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"â� 1993>9Bolam & Fernandes 2002 >'>*%ò�ì�È(ò�†$Î#Õ�I�O�•>&+�$Ï1Â 1999>9�B�Ž�í

9 × 0 b2006> ' > , � G � b 4 O  – � ì � c 2 � 4 ß ( ò * • � ö � b � ^ � 8 � Ï # Õ � · " @ ' � � b # Õ � % � † 7 < � � � M � • � G � \

>&Everrett 1991 >9Osterling & Pihl 2001 > ' � x � § � Û 2 � � Â # Õ � b � � % T 7 < � � > & Bolam & 
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�™>9Redox Potential Discontinuity layer >'�b�Ü3Æ�[�ô í �̂ 4ß�ì4O–7Á�)�b�*�W�\�Q�€

�_ � � � : � Ï #Õ#Õ"@�b# ' �Ñ5 � � * �W �@#Õ�L � •>&Fenchel 1969>9Fenchel & Riedl 1970 >9

Rosenberg 1977>9Gray 1981 >'>,�¨�C�b���œ>*�Ï2A�b4O–�ì�c�w�µ"@�b�j)%4#�¨�_2s

�I�K>&Pearson & Rosenberg 1978 >'>*�Ï2A�b4O–�ì�c�z�^Æ�~�ö�·"@�b#Õ�%�W7H�[�6

�• RPD �™�†3Æ/²�™�l3Æ�Y�E�•�G�\�[�Q�€�}�·"@�b#Õ�%�†�T7´�_�M�•�G�\�@���Ì�I �€
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�>Æ�[�b#Õ�%�Ý�Ø�c'�"I$�$×�[�6�•>&�u�‡�í�)�N 1976>98¼�Å#ã1996>'>,+a2Š8®�x�§

�Û2�8®�_�>�8�Z�c��8×�}�@#Õ�%�Ý�Ø�_�s8j�M�•�\�I �€�•>& Blundon & Kennedy1982 >9

Zwarts & Wanink 1989>9 Rochette & Dill 2000 >9Goeij et al . 2001>'�G�\�^�]>*�Ï#Õ
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� · " @ � › ' � � b # Õ � % � q 4 : � Ý � Ø � c � › ' � � b � ¤ 8 × � ] � ' � x # ” � C * • � ö � † 3 û � K � S # Õ � Ñ � S $ � � _ � ö � Y � C
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� • � © �   � í � ³ � » � Ü 8 ® � b � G � v � • + � � ^ 8 õ # Õ " @ � c � Q � b � C � U � d � K � b 6 × � I � _ � k � Ñ � K � Z � 8 � • � S � u

>&Zwarts & Wanink 1989 >'>*�Ï#Õ�·"@�b�(�x�Ý�Ø�c:ý8®�b8õ2( ;�\�K�Z�b�<#Ý�•+�
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1985>9Dauer et al . 1987>9Marchant 1988 >98¼�Å#ã1996>'>*�Q�b�•�q�@�Ó�u�}�€�•>,  

�� 5�:ý�G8õ���\ �K�Z�b�o�Í�@�Ó�u�}�€�Z�8�•1Â�`�¸ ²�[ �c�”�œ�§8®�b�ä�Z+I�K>*�r�S
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>&>/>'�”�œ�§8®�b�ä�Z+I�K�‹�b�¸ ²�Ï#Õ�·"@�b#Õ�%"g�#>*>&>0>'�¸ ²8�� l �b�”�œ�§8®

/Õ0]�ì�b�Ï#Õ�·"@�b�Ï2AÆ�¶%$�(�x�†1*�� �K>*�”�œ�§8® �b�� ' � �@�Ï#Õ�·"@*L7Ÿ�_�Z�<

�•�s8j�†1Ÿ1=�M�•�G�\�†% $×�\�M�•>, 

 

2. �”�œ�§8®�b�ä�Z+I�K�ì�_�>�E�•�Ï#Õ�·"@�b#Õ�%"g�# 

2-1. *ü���\% $× 

�� 1Â�`�¸ ²�[�c 2010 �º�Ÿ�Ø>*9× ��>�|�g�a7F�È�_�|�~�¸ ²�b�È ��@�V�¼�K>&�¡�N  �•

$Î/²>'�”�œ�§8®�b�ä�Z+I�K�@�±5��_2s�A�S>,�r�S�G�€�_2s�I�K�S>*�¸ ²8��_�>�E�•%ò

�ì"@+¯�>�|�gÆ�~�ö�b�§�Û2��†�c�L�u�\�M�•�Ï#Õ�·"@�b+I�K�K�S�b�Z�¶�/�† 7 �v 28

�¥�_&�1��K�S>,�G�b�S�u�Ï#Õ�·"@�b#Õ�%"g�#�•�q�b�S�u�b1*�� �†/œ�8>*�”�œ�§8®�b�ä

�Z+I�K�@2s�A�S�‹�b�Ï#Õ�·"@�b#Õ�%"g�#�†1*���K�S>, 

 

2-2. �¦ �q�\�‰�2 

�� � Ï#Õ�·"@�b#Õ�%"g�#�•�q�b�S�u>*�‰�g�ß�†#Ý�8�S��5�1*�� � \ �w�¸1*�� �2>&5e�Œ�o�?

2009>9Suzuki & Sasaki 2010 >'�_�|�•�� �ö1*���†/œ�W�S>, 

�� � � 5 � 1 * � � � † � ” � œ � § 8 ® � b � ä � Z + I � K � _ � | � • � ¸  ² 8 � � [ � b % ò � ì " @ + ¯ � @ & � 1 � � I � € � S * c � ¥ � b

2010 �º 7 �v 29 �¥>*1Â�`�¸ ²�b�!�¾4Š�_�>�8�Z/œ�W�S>,�ö2A�í�Ï2A#”�C�9�\�K�Z%Á2A

�…>& St.A >'>*�>2A�…>& St.B >'>*�•�Ÿ�Ë>& St.C>'>* â'½>& St.D >'�b0£ 4  �!l �†���u�S>&Fig.1 >'>,

�^�>>*St.D �b â'½�c���–$×�_�”�œ�§�b/Õ0]�@#Õ�L�_�C�8���d�[�6�•>,�› �! l �[>* 50 cm 



!

�™ 50 cm �b�‰�g�ß�† 1 �X0¿*(�K>*/²�~�ö�·"@�b% 0i0{�9�†/œ�8#Õ�Ñ�¶�/�\�Z�¸�¶�/�†

4E�9�K�S>,�1 î"@�†�¤8×�K�Ï�™�È�b4O–�ì�b�s8j�†�w�E�x�M�8�\*ƒ�<�}�€�•�§�Û2�8®

�_6õ�K�Z�c>*�†�@6ä�A3>�/4Š�@�g�Ñ�K�Z�8�•�v�b�†�b�Z�¶�/�\ �K�Z0£�X�K>*�†�@�œ��

�K�Z�8�•�v�b�†�Z�†�¶�/�\ �K�b�Z�¶�/�\ �c�9�_0£�X�K�S>,+a2Š8®�b'5�†�_�| �•�b�Z�8

�� �c#'� � �_�>�8�Z�c�T7´�^�S�u/œ�ƒ�N>*#Õ�%�K�Z�8�•�¶�/ �b�s�†0£�X�K�S>,#å�†8®��

+.% �_6õ�K�Z�c% 0i�_�| �~�b�Z�b�8�� �†�K�S>,�r�SÆ�~�ö�b#Õ"@�b�b�Z"g�#�v�•�q�M

�•�S�u>*›3Ù�b�‰�g�ß�b�Ý�I 20 cm �r�[�b�Ï2A�†�G�>�K 2 mm �Ó�µ�©�×�b�i�•�8�_

�?�E�S�V�[�g$�"@�?�}�Ï#Õ�·"@�†�G7Ÿ�K>*�§�Û2��_�X�8�Z�c�V0°�b�‰�2�[�b�Z�8�9�†

/œ�W�S>, 

�� �r�S�‰�g�ßÆ�b�Ý�Ø 1 cm>*5 cm>*10 cm>*20 cm �b�Ï2A�b4ß�ì4O–7Á�)�†�Ï�î�±�È

�Ý4ß�ì4O–7Á�)0£>&�¾�³DKK �4�'� &k0�>* RM -20P>'�_�Z0£ ��‹>*�† =�È(ò7Á���?�}

�b Eh �Í�_�n'ì�K�S>,4ß�ì4O–7Á�)�c�Ï2A�b4ß(ò#”�C�†/²�M�æ�†�[�6�•�@>*�Q�b ���

(�Ø�_�e8Ÿ�@�6�~>&Hayes et al.  1958>'>*+¬!›#”�C�p�[�b ��� �Í �c��5��Í�\�K�Z�b�…

�8�_7H#ú�@�6�•>&Pearson & Stanley 1979>'�\�I�€�•�@>*5��¥�_�>�E�• �� � �[ �b0£ �

�þ6ë�b ���1�� j �c�+�a 10 - 20 mV �\�I�€>&Fenchel 1969 >'>*)��ì$×�^�š�ì�b2s�G�~�x

�M�8+¬!›#”�C�p�[�b4ß�ì4O–#”�C�†#'� � �_�>�8�Z%$�K�?�X(F�}�_0£ ��M�•�G�\�@�[�A

�•�æ�†�\�K�Z�c�w� �^�m�•�[�6�•>&Whitfield 1969 >9Tsuchiya & Kurihara 1980 >90Y

�§ 1987>'>,�r�S%Á�>�Ï�b�Ï#Õ�·"@�c�Q�b�¨�C�@Æ�~�ö�[&ã�·+��Š�_�ˆ�K�C>*�r�S4O–

$×�^#”�C�l�b*•�ö�c'�"I$�$×�[�6�•�S�u>&�u�‡�í�)�N 1976>'>*#Õ"@5��x*L7Ÿ�¨�]�Ø�c

4ß�ì4O–7Á�)�b�* �W�\ � \ �v�_�ö�a4�¥�@�s�} �€�•>&Pearson & Stanley 1979 >9�S�N

1985>98¼�Å#ã1986>'>,�G�€�}�b�G�\�?�}�Ï#Õ�·"@*L7Ÿ�b#Õ�%#”�C�b�æ�†�\�K�Z>*4ß�ì

4O–7Á�)�b ��� �c5�0[�[�6�•>, 

�� � � �ö$×1*�� �c1*��(
 �V�b#Õ"@%&�†�•�q�M�•% $×�[% 0i�_�| �~'� �b&�1��x�G7Ÿ�†/œ�:

�‰�2�[�6�~>&�V#ã�o�? 2002>'>*�Ò�G�c�w�¸1*���2>&5e�Œ�o�? 2009>9Suzuki & Sasaki 

2010>'�_ =�Ð�K�S���ö1*���†>*�±5��b�Z�@&�1��I�€�Z�8�̂ �?�W�S 2010 �º 7 �v 11 �¥�\

�b�Z&�1��‹�b 9 �v 6 �¥�_�Q�€�R�€/œ�W�S>,1*���æ�\�K�Z1Â�`�¸ ²�!�¾4Š�b�Ú�©�N�†�µ

�u�S�¸ ²8�>&A >'�\>*�•�Ÿ�Ë�†�µ�u�S�¸ ²8�>&B >'�†���„�>�|�Q 50 m �b 2 �æ�†0¿���K

�S>&Fig.1 -c>'>,�›1*���æ�†3Ù�m 7 �Ç�v�K�C�c 8 �Ç�b1*���Ç�(�@�¸�\�K>*�›�Ç�@/²�~#Õ

"@�†�P1ß�\�K�S 15 �(6ë�b/²�™�H(ô�\Æ�~#Õ"@�†�P1ß�\�K�S 15 �G�b�@�~2s�G�K�†/œ�8>*

1*���Ç�(�@&�1��K�S'��X�b�s�†0°6��K>*�¶�/�X�b0£�X�c/œ�ƒ�^�?�W�S>,   



!

 

2-3. )��Ý 

�� � �5�1*���[�c>*4  �!l0£ 1 
M�b�G7Ÿ8�'��?�} 8 '� 385 �¶�/�b�Ï#Õ�·"@�@�G7Ÿ�I�€�S

>&Table 1>'>,�G7Ÿ�ì�_#Õ�Ñ�K�Z�8�S�\�s�^�I�€�•)r�¶�/�X�b 64 %�†�Í�¯�˜�Ñ�½�¼�@

�(�u>*27 % �†�Í �å�Å�À�«�ž�–�@�(�u�S>,�r�S�b�Z�¶�/ � \ �K�Z>*�§�Û2��[ �c+I�K�K�S

3>�/4Š�†�g�K�S�v�b�[�”�§�Ü 18 �¶�/>*�Í�å�Å�À�«�ž�– 2 �¶�/>*#å�†8®�[�c�Ø�Å�¼�ž

�Í�å�Ö�»�•�Ü Pagurus minutus �@68 �¶�/�[�6�W�S>&Table 2 >'>,:ý8®�b�z0[�^8õ2(

 ;�\*ƒ�<�}�€�•�¨�Ÿ8®�x'ƒ+.8®�_�X�8�Z�c>*�¨�Ÿ8®�[�c�Ñ�¬�Ä�Ÿ�¦�•�– Cirriformia  cf. 

comosa �@2 �¶�/��#'�K�S�b�s�[ 'ƒ+.8®�b��#'�c�^�C>*�¨�Ÿ8®�_�X�8�Z�v�Ñ�¬�Ä�Ÿ�¦�•

�–�è�¥�b'� �b#Õ�%�c&�1��I �€�^�?�W�S>,��5��G7Ÿ�ì�b�›�‰�g�ß�_�>�E�•4ß�ì4O–7Á �)

�b ���)��Ý�† Fig. 2 �_&g�M>,�•1*���ì�b�› �! l �_�>�E�•4ß�ì4O–7Á�)�c>*4  �!l �b�:

�U â'½�†7V�C3 �…!l�_�>�8�Z>*/²�™>&�Ý�Ø 1 cm>'�†�µ�u�S 20 cm �r�[�b²�Ý�Ø�[- 100 

mV �è�W�b4O–"g�Â�†&g�K�Z�8�S>, 

��  � ! l �–�_�Ï2A#”�C�\�Ï#Õ�·"@�b��#'"g�#�†�s�•�\>*4  �! l �p�b�^�?�[�O�M>*/²�™�b

4ß�ì4O–7Á�)�@�É�Û�«�Í�†&g�K�S St.D �[�c�§�Û2��b�b�Z�¶�/�c�G7Ÿ�I�€�N>*�Ú�b�Ð�–

�¼�«�Í�†&g�K�S 3  �!l �[ �c�§�Û2��b�b�Z�¶�/�@�G7Ÿ�I�€�S>, 

�� #Õ"@�w�¸1*���m�2�_�|�•�� �ö1*���b)��Ý�†>&Table 3 >9Fig.3 >'�_&g�M>,7 �v�b1*���[

�c0£ 38 '�>*9 �v�[�c0£ 26 '��@&�1��I�€�S>,A �\ B �g�‰�b1*���æ�_�>�8�Z�g�•*…�M�Ç

�\�S�~�b�¹�’&�1�'� �X�c 7 �v�[ 11.6 '�>&�s 3.7 SD>'>*9 �v�[ 8.3 '�>&�s 2.3 SD>'�\�^

�~>*1*���v6ë�[�w�–�^�j�@1��u�}�€�S>&Man -WhitneyÕs U-test, p<0.05 >'>,�r�S/²�~

#Õ"@�†�P1ß�\�K�S/²�™�H(ô�_7H�W�S)��Ý�[�c A>*B 1*���…�\�v�_ 7 �v�\ 9 �v�b1*���v

6ë�[�w�–�^&�1� ' � �X�b�j �c�è�� � I �€�^�?�W�S�@>*Æ�~#Õ"@�†�P1ß�\�K�S�@�~3É�K�b)�

�Ý�[�c A �b�Ú�©�N�†�µ�t�¸ ²8��_�>�8�Z1*���v6ë�[&�1�'� �X�b�w�–�^�j�@1��u�}�€�S

>&Man -WhitneyÕs U-test, p<0.05 >'>,�›1*���v�b��#' '� �\$Î0b"á�b�š�ì�_�X�8�Z�c>* 7

�v�\ 9 �v�[²�(�b�g�•*…�@$Î0b�K>*$Î0b"á�@ 100 %�T�W�S�b�c�Í�¯�˜�Ñ�½�¼�b�s�[�6

�W�S>,�(8®*L�b�^�?�["I�_�§�Û2�8®�b&�1�'� �X�@ 7 �v�b 8 '��?�} 9 �v�b 4 '��r�[�*�W

�K�Z�>�~>*�Q�b�^�?�[�v"I�_�”�§�Ü Ruditapes philippinarum �b$Î0b"á�c 93 %�?�}

31 %�l>*�œ�œ�À�ž�– Mya arenaria oonogai �[ 47 %�?�} 0 %�l>*�¯�º�œ�Ü�ž�–�[�c 47 %

�?�} 6 %�l�\�*�W�K�Z�>�~>*"I�_�œ�œ�À�ž�–�_6õ�K�Z�c 9 �v�b1*���ì�_�c 16 �Ç�b�g�•

*…�b$Î0b�c�^�?�W�S>, 



!

 

2-4. *ƒ�9 

�� 1Â�`�¸ ²�_�>�E�•��5�1*�� �ì �b4ß�ì4O–7Á�)�c>*3  �! l � [ � Ï �>Æ�b�s�[�^�C/²�™�[

�v²�\�b�z0[�^�¸ ²�b�W7H�Í- 100 mV>&�S�N1986>'�†�±�A�C�W�G�•�Í�†&g�M�^�]>*��

�Ø�b4O–"g�Â�_�6�W�S>,��5�1*���_�>�E�•�§�Û2��b�b�Z�¶�/�c�œ0£ 4 �‰�g�ß>&1 m2>'

�[ 21 �¶�/�@&�1��I�€�S�o�?>*���ö1*���_�>�8�Z�b�M�Ç�6�S�~�b&�1�'� �X�@ 7 �v�?�} 9

�v�[ �w�–�_�*�W�K�Z�8�S>,/²8�0{�9�\�@�~3É�K�†#Ý�8�S���ö1*�� �c�G�X�b�a�^�8��5�

1*���| �~�v�Ï#Õ�·"@�b�(�x"g�#�†�|�~�G&��_�o�Î�[�A�•�@>&8ä�å�} 2004>'>*�Q�b�‰�2

�_�|�•)� �Ý�_�>�8�Z�v)r&�1� ' � �X�@�*�W�M�•�T�E�[�^�C>*"I�_�§�Û2��b$Î0b"á�@�±�A

�C�*�W�K�Z�8�S�G�\�?�}>*9×�È ��x�”�œ�§�b�ä�Z+I�K�_�|�•4O–�ì�†�µ�u�S�Ÿ�Ø�b#”

�C�O�ì�c1Â�`�¸ ²�b�Ï#Õ�·"@*L7Ÿ�_�±�A�^�s8j�†�Z�<�Z�>�~>*�^�?�[�v"I�_�§�Û2�8®

�b'��¨�]�ö�†--�K�C�*�W�I�O�Z�8�•�G�\�@&g�I�€�S>, 

�� �¡ �N>&�•$Î/²>'�c1Â�`�¸ ²�[ �b�§�Û2�8®�b�B6×)z0Ž�Ò�b)��Ý�?�}>*�”�§�Ü�b�~�ƒ�¥

3o�b�õ�F�K�S�ì�‡>&>;�Z�¸�ì�‡>'�† 7 �v 25 �¥�\�N���K>*�r�S%Á2A�
�[�b�¸ ²�Ï�™�È�c

7 �v 22 �¥8m�?�}9× ��ì�_�c 35 �¥  �†2z�<>* 25 �¥�_�c 40 �¥�†2z�<�• ��Ø�†��! l0£ �

�?�}&�1��K�S>,�”�§�Ü�b9× �*•�ö�_�X�8�Z�c�8�C�X�?�b%Ê'2�@�6�~>* 34�¥�[�b8ë*ñ�W

�[�c�X�¥Æ�_�Z�¸�K>&&>5��o�? 1998>'>*40�¥�†2z�<�• ��Ø�_�@7â�K�S�¶�/�c 1�%2 �ì

6ë�b%·� ì6ë�_�Z� ¸ �K>*" I �_ 1mm �è�W�b&ö2� �c+´ �Z$×�^ �s8 j �† �w�E�•>&�å�Ç� í �Ç�•

1956>9#ã�p 1974>'�G�\�@���Ì�I�€�Z�8�•>,�r�S�¡�N>&�•$Î/²>'�_�|�W�Z1Â�`�¸ ²�[�”

�§�Ü�b�Z�¸�@�N���I�€�S 7 �v 25 �¥�?�}4#�d 10 �¥6ë�b+ê�«�_�>�E�•�œ0£7F�È5��c 5 mm 

�[>*2009 �º�_�>�E�•� �‡6ë�[�b 37 mm �|�~�v--�K�C�a�^�87F�È5��[�6�W�S>&�¼1ß�Ç

HP 2010 >'>, 

�� 1Â�`�¸ ²�[ �c�–�º�Ÿ�Ø�b ��Ø�V�¼�_���W�Z�”�œ�§8®�b#'�Ñ5��*�W�@&�1��I �€�Z�>�~

>&Yabe et al . 2009>'>*�±�º)s.48®�b/Õ0]�@&�1��I�€�•�Ú�…�æ�[�b%Ê'2�[�[�c>*�Ÿ�Ø�_

0{ �9 � I �€ � • � ” �œ�§8®�b# ' �Ñ5� � * �W�b �o � \ �‡ � ] �@�Ÿ�Ø�b9× � �_ � | � • �B6×7<� � �@�N� I � [

>&Hernandez et al . 1997>9Kim et al . 2004>9Uchimura et al . 2004>'>*1Â�`�¸ ²�[�v

��5��G7Ÿ�ì�_�”�œ�§8®�b/Õ0]�@0{�9�I�€�^�?�W�S�G�\�c>*�Ÿ�Ø�b9× ��_�| �W�Z�”�œ�§

8®�@�B6×7<���†�w�E�ä�Z+I�K�K�S�G�\�[ �” �œ�§8®�@�¸ ²8��_�>�8�Z�¤�_�(0Ž�˜�»�K>*

0{�9�I�€�^�?�W�S�v�b�\*ƒ�<�}�€�•>, 

�� � �5��G7Ÿ�b)��Ý�[�c>*�”�§�Ü�c 4 �‰�g�ß�b�œ0£�[ 18 �¶�/�b�Z�¸�\ 32 �¶�/�b#Õ�Ñ�@



!

&�1��I�€�S�b�_�P�K>*�Í�å�Å�À�«�ž�–�c 2 �¶�/�b�Z�¸�_�P�K 106 �¶�/�b#Õ�Ñ�@&�1��I

�€�•�^�]>*�Í �å�Å�À�«�ž�–�c�  �L�Ð�Ý�«�²�Þ�ž�–&É�_�“�M�•�”�§�Ü�|�~�v2�4ß(ò�x4O

–#”�C�^�]� l �b9×�8#”�C*•�ö�†�w�K�Z�>�~>&�}�û�í�Œ� 2005>98¼�Å#ã2007a>'>*���Ø

�b4O–"g�Â�_�6�W�S�•1*�� � ì �b1Â�`�¸ ²�b�Ï2AÆ�[�v�”�§�Ü�|�~�v9×�8#Õ�g"á�†&g�K

�S�v�b�\*ƒ�<�}�€�•>,�� ' � �K�S�”�œ�§8®�b+I�K�_�|�•%ò�ì"@�b�Q�•�@�Ï2A�b4O–�ì�†

�Í�C�G�\�[)��Ý$×�_�Ï#Õ�·"@�b�b�Z�l�\+³�•�G�\�c.(��o�?>&2009>'�b5��¥��9‚�_�|

�W�Z�v&�1��I�€�Z�8�•>, 

�� �è�V�b�G�\�?�} 2010 �º 7 �v�b1Â�`�¸ ²�_�>�E�•�”�§�Ü�†�c�L�u�\�K�S�§�Û2�8®�b

�b�Z�\ ' � �¨ � ] �ö�b�*�W�c>*"›�, �_�| �•�¸ ² �b�È ��V�¼�_�|�•�”�œ�§8®�b�ä�Z+I�K�\�Q

�€�_�|�•�Ï2A�b4O–�ì�@2s�A�S�G�\�_�|�•0�œ$×�^0[�I�_�|�•�v�b�\*ƒ�<�}�€�S>,  

 

3. �”�œ�§8®/Õ0]�ì�b�Ï#Õ�·"@�b�¶%$�(�x 

3-1. *ü���\% $× 

�� �¡�N>&�•$Î/²>'�_�|�W�Z�”�§�Ü�b�b�Z�ì�‡�c 2010 �º 7 �v 25 �¥�\�N���I�€>*�Q�b 3

�¥�‹�b 7 �v 28 �¥�_�c�œ�œ�À�ž�–�b�±�º�¶�/�b�b�Z�v�¨�X&�1��I�€�S�G�\�?�}>*�”�œ�§

8®�b�ä�Z+I�K�_2s�I�K�S�Ï2A�b4O–�ì�c>*�� ' � �K�S�”�œ�§8®�b6ë�v�K�C�c%$�W�_#Õ�%

�M�•/²�~#Õ"@�T�E�[�^�C�Ï2AÆ4Š�_#Õ�%�M�•Æ�~#Õ"@�_�v+´�Z$×�^�s8j�†�Z�<�S�\*ƒ

�<�}�€�S>,�r�S1Â�`�¸ ²�[ �c�º6ë�†3û�K�S�¸ ²8�� l �b�”�œ�§8®�b/Õ0]�v&�1��I �€�Z�>

�~>&Yabe et al . 2009>'>*�ä�Z�x+I�K�@#Õ�L�^�C�\�v�”�œ�§8®�@�¸ ²8��†/Õ0]�M�•�G�\

�_�| �W�Z>*�Ï2A/²8��?�}4ß(ò�x8õ2( ;�†�v�~°�€�•Æ�~�ö�b�Ï#Õ�·"@�c#Õ�%�†7<���I

�€�•�•+��ö�@*ƒ�<�}�€�•>,�G�€�}�bÆ�~�ö�·"@�b�¨�C�c�©� �í �³ �»�Ü8®�b�z0[�^8õ2(

 ;�\�^�•�§�Û2�8®�x�¨�Ÿ8®�[�6�~>&&Å�£ 1988>'>*�?�€�}�c�G8õ�q�·�x��8×�G4J�_���8

5„%$�‰�¥�l �b&ã�·�†�M�•�G�\�@%±�}�€�Z�8�•>,�Ï#Õ�·"@�›' � �b�(�x�W7H�c�§�Û2��b�œ

�œ�À�ž�–�[�c 25 cm �è�Ý>&Zwarts &  Wanink 1989 >'>*�¨�Ÿ8®�b�–�º�Ó Tylorrhychus 

heterochaetus �[�c 50 cm �è�Ý>&8¼�Å#ã�í5e�Œ1999>'�_�l�g>*#å�†8®�b�”�¼�ª�Õ�¥

Upogebia major �_+³�W�Z�c 2 m �è�Ý�_4)�K >&Kinoshita et al . 2003>' >*�\Æ�b�¸ ²1*

���_�>�E�•�¹� ’$×�^�G�>�Ý�Ø 15�%30 cm &ì�Ø>&Suzuki & Sasaki 2010>'�[�c�Ï#Õ�·"@

�b�G&��^#'�Ñ5��†�•�q�M�•�G�\�c�T7´�[�6�•>&,å�å 1979>98¼�Å#ã1987>'>,�K�S�@�W

�Z �G�€�}�b�G&��^#'�Ñ5��•�q�b�S�u�_�c�Ï�>�Ý4Š�r�[�b�G�>�@�²0[�\�^�•>,   

�� �•8o�[�c1Â�`�¸ ²�_�>�E�•�”�œ�§8®/Õ0]�@�Ï#Õ�·"@�b�¶%$�(�x�_�Z�<�•�s8j�†1*�m



!

�• �S�u>*�Ÿ�Ø�_�”�œ�§8®�b/Õ0]�@0{�9�I�€�•1Â�`�¸ ²>&��-%%4*f�¿5��w>'�\>*�š3Q�P

!·�\ �K�Z� �L�¾�¿ 4�ß4Š�_�)*(�K�”�œ�§�b�� ' � �b0{�9�I�€�^�8�ä�^�] � : �È2°�¸ ²>&��

-%%4�w�]�w>'�b2 �X�b�¸ ²�[�b1*���†/œ�W�S>&Fig. 1 >'>, 

��  

3-2. �¦�q�\�‰�2 

3-2-1. �P1ß�… 

�� 1Â�`�¸ ² � [ �c�p »�•�_�>�8�Z�! �¾4Š�_�6�•�• �Ÿ�Ë�Ü3Æ�b%Á�>2A�…>& St.1>'� \>*�º6ë

�†3û�L�Z�”�œ�§8®�b/Õ0]�W�_�6�•�í�¾4Š�b�>2A�…>&St.2>'�[ 2  �! l �†0¿���K�S>&Fig.1 -c>'>,

�r�S�š3Q�P!·�…�\�K�S�ä�^�]�:�È2°�[�c�‘�Ê�W�v4Š�b�œ 40 m �b�¸ ²8��_�>�8�Z>*�º

�Å�Á�®1¤�Ê�Ü3Æ�b�¸ ²�p�¸4Š�b�>2A�…�_1  �!l �†0¿���K�S>,�ä�^�]�:�È2°�c�<�?�]�È

(Ô�b�§�ä�^�]�\/œ�¨�•�·� � �[ �(�v�K�Z�¾�¿ 4�ß4Š�_6ä�•�M�•>*�œ 400 m>*²6× 3 km

�b 1910 �º�_6ä�P�I�€�S�Ç�d�:�È2°�[�6�•>,�•�:�È2°�b�g�Ê�_�c�Ú�©*L- �?�}�^�•�`

0d�•�^�7�ö 5�…�Ü#Õ�•�@�Ñ�~�K�Z�>�~>&8¼�Å#ã2007b>'>*�7�ö 5�…�b�)*(�M�•�•�·� �

�Ü3Æ�b�V�v4Š�?�}6ä�•4Š�r�[�†1*���K�S�]�•>&2002>'�_�|�€�d>*�ä�^�]�:�È2°�_�c�>

2A�ö�b�|�a'��†�¨�C�µ�t 52 '��b1Ï�)�^�Ï#Õ�·"@�b#Õ�%�@&�1��I�€�Z�8�•>,�r�S�•�:�È

2°�b�ö!l � \ �^�•�•�· � � �c3û�–6â�L�}�€�Z�8�•�S�u�� �–$×�^�Ð�È�v°�c�^�C>*�7�( ð�Ø

�c�¾�¿ 4�ß�\� �]�b°�ä#”�C�[�6�•>&�]�• 2002>'>, 

 

3-2-2. �‰�2 

�� �¸ ²�Ï#Õ�·"@�b�Ï2AÆ�b�¶%$�(�x�†�G&��_1*�m�•�S �u>*Ç'Ä"g�¥�”�§�å�É�Û�î�_�|

�•��5��G7Ÿ�†/œ�W�S>&Fig.4>'>,�£�$×�^1*���[�c1Â�`�¸ ²�\�ä�^�]�:�È2°�\�v�_�Ï#Õ

�·"@�b�(�x�W7H�c 50 cm �r�[1��u�}�€�S�S�u>*6×�I 1 m>*%$�„ 13 cm �b�7�ì�Å�½�î�Ý

0��¥�”�§�å�É�Û�î�†#Ý�8�Z 50 cm �r�[�b�Ï�>�†�G7Ÿ�K>*Æ�„�\� �L%$�„�†�v�X�Ã�–�É

-y�[�¥�”�§�å�É�Û�îÆ�b�>�†�²�K�V�F>*�²�K�V�F�S�Ï2A�† 10 cm �b�™�H�\�_�(�E�Z�G

�v�K�S>,�S�T�K�q�v/²8��_3Æ�8�™>&0-10 cm>'�[�c/²�~�ö�b#Õ"@�†�
�(�M�•�S�u/²8��W

1 cm �r�[�b�Ï2A>&0- 1 cm>'�\�Q�€�è�¥�b4Š�(�b�Ï2A>&1- 10 cm>'�†�
�(�K�S>,�r�S�Ï

#Õ�·"@�b�¶�/�&�Ø�c�ƒ�N�?�^�)*(�b4*�8�_�| �W�Z�v�¶�/�X�@�±�A�C$��^�•�b�@��3û�[

�6�•�S�u>&&Å�£ 1988>9�]�•�í<;.( 2010>9Cardoso et al . 2010>'>*�G�b�G7Ÿ�8���†�›

 �! l �[ 8 �G)Þ�~3É�M�G�\�[ 0.1 m2 �b�§�å�É�Ý�†�“�S>,�™�9�\�K�S�§�å�É�Ý�c�
Æ�l�â

�U�•�~>*#Õ"@�†4E�~�(�E�S�b�U�_�� � /8§�¤6~�†#Ý�8�Z�•+��^7H�~� � � �†/œ�8�¶�/�X�\



!

0.1 g (�Ø�[ 55�5��†0£ ��K�S>,�§�Û2��b�8�C�X�?�b'� �_�>�8�Z�B6×�•7u�_�� � :#Õ�%

�Ý�Ø�b�*�W�@&�1��I�€�Z�8�•�S�u>&Blundon & Kennedy 19 82>9Zwarts 1986 >9�)�N

1988>9 Zwarts & Wanink 1989 >9Lardies et al . 2001>'>*�G7Ÿ�I�€�S�§�Û2��b�†�œ�†

�À� �«�[ 0.1 mm (�Ø�[0£ ��K�S>, 

�� �r�S�Ï2A#”�C�\�K�Z>*�Ï�î�±�È�Ý4ß�ì4O–7Á�)0£>&RM -20P>*�¾�³ DKK �4�'� &k0�>'

�†#Ý�8�Z�§�å�É�Ý�p�b4ß�ì4O–7Á�)�†0£ ��K>*� �ì �_0£ ��I �€�S�Ï2A ��Ø�?�}�† =�È

(ò7Á���?�}�b7Á�)�j>&Eh >'�_�n'ì�K�S>,�› �!l �[ �“�}�€�S�Ï2A0è�q�_�X�8�Z�c�Þ�î�¨

�î�G�¡� '(•�Ø�(�Ò/æ*(>&�å�`0��8�d>8 SALD -3100>'�†#Ý�8�Z�Ï2A(•�Ø)��B�†�Ó�u>*�u

2A0è9‚>&�…%��d�Û�2001>'�_�‘�8�©�Ý�º�í�¡�Þ�–"á�†�Ó�u�S>,�G�€�}�b�G7Ÿ�c�8�N�€

�v 2011 �º 8 �v�?�} 9 �v�b�± »�¸ »�ì�_/œ�ƒ�€�S>, 

�� �r�S 2011 �º 10 �v�_�7�( �� �#Ý�b�§�å�É�Ý�\�K�Z1Â�`�¸ ² St.1 �\�ä�^�]�:�È2°�_�>

�8�Z>*�V0°�\� �]�b�‰�2�[Ç��"g�¥�”�§�å�É�Ý�†�G7Ÿ�K>* 10 cm �–�_�(�E�S�§�å�É�Ý

�?�}42�°�(7³�_�|�~6ë7}�È�†�³���K>* 1/2 �† =�•�È�[/õ�G�K�S�7�(0£>&FUSO -YK31A >'

�†�Q#Ý�K�7�(�† 0.1 (�Ø�[ �� � �K�S>, 

�� �^�>�¹�î�±�b0Ž�Ò�_�6�S�W�Z�c>*²�Z�Ç�Ü�î�¯�Ç�º�[�6�• R. 2.10.1 �†�Q#Ý�K�S>, 

 

3-3. )��Ý 

3-3-1. �Ï2A#”�C 

�� �› �! l �_�>�E�•4ß�ì4O–7Á�)�b ���)��Ý�† Fig.5 �_&g�M>,1Â�`�¸ ²�b 2  �!l �[ �c/²

�™�|�~�W�™�b�‰�@4ß�ì4O–7Á�)�b�Í�c9×�C>*"I�_St.1 �b 40-50 cm �™�[�c 8 �G�b�§�å

�É�Ý�b�8�N�€�_�>�8�Z�v�Ð�–�¼�«�Í�c0£ ��I �€�N>*/²�™�|�~�W�™�b�‰�@�ò�¼$×�^#”�C

�[�6�•�G�\�@�ƒ�?�W�S>,�r�S�ä�^�]�:�È2°�b 1  �!l �[ �c/²�™�b4ß�ì4O–7Á�)�b�Í�@�q

�v9×�C>*�Ý�Ø�_���W�S4O–�ì�b4/œ�@�s�}�€�S>,  

�� �r�S�› �! l �_�>�E�•(•�Ø�(�Ò�b)��Ý�† Fig.6 �_&g�M>,1Â�`�¸ ²�b St.1 �[�c�©�Ý�º�í

�¡�Þ�–"á�c 0.00 ~ 8.90 %�[>*�Ý�Ø6ë�[�b�Â%‘�^4*�8�c�s�}�€�^�?�W�S>, St.2 �b�©�Ý�º�í

�¡�Þ�–"á�c 4.91 ~ 83.92 %�\�Ý�Ø6ë�[�±�A�C$��^�~>*/²�™>&0- 1 cm>'�b�©�Ý�º�í�¡�Þ

�–"á�@20 %�†�G�<�S>,�ä�^�]�:�È2°�[�c 3.55 ~ 66.19 %�[�Ý�Ø�_���W�Z(ý(•�ì�M�•4

�¥�@�s�}�€>*/²�™>&0-1cm>'�@ 3.55 %�[�q�v�*�C>*�q�v9×�8�©�Ý�º�í�¡�Þ�–"á�c 30 - 40 

cm �_�>�8�Z&�1��I�€�S>, 

�� �r�S 2010 �º 10 �v�_1Â�`�¸ ²�b St. 1 �\�ä�^�]�:�È2°�b �! l �_�Z�G�v�K�S�Ý�Ø�9�§



!

�å�É�Ý�b4ß�ì4O–7Á�)�\ �7�(�b � � �>*4ß�ì4O –7Á�)�c�ä�^�] � : �È2°�\1Â�`�¸ ²�\ �v�_

8 �v�\�  � ] �b4�¥�†&g�K�S�M�‰�[>*�7�(�_�X�8�Z�c�ä�^�]�: �È2°�[�c�Ý�Ø6ë�[�±�A�^

4*�8�c0b�}�€�N>*1Â�`�¸ ²�[�c 40-50 cm �™�b6ë7}�È�p�b�7�(�c 15.9 �[�6�W�S�@>*0-10 

cm �™�b30.0 �b���(&ì�Ø�_�^�W�Z�8�S>&Fig. 7,8 >'>, 

 

3-3-2. #Õ"@#Õ�%"g�# 

�� �› �! l �[ �b��#'�¶�/�X�\ 55�5��b)��Ý�† Table 4 �_&g�M>,�› �! l>&0.1 m 2>'�_�>�E

�•)r��#'�¶�/�X�c1Â�`�¸ ² St. 1 �[�c 254 �¶�/>*St. 2 �[�c 309 �¶>*�ä�^�]�:�È2°�b 1

 �!l �[ 1,460 �¶�/�\�¸ ²6ë�[�±�A�C$��^�W�S>,�› �! l Æ�_�>�E�•�¥�”�§�å�É�Ý>&0.013 

m2>'�6�S�~�b�¹�’ �¶�/�X�c1Â�`�¸ ² St. 1 �[ 31.5 �¶�/>&�s 13.7 SD>'�\ St.2 �[ 36.9

�¶�/>&�s 14.0 SD>'>*�ä�^�]�:�È2°�b �! l �[ 181.3 �¶�/>&�s 54.3 SD>'�\�^�~>*�¨5��š

3Q�è���[�v1Â�`�¸ ² 2  �! l �\ �ä�^�]�:�È2°�\�b6ë�_�Q�€�R�€�w�–�^�j$��@1��u�}�€�S

>&Steel-DwassÕs test, p< 0.05>9Fig. 9 >'>, 

�� �› �! l �[ �b)r��#' ' � �X>&0.1 m 2>'�c1Â�`�¸ ² St.1 �[ 14 '�>* St.2 �[ 15 '�>*�ä�^�]�:

�È2°�b �! l �[ 21 '��[�6�W�S>,�r�S�¥�”�§�å�É�Ý�6�S�~�b�¹�’ ' � �X�[�c1Â�`�¸ ²�[ St.1

�[ 5.1 '�>&�s 1.8 SD>'�\ St.2 �[ 6.4 '�>&�s 1.2 SD>'>*�ä�^�]�:�È2°�b �! l �[ �c 11.5

'�>&�s 1.1 SD>'�\�^�~>*�¨5��š3Q�è���[1Â�`�¸ ² 2  �! l �\ �ä�^�]�:�È2°�\�b6ë�_�Q�€

�R�€�w�–�j�@1��u�}�€�S>&Steel -DwassÕs test, p< 0.05>9Fig. 9 >'>, 

�� �› �! l �b 55�5�>&0.1 m 2>'�_6õ�K�Z�c1Â�`�¸ ² St.1 �[ 154.9 g>*St.2 �[ 286.5 g>*�ä

�^�]�:�È2°�[ 200.4 g �[�6�W�S>,�¥�”�§�å�É�Ý�\�S�~�b�¹�’ 55�5��[�c1Â�`�¸ ² St.1

�[ 19.2 g>&�s8.4 SD>'>*St.2 �[ 35.8 g>&�s31.3 SD>'>*�ä�^�]�:�È2°�[ 24.8 g>&�s25.2 

SD>'� \ �¥�” �§�å�É�Ý6ë�[ �b� j �@�±�A�C>*�w�–� j �c1� �u�} �€�^�?�W�S>&Steel -DwassÕs 

test, p>0.05 >9Fig.9 >'>, 

 

3-3-3. �¶%$�(�x"I�ö 

�� �Ï#Õ�·"@�b#Õ"@6Û�H�\�b�Ý�Ø�9�¶�/�X�\ ' � �X�† Fig. 10, 11 �_>*�›' � �¶�/�X�b�¶%$�(

�x�† Fig.12, 13 �_&g�M>, 

�� 1Â�`�¸ ²�b St.1 �[�c�Í�¯�˜�Ñ�½�¼>*�”�Û�Ò�©�ß Nassarius festivus >*�Í�º�º� �«

Musculista senhousia > * � ¥ � £ � ¦ � • � – Ceratanereis erythraeensis > * � – � º � ¦ � • � – & É

>&Capitellidae >'�b0�X'��@ 10 �¶�// 0.1m2 �è�V��#'�K�S>,"I�_�Í�¯�˜�Ñ�½�¼�c�¶�/�X



!

�b 70 %>* 55�5��b 83 %�†�(�u>*0- 10 cm �_7Ÿ�p�K�Z�8�S>,�G�b �!l �[ �c�Ï#Õ�·"@�c

�Ý�Ø 30 cm �r�[�b�™�[��#'�K�S�@>*�Ý�Ø6ë�[�œ�È�C�(�x�K�S�b�c�–�º�¦�•�–&É�b0�X

'��b�s�[�6�W�S>, 

�� 1Â�`�¸ ²�b St.2 �[�c>*�¶�/�X�[�c�Í�¯�˜�Ñ�½�¼>*�”�©�¼�ž�¦�•�– Neanthes succinea >*

�Ó�Ü�±�Ú�¥�š�Å&É>&Melitidae>'�b0�X'��@ 10 �¶�// 0.1 m 2 �è�V��#'�K>* 55�5��[�c�Í

�¯�˜�Ñ�½�¼>*�Í�å�Å�À�«�ž�–>*�œ�Ÿ�©�ª�Ñ Cyclina sinensis �@10 g / 0.1 m2 �è�V��#'

�K�S>,�Q�b�^�?�[�v�Í�å�Å�À�«�ž�–�b��#'�¶�/�c 5 �¶�// 0.1m 2 �[�6�W�S�@>*�†6× 75 

mm �b�±�º�¶�/ 1 �¶�/�b��#'�@�6�W�S�S�u>* 55�5��b 37 %�†�(�u�•)��Ý�\�^�W�S>,�G

�b �!l �[ �¶�/�X�b�¨�?�W�S�”�©�¼�ž�¦�•�–�b�(�x�c/²�™�_7Ÿ�p�K>* 20 cm �è�Ý�[�c�s

�}�€�^�?�W�S>,�| �~�Ý4Š�[�b��#' �@&�1��I �€�S�b�c�Ú�¥�š�Å8®>& Gammari dea>'�[>*

"I�_�»�ß�¡�²�Ò�©&É>& Corophiidae >'�b 1 '��c�Ý�Ø 40 cm �r�[�b�™�[ 3 �¶�/&�1��I�€>*

/²�™�Ü3Æ�[�c 1 �¶�/�b�s�[�6�W�S>, 

�� �ä�^�]�:�È2°�b �! l �[ �c>*�¶�/�X�c 0-1 cm �™�\ 1-10 cm �™�_�Q�€�R�€ 47 %�\ 47 %

�@�(�x�K>*�¶�/�X�[�c�š�»�ž�á�Ñ�¬�¦�Ð�¶�Î Stenothyra edogawensis >*�•�á�¢�³�¶�Î

Iravadia elegantula >*�Ä�ž�±�Ú�¥�–�º�•�£� �Ü Paracingulina sp.>*�Í�º�º� �«>*�”�§

�Ü>*�¥�Ó�¶�È�ž�– Decorifer insignis >*�œ�Ÿ�©�ª�Ñ>* �Ñ�¬�Ä�Ÿ�¦�•�–&É>&Cirraturidae >'

�b0�X'�>*�¥�£�¦�•�–>*�–�º�¦�•�–&É�b0�X'��@ 10 �¶�// 0.1 m 2 �è�V��#'�K>*�\�C�_

�š�»�ž�á�Ñ�¬�¦�Ð�¶�Î�@ 513 �¶�/�\�Ñ�¬�Ä�Ÿ�¦�•�–&É�b0�X'� 565 �¶�/�@²��#'�X

1,460 �¶�/�b�o�\�‡�]�†�(�u�S>,�¶�/�X�[²�/�b 35 %�†�(�u�S�š�»�ž�á�Ñ�¬�¦�Ð�¶�Î

�c 55�5��[�c 1 %>&2.0 g>'�_4#�B�N>*�Q�b�(�x�c 10 cm �è�Ý�[�c�s�}�€�N 513 �¶�/�b

�:�U�b 407 �¶�/�@ 0-1 cm �b/²�™�_7Ÿ�p�K�Z�8�S>,�Ñ�¬�Ä�Ÿ�¦�•�–�c�¶�/�X�[�c 39 %

�†�(�u�S�@>* 55�5��[�c²�/�b 13 %>&25.9 g>'�\�^�~>*�Q�b�¶%$�(�x�c�Ý�Ø 20 cm �r

�[�b�™�[��#'�K�S�@>*��#'�¶�/�X 565 �¶�/�b�:�U 516 �¶�/�@ 1-10 cm �™�_7Ÿ�p�K�S>,

�r�S�G�b �!l �[ �b 55�5��_�|�•ƒ�(' � �\ �K�Z�œ�Ÿ�©�ª�Ñ>& 54.2 %>'>*�Í�å�Å�À�«�ž�–

>&21.4 %>'�@�6�F�}�€>*�§�Û2�8®�@�ä�^�]�:�È2°�[�b��#'5�5��b 4 �(�b 3 �†�(�u>*�G

�€�}�b�±�º�¶�/�@ 10 cm �è�Ý�_��#'�K�S�G�\�?�}>*10 cm �è�Ý�b�¶�/�X�c²�/�b 5 %

&ì�Ø�[�6�W�S�_�v6õ�ƒ�}�N>* 55�5��[�c²�/�b 30 %�è�V�†�(�u�S>, 

�� 3  �! l �[ �c�8�N�€�v�¶�/�X�@ 10 cm �è�Ý�l�b�(�x�c 10 % �è�W�[�6�W�S�@>* 55�5�

�_�>�8�Z�c1Â�`�¸ ²�b 2  �!l �[ �b 10 cm �è�Ý�b5�5��c²�/�b 0.1 %�\�^�~>*�ä�^�]�:

�È2°�[�c²�/�b 30 %�@�(�x�K�S>, 



!

�� �r�S1Â�`�¸ ²�b 2  �!l �[ �c��#'�O�N>*�ä�^�]�:�È2°�[�b�s��#'�K�S'��\�K�Z�c�š�»

�ž�á�Ñ�¬�¦�Ð�¶�Î>*�•�á�¢�³�¶�Î>*�Ä�ž�±�Ú�¥�–�º�•�£�  �Ü>*�¥�Ó�¶�È�ž�–>*�£�Ö�Ü

�Ò�©&É>&Sabellidae>'�b 1 '�>*�ž�å�·�Ÿ&É�b 1 '� Arthritica  sp.>*�©�œ�Ç�ŸMactra 

quadrangularis >*�³�ß�Ü�“�b 1 '� Glycela  sp.>*�Á�§�Ñ�©�Õ�¥�š�Å Laomedia astacin a>*

(ã�g�·"@6Û>&Nemertea>'�b 1 '��b 10 '�*L�[�6�W�S>, 

�� ² �! l �[ �b��#' ' � �†>*�¸#ã>&1965>'>*8¼�Å#ã>&1981>'>*Roberts et al .>&1989>'>*

0Y�§>&1992>'>*0Y�§>&1995>'>*8¼�Å#ã>&1996>'>*�ß1Â>&2000>'>*�¾�¿ 4#Õ�Â(Ô%Ê'2

��å�±�î>&2012>'�†�g!·�K/²�~#Õ"@�\Æ�~#Õ"@�_�
�(�M�•�\>*/²�~�ö'� 6 '�>*Æ�~�ö

'� 17 '�>*#Õ�%#”�C�@�Y�Â�r�S�c�_���b0°3U�b�^�8'� 8 '��\�^�W�S>&Table 4 >'>,�G�€

�†�› �! l �[ �b��#'#Õ"@'��X�\�œ�ƒ�O�Z*ƒ�<�•�\1Â�`�¸ ²>&St.1 >'�[�c��#' '� 14 '��b�:

�U 8 '�>*1Â�`�¸ ²>&St.2 >'�[�c 15 '��b�:�U 8 '�>*�ä�^�]�:�È2°�[�c 21 '��b�:�U 15

'� �@Æ�~�ö�b�Ï#Õ�·"@�\4E�� � I �€>*�¶�/ �X�[ �s�S�� �œ�[�c1Â�`�¸ ²>& St.1>'� [ �c² �¶

�/�X�b 18.9 %>*1Â�`�¸ ²>&St.2 >'�[�c 21.7 %>*�ä�^�]�:�È2°�[�c 53.7 %�b�m�œ�@Æ

�~�ö�b�Ï#Õ�·"@�[�6�W�S>, 

�� �r�S�§�Û2�8®�b#Õ�%�c1Â�`�¸ ²�[�c 1-10 cm �b�™�r�[>*�ä�^�]�:�È2°�[�c 10 - 20 cm

�™�r�[�[&�1��I�€�S>&Fig. 14 >'>,�r�S�Q�b�B6×�_���W�S#Õ�%�Ý�Ø�b�*�W�c>*�G7Ÿ�¶�/

�@�a�^�?�W�S1Â�`�¸ ² 2  �! l �_�>�8�Z�c&�1��[�A�^�?�W�S�@>*�ä�^�]�:�È2°�b �! l>&0.1 

m2>'�_�>�8�Z�c�œ�Ÿ�©�ª�Ñ�[�†6× 5 mm �è�W�b�Â2��@0-1 cm �™�_14 �¶�/>* 1-10 cm

�™�_5 �¶�/>* 10-20 cm �™�_0 �¶�/�\�^�~>*�†6× 30 mm �è�V�b�±�º�¶�/�@ 0-1 cm �™�[

0 �¶�/>*1- 10 cm �™�[ 1 �¶�/>*10- 20 cm �™�[ 2 �¶�/�\�^�~>*�B6×�•7u�_���W�S#Õ�%�Ý

�Ø�b�*�W�@&�1��I�€�S>, 

�� �Ý�Ø�9�b4ß�ì4O–7Á�)�\�¶�/�X�b6õ�€>*�r�S4ß�ì4O–7Á�)�\ ' � �X�b6õ�€�† Fig.15 �_

&g�M>,/²�™>&0-1 cm>'�[�c>*4ß�ì4O–7Á�)�\�b6ë�_�¶�/�X>&�ô���€�X r 2= 0.48>'�\ ' �

�X>&�ô���€�X r 2= 0.57>'�\�v�_%&6õ�@�s�}�€�S>,�Ý�Ø�@ 10 cm �è�Ý�b�§�å�É�Ý�[�c�¶

�/�X>*'��X�c�\�v�_�a�^�C>*4ß�ì4O–7Á�)�\�b6õ�€�c�Y�Â%‘�[�6�W�S>,  

 

3-4. *ƒ�9 

�� �Ï#Õ�·"@�b��#'�Ý�Ø�c1Â�`�¸ ²>*�ä�^�]�:�È2°�[�\�v�_ 40 cm �r�[�s�}�€>* 40 - 50 

cm �b�™�[�b��#'�c�^�?�W�S>,�Ò�G�b�G7Ÿ�[�“�}�€�S1Â�`�¸ ² 2  �! l �_�>�E�•�¹� ’ 55�

5��c 2209g / 
M�\�^�~>*8¼�Å#ã�í5e�Œ>&1999>'�b/œ�W�S� �¸ ²�_�>�E�• 1986-87 �ºä



!

�‡�b 178g / 
M�†�±�A�C�V�G�•�Í�\�^�W�S>,�G�b�Q�•�c 1986 �º�b1*���ì�_²�C�G7Ÿ�I

�€�Z�8�^�?�W�S�Í�¯�˜�Ñ�½�¼�b��#'�_�|�•�v�b�[�6�•>, 

�� �¶%$�(�x�_�>�8�Z>*�›' �#Õ"@�_�X�8�Z�c 1986 �º�b1*���ì�_�c+a2Š8®�@��#'�K�^�?

�W�S�b�_�P�K�Z�Ò�G�b)��Ý�[�c+a2Š8®�@3 '���#'�K>*�¨�Ÿ8®�c 9 '��T�W�S�v�b�@ 6 '�

�_>*#å�†8®�c 3 ' � �T �W�S�v �b �@ 6 ' � � \ � ^ �W�Z�8 �S>,4O–#” �C� [ �b � ” �©�¼�ž � ¦ � • �–

Neanthes succinea �bƒ�("g�Â�c 1986-87 �º1*���ì�\� �]�_�•1*���ì�[�v�s�}�€�S�@>*

�Q�b�¶%$�(�x�c 1986 �º�ì�_ 60 cm �™�r�[�s�}�€�S�v�b�@�Ò�G�b)��Ý�[�c 20 cm �è�Ý

�_�c�s�}�€�^�?�W�S>,��#'�Ý�Ø�@�x4Š�_7H���I�€�•4�¥�c�”�©�¼�ž�¦�•�–�T�E�[�^�C>*

1986-87 �ºä�Ø�b1*���ì�[�c1Â�`�¸ ² 5  �! l �\ �v�_ 60 cm �r�[�b�™�_�v�Ï#Õ�·"@�@��

#'�K�Z�8�S>&8¼�Å#ã�í5e�Œ1999>'�@>*�Ò�G�b�Ÿ�Ø�b 2  �!l �[ �b�G7Ÿ�[�c��#'�Ý�Ø�c

40cm �r�[�\�^�W�Z�8�S>,�Ò�G�b�¶%$�(�x�b1*��)��Ý�l�b�Ø(�$×�s8j�c�Y�Â�[�6�•�@>*

�§�Û2��b�8�C�X�?�b'� �_6õ�K�Z�cä�Ø�_#Õ�%�Ý�Ø�b�*�W�@2s�A�•�^�] �b�Ø(�$×�^#Õ�%

�Ý�Ø�b�š�ì�@�æ�¬�I�€�Z�8�•>&Reading & McGrorty 1978 >9Zwarts & Wanink 1989 >9

Goshim a et al . 1999>'�G�\�?�}>*�Ø(�$×0[�I�†�µ�u�S�^�‡�}�?�b�¶%$�‰�¥�l�b�(�x�D

7H�@#Õ�L�Z�8�•�•+��ö�@�6�•>, 

�� � Ï2A"I�ö�\�K�Z>*�š3Q�P!·�…�[�6�•�ä�^�] � : �È2°�[�c²�Ý�Ø�†3û�K�Z�b4ß�ì4O–7Á

�)�c�É�Û�«�Í�†&g�M�^�]4ß�ì$×�^�Í �@�“�}�€�Ý�Ø�_���W�S)†�x�?�^4O–"g�Â�l �b&ã/œ

�@&�1��I�€�S�@>*�M�‰�[1Â�`�¸ ²�b 2  �!l �[ �b4ß�ì4O–7Á�)�b ���)��Ý�c0£ 16 �b�¥�”

�§�å�É�Ý�b�:�U 13 �b/²�™>&0-1 cm>'�[�Ð�–�¼�«�Í�†&g�K>*�q�W�™>&40-50 cm>'�[0£

16 �b�:�U 15 �b�¥�”�§�å�É�Ý�[�É�Û�«�Í�†&g�M�^�]>*/²�™�Ü3Æ�[4ß�ì4O–7Á�)�@�*�C

4O–$×�[�6�~>*�W�™�_�>�8�Z�ò�¼$×�[�6�•4�¥�@1��u�}�€�S>,�¸ ²�_�>�8�Z�c�Ï2AÆ

4Š�b RPD �™�|�~�v�W�b4Š�(�[�H�C&å�_4ß�ì4O–7Á�)�@9×�C�^�•#'1ß�@���Ì�I �€�•�G

�\�v�6�•�@>&Fenchel 1969 >'>*�M+á$×�̂ �̧  ²�[�c�� '�"@�b/²�™�[4ß�ì4O–7Á�)�@9×�C>*

�Q�G�[�c�ò�¼$×�o�Â�@2s�A�Z�>�~>&,å�å�í�¥� 1994>'>*�ò�¼$×�^/²�™8��?�} RPD �™

�†�C�_�K�Z4O–�™�@$Î4)�M�•>,�P�K�Z�Ò�G�b ���)��Ý�[�c�Â%‘�^ RPD �™�c1��u�}�€�N>*

1Â�`�¸ ²�[ �c/²�™�@4O–$×�^�Ï2A#”�C�_�P�K�Z�W�™�@�ò�¼$×�\�^�~>*�M+á�b�¸ ²�[0{

�9�I�€�•4ß�ì4O–#”�C�\�c3ë3?�K�Z�8 �S>,�Q�b#.#ä�_�X�8�Z�c�Ò�G�“�}�€�S�§�å�É�Ý

�?�}�b1Ÿ1=�c�[�A�^�8�v�b�b>* 10 �v�b1Â�`�¸ ² St.1 �[�c�Ï�>�p�b6ë7}�È�7�(�@ 40-50 

cm �™�_�>�8�Z/²8�>&30.0>'�b(Ù���(�b 15.9 �\�^�W�Z�8�S�G�\�?�}>*1Â�`�¸ ² St.1 �_

�>�E�•�Ý4Š�[�b9×�84ß�ì4O–7Á�)�Í �_�X�8�Z�c>*�� �–$×�^�…�W�È�j)%�@�6�•�G�\�@�N



!

�I �b�M�X�?�v%±�€�^�8>, 

�� 4O–"g�Â�_�>�E�•�Ï#Õ�·"@�b#Õ�%�_�X�8�Z�c>*�� �Ø�b�Ï2A4O–�ì�@�Ï#Õ�·"@�b#Õ�%

�†4ß(ò�²�ó�@,��ò�^3Æ/²�™�l7H���I�O�•�\�8�:%Ê'2���Ì>&Ankar  & Jansson 1973 >9

Rosenberg 1977>9Pearson & Rosenberg 1978>'�@�6�•�@>*�•1*���ì�b1Â�`�¸ ²�b 2

 �! l � [ �c>*4O–�ì�c²�Ý�Ø�p�[/²�™�@�q�v--�K�?�W�S�v�b�b>*�Ï#Õ�·"@�b#Õ�%�c�G�b

/²�™�Ü3Æ�_7Ÿ�p�K�Z�8�S>,�G�b�G�\�_6õ�K�Z>*8¼�Å#ã�í5e�Œ>&1999>'�c�Ï2A�Ý4Š�@��

�Ø�^4O–�W�_�6�W�Z�v�Ï�>/²8��@�É�Û�«�Í�†&g�M�o�]�b�ò�¼$×�^"g�Â�[�6�€�d>*�w�µ

"@�j)%�b�¨�8�¸ ²�[ �v�š3Q$×1Ï�)�^�Ï#Õ�·"@*L7Ÿ�@)T�â�I�€�•�G�\�†�æ�¬�K�Z�>�~>*

�G�€�c�Ï�uÆ�_#Õ�%�M�•Æ�~�ö�·"@�b�¨�C�c/²�™�?�}� � �–$×�_�“�}�€�•4ß(ò�_�k�Ñ�K

�Z�8�•�S�u�[�6�•>,�K�S�@�W�Z�•1*�� � ì �b1Â �`�¸ ²�_�>�8�Z�Ï2A�W�™�b4ß(ò�²�ó�@,�

�ò�[�6�W�S�\�K�Z�v>*Æ�~�ö�b�Ï#Õ�·"@�c/²�™�?�}� j)%�I�€�•4ß(ò�†�<#Ý�K�^�C�Z�c

�^�}�^�8�S�u>*�Ï2A/²�™�b4O–�ì�c)� �Ý$×�_�Ï#Õ�·"@�b/²�™7Ÿ�p�\�Ý�Ø�(�x�š�D�†2s

�G�K�Z�8�S�\�8�<�|�:>,  

�� �£�•�}>&2009>'�c5��) �̧ ²�[�b 1994 �º�b1*��)��Ý�\�Q�b(Ù 10 �º�‹�_/œ�ƒ�€�S 2005

�º�b1*��)��Ý�\�b�š3Q�?�}>* 10 �º6ë�[�Ï2A�p�b#”�C�O�ì�_�|�W�Z�§�Û2�8®�^�]Æ�~�ö

#Õ"@�@�ö�a�K>*+a2Š8®�†�c�L�u�\�M�•/²�~�ö#Õ"@�@ƒ�(�M�•�Ï#Õ�·"@*L7Ÿ�l�\&ã/œ�K

�S�•+��ö�†�æ�¬�K�Z�8�•>,�•1*�� �_�>�8�Z�v>*1Â�`�¸ ²�b��#' �¶�/ �X�_�>�E�•Æ#Õ#Õ

"@�b�m�œ�c18.9 %>&St.1>'>*21.7 %>&St.2>'�[>*�ä�^�]�:�È2°�_�>�E�•Æ#Õ#Õ"@�b�m

�œ 53.1 %�|�~�v�Â%‘�_�*�C>*/²8��[�b4O–�ì�@Æ#Õ#Õ"@�b#Õ�%�†7<���KÆ�~#Õ"@�b�m

�œ�@�a�^�C�^�W�S)��Ý>*/²�~#Õ"@�bƒ�(�@)��Ý$×�_�,�A2s�G�I�€�S�•+��ö�@&g�@�I�€

�S>,�G�€�}�bÆ�~�ö�b�Ï#Õ�·"@�c�� ' �"@�†�)�¾�K>*�V�™�È�?�}� � ' �"@�l�b4ß(ò�b�j)%

�†�Q�•�I �O�•�G�\�_�| �W�Z>*�¸ ²/²8� ' � �†�Ñ�±�K4ß�ì�™�b�L�I�†�Q�•�I �O�•�G�\�@%±

�}�€�Z�8�•�@>&,å�å�í�¥� 1994>9Kinoshita 2002 >'>*�Ï#Õ�·"@�b 10 cm �è�Ý�_�>�E

�•#Õ"@ 55�5��@0.1 %�_�v 6�S�^�81Â�`�¸ ²�[�cÆ�~#Õ"@�b�Ï2A�)�¾�_�|�•�Ï2A�b�ò

�¼�ì�b�•+��ö�c�� �u�Z7H��$×�[�6�•�\*ƒ�<�}�€�•>,�K�S�@�W�Z�Ï2A/²�™�b4O–�ì�cÆ

�~�ö�b�Ï#Õ�·"@�b�Ï2A�)�¾�†7<���M�•�G�\�[>*�¸ ²�Ï2AÆ�l�b4ß(ò�j)%�_�P�K�Z�š�D

0[�I�\�^�•�T�•�:>, 

 

4. )r�œ*ƒ�9 

�� �” �œ�§8®�b�¸ ²8�� l �b/Õ0]>*�Q�€�_�� � : �ä�Z+I�K�@�Ï#Õ�·"@�b#Õ�%�l�Z�<�•�s8j�\



!

�K�Z>*�� ' � �W�b�Ï2A4O–�ì>& Watling 1975 >9�È�̧�í"â� 1993>9Bolam & Fernandes 2002 >'

�x%ò�ì�È(ò�b$Î#Õ>&+�$Ï1Â1999>9�B�Ž�í9×0b 2006>'�^�]�b#Õ�%#”�C�b�Ž�ì�†�,�A2s

�G�M�G�\�[*L7Ÿ�¨�] �Ø�b�ö�a�^�] � Ï#Õ�·"@*L7Ÿ�b�š�ì�†�v�S�}�M�G�\�@���Ì � I �€�Z�8

�•>&Bolam et al . 2000>9Jones & Pinn 2006 >'>, 

�� �•%Ê'2�[�c>* 2010 �º�Ÿ�Ø�_1Â�`�¸ ²�[2s�A�S�”�œ�§8®�ä�Z+I�K�‹�b�Ï#Õ�·"@�b�±5�

�b�Z�c>*9×�È ��\ � Ï2A4O–�ì>*�r�S�Q�€�_�� � :%ò�ì"@�b-s'� �@�§�Û2�8®�†�c�L�u�\�M

�•�Ï#Õ�·"@�b'� �¨ � ] �ö�†--�K�C�*�W�I�O�•�G�\�[>*�”�œ�§8®�†#Õ�%#”�C�\�K�Z�<#Ý�[

�A�•/²�~�ö+a2Š8®�b�Í�¯�˜ �Ñ�½�¼�x>*4O–�ì�_�| �~Æ�~#Õ"@�b�ö�a�K�S�Ï2AÆ�[#Õ�%

�@�•+��^�¥�¶�§�Û2��Í �å�Å�À�«�ž�–�^�] �†�p�°�\ �K�S�"1*�^#Õ"@*L7Ÿ�l�\ �š�ì �M�•�•

+��ö�@&g�@�I�€�S>,�–�º�Ÿ�Ø�_2s�A�•�”�œ�§8®�b�B6×7<���_�|�•#'�Ñ5��*�W>& Yabe et 

al . 2010>'�ì�_�c>*�G�€�}�@�ä�Z+I�K�M�•4#&ì�@�Ñ�~�K�Z�8�•>&%®Æ�} 2006>' �\�N �

�I �€�•�G�\�?�}>*1Â�`�¸ ²�_�>�E�•�”�œ�§8®�b�� ' � �c�Ø(�$×�^�Ï#Õ�·"@�b�b�Z�†�,�A

2s�G�K�Z�8�•�•+��ö�@�6�•>, 

�� �r �S�§�Û2��b�¶�/*L)T�â�_6õ�K�Z�c>*�”�œ�§8®�b�ä�Z+I�K�_2s�I�K�S�Ï2A�b4O–�ì

�c&ö2��b%T�Ï7<��0[�I�\�^�~>&Bolam & Fernandez 2002 >'>*�ì�_%T�Ï�[�A�S�\�K�Z

�v2�4ß(ò*•�ö�@�*�8&ö2��c#Õ�g"á�†�*�W�I�O>*�¶�/*L�b/¶3å�†�v�S�}�M�•+��ö�@�6�•>,

�”�œ�§8®�b�ä�Z+I�K�_�|�W�Z�Ï#Õ�·"@�b�±5��b�Z�@2s�A�S 1 �º�‹>&2011 �º>'>*�¶%$�(

�x1*�� �[ �c�Í �º�º�  �«�b��#'�@�¨�C&�1��I �€�S�v�b�b>*1 �º�S�?�}�b�Ï2A�b4ß(ò#”�C

�b�G�Ÿ�@�¨�a�s�}�€�S�Ï2AÆ�[�b�”�§�Ü�x�œ�Ÿ�©�ª�Ñ�^�]�bÆ�~�ö�b �§�Û2�8®�c�o�\

�‡�]�G7Ÿ�I�€�N>*�r�S&ö2��x�Â2��_6õ�K�Z�c�§�Û2��[�†6× 5 mm �è�W�b�`�º�¶�/�@�s

�}�€�S�b�@�¥�¶'��b�Í�å�Å�À�«�ž�–>&3 �¶�/>-0.1 
M>'�b�s�[�6�W�S>,�K�S�@�W�Z&ö2�

�b�•°�b�B�°�\ �8�:0{! l � [ �c>*�Í�å �Å�À�«�ž�–�†7V�8�S�§�Û2��› ' � �b�¶�/*L�b)T�â�_
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�•�œ�£� �š�œ�W�«�©� �›�œ�¥�ª�� �i�l�e�g�� �g�e�g�� �g�e�g�� �g�e�g�� �h�j�e�j�� �m�i�e�l�� �g�e�g�� �g�e�g�� �g�e�g�� �j�h�e�j��

�z�Ÿ� �©�¦�¤�˜�¥�«�œ�ª�W�›�œ�Ÿ�˜�˜�¥� ���i�l�e�g�� �g�e�g�� �g�e�g�� �g�e�g�� �h�j�e�j�� �g�e�g�� �g�e�g�� �g�e�g�� �g�e�g�� �g�e�g��

�‡�˜�©�˜�ª�œ�ª�˜�©�¤�˜�W�§� �š�«�¬�¤�� �j�n�e�l�� �g�e�g�� �g�e�g�� �g�e�g�� �i�g�e�g�� �g�e�g�� �g�e�g�� �g�e�g�� �g�e�g�� �g�e�g��

�z�£� �ª�«�¦�š�¦�œ�£�¦�¤�˜�W�š� �¥�œ�¥�ª� �ª���h�i�e�l�� �g�e�g�� �g�e�g�� �g�e�g�� �m�e�n�� �h�i�e�l�� �g�e�g�� �g�e�g�� �g�e�g�� �m�e�j��

�Š�š�¦�§� �¤�œ�©�˜�W�ž�£�¦�™�¦�ª�˜�� �h�i�e�l�� �g�e�g�� �h�g�g�e�g�� �g�e�g�� �l�j�e�j�� �i�l�e�g�� �g�e�g�� �j�n�e�l�� �h�i�e�l�� �j�n�e�l��

�€�£�°�¦�§�£�˜�¯�W�§�¬�ª� �£�£�˜�� �g�e�g�� �g�e�g�� �j�n�e�l�� �g�e�g�� �i�g�e�g�� �h�i�e�l�� �g�e�g�� �g�e�g�� �g�e�g�� �m�e�j��

�„�˜�š�©�¦�§�Ÿ�«�Ÿ�˜�£�¤�¬�ª�W�˜�™�™�©�œ�� �˜�«�¬�ª���h�i�e�l�� �g�e�g�� �g�e�g�� �g�e�g�� �m�e�n�� �g�e�g�� �g�e�g�� �g�e�g�� �g�e�g�� �g�e�g��

�„�˜�š�©�¦�§�Ÿ�«�Ÿ�˜�£�¤�¬�ª�W�¡�˜�§�¦�¥� �š�¬�ª���g�e�g�� �g�e�g�� �l�g�e�g�� �g�e�g�� �i�m�e�n�� F·�� �j�n�e�l�� �h�i�e�l�� �j�n�e�l�� �m�i�e�l�� �m�o�e�o��

�‹�¦�«�˜�£�W�ª�§�œ�š� �œ�ª�W�š�¦�£�£�œ�š�«�œ�›���i�h�W�� �h�l�W�� �i�i�W�� �i�h�W�� �j�o�� �h�m�W�� �h�h�W�� �h�h�W�� �h�m�W���i�m��
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�Š�§�œ�š� �œ�ª�W�¥�˜�¤�œ��
�•�˜�«�ª�¬�W�Š�«�e�h�� F·�� �•�˜�«�ª�¬�W�Š�«�e�i�� F·�� �|�›�¦�ž�˜�®�˜�W�›�©�˜� �¥�˜�ž�œ��

�…�¦�e�W�¦�•�W� �¥�›�e���Ž�œ�«�W�®�œ� �ž�Ÿ�«�W�_�ž�`��F·�� �…�¦�e�W�¦�•�W� �¥�›�e���Ž�œ�«�W�®�œ� �ž�Ÿ�«�W�_�ž�`��F·�� �…�¦�e�W�¦�•�W� �¥�›�e���Ž�œ�«�W�®�œ� �ž�Ÿ�«�W�_�ž�`��
�…�œ�¤�œ�©�«�œ�˜�W�ª�§�e�� F·�� F·�� F·�� F·�� F·�� F·�� �j�� �g�e�i��
�‡�˜�©�˜�š� �¥�ž�¬�£� �¥�˜�W�ª�§�e�� �n�m�� �g�e�k��
�Š�«�œ�¥�¦�«�Ÿ�°�©�˜�W�œ�›�¦�ž�˜�®�œ�¥�ª� �ª�� �l�h�j�� �i�e�g��
�€�©�˜��˜�›� �˜�W�œ�£�œ�ž�˜�¥�«�¬�£�˜�� �h�g�k�� �h�e�g��
�y�˜�«� �£�£�˜�©� �˜�W�š�¬�¤� �¥�ž� �� �h�n�o�� �h�i�n�e�h�� �i�g�i�� �h�l�k�e�k��
�{�œ�š�¦�©� �•�œ�©�W� �¥�ª� �ž�¥� �ª�� �i�m�� �g�e�h��
�•�˜�£�¦�˜�W�¡�˜�§�¦�¥� �š�˜�� �h�� �b��
�…�˜�ª�ª�˜�©� �¬�ª�W�•�œ�ª�«� ��¬�ª�� �h�m�� �h�i�e�k�� �l�� �g�e�m��
�‡�˜�§�°�©� �ª�š�˜�£�˜�W�£�˜�«� �•�˜�ª�š� �˜�«�˜�� �h�� �h�e�j��
�„�¬�ª�š�¬�£� �ª�«�˜�W�ª�œ�¥�Ÿ�¦�¬�ª� �˜�� �h�g�� �b�� �i�� �g�e�k�� �j�j�� �h�e�m��
�z�°�š�£� �¥�˜�W�ª� �¥�œ�¥�ª� �ª�� �i�� �h�o�e�n�� �j�h�� �h�g�o�e�m��
�„�˜�š�¦�¤�˜�W� �¥�š�¦�¥�ž�©�¬�˜�� �h�� �g�e�h�� �i�� �h�e�m��
�x�©�«�Ÿ�©� �«� �š�˜�e�ª�§�� �n�� �b��
�„�œ�©�š�œ�¥�˜�©� �˜�W�¤�œ�©�š�œ�¥�˜�©� �˜���h�� �g�e�j�� �l�� �h�g�m�e�m�� �h�� �k�i�e�p��
�„�˜�š�«�©�˜�W�¨�¬�˜�›�©�˜�¥�ž�¬�£�˜�©� �ª�� �i�� �b��
�‰�¬�›� �«�˜�§�œ�ª�W�§�Ÿ� �£� �§�§� �¥�˜�©�¬�¤���i�� �h�h�e�l�� �j�p�� �m�e�o��
�~�£�°�š�œ�©�˜�W�ª�§�e�� �h�� �g�e�n�� �h�� �g�e�l�� �h�� �b��
�•�œ�›� �ª�«�œ�W�ª�§�§�e�� �h�� �g�e�h�� �h�� �b��
�z�œ�©�˜�«�¦�¥�œ�©�œ� �ª�W�œ�©�°�«�Ÿ�©�˜�œ�œ�¥�ª� �ª���j�g�� �h�e�l�� �o�� �g�e�k�� �h�g�� �g�e�h��
�z�˜�§� �«�œ�£�£� �›�˜�œ�� �m�� �b�� �i�n�� �b��
�…�œ�˜�¥�«�Ÿ�œ�ª�W�ª�¬�š�š� �¥�œ�˜�� �k�� �b�� �k�g�� �k�e�n�� �k�� �g�e�k��
�z� �©�©�˜�«�¬�£� �›�˜�œ�W�ª�§�§�e�� �h�� �b�� �l�m�l�� �i�l�e�p��
�Š�˜�™�œ�£�£� �›�˜�œ�� �o�� �g�e�h��
�x�¥�¥�œ�£� �›�˜�W�ª�§�e�� �h�� �b��
�~�©�˜�¥�›� �›� �œ�©�œ�£�£�˜�W�ª�§�e�W�� �i�� �b�� �p�� �g�e�h��
�„�œ�£� �«� �›�˜�œ�� �i�h�� �g�e�j��
�z�¦�©�¦�§�Ÿ� � �›�˜�œ�� �k�� �b��
�•�°�˜�£� �›�˜�œ�W�ª�§�e�� �n�� �b��
�x�¤�§�Ÿ� �«�¦�œ�W�ª�§�e�� �h�� �g�e�h��
�~�˜�¤�¤�˜�©� �›�œ�˜�� �l�� �g�e�h��
�ƒ�˜�¦�¤�œ�›� �˜�W�˜�ª�«�˜�š� �¥�˜�� F·�� F·�� F·�� F·�� F·�� F·�� �i�� �o�e�g��
�‹�¦�«�˜�£�W�ª�§�œ�š� �œ�ª�� �i�l�k�� �h�l�k�e�p�� F·�� �j�g�p�� �i�o�m�e�k�� F·�� �h�k�m�g�� �i�g�g�e�i��
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�Š�§�œ�š� �œ�ª�W�¥�˜�¤�œ�� �•�˜�™� �«�˜�«�W�«�°�§�œ�� �}�œ�œ�›� �¥�ž�W�¤�¦�›�œ�� �z� �«�œ�›�W�™�°��
�…�œ�¤�œ�©�«�œ�˜�W�ª�§�e�� � �¥�•�˜�¬�¥�˜�� �¬�¥�¢�¥�¦�®�¥�� F·��
�‡�˜�©�˜�š� �¥�ž�¬�£� �¥�˜�W�ª�§�e�� � �¥�•�˜�¬�¥�˜�� �¦�«�Ÿ�œ�©�� �‹�¦�¢�°�¦�W�™�˜�°�W�œ�š�¦�ª�e�W�©�œ�ª�e�W�•�‡�W�_�i�g�h�i�`��
�Š�«�œ�¥�¦�«�Ÿ�°�©�˜�W�œ�›�¦�ž�˜�®�œ�¥�ª� �ª�� �œ�§� �•�˜�¬�¥�˜�� �¬�¥�¢�¥�¦�®�¥�� �†�¢�˜�›�˜�_�h�p�m�l�`���}�¬�©�¦�«�˜�_�h�p�o�h�`���†�¢�¬�«�˜�¥� �_�i�g�g�g�`��
�€�©�˜��˜�›� �˜�W�œ�£�œ�ž�˜�¥�«�¬�£�˜�� �œ�§� �•�˜�¬�¥�˜�� �¬�¥�¢�¥�¦�®�¥�� �†�¢�¬�«�˜�¥� �_�i�g�g�g�`��
�y�˜�«� �£�£�˜�©� �˜�W�š�¬�¤� �¥�ž� �� �œ�§� �•�˜�¬�¥�˜�� �›�œ�§�¦�ª� �«�� �}�¬�©�¦�«�˜�_�h�p�o�h�`H��}�¬�©�¦�«�˜�_�h�p�p�m�`��
�{�œ�š�¦�©� �•�œ�©�W� �¥�ª� �ž�¥� �ª�� �¬�¥�¢�¥�¦�®�¥�� �¬�¥�¢�¥�¦�®�¥��
�•�˜�£�¦�˜�W�¡�˜�§�¦�¥� �š�˜�� � �¥�•�˜�¬�¥�˜�� �¬�¥�¢�¥�¦�®�¥�� �†�¢�¬�«�˜�¥� �_�i�g�g�g�`��
�…�˜�ª�ª�˜�©� �¬�ª�W�•�œ�ª�«� ��¬�ª�� �œ�§� �•�˜�¬�¥�˜�� �ª�š�˜��œ�¥�ž�œ�©�� �}�¬�©�¦�«�˜�_�h�p�o�h�`H��}�¬�©�¦�«�˜�_�h�p�p�m�`��
�‡�˜�§�°�©� �ª�š�˜�£�˜�W�£�˜�«� �•�˜�ª�š� �˜�«�˜�� �¬�¥�¢�¥�¦�®�¥�� �¬�¥�¢�¥�¦�®�¥��
�„�¬�ª�š�¬�£� �ª�«�˜�W�ª�œ�¥�Ÿ�¦�¬�ª� �˜�� �œ�§� �•�˜�¬�¥�˜�� �ª�¬�ª�§�œ�¥�ª� �¦�¥�� �}�¬�©�¦�«�˜�_�h�p�p�m�`��
�z�°�š�£� �¥�˜�W�ª� �¥�œ�¥�ª� �ª�� � �¥�•�˜�¬�¥�˜�� �›�œ�§�¦�ª� �«�� �}�¬�©�¦�«�˜�_�h�p�p�m�`��
�„�˜�š�¦�¤�˜�W� �¥�š�¦�¥�ž�©�¬�˜�� � �¥�•�˜�¬�¥�˜�� �›�œ�§�¦�ª� �«�� �}�¬�©�¦�«�˜�_�h�p�p�m�`��
�x�©�«�Ÿ�©� �«� �š�˜�e�ª�§�� � �¥�•�˜�¬�¥�˜�� �¬�¥�¢�¥�¦�®�¥�� �‹�¦�¢�°�¦�W�™�˜�°�W�œ�š�¦�ª�e�W�©�œ�ª�e�W�•�‡�W�_�i�g�h�i�`��
�„�œ�©�š�œ�¥�˜�©� �˜�W�¤�œ�©�š�œ�¥�˜�©� �˜�� � �¥�•�˜�¬�¥�˜�� �ª�¬�ª�§�œ�¥�ª� �¦�¥�� �‰�¦�™�œ�©�«�ª�W�œ�«�W�˜�£�e�_�h�p�o�p�`��
�„�˜�š�«�©�˜�W�¨�¬�˜�›�©�˜�¥�ž�¬�£�˜�©� �ª�� � �¥�•�˜�¬�¥�˜�� �ª�¬�ª�§�œ�¥�ª� �¦�¥�� �}�¬�©�¦�«�˜�_�h�p�p�m�`��
�‰�¬�›� �«�˜�§�œ�ª�W�§�Ÿ� �£� �§�§� �¥�˜�©�¬�¤�� � �¥�•�˜�¬�¥�˜�� �ª�¬�ª�§�œ�¥�ª� �¦�¥�� �}�¬�©�¦�«�˜�_�h�p�p�m�`��
�~�£�°�š�œ�©�˜�W�ª�§�e�� � �¥�•�˜�¬�¥�˜�� �š�˜�©�¥� ��¦�©�œ�� �}�¬�©�¦�«�˜�_�h�p�o�h�`H��}�¬�©�¦�«�˜�_�h�p�p�m�`��
�•�œ�›� �ª�«�œ�W�ª�§�§�e�� � �¥�•�˜�¬�¥�˜�� �›�œ�§�¦�ª� �«�� �}�¬�©�¦�«�˜�_�h�p�o�h�`H��}�¬�©�¦�«�˜�_�h�p�p�m�`��
�z�œ�©�˜�«�¦�¥�œ�©�œ� �ª�W�œ�©�°�«�Ÿ�©�˜�œ�œ�¥�ª� �ª�� � �¥�•�˜�¬�¥�˜�� �›�œ�§�¦�ª� �«�� �}�¬�©�¦�«�˜�_�h�p�p�m�`��
�z�˜�§� �«�œ�£�£� �›�˜�œ�� � �¥�•�˜�¬�¥�˜�� �›�œ�§�¦�ª� �«�� �}�¬�©�¦�«�˜�_�h�p�p�m�`��
�…�œ�˜�¥�«�Ÿ�œ�ª�W�ª�¬�š�š� �¥�œ�˜�� � �¥�•�˜�¬�¥�˜�� �›�œ�§�¦�ª� �«�� �}�¬�©�¦�«�˜�_�h�p�o�h�`H��}�¬�©�¦�«�˜�_�h�p�p�m�`��
�z� �©�©�˜�«�¬�£� �›�˜�œ�W�ª�§�§�e�� � �¥�•�˜�¬�¥�˜�� �›�œ�§�¦�ª� �«�� �}�¬�©�¦�«�˜�_�h�p�p�m�`��
�Š�˜�™�œ�£�£� �›�˜�œ�� � �¥�•�˜�¬�¥�˜�� �¬�¥�¢�¥�¦�®�¥�� �…� �ª�Ÿ� �¤�¬�©�˜�_�h�p�p�i�`��
�x�¥�¥�œ�£� �›�˜�W�ª�§�e�� �¬�¥�¢�¥�¦�®�¥�� �¬�¥�¢�¥�¦�®�¥��
�~�©�˜�¥�›� �›� �œ�©�œ�£�£�˜�W�ª�§�e�W�� �¬�¥�¢�¥�¦�®�¥�� �¬�¥�¢�¥�¦�®�¥��
�„�œ�£� �«� �›�˜�œ�� �¬�¥�¢�¥�¦�®�¥�� �¬�¥�¢�¥�¦�®�¥��
�z�¦�©�¦�§�Ÿ� � �›�˜�œ�� �¬�¥�¢�¥�¦�®�¥�� �¬�¥�¢�¥�¦�®�¥��
�•�°�˜�£� �›�˜�œ�W�ª�§�e�� �œ�§� �•�˜�¬�¥�˜�� �¬�¥�¢�¥�¦�®�¥�� �Œ�š�Ÿ� �¥�¦�¤� �_�h�p�l�m�`��
�x�¤�§�Ÿ� �«�¦�œ�W�ª�§�e�� �¬�¥�¢�¥�¦�®�¥�� �¬�¥�¢�¥�¦�®�¥��
�~�˜�¤�¤�˜�©� �›�œ�˜�� �¬�¥�¢�¥�¦�®�¥�� �¬�¥�¢�¥�¦�®�¥��
�ƒ�˜�¦�¤�œ�›� �˜�W�˜�ª�«�˜�š� �¥�˜�� � �¥�•�˜�¬�¥�˜�� �›�œ�§�¦�ª� �«�� �}�¬�©�¦�«�˜�_�h�p�o�h�`���…� �ª�Ÿ� �¤�¬�©�˜�_�h�p�p�l�`��
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