4l21.9m) 9�� V�n� ab0k
5
4mXo_p% 26m��qk�� rn�s�0k
tu
��  v 1#� (SR�PQwi
6�%j40k (21.4

l23.7m) 9��� xywi�7R9z�8� 15�i9
�� PQwi��{9�:|a;
<�}~�� ���
�=�>?@A���
xy�� ���7EG���
��

� �

	
��
 VA��
��� J>��$%� ���B
C� �D ��  E� 8�� 6FGH�
� �F�
�
�$��F�w7���D����$9D!"6eI�
�U�#��� VAH"���9��J���$%�K
��� ���� $�H����D�����L��$%
z� VAH"���9�i�M��J��	FGH7
�(�� ��� �@���zNO�� ����D���
�$9D!"6eI�� VAH"���9�i��J�
�	FGH7�(� P 1#�
VA����� ����QR�
5(� 1987 �G
2000 ��� 14 i�� J>��D!"6��$%
1988 � 1989 ��� 1995 ��� 3 �� ��� �
ibD��$%� 1987 �G 1996 ���� 9
2000 ��� 11 �H"E	FGH�  P 1, 2#�
J>�D!"6��U� VA �H"�� 3 i�� 12

��ab�S� 3 �S�L�HT��#���%� 18l
40 mm� 8�� 0.1l0.9 g �U��� H"��0k� 22

l23m� H"�w� 5 C ¡l7 CX¡��(�� ��
V� 4.2l94.1.9ab�S��LW¢£¤7(�  P
2#�
��� �ibD��� 11 i�� 31 ��ab�S�

� 22 �S� VA EH"��� HT���%� 30l200

mm  8� 0.3l104.0 g#� 0k� 16l28m�H"�w� 4

CX¡l8 C ¡��(�� ��V� 20.
X¥��S
z�(�E� Y£��.IZ��(�  P 2#�
��� �@���D!"6��$%�� 1990 ���

1992 ��U�� 8 ��ab�S�¦§ 6 �S� VA

�H"E	FGH�  P 1, 3#� HT���%� 19l40

mm  8� 0.1l0.7 g# �U���L� ab0k� 21l
24m� H"�w� 6 CX¡l7 CX¡��(�� ��V
� 34.6l92.1.9¨$[
©��� ��� �ibD���
1987 �G 1995 ��� 9 i�¦§ 8 i��$%
H"E�L� �ibD�S 20S� 17S�HTE	FG
H�� HT���%� 30l160 mm  8� 0.5l41.0 g#�
0k� 21l29m� H"�w� 6 C�¡l8 C�¡��(
�� ��V� 0.4l60.1.�U���(�� 1994 
�
£H"�S��� $�Hz>?E@A����ª8�
G� CHSE-214 	�� CPE �H«E	FGH� YTAV E
)\_H��
7�� 7�D
¬��ibD�� 5 Cl8 C��U�

f]�0^ 5 m �­)^Z�� 32.5l37.1®�U���
L�  ��LW¢£�_��s9�7�(��
������ qkabPQ��U�7R�"¯V�°
�Q�±
v 1 �©��� 7R9z� PQ²³ 5�n�
���i��V�´W 0.2.��(�E� qk/�R�
� 6�n� 3.8.97L����Eµ¶��q�����
��� VA �¬`���>0�ab���>?�@AE
·c�	FGH��F� �¸EHT��9d�_H��
s��e�qk/�R��f§�qk��Lab0k

26m�Xo_p�9sd� PQ²³ 7�n������
µ¶�¹º�� �i��V� 0.45.�g ��� V�n
z�i��V�g �� PQ»h�  ¼PQ²³ 15�
n#��i��V� 0.1.��(��qk/�R�PQ»
h��"¯V� 93.4.��(��

� 1. VA EH"��J>#��qk/�R9(SR�"
¯V9ab0k��±
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��� ������ �	
� 4�
��������
��� 0.3������� 5�
� 5.3����� 6�8�

�� 10.9�11.0���������� �!"� ��
����#$%&�' ��(�� )*+���,���
��	-�#$%& VA�.���"��/01&�'
2�
�34���56�78"�9��� �	:
;
�<=>9������ 2.3�����' �����	
:
;�?@�� 49.7�����'

� �

����� VA�	
 AB��� CD?E�� YTAV

�FGH��">� I�
J(K%LMN(O�PQR
S�TU>=V�WX%&>=V6)' 2Y�� AB<.
Z[\]^J(�_=>� �`ab��VJ(����

�`c�� d�� ef<.Zgh�ijV�$�E��
k��lI���� I�c��m(C�CD?Eno�
<pV VA�k?����_=>qr"� s(�<pV
VA�k?i�k9"t��uvVJ(�`ab�_=
>wx"�' "K"� yz�qr��� ={&�|��
<=>9s(�� VA�k?�������}�~�#
$%&�K��' "K"� Y�Y�K%J(��`ab
<.ZE�� �k���� VA�k?�}�">=�=
���X{� y
� �`ab�J(���������
���e�l�������������v���_=
>qrvV����V�WX%&�'
VA	
���
� �(C�9� VA�k?b6�"
>�� � 1��1&V.��CD?E.�9���`�
�k?������=������' "K"� VA�k
?���<pV����� �(C�9�CD?E� v�

� 1. AB<.Z[\]^���J(�E��k��<.Zs(�<pV����~����k?���_=>

(C d
I���"�J(I���"�J(

E��k
���2 I����3 I�c�

����

VAk?����4VAk?����4

���1 �`c�
�d�

d�
� �

ef
(kg)

CD?E ���`

A B 1987 ¡¢ 1�2 4�5 3.3� 5.2 H IS£AI 3.29�5.17 �" ��
1988 ¡¢ 1�3 5�7 7.1�14.6 H IS£AI 4.6�5.16 �� ��
1989 ¡¢ 1� 3 4� 7 5.1�11.5 G£H IS£AI 4.3�5.10 �� ��
1990 ¡¢ 2 5 6.7�13.9 G£H IS 4.3�4.17 �" ��
1991 ¡¢ 1�2 4�5 4.0� 9.4 G£H IS 5.21� 6.6 �" ��
1992 ¡¢ 1�3 4�7 6.5� 9.8 H IS 3.16�4.30 �" ��
1993 ¡¢ 2�4 5�7 6.6�11.6 H IS 3.8�4.30 �" ��
1994 ¡¢ 1�3 4�6 6.9�11.4 G£H IS 3.3� 5.5 �" ��
1995 ¡¢ 1�2 4�5 8.1�11.7 H IS£AI 3.4� 5.8 �� ��
1996 ¡¢ 2 5 8.3�11.1 G£H IS£AI 3.4�4.27 �" ��
1997 ¡¢ 2 5 7.0� 9.0 G£H IS 3.3�4.26 �" �"
1998 ¡¢ 1� 3 4� 7 7.9�12.4 H IS 3.6 �" �"
1999 ¡¢ 2 5 8.6�10.1 G£H IS 2.14 �" �"
2000 ¡¢ 2�3 5�6 7.6� 9.4 H IS 2.4�2.12 �" ��

¤¥ 3/14�5 11/14

[\]^ 1987 ¦§ 3�4 3�4 6.8� 9.1 H IS 5.12�6.12 �" ��
1988 ¦§ 4�5 4�5 4.4� 9.0 H IS 6.25, 7.3 �" �"
1989 ¦§ 5 5 5.1�11.5 H IS 5.13�6. 2 �" ��
1990 ¡¢� ¦§ 2�3� 6 5�6� 6 4.3�10.5 G£H IS 5.3�5.18 �� ��
1991 ¡¢ 2�4 4�6 4.7� 9.3 G£H IS 4.19�5.22 �" ��
1992 ¡¢ 1�3 4�6 5.6�12.5 H IS 4.25�5.19 �� ��
1993 ¡¢ 3 6 12.9 H IS 4.16 �" ��
1994 ¡¢ 2 5 4.6� 7.4 H IS 6.8 �" ��
1995 ¡¢ 4 7 13.6 H IS 5.6 �" ��
1996 ¡¢ 3 6 7.6�12.0 H IS 5.5, 5.12 �" ��6

1997 ¡¢ 2 5 3.8� 6.2 H IS 5.26 �" ��6

1998 ¡¢ 4 7 10.2�12.1 H IS 6.1 �" ��6

1999 ¡¢ 4 7 11.7 H IS 4.30�5.18 �" ��6

2000 ¡¢ 1 4 8.0 H IS 6.16 �" ��6

¤¥ 2/14 8/9

�1 ¡¢¨ ¡¢(i�`"�J(� ¦§¨ ¦§CD?E(i�`"�J(©
�2 G¨ GnRHª�� H¨ HCG «¬©
�3 IS¨ �­®���kE� (induced spawning), AI¨ ¦§¯h (artificial insemination)©
�4 VAk?����� ���°±� ² ³���V=� PCR��={&K� ���´µ¤¶·����¸0"� �� 2<.Z 3

i¹��©
�5 CD?E������`no�<pV VAk?��6/CD?E������`�º»d6©
�6 !¼�­�<pVCD?E�µ�� ���`�º»">=�=©
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��� �����	
��	
�����������
�� 2, 3�� VA	���� !"�#$�%&'�	()
!*&+� ,-.!/012�34�56� 78/03)

�9:;<=>10)�9�? 6 g'�	>@�A&+� �
���BC YTAV!DEF/GH���%I�()J
&#�F� '�� KL>@�9����BC YTAV	/
0���M4�I()J&#�F4)� NO	PQRS	
TU$� %&V	WXIBYZ[�#\]� YTAV!D
EF/GH���^_ �`a� 	bcDd!"�#ef
EFgh�AFIijV&��
VA������ ���	 VA��k��`	lm^_
$� 2\*n 3!�J&F*o!� >@kp�$qr\

*nstu�!\�#� v&w& 22x23y\*n 21x
24y�A4�� %&V	^_z{	o�� |}>�	�
k~�!\�#� VA	�k����#��V&�	$�
qr� 22x23y�stu��$ 22x24y�A4����
�4#� >@kp!\�#$^_ 22x24y	z{� VA

��9�k��E�IijV&��
Z
� ��m��$� qr\*nstu�!\�#�
v&w& 16x28y\*n 21x29y	^_z{��k�
�� %	o�� �k~������	$qr\*nst
u��v&w& 22x25y\*n 23x25y�A4�� �
��4#� ��m�!\�#$^_ 22x25y	z{�
VA��9�k��E�IijV&��


 2. qr!\�F����H:^�	�k��

��
VA	�k���V&�

��
��1 
�� (�) �k��
� ^_ (y) ���� (mm) ���? (g) `a

>@kp 1988 23 26x40 0.3x0.9 6���x7��� A�B 89.8 1/4�2

1989 22 18x25 0.1x0.3 5���x6��� A�B 94.1 1/3

1995 22x23 21 0.2 6���x7��� A�B 4.2 1/5

6� 22x23 18x40 0.1x0.9 5���x7��� 4.2x94.1 3/12

��m� 1987 21x28 40x170 0.9x71.5 7���x8��� A�B 0.1 1/2

1988 25x26 30x150 0.3x56.5 7��� A�B  0.1 1/2

1989 22 50x130 1.7x32.9 6���x7��� A�B 1.3 1/5

1990 20x27 50x100 1.7x13.2 6���x7��� A�B 4.6x10.0 2/2

1991 20x25 60x100 3.1x13.2 6���x7��� A�B 0.2 4/4

1992 21x28 110x200 17.7x104.0 6���x7��� A�B 7.0 3/3

1993 22x25 60x110 2.0x9.8 7���x7��� A�B 8.0 2/2

1994 24x28 92x145 10.8x39.7 7���x8��� A ¡¢ 1/2

1995 22x26 53x100 2.0x13.2 6���x7��� A�B 23.2 2/2

1996 24x25 65x 80 3.8x7.0 7���x7��� A�B 20.0 1/2

2000 20x24 90x170 10.2x71.5 5����x7��� A�B�C 0.1 2/2

2000�3 16x25 35x90 0.6x10.2 4���x5��� A�B�C 32.5 2/3

6� 16x28 30x200 0.3x104.0 4���x8���  0.1x32.5 22/31

�1 A£ ��	¤¥� B£ ¦§¨©�� C£ PCR�ª
�2 VA�k~��/lm~�«�ª
�3 ¬�^­�	��m�ª


 3. stu�!\�F����H:^�	�k��

��
VA	�k���V&�

��
��1 
�� (�) �k��
� ^_ (y) ���� (mm) ���? (g) `a

>@kp 1990 21x24 30x40 0.3x0.7 6���x7��� A�B 34.6x92.1 4/4�2

1992 22x24 19x38 0.1x0.6 6���x7��� A�B 90.5 2/4

6� 21x24 19x40 0.1x0.7 6���x7��� 34.6x92.1 6/8

��m� 1987 21x25 35x53 0.5x1.6 6���x7��� A�B 30.3x60.1 4/4

1989 21x26 50x160 1.3x41.0 6���x7��� A�B 21.2 1/1

1990 21x24 46x100 1.0x10.1 6���x7��� A�B 25.1x50.2 4/4

1991 21x25 30x50 0.3x1.3 7���x7��� A�B 45.0 1/3

1992 24 100 10.2 7���x7��� A�B 0.4 1/1

1993 23x25 84x112 6.3x14.6 6���x7��� A�B 34.0 2/3

1994 28x29 59x102 2.2x10.8 8���x8��� A 40.0 2/2

1995 21x26 75x120 4.4x17.5 6���x7��� A�B 23.0 2/2

6� 21x29 30x160 0.5x41.0 6���x8��� 0.4x60.1 17/20

�1 A: ��	¤¥� B: ¦§¨©�ª
�2 VA�k~��/lm~�«�ª
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Early development in Japanese Spanish mackerel Scomberomorus niphonius

Masanobu M6IHJD@6

Larvae and juveniles of the Japanese Spanish mackerel Scomberomorus niphonius were reared from fertilized

eggs at laboratory. Some external development of living specimens was observed by microscope, taking

photographs. Four days after hatching, larvae with some oil globule started to feed on the black sea bream

Acanthopagrus schlegeli larvae. Ten days old larvae had rudiment of caudal fin rays, although the notochord was

still straight. Metamorphosis proceeded thereafter, 15 days old specimens showed developed condition. Eighteen

days old fishes with all perfectly formed fins became juveniles.

2005� 9� 7���

��� Scomberomorus niphonius���� 115 cm� �
	 10 kg	

����
������ 
������
������ 1953�1975������ 900�1,700��
������� 1976�	 2,500���� � 1986�	
6,255�����!�"� #�$� ����%�	�&�
1998�	� 196���'���("� )�� *�+,	
%��"���-./0�12�"3	4��5��6
�-.7��89:&;<=>�1)�
�?�?��@/����"�ABC��D;2)9�
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Q*�R\�]^_ �?��@F129`� � Xa�
� 103�4b��@9c5�� � #�6d9121
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*�+,	�?�?��@�c5��("9� �A&
Ce7	fg���F�8Fh5i8j�9:�k�l
6;;O	1<=>�>� �?�<mL`AO;=��
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��>,?r�<m@s/
t(=f � #��A&Ce7/=�?�t��Au

�*���B	fg�&C�A��vwC��6� x
�Z[D�y�/tz��t	� ?��@	fg��v

E�{D� BCK%�|Eow12FG�}~��H	
�I
����<��
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"� 1�qO;� m��=�¯°} Acanthopagrus schle-

geli�nop�/rI�� 10�q±²�� ³°} Pagrus

major�nop�tst�	I´"�
k� 5� 12�13��ef	no�"� u 1A� 13�
�µv 9¶	·¸�"�� 5.05 mm� 0�q�p���

� ,-G.() /@0IZ[\�]^ 
���¨/@Z[h ¹739�0452 º!¢w�»»¼x 2�17�5
(National Research Institute of Fisheries and Environment of Inland Sea, Fisheries Research Agency, Hatsukaichi,

Hiroshima 739�0452, Japan).
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Appearance of the Ovigerous Swimming Crab Portunus trituberculatus

during Overwintering Period in Hiuchi-Nada, the Central Seto Inland Sea

Akio W6I6C67:

Twelve ovigerous swimming crabs were found during the overwintering period in Hiuchi-Nada, and the state

of their fishing and ovarian development were studied. The carapace widths including the lateral spines of most

ovigerous crabs were greater than 200 mm. The state of ovarian development in ten of these crabs was still in the

early stages, and that of the other two was in the eye pigment formation stage. The bottom seawater temperatures

in February, March, and December 2004 exceeded the typical average temperature of this season by more than

1�. Therefore, it may be assumed that the higher seawater temperature induced oviposition. Five ovigerous crabs

were cultured at 16�; three survived until the hatching stage. Since the larvae had settled at the bottom of the

tank, they had probably not hatched normally.
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HI�4�JK&�@()*�+ J�LM� 4�NO�

����&124�JK�P(�=>� �Q�� !
�1)�RST"5)�	
����U#&%@(��%�
=�+ $56�����	*)V%W� 12X&�
�
����12AY'DLJK?@� Z�12[\A�]
4�KK^�� _`ab?@���`��*)cd��
eA(L���]4�+

��� !

2004� 2� 12�E3� 31�	f� 2004� 11� 1�
E2005� 3� 31�P�� g)hijk�lm�no*
$p� *qrk�qr�no*$p	f�st+�no
*$p��ku�T,v'(Lw�����xy� 
�

D)*�����z{|GA}-DL+ PLg)h~�
.�k��/��no*$p�ku��O��WF�Y
'DL 1X&�
����A}-DL+ }-DL
��
���|�0� &�A12D� ����AY'DL+ Z
D)� 2004� 12� 4�E2005� 2� 22����'(
L 5X&��*)�� g)h.3TIabu435u�
���� ��A�'6 100 mm���fx�7*L 1 m3

FRPT� 1�����8D� ����� 16����D
)_`DL+ ZD)� ��������6)�Y'��� �
�P� 3��K� 109��A #D� ¡¢£�¤¥
¦����f>¢:�;§ (EL)� ¢:��§ (ES)� �
�;§ (L)	f����§ (S)A12D� Eye Pigme-

nted Index6) [EPI¨{(EL©ES)/(L©S)}©103]��ª<
A«¬DL+ V%W�
����� 12�K 2E3��i
jk=­>®?���'(�JK&@?¯LLM� A�
1H2:�;&°±'()*�=­>q-. ²³-2´
�; Stn.17� µ 1¶ �	
� 1975E2005�� 2� 3�	f
� 12���· ²20 m·¶ T�A��-.�T��¸B
KD)¹CDL+

� g)h.3TIabu435u º799�1303 g)hqrkst+� 1188 (Toyo Branch Ehime Prefectural

Chuyo Fisheries Experimental Station, 1188 Kawarazu, Saijo, Ehime 799�1303, Japan)
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� 1���������	��
��
��� � 1�
�������	� ��
��� 11�� 1��� 12�
� 4��� 2�� 4��� 3�� 3������	� ��
��	��
���� 2004� 11� 6�
��� 160

mm��� 200 mm� 
!"��#$%	� ��&

�'��()*+,�6)
-	./01	.�234�
�+5/%	+� 2004� 3� 17�6
� 12� 20��
��7��86)
9:.�2�	��;����	� �
�
����<=��>=?@AB=C

DE� 20F
30 m
GH# 8��� IJ=C

DE� 20 m
GH
# 1��� KL�MN
OP�Q
DE� 10 m
GH
# 1��R�S�����	� T?� 5U����	�
<=?@A�>=C
GH�
��
��V6T%WX
47)� � 2���
��+5U����	�>=KGH
�?Y4� 12�� 2�� ?@A 3�
Z[D\
]��
^���	� ��
��+����	 2004� 2�
D
\� 11.81_� 3�� 11.27_� 12�� 18.41_� 2005� 2

�� 11.31_#$%	���� 2��� ����	 2004

� 2�
��`�a1.49_ b1975��8 4��
cD
\d� 2004� 3�
��`�a1.09_ befgcd� 2004

� 12�
��`�a1.49_ befgcd #$h� i�6
;��j@h 1_� c/%	�
� 2� 2004� 12�/0 2005� 2������	�
�
��
k(lmno���	� k(�	 5��
�
�
��
pqr
sNo. 8, 10, 11
 3��+�t
u
^v#tw�	� 
��
��� u^xy�z{+ 0.4

mm|}v#~!�1, 6)� ����+����� $4X�
k(D\+cX���"^34�66)+�0�WX4�
���
u^ 3�y
z{� 0.42F0.43 mm6���!
�/%	+� �X��#$%	�66� �D\ (16_)#
k(�	�6+R
��#$46��0�4�
��6)��
�(��%W EPI b�
�����34
7�
���d +x���~�34�6/0� EPI6u
^v#
����\} bk(D\/0���(\}

14.0_�`��X	j�u^y�v#���	jd ��
�� #�3�6+#�46¡¢WX4� R�#� ��
�/0�	D\ 16_#k(�	VP
 EPI (x)6��
��\} (y)��XW�
�£¤��	� 	¥�� No11

�u^ 3�y
 EPI+¦
 2��6���§¨���
/%		©ª«¬@h�­�	�

� 1. ����?Y4��
��
����6D�<V
����
 ®�� 1
¯°±²�³��3� ¯°
±²�³ 7, 9, ?@A 12�������´

	 1. � #��������	��
��

No. ��� D�<V ��GH �! ���
(mm)

�µ
(g)

�
.

1 2004/2/12 ¶�·�N �>=C
 ZA�" 224 713 -	.
2 2004/2/13 ¶�·�N B=C
 ZA�" 257 1,114 1	.
3 2004/2/24 ¸¹�N �>=C
 ZA�" 248 975 -	.
4 2004/3/9 º#»�N IJ=C
 ZA�" 245 903 -	.
5 2004/3/17 KL�N �<=C
 ZA�" 200 657 9:.
6 2004/3/30 KL�N KL�N�Q ¼" 235 1,022 1	.
7 2004/11/6 ¶�·�N �� ZA�" 160 � 1	.
8 2004/12/4 ¸¹�N �>=C
 ZA�" 264 1,128 1	.
9 2004/12/17 ¸¹�N �� ZA�" 219 769 -	.

10 2004/12/20 ¸¹�N �>=C
 ZA�" 205 751 9:.
11 2004/12/20 ¶�·�N �>=C
 ZA�" 207 622 -	.
12 2005/2/22 ¶�·�N �� ZA�" 233 828 1	.

� 2. �>=KGH�?Y4Z[ b20 m[d D\
]�
�^
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y�37.035�0.3216x (n�5, r�0.898)

���� �����	�
��� 37.035�
���
�� 1������
��� 2������������
�������	� 18.5����� 
�6)������
�������������	 (y)���
� (x)� 
!"#$�%&��

ln y�10.6109�2.7605 ln x

'� !$�� 16����&��(��������
���	� 19.2����� �)*��+,� 18.5��
--./0�&�� �'1�� 23 34����567
����&����8�9:�� 
����;�<&=
>�'���?���8)��@��AB�C�� ��

��
�D?�����E��F����AB�C�
D��G��HI� 2004 5J�!K� L5J 11�M �
�"
�� 15.65���@�'���� #$HI��'
��NO%;��&�567���PQ;&RSC�>
T'(D%USC�� 2V� 567��D)�;��W
�*X��"Y+W�,�D���AB��
Z-N;-[���567�.\	;�>=�] 
^_`��>D� �!KNa�O%;Z-N���56
7"Y+&�bc/�de0	��@�'���� �)
*Na;1�@�T'(Df>�AB�� 567��2
��3�g��
���4;5hSC� 4J67O<�

�D 12�"8B��E;g�"ijW�'�D9�
C=>�9)� 23��567DbkSC�:;��"

��� 12�;�3&=>��@�D� < ��= 1�f
�@�'���� f
�;��g�D>?SC�T'(
D%USC�� S�;� @A�4NB�
��-N"6
C;DElm;��10)� 2V
�DE;F>Z-N;-
[���567�.\	DGRW�T'(D���AB
�C��
 a;bkSC���567�no� Z-N��56
7�bkH�pq����D� R���;��IJ�g
;KL�E�T'(r��� 2VrsMB�.\Nt�
!K��r;� �2��O��g�;u����Pv�
wQD,�����

��

�RS"��,�;���� �x�dyz�dT{"
>�|>�}U~6V
g������WXY�;�Z
�y"[&�W� \���];���d�^">�|>
���bc�_`(�ab c�� ��dbc�_`(
�efS�`(4� �Pbc�_`(��� g���
eh�bc�_`(����i�;jZ&�W�

� �

1) ��ki (1938)l�mH567!K� 
g���n�� 9,

141�212�
2) f� o
�� � (1983) pVAqr;-[���56
7�s�;�>=� t 153u�����mHbc)*�
n�� 67�73.

3) v �0w
��xy (1995) z�{m{r;-[�56
7�|}�~� ��
�)n� 53, 17�21�

4) 2�W�
��k�

�� 
 � �
� |0
(1998) �¡~�
¢£�;-[�567¤��} :N�

gG}� 46, 75�82�

5) ��c¥
���� (1983) I�}�~��N��¦� �O
�g�� 567IJ�Hg§� L567IJ�g)*�M�
��
gPQ�¨��� z�� 10�17�

6) 
��  (1996) 567��}���; W�)*� ��
©�bc����)*n�� 8. 124 pp�

7) ª���
q��0 (1992) \«��¬�����&�l
�mH@A�567���¦� �
­� 58, 2297�2302�

8) ���� (1983) IIIJ�g� 2�5®���� 567IJ
�Hg§� L567IJ�g)*�M���
gPQ�¨�
�� z�� 41�55�

9) H6B6H6@>, K., H. IB6>, N. A@>N6B6, and K.F J@JC6<6

(2004) Ovarian development and induced oviposition of the

overwintering swimming crab Portunus trituberculatus

(Brachyura: Portunidae) reared in laboratory. Fisheries

Sci., 70, 988�995.

10) ¯a�d°
��W�
�� �
l� � (2002) }U
~HI;-[�
�
ª��4N��lm;�>=�t 31

3uH
l�mH !K§��±±�¡� l�m
)�
112�115�

� 2. Z-N;.\&���567�����²³

�5®No bk� (A)
EPI��<´¢ �� 3�%�

<´£µ (mm)
��� (B) B¶A pA

�� 9�% 6�% 3�%

8 2004/12/4 72.7 87.0 0.43 2005/1/17 44 3/18 ·g�� 3/28 ¸¤
9 2004/12/17 1/21 ¸¤

10 2004/12/20 64.2 83.1 100.9 0.42 2004/12/30 10 2/14 ·g�� _�¸¤
11 2004/12/20 32.2 56.1 0.43 2005/1/24 35 2/14 ¸¤
12 2005/2/22 2/23 ¸¤

��¥��ES"%W¹\�� �¥�4µ (EL)� ¦µ (ES)� -�º��4µ (L)� ¦µ (S)��� [(EL»ES)/(L»S)]»103�
¼
SC��
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�������������� !��� ���
��������"#$�%&'()*+

,-./�101 2 3�204 5 6 /�307 8 9 :�4

; < =�50> ? @ A�10B ? C D�6

Residue of oxytetracycline hydrochloride and alkyl trimethyl ammonium

calcium oxytetracycline in the muscle of Perciform fish species

Ken-ichi W6I6C67:� Yasuhiro S=>B6, Masakazu AH=>96I:, Toyohiro N>H=>D@6,

Jun S6ID=, Takurou HDII6, and Takaji I>96

In this study, the twelve fish species employed were the red seabream Pagrus major, the black sea bream

Acanthopagrus schlegelii, the yellowtail Seriola quinqueradiata, the purplish amberjack S. dumerili, the gold striped

amberjack S. lalandi, the striped jack Psuedocaranx dentex, the long tooth grouper Epinephelus brunenus, the seven

band grouper E. septemfaciatus, the red spotted grouper E. akaara, the three line grunt Parapristipoma trilineatum,

the spotted parrot fish Oplegnathus punctatus, and girella Girella punctata. These fishes were fed moist pellets or

dry pellets containing 50 mg/kg (BW) of oxytetracycline hydrochloride (OTC) or alkyl trimethyl ammonium

calcium oxytetracycline (OTC-Q) for seven days (prescription period). Thereafter, feeds containing no antibiotics

were provided to these fishes continuously for 20 days (OTC-Q fish) and 30 days (OTC fish) (resting period). The

muscles of these fishes were individually sampled and stored at�80� until analysis. Sampling was conducted the

following day of the prescription and resting periods. Residue in these specimens as OTC was analyzed using High

Performance Liquid Chromatography. Specimens which were sampled after prescription showed high concentra-

tions of OTC. However, rested specimens showed values lower than those set under food safety standards for

human consumption.

2005� 12� 15���

	
��
��������������������
������ !"�#$%� 
&'(�)*+,-.
�/'��� 0
12�345+67�8�	
9:.
;<7��=> ?@�	
��
��AB=��;<�
+6������ CDEFGH.IJK��LMNOP

Q� RS�H2T��
������ ���� ���.
9%UVWJX�MNYJ Z	
[\]�^�3_`N
a=[\��
���� bcde ;<�fgX� hi
j_k blm� Znopqork N�s>e �tQ� uvG
HT� 7L��.+6wK Z_k xyT;<wK�%

�1 z�{|/}	
~����r�� ��_�����r�� �788�0315 ������9����_ 330

(Komame Station, National Center for Stock Enhancement, FRA 330, Komame, Ohtsuki� Kouchi 788�0315,

Japan).

�2 z�{|/}	
~����r�� ��������r�� �926�0216 ����������� 15�1�1.

�3 z�{|/}	
~����r�� �������r�� �706�0002 ������ ¡ 5�21�1.

�4 z�{|/}	
~����r�� ¢£�����r�� �879�2602 95�¤¥�¢£9¦§¨£©
�5 z�{|/}	
~����r�� ª������r�� �853�0508 «¬�ª���­£�®£ 122�7.

�6 z�{|/}	
~����r�� CD��¯°±²³´ �516�0193 µ¶�·-�¸¹�º§»£ 422�1.
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&D�F
!9�()�(3* ��6�
:G(�; �<����� H���  �!�$���
���,�=
> ���(�?����  �����
�����������
I��� ���6�0�
&
'
�12�
�� ������()�(3* ��
6�:G(�;��� '&@AJ8� BC �D��,
��KE�� FGLHIJ �K7MNO=PQL#E

RM���;��:GST(��#�6�U���
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 @:G��;
��$�8� BC �D

�KN�O-
V�#PE�� WQXR@S!�#Y/L
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���TU 12� 3Z 31R
VW (12�33)��
�S!����[\#X�Y]�
I�� W1^� �VZ�
��_X� � �()�:G� 
`,���"
)a���
��
�� �6�'����(�bcd�� ef=��
ghi�� jk:�&�?lmnop�qr�[\�]
^��?��������studfvw<x:ly=
(OTC)�bcd�&�?jk:��qr�[\�]^
��?��������zmdmwy{|mz=}eg
~jmfg~udfvw<x:ly= (OTC-Q)��
��
������ �6�'�_`�(bcd����� P
:��n�:Pagrus major�l��: Acanthopagrus schle-

gelii, z����y Seriola quinqueradiata, j=�| S.

dumerili, �<nx S. lalandi, fnz� Psuedocaranx

dentex, �P��lo Epinephelus brunenus, n�P E.

septemfaciatus, d��P E. akaara, :xd��:xd
Parapristipoma trilineatum, :f�:��:f9d�:
Oplegnathus punctatus,{�h��{�h Girella punctata

�7� 12
�(�6
:G(L$��
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����� a�,��( 5jb��c
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I��8d��c��
O=PQ� lo&�?�y
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��� ����������������	
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������ ������	
��� �������
����
��� ���� !���"����#�������
$%����"& �!'$�"#�� $�%&$�'
(� ()*+,��)*��� ���#�����-�
%���+ %,-�.�� .!'�/0�� 12,-�.
��/�3��4��� 12,-�.� !/+ 
�03
	
��56��1��2��2�37��4%�)�
�5� 12,-�.������8.� �9: 1 kg;�
/ OTC�� 50 mg/
� OTC-Q� 50 mg/
%���
�������
��	
��
� �<���� 806=>�����
����� 7#�� OTC8�� OTC-Q�?9��@
6*�A:������B�;C,-�8�<���
=>?@ABC�D?E>FG���� ����� HB
IJKLMJ��� DE��F�7#�������<
NOP� .*�QGR�� 9G�������
���� !'	
H�� *S� ���� I�JT� K
LJT���U.�� V?W�MN�� XO���
�������� PQ��.�RY�SRZT%��
1!��U.� 20 g& �UV��� �W$� ����
$� [F\]FGX	$� 5!�^UUV��� 1Y�
20 g& �UV�
�.4���� ZY�\?C�� 1

!�%��� \?C��4� 5!�^UUV���
����� UV��!��� !�_%�`a?C[�
\-� �W� !'b� c9]d� U^_e
� :���
�`X��� f80g�GR�� PQ�ha��8�GR
bc���
������� ���� !39���de��fg	
�\*�Xh%� ijH�PQ%k�3l,-�(�*
�Xh%� i�
�m�(% jh�U^Xh�"#�
��+ %,-�.�� .!'�/0�� 03	
��56
JT�`k2���4%�)�� i��5� ��	
d
e�n
�UV�������^/OP�l2��%%
 �� Imn/� OTC�03	
 30
� OTC-Q� 20


%��12,-�.��5� OTC�� 31
� OTC-Q

�� 21
��!��U^��� 03�������5
6JT�l2��� ok-�p�qrH�,��o3r
�s#56ptp%uq��� qr%���rvw�3
x���
����� jy�!'de�� f80g�GRbc��
.�!��z{�|
.qrPQsFW?�@tBuB
I��}��~��� OTC� OTC-Q.^-�����
��3��!� � AnvEJt[Bw]F�56JT
�PQ�ha���
�� � ���� !PQ��;�x>� �>y�z{
|w����PQ��l���y(� 4�4��y}�
�;�x>� �>y�z{|w%�� 3l~� 0.05 ppm

&�� 1�2 ppm�A:�M�'�y}��M� 706&
 ��,�Z ���t��/��p� �100� � 106=>�
 ��.��+ %,-�.�� i4�� �;�x>� �>
y�z{|w�)�� &����1)�PQ��*�� �
���� !� 5.00 g�U^�� ��LF�u�F���
��w�F���� 30 ml�:�� �#��H��B
�?�� 1P
����� 	P 3,000��� 5P
��
P���.� *��P^��� ��P���56���
�LF�u�F�����w�F���� 20 ml�:
�� �%����.� 5P
��(�/<N��  X%
��������P���.� *��P^����*�
%����� 4-��n[F 20 ml�:�� �%���
�.� 5P
��(�/<N��� 	P 3,000��� 5

P
��P���.� *��P^��� I�LF�`a
C�F�F�:�9�a�t� (GL-Pak PLS-2)� W
¡?C 10 ml� �E* 10 mly�z����LF�u�
F�����J]¢�?� 5 ml������DFV>
v£aFG���� *���¤��� �E* 10 ml��
 ��  W¡?C 10 ml�¡#%k���?l��� ?
l��¥¦¢£���.� 40g&��¢£§¨��
1.366]F��]¢�?� 1 ml�?9�� !'?�%�
�� 4-��9#�w©ªJGt=�¤\�� AnvE
Jt[Bw]F�¡#��� .PQ��y}�3l~�
� 0.02 ppm�)*�1)�
!"#$%&'()*+,-./
�W« LC-10ATVP �¬¥­¦§¨ED©�
3l®« ¯°P°°>± RF-10AXL �¬¥­¦§¨

ED©�
�t�« Hydrosphere C18 HS-301-3 f4.6 mm�100 mm

�²B��vB�
³,�« 1 mol/lB�´µ?C���y�z W¡?

C�<� (82 : 18)

��« 0.8 ml/min

ª¶«¬« 380 nm

¡#«¬« 520 nm

�t�S>« 40g
¤\�« 20 ml

0123 OTC8�� OTC-Q��3��b��3d
en
�ZTH�y}� OTC¢>�U.�� �W_%
�¢>���p���)�2��2�U.�­:uq3
#��·?n?���/�*��

4567�

1. 8945
�¸R¹�º®�¯ 1�°��
PQ�!��[F\]FGJT�¯ 2�°��
':; ª´B�±�§²³»¼sFW?�� �sF
W?�W´�+�� 1µ���.�!'��*�� !'
	
H�� OTC-Q�����b�&� OTC-Qb��¶
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��������	 OTC
���
��OTC����
��������������
� ��� ! OTC�
� 26.2"# OTC-Q�� 26.1"�$%#&'�()*��
� �% 2"+,-./
� 101�23 145678

9:�
�
���� ;<=>!?@ABCDEFGHI�# JF

GHIKL�9M*�# NOPQR� 1STOUV�

1WX	SYZ[X
\]^0_
`/
� 0_abc
�# OTC�����������������
� ��
� ! OTC�� 26.2"# OTC-Q�� 26.0"�$%# &
'�()*��� �% 2"+,-./
� 101�2
3 145678
9:�
�

� 1. 2004d2005S�ef�ghij6klmnop0_�ef�UVqr6st

Xu 0_vw
xy ghij 0_ab �zab

{0X6|3*
}~
��

��
��

9�
��

hk�
(�)

� (") ���� or

��� (cm)
5� (g)

�=> ?@A OTC 7.22�9.2 7.27�8.2 21.1

(17.8�23.1)

135

(85�166)

20 8 10 20 26.2

(24.6�27.4)
�����

OTC-Q 7.22�8.23 7.27�8.2 21.1

(17.8�23.1)

135

(85�166)

20 1 10 90 26.1

(24.6�27.0)
�����
����

;<=> ?@A OTC 7.22�9.2 7.27�8.2 21.8

(18.5�25.5)

151

(83�223)

18 5 10 50 26.2

(24.6�27.4)
�����

OTC-Q 7.22�8.23 7.27�8.2 �)�� 679

(480�890)

17 0 10 100 26.0

(24.2�26.8)

�� �A OTC 9.24�11.4 9.28�10.4 �)�� 450 22 1 10 100 23.1

(21.2�25.6)
�����
����

OTC-Q 9.24�10.25 9.28�10.4 �)�� 450 22 1 10 100 23.6

(22.0�25.6)
����

�G�� ��� OTC 8.20�9.30 8.25�8.31 25.3

(19.8�28.0)

287

(130�390)

25 1 10 93 26.0

(24.5�27.8)
�����
����

OTC-Q 8.20�9.20 8.25�8.31 25.3

(19.8�28.0)

287

(130�390)

25 0 10 100 26.1

(24.5�27.8)

���� ��� OTC 9.1�10.15 9.8�9.14 �)�� 3,500 14 0 10 100 25.7

(25.1�27.3)

OTC-Q 9.1�10.5 9.8�9.14 �)�� 3,500 13 0 10 100 25.6

(24.0�27.3)

���� ��� OTC 12.3�1.12 12.6�12.12 23.5

(20.0�25.8)

268

(147�363)

20 0 10 100 18.6

(15.2�21.1)

OTC-Q 12.3�1.2 12.6�12.12 23.5

(20.0�25.8)

268

(147�363)

20 0 10 100 19.3

(16.2�21.1)

;  �A OTC 10.8�11.18 10.12�
10.18

�)�� 24 60 0 10 100 21.0

(18.2�23.9)

OTC-Q 10.8�11.8 10.12�
10.18

�)�� 24 60 0 10 100 21.7

(19.9�24.0)

�¡H O¢ OTC 10.5�11.18 10.12�
10.18

11.3

(10.4�12.8)

40.8

(28.4�55.3)

30 5 10 75 21.8

(19.4�23.8)
�����
����

OTC-Q 10.5�11.8 10.12�
10.18

11.3

(10.4�12.8)

40.8

(28.4�55.3)

30 7 10 65 22.7

(20.9�23.8)
�����
����

£�¡H ¤¥ OTC 8.12�10.3 8.27�9.2 25.9

(23.5�29.2)

297

(202�464)

20 0 10 100 27.1

(25.0�28.5)

OTC-Q 8.12�9.23 8.27�9.2 25.1

(21.6�27.7)

272

(166�386)

20 0 10 100 27.5

(25.9�28.5)

>�£ ��� OTC 8.4�9.30 8.25�8.31 23.9

(20.1�27.4)

233

(158�324)

25 0 10 100 26.2

(24.5�27.8)

OTC-Q 8.4�9.20 8.25�8.31 23.9

(20.1�27.4)

233

(158�324)

25 0 10 100 26.3

(24.5�27.8)

>�¦£=> ��� OTC 8.9�9.30 8.25�8.31 16.6

(14.2�20.2)

132

(77�243)

50 0 10 100 26.2

(24.5�27.8)

OTC-Q 8.9�9.20 8.25�8.31 16.6

(14.2�20.2)

132

(77�243)

50 0 10 100 26.3

(24.5�27.8)

§�¨ ��� OTC 8.4�9.30 8.25�8.31 25.3

(23.2�27.4)

291

(219�348)

29 0 10 100 26.2

(24.5�27.8)

OTC-Q 8.4�9.20 8.25�8.31 25.3

(23.2�27.4)

291

(219�348)

29 0 10 100 26.3

(24.5�27.8)

|3*	� !# ��©	 �ªP©«ª|©� �¬­®
hk�!# hk��¯�}~��«�G°�G±���²100�¬­®
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�� ��������	
��
�� �
��
��
������������� �!"�# � $%&'
OTC(� 1)�*+,-./0��12��# OTC(
�12�3"��4� OTC-Q(��56)7�89:
;<� 1)�)7=>?�4@ABC�# DE*F�
OTC(� 23.1G� OTC-Q(� 23.6G�3"�# 1�H
'IJ 1KL?MN�O@��#
���� P�QR�ST;���	
��
�� UV

W?XYZ[O\�	]�O\���������� 
�!"�# � $%&' OTC(� 1)�*+,-./
0��12��# DE*F� OTC(� 26.0G� OTC-Q

(� 26.1G�3A� ^_�`abc:*FdA 2Gef
U,"�# 1�H'IJ 1KL?MN�O@��#
��	
 ghij�� &klmnopqrst�O\
bc� UVWuvwxyz{Tsst?|B}~��5
6�� 2������� ST;���	
��
�� 

� 2. 2004�2005�'��:����?������� '��:j�����?��

�� ����
j�����y�j�����y� �� or)�� (cm)�� or)�� (cm) L� (g)L� (g)

���� ��� ���� ��� ���� ���

i�� OTC 8.3 9.2 21.1

(20.0�22.4)

23.2

(22.0�24.1)

157

(137�175)

195

(150�222)

OTC-Q 8.3 8.23 21.8

(20.4�23.2)

22.6

(21.2�25.2)

152

(125�191)

180

(144�245)

���� OTC 8.3 9.2 21.3

(17.9�25.5)

22.1

(19.3�24.2)

153

(94�226)

170

(110�216)

OTC-Q 8.3 8.23 35.6

(34.8�36.5)

38.3

(35.5�41.0)

586

(358�710)

779

(665�925)

�� OTC 10.5 11.4 35.3

(34.5�36.2)

38.4

(37.4�40.5)

548

(500�610)

761

(730�835)

OTC-Q 10.5 10.25 35.5

(34.3�36.5)

37.0

(36.2�37.8)

544

(500�580)

628

(599�662)

P�QR OTC 9.1 10.1 30.3

(28.1�32.7)

34.2

(33.2�35.7)

334

(265�408)

532

(505�590)

OTC-Q 9.1 9.21 28.4

(26.2�29.9)

33.4

(31.6�36.6)

288

(206�354)

455

(357�585)

ghij OTC 9.15 10.15 72.3

(69.8�73.6)

67.7

(64.3�70.0)

4,148

(3,880�4,410)

5,174

(4,870�5,660)

OTC-Q 9.15 10.5 73.3

(68.7�75.6)

65.3

(63.7�67.2)

4,130

(3,360�4,730)

4,694

(4,200�5,225)

�i ¡ OTC 12.13 1.12 24.7

(22.4�26.4)

25.4

(23.3�26.3)

305

(228�360)

354

(281�388)

OTC-Q 12.13 1.2 24.2

(22.4�25.8)

26.9

(24.1�29.6)

288

(219�358)

353

(281�451)

�¢ OTC 10.19 11.18 13.2

(12.1�14.5)

14.7

(13.8�15.7)

39.9

(32.6�55.6)

46.4

(35.4�56.4)

OTC-Q 10.19 11.8 13.4

(12.2�15.3)

14.5

(13.1�16.9)

41.3

(34.3�58.5)

47.6

(32.6�66.7)

i£� OTC 10.19 11.18 13.2

(12.0�13.8)

16.5

(15.7�17.0)

58.7

(33.8�69.7)

100.1

(82.5�121.6)

OTC-Q 10.19 11.8 13.6

(13.0�14.2)

16.5

(15.7�17.0)

60.8

(52.1�75.0)

100.2

(82.5�121.6)

¤¡£� OTC 9.3 10.3 26.8

(24.2�28.9)

26.8

(25.3�28.4)

334

(261�441)

355

(298�435)

OTC-Q 9.3 9.23 26.9

(24.4�28.0)

26.7

(25.2�28.5)

358

(331�418)

332

(293�381)

�j¤ OTC 9.1 10.1 24.4

(22.6�26.7)

24.3

(22.3�27.7)

255

(195�315)

244

(180�345)

OTC-Q 9.1 9.21 25.4

(23.6�28.4)

22.6

(21.6�23.9)

256

(220�325)

239

(201�290)

��¥¤�� OTC 9.1 10.1 18.1

(14.9�20.7)

22.2

(20.7�23.5)

189

(94�285)

339

(265�390)

OTC-Q 9.1 9.21 19.8

(17.8�22.1)

20.6

(19.4�21.6)

222

(155�310)

268

(197�315)

¦¡§ OTC 9.1 10.1 27.1

(25.2�30.3)

24.9

(22.7�27.3)

372

(285�512)

300

(240�405)

OTC-Q 9.1 9.21 25.0

(23.1�27.1)

25.6

(24.1�26.8)

292

(215�405)

393

(345�441)

��¨��)��©L��� DEª© «¬}ª­¬xª® �¯°±
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����� ���	
��
���������� ��
��� OTC�� 25.6�� OTC-Q�� 25.7����� �
 �!"#�$��%� 2�&'(���� 1���)
* 1+,-./�012��
���� 3456�7��89:;<=>?�� @<
=>?AB�0C#�� DEFG��HI2�JKL�
�MN������� ���	
��
������
���� ����� OTC�� 18.6�� OTC-Q��
19.3������ 1���)* 1+,-./�012��
�� OP�QR89:;<=>?�� @<=>?ST
UVW2�JKL��MN������� ���	
�
�
���������� ����� OTC�� 21.0��
OTC-Q�� 21.7������ 1���)* 2X4+,-
./�012��
��� 4Y>�EZ89:;<=>?�� @<=>?
STUVW2�JKL��MN������� ���	

� OTC�� 5[� OTC-Q�� 7[-�
S����
�� M\�]�^��-_`a2�%$bc����
�� ����� OTC�� 21.8�� OTC-Q�� 22.7��
���� 1���)* 1+,-./�012��
	��� d6Y>�e�89:;<=>?�� @<=
>?STUVW2� 3KL��MN������� ��
�	
-�
���������� ����� OTC�
� 27.1�� OTC-Q�� 27.5������ �!"#�$
��%� 3�&'(���� 1���)* 1+,-./
�012��

�	 fgd�7��89:;<=>?�� �	;h
STUVW2� 2KL��MN������� ���	

-�
���������� ����� OTC��
26.2�� OTC-Q�� 26.3����� � �!"#�$�
�%� 2�&'(���� 1���)* 1+,-./�
012��

��	

 f3idjf�7��89:;<=>?
�� (kl-]mno0C:;hS0C2�JKL��
MN������� ���	
-�
��������
�� ����� OTC�� 26.2�� OTC-Q�� 26.3��
���� �!"#�$��%� 2�&'(���� 1�
��)* 1+,-./�012��
��� p6q�7��89:;<=>?�� @<=
>?AB�0C#�� DEFG�� 1rsEHI2�r
�t	L��MN������� ���	
��
��
�������� ����� OTC�� 26.2�� OTC-Q

�� 26.3����� � �!"#�$��%� 2�&'
(���� 1���)* 1+,-./�012��
M\�-LT�]� uv�g=wx=yS�z�� �

L-{V]4jf|%`O}jf- OTC��~��
��S{V2�]--� ���_`a2�%$�
-�
����o���� ���-HI���uv�����
������

2� ��������������� !
�V��-�
����2����� 3����
�

 OTC��� OTC-Q���2�4jf��� �
��
����� 0.61 ppm��� 0.51 ppm- OTCS
�
2NM�� ��2� OTC-Q�- 1[-./���
OTCS�a#������ o-+,-��'� 13.1��
���- 15.0%��F#���]--� o-+,%�
F#�����+,]��� o-+,S��2����
o��%� OTC 'SE¡2���������¢
M� ����� o-+,-£?>�¤MN¥¦2�� §
��	��¨�� M\�-�] OTC '��a©ª�
������
�"

 OTC��� OTC-Q���2�O}jf�
�� ���
����� 0.35 ppm��� 0.54 ppm-
OTCS�
2NM�� §��	��¨�� M\�-�]
OTC '��a©ª�������
#$ OTC��� OTC-Q���2�«x��� ���

����� 0.89 ppm��� 1.09 ppm- OTCS�

2NM�� §��	��¨�� OTC��� OTC-Q��
� 0.02X0.03 ppm��� 0.04X0.05 ppm- OTCS�a
#��S� M\�-�V��]¬­®¯°±²S"�$
¬­
-³��´�­-�
µ¶�- 0.2 ppm���
����
%&'( OTC��� OTC-Q���2�·=¸¹�
�� ���
����� 1.06 ppm��� 1.14 ppm-
OTCS�
2NM�� §��	��¨�� M\�-��
�] 0.03X0.05 ppm- OTCS�a#��S� �
µ¶
��������
)*�� OTC��� OTC-Q���2�º»4g�
�� ���
����� 1.38 ppm��� 1.05 ppm-
OTCS�
2NM�� §��	��¨�� M\�-��
�] 0.03 ppms¼- OTCS�a#��S� �
µ¶�
�������
���� OTC��� OTC-Q���2�3456�
�� ���
����� 0.34 ppm��� 0.22 ppm-
OTCS�
2NM�� ��2� OTC-Q�- 1[-�

� 0.02 ppm��a©ª-������ o-+,-��
'� 19.2�� ���- 20.0%��F#���]--�
o-+,%�F#�����+,]��� o-+,S�
�2����o��%� OTC 'SE¡2�����
����¢M� ����� o-+,-£?>�¤MN¥
¦2�� §��	��¨�� M\�-�] OTC '�
�a©ª�������
�� OTC��� OTC-Q���2�OP��� ���

����� 0.43 ppm��� 0.45 ppm- OTCS�

2NM�� §��	��¨�� OTC��� OTC-Q��
� 0.03X0.05 ppm��� 0.02X0.05 ppm- OTCS�a
#��S� M\�]�
µ¶��������
��� OTC��� OTC-Q���2�4Y>��� �
��
����� 0.61 ppm��� 0.64 ppm- OTCS
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������� �	
��
��� OTC��	����
OTC�������������� OTC-Q� ! 0.02

ppm"#� OTC$��%&�$� ��'()���
����
���� OTC*�� OTC-Q��	��+,-./

�� �	0123/45 0.51 ppm*�� 0.44 ppm�
OTC$������� �	
��
��� �6&��7
OTC��������������
��� OTC*�� OTC-Q��	��89+/�� �
	0123/45 0.49 ppm*�� 0.57 ppm� OTC$
������� �	
��
��� OTC� ! OTC�
��%&: ��� OTC-Q� ! 0.03 ppm"#� OTC

$��%&�$� ��'()�������
����	� OTC*�� OTC-Q��	��8;<
+=8/�� �	0123/45 0.26 ppm*�� 0.23

ppm� OTC$������� �	
��
��� �6
&��7 OTC��������������

�� OTC*�� OTC-Q��	��>,?/�� �
	0123/45 0.69 ppm*�� 0.57 ppm� OTC$
������� �	
��
��� OTC� ! OTC�
��%&: ��� OTC-Q� ! 0.02 ppm"#� OTC

$��%&�$� ��'()�������
�
����� @A�� 12BC/D��� OTC�
OTC-Q�6&�EFGH7� �	0123/ OTC��
�$IJ!&�� *�� K&L&�EFGH/MN%&
��O�	
��
�/� PQRSTUV$NJOPQ
W�XGYZ	Q���'() 0.2 ppm�[\O OTC

����IJ!&: ���
��������� @A�� 12BC�� �	012
3�]^/EFGH���$_I%&�� OTC$`a
�@Abcdef��g%&�h=8�ij2)��� k
0�	 ! 24l���]^W� OTC���m$ 0.58

nko 0.13pkq 0.91r ppm��s� `a�@Atu�
745 0.61 ppmbvwcx�����

OTC�	0123/yzO OTC���{|�} 1

/� OTC-Q�	0123/yzO��{|�} 2/� K
&L&BC~b/���� �6&�EFGH���7�
;h�,����,�B��)$��� ;h�,b8;
<+=8$����$����
K&L&�EFGH~b/� OTC��m/D���
�����tu�� 4, 5/��� OTC��������
�BC�s���/��/��m$� ��� ����
W��� �����m$�: ��� .8�� -.��
89+� >,?������m/����IJ!&:
 ��� >,?b;h�,y��8;<+=8����
Ob�>,?���m���/� ��� OTC-Q���
�������m/���$:�� �BC�s� �
�� .8�b-.�� 89+� >,?���$: ���
h-.� 89+� >,?�;h�,� 8;<+=8�s
��m$� ���
"��tu !� `a�@A� /y��� ¡¢£�
¤�s�EFGH��gm�¥Nb����� ����
7�b7 OTC$���¦��b§\!&�� ¨/.8
�� -.�� 89+� >,?$���¦��� ;h�,
b8;<+=8�7�b7���/��b§\!&��

� 3. EFGH���{|�©@A/yzO]^W�
OTC��mª«tu�¬­

BC EFGH
�	23
����

(ppm)

�	�

����
(ppm)

'()b�
��

h=8 OTC 0.61

(0.40�0.89)

®0.02 '()��

OTC-Q 0.51

(0.22�0.83)

®0.02 '()��

¯°=8 OTC 0.35

(0.19�0.52)

®0.02 '()��

OTC-Q 0.54

(0.42�0.62)

®0.02 '()��

�� OTC 0.89

(0.74�1.10)

0.02

(0.02�0.03)

'()��

OTC-Q 1.09

(0.87�1.30)

0.04

(0.04�0.05)

'()��

±²³´ OTC 1.06

(1.00�1.10)

0.04

(0.03�0.05)

'()��

OTC-Q 1.14

(1.00�1.30)

0.04

(0.03�0.05)

'()��

µ¶h9 OTC 1.38

(1.20�1.70)

�
(®0.02�0.03)

'()��

OTC-Q 1.05

(0.88�1.30)

�
(®0.02�0.03)

'()��

;h�, OTC 0.34

(0.22�0.45)

®0.02 '()��

OTC-Q 0.22

(0.17�0.25)

®0.02 '()��

¯· OTC 0.43

(0.26�0.55)

0.03

(0.03�0.05)

'()��

OTC-Q 0.45

(0.31�0.54)

0.04

(0.02�0.05)

'()��

h-. OTC 0.61
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