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Reproductive interference as a mechanism beneFiting the successful invasion of
alien species: Case studies with dandelions and cockleburs. Kohilchi Takakura
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Reproductive interference(RI)is an antagonistic interspecific interaction that reduces the reproduc�\

tive success through mating process. Theoretical studies have predicted that RI can strOngly drive

the exclusion of a species because it�A vorks in a frequency�\ dependent manneri i e, the abundant spe�\

cies becomes more abundant Although this concern is ecologically important, fe�A v empirical studies

have investigated this issue �RVe examined RI in pairs of a native plant and ahen alhed species, spe�\

cifically ttr�J
‘��

� �̆N�m dandelions Our studies demonstrated that alien dandelions exerted intensive RI

On the natives �æ��loreover, the proximate factor of the RI was the alien pollen and the effective

range of the RI wvas a radius of several meters ln addition, �A�A�Ae elucidated that RI occurred in

anemophilous plants based on studies of t�A 1,o alien cockleburs These results sho�A ved not only that

RI is probably a more coHunon phenomenon than prewiously thought, but that it also plays an im�\

portant role in the exclusion of native species by ahen species Furthermore,the RI theory a�A �prakens

us to the substantial change in the relationship betM/een plants and pollinators, and mandates novel

measures for the conservation of native species suffering from RI
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�“ �‰�¢�B �–�Œ�˝ �u �«�• �í �Ł �Ì �ß �ö �“ �} �‹ �¯ �  �` �‰

�– �˘ �Ì �T �Ø �' �à �µ �Œ�¨ �¢ �B�ß �E�n �ß �k �� �Ì �I �i ��

�~�Þ �Ì �ˇ �J �ð �W�{ �f �[ �^ �' �ç �¾ �ç �' �É �µ �‰�⁄ �� �¯

�˝ ,20�‘ 30�N �˘ �¢ �⁄ �í �‚ �' �¨ �œ�Ô �É �u �«�• �í �Ł�“

�¶ �¶ �‰�– �˘ �“ �ƒ �‡ �Œ�˜ �¢ �Ø (�¡ �ä ,2009)�B �– �Ì

20�‘ 30�N �˘ �¢ �⁄ �œ�Ô �˝ �ß �E�n �ß �k �� �S�Ì �¯ �' �‰�Œ

�� �¯ �  �` �˜ ,�æ �Ł�‹ �‡ �¨ �ó �Ô �X �P�[ �� �¯ �˝ �‡ �ç �É

�Z �¢ �œ�Ô �¯ �u �«�• �í �Ł�“ �i �s �µ �‰�˘ �l �ƒ �Ø�× �« �¾

�º �⁄ �B �Ü �‰,�Ý �� �í �˘ �ß �� �O�� �í �Ì �y �A�“ �fl �� �µ

�˜ �¢ �Ø�Æ�“ �Ü �Œ�¨ �– �˘ �É �à �� �Ó �• �× �« �¾ �º �⁄ �B �»

�Ì �æ �⁄ �É �} �‹ �¯ �N �� �A�J �b �g�¨ �u �«�• �í �Ł �ð �à �‰

�ç �• �à �Ì �˝ �‰�' (�æ �Œ�Ì �^ �â )�B �Ü �‰,�¨ �” �Ý ��

�í �˝ �¢ �´ �à �ì �� �‡ �Œ�Ø�⁄ �¯ ,�O �� �í �˝ �ì �� �• �Ø�⁄

�¨ �Ì �¾ �º �⁄ �' (�æ �æ�Ì �^ �â )�B �g �Ì �æ�Ł�¯ �' �ç �Œ

�Ø�Ý �� �í �' �ç �O�� �í �Ö �Ì �u �«�• �í �Ł�ð �µ �� �¨ �› �à

�¾ �• �Ø�‰�ß �É �˝ , �–�Œ�ç �Ì �^ �Ô �É �Œ�Ñ �µ �˜ �� �ƒ �ç

�Œ�Ø�� �_ �“ �K �v �¯ �  �Ø�˘ �· �¶�˜ �¢ �‰�B

�É �B �– �´ �Ì �� �_

�» �Ì �ó �â �˘ �µ �˜ �É �ß �˜ �L �˝ �¯ �  �Ø�˘ �M�Ò �“ �· �¶

�˜ �¢ �Ø�Ì �“ ,�É �B�– �´ �˘ �¢ �⁄ �• �« �¨ �Œ�¨ �¢ �» �Û �É

�Ö �• �Ø�� �_ �¯ �  �Ø�B�É �B�– �´ �˘ �˝ ,�¡ �� �Ì �í �“ �í

�Ô �¯ �Ì �� �⁄ �â �� �† �ð �˚ �¶�˜ �Ý �¢ �Ì �É �B �‹ �÷ �x (�‰

�˘ �ƒ �˛ �q �� �â �í �q �Ì �� )�ð �‚ �› �‡�„ �Ø�– �˘ �ð �w�• �B

�Æ�ƒ �˛ ,A�˘ B�˘ �¢ �⁄ �í �Ì �Ô �“ �ç �¢ �˜ �¤ �Ł,�� �†

�' �� �“ �í �ð �æ �˚ �„ �‚ �É �K �Ô �E �� �† �ð �s �` �‰�˘ �• �Ø�B

�– �Ì �˘ �«�…�í �Ì �Ô �† �“ �^ �˛ �Œ�‰�Ô �¯ �˝ �» �Ì �…�í �Ô

�† �É �æ �Ø�‰�ç �' �Ì �ì �p �É �æ �Ł�í �q �“ �› �¨ �› �¨ �Ø�'

�à �µ �Œ�¨ �¢ �B �–�Œ�“ �É �B �– �´ �¯ �  �Ø�B �– �Ì �É �B �–

�´ �“ �� �Ł �I �É �d �v �¨ �Ì �˝ ,�‰ �¾ �P �É �í �q �“ �› �¨ �›

�¨ �Ø�˘ �¢ �⁄ �– �˘ �¾ �fl �¯ �¨ �› ,�» �Ì �ł �˚ �Ì �› �‡ �“ �»

�Œ�…�Œ�Ì �í �Ì �p �x �É �� �¶ �˜ �ˇ �» �• �Ø�˘ �¢ �⁄ �« �¿

(�p �x �¸ �¶ �« )�ð �� �¿,�» �Ì �‰�ß �É �Œ�ß �Ì �í �“ �r

�� �‡ �Œ�˜ �µ �Ü �⁄ �‰�ß �¯ �  �Ø�B �– �Ì �p �x �¸ �¶ �« �˝ �É

�B�– �´ �Ì �Ó �¡ �ð �� �ð �• �Ø�ª �¯ �æ�í �É �d �v �¨ �T �O�¯

�  �Ø�Ì �¯ ,�…�z �I �¨ �Æ�¯ �¨ �” �É �ð �à �• �Ø�B

�– �–�¯ �à A�˘ B�Ì 2�í �Þ �Ì �A �¤ �ð �l �ƒ �æ �⁄ (�}

1)�B A�˘ B�˝ �ß �� �¨ �‰�ß �£ �� �˝ �É �´ �¢ �˜ �à �Ô �â

�í �q �Ì �� �É �´ �¢ �˜ �à �Ù �˘ �æ�˙ �• �“ �¨ �¢ �“ ,�� �† �'

�� �à A�˘ B�ð �æ �˚ �„ �‚ �É �� �† �ð �µ ,�» �Ì �‰�ß �É �Ý

�¢ �É �É �B �– �´ �ð �y �˛ �µ �  �⁄ �˘ �l �ƒ �Ø�B A�˘ B�˝ �Ù

�Ú �fl �¶�¾ �fl �Ì �� �� �“ �¶ �ç �µ �˜ �¢ �Ø�“ ,�í B�“ �â �â

�‰�' �` �‰�˘ �µ �æ �⁄ �B �– �Ì �Œ�� ,A�Ì �Ô �“ �ó �fl �æ �Ø

�Ô �† �Ì �Ù �Ú �…�� �˝ B�Ì �Ô �† �¯ �  �Ø�“ ,�…�� �æ �Ł �˝

�â �â �‰�¢ �B �t �É B�Ì �Ô �“ �ó �fl �æ �Ø�Ô �† �Ì �Ù �˛ �…��

�˝ A�Ì �Ô �† �¯ �  �Ø�“ ,�…�� �æ �Ł �˝ �â �â �› �¨ �¢ �B �´

�Ü �Ł,�» �Œ�…�Œ�Ì �í �“ �ó �fl �Ø�É �B�– �´ �Ì �å �« �‡ �˝ ,

�› �µ �¾ �fl A�Ì �Ù �⁄ �“ �å �« �› �¨ �Ø�B �– �Ì �‰�ß , 1��

�  �‰�Ł �Ì �í �q �� �˝ A�Ì �Ù �⁄ �“ �› �¨ �› �¨ �Ø�B �à �˘ �à

�˘ �í A�Ì �� �� �˝ B�æ �Ł �à �â �â �› �¨ �' �` �‰�Ì �¯ ,�c

�‡ �Œ�Ø�í �q �Ì �� �v �˝ A�Ì �Ù �⁄ �“ �ä �ƒ �Ì �• �¨ �ª �É �›

�¨ �› �¨ �` �˜ �µ �Ü �⁄ �B �� �˚ �˘ �µ �˜ ,�í �‚ �' �¾ �` �‰��

�� �Ì �• �˝ �� �¢ �ª �¯ �˝ �æ �Ł�å �« �¨ �à �Ì �É �¨ �` �˜ �µ �Ü

�⁄ �Ì �¯ �  �Ø�B �‡ �ç �É �� �Ì �¢ �ª �¯ ,�» �Ì �• �˝ �‡ �ç �É

�g �å �• �Ø�¾ �º �⁄ �B �– �Ì �æ �⁄ �É ,�É �B �– �´ �˝ �í �É �p

�x �Ì �• �ð �g �å �‡ �„ �Ø�ß �ü �É �› �«,�¯ �I �I �É �˝ �Œ�ß
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�Ì �í �ð �â �¯ �É �˙ �¢�� �æ�¯ �µ �Ü �⁄ �B �Ü �‡ �É �í �Ì �u �«

�• �í �Ł�ð �› �˝ �É �à �‰�ç �• �í �Ô �� �Ý �ì �p �¨ �Ì �¯ �  �Ø�B

�� �„ (�A �¤ �¯ �¢ �ƒ �˛ �� �E �h �{ �� �Þ �E �ı )�ð �ß �fi �Ø

�˚ �í �Ì �£ �� �É �˝ �– �Ì �æ �⁄ �¨ �« �¿ �˝ �¨ �› ,�É �B �– �´

�É �` �¥ �I �¨ �« �¿ �¯ �  �Ø�B

�– �Ì �æ �⁄ �¨ �É �B �– �´ �Ì �« �¿ �É �´ �¢ �˜ �˝ ,�A �¤ �ð

�z �Ł �µ �‰�� �� �� �f �� �Ì �⁄ �� �É �æ �` �˜ �ø �É 1970�N�ª

�É �w�E �‡ �Œ�˜ �¤ �Ł (Levin&Anderson,1970),

�fi �¤ �É �´ �¢ �˜ �à 1980�N �ª �É �˝ �w �E �‡ �Œ�˜ �¢ �‰

(Ribeiro&Spielman,1986)�B 1990�N�ª �� �“ �É

�˝ �æ �� �[ �˚ �» �‡ �Œ�‰�� �f �� �“ �æ�o �‡ �Œ,�p �x �¸ �¶

�« �ð �� �´ �É �B �– �´ �Ì �e �¿ �Ì �å �« �‡ �“ �w�E �‡ �Œ�‰

(Kuno, 1992;Yoshimura& Clark, 1994)�B

�µ �' �µ , �– �Ì �æ �⁄ �¨ �� �_ �⁄ �� �Ì �� �† �¨ �i �W�É �à �'

�' �í �ç �‚ ,�À �Û �Ì �¶ �¤ �ð �p �¢ �‰�⁄ �� �˝ �ß �N �Ü �¯ �›

�¨ �' �` �‰�Ì �“ �» �ó �¯ �  �Ø�B�� �‰�¿ �˝ �– �Ì �É �B �– �´

�– �» �“ �O�� �í �É �æ �Ø�Ý �� �í �Ì �u �«�• �í �Ł�Ì �· �ö �¨

�Ì �¯ �˝ �¨ �¢ �' �˘ �l �ƒ ,�» �Ì �Ł �n �ß �˘ �µ �˜ �^ �� �| �|

�í B   ttA �í B

�} 1.2�í �Ì �A �¤ �í A�˘ B�Ì �Ô �Ì �É �B �– �´ �B �í A
�æ �Ł �à B�Ì �Ù �⁄ �“ �‰�¢ �Œ�� (�¶ �} ),�í A
�“ �ó �fl �æ �Ø�Ô �† (�E �ª �Ì �Ô �É �ü �' �⁄ �î �ó )

�Ì �⁄ �¿�í B�É �R�� �• �Ø�à �Ì (�� �¢ �î �ó )�“
�‰�› �¨ �Ø�B �Œ�ß �¯ ,�í B�“ �ó �fl �æ �Ø�Ô �†

(�Æ �ƒ �˛ ,�E �” �Ì �Ô �É �ü �' �⁄ �î �ó )�Ì �⁄ �¿ ,

�í A�É �R�� �• �Ø�à �Ì (�� �¢ �î �ó )�Ì �� �� �˝

�› �¨ �¢ �B �» �Ì �‰�ß ,�í A�“ �c �• �q �• �˝ �› �¨

�› ,�í B�“ �c �• �q �• �˝ �‰�› �¨ �Ø�B �» �Ì �� �˚
�˘ �µ �˜ ,�� �¢ �ª �É �¤ �fl �Ø�í A�˘ B�Ì �� �Ì �•

�˝ �æ �Ł�å �« �¨ �à �Ì �É �¨ �Ø (�E �} )�B �– �Ì �}
�¯ �˝ ,�� �ð �µ �â �• �¢ �æ �⁄ �É 2�í �Ì �ä �ƒ �“ �'

�¨ �Ł�˛ �` �‰�ó �Ô �ð �æ �Ł�ª �° �‰�“ ,�{ �¶ �Ì �à

�¾ �Ì �æ �⁄ �É �˛ �Ł�“ �í �‚ �' �¯ �  �` �˜ �à �fl �¶��

�˚ �É �¨ �Ø�B

�ð �˛ �Û �˘ �µ �‰�⁄ �� �ð �s �⁄ �– �˘ �É �µ �‰�B

�^ �� �| �| �É �¤ �fl �Ø�É �B �– �´

�^ �� �| �| �˝ �l �˘ �â �_ �n �ü �Ó �É �¶ �ç �• �Ø�ì �Ì �Ô �¯

�  �Ł,�‰ �› �Ì �l �X �É �e �µ �Ü �Œ�˜ �« �‰�A �¤ �¯ �  �Ø�B

�µ �' �µ ,�‘ �“ �¯ �—�î �µ �‰�æ �⁄ �É ,�» �Ý �¯ �˝ �œ�{ �Ì

�‰�› �Ì �n �æ �¯ �O�� �í �Z �C �� �E �^ �� �| �| �“ �N�ü �E �Ł

�� �µ �˜ �¢ �Ø (�} 2)�B �Z �C �� �E �^ �� �| �| �˝ �¾ �¡ ��

�ª �� �œ�É �k �C�„ �É �N�ü �µ �‰�˘ �‡ �Œ�Ø�“ , �Ù �˙ �¨ �›

�µ �˜ �ì �¶ �» �µ ,�» �Ý �¯ �˝ �Ù �˛ �S �� �I �É �L �Ü �` �˜ �¢

�Ø (�· �� ,2003)�B �Œ�ß �¯ , �J �� �T �C �^ �� �| �| �¨

�˙ �Ý �� �í �˝ �s �s �� �¯ �› �¨ �› �¨ �` �‰�˘ �‡ �Œ�Ø

(Ogawa, 1979;Ogawa&_�R��IOtOtani, 1991,

�‹ �ì ,2001)�B �Ü �‰,�ß �N �¯ �˝ �Ý �� �í �˘ �O�� �í �Ì

�Ô �É �¯ �« �‰�G�í �“ �‰�› �¶ �ç �µ �˜ �¢ �Ø�– �˘ �“ �m �ç �Œ

�Ø�æ �⁄ �É �¨ �Ł (Shibaike et al, 2002;�¯ �r �E

�X �c ,2002),�Ý �� �í �Ì �º �@�I �ó �µ �Ö �Ì �Ö �S �“ ��

�Ü �` �˜ �¢ �Ø�B �M�Ò �ç �˝ �Ý �� �^ �� �| �| �Ì �� �Þ �v �ö �˘

�µ �˜ �É �B �– �´ �Ì �d �v �« �ð �m�' �ß �Ø�‰�ß �¢ �› �` �' �Ì

�† �‚ �B�À �– �ð �s �` �‰�B

�ì �O�¯ �Ì �� �À �ƒ

�Ü �‚ ,�Ý �� �^ �� �| �| �˘ �O�� �^ �� �| �| �“ �fl �� �I �É

�¶ �ç �• �Ø�† �‚ �n �ð 4�Ó �� (�å �ª �{ �à �˘ �  �Œ�§ �à �Ì

�} 2.�Ý �� �í �Ì �J �� �T �C�^ �� �| �| (�¶ )�˘ �O�� �^
�� �| �| (�E )�B �“ �ó �Ô �� �Ì �î �� �É �  �Ø�ô �—

(�� �ï �O�—)�“ �S �› �‰�Ł�Ô �ç �¨ �¢ �– �˘ �' �ç

�Ý �� �í �¯ �  �Ø�˘ �í �' �Ø�B�t �É �ô �—�“ �‰�Ł�Ô
�Ø�à �Ì �“ �O�� �í �¯ �  �Ø�“ ,�E �} �Ì �æ �⁄ �É �‰

�Ł�Ô �Ł �Ì �ª �¢ �à �Ì �˝ �G�í �¯ �  �Ø�´ �\ �« �“ ��
�¢ �˘ �¢ �⁄ �B
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�» �Œ�…�Œ2�Ó �� )�Ý �Ł �µ ,�» �Œ�…�Œ�Ì �† �‚ �n �¯ �O

�� �í �Ì �ä �ƒ �˘ �Ý �� �í �Ì �í �q �‹ �n �ƒ �Ì �Ö �W�ð �† �× �‰�B

�– �Ì �˘ �«,�À �˝ �† �‚ �n �ð �' �´ �fl �Ø�Ì �É �Ó �O �˘ �Œ�J

�µ �‰�B �‰�› �Ì �Œ�� �¯ �˝ , �^ �� �| �| �Ì �í �\ �‹ �“ �O��

�^ �� �| �| �' �Ý �� �^ �� �| �| �' �˙ �¿ �ç �' �É �É �[ �É �˛ �`

�˜ �¤ �Ł, 2�í �“ �ü �Ł�‹ �¶ �` �˜ �¶ �ç �µ �˜ �¢ �Ø�æ �⁄ �¨

�Œ�� �˝ �¨ �' �¨ �' �' �´ �' �ç �¨ �' �` �‰�' �ç �¯ �  �Ø�B �»

�Ì �‰�ß 2�í �Ì �Ô �É �¶ �¶ �Ø�É �B �– �´ �¨ �˙ �í �Ô �� �Ý �ì

�p �ð �ˇ �@�• �Ø�– �˘ �“ �ï �µ �' �` �‰�B �µ �' �µ , �–�Ì �–

�˘ �˝ �  �ð �Ô �„ �˛ 2�í �Ì �⁄ �¶ �“ �¢ �' �É �¢ �ï �' �ð �¤ �Œ�`

�˜ �¢ �Ø�B �� �˙ ,�l �H �I �É �Ý �� �^ �� �| �| �“ �Ú �A �‡ �Œ

�‰�ª �É �O�� �í �“ �N�ü �µ �´ �´ �  �Ø�Œ�� (�å �ª �{ �à �Ì

1�´ �Ì �† �‚ �n )�˘ 2�í �Ì �¤ �˝ �� �“ �Ú �• �Ø�æ �⁄ �¨ �Œ

�� (�» �Ì �Ù �' �Ì �† �‚ �n )�ð �I �æ�¾ �B

�– �Ì �† �‚ �¯ �˝ ,�Ý �� �í �Ì �í �q �Ì �o �� �ï �� �“ ,�»

�Ì �ü �Ó �¯ �ç �¢ �˜ �¢ �Ø�^ �� �| �| �É �¤ �fl �Ø�O�� �í �Ì �ä

�ƒ �' �ç �e �¿ �ð �ó �fl �˜ �¢ �Ø�Ì �' �˙ �⁄ �' �ð �† �× �‰�B �Ý

�� �^ �� �| �| �“ �p �x �¸ �¶ �I �¨ �É �B �– �´ �ð �ó �fl �˜ �¢ �Ø

�Ì �¯ �  �Œ�˛ ,�Ý �� �^ �� �| �| �Ì �í �q �Ì �o �� �ï �� �˝ �O

�� �^ �� �| �| �Ì �p �x (�ä �ƒ )�É �e �¿ �ð �ó �fl �˜ �¢ �Ø�¾

�º �⁄ �B �Ü �‚ �» �Œ�…�Œ�Ì �Ý �� �^ �� �| �| �� �É �´ �¢ �˜ ,

�…�a 2m�Ì �˝ �˝ �à �¯ �Ô �ð �´ �fl �˜ �¢ �Ø�Ý �� �E �O�� �^

�� �| �| �Ì �� �� �ð �� �ƒ ,�• �× �˜ �Ì �^ �� �| �| �� �� �Ì �⁄

�¿�O�� �^ �� �| �| �� �� �Ì �� �� �ð �˙ �� �O�� �í �ƒ �˘ �µ �‰�B

�¨ �¤ ,�G �í �^ �� �| �| �Ì �� �É �˝ �Ô �† �ð �¶ �Y �µ �¨ �¢ �à

�Ì �“ �  �Ł,�Œ�� �Ì �† �‚ �n �¯ �˝ �» �Ì �^ �C�v �Ì �G�í �“

�¶ �ç �µ �˜ �¢ �‰�“ , �– �Ì �† �‚ �¯ �˝ �Ô �† �ð �´ �fl �¨ �¢ �G

�í �´ �Ì �˝ �˛ �Û �O �˘ �µ ,�» �Œ�¨ �O�Ì �à �Ì (�� �� �¨ �O

�� �^ �� �| �| �˘ �Ô �† �ð �¶ �Y �• �Ø�G�í �^ �� �| �| )�ð �–

�Ì �⁄ �� �¯ �˝ �P �É �O�� �^ �� �| �| �˘ �µ �˜ �µ �` �‰�B �» �µ

�˜ ,�˙ �� �O�� �í �ƒ �ð �v �Z �µ �‰2�T �Ô �ª �É �Ý �� �^ ��

�| �| �Ì �˚ �� �ð �Ì �W�µ ,�À �– �” �à �É �� �¿�A �` �˜ �Ü �Ü

�Œ�Ø�í �q �Ì �ó �Ô �ð �ˇ �@�µ �‰�B �í �q �Ì �� �É �˝ ,�¾ �ç

�' �É �[ �À �µ �˜ �¢ �¨ �¢ �¢ �‹ �n �í �q (�µ �¢ �¨ )�˘ ,�[

�À �µ �‰�‹ �n �í �q �“ �  �` �‰ (�} 3)�Ì �¯ ,�˚ �� �É �Ü

�Ü �Œ�Ø�í �q �Ì �⁄ �¿�‹ �n �í �q �Ì �� �� �ð �� �À �ƒ �˘ �Ł �‘

�µ �‰�B �» �µ �˜ ,�˙ �� �O�� �í �ƒ �˘ �Ý �� �í �Ì �� �À �ƒ �Ì

�Ö �W�ð �ð �˝ �µ �‰�˘ �– �º ,�O �� �í �ƒ �“ �� �` �• �Ø�Ù �˙

�Ý �� �í �Ì �� �À �ƒ �“ �Æ�” �• �Ø�˘ �¢ �⁄ �X �ü �“ �  �` �‰�Ì

�¯ �  �Ø (�} 4)�B �– �Ì �X �ü �˝ �S �˜ �Ì �† �‚ �n �É �¤ �¢

�˜ �m�F �‡ �Œ,�‡ �ç �É �Œ�� �Ì �† �‚ �n �¯ �˝ �¡ �� �æ�É �í

�‰�` �˜ �† �‚ �ð �s �` �‰�˘ �– �º ,�¢ �‚ �Œ�Ì �† �‚ �É �¤ �¢

�˜ �à �m�F �‡ �Œ,�É �ß �˜ �Œ�Ñ �« �“ �� �¢ �– �˘ �“ �ƒ �‡ �Œ

�‰�B �– �Ì �X �ü �˝ �É �B�– �´ �Ì �É �ß �˜ �d �v �¨ �` �¥ �¯ � 

�Ø�p �x �¸ �¶ �« �ð �  �t �fl �˜ �¢ �Ø�B �´ �Ü �Ł,�O �� �^ ��

�| �| �Ì �p �x �“ �� �¢ �Ù �˙ �Ý �� �^ �� �| �| �Ì �í �q �˝ �› �¨

�› �¨ �Ø�Ì �¯ ,�Ý �� �í �Ì �p �x �˝ �� �Ô �˘ �˘ �à �É �Ü �• �Ü

�• �Æ�” �µ �˜ �¢ �› �˘ �\ �“ �‡ �Œ�Ø�B �O�� �^ �� �| �| �É �æ

�Ø�Ý �� �^ �� �| �| �w�Ì �…�Ú �I �¨ �e �¿ �˝ �–�Œ�Ü �¯ �m �ç

�Œ�˜ �¢ �¨ �' �` �‰�“ ,�À �˝ �–�Œ�Ü �¯ �' �ƒ �‡ �Œ�˜ �« �‰

�í �q �¶ �Y �Ì �Œ�˚ �É �ì �p �µ �˜ �¢ �‰�– �˘ �“ �–�Œ�¯ �ƒ �‡

�Œ�‰�B

�A�¤ �É �¤ �fl �Ø�É �B �– �´ �˝ �Ô �† �ð �˚ �¶�‰�ì �p �¯ � 

�Ø�Ì �¯ ,�O �� �^ �� �| �| �Ì �Ô �‡ �ƒ �¨ �fl �Œ�˛ �» �Ì �e �¿

�˝ �¨ �› �¨ �Ø�˝ �‚ �¯ �  �Ø�B �» �–�¯ ,�� �‰�¿ �˝ �  �Ø�†

�‚ �n �É �¤ �¢ �˜ �O�� �^ �� �| �| �Ì �Ô �ð �c �ç �‚ �E �æ�¯ �Ý

�‰�B �Ü �‚ ,�´ �˛ �Ý �Ì �i �K �¯ �' �´ �fl �ç �Œ�‰�• �× �˜ �Ì

�Ô �s �ð �E �Ý �æ �Ł,�‡ �ç �É �' �ƒ �µ �˜ �c �` �˜ �¢ �‰�´ �˛

�Ý �“ �� �œ�ª �É �ç �¢ �‰�˘ �– �º �¯ �» �Ì �Ô �à �• �× �˜ �E �Ý

�æ �` �‰�B �´ �Ü �Ł,�» �Ì �† �‚ �n �¯ �˝ �u �Ô �I �É �O�� �^

�} 3.�Ý �� �^ �� �| �| �Ì �˚ �� �É �Ü �Ü �Œ�Ø�‹ �n �í �q

(�E )�˘ �¢ �‹ �n �í �q (�¶ ).
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(a)�å �ª �s 1(2005�N4�� 5�œ ) (b)�å �ª �s 1(2005�N4�� 23�œ) (c)�å �ª �s �§(2007�N4�� 20�œ)10
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�} 5�B �† �‚ �n �à �Ì �O�� �^ �� �| �| �Ì �Ô �ð �� �� �• �Ø�˘ ,

�� �� �Ì �O�ª �É �ä �r �µ �˜ �� �À �ƒ �“ �� �› �¨ �` �‰�B
�o �[ �˝ �l �“ �˚ �˝ �˝ �ð �ƒ �• �B Takakura et
al(2009)�æ �Ł�ü �ˇ .

�� �| �| �Ì �Ô �“ �É �ß �˜ �› �¨ �› �¨ �` �‰�– �˘ �É �¨ �Ø�B �»

�Œ�É �æ �Ł�O�� �í �' �ç �Ì �í �Ô �� �† �à �› �¨ �› �¨ �` �‰�˝

�‚ �¨ �Ì �¯ ,�í �Ô �� �† �“ �â �Ł �¨ �ç �� �À �ƒ �“ �æ�� �• �Ø

�˝ �‚ �¯ �  �Ø�B �  �Ø�¢ �˝ ,�O �� �í �Ì �e �¿ �“ �í �Ô �� �†

�¯ �˝ �¨ �› �� �„ (�ı �â �h �{ �� �Þ �¨ �˙ )�ð �ß �fi �Ø�£ ��
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�…�a 2m�Ì �˝ �˝ �¯ �Ì �˙ �� �O �� �í �ƒ

�˙ �� �O�� �í �ƒ �˘ �Ý �� �^ �� �| �| �� �À �ƒ �Ì �Ö �W.�¢ �‚ �Œ�Ì �v �� �b �g�É �¤ �¢ �˜ �à �O�� �í �Ì �ä �ƒ �“ �� �› �¨
�Ø�˘ �Ý �� �í �Ì �� �À �ƒ �“ �L �Ó �É �Æ�” �µ �‰�BTakakura et al.(2009)�æ �Ł�ü �ˇ .

10 �É �æ �` �˜ �¶ �¶�˜ �¢ �‰�Ì �¾ �˘ �µ �‰�ç ,�E �Ý �æ �` �‰�Ì

�˝ �Ô �¾ �fl �¯ �  �` �˜ �� �» �Ì �à �Ì �˝ �¶ �Ý �µ �– �fl �˜ �¢ �‰

�Ì �¾ �' �ç ,�Ý �� �í �Ì �� �À �ƒ �Ì �æ�� �˝ �¨ �¢ �¾ �º �⁄ �B

�� �À �ƒ �ð �v �“ �µ �‰�� �˚ ,�O �Ò �“ �‡ �µ �' �` �‰�B �´ �Ü

�Ł,�O �� �^ �� �| �| �Ì �Ô �ð �E �Ý �æ �` �‰�� �œ�É �Ý �� �í

�Ì �� �À �ƒ �˝ �æ�� �µ �˜ �¢ �‰�Ì �¯ �  �Ø (�} 5)�B �ü �Ó

�É �O�� �^ �� �| �| �“ �‰�¢ �˘ �Ý �� �í �Ì �� �À �ƒ �“ �Æ�” �•

�Ø�˘ �¢ �⁄ �» �Û �Ì �· �ö �˝ �O�� �í �Ì �Ô �É �  �Ø�– �˘ �“ �¾
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�µ �' �µ ,�O �� �^ �� �| �| �Ì �e �¿ �˝ �µ �§ �¨ �Ó �¡ �¯ �í

�Ô �� �† �É �æ �Ø�à �Ì �¨ �Ì �¾ �º �⁄ �' �B �‰�˘ �ƒ �˛ ,�� �†

�' �� �“ �O�� �^ �� �| �| �É �D �í �Œ�Ø�– �˘ �É �æ �` �˜ �Ý ��

�^ �� �| �| �Ì �� �À �ƒ �“ �Æ�” �µ �˜ �¢ �‰�Œ�� �É �à ,�O ��

�^ �� �| �| �Ì �Ô �ð �E �Ý �æ �` �˜ �Ý �� �í �Ì �� �À �ƒ �“ �æ��

�• �Ø�˘ �¢ �⁄ �» �Û �˝ �¶ �¶ �⁄ �Ø�B �– �Ì �æ �⁄ �¨ �» �Û �˝ ��

�† �Ò ��Jttpollinator lilnitatiOn�˘ �˜ �˛ �Œ�Ø�B �í �Ô
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�í �à �� �† �Ì �Ý �O�� �í �Ô �† �Ì �˙ �`

�} 6. �Ý �� �^ �� �| �| �Ì �l �H�ö �† �À �– �Ì �ß �@.�� �œ

4�æ,�P �[ �W�à �Ì �Ý �� �^ �� �| �| �fl �m�¯ �l �H

�ö �† �ð �s �¢ ,�í �Ô �� �† �� �� �O�� �[ �v �¯ �˝ �‡

�ç �É �O�� �í �Ì �Ô �† �ð �ö �† �‡ �„ �‰�B

�� �† �É �æ �Ø�É �B�– �´ �¯ �  �` �˜ �à �� �† �Ò �§ �À �¯ �  �`

�˜ �à ,�O �� �í �Ì �Ô �“ �  �Œ�˛ �Ý �� �í �Ì �� �À �“ �« �› �¨

�Ø�˘ �¢ �⁄ �– �˘ �˝ �fl �¶ �¨ �Ì �¾ �' �ç �å �µ �˜ �d �v �¯ �¨ �¢

�˘ �l �ƒ �ç �Œ�Ø�' �à �µ �Œ�¨ �¢ �B �µ �' �µ ,�…�Ò �É �˝ �É

�ß �˜ �å �« �¨ �Æ�¢ �“ �¶ �Ý �• �Ø�B �� �† �Ò �§ �À �“ �â �Ł �¯

�  �Ø�Œ�� �É �˝ ,�� �† �Ò �ð �ˇ �É �I �É �Û �S �• �Ø�– �˘ �¯

�» �Ì �e �¿ �ð �  �Ø�ö �x �Æ�‚ �¯ �« �Ø�˘ �œ�Ò �‡ �Œ�Ø�B ��

�† �Ò �“ �O�� �í �É �D �í �Œ�˜ �µ �Ü �` �˜ �à ,�» �Œ�¨ �ª �É

�� �† �Ò �S�Ì �Ì �� �ð �� �â �• �– �˘ �É �æ �Ł�Ý �� �í �Ì �� �†

�Ì �@�ï �ð �Û �� �• �Ø�Ì �¯ �  �Ø�B �µ �' �µ ,�í �Ô �� �† �É

�æ �Ø�É �B �– �´ �“ �¶ �¶�˜ �¢ �Ø�Œ�� �É �˝ ,�S �› �t �Ì �ł

�˚ �É �¨ �Ø�´ �\ �« �“ �  �Ø�B�� �† �Ò �ð �Û �S �• �Ø�– �˘ �É

�æ �Ł�O�� �í �' �ç �Ì �í �Ô �� �† �Ì �@�ï �“ �� �` �µ ,�É �B

�– �´ �Ì �e �¿ �˝ �æ �Ł�å �« �› �¨ �Ø�' �à �µ �Œ�¨ �¢ �' �ç �¯

�  �Ø�B �– �Ì �‰�ß ,�O �� �^ �� �| �| �' �ç �Ì �e �¿ �É �æ �Ł

�Ý �� �^ �� �| �| �Ì �í �q �“ �‚ �› �• �Ø�– �˘ �Ì �· �ö �“ �í �Ô

�� �† �É �æ �Ø�É �B �– �´ �¯ �  �Ø�– �˘ �ð �æ �Ł�µ �§ �É �m�F

�µ �˜ �¤ �› �– �˘ �“ �K �v �¯ �  �Ø�˘ �� �‰�¿ �˝ �l �ƒ �‰�B

�» �Ì �ß �@�Ì �Œ�´ �“ �l �H�ö �† �À �– �¯ �  �Ø�B�À �– �É

�˝ �« �A �ƒ �É �µ �‰�´ �Ì �ð �p �¢ �‰�B �X�e �� �� �X�� �b �V��

�» �Ì �P �[ �W (30�~ 30�~ 30cm)�É �J �Ô �� �Ì �Ý �� �í

�^ �� �| �| �ð 2�´ �Ì (2�« )�ü �Œ,�í �Ô �� �† �� �� �Ì

�O�� �[ �v �¯ �˝ �‡ �ç �É �O�� �^ �� �| �| �ð 1�´ �Ì (1�« )

�ü �Œ�‰ (�} 6)�B �» �µ �˜ ,�˚ �� �à �Ì �• �× �˜ �Ì �Ô �“

�ç �« �I �í �Ø�Ü �¯ �� �œ4�æ (9:00,11:00,13:00,

08

�ı
�÷ �fi
�y G
�ƒ

�} 7. �l �H�ö �† �À �– �Ì �� �˚ .�O �� �^ �� �| �| �Ì �Ô �†

�ð �˙ �` �• �Ø�– �˘ �É �æ �Ł,�Ý �� �^ �� �| �| �Ì ��

�À �ƒ �˝ �æ40%�Æ�” �µ �‰�B �o �[ �˝ 95%�M�� �æ

�Ô �ð �ƒ �• �BMatsumOto et al(in press)

�æ �Ł�ü �ˇ .

15:00),�˚ �� �ð �H�Ñ �» �Ì �� �V �¯ �� �¯ �l �H �I �É �ó �†

�‡ �„ �‰�B �‰�¾ �µ ,�í �Ô �� �† �� �� �Ì �O�� �[ �v �¯ �˝ �¯

�� �É �Ý �� �í �Ô �¯ �ó �† �ð �‡ �„ �‰�ª ,�O �� �í �' �ç �Ì �Ô

�† �ð �˙ �` �µ �‰�B �– �Ì �� �Ô �¯ �l �H�ö �† �ð �s �⁄ �– �˘ �É

�æ �Ł,�æ �É �t �¢ �‰�O�� �í �Ì �Ô �† �“ �Ý �� �í �Ì �� �“ �ð

�¤ �� �I �É �u �� �b �N �µ �˜ �µ �Ü �⁄ �– �˘ �ð �ð �fl �‰�B �• �×

�˜ �Ì �Ý �� �í �´ �Ì �˝ �¡ �� �Ì �˚ �� �ð �t �fl �‰�Ì �¯ ,�» �Ì

�⁄ �¿�æ�…�� �ð �í �Ô �ö �† �� �� �É ,�c �Ł�ð �˛ �˘ �˘ �µ �˜

�í �à �ö �† �É �� �Ł�� �˜ �‰�B �l �H�ö �† �Ì �æ 2�T �Ô �ª ,

�í �q �“ �U �Ø�O�É �˚ �� �ð �ð �U �µ �í �q �Ì �� �À �ƒ �ð �v �“

�µ �‰�B �» �Ì �� �˚ ,�í �Ô �� �† �� �� �Ì �˚ �� �¯ �˝ �� �À �ƒ

�˝ 40%�Ù �˙ �à �Æ�” �µ �˜ �¢ �‰ (�} 7)�B �– �Ì �À �– �¯

�˝ ,�« �A �ƒ �Ì �´ �Ì �ð �p �¢ �˜ �¢ �Ø�‰�ß ,�´ �Ì �Ô �É ��

�„ �ð �ß �fi �Ø�£ �� �˝ �¶ �Ý �µ �¨ �¢ �B �Ü �‰,�Ý �� �^ �� �|

�| �“ �O�� �^ �� �| �| �˘ �fl �� �• �Ø�Ì �˝ �Ô �œ�Ì �Ô �¾ �fl �¯

�  �Ł,�» �Œ�¨ �O�Ì �� �œ�É �˝ �¤ �� �I �É �£ �Œ�‰�Œ�� �¯

�ç �˜ �ç �Œ�‰�B �» �Ì �‰�ß ,�í �Ô �ö �† �� �� �É �æ �` �˜ �¶

�¶�‰�� �À �ƒ �Ì �Æ�” �˝ ,�í �Ô �ö �† �• �¨ �í �¿�O�� �^ ��

�| �| �Ì �Ô �† �“ �t �� �µ �‰�– �˘ �“ �v �ö �˘ �¨ �` �˜ �¶ �¶�‰
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�» �Û �¯ �  �Ø�˘ �¾ �ƒ �Ø�B

�‡ �ç �É ,�� �‰�¿ �˝ �Ô �† �“ �…�Ú �I �¨ �v �ö �¯ �  �Ø�–

�˘ �ð �ì �O�¯ �à �� �Ø �µ �‰�B �– �Ì �À �– �˝ �S �˚ �I �É �⁄ �fl

�⁄ �� �Ò �Ì �…�{ �� �‡ �æ�É �æ �Ø�à �Ì �¯ �  �Ø�B �O�� �^ ��

�| �| �˘ �Ý �� �^ �� �| �| �“ �‹ �¶ �• �Ø�† �‚ �n �Ì �Œ�´ �¯ ,

�J �Ô �� �Ì �Ý �� �^ �� �| �| �Ì �Ô �� �' �ç �Œ�� �Ì �� �“ �ð �†

�«�æ �` �‰�B �» �µ �˜ ,�» �Ì �� �“ �É �t �� �µ �˜ �¢ �‰�^ ��

�| �| �Ì �Ô �† �Ì �⁄ �¿,�O �� �^ �� �| �| �É �R�� �• �Ø�à �Ì

�Ì �ä �ƒ (�O �� �í �Ô �† �ƒ )�ð �� �ß �‰�Ì �¯ �  �Ø�B �» �Ì

�‰�ß �É �˝ �Ô �† �ð 1�– �‚ �´ �E �¢ �ª �° �˜ �» �– �É �Ü �Ü �Œ

�ØDNA�ð�� �o �µ ,�R �� �ð �» �˚ �µ �‰�B �† �«�æ �` �˜

�“ �˝ �ð �s �` �‰�Ì �˝ �Œ�� �Ì �� �“ �¾ �fl �¯ �  �Ø�“ ,�» �Ì

�Ô �� �S �Ì �“ �ó �fl �æ �` �‰�Ô �† �Ì �O�� �í �Ô �† �ƒ �ð �‰�f

�µ �˜ �¢ �Ø�˘ �' �¨ �µ �˜ �æ �¢ �˘ �l �ƒ �‰�B �Ü �‰,�� �“ �ð

�† �«�æ �` �‰�æ 2�T �Ô �ª �É �˚ �� �ð �Ì �W�µ ,�� �À �ƒ �ð

�v �“ �µ �‰�B �» �µ �˜ ,�O �� �í �Ô �† �ƒ �˘ �� �À �ƒ �˘ �Ì �Ô

�Ì �Ö �W�ð �ð �˝ �µ �‰�B �– �Ì �† �‚ �˝ 2�æ�É �í �‰�Ł�s �`

�‰�“ ,�� �˚ �˝ �Œ�Ñ �µ �˜ �¢ �‰�B �• �¨ �í �¿,�Ý �� �í �Ì

�� �“ �É �t �� �• �Ø�Ô �† �Ì �⁄ �¿�O�� �í �R�� �Ì �à �Ì �“ �‰

�› �¨ �Ø�Ù �˙ ,�� �À �ƒ �“ �Æ�” �• �Ø�˘ �¢ �⁄ �¾ �ç �' �¨ �X

�ü �“ �  �` �‰�Ì �¯ �  �Ø (�} 8)�B

�l �H �ö �† �À �– �˘ �Ô �† �Ì DNA�“�˝ �' �ç ,�O �� �^

�� �| �| �É �æ �` �˜ �ł �«�N �– �‡ �Œ�Ø�Ý �� �^ �� �| �| �Ì ��

�À �ƒ �Æ�” �Ì �…�Ú �I �¨ �v �ö �“ ,�O �� �^ �� �| �| �Ì �Ô �†

�¯ �  �Ø�– �˘ �“ �¾ �ç �' �É �¨ �` �‰�B �– �–�¯ �d �v �¨ �Ì �˝ ,

10

��

0
0   .

��
 . ��

,     �B 02 0 0

�� �� �¨ �O�� �^ �� �| �| �à �G�í �^ �� �| �| �à �í �q �¶ �Y �É

�O�� �' �ç �Ì �Ô �† �ð �K�v �˘ �µ �¨ �¢ �˘ �¢ �⁄ �– �˘ �¯ �  �Ø�B

�» �Ì �‰�ß ,�O �� �^ �� �| �| �˝ �Ý �� �^ �� �| �| �' �ç �É �B

�– �´ �ð �ó �fl �Ø�– �˘ �˝ �¨ �¢�B �Ý �� �í �¾ �fl �“ �Œ�ß �I �É

�e �¿ �ð �– �⁄ �Þ �Ø�Ì �¯ �  �Ø�B �´ �Ü �Ł,�Ý �� �^ �� �| �|

�Ì �¶ �ç �n �É �N�ü �µ �‰�O�� �^ �� �| �| �˝ ,�í �Ô �� �† �ð

�˚ �¶�˜ �Ý �� �^ �� �| �| �Ì �� �À �ƒ �ð �Æ�” �‡ �„ �Ø�“ ,�O

�� �^ �� �| �| �˝ �» �Ì �æ �⁄ �¨ �e �¿ �˝ �ó �fl �¨ �¢ �B �» �Ì �‰

�ß ,�Ý �� �^ �� �| �| �Ì �´ �Ì �� �˝ �� �X �É �‚ �› �• �Ø�¾ �º

�⁄ �B �» �⁄ �¨ �Ø�˘ , �‡ �ç �É �O�� �^ �� �| �| �' �ç �Ì �É �B

�– �´ �Ì �ł �˚ �˝ �å �« �› �¨ �` �˜ �µ �Ü �⁄ �B �» �Œ�ð �J �Ł�Ô

�• �– �˘ �¯ �» �Ý �� �‰�¿�“ �m�Ø�Ý �� �^ �� �| �| �Ì �º �@�I

�ó �µ �“ �¶ �Ý �o �‡ �Œ�˜ �« �‰�Ì �¾ �º �⁄ �˘ �� �‰�¿ �˝ �l �ƒ

�˜ �¢ �Ø�B

�É �B �– �´ �Ì �˝ �˝

�‡ �˜ ,�O �� �^ �� �| �| �˝ �í �Ô �� �† �ð �˚ �¶�˜ �Ý �� �^

�� �| �| �w�Ì �” �—�˘ �¨ �` �˜ �¢ �Ø�– �˘ �“ �ƒ �‡ �Œ�‰�“ ,

�» �Ì �e �¿ �˝ �˙ �Œ�› �ç �¢�L �¢�˝ �˝ �É �y �Ô �Ì �¾ �º �⁄ �' �B

�A�¤ �˝ �' �ç �“ �fi �› �– �˘ �“ �¯ �« �¨ �¢ �ª �í �Ł �É ,�fi �¤

�â �� �Ì �˝ �ð �� �` �˜ �Ô �† �ð �L �¢�˝ �˝ �É �U�z �• �Ø�B �»

�Ì �‰�ß �É �B�– �´ �à �L �¢�˝ �˝ �É �y �Ô �– �˘ �“ �\ �z �‡ �Œ

�Ø�B�É �B�– �´ �˝ �p �x �¸ �¶ �« �˘ �¢ �⁄ �` �¥ �Ì �Ù �' �É �à ,

�» �Ì �e �¿ �Ì �˝ �˝ �“ �å �« �¢ �˘ �¢ �⁄ �_ �¯ �à �d �v �¯ �  �Ø

�´ �\ �« �“ �  �Ø�B�� �‰�¿ �˝ 2�´ �Ì �ß �@�¯ �É �B �– �´ �“

�y �Ô �˝ �˝ �ð �� �Ł �µ �˜ �Ý �‰�B �– �–�¯ �˝ �» �Ì �⁄ �¿ �Ì 1

�´ �ð �—�î �• �Ø�B

�» �Ì �ß �@�˝ �É �B �– �´ �Ì �· �ö �˘ �¨ �Ø�Ô �† �Ì �˙ �Õ �¯

�  �Ø�B �ß �N,�“ �q �¶ �¤ �w�I �¨ �⁄ �� �Ł �@�Ì �› �B �É �æ

�Ł,�l �X�¨ �A�¤ �¯ �í �q �Ì �� �e �» �Ł �“ �s �í �Œ,�» �Œ

�É �æ �` �˜ �Ô �† �Ì �U �z �� �£ �“ �� �Ł �‡ �Œ�˜ �¢ �Ø

(Dow&Ashley, 1998;Streiff et al., 1999;

Dick et al, 2003;Garcia et al, 2005, 2007)�B

�µ �' �µ , �– �Ì �ß �@�˝ �� �† �Ì �� �˚ �˘ �µ �˜ �¶ �« �‰�í �q

�“ �¾ �ç �Œ�˜ �¢ �Ø�' �ç �´ �\ �¨ �Ì �¯ �  �` �˜ ,�í �Ô �� �†

�Ì �� �˚ �í �q �“ �� �æ�¯ �µ �Ü �⁄ �É �B �– �´ �¯ �˝ �p �¢ �Ø�–
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�O�� �í �Ô �† �Ì �� ��

�} 8.�Ý �� �^ �� �| �| �� �“ �ª �É �^ �˛ �Œ�˜ �¢ �‰�Ô �† �Ì

�⁄ �¿�O�� �^ �� �| �| �R�� �Ì �à �Ì �“ �Ł �ß �Ø�� ��
�˘ �Ý �� �^ �� �| �| �� �À �ƒ �Ì �Ö �W .

Matsumoto et a1 0�� P�É �� �æ �Ł�ü �ˇ .
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�˘ �“ �¯ �« �¨ �¢ �B �O�q �µ �‰�Ô �† �Œ�– �' �ç DNA�ð��

�o�E �“ �˝ �• �Ø�ß �@�˝ �´ �\ �« �“ �  �Ø�“ , �N�� �[ �� �´

�Ì �“ �‰�¢ �O�� �^ �� �| �| �¯ �˝ �� �e �» �Ł �Ü �¯ �� �ç �¨ �¢

�– �˘ �à �‰�¢ �˘ �\ �z �‡ �Œ�Ø�µ ,�¨ �É �æ �Ł�“ �˝ �• �× �«

�� �¿ �“ �‰�¢ �Œ�� �É �˝ �� �Ô �E �J �˝ �E �� �à �Ì �˚ �¯ �R�X

�g�“ �å �« �› �¨ �` �˜ �µ �Ü �⁄ �B �» �–�¯ �� �‰�¿ �˝ �æ �Ł�¨

�Ö �¨ �Ł �@�ð �Ì �p �• �Ø�– �˘ �É �µ �‰�B �Ô �† �Ì �Ú �ó �˘ �µ

�˜ �u �ı �ç �¿ �ð �p �¢ �Ø�ß �@�¯ �  �Ø�B �u �ı �ç �¿ �˝ �� �O

�ü �ð �˘ �¸ �• �Ø�˘ �´ �� �ı �ð �œ�´ �÷ �× �¨ �– �q �¯ �  �Ł,

�¶ �¤ �Ì �Ì �É �à �e �Õ �É �t �� �• �Ø�Ì �¯ �ˆ �› �' �ç �¶ �¤ �ð

�˙ �Õ �• �Ø�‰�ß �Ì �W�fl �˘ �µ �˜ �p �¢ �ç �Œ�˜ �« �‰�B �Ô �†

�Ì �˙ �Õ �É �g �` �‰�¤ �» �ç �› �¯ �ˆ �Ì �Æ�˘ �µ �˜ �˝ Stock�\

house(1976)�Ì �⁄ �� �“ �  �Ł,�» �Ì �Ł �@�˘ �µ �˜ �Ì

�ˆ �� �« �à �‰�x �' �� �Ø �‡ �Œ�˜ �¢ �Ø (Waser&Price,

1982,Thomson et al.,1986)�B �� �‰�¿ �à �– �Ì �Ł

�@�ð �g �` �˜ 2�´ �Ì �† �‚ �n (�å �ª �{ ,�  �Œ�§ )�¯ �O

�� �^ �� �| �| �' �ç �Ý �� �^ �� �| �| �w�Ì �í �Ô �� �† �ð �˙ �Õ

�µ �‰�B �Ü �‚ �J �Ô �� �Ì �O�� �^ �� �| �| 3�´ �Ì �ð �I �Ñ ,

�» �Ì �Ô �� �Ì �ª �É �» �Œ�…�Œ�Ù �¨ �Ø�F �Ì �u �ı �ç �¿ �ð 1

�´ �Ì �� �‰�Ł10mg�‚ �´ �u �¢ �‰�B �– �Ì �ì �˘ �˝ �† �‚ �œ

�Ì 9:00�É �s �` �‰�B �» �µ �˜ ,�» �Ì 6�� �Ô �ª ,�» �Œ�…

�Œ�Ì �O�� �^ �� �| �| �' �ç �…�a 15m�¨ �à �Ì �˝ �˝ �¯ �J �Ô

�µ �˜ �¢ �‰�Ý �� �^ �� �| �| �É �´ �¢ �˜ ,�» �Ì �Ô �� �' �ç 20

�{ �Ì �� �“ �ð �s �� �Z �b �g�¯ �† �«�æ �` �‰�B �– �Ì �˘ �« �É

�u �ı �ç �¿ �ð �{ �µ �‰�» �Œ�…�Œ�Ì �O�� �^ �� �| �| �´ �Ì �'

�ç �Ý �� �^ �� �| �| �Ü �¯ �Ì �� �£ �ð �v �“ �µ �‰�B �† �«�æ �ç

�Œ�‰�� �“ �˝ �u �ı �° �÷ �¾ �¯ �ˇ �@�µ �‰�B�u �ı �° �÷ �¾ �˝

�� �¿ �É �� �O�ü �ð �˘ �¸ �µ �˜ �� �¿ �' �ç �› �„ �ç �Œ�Ø�u �ı

�ð �ˇ �@�• �Ø�‰�ß �Ì �° �÷ �¾ �¯ �  �Ł, �à �µ �� �“ �É �u �ı

�ç �¿ (�Ì �t �¢ �‰�O�� �^ �� �| �| �Ô �† )�“ �t �� �µ �˜ �¢

�Œ�˛ �N �â �' �¨ �u �ı �É �æ �Ł�e �Õ �É �» �Œ�˘ �í �' �Ø (�}

9)�B �å �ª �{ �˘ �  �Œ�§ �Ì �† �‚ �n �¯ �˝ ,�» �Œ�…�Œ16

�´ �Ì �˘ 18�´ �Ì �Ì �Ý �� �^ �� �| �| �´ �Ì �' �ç �� �“ �ð �† �«

�æ �Ł,�O �� �^ �� �| �| �' �ç �Ì �í �Ô �� �† �ð �Ì �× 15�æ �˘

35�æ�m�F �¯ �« �‰�B�í �Ô �� �† �� �£ �Ì �‰�ˇ �l �} 95%�M

�� �æ �Ô �˝ 2.63�} 1.09m(�å �ª )�˘ 4.41�} 1.03m(� 

�Œ)�¯ �  �` �‰�B

�à �⁄ 1�´ �Ì �Ł �@�¯ �à �É �B�– �´ �“ �y �Ô �˝ �˝ �ð �� �Ł

�µ �‰�“ ,�» �Ì �� �˚ �˝ �Œ�Ñ �µ �˜ �…�a �� �� �[ �g�� �Ì �I �[

�_ �[ �¯ �  �` �‰�B �¨ �¤ ,�å �ª �{ �Ì �† �‚ �n �É �¤ �¢ �˜ �˝

�Ý �� �í �' �ç �¯ �æ �Ł �Ì �O�� �í �Ü �¯ �Ì �� �£ �˝ 1.21�}

0.14m(�‰�ˇ �l �} 95%�M�� �æ �Ô )�¯ �  �` �‰�Ì �¯ ,

�Ý �� �^ �� �| �| �“ �¯ �æ�Ł�Ì �O�� �^ �� �| �| �´ �Ì �˘ �ı �E

�h �{ �� �Þ �E �� �¨ �˙ �Ì �� �„ �ð �ß �fi �` �˜ �£ �� �µ �˜ �¢ �‰

�˘ �˝ �l �ƒ �É �› �¢ �B�Œ�ß �¯ ,�» �Ì �� �£ �˝ �É �B �– �´ �Ì

�˝ �˝ �à �¨ �Ì �¯ ,�‰ �› �Ì �Ý �� �^ �� �| �| �˝ �O�� �^ �� �|

�| �' �ç �Ì �É �B�– �´ �Ì �e �¿ �” �É �  �` �‰�˘ �¢ �⁄ �– �˘ �“

�“ �' �Ø�B �É �B �– �´ �˝ �» �Ì �p �x �¸ �¶ �« �Ì �‰�ß �É �fl ��

�I �¨ �⁄ �¶ �ð �W�° �Ø�˘ �¢ �⁄ �Ó �¡ �¯ �¶ �Ô �w�I �É �d �v �¯

�  �Ø�– �˘ �˝ �‘ �“ �¯ �q �× �‰�“ ,�æ �Ł�å �«�¨ �ó �Ô �X�P�[

�� �É �¤ �fl �Ø�í �Ô �� �Ý �ì �p �ð �ł �«�N �–�• �˘ �¢ �⁄ �Ó �¡

�¯ �à �É �B �– �´ �˝ �d �v �¯ �  �Ø�˘ �¢ �ƒ �Ø�B�Æ�ƒ �˛ ,�å

�ª �s �à �¨ �˙ �Ì �æ �⁄ �É �Ý �� �^ �� �| �| �“ �› �¨ �› �¨ �` �‰

�n �æ �¯ �˝ �´ �Ì �“ �p �b�‘ �ó �É �W�Ü �Ł�c �¶ �µ �˜ �¢ �Ø�–

�} 9. �u �ı �° �÷ �¾ �É �æ �Ø�Ý �� �^ �� �| �| �� �“ �Ì �ˇ �@.

�¶ �” �' �ç �E �ª �É �' �fl �˜ �L �Ñ �Ø�_ �ó �Ì �à �Ì �˝

�Ý �� �^ �� �| �| �Ì �� �“ �B �» �Ì �ü �Ó �É �' �ƒ �Ø�–

�q �˝ �� �“ �É �t �� �µ �˜ �¢ �‰�Ô �† �¯ �  �Ł,�å �«

�‡ �É �˛ �ç �´ �« �“ �  �Ø�– �˘ �' �ç �O�� �^ �� �| �|

�R�� �Ì �à �Ì �¯ �  �Ø�˘ �“ �' �Ø.�» �Ì �� �¯ �à ��

�î �ó �ð �t �fl �‰2�´ �Ì �Ô �† �É �ç �¿ �“ �t �¢ �˜ �¤

�Ł,�› �¢ �u �ı �ð �› �µ �˜ �¢ �Ø�B

-127-�\



�˘ �“ �‰�¢ �B �– �Ì �˘ �«,�p �b�‘ �T �C�Y�“ �� �† �� �£ �æ

�Ł �à �‹ �‡ �¢�Œ�� �É �˝ ,�p �b�‘ �à �Ì �‰�› �Ì �´ �Ì �“ �ü

�Ó �Ì �O�� �^ �� �| �| �É �æ �Ø�É �B�– �´ �É �‡ �ç �‡ �Œ�˜ �µ

�Ü �¢ ,�» �Ì �p �b�‘ �Ì �¶ �Y �« �˝ �å �« �¨ �¯ �� �ð �ó �fl �Ø

�¾ �º �⁄ �B �t �É �å �« �¨ �p �b�‘ �T �C�Y�“ �Û �� �¯ �« �˜ �¤

�Ł,�p �b�‘ �à �É �O�� �^ �� �| �| �“ �¶ �Ý �µ �¨ �¢ �Œ�� �É

�˝ ,�p �b�‘ �Ì �ü �� �� �Ì �Ý �� �^ �� �| �| �´ �Ì �˝ �É �B�–

�´ �Ì �e �¿ �ð �⁄ �fl �Ø�à �Ì �Ì ,�� �S�� �Ì �´ �Ì �˝ �É �B �–

�´ �ð �˘ �Œ�‰�› �Ì �í �q �ð �¶ �Y �• �Ø�– �˘ �“ �¯ �« �Ø�¾ �º

�⁄ �B �– �Ì �æ �⁄ �É ,�É �B �– �´ �“ �y �Ô �˝ �˝ �˝ �– �´ �ð �ó

�fl �Ø�í �Ì �¶ �– �´ �\ �« �ð �¶ �E �• �Ø�' �à �µ �Œ�¨ �¢�B �Ü

�‰,�É �B �– �´ �Ì �˝ �˝ �˝ �Û �S�ª �à �d �v �¯ �  �Ø�B �É �B

�– �´ �ð �ó �fl �� �Þ �µ �´ �´ �  �Ø�í �ð �Û �S �• �Ø�‰�ß �É �˝ ,

�É �B �– �´ �ð �y �˛ �µ �˜ �¢ �Ø�í �Ì �Ô �Ü �‰�˝ �´ �Ì �S�Ì �ð

�� �� �• �Ø�– �˘ �“ �K �v �É �¨ �Ø�B �– �Ì �˘ �«,�Û �S �˛ �Û

�Ì �æ �¾ �fl �¯ �� �� �ð �s �` �˜ �à �Ô �† �˝ �O�� �' �ç �N�ü �µ

�˜ �› �Ø�Ì �¯ ,�� �† �� �£ �ð �l �¶ �µ �˜ �˛ �Û �Ì �æ �æ �Ł �à

�  �Ø�ö �x �L �¢�˝ �˝ �' �ç �� �� �• �Ø�– �˘ �É �æ �Ł,�Ì �æ

�à �Ì �Û �S �˛ �Û �í �“ �O�� �' �ç �Ì �– �´ �É �‡ �ç �‡ �Œ�¨ �¢

�æ �⁄ �É �• �Ø�– �˘ �“ �d �v �É �¨ �Ø�¾ �º �⁄ �B

�^ �� �| �| �É �˘ �` �˜ �É �B�– �´ �˘ �˝ �‰�'

�– �– �Ü �¯ �� �‰�¿�“ �J �� �T �C�^ �� �| �| �˘ �Z �C �� �D

�^ �� �| �| �ð �˛ �Û �É �s �` �‰�É �B �– �´ �É �´ �¢ �˜ �Ì �⁄ ��

�ð �—�î �µ �˜ �« �‰�B �–�Œ�ç �ð �� �� �• �Ø�˘ ,�Ý �� �í �J

�� �T �C �^ �� �| �| �“ �O�� �í �Z �C �� �E �^ �� �| �| �É �æ �`

�˜ �u �«�• �ƒ �ç �Œ�Ø�ß �ö �É �¤ �¢ �˜ ,�É �B �– �´ �“ �˚ �‰

�µ �‰�ð �Q1�˝ �˙ �æ�¨ �à �Ì �¾ �` �‰�Ì �¾ �º �⁄ �' �B

�Ý �� �í �J �� �T �C�^ �� �| �| �“ �í �q �ð �ì �Ø�‰�ß �É �˝

�…�´ �Ì �˘ �Ô �† �ð �ð �• �• �Ø�– �˘ �“ �K�v �¯ �  �Ø (�' �˘

�s �a �� �« )�B �– �Ì �– �˘ �' �ç �Ý �� �^ �� �| �| �É �˘ �` �˜

�� �† �' �� �˝ �� �¢ �ª �É �q �• �ð �c �• �‰�ß �É �K �v �s �´ ��

�¨ �p �[ �g�i �[ �¯ �  �` �‰�B �µ �' �µ , �– �Ì �Ö �W�˝ �O��

�^ �� �| �| �“ �N�ü �µ �˜ �« �‰�– �˘ �¯ �å �« �› �ˇ �í �` �˜ �µ

�Ü �` �‰�B �� �† �Ò �˝ �É �B �É �K �v �¨ �fl �í �Ì �Ô �† �ð �^ �æ

�¯ �« �˜ �› �Œ�Ø�¾ �fl �¯ �¨ �› ,�É �B�– �´ �Ì �· �ö �˘ �¨ �Ø

�O�� �^ �� �| �| �Ì �Ô �† �ð �à �� �` �˜ �› �Ø�æ �⁄ �É �¨ �` �˜

�µ �Ü �` �‰�' �ç �¯ �  �Ø�B �� �} �Ô �A �¤ �˘ �Ô �† �} �î �' ��

�˘ �Ì �� �Ý �ì �p �˝ �à �˝ �â �⁄ �¶ �I �˘ �˝ �¾ �ƒ �¨ �› �¨ �` �˜

�µ �Ü �` �‰ (�} 10)�B

�» �Œ�É �æ �` �˜ �Ý �� �^ �� �| �| �Ì �í �q �¶ �Y �˝ �å �« �›

�� �¿�� �æ�¯ �µ �Ü �` �‰�“ ,�» �Ì �e �¿ �˝ �• �fi �É �» �Œ�‰

�í �fl �¯ �˝ �¨ �' �` �‰�B �^ �� �| �| �˝ �‰�N�� �¯ �  �Ø�µ ,

�Ý �� �^ �� �| �| �É �˘ �` �˜ �s �� �¾ �˘ �¢ �í �Œ�˜ �¢ �‰�s �s

�� �É �¤ �¢ �˜ �à �Ý �� �í �Ì �¶ �¶ �ƒ �˝ �O�� �í �æ �Ł �à �� �¢

�– �˘ �“ �� �‰�¿ �Ì �† �‚ �' �ç �à �m�' �ß �ç �Œ�˜ �¢ �Ø (��

�q �¢ �› �\ �f �[ �^ )�B �» �Ì �‰�ß ,�í �q �“ �› �¨ �› �¨ �`

�˜ �à �e �� �˝ �» �Ì �Ü �Ü �¶ �– �µ , �Ú �É �' �ƒ �Ø�ˇ �» �˝ �•

�fi �É �˝ �» �Œ�¨ �' �` �‰�˝ �‚ �¯ �  �Ø�B �µ �' �µ ,�J �› �s

�× �¨ �˙ �l �× �I �¨ �y �º �Ì �' �› �� �“ �� �p �x �¯ �¶ �¶,�e

�� �Ì �� �S�ƒ �“ �å �« �› �¨ �Ø�˘ ,�É �B �– �´ �É �æ �` �˜ �í

�q �¶ �Y �� �“ �Æ�” �µ �‰�e �¿ �˝ �° �Ò �É �» �Œ�Ø�– �˘ �É �¨

�Ø�¾ �º �⁄ �B �–�Œ�Ü �¯ �Ý �� �^ �� �| �| �Ì �� �Þ �Ì �v �ö �˘

�µ �˜ �¶ �ç �´ �« �Ì �l �× �I �¨ �' �› �� �“ �d �v �¯ �  �Ø�˘ �•

�Ø�' �ß �“ �µ �˛ �µ �˛ �¨ �‡ �Œ�˜ �« �‰�“ ,�» �Ì �…�à �˝ �É

�B�– �´ �“ �å �v �ö �¯ �  �Ø�˘ �l �ƒ �Ø�� �‰�¿ �Ì �…�à �˘ �µ

�� �• �Ø�í �fl �¯ �˝ �¨ �¢ �B �´ �Ü �Ł,�l �× �I �' �› �� �˝ �É

�B�– �´ �Ì �e �¿ �ð �° �Ý �» �‡ �„ �Ø�˘ �¢ �⁄ �ð �� �ð �˚ �‰�µ

�O�� �í �¨ �O :�⁄ �¶ �I    �O�� �í �¨ �ª :�G �˛ �I

�â�M
�E�Æ�–)�„

�Ý �� �í   �Ý �� �í �O�� �í
�Ý �� �í

�} 10.�A �¤ �˘ �� �† �Ò �Ì �Ö �W�É �É �B�– �´ �“ �¤ �æ �˛ �µ

�‰�e �¿ .�� �† �Ò �˝ �¤ �â �Ô �† �˘ �¢ �⁄ �æ�V�a�ð �ó

�fl �æ �Ø�ª �í �Ł �É �A �¤ �Ì �É �B �ð �� �fl �Ø�˘ �¢ �⁄

�⁄ �¶ �I �¨ �� �Ý �ì �p �“ �• �¢ �i �» �I �¨ �ð �j �Ì ��
�¯ �ç �Ü �Œ�˜ �« �‰ (�¶ )�“ ,�É �B �– �´ �ð �¤ �æ

�Ú �• �O�� �í �Ì �N�ü �É �æ �` �˜ ,�� �† �Ò �˝ �Ý ��

�A �¤ �Ì �É �B �É �˘ �` �˜ �L �Q�¨ �O�� �í �Ì �Ô �† �ð

�à �^ �æ�¯ �› �Ø�æ �⁄ �É �¨ �Ł,�G �˛ �I �¨ �v �f �ð

�� �´ �æ �⁄ �É �¨ �` �‰ (�E )�B
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�˜ �« �‰�˘ �l �ƒ �ç �Œ�Ø�Ì �¯ �  �Ø�B

�Œ�ß �Ì �O�� �^ �� �| �| �É �˘ �` �˜ �É �B �– �´ �˝ �˙ �Ì �æ

�⁄ �¨ �Ó �¡ �ð �� �´ �¾ �º �⁄ �' �B �œ�{ �É �N�ü �E �Ł �� �µ �˜

�¢ �Ø�O�� �í �^ �� �| �| �¤ �æ �Ñ �Ý �� �í �˘ �Ì �Ô �É �¶ �¶ �‰

�G�í �˝ , 3�{ �Ì �  �Ø�¢ �˝ 4�{ �Ì �¯ �  �Ø�– �˘ �“ �m �ç

�Œ�˜ �¢ �Ø�B �¢ �‚ �Œ�à �P�× �¶ �B �É �æ �` �˜ �í �q �ð �ì �Ł,

�É �B �É �Ô �† �˝ �Ö �^ �µ �¨ �¢�B �» �Ì �‰�ß ,�É �B �– �´ �“

�¶ �¶ �Ø�] �n �“ �¨ �¢ �B �– �Ì �– �˘ �˝ �O�� �í �Ì �N�ü �ß �ö

�¯ �É �ß �˜ �å �« �¨ �Ó �¡ �ð �� �` �˜ �¢ �‰�¾ �º �⁄ �B �Z �C ��

�E �^ �� �| �| �É �À �ç �‚ �S �˜ �Ì �O�� �í �˝ ,�» �Ì �N�ü �Ì

�� �œ�É �¤ �¢ �˜ �˝ �K �R�I �É �› �� �h �¯ �  �Ø�B �à �µ �O��

�í �“ �p �x �¸ �¶ �I �¨ �É �B �– �´ �ð �ó �fl �Ø�¨ �ç �˛ ,�› ��

�h �¯ �  �Ø�N�ü �� �œ�É �Ý �� �í �' �ç �ó �fl �Ø�É �B�– �´ �˝

�˘ �Ł�í �fl �› �˝ �¨ �à �Ì �É �¨ �Ł,�N �ü �´ �Ì �Q �˝ �• �fi �É

�â �¯ �µ �˜ �µ �Ü �⁄ �¾ �º �⁄ �B �´ �Ü �Ł,�N �ü �B�Ł �� �˝ �‚

�s �• �Ø�– �˘ �É �¨ �Ø�B �O�� �í �Ì �N�ü �E �Ł �� �“ �‹ �÷ �•

�Ø�‰�ß �É �˝ ,�É �B�– �´ �ð �ó �fl �¨ �¢ �– �˘ ,�  �Ø�¢ �˝

�Ý �� �í �æ �Ł �à �› �˝ �¨ �É �B�– �´ �ð �y �˛ �• �– �˘ �“ �K�v

�ð �� �É �¨ �Ø�B 3�{ �Ì �Z �C �� �E �^ �� �| �| �˝ �– �Ì �ð �C��

�ð �� �‰�µ �˜ �¢ �Ø�– �˘ �' �ç , �à �˘ �à �˘ �N�ü �B�Ł �� �µ

�â �• �¢ �O�� �í �¯ �  �` �‰�Ì �¾ �B

�–�Ì �æ �⁄ �É ,�Ý �� �¤ �æ �Ñ �O�� �Ì �^ �� �| �| �Ì �‰�˙ �`

�‰�^ �‰�É �˘ �` �˜ ,�É �B�– �´ �˝ �É �ß �˜ �d �v �¨ �Ó �¡ �ð

�� �` �˜ �¢ �Ø�B �^ �� �| �| �É �¤ �¢ �˜ �Ý �� �í �“ �O�� �í �É

�u �«�• �í �` �‰�» �Û �É �´ �¢ �˜ �˝ �ˆ �› �' �ç �� �Ú �‡ �Œ�˜

�« �‰�É �à �' �' �í �ç �‚ , �– �Ì �æ �⁄ �É �d �v �¨ �É �B �– �´

�“ �' �� �˘ �‡ �Œ�˜ �« �‰�Ì �˝ �s �v �c �˘ �¾ �ƒ �˛ �s �v �c �¨

�b �¯ �  �Ø�B �µ �' �µ ,�' �� �˘ �‡ �Œ�˜ �« �‰�Ì �˝ �‰�à �^

�� �| �| �¾ �fl �Ì �b �¯ �˝ �¨ �¢ �B�� �‰�¿ �Ì �¯ �ß �Ì �⁄ �� �É

�æ �` �˜ , �^ �� �| �| �¨ �O�Ì �A�¤ �â �fi �¤ �É �¤ �¢ �˜ �à �É

�B �– �´ �“ �� �X �˘ �' �´ �' �` �˜ �¢ �Ø�B �É �B �– �´ �˝ �^ ��

�| �| �¾ �fl �¯ �¶ �¶ �Ø�` �Œ�¨ �» �Û �¯ �˝ �¨ �› ,�' �¨ �Ł��

�Õ �I �¨ �» �Û �¨ �Ì �¯ �˝ �¨ �¢ �' �˘ �� �‰�¿ �˝ �l �ƒ �n �ß �˜

�¢ �Ø�B �» �Ì �Œ�´ �Ì �Æ�˘ �µ �˜ ,�O �� �I �i �� �~�Þ �¯ �Ì

�É �B �– �´ �É �´ �¢ �˜ �s �` �‰�⁄ �� �ð �� �É �—�î �• �Ø�B

�I �i �� �~�Þ �¯ �Ì �É �B�– �´ �˘ �“ �z

�– �–�¯ �˝ 2�í �Ì �O�� �I �i �� �~�É �¤ �¢ �˜ �É �B �– �´

�“ �¶ �¶�˜ �¢ �Ø�– �˘ ,�» �µ �˜ �» �Œ�“ 2�í �Ì �“ �z �ð ��

�Ł �• �Ø�v �ö �˘ �µ �˜ �ì �p �µ �˜ �¢ �Ø�– �˘ �ð �—�î �• �Ø�B

�– �–�¯ �Ì �Þ �¿ �˝ �ß �E�n �ß �É �A�» �µ �˜ �¢ �Ø�L �N�¨ �I

�i �� �~�fi �Ì �O�� �í �I �I �I �i �� �~àß ���J���N�e � �̋ �̂ J̆�'

� �̆ �̄� ��(�[ �˘ �C�K�I �i �� �~�Ô �u�ª��̆����u� �̆��@��̂ �̀¯ �  �Ø (�} 11)�B

�I �I �I �i �� �~�˝ �V �å �⁄ �· �Y ,�C �K�I �i �� �~�˝ �� �[

�� �b�p �· �Y �˘ �‡ �Œ�Ø (�� �· ,2003)�B �¨ �¤ ,�Ý ��

�í �Ì �I �i �� �~xs�� �N�' ,r�e �N�e �˝ �ß �E �n �ß �' �ç �˝ �ø

�É �â �¯ �µ �‰�˘ �l �ƒ �ç �Œ�˜ �¢ �Ø (�� �b �h�f �[ �^ �u �b

�N�ß �E�⁄ �� �ï ,2001)�B

�I �I �I �i �� �~�à �C�K�I �i �� �~�à 1940�N�ª �É �˝ �•

�¯ �É �ß �E �n �ß �É �N�ü �µ �˜ �¢ �‰�– �˘ ,�Œ�Ñ �µ �˜ �I �I

�I �i �� �~�Ì �Ù �⁄ �“ �D �Ł �µ �˜ �¢ �‰�– �˘ �“ �m �ç �Œ�˜ �¢

�Ø (�¡ �ä ,2009)�B �µ �' �µ ,�⁄ �fl �⁄ �� �Ò �Ì �¡ �ä �L

�æ�‡ �æ�“ �W�{ �L �^ �ð �Ú �× �É �� �¢ �µ �‰�� �˚ ,�C �Ó �¨

�˙ �` �Ł �Ì �¶ �ç �n �¯ �˝ �C�K�I �i �� �~�Ì �D �Ł�X �ü �“ �¾

�˜ �¯ �  �` �‰c�Ü �‰,�…�í �“ �fl �� �I �É �⁄ �¶ �• �Ø�– �˘

�˝ �Ù �˘ �æ�˙ �¨ �¢ �B �– �Ì �– �˘ �' �ç , �–�Ì 2�í �Ì �O��

�I �i �� �~�Þ �É �¤ �¢ �˜ ,�É �B �– �´ �“ �¶ �¶�˜ �¤ �Ł�» �Ì

�q

�} 11 2�í �Ì �O�� �I �i �� �~,�I �I �I �i �� �~ (�¶ :

�� �s �{ �Y)�˘ �C�K�I �i �� �~ (�� �� :�å �ª �{

�Y),�Ý �� �í �Ì �I �i �� �~ (�E :�{ �Ø�§ �Y )

�Ì �˚ �À ,�e �˚ �À �Ì �� �É �˝ 2�´ �Ì �í �q �“ �Ü �Ü

�Œ�˜ �¢ �Ø�B �I �i �� �~�Ì �˚ �À �˝ �� �� �_ �˘ �� ��

�⁄ �� �Z �� �^ �[ �Ì �ó �ä �‡ �N�� �m�' �ç �æ�� �µ �˜

�¢ �‰�¾ �¢ �‰�B�E�” �Ì �X�P �[ �� �˝ lcm.
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�‰�ß �É �⁄ �¶ �¯ �« �¨ �¢ �Ì �¯ �˝ �¨ �¢ �' ,�C �K�I �i �� �~

�Ì �� �C�n �É �¤ �fl �Ø�D �Ł �˝ �� �“ �X �g �� �X�ˇ �« �Ì �Æ�¢

�É �æ �Ø�à �Ì �¯ �˝ �¨ �¢ �' ,�» �µ �˜ �» �Œ�ç �Ì �g �Ý �� �í

�„ �É �æ �` �˜ �…�í �Ì �“ �z �“ �à �¾ �¯ �« �Ø�Ì �¯ �˝ �¨ �¢ �'

�˘ �� �‰�¿ �˝ �l �ƒ ,�Œ�A �Ì �À �– �ð �s �` �‰�B

�l �H�Q�� �É �æ �Ø�É �B �– �´ �Ì �� �Ø

�I �I �I �i �� �~�˘ �C�K�I �i �� �~�“ �⁄ �¶ �µ �˜ �¢ �Ø�Œ

�� �˝ �Ù �˘ �æ�˙ �¨ �¢ �Ì �¯ ,�…�í �Ì �Ô �Ì �É �B �– �´ �ð �ì

�O�¯ �ˇ �@�• �Ø�– �˘ �˝ �¢ �ï �¯ �  �Ø�B �» �Ì �‰�ß ,�� �‰

�¿ �˝ �« �A �ƒ �Ì �A �¤ �ð �p �¢ �˜ �l �H �I �¨ �Q�� �ð �ì �Ł,

�É �B�– �´ �ð �� �Ø �• �Ø�– �˘ �É �µ �‰�B �I �I �H�i �� �~�Ü

�‰�˝ �C�K�I �i �� �~�ð �« �É 1�� �‚ �´ �A �ƒ ,�» �Œ�…�Œ

�Ì �í �É �´ �¢ �˜ �fl �í 2�� �' �ç �¨ �Ø�� �Q�� ,�I �I �I �i

�� �~ 2�� �˘ �C�K�I �i �� �~ 2�� �' �ç �¨ �Ø�‹ �¶ �Q�� �ð

�ì �` �‰ (�} 12)�B �Ü �‚ ,�C �K �I �i �� �~�Ì �‹ �¶ �æ �¯

�˝ �œ�¯ �' �Ø�– �˘ �“ �¯ �« �Ø�e �¿ �“ �¶ �¶�‰�B �C�K�H�i

�� �~�Ì �˚ �À �˝ �� �“ �‰�¢ �Ì �“ �` �¥ �¯ �  �Ø�“ ,�‹ �¶ �Q

�� �¯ �˝ �� �“ �¾ �ç �' �É �› �¨ �› �‘ �Ô �I �É �Ù �í �¨ �˚ �À �“

�' �ç �Œ�‰�Ì �¯ �  �Ø (�} 13)�B �I �I �I �i �� �~�Ì �˚ �À

�¯ �˝ �» �Ì �æ �⁄ �¨ �‘ �Ô �Ì �Ù �í �˝ �ˇ �@�‡ �Œ�¨ �' �` �‰�B

�» �µ �˜ ,�� �Q�� �˘ �‹ �¶ �Q�� �Ì �Ô �¯ �‡ �í �¨ �‘ �Ô �Ì �˚

�À �� �ð �ä �r �µ �‰�˘ �– �º , �˙ �¿ �ç �Ì �í �à �‹ �¶ �Q�� �¯

�˚ �À �� �“ �‚ �› �µ �‰�“ ,�I �I �H�i �� �~�¯ �Ì �‚ �› �˝ �í

�‚ �' �¯ �  �` �‰�B �‡ �ç �É ,�» �Ì �˚ �À �É �Ü �Ü �Œ�Ø�í �q

�Ì �› �Ł �ƒ �ð �† �× �‰�˘ �– �º ,�I �I �I �i �� �~�¯ �˝ �Q��

�Ô �É �Æ�¢ �˝ �¨ �' �` �‰�“ ,�C �K�H�i �� �~�¯ �˝ �‹ �¶ �Q

�� �É �¤ �¢ �˜ �í �q �Ì �› �Ł �ƒ �“ �L �Ó �É �Æ�' �` �‰ (�} 14)�B

�¨ �ª �Ì �� �˚ �˝ ,�I �I �I �i �� �~�˘ �C�K�I �i �� �~�Ì �Ô

�Ì �É �B �– �´ �˝ ,�å �É �I �I �I �i �� �~�' �ç �C�K�I �i ��

�~�w �˘ �¢ �⁄ �ß �ü �¯ �¶ �¶�˜ �¤ �Ł,�C �K�I �i �� �~�“ �Ù

�Ú �Œ�ß �I �É �e �¿ �ð �– �⁄ �Þ �` �˜ �¢ �Ø�˘ �¢ �⁄ �– �˘ �ð �ƒ

�µ �˜ �¢ �Ø�B

�� �“ �X �g�� �X�ˇ �« �Ì �ä �r

�» �Œ�¯ �˝ ,�C �Ý �n �É �¤ �¢ �˜ �C�K�H�i �� �~�“ �D �Ł

�• �Ø�– �˘ �Ì �� �R�˝ �˙ �Ì �æ �⁄ �É �à �¾ �¯ �« �Ø�¾ �º �⁄ �' �B

�– �Ì �â �¢ �É �� �ƒ �Ø�‰�ß ,�� �‰�¿ �˝ �I �I �I �i �� �~�˘

�C�K�I �i �� �~�“ �y �º �� �Ì �� �“ �É �˛ �µ �˙ �Œ�¾ �fl �ˇ �ƒ

�Ø�– �˘ �“ �¯ �« �Ø�' ,�• �¨ �í �¿�� �“ �X �g �� �X�w�Ì �ˇ

�« �ð �ä �r �• �Ø�– �˘ �É �µ �‰�B

�Ü �‚ ,�� �‰�¿ �˝ �í �q �Ì �� �“ �X �g �� �X�ˇ �« �ð �ä �r

�µ �‰�Ì �¾ �“ ,�C �� �É �í �q �ð 2�T �Ô �Z �µ �˜ �à �� �S �µ

�‰�í �q �˝ �Œ�´ �à �¨ �' �` �‰�B �– �Ì �i �K �¯ �˝ �…�í �˘ �à

�É �É �ß �˜ �› �¢�ˇ �« �ð �� �` �˜ �¢ �‰�Ì �¯ �  �Ø�B �µ �' �µ ,

�› �Ł �¨ �~ �Ì �� �“ �X �g �� �X�ˇ �« �˝ �í �Ô �¯ �Ù �¨ �` �˜ �¢

�‰�B �Æ�ƒ �˛ ,�{ �t �“ 5�� �É �¨ �` �‰�� �ð �p �¢ �‰�À �–

�¯ �˝ ,300mM�Ì�� �» �i �g �� �E�� �n �t (�V �R�C��

�' �C�K�¤ �' �I �I �¤

�Ì �Ì
5m�¨ �ª �£ �• 5m�¨ �ª �£ �•

�C�K�� �Q�� �‹ �¶ �Q�� �I �I �� �Q��

�} 12.�I �I �I �i �� �~�˘ �C�K�I �i �� �~�Ì �Ô �Ì �É �B �–

�´ �ð �m�' �ß �Ø�‰�ß �É �l �H�Q�� �ð �ì �` �˜ �s �`

�‰�À �– �Ì �T �v .

�} 13.�I �I �I �i �� �~�˘ �‹ �¶ �µ �‰�C�K�H�i �� �~�¯ �ˇ

�@�‡ �Œ�‰�Ù �í �¨ �‘ �Ô �Ì �˚ �À �B �} 11�Ì �� �� �É

�ƒ �µ �‰�‡ �í �¨ �C�K�I �i �� �~�˚ �À �˘ �ä �r �µ �˜ ,

�˚ �À �\ �˚ �Ì �� �Ì �� �“ �¾ �ç �' �É �› �¨ �¢ .
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�Ì �æ�…�“ �Ì �Z �x �É �� �� )�ð 1�œ�¤ �« �É 2�T �Ô �^ �ƒ

�– �fl �‰�˘ �– �º ,�I �I �I �i �� �~�¯ �˝ �S �˜ �Ì �� �“ �˝ ��

�µ �‰�“ ,�C �K�I �i �� �~�¯ �˝ �‰�› �Ì �� (19�´ �Ì �� 14

�´ �Ì )�“ �¶ �«�c �` �‰ (�} 15)�B �Ü �‰,�Ú �× �˝ �� �⁄

�• �Ø�“ �D�À �¶ �ð �p �¢ �‰�ä �r �¯ �à �â �˝ �� �I �I �I �i ��

�~�æ �Ł �à �C�K�I �i �� �~�Ì �Ù �⁄ �“ �� �¢ �� �“ �X �g�� �X

�ˇ Jl�¶ �ð �� �` �˜ �¢ �Ø�– �˘ �à �Ø�E�' �ß �ç �Œ�‰�B

�¨ �ª �Ì �� �˚ �' �ç ,�í �q �Ì �i �K �¯ �˝ �…�í �˘ �à �É ��

�¢�� �“ �X �g �� �X�ˇ �« �ð �ƒ �• �à �Ì �Ì ,�› �Ł �ª �É �˝ �í

�É �C�K�I �i �� �~�“ �I �I �I �i �� �~�æ �Ł �à �� �¢ �ˇ �« �ð

�ƒ �• �– �˘ �“ �¾ �ç �' �É �¨ �` �‰�B �` �É ,�  �Ø�ö �x �‹ �•

�µ �‰�C�K�I �i �� �~�˝ �C�� �Ì �…�“ �Ì �Z �x �É �à �æ �› �ˇ

�ƒ ,�É �ß �˜ �� �¢�� �“ �X �g �� �X�ˇ �« �ð �� �` �˜ �¢ �‰�B

�O�� �I �i �� �~�Þ 2�í �Ì �“ �z �ð �à �¾ �• �Ø

�I �I �I �i �� �~�˘ �C�K�I �i �� �~�É �´ �¢ �˜ �É �B�– �´

�˘ �� �“ �X �g �� �X�ˇ �« �É �´ �¢ �˜ �† �× �‰�¨ �ª �Ì �À �– �Ì

�� �˚ �É �à �˘ �ˆ �¢ �˜ ,�…�í �Ì �“ �z �˝ �˙ �Ì �æ �⁄ �É �à �¾

�‡ �Œ�Ø�¾ �º �⁄ �' �B �Ü �‚ ,�I �I �I �i �� �~�Ì �D �Ł�ó �Ô

�˝ �É �B �– �´ �É �æ �` �˜ �à �¾ �• �Ø�– �˘ �“ �¯ �« �» �⁄ �¾ �B

�I �I �I �i �� �~�˝ �C�K�I �i �� �~�É �˛ �µ �Ù �Ú �Œ�ß �I �É

�É �B�– �´ �ð �y �Ú �• �Ì �¯ ,�I �I �I �i �� �~�“ �¶ �ç �• �Ø

�Œ�� �¯ �˝ �C�K�I �i �� �~�˝ �} �‹ �É �› �¨ �› �¨ �Ł,�¯ �I

�I �É �C�K�I �i �� �~�˝ �¢ �¨ �› �¨ �` �˜ �µ �Ü �⁄ �¾ �º �⁄ �B

�µ �' �µ ,�y �º �Ì �� �“ �Z �x �“ �� �¢ �C�Ý �n �¯ �˝ �� �“ �X

�g �� �X�ˇ �« �Ì �Æ�¢ �I �I �I �i �� �~�˝ �¶ �ç �• �Ø�– �˘ �“

�¯ �« �¨ �¢ �B �» �Ì �‰�ß �É ,�C �Ý �n �Ì �C�K�I �i �� �~�˝

�I �I �I �i �� �~�' �ç �É �B �– �´ �ð �ó �fl �Ø�– �˘ �¨ �› ,�À

�Ł �I �É �´ �Ì �Q�ð �Û �� �• �Ø�– �˘ �“ �¯ �« �Ø�¾ �º �⁄ �B �–

�Œ�“ �C�Ý �n �É �C�K�I �i �� �~�“ �‰�¢ �– �˘ �Ì �� �R �˘ �l

�ƒ �ç �Œ�Ø�B �¨ �¤ ,�y �º �� �“ �Z �x �Ì �ø �z �É �� �¶�‰�•

�Ý �í �fl �˘ �¢ �` �‰�_ �� �¯ �˝ ,�k �ß �E�n �ß �É �¤ �fl �Ø�I

�I �I �i �� �~�˘ �C�K�I �i �� �~�Ì �“ �z �p �^ �[ �� �˝ �à �¾

�¯ �« �¨ �¢ �– �˘ �É �� �Ó �• �× �« �¯ �  �Ø�B �C�Ý �n �É �C�K

�I �i �� �~�“ �‰�¢ �– �˘ �É �´ �¢ �˜ �˝ �� �¢ �� �“ �X �g�� �X

�ˇ �« �É �æ �` �˜ �à �¾ �¯ �« �˜ �à ,�à �⁄ �n �¯ �C�K�I �i ��

�~�“ �¶ �ç �µ �¨ �¢ �– �˘ �ð �à �¾ �¯ �« �¨ �¢ �' �ç �¯ �  �Ø�B

�Ü �‰, �– �Ì �“ �z �p �^ �[ �� �˝ �É �B �– �´ �¾ �fl �¯ �à �à �¾

�¯ �« �¨ �¢�B �…�í �“ �⁄ �¶ �¯ �« �¨ �¢ �– �˘ �˝ �É �B �– �´ �¯

�à �¾ �¯ �« �Ø�Ì �¾ �“ ,�à �⁄ �� �É �I �I �I �i �� �~,�C �Ý

�n �É �C�K�I �i �� �~�˘ �¢ �⁄ �g �Ý �� �í �„ �ð �à �¾ �• �Ø�É

�˝ �� �“ �X �g �� �X�ˇ �« �Ì �í �Ô �• �ð �l �¶ �É �ü �Œ�Ø�K�v

�‹ �¶ �Q��

0.3

0.6

�†
�î 0.4

�d

�C�K�I �i �� �~ �I �I �I �i �� �~

�} 14.�O �� �I �i �� �~ 2�í �Ì �í �q �Ì �› �Ł �ƒ .�C �K�I

�i �� �~�¯ �˝ �I �I �I �i �� �~�˘ �Ì �‹ �¶ �Q�� �¯ ��

�À �µ �‰�í �q �Ì �› �Ł �ƒ �“ �Æ�” �µ �‰�“ ,�I �I �I

�i �� �~�¯ �˝ �» �Ì �æ �⁄ �¨ �e �¿ �˝ �¨ �' �` �‰�B�o �[

�˝ 95%�M�� �æ �Ô �ð �ƒ �• �B Takakura and
Fujii tt P�� �ˇ �æ �Ł�ü �ˇ .

�} 15�B �I �I �I �i �� �~�˘ �C�K�I �i �� �~�Ì �� �“ �X �g ��

�X�ˇ �« .300mM�Ì�� �» �i �g �� �E �� �n �t �ð

2�T �Ô �É �í �‰�` �˜ �^ �ƒ �‰�Œ�� �Ì �� �Ì �¶ �¶ �ƒ .

�o �[ �˝ 95%�M�� �æ �Ô �ð �ƒ �• �B Takakura

and Fujii(,�¯ P�É �i �æ �Ł�ü �ˇ .
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�“ �  �Ø�B �– �Ì �æ �⁄ �É �É �B �– �´ �˝ �…�Ì �v �ö �˘ �� �� �‡

�Œ�Ø�– �˘ �É �æ �` �˜ ,�æ �Ł�Ú �× �¨ �n �� �I �“ �z �p �^ �[

�� �ð �à �¾ �• �Ø�– �˘ �“ �¯ �« �Ø�B �–�Œ�Ü �¯ �� �_�E �À �Ø

�Ì �…�˚ �' �ç ,�É �B �– �´ �“ �“ �z �æ �ð �� �Ł �• �Ø�v �ö �˘

�¨ �` �˜ �¢ �Ø�´ �\ �« �É �´ �¢ �˜ �ƒ �· �‡ �Œ�˜ �« �‰�“ , 2

�í �Ì �O�� �I �i �� �~�Ì �“ �z �ð �à �¾ �• �Ø�{ �⁄ �� �˝ �É �B

�– �´ �“ �¶ �¤ �Ì �“ �z �ð �� �Ł �• �Ø�d �v �¨ �v �ö �Ì �Œ�´ �¯

�  �Ø�– �˘ �ð �� �ß �˜ �ƒ �µ �‰�P �[ �X �X �^ �f �B�¯ �  �Ø�B

�» �µ �˜ �{ �⁄ �� �˝ �ø �É �…�œ�{ �' �ç �â �¯ �µ �‰�Ý �� �I

�i �� �~�É �´ �¢ �˜ �Ì �â �¯ �v �ö �É �´ �¢ �˜ �à �ƒ �· �ð �^ �ƒ

�Ø�B �ß �� �Ì �¶ �£ �É �˝ �Ý �� �I �i �� �~�Ì �¶ �ç �´ �« �É �´

�¢ �˜ �u �„ �˛ �‰�â �r �n �v �˘ �  �Ł,�` �É �C�Ý �n �¨ �˙ �`

�Œ�¨ �´ �« �É �‰�¢ �¨ �˙ �Ì �L �Ú �˝ �¨ �¢ (�q �ì ,1996)�B

�– �Ì �– �˘ �˝ , �à �µ �Ý �� �I �i �� �~�“ �I �I �I �i �� �~�¨

�˙ �Ì �O�� �í �' �ç �É �B �– �´ �ð �ó �fl �‰�Œ�� ,�C �K�I �i

�� �~�É �˘ �` �˜ �Ì �C�Ý �n �Ì �æ �⁄ �¨ ,�` �Œ�¨ �´ �« �¯ �É

�B �– �´ �ð �˘ �Œ�Ø�– �˘ �“ �¯ �« �¨ �' �` �‰�´ �\ �« �ð �ƒ �·

�µ �˜ �¢ �Ø�B �à �µ ,�O �� �I �i �� �~�“ �Ý �� �í �É �˛ �µ �˜

�É �B �– �´ �ð �y �Ú �• �Œ�� , �^ �� �| �| �Þ �˘ �˝ �Ù �¨ �� �I

�i �� �~�Þ �˝ �Œ�N�¶ �¯ �  �Ł,�´ �Ì �Q�Ì �Û �� �ð �S�˚ �I

�É �í �q �¶ �Y �É �� �` �˜ �¢ �Ø�‰�ß ,�e �¿ �˝ �æ �Ł�[ �� �¨

�à �Ì �É �¨ �Ø�˝ �‚ �¯ �  �Ø�B �» �Ý ,�Ý �� �I �i �� �~�˝ �…

�œ�{ �É �˝ �c �` �˜ �¢ �¨ �¢ �à �Ì �Ì ,�Ý �� �I �i �� �~�“ �O

�� �I �i �� �~�' �ç �Ì �É �B �– �´ �É �æ �` �˜ �â �¯ �µ �‰�˘ �¢

�⁄ �…�à �˝ �� �Ø �• �Ø�¿ �l �“ �\ �“ �  �Ø�¾ �º �⁄ �B

�]
�É �B�– �´ �˘ �¶ �¤ �‰�l �« ,�» �Ì �Û �S

�– �– �Ü �¯ ,�É �B�– �´ �Ì �d �v �« �É �´ �¢ �˜ �� �_ �I �¨

�⁄ �˚ �' �ç �—�î �µ ,�^ �� �| �| �Þ �˘ �I �i �� �~�Þ �É �´ �¢

�˜ �Ì �À �Ø �⁄ �� �ð �—�î �µ �‰�B �– �Ì �Ù �' �É �à �L �N�¨ �Z

�� �_ �� �O�T�fi �â �S�} �m�n �O�T�¨ �N�� �K �^ �\ �D�fi �É

�¤ �¢ �˜ ,�Ý �� �í �˘ �O�� �í �˘ �Ì �Ô �¯ �É �B �– �´ �“ �¶ �¶

�˜ �¢ �Ø�– �˘ �“ �� �‰�¿�Ì �¯ �ß �Ì �⁄ �� �' �ç �¾ �ç �' �É �¨ �`

�˜ �«�˜ �¢ �Ø�B �Ü �‰,�A �� �� �J �¯ �s �í �Œ�‰�⁄ �� �¯ �à ,

�~�\ �n �M�¨ �~�\ �n �M�fi �É �¤ �fl �Ø�Ý �� �í �˘ �O�� �í �Ì

�Ô �¯ �É �B �– �´ �“ �¶ �¶ �˜ �¢ �Ø�– �˘ �“ �m �ç �Œ�˜ �¢ �Ø

(Brown&lvttitchell,2001;BrOwn et al,,2002)�B

�´ �¢ �¯ �ß �Ü �¯ �À �Ø �⁄ �� �Ì �› �¨ �' �` �‰�É �B �– �´ �¯ � 

�Ø�“ ,�� �µ �˜ �Ü �Œ�¨ �» �Û �˘ �¢ �⁄ �í �fl �¯ �˝ �¨ �¢ �æ �⁄

�¾ �B �^ �� �| �| �Þ �˘ �I �i �� �~�Þ �¯ �Ì �� �Æ�ð �—�î �µ �‰

�æ �⁄ �É ,�� �} �Ô �' �� �} �Ô �' �à �â �í �¨ �¢�B �‡ �ç �É ,

�fi �¤ �É �¤ �fl �Ø�Æ�à �¯ �ß �� �X �˘ �˙ �` �‡ �Œ�˜ �¢ �Ø�ó �µ

�¯ �  �Ø�B

�� �Ó �“ �K�v �¨ �Ì �˝ , �– �–�¯ �˝ �O�� �í �“ �¤ �æ �˛ �•

�É �B�– �´ �ð �å �É �æ �Ł�ª �° �‰�“ ,�É �B �– �´ �˝ �O�� �í

�¾ �fl �É �À �` �‰�» �Û �¯ �˝ �¨ �¢ �˘ �¢ �⁄ �– �˘ �¯ �  �Ø�B �»

�Ý �¯ �˝ �Ù �� �I �É �“ �z �µ ,�» �Ì �‰�ß �É �� �Ý �ì �p �“ �ˇ

�@�‡ �Œ�¨ �¢ �Ý �� �í �fl �m�Ì �Ô �É �à ,�' �´ �˜ �˝ �É �B �–

�´ �“ �¶ �¶�˜ �¢ �‰�´ �\ �« �“ �  �Ø�B �» �Ý �Ì �Ù �� �I �“ �z

�ð �à �‰�ç �µ �‰�v �ö �– �» �“ �É �B�– �´ �¾ �` �‰�' �à �µ �Œ

�¨ �¢ �Ì �¯ �  �Ø�B �» �Ì �´ �\ �« �ð �ƒ �· �• �Ø�Æ�˝ �fi �¤ �¯

�˝ �¢ �› �´ �' �m �ç �Œ�˜ �¤ �Ł,�A �H�« �e �� �g�E�� �V�Þ

(Katakura&Sobu,1986)�â �æ�¶ �« �Ì �_ �j �Þ

(Andrews et al,2004),�W �� �� �Þ (Konish&
Takata,2004)�¨ �˙ �Ì �Æ�“ �  �Ø�B �A �¤ �¯ �Ì �Æ�˝

�† �› �À �ç �Œ�˜ �¢ �Ø�“ ,�» �Ì �ó �â �˘ �µ �˜ �l �ƒ �ç �Œ�Ø

�à �Ì �“ �¢ �› �´ �' �  �Ł,�» �Ì �� �É �˝ �» �Ý �� �Ø �“ �i �ß

�ç �Œ�˜ �¢ �Ø�à �Ì �à �  �Ø�B �¤ �» �ç �› �A�¤ �É �¤ �¢ �˜ �à

�Ý �� �í �fl �m�Ì �É �B �– �´ �“ �ß �¢ �« �� �É �¾ �ç �' �É �‡ �Œ

�Ø�– �˘ �É �¨ �Ø�¾ �º �⁄ �B �´ �Ü �Ł,�Ý �� �í �' �O�� �í �'

�˙ �⁄ �' �É �Ö �í �ç �‚ ,�fi �¤ �' �A�¤ �' �É �à �' �' �í �ç �‚ ,

�É �B�– �´ �˝ �É �ß �˜ �� �Õ �I �¨ �» �Û �¯ �  �Ø�´ �\ �« �“ � 

�Ø�B

�µ �' �µ ,�¡ �æ�—�î �µ �‰�Æ�“ �˙ �Œ�à �O�� �í �“ �Ö �W

�• �Ø�» �Û �¯ �  �` �‰�æ �⁄ �É ,�É �B �– �´ �˝ �O�� �í �É �¤

�¢ �˜ �� �o �‡ �Œ�â �• �¢ �˘ �¢ �⁄ �X �ü �˝ �m�' �É �  �Ł �» �⁄

�¾ �B �–�Œ�˝ ,�O �� �í �Ì �N�ü �' �ç �Ü �¾ �\ �“ �¨ �� �Ô �“

�o �ß �µ �˜ �¤ �ç �‚ , �˙ �¿ �ç �' �Ì �í �Ì �â �¯ �  �Ø�¢ �˝ �fi

�S �¨ �Ù �� �I �“ �z �É �¢ �‰�` �˜ �¢ �¨ �¢ �‰�ß ,�Ý �� �í � 

�Ø�¢ �˝ �…�Ì �O�� �í �˘ �Ì �� �Ý �ì �p �“ �» �Ý �à �i �s �� �¯

�  �Ø�– �˘ �É �æ �Ø�Ì �' �à �µ �Œ�¨ �¢�B �Ü �‰, �–�Œ�Ü �¯
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�O�� �í �Ì �` �¥ �˘ �µ �˜ �¤ �ƒ �ç �Œ�˜ �¢ �‰�¢ �› �´ �' �Ì �«

�¿ �“ ,�É �B �– �´ �˘ �¢ �⁄ �� �_ �' �ç �� �� �I �É �à �¾ �¯ �«

�Ø�– �˘ �à �� �Ú �É �l �• �Ø�B �» �Ì �Œ�´ �“ , �^ �� �| �| �Ì

�� �¯ �ø �É �à �¾ �µ �‰�O�� �í �˘ �' �› �� �n �Ì �Ö �W�¯ �  �Ø�B

�É �B �– �´ �“ �O�� �í �â �Ł �É �´ �¢ �˜ �� �� �I �¨ �à �¾ �ð �^

�ƒ �Ø�à �⁄ �Œ�´ �Ì �» �Û �˝ ,�O �� �í �É �µ �˛ �µ �˛ �‡ �« �I

�É �É �B �• �Ø�à �Ì �“ �‰�¢ �˘ �¢ �⁄ �– �˘ �¯ �  �Ø�B �» �Ì �X

�ü �É �´ �¢ �˜ �˝ �µ �˛ �µ �˛ �w�E �‡ �Œ�˜ �« �‰�“ ,�N �ü �…

�ª �˝ �› �� �h �¯ �  �Ø�‰�ß �É �fl �í �˘ �Ì �o �ï �¢ �“ �› �¨ �›

�¨ �Ø�˘ �¢ �⁄ �ß �a �ł �˚ �É �� �Æ�µ ,�‡ �« �¶ �B �n �� �“ �»

�Ì �ß �a �ł �˚ �ð �˘ �Œ�Ø�– �˘ �“ �¯ �« �Ø�˘ �¢ �⁄ �¶ �‹ �¯ �  �`

�‰�B �^ �� �| �| �É �´ �¢ �˜ �à �» �Ì �æ �⁄ �É �à �¾ �‡ �Œ�˜ �«

�‰�o �Ü �“ �  �Ø (�X �c ,1980;�‹ �ì ,2001)�B �µ �'

�µ ,�É �B �– �´ �ð �l �¶ �É �ü �Œ�Ø�˘ ,�‡ �« �¶ �B �É �˝ �‰

�¾ �P �É �fl �í �…�´ �Ì �˘ �o �ï �⁄ �K�v �“ �¨ �¢ �˘ �¢ �⁄ �¨ �ª

�Ì �� �_ �“ �  �Ø�B �É �B �É �Û �µ �˜ �…�´ �Ì �“ �Ö �^ �µ �¨ �¢

�‰�ß �É ,�ß �� �¨ �Ý �� �í �' �ç �Ì �É �B�– �´ �˘ �¢ �⁄ �[ ��

�¨ �” �—�ð �à �ð �fl �Ø�– �˘ �“ �¯ �« �Ø�Ì �¯ �  �Ø�B �– �Ì �æ

�⁄ �É ,�É �B�– �´ �Ì �� �_ �˘ �À �Ø �⁄ �� �˝ �O�� �í �â �Ł �É

�l �X�¨ �ƒ �· �ð �^ �ƒ �˜ �› �Œ�Ø�B

�‡ �˜ ,�Ý �� �í �“ �ß �� �¨ �O�� �í �É �æ �` �˜ �u �«�• �ƒ

�ç �Œ�Ø�» �Û �É �Ö �µ �˜ �{ �e �Ì �‘ �“ �¯ 2�´ �Ì �^ �Ô �ð �æ

�N �µ �‰�“ ,�É �B �– �´ �˝ �» �Œ�ç �É �˛ �µ �˜ �˙ �Ì �æ �⁄ �¨

�æ�� �ð �^ �ƒ �Ø�¾ �º �⁄ �' �B �Ü �‚ �æ �Œ�Ì �^ �Ô �u �» �Ì �æ

�⁄ �É �N �� �A �J �b �g�¨ �u �«�• �í �Ł�ð �à �‰�ç �• �à �Ì �˝

�‰�' �B�v �É �´ �¢ �˜ �˝ ,�É �B �– �´ �Ì �Œ�Ô �Ì �` �¥ �¯ � 

�Ø�p �x �¸ �¶ �« �˘ �¢ �⁄ �« �¿ �“ �� �ƒ �˘ �¨ �Ø�B �{ �e �Ì ��

�¯ �à �‰�x �à �à �¾ �µ �‰�æ �⁄ �É , 2�í �Ì �Ô �É �É �B �– �´

�“ �¶ �Ý �• �Ø�Œ�� ,�⁄ �¶ �˝ �› �˝ �É �W�° �ç �Œ�Ø�B �É �B

�– �´ �“ �à �‰�ç �• �� �˚ �˝ ,�í �É �u �N �� �A�J �b �g�¨ �u

�«�• �í �Ł�v �¨ �Ì �¯ �  �Ø�B �– �Œ�˝ �É �B �– �´ �É �` �¥ �I

�¨ �« �¿ �¯ �  �Ł,�…�Ì �ì �p ,�Æ �ƒ �˛ �� �„ �£ �� �¨ �˙ �¯

�˝ �à �¾ �• �Ø�– �˘ �“ �¯ �« �¨ �¢ �B �¯ �˝ , �à �⁄ �Œ�´ �Ì �^

�â �u �¨ �” �Ý �� �í �˝ �¢ �´ �à �ì �� �‡ �Œ�Ø�⁄ �¯ ,�O �� �í

�˝ �ì �� �• �Ø�⁄ �¨ �Ì �' �B�v |�– �´ �¢ �˜ ,�É �B �– �´ �…�à

�' �ç �˝ �˙ �Ì �æ �⁄ �É �� �ƒ �Ø�– �˘ �“ �¯ �« �Ø�¾ �º �⁄ �B �^

�� �| �| �Ì �� �¯ �à �¾ �µ �‰�˚ �� �D�O�� �í �“ �‹ �÷ �  �É �N

�ü �E �Ł �� �• �Ø�‰�ß �É �˝ ,�N �ü �æ �Ì �æ �Z �Ò �¯ �  �Ø�ß

�� �Ý �� �í �' �ç �É �B�– �´ �ð �ó �fl �¨ �¢ �– �˘ ,�Ü �‰�˝ �æ

�Ł�› �¢�É �B�– �´ �ð �¤ �æ �˛ �• �– �˘ �“ �K�v �ð �� �¯ �  �Ø�B

�ø �É �N�ü �B�Ł �� �É �‹ �÷ �µ �‰�O�� �í �˝ ,�¢ �í �˛ �u �É

�B �– �´ �É �› �¢�v �í �¯ �  �Ł,�Ý �� �í �É �É �B�– �´ �É �¤

�¢ �˜ �� �fl �Ø�æ �⁄ �¨ �– �˘ �˝ �N �– �Ł�ƒ �¨ �¢ �B �´ �Ü �Ł ,

�O�� �í �“ �N�ü �E �Ł �� �É �‹ �÷ �µ �‰�˘ �¢ �⁄ �� �_ �¯ ,�»

�Ì �O�� �í �˝ �É �B�– �´ �É �¤ �fl �Ø�� �� �“ �æ�' �‡ �Œ�˜ �¢

�Ø�æ �⁄ �¨ �à �Ì �¯ �  �Ø�B �–�Œ�“ �æ �æ�Ì �^ �â �Ö �Ì �� �ƒ

�˘ �¨ �Ø�¾ �º �⁄ �B

�´ �Ü �Ł,�É �B�– �´ �˝ ,�Ý �� �í �Ö �Ì �e �¿ �˘ �¢ �⁄ �Ó

�¡ �¯ �à ,�O �� �í �Ì �N�ü �´ �\ �« �˘ �¢ �⁄ �Ó �¡ �¯ �à ,�O

�� �í �â �Ł �É �¤ �¢ �˜ �« �í �ß �˜ �d �v �¨ �â �Ł �¯ �  �Ø�B�]

�� �˝ �O�� �í �É �æ �Ø�ß �� �Ý �� �í �Ì �e �¿ �É �´ �¢ �˜ �˝ �»

�Œ�Ù �˙ �[ �� �¨ �à �Ì �˘ �l �ƒ �ç �Œ�¨ �¢ �– �˘ �“ �‰�› ,�Ü

�‰�É �B �– �´ �Ì �e �¿ �“ �l �¶ �‡ �Œ�Ø�– �˘ �˝ �Ù �˘ �æ�˙ �¨

�' �` �‰�B �Æ�ƒ �˛ ,2009�N 9�� �» �Ý , �œ�{ �Ì �O�� �¶

�¤ �@�¯ �` �Ł �O�� �¶ �¤ �É �w�Ł �‡ �Œ�˜ �¢ �Ø�A �¤ 12�í �Ì

�⁄ �¿�D�ß �� �Ý �� �í �Ö �Ì �e �¿ �“ �å �É �� �O �‡ �Œ�˜ �¢ �Ø

�Ì �˝ �I �I �J �� �a �V �� �‰�¾ 1�í �¯ �  �Ł, �– �Ì �Œ�� �à

�� �O �‡ �Œ�˜ �¢ �Ø�Ì �˝ �É �B�– �´ �¯ �˝ �¨ �› �â �‘ �I �¨ �'

�› �� �¯ �  �Ø�B�Œ�ß �Ì �í �Ì �â �¯ �  �Ø�¢ �˝ �Ù �� �I �“ �z

�˘ �¢ �⁄ �� �� �É �¨ �Ł�â �• �¢ �É �B �– �´ �˝ ,�� �� �“ �� �¢

�¾ �fl �¯ �¨ �›
h�¤

�I �Ø ��
�a
�ð �c �‡ �¨ �¢ �B �– �Ì �– �˘ �˝ ,

�G�í �´ �Ì �â �â �‘ �q �Ì �Z �§ �˘ �¢ �` �‰
W�Ø

�� "�ð �c �• �G

�í �‘ �‹ �â �â �‘ �I �' �› �� �˘ �˝ �˛ �˘ �I �¯ �  �Ø�B �– �Ì �æ

�⁄ �¨ �« �¿ �˝ �É �B�– �´ �“ �–�Œ�Ü �¯ �É �  �Ü �Ł�� �Ú �‡ �Œ

�¨ �' �` �‰�� �R�Ì �Œ�´ �¾ �˘ �v �í �Œ�Ø�“ ,�{ �e �¯ �� �_

�˘ �À �Ø �Ì �…�˚ �' �ç �—�î �µ �‰�æ �⁄ �É ,�É �B �– �´ �˝ �É

�ß �˜ �› �˝ �É �ß �� �í �ð �r �� �• �Ø�v �ö �˘ �¨ �Ø�B �O�� �í

�Ì �e �¿ �˘ �µ �˜ �Ì �É �B �– �´ �É �´ �¢ �˜ �˝ �¡ �ª �æ �Ł �¢ �`

�» �⁄ �Ì �⁄ �� �“ �] �Ü �Œ�Ø�¾ �fl �¯ �¨ �› ,�Û �S �� �fi �É �¤

�¢ �˜ �à �l �¶ �‡ �Œ�Ø�× �«�» �Û �¯ �  �º �⁄ �B

�\-133-�\



�ł �p �¶ �£

Andrews,R,H,T N,Petney&C,M Bull.

2004  Reproductive  interference  bet�A �A}een

three parapatric species Of reptile tick

Oecologia, 52 : 281-286

Brown,B.�v &R J.Wttitchel1 2001.Compe�\

titiOn fOr p01linationi effects of p01len of

an invasive plant on seed set of a native

congener Oecologia, 129 : 43-49,

Brown,B �v.,R J W�¶ itchell&S.A.Gra�\

ham. 2002. Competition fOr pollination be�\

t�A veen an invasive species (purple loOses_

trife)and a native congener Ecology, 83 :

2328-2386.

Dick, C �RV, G.Etchelecu&F,Austerlitz.

2003.  P01len  dispersal of trOpical trees

lD�u ,�[ �F�˝  9�Ô �¶� �̆��‡’�˘ ri Fabaceae)by native insects

and African hOneybees in pristine and

fragmented AInazonian rainforest �Ó�] olecu�\

lar Eco10gy, 12 : 753-764.

Dow,B.D.&M.V Ashley 1998.High lev�\

els Of gene f10�e /in bur Oak revealed by pa�\

ternity analysis using�¡ licrosatellites �vOur�\

nal of Heredity, 89 : 62-70.

�¡ �ä �L �æ�B 2009,�W�{ �L �^ �É �î �ˆ �¢ �‰�ß �E �n �ß �k

�� �É �¤ �fl �Ø�L �N�¨ �I �i �� �~�fi 3�í �Ì �ß �� �Ì �ˇ �J .

�Û �S �¶ �Ô �w �⁄ �� ,14:67-72.

Garcia,C,�v .W[ Arroyo,J.A.Godoy&P

�vordano. 2005 �'�‡ating patterns, pollen dis�\

persal, and the eco10gical maternal neigh_

bourhOOd in a Pr�� ,,�˙ ���ç �„ �y̆�˝ ,�� ?�⁄ L, population

_�R
��Iolecular EcO10gy, 14 : 1821-1830.

Garcia, C, P, �vOrdanO & J. A. Godoy. 2007

Contemporary poHen and seed dispersal in

a P,�L �N���Ns �� ,�˝ �¿�����⁄  population: patterns in

distance and directiOn. �ü��Iolecular Ecology,

16 : 1947-1955

�˛ �ä �M�v .2003.�� �ü �å �� �Ì �} �� �O�[ �X�ì �� �� �˘ :

�˘ �› �É �¶ �§ �� �Ì �� �Ł �˘ �ì �� �Ì �ł �˚ �É �´ �¢ �˜ ,�Û

�S �¶ �Ô �w �⁄ �� , 8:73-82.

Katakura,H.&Y.SObu.1986.Cause of 10w

hatchability by the interspecific mating in

a pair of sympatric ladybirds (Insecta,

Coleoptera, Coccinelhdae): incapacitation Of

alien sperm and death of hybrid embryOs

Zoological Science, 3 i 315-322

Konishi, W�¶ .& K Takata,2004 1mpact Of

asynllnetrical  hybridization f01lo�e �@ed by

sterile Fl hybrids On species replacement in

P�S’(?�N �[� r̋,�_ �⁄� r̋�˘ /  Conservation Genetics, 5 :

463-474.

Kuno,E. 1992 Competitive exclusion through

reproductive interference  Researches on

Population Ecology, 34 : 275-284.

Levin,D.A.&�R V.W.Anderson 1970,Colin�\

petition for pollinators between silnultane�\

ously flowering species. _American Natura�\

list, 104 : 455-467.

�q �ì �x �¾ �Y �B 1996.�ü �ø �� �â �· �F �q �ì �V �œ�{ �A �¤

�} �Ó .1453pp.�k �† �Ù ,�� �� .

lvttatsumoto,T,K.I.Takakura&T.Nishida.

Ahen pollen grains interfere with the re�\

productive success of native congener Bio�\

logical lnvasiOns, doi : 101007/s10530-009-

9574-5 (�� Pr�˜ ,(9�ç )

�X �c �‡ �‘ .1980.�^ �� �| �| �B�u �A �¤ �Ì �¶ �� �� �v (�x

�c �� �Ò ),pp.58-67.�‰ �} �—,�� �� .

Ogawa,K.1979 Distributions Of native and

intrOduced dandelions in the TOkyo metro�\

pohtan area, �vapan. Ini �R�‰egetation und

landschaft �vapans (eds. �R��Iiyawaki, A. &

-134-



S, Okuda), pp 417-421. �‡�]aruzen, Tokyo.

�‹ �TII�� .2001, �œ�{ �Ì �^ �� �| �| �˘ �Z �C �� �E �^ �� �|

�| .130pp.�˙ �⁄ �Ô �´ �—,�� �� .

Ogawa,K &I,1�R/1ototani.1991 Land�\ use se

lection by dandelions in the metrOpolitan

area, �vapan, Ecological Research, 6 : 233-

246.

�� �b �h�f �[ �^ �u �b �N�ß �E �⁄ �� �ï (�Ò ).2001.�ü

�Ł �B�ß �E �n �ß �Ì �Û �ì �ª �d �v �¨ �A �¤ �\ �� �b �h�f �[

�^ �u �b �N�ß �E 2001-.160pp.(�à )�‰�“ �´ �«

�¨ �w �⁄ �� �� ,�ì �Ł .

Ribeiro, �v �‡�]  C &A, Spielman 1986. The

Satyr effecti a model predicting parapatry

and species extinction American Natural�\

ist, 128 : 513-528.

Sawada, S, M.Takahashi, &Y Kasaishi�•

1982. Population dynanlics and production

process of indigenous and naturahzed dan�\

delions subiected tO artificial disturbance

by mo�S�@ing. �vapanese Journal of Ecology,

32 1 143�c 150.

�£ �\ �G�B 2006.�O�� �¶ �¤ �@�˝ �u �� �b �N�o �X�â �Ł �ð

�ð �� �¯ �« �Ø�Ì �' ?.�M �ß �Þ �¨ �w ,46:103-109.

Shibaike, H, H �b�Rkiyama, S. Uchiyama, K.

Kasai, & T. �Ó�]orita 2002 Hybridization

bet�A veen European and Asian dandelions

(T�˘ yr�˘ �Ò�ð,o�N �e��, SeCtiOn R�N �µI�[ �E ���˝  and section

�] ,,g�˝ �˝c,) 2. Natural hybrids in�v apan de�\

tected by chlorOplast DNA marker �vour�\

na1 0f Plant Research, 115 : 321-328.

�¯ �r �� �K �B�X �c �‡ �‘ .2002.�L �“ �Ø�G�í �^ �� �| �| .

�â �‘ ,56:16-18.

�· �� �� �ü .2003.�^ �� �| �| �A �B�u �œ�{ �Ì �A �» �A �¤ �v

(�· �� �� �ü �Ò ),pp.230-235�B �‰�} �—,�� �� .

Stockhouse, R E. 1976. A new method for

studying pollen dispersal using Hlicronized

fluorescent dusts, The American �VIidland

Naturalist, 151 1 201-205

Streiff, R., A.Ducousso, C.Lexer, H.

Steinkellner,�v .GloessI&A Kremer.1999

Pollen dispersal inferred fronl paternity

analysis in a mixed oak stand of 2�N � r̆�˜

’�‰

�ò�_

�_�⁄�NrL.and 2.�t ��̃e�ª
’�L

�¿�˘
’(�æ

/1att.)Liebl W[o�\

lecular Ecology, 8 : 831-841.

�� �· �G�j .2003.�� �i �� �~�A �B�u �œ�{ �Ì �A�» �A�¤ �v

(�· �� �� �ü �Ò ),pp.197-207.�‰ �} �—,�� �� .

Takakura,K�\ I.,T.Nishida,T �Ó/1atsumoto&

S, Nishida. 2009. Ahen dandelion reduces

the seed�\ set of a native congener through

frequency�\ dependent and one�c sided effects.

Biological lnvasions, 11 1 973-981.

Takakura, K.I & S, Fujii Reproductive in�\

terference and salinity tolerance differenti�\

ate  habitat  use  bet�A �X�@een  two  alien

cockleburs:  �X�¤����̇J�u�N,7,  0�˜
’�˜ ’�e

�Æ9’,�‘ ,�� �,̃  and  ,�¨ 1

�ur�˘ r�˝ � �̆NŁÕ (Compositae) Plant Ecology, doi :

101007/sl1258-009-9644-x�B (,�¯ ���NrttS)

Thomson,�v.D,M,V Price,N,M�Æ �uaser&

D A Stratton 1986 Comparative studies

Of pollen and fluorescent dye transport by

bumble bees�� siting f4/�Ø r�˝ �� ,�� �—gr�¿ ���N�†0�� ��̄C�'

Oecologia, 69 : 561-566

Waser,N M &M V Price,1982 A com�\

parison  of pollen  and  fluorescent  dye

carry�Œ over  by  natural  pollinators  of

rpott�Õ �ç�¸ �¿ggr?g�¿ �×  (PolemOniaceae) Eco�\

logy, 63 : 1168-1172

Yoshixnura, J & C. �RV Clark 1994. Popula�\

tion dynanlics of sexual and resource coHl

petition. Theoretical Population Biology,45

: 121-131

-135-




