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Fishes of Shirokita WVando in the Yodo River �º�@ere captured using by a seine net in 1971-72, 1984,

1993 and 2004 Among native fish a cyprinid fish�a Hasun�B�ts,�� ,c�J �T�J�m�S�N�J� �̆e��� �̋ç�� �¸ �N� �̄¶,rO�f �� �¸ was domi

nant, topmouth gudgeon r�Ø ?�˙ ����̆��Br�—�⁄� /̋�˘ �FP,p,, Tabira bitterhng �I �,̃�˝ (�^ �e��� �̋£�B�e?,�T �J�Ns �T�¿�⁄,/, �U��̆B�⁄,r,, pale chub

Z,�˘ � �̂  ̋Pr,�£ �N��̇�s, cruCian carp C,�� �˛ s,�N s spp, and a cyprinid fish WZezeraW �À �q�æ�¿ z�˜ ,z�\ (�[ ��
’�s

�Aere also numer�\

ous Among exotic species the rosy bitterhng R�˝ � �̋v�,̄�N d � �̋,̃�» �[�����¿���Nd � �̋,̃9�V
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�e�e�]���ç and largemouth bass�� �“� /̂�˝ P�Z����d�ç �¿��
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,�˝ ,des�A �A�Aere also predo�X inant Data on the en�\

dangered bitterhng "ItasenparaH �I � �̆ �̋ ’̃,�� � g̋�� �¿��̇ �̋�s ��� ,̋�` g��
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 showed that a serious reduction of the

population and distribution of this species occurred bet�s �@een 1993 and 2004 in Shirokita �R�Rl�] ando ln

addition, such native fishes as a cyprinid fish WTuchifuki" �I �⁄�⁄� �̋��e��,, ,’,�c TV��

’7�¸
, field gudgeon

C�� ,�˙ � �̋ P̋�˝
=�˝

�� Spp. and 
�a
Hasu" sho�Aved dechnes of their populatiOn On the other hand, bluegill and

largemouth bass increased and spread their distribution rapidly unti1 2004  Freshwater goby

R�J �e,,�˝
=�˝

�⁄�˝�“ spp and topmouth gudgeon increased in native fishes. These results imply that an envi�\

ronmental alteration and the impact of exotic species in the Yodo River have led to a change the

fish assemblage of Shirokita�R Vando
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�S �˜ �� �� �h�˘ �µ �‰�B �–�Œ�ç �Ì �� �� �h�É �˝ �� �y �ð �˚

�¨ �É �æ �Ł�´ �˚ �Ì �Ô �� �“ �U �ç �Œ�˜ �¤ �Ł,�¡ �æ�Ì �ð �˝

�É �¤ �¢ �˜ �p �¢ �‰�f �[ �^ �˝ No.28(�� )�' �ç No.44

�Ì �à �Ì �¯ �  �Ø (�} 1)�B �¨ �¤ ,�} �� �Ì No.28�Ì ��

�� �h�˝ 1972�N�Ì �† �‚ �¨ �~ �É �Ù �˛ �` �¯ �µ �˜ �¤ �Ł,�»

�Ý �˝ �Ù �¨ �` �‰�� �� �h�É No.28�“ �� �Ł �  �˜ �ç �Œ�˜ �¢

�Ø�‰�ß ,No 28(�� )�Ì �\ �L �˘ �µ �‰�B �Ü �‰,�å �˘

�Ù �' (1975)�Ì �† �‚ �¯ �˝ �� �y �ð �˚ �¨ �Ì �� �� �h�Ô ��

�˘ �˝ �˘ �� �¯ �« �¨ �¢ �� �� �h�à 1�n �_ �ƒ �‡ �Œ�˜ �¢ �Ø�“ ,

�– �Ì �f �[ �^ �à �s �¾ �� �� �h�˘ �µ �˜ �Ü �ß �‰�B �¨ �¤ ,

1971-1972�N�Ì �† �‚ (�å �˘ �Ù �' ,1975)�¯ �˝ No

29, 30, 31, 32, 33, 35, 36, 37, 42, 43, 44�Ì

�� �� �h,1984�N �Ì �† �‚ (�î �c �B�` �¡ ,1987)�¯ �˝

No 28(�� ),32,33,34,35,36,44�˘ �s �¾ ��

�� �h,1998�N (�c �� �E �‰�…,2004)�˘ 2004�N (�à

�¡ ,2004)�Ì �† �‚ �¯ �˝ No 28(�� )�˘ �s �¾ �� �� �h

�Ì �† �‚ �ð �s �` �˜ �¢ �¨ �¢�B �Ü �‰, �� �� �h�É �æ �` �˜ �˝ ,

�‡ �� 1�´ �Ì �� �æ �¯ �  �` �‰�à �Ì �“ �» �Ý �¯ �˝ 2�´ �Ì ��

�æ �É �“ �f �‡ �Œ�˜ �¢ �Ø�à �Ì �à �  �Ø�“ , �–�Œ�ç �˝ �‡ �Ì

�� �� �h�Ì �‘ �Ô �É �à �˘ �ˆ �« 1�´ �Ì �� �� �h�˘ �µ �˜ �µ �`

�‰�B

�† �‚ �˝ ,1971�N �Ì 7-8�� (No 28,40,41�¤

�æ �Ñ �s �¾ �� �� �h)�¤ �æ �Ñ 1972�N�Ì 4�� (No.34,

38,39),1984�N ,1993�N ,2004�N �Ì �» �Œ�…�Œ7-

8�� �É �À �{ �µ �‰�B �� �Þ �Ì �Ì �W�˝ �Ô �Ú 5 mm,�• �‡30

m�  �Ø�¢ �˝ 15m(1971-1972�N�Ì �† �‚ �Ì �Ý )�Ì �n

�ł �Ô �ð �p �¢ �˜ �s �` �‰�B �n �ł �Ô �É �æ �Ø�Ì �W�Ł �� �˝ �¨

�� �· �Ø

�‹ �ü

�Œ

�� �ì �{ �‹

36

�} 1.�� �ì �Ø�k �� �� �h�Q�Ì �˚ �u �¤ �æ �Ñ �n �‘ .�� �� �h�Ì �‘ �Ô �˝ 2004�N�Ì �ó �Ô .1971-1972�N �Ì �† �‚ �¯ �˝ ,

�} �� �j �ü �Ì �˚ �u (No 28(�� ),�s �¾ )�Ì 2�´ �Ì �� �� �h�Ì �† �‚ �à �s �` �˜ �¢ �Ø�“ , �˘ �à �É 1972�N�¨

�~ �É �` �¯ �B2009�N�» �Ý ,No.28�ð �� �Ł �  �˜ �ç �Œ�‰�� �� �h�˝ �Ø�k �� �� �h�Q �æ �Ł �à �ª �‹ �É �¶ �Ý �• �Ø�B
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�Ø �k �� �� �h�Q

�å �ª �p

33
�Þ

�z �_
42

�k



�” �Ì �˘ �¤ �Ł�¯ �  �Ø�B �@�» �Œ�…�Œ�Ì �� �� �h�¯ ,�Ý �Ó

�Ì �‘ �ó �¨ �˙ �ð �l �¶ �µ �˜ �n �ł �Ô �¯ �d �Ø �Ł�â �• �¢ �Œ��

�ð �I �Ô �B �A �n �ł �Ô �Ì �—�[ �ð �ì �Ý �É �¯ �Ł �µ �‰�ª ,�Ô

�Ì �c �Ł�� �“ �¯ �† �‚ �Œ�� �ð �å �« �› �˝ �⁄ �B�B �† �‚ �Œ��

�“ �d �Ø �ç �Œ�‰�ç �n �ł �Ô �…�[ �ð �ł �«,�Ô �ð �Ý �É �æ�„

�˜ �� �Þ �ð �Ì �W�• �Ø�B �¨ �¤ ,�n �ł �Ô �É �æ �Ø�Ì �W�˝ ��

�� �h�† �˘ �É 1�æ�¯ �  �Ø�“ , 2�´ �¨ �ª �É �“ �£ �µ �‰��

�� �h�¯ �˝ 2�æ�¨ �ª �Ì �W�ð �s �` �˜ �¢ �Ø�Œ�� �à �  �Ø�B

�» �Ì �Œ�� ,�f �[ �^ �˝ �‰�ˇ �l �ð �� �p �µ �‰�B

�Ì �W�µ �‰�� �Þ �Ì �⁄ �¿,�» �n �¯ �í �fl �Ł �¤ �æ �Ñ �Ì �•

�“ �Ł �“ �´ �\ �¨ �à �Ì �˝ �Ì �• �v �“ �ª �É �œ�‹ �µ �‰�B �Ì �W

�� �“ �‰�› �» �n �¯ �Ì �Ì �• �“ �Ł �“ �¢ �ï �¨ �� �í �â �í �fl �Ł

�“ �¢ �ï �¨ �´ �Ì �˝ �Œ�� �Ü �‰�˝ �S �� �ð 80%�G�‘ �� �A��

�R�[ �� �� �¯ �¯ �Ł �µ �˜ �� �¿�A �Ł,�c �` �‰�´ �Ì �˝ �´ �Ì

�� �ð �v �� �µ �˜ �œ�‹ �µ �‰�B �� �¿�A �` �‰�W�{ �˝ �í �fl �Ł

�¤ �æ �Ñ �´ �Ì �† �˘ �É �Ì �• �E �…�d �Ì �“ �Ł �ð �s �¢ ,�ª �œ

�H�« �Ì �ð �˝ �¨ �˙ �É �� �p �µ �‰�B �¨ �¤ ,�Œ�� �Ì �� �Þ �˝

�í �fl �Ł �“ �¢ �ï �¯ �  �Ø�‰�ß ,�fi �� �x �� �Ì �fl �Ł �É �˘ �˙

�ß �‰�B �» �Œ�ç �É �´ �¢ �˜ �˝ �¨ �” �Ì �ð �˝ �ß �@�Ì �� �¯ �Ú

�µ �› �q �× �Ø�B

�ð �˝ �ß �@

�e �† �‚ �N �¤ �fl �Ø�o �» �� �í �â �e �� �í �Ì �g �‹ �ƒ �¤ �æ

�Ñ �� �� �h�Q�¯ �Ì �o �» �ƒ ,�í �Ì �‰�l �x �w�� ,�Ý �� �í

�� �¤ �æ �Ñ �O�� �í �� �Ì �ä �r �ð �s �` �‰�B �‰�l �x �Ì �] �¿

�É �˝ ,Shannon Weaver�Ì �‰�l �x �w�� (�˛ �� �Ì �Œ

�˝ 2�ð �g �p )�ð �p �¢ �‰ (�Ø �‡ ,1976)�B �Ü �‰,�o

�» �ƒ �˝ ,�† �‚ �� �� �h�Ì �� �v �� �É �˛ �µ �˜ �e �� �í �Ì �o

�» �µ �‰�� �� �h�Ì �ä �ƒ �˘ �µ �‰�B

�� �É ,�å �v �¨ �� �í �Ì �´ �Ì �� �¤ �æ �Ñ �“ �z �æ �Ì �ˇ �»

�ð �Ł �˚ �I �É �ð �˝ �• �Ø�‰�ß ,�� �ï �Ì �T �C�Y�“ �fl �¶�¯

�† �‚ �� �œ�“ �� �µ �¢ 1984�N,1993�N ,2004�N �Ì �† �‚

�É �¤ �¢ �˜ , �¢ �‚ �Œ�à �Ì �W�f �[ �^ �“ �¾ �ç �Œ�˜ �¢ �Ø

No 29-31,No 37-43�Ì 10�� �� �Ì �� �� �h�Ì �f �[

�^ �ð �� �o �µ ,�Ì �W�´ �Ì �‡ �¤ �æ �Ñ �e �� �í �Ì �o �» �ƒ �ð

�ä �r �µ �‰�B

�í �E �� �í �» �˚ �“ �¢ �ï �¨ �í �É �´ �¢ �˜ �˝ �¨ �” �Ì �æ �⁄

�É �µ �` �‰�B �Q �� �S �� �E �u �i �› �m�Y�ª�o � �̆N�b�e� �̆� , �M

�� �u �i 6%ØZ�Ú �� sp, �I �I �L �� �u �i G�¿rttsi�N �ç

�⁄�N�ó �] �K �⁄��� �̇å �� �¨ �˙ �Ì �t �i �fi �� �Þ �â ,�J �� �q �K

�Cs�¿ �¨ �˝� �̆�� ,̇�� �‰� r̋�� ��),d �b,�� (�[ g�¿ r�N d �b�¿�� 9g,�� �Ñ��d�˘ �r �� �q

�K �C�] r�˜ ,�˝ � �̆�,�� �‰�˝��̈Ł s�b �N�u��g�¿ r�“ �@�,̂,�˜ ,r00�˘ �N��f�V d, �j

�S �C �V�,̃�e �ì ,,�˝ �⁄�N�ç  �⁄,�e
�J�⁄T�Vd�˘ �R �E �� �C �G �S �C

�Ý �¤ �˝ �¿�æ��̇B
‘�b

��,�⁄ � �̆˝, �� �V �m�{ �� �fi �� �Þ �Ú �˝�] � g̋�˝ �⁄,�æ

spp, �^ �� �� �Rc,?,�˝ 9�Xg�˝ �� � �̆�� ,̋,g,�� ��̇B�ç � �̆��˝��g,�˙ ��

�˘ �z �� �� �� �Rc,7,�˝ 0�� �N� g̋�˝ �  ̄ � �̂¿� �̆˚ �æ�ç� �̂ �̆¯s, �X �S ��

�� �R�¤ �N,It�Œ S t’�˝ 22�J �ˇ9�¯ �ç�¨  �⁄���Õ ,9�˘ �R �E �� �C �� ��

�R�¤ �N�¿���F�� � �̆ �̋¿�X�e � �̆��[�ç�¸ �‘�ç�N� �̆ r̋g,91�æ ,�» �Œ�…�Œ�t

�i �fi , �q �K �C�fi , �� �V�m�{ �� �fi ,�j �S�C�fi ,�^ ��

�� �R�fi ,�X �S�� �� �R�fi �˘ �µ �˜ ,�‰�l �x �¨ �˙ �Ì �v �Z

�É �˝ �» �Œ�…�Œ�Ì �fi �ð �í �˘ �fl �� �É �µ �` �‰�B �Ü �‰,�X

�W�V�} �h �W�� �E �É �´ �¢ �˜ �˝ , �X �W�V�} �h �W�� �E��

�^ �í (�f �˝�⁄���¸ sp l�R ��I�˘ �X �W�V �} �h �W�� �E �‹ �^ �í

C�˝ �⁄�˝�¸ sp.S�Ì �¢ �‚ �Œ�¯ �  �Ø�Ì �' �s �¾ �¯ �  �Ø�‰�ß ,

�X �W�V�} �h �W�� �E�Þ �˘ �µ �‰�B �o �� �^ �i �S �˝ �^ �C ��

�N�o �� �^ �i �S �Ú �˝� �̋˝ �C �˝� �̆v��,r�N �ç � c̋�v �ª r�˙ �Bs�˘ �æ �A�m

�| �� �o �� �^ �i �SR�˝ � �̋�̆�t’�N �ç �˝� �̆ �̆����¿�ª�o �‰�w�V�Ø�e� f̆�� d�Ì �ð �G

�í �¯ �  �Ø�˘ �l �ƒ �ç �Œ�Ø�“ , �^ �C �� �N�o �� �^ �i �S �˘

�µ �‰�B �fl �l �É ,2004�N �É �Ì �W�‡ �Œ�‰�I �I �N�‘ �o �X

�É �´ �R�R�˜ �˝ , �I �I �N�‘ �o �X�× %�� �–�t �× ���N�ç d�ˇ ���„ �˝,�[ 9�ç

�˘ �t �� �� �_ �o �X�à � �̆�� P̋�Zr�N �ç �t�ærJtt�¿ �X��̇�d�Ì �ð �G�í �“

�Ü �Ü �Œ�Ø�´ �\ �« �“ �  �Ø�“ ,�¡ �æ�˝ �S �˜ �I �I �N�‘ �o

�X �˘ �µ �‰�B

�� �˚

�R�C�� 24�“ �Þ �Q,�i �} �Y �� 2�í ,�X �Y�L �� 5�“

�Þ �Q, �^ �E�i �M�� 1�í ,�L �� �E �� �E�I �� 2�í , �_

�c �� 1�í ,�J �_ �� �V�� 1�í �“ �Ì �W�‡ �Œ�‰ (�\ 1)�B

�– �Ì �⁄ �¿ �Ý �� �í �˝ 29�“ �Þ �Q,�� �à �O�� �í �“ 1�í

(�� �J �T �M�˜ �� �B�' �’̃d�� �Vd tt�¯ O�� � �̆ �̋� ),�� �O�O�� �í �˝

-60-



6�í  (�I �I �N �‘ �o �X , �u �� �[ �M �� L�˜ �eF,�˝ �| �¸

�' ,�˜ �� 0�˜ �˝ Jtts, �^ �E�i �M�¤�Ł�@�V� r̆å� ,�� �⁄�N
‘�_
, �^ �C ��

�N�o �� �^ �i �S, �J �� �� �‘ �[ (�k �J,�¯ ���¿ ,�� g�˙ rS, �J �_ ��

�VC,�e �⁄�� �u,�Ł �` )�¯ �  �´ �‰�B �e �† �‚ �N �Ì �m�F

�“ �Þ �Q�� �˝ �» �Œ�…�Œ21-24�¯ ,1984�N �É �â �â �‰�¢

�X �ü �“ �  �` �‰�“ ,�å �« �¨ �Æ�¢ �˝ �Ý �ç �Œ�¨ �' �` �‰�B

�µ �' �µ , �� �� �h l�� �� �  �‰�Ł �Ì �‰�ˇ �Ì �W�“ �Þ �Q��

�ð �Ý �Ø�˘ ,1971-1972�N �É �˝ �Ý �� �í 10�˘ �O�� �í 1,

1983�N�˝ �Ý �� �í 11�˘ �O�� �í 2,1993�N �˝ �Ý �� �í 11

�˘ �O�� �í 2,2004�N �˝ �Ý �� �í 8�˘ �O�� �í 3�˘ �¨ �Ł,

�† �‚ �N �É �æ �` �˜ �Æ�¢ �“ �Ý �ç �Œ�‰ (�} 2)�B 2004�N

�Ì �† �‚ �¯ �˝ ,�… �Ì �† �‚ �N �É �ä �× �˜ ,�Ý �� �í �Ì �“ �Þ

�Q�� �“ 2-3�› �¨ �¢�X �ü �“ �Ý �ç �Œ,1984�N �â 1998

�N �Ì �† �‚ �� �˚ �˘ �˝ �L �Ó �• �“ �  �` �‰ (�t <0.05,

Tuke�v s test)�B �Œ�ß ,�O �� �í �É �´ �¢ �˜ �˝ ,2004

�N �u,�U �à �` �˘ �à �‰�› , 1971-1972�N , 1984�N , 1998

�N �Ì �¢ �‚ �Œ�Ì �† �‚ �� �˚ �˘ �à �L �Ó �• �“ �  �` �‰ (P<

0,01,Tuke�S s test)�B �Ü �‰,1993�N �Ì �� �˚ �à 1971-

1972�N�â 1984�N�Ì �� �˚ �˘ �L �Ó �• �“ �Ý �ç �Œ�‰ (P<

0.05,Tukey�[  test)�B �“ �Þ �Q �Ì �‰�l �x �w �� �˝ ,

1971-1972�N ;�‰ �ˇ 152, 1984�N ;�‰ �ˇ 1.64,

1993�N ;�‰ �ˇ 183,2004�N ,�‰ �ˇ 1.62�˘ �¨ �Ł ,

1998�N�É �â �â �� �¢ �X �ü �“ �Ý �ç �Œ�‰�“ ,�� �v �L �Ó �•

�˝ �F �ß �ç �Œ�¨ �' �` �‰ �� =0097,lway�\ ANOVA)�B

�� �Þ �Q�W�Ì �g �‹ �˝ �» �Œ�…�Œ�Ì �† �‚ �N �¯ �å �« �› �Ù

�¨ �Ł (�\ 1),1971-1972�N �Ì �† �‚ �¯ �˝ �O�� �í �Ì

�^ �C �� �N�o �� �^ �i �S�Ì �ä �ƒ �“ �à �` �˘ �à �� �› ,�Ì �W

�� �S �Ì �Ì 330%�ð �Ł �ß , �» �Ì �Ù �' �É �I �C �J ��

Z,�˘ � �̆  ̋P�� ,�Ø ��  (231%), �� �b �SP�S
�R
9�N�� ras�⁄ � �̋E

P’�C �c�ˇ (14.1%), �t �i �fi (8.9%)�¨ �˙ �Ì �ä �ƒ �“ ��

�' �` �‰�B 1984�N �É �˝ �n �Xq�¡ � ř�� � t̆tt�ª s�N���˜
’,�E

�ç�� �¸

�N��c,r�˝ �ç�‘���¨ �Ì �ä �ƒ �“ �� �› �¨ �Ł (299%), �^ �C �� �N

�o �� �^ �i �S (195%), �C �N�Z �� �p �� (114%),

�t �i �fi (11.3%)�˝ �fi�» �Œ�É �– �¢ �˜ �� �¢�l �ð �ƒ �µ �‰�B

1998�N �à �n �X�“ �à �` �˘ �à �‰�' �` �‰�“ (24.7%),

�� �¢ �¯ �V�� �q �� �^ �r �� �I � �̂ �̋• ��� g̋�� �¿�J�Nd�˝ �⁄,�� �y̆�T � �̌⁄
’�E

(17%)�˘ �X �S�� �� �R�fi (16.8%)�Ì �� �` �“ �° �Ò

�¯ ,�[ �[ �� B,14’’�¿ Z�˜ ,z9�� �¿ (10,9%)�à �‰�' �` �‰�B

2004�N�É �¨ �Ø�˘ ,�O �� �í �Ì �u �� �[ �M�� ,�I �I �N�‘

�Ý �� �í
ac  ac

�O�� �í

e

1.5

1

�M�P�‹ �h �h

�} 2.�Ø �k �� �� �h�Q �É �¤ �fl �Ø�n �ł �Ô �† �‚ �Ì �Ì �W��

�Þ �“ �Þ �Q�� �˘ �‰�l �x �w�� .�� �Û �˝ �‰�ˇ �l ,

�_ �ü �˝ �W�� �˛ �• �ð �ƒ �• �B �† �‚ �� �� �h�� �˝

1971-1972�N ,7�� �� ,1984�N ,10�� �� ,

1993�N�¤ �æ �Ñ 2004�N ,16�� �� .�‰ �l �x �w��

�˝ Shanno�mWeaver�Ì �‰�l �x �w�� (�˛ �� �Ì

�Œ�˝ 2�ð �g �p ).�Ü �‰, �O�� �t �à �Ì �A�� �t �@

�x �b �g�˝ ,�fl �Œ�L �� �ð �� �‰�¨ �¢ �Q�Ô �É �L �Ó

�• �“ �  �Ø�– �˘ �ð �ƒ �• .a bi�� <0.05,a�\ e�˘

b�\ ei p<0.01(Tukey’s test).
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�o �X�“ �} �� �É �� �` �µ ,�» �Œ�…�Œ31.4%,15.0%�˘

�¨ �Ł, �– �Ì 2�í �¾ �fl �¯ �Ì �W�� �Ì �…�� �ß �› �ð �Ł �ß �‰�B

�Ü �‰, �Ý �� �í �¯ �˝ �� �b �S (18,9%), �[ �[ ��

(8,1%)�“ �‰�' �` �‰�B �– �Ì �æ �⁄ �É �Ø�k �� �� �h�Q�¯

�˝ ,�Ý �� �í �Ì �n �X,�� �b �S,�I �C�J �� , �V�� �q ��

�\ 1.�Ø �k �� �� �h�Q �É �¤ �fl �Ø�n �ł �Ô �† �‚ �Ì �Ì �W�� �Þ .

�^ �r �� , �t �i �fi ,�[ �[ �� ,�X �S�� �� �R�fi �¨ �˙ �˘ ,

�O�� �í �Ì �^ �C �� �N�o �� �^ �i �S, �u�� �[ �M�� ,�I �I

�N�‘ �o �X�¨ �˙ �“ �� �Þ �Q�W�Ì �� �S �˘ �¨ �` �˜ �¢ �‰�B

�� �É ,�o �» �ƒ �“ �� �¢�� �í �ð �» �Œ�…�Œ�Ì �† �‚ �N�¯

�ä �r �• �Ø�˘ (�\ 2),1971-1972�N �É �˝ �n �X,�[

�† �‚ �N

198442 19931971-1972�E
I

� �́Ì�� �Sàæ�Ø�´ �Ì ��
�� �h �Ø �´ �Ì ��

2004

� �́Ì�‡�ö� â̄V
�g �‹ �ƒ

(�� /�B )�Ú

�R�C ��

�i �} �Y ��

�X �Y �L ��

�¨

�R�C�¨

�h�W�� �E�¨

�R�C

�t �i �fi

�c �‘ �t �L
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�[ �� , �^ �C �� �N�o �� �^ �i �S�Ì �o �» �ƒ �“ 100%�¯,

�† �‚ �ð �s �` �‰�S �˜ �Ì �� �� �h�¯ �Ì �W�‡ �Œ, �� �V�m�{

�� �fi , �t �i �fi ,�^ �� �� �R�fi ,�I �C�J �� ,�� �b �S
,

�C �^ �Z �� �p �� , �c �‘ �t �L�I �⁄�⁄� �̋��e��,r�e �b�N���r̆�¤ �à �o �»

�ƒ 71-86%�˘ �L �› �“ �z �µ �‰�B 1984�N�É �˝ �^ �C �� �N

�o �� �^ �i �S, �^ �� �� �R�fi �“ �o �» �ƒ 100%�¯�S �˜ �Ì

�� �� �h�¯ �Ì �W�‡ �Œ,�[ �[ �� ,�� �c �S, �V�� �q �� �^

�r �� ,�n �X,�C �N�Z �� �p �� , �t �i �fi �à �o �» �ƒ 80-

90%�¯ �L �› �“ �z �µ �‰�B 1993�N�É �¨ �Ø�˘ ,�S �˜ �Ì ��

�� �h�¯ �Ì �W�‡ �Œ�‰�Ì �˝ �j �S�C�fi �¾ �fl �¯ �  �` �‰�“ ,

�n �X, �^ �C �� �N�m�S�� �^ �i �S, �V�� �q �� �^ �r �� , ��

�c �S,�[ �[ �� ,�X �S�� �� �R�fi ,�� �^ �J �¨ �˙ �“ 80%�\

90%,�I �I �N�‘ �o �X, �^ �� �� �R�fi , �q�K �C�fi �“ 70

�\ 2.�Ø �k �� �� �h�Q�É �¤ �fl �Ø�n �ł �Ô �† �‚ �Ì �� �Þ �o

�» �ƒ .

1971-1972*1       1984*2          1993           2004

%%%%

%�ö �x �ð �ƒ �µ ,�‰ �› �Ì �� �í �“ �L �¢�“ �z �æ �ð �ƒ �µ �‰�B

2004�N�É �¨ �Ø�˘ , �u �� �[ �M�� �“ �o �» �ƒ 100%�¯�S

�˜ �Ì �� �� �h�¯ �Ì �W�‡ �Œ,�I �I �N�‘ �o �X,�� �c �S
,

�t �i �fi �“ �æ90%, �V�� �q �� �^ �r �� ,�j �S�C�fi , ��

�V�m�{ �� �fi �“ �æ80%, �^ �C �� �N�o �� �^ �i �S, �I �C

�J �� �˝ 60-70%�ö �x �˘ �¨ �` �‰�B

�‡ �ç �É ,�å �v �¨ �� �í �É �´ �¢ �˜ ,No.29-31,

No.37-43�Ì �� �� �h�É �¤ �fl �Ø1984�N�' �ç 2004�N

�Ì �Ì �W�´ �Ì �� �˘ �o �» �ƒ �ð �ä �r �• �Ø�˘ ,�´ �Ì �� �Ì �‚

�› �¤ �æ �Ñ �“ �z �æ �Ì �k �‹ �“ �¾ �ç �' �¨ �� �í �˝ �C �^ �Z ��

�p �� , �c �‘ �t �L , �^ �� �� �R�fi ,�n �X�¯ ,�´ �Ì �� �Ì

�� �` �¤ �æ �Ñ �“ �z �æ �Ì �g �å �“ �° �Ò �¨ �� �í �˝ �u �� �[ �M

�� ,�I �I �N�‘ �o �X, �� �V�m�{ �� �fi �¯ �  �` �‰ (�} 3)�B

�C �^ �Z �� �p �� �˝ 1984�N�É �˝ �o �» �ƒ 80%�¯ �� �� �h

l�� �� �  �‰�Ł29�} 57�´ �Ì (�‰�ˇ �l �} �W�� �˛ �• )�“

�Ì �W�‡ �Œ�‰�“ ,1993�N �É �˝ �o �» �ƒ 60%�É �Æ�” �µ ,

�Ì �W�� �à 5�} 9�´ �Ì �É �‚ �› �µ �˜ ,2004�N �É �˝ �S �›

�Ì �W�‡ �Œ�¨ �' �` �‰ (1984�N �˘ 2004�N,1993�N �˘

2004�N �Ì �Ì �W�� �É �˝ �» �Œ�…�Œ�L �Ó �• �  �Ł ,P<

001,P<005,�¨ �” �S �˜ �Ì �� �Ł �˝ Steel Dwass

test)�B �c �‘ �t �L �˝ ,1984�N �É �¤ �¢ �˜ �à �Ì �W�� 1

�} 1�´ �Ì �˘ �› �¨ �› ,�o �» �ƒ �à 30%�É �• �‹ �¨ �' �` �‰

�“ ,1998�N �¨ �~ �S �› �Ì �W�‡ �Œ�¨ �› �¨ �` �‰�B �^ �� ��

�R�fi �˝ 1984�N�É �˝ �o �» �ƒ 100%,�Ì �W�� 14�} 14�´

�Ì �¯ �  �` �‰�“ ,1993�N �É �˝ �o �» �ƒ 80%,�Ì �W�� 7

�} 6�´ �Ì �˘ �¨ �Ł,2004�N �É �˝ �o �» �ƒ 30%,�Ì �W��

�˝ 1�} 2�´ �Ì �Ü �¯ �Æ�” �µ �‰ (1984�N �˘ 2004�N ,

1993�N�˘ 2004�N �˝ �» �Œ�…�Œ�L �Ó �• �  �Ł ,P<0.01,

���N<0.05)�B �n �X �˝ 1984�N�˘ 1998�N�˝ �˘ �à �É �o �» �ƒ

90%,�Ì �W�� �à �‰�ˇ 50�´ �Ì �ð �· �ƒ �‰�“ ,2004�N �É

�˝ �o �» �ƒ 60%�É �Æ�” �µ ,�Ì �W�� �˝ 9�} 14�´ �Ì �É �‚

�› �µ �‰ (1984�N �˘ 2004�N,1993�N �˘ 2004�N�˝ �» �Œ

�…�Œ�L �Ó �• �  �Ł ,�˘ �à �É P<005)�B

�–�Œ�ç �Ì �� �í �É �˛ �µ �˜ , �u �� �[ �M�� �˝ 1984�N�É

�˝ �o �» �ƒ 30%,�Ì �W�� �˝ �‰�ˇ 1�´ �Ì �¢ �� �É �• �‹ �¨

�' �` �‰�“ ,1993�N �É �˝ �o �» �ƒ 60%�É �¨ �Ł, 3�} 9

�[ �[ ��

�^ �C �� �N
�o �� �^ �i
�S

�^ �� �� �R

�fi

�[ �[ ��

�j �S �C �fi 100

�n �X      94

�^ �C �� �N
�m�x�� �^ �i  94
�S

/3��
��

 88

�� �c �S  88

�[ �[ ��   81

�� �u

�� ��
 81

�� �^ �J   81

����
�N�‘

75

�F

�� �� �R
 69

�q �K �C �fi  69

�e�|
�m�{ 50

�t �i �fi   50

�I �C�J ��  50

�u �� �[ �M
��

�I �I �N�‘
94

/3��
��

 81

�e�|
�m�{ 81

�j �S�C�fi 75

�^ �C �� �N
�o �� �^ �i  69
�S

�I �C�J �� 63

�n �X

�� �c �S

100

100

100

100

100

90

90

90

90

80

80

60

60

100

�^ �C �c �N
�m�~�� �^ �i
�S

�� �V �m�{

�� �fi

�t �i �fi

�^ �� �� �R

�fi

�I �C�J ��

86 �� �c �S

�� �c �S  88

�t �i �fi   88

86

86

71

71

71

71

�n �X

�V �� �q ��

�^ �r ��

�C�^ �Z ��
�m�›��

�c �‘ �t �L

�C�^ �Z ��
�p ��

�t �i �fi

�X �S�� ��

�R�fi

�I �C �J ��

�q �K �C �fi  60 �[ �[ ��

�C�^ �Z ��
�m�›��

50

�¡ ,2�† �‚ �� �� �h�� ,19711972�N �˝ 7�P�� ,1984�N �˝ 10�P�� ,1993
�N�¤ �æ �Ñ 2004�N�˝ 16�P��  �n �ł �Ô �T �C�Y ,1971�¡ 972�N �˝ �• �‡15

m,�» �Ì �…�Ì �† �‚ �N�˝ 30m
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1984    1993    2004 1984    1993    2004

�} 3�B 1984�N,1993�N ,2004�N �Ì 10�� �� �Ì �� �� �h (No 29-31,No.37-43)�É �¤ �fl �Ø�å �v �� �í �Ì �Ì
�W�´ �Ì �� �˘ �o �» �ƒ .�_ �O�� �t �˝ �Ì �W�´ �Ì �� �Ì �‰�ˇ �l ,�_ �ü �˝ �W�� �˛ �• �ð �ƒ �• �B�Ü �Œ�ü �O�� �t �˝ �o
�» �ƒ �ð �ƒ �µ ,10�� �� �Ì �� �� �h�Ì �⁄ �¿�e �� �í �“ �Ì �W�‡ �Œ�‰�� �� �h�Ì �ä �ƒ �ð �\ �µ �˜ �¢ �Ø�B �Ü �‰,�O ��
�t �à �Ì �A�� �t �@�x �b �g�˝ ,�fl �Œ�L �� �ð �� �‰�¨ �¢ �Q�Ô �É �L �Ó �• �“ �  �Ø�– �˘ �ð �ƒ �• (�C �^ �Z �� �p �� �Ì
1984�N�˘ 2004�N�Ì �f �[ �^ ,�^ �� �� �R�fi �Ì 1984�N�˘ 2004�N�Ì �f �[ �^ ,�u �� �[ �M�� ,�I �I �N�‘ �o �X

,

�� �b �S�Ì �f �[ �^ �˝ �S �˜ P<0.01,�» �Ì �…�˝ P<0.05,Steel Dwass test).�c �‘ �t �L �˝ 1984�N�É �Ì
�Ý �Ì �W�‡ �Œ�˜ �¢ �Ø�‰�ß ,�� �v �� �Ł �˝ �s �í �¨ �' �` �‰.
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�´ �Ì �“ �Ì �W�‡ �Œ�Ø�æ �⁄ �É �¨ �` �‰�B �‡ �ç �É 2004�N�É

�˝ �S �˜ �Ì �� �� �h�¯ �Ì �W�‡ �Œ�Ø�æ �⁄ �É �¨ �Ł,�Ì �W��

�˝ 87�} 99�´ �Ì �É �y �æ�¾ (1984�N �˘ 2004�N,1993�N

�˘ 2004�N�˝ �» �Œ�…�Œ�L �Ó �• �  �Ł ,�˘ �à t�Õ <0,01)o

�I �I �N�‘ �o �X �à �fl �l �Ì �X �ü �ð �ƒ �µ ,1984�N �É �˝ �o

�» �ƒ 30%,�‰�ˇ �Ì �W�� �˝ 1�´ �Ì �¢ �� �¯ �  �` �‰�“ ,

1998�N�É �˝ �o �» �ƒ 70%,�Ì �W�� 3�} 4�´ �Ì �˘ �¨ �Ł,

2004�N�É �˝ �o �» �ƒ 90%,�Ì �W�� 40�} 48�´ �Ì �É �B �µ

�‰ (1984�N �˘ 2004�N,1993�N �˘ 2004�N�˝ �» �Œ�…�Œ

�L �Ó �• �  �Ł ,�˘ �à �É P<001)�B �� �V�m�{ �� �fi �à ��

�` �X �ü �“ �Ý �ç �Œ,1984�N �É �˝ �o �» �ƒ 20%,�‰�ˇ �Ì

�W�� �˝ 1�´ �Ì �¢ �� �¯ �  �` �‰�“ ,1993�N �É �˝ �o �» �ƒ

60%,�Ì �W�� 2�} 4�´ �Ì �É �¨ �Ł,2004�N �É �˝ �o �»

�ƒ 80%�¯ �Ì �W�� �˝ 17�} 38�´ �Ì �É �¨ �` �‰ (1984�N �˘

2004�N�Ì �Ý �L �Ó �• �  �Ł ,P<005)�B

�Ü �‰,�� �b �S�˝ ,�¢ �‚ �Œ�Ì �† �‚ �N �à �o �» �ƒ 90%

�¨ �ª �ð �ƒ �µ �˜ �“ �z �æ �É �å �« �¨ �ˇ �» �˝ �¨ �' �` �‰�“ ,

�Ì �W�� �˝ 1993�N�¨ �O �É �˝ �‰�ˇ 10�´ �Ì �¢ �� �¯ �  �` �‰

�“ , 2004�N �É �˝ 52�} 52�´ �Ì �˘ �å �« �› �� �` �µ �‰

(1984�N �˘ 2004�N,1998�N �˘ 2004�N �˝ �» �Œ�…�Œ�L

�Ó �• �  �Ł ,�˘ �à �É �ˇ <001)�@ �X �S�� �� �R�fi �â �j �S

�C�fi �˝ 1993�N�É �� �` �X �ü �“ �Ý �ç �Œ, �^ �C �� �N�o ��

�^ �i �S�˝ 1993�N�¨ �~ �´ �Ì �� �“ �‚ �› �µ , �V�� �q �� �^

�r �� �˝ 2004�N�É �‚ �› �X �ü �“ �Ý �ç �Œ�‰�B �Ü �‰,�[ �[

�� �˝ 2004�N�É �“ �z �æ �Ì �‚ �› �X �ü �“ �Ý �ç �Œ�‰�B �I �C

�J �� , �t �i �fi �É �´ �¢ �˜ �˝ �´ �Ì �� ,�“ �z �æ �˘ �à �¾ �m

�¨ �X �ü �˝ �F �ß �ç �Œ�¨ �' �` �‰�B

�l �@

1970�N�  �' �ç �ß �N �É �' �fl �˜ �Ì �Ø�k �� �� �h�Q�¯ �˝ ,

�n �X, �� �b �S, �V�� �q �� �^ �r �� , �I �C�J �� , �t �i

�fi ,�[ �[ �� ,�X �S�� �� �R�fi �¨ �˙ �Ì �Ý �� �í �˘ ,�O ��

�í �Ì �^ �C �� �N�o �� �^ �i �S, �u �� �[ �M�� ,�I �I �N�‘

�o �X�¨ �˙ �“ �D �Ł�í �˘ �¨ �` �˜ �¢ �‰�B �Ü �‰,�´ �Ì �� �˝

�  �Ü �Ł�‰�› �¨ �¢ �à �Ì �Ì ,�C �^ �Z �� �p �� �â �^ �� �� �R

�fi ,�c �‘ �t �L ,�j �S�C�fi �¨ �˙ �“ �L �› �“ �z �µ , �–�Œ

�ç �Ì �� �í �ð �� �S �˘ �µ �˜ �� �Þ �Q�W�“ �\ �‹ �‡ �Œ�˜ �¢ �Ø

�– �˘ �“ �ƒ �‡ �Œ�‰�B �µ �' �µ ,�» �Ì �g �‹ �â �“ �z �Ì �ó �µ

�˝ �† �‚ �N �É �æ �` �˜ �å �« �› �ˇ �» �µ ,�C �^ �Z �� �p �� ,

�b �‘ �t �L , �^ �� �� �R�fi ,�n �X�¨ �˙ �‚ �› �X �ü �ð �ƒ �•

�� �í �˘ �I �I �N�‘ �o �X, �u �� �[ �M�� , �� �V�m�{ �� �fi

�Ì �æ �⁄ �É �� �` �“ �� �µ �¢ �� �í ,�X �S�� �� �R�fi �Ì �æ �⁄

�É �Œ�� �I �É �� �` �µ �‰�� �í �à �F �ß �ç �Œ�‰�B �Ü �‰, ��

�� �h l�� �� �  �‰�Ł�¯ �˝ �Ý �� �í �“ �‚ �› �µ ,�O �� �í �“

�� �ƒ �Ø�» �Û �“ �F �ß �ç �Œ�‰�B �– �Ì �æ �⁄ �¨ �� �Þ �Q�W�Ì

�ˇ �» �˝ ,�† �‚ �œ�Ô �� �É �N �– �` �‰�� �ì �Ì �´ �« �ˇ �» �ð

�‰�f �µ �˜ �¢ �Ø�à �Ì �˘ �l �ƒ �ç �Œ�Ø�‰�ß ,�¨ �” �É �† �‚

�N �É �µ �‰�“ �` �˜ �l �@�• �Ø�B

�† �‚ �ð �J �n �µ �‰1971-1972�N�É �˝ , �^ �C �� �N�o

�� �^ �i �S �˘ �I �C�J �� �Ì �´ �Ì �� �“ �‰�› ,�Ü �‰�L �˝ �˝

�É �“ �z �µ �˜ �¢ �‰�B �I �‰�E �• �c (1974)�à �fl �� �œ�É

�Ø�k �� �� �h�Q�É �¤ �¢ �˜ �� �Ô �É �æ �Ø�� �Þ �† �‚ �ð �s �¢ ,

�fl �l �Ì �� �˚ �ð �¾ �˜ �¢ �Ø�B 1984�N�¨ �~ �Ì �Ł �˚ �ð �˝ �¯

�˝ ,�I �C�J �� �Ì �‚ �› �X �ü �˝ �m�F �¯ �« �¨ �' �` �‰�“ ,

1984�N�¨ �~ �Ì �� �Þ �g �‹ �ð 1971-1972�N�Ì �ó �Ô �˘ �ä

�× �Ø�˘ ,�I �C�J �� �˝ �‚ �› �X �ü �É �  �Ø�˘ �� �Ł �‡ �Œ�Ø�B

�I �C�J �� �˝ �~ �� �E �‹ �� �Ì �˙ �¿ �ç �¯ �à �¶ �§ �´ �\ �¯ � 

�Ø�“ (�X �B�…�z ,2001),�� �ì �¯ �˝ �{ �‹ �æ �ð �Y ��

�Œ�� �˘ �µ �˜ �� �p �µ , �� �� �h�˝ �‹ �^ �Ì �´ �Ì �Ì �¶ �§ �Œ

�� �˘ �¨ �` �˜ �¤ �Ł,�{ �‹ �˘ �� �� �h�ð �s �«�� �µ �˜ �¶ �§

�µ �˜ �¢ �Ø (�î �c�E �` �¡ ,1987,�c �� �E �‰�…,2004)�B

l�Œ �c �ç (2002)�˝ �ç �¨ �ì �¯ �˝ ,�{ �ì �˘ �Ì �Ú �– �p �x

�“ �� �¢ �� �� �h�¯ �I �C�J �� �“ �D �Ł �• �Ø�˘ �¢ �⁄ �� �˚ �ð

�ƒ �µ �˜ �¢ �Ø�B �– �Ì �� �˚ �' �ç �l �ƒ �Ø�˘ ,1970�N �† �º

�Ì �Ø�k �� �� �h�Q�¯ �I �C�J �� �“ �‰�' �` �‰�� �R�˝ ,�»

�Œ�¨ �ª �Ì �N�ª �É �ä �× �˜ �{ �‹ �˘ �� �� �h�Ì �Ú �– �p �x �“

�� �' �` �‰�– �˘ �É �  �Ø�˘ �� �“ �‡ �Œ�Ø�B �� �ì �¯ �˝ ,

1983�N�É �� �ì �å �� �Ì �^ �p �“ �J �n �‡ �Œ�‰�…�ª �' �ç �¥

�� �p �x �˝ �Æ�” �µ �˜ �¢ �Ø (�” �ª ,2008)�B �` �É �” �‹

�æ �É �˚ �u �• �Ø�Ø�k �� �� �h�Q�¯ �˝ �{ �‹ �É �J �ß �µ �˜ �¢

�Ø�Œ�� �Ì �� �� �h�ð �� �«,�{ �‹ �˘ �´ �¨ �“ �Ø�– �˘ �“ �Ù
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�˘ �æ�˙ �¨ �› �¨ �` �˜ �¢ �Ø�B �» (2004)�˝ �� �ì �Ì �¥ ��

�æ �“ 1974�N�' �ç 1998�N�É �' �fl �˜ 900ha�' �ç 1/4�¨

�” �Ì 200ha�É �‚ �› �µ �˜ �¢ �Ø�˘ �q �× �˜ �¤ �Ł, �– �Ì �–

�˘ �' �ç �à �� �� �h�˘ �{ �‹ �Ì �Ú �– �p �x �Ì �‚ �› �“ 1970�N

�ª �¨ �~ �Ì �I �C�J �� �Ì �‚ �› �Ì �Œ�ö �˘ �¨ �` �˜ �¢ �Ø�˘ �l

�ƒ �ç �Œ�Ø�B2004�N�Ì �† �‚ �¯ ,�Ø �k �� �� �h�Q �æ �Ł �à

�ª �‹ �É �˚ �u �µ ,�{ �‹ �˘ �Ì �Ú �– �p �x �Ì �� �¢ �¾ �t �n �æ

�Ì �� �� �h�¯ �˝ �I �C�J �� �Ì �´ �Ì �� �˝ �Ø�k �� �� �h�É �ä

�× �˜ �‰�' �` �‰�– �˘ �à (�à �¡ ,2004),�I �C�J �� �Ì

�¶ �§ �É �˘ �` �˜ �� �� �h�˘ �{ �‹ �Ì �Ú �– �p �x �“ �d �v �¯ � 

�Ø�– �˘ �  �ˆ �fl �Ø�à �Ì �˘ �l �ƒ �ç �Œ�Ø�B

�^ �C �� �N�o �� �N�i �S �à ,1971-1972�N �É �ä �× �˜

1984�N�¨ �~ �˝ �´ �Ì �� �“ �‚ �› �µ �˜ �¢ �Ø�˘ �l �ƒ �ç �Œ�Ø�B

�Ł �˚ �ð �˝ �¯ �à 1993�N�¨ �~ �É �‚ �› �“ �� �µ �¢ �– �˘ �“ �ƒ

�‡ �Œ�‰�B �{ �í �˝ �Y�� �É �¶ �« �‰�æ�� �L �ð �K �v �˘ �• �Ø

�‰�ß ,�å �˘ �Ù �' (1975)�â �c �� �E �‰�… (2004)�“

�� �O �µ �‰�æ �⁄ �É ,�� �ì �Ì �˝ �ì �ü �C �â �� �� �h�æ �Ì �h

�� �Ì �‚ �› �“ ,�æ �� �L �Ì �¶ �§ �É �_ �� �[ �W�ð �^ �ƒ �˜ �¢

�Ø�´ �\ �« �“ �  �Ø�B �µ �' �µ ,�fl �¶ �^ �i �S�Ì �� �Ô �¯ � 

�Ø�V�� �q �� �^ �r �� �Ì �¶ �§ �� �“ 1993�N�Ü �¯ �� �¢ �� ��

�ð �Û �� �µ �˜ �¢ �‰�– �˘ �ð �l �ƒ �Ø�˘ ,�æ �� �L �Ì �¶ �§ �ó

�µ �¨ �O�Ì �v �ö �à �l �ƒ �ç �Œ�Ø�B

�‡ �ç �É ,1970�N �  �É �˝ �c �‘ �t �L �“ �æ70%�Ì �� ��

�h�¯ �¶ �§ �µ �˜ �¢ �‰�– �˘ �à ,�» �Œ�¨ �~ �Ì �† �‚ �N �Ì ��

�Þ �Q�W�˘ �˝ �Ù �¨ �` �‰�X �ü �¯ �  �` �‰�B �Ł �˚ �ð �˝ �Ì ��

�˚ �à �{ �í �Ì �‚ �› �ð �x �� �µ �‰�B 1971-1972�N�Ì �† �‚

�¯ �˝ ,�Ø �k �� �� �h�Q �É �¤ �fl �Ø�c �‘ �t �L �Ì �Ì �W�´ �Ì

�� �˝ �‰�› �¨ �¢ �“ ,�» �Ì �…�Ì �� �� �h�E �^ �} �� �ð �Ü �ß

�‰�� �ì �S �æ 158�P�� �Ì �† �‚ �¯ �� �v 1,180�´ �Ì �ð �¾ �˜

�¤ �Ł, 1�æ �Ì �Ì �ß �¯ 100�´ �Ì �ð �· �ƒ �Ø�Œ�� �à 3��

�� �  �` �‰ (�å �˘ �Ù �' ,1975)�B �– �Ì �æ �⁄ �É 1970�N

�† �º �É �˝ , �c �‘ �t �L �˝ �� ,�u |�Ì �� �� �h�E �^ �} �� �¯ �˝

�' �¨ �Ł�� �Õ �I �É �¶ �§ �• �Ø�� �í �¯ �  �` �‰�˘ �l �ƒ �ç �Œ

�Ø�B �µ �' �µ ,�» �Ì �ª �˝ �‚ �› �“ �� �µ �› 1984�N�É �˝ 68

�n �_ �Ì �� �� �h�E �^ �} �� �¯ 58�´ �Ì (�î �c �B�` �¡ ,

1987), 1993�N �Ì �† �‚ �¯ �˝ 59�n �_ �¯ �� �v 6�´ �Ì

(�c �� �E �‰�…,2004),2004�N �É �˝ 50�n �_ �Ì �� �� �h�E

�^ �} �� �ð �† �‚ �µ �˜ �à �Ü �` �‰�› �m�F �¯ �« �¨ �' �` �‰

(�à �¡ ,2004)�B �{ �í �˝ �D �Ì �‰�¢ �» �D�Œ�ð �D �Þ �˘ �‡

�Œ�˜ �¢ �Ø (�× �J ,2001)�B �¡ �æ�Ì �ð �˝ �� �˚ �˝ ,�Œ

�¿ �É �˛ �• �Ø�I �D�« �“ �c �‘ �t �L �˘ �� �‰�[ �[ �� �Ì �“ �z

�æ �Ì �k �‹ �X �ü �à �ƒ �µ �˜ �¢ �Ø�B �–�Œ�ç �Ì �– �˘ �' �ç ,

�c �‘ �t �L �â �[ �[ �� �Ì �‚ �› �v �ö �˘ �µ �˜ ,�Ø �k �� �� �h

�Q �Ì �Œ�¿ �´ �« �Ì �ˇ �» �“ �^ �í �Œ�Ø�B �˛ �c �Ù �'

(2005)�˝ ,�� �ì �å �� �É �æ �Ø�� �˚ �Ì �À �Ł �» �“ �Ø�k

�� �� �h�Q�É �¤ �¢ �˜ �g�E �� �V�m�{ �� �¨ �h �^ �Ì �¶ �§ �É

�K �µ �‰�D�Œ�ð �� �` �‡ �„ �‰�˘ �� �“ �µ �˜ �¢ �Ø�B �à �fi �_

�ð �� �� �h�Œ�É �¸ �«�h �µ ,�˝ �ˇ �w �Ì �œ�‡ �ð �† �‚ �µ �‰

�� �˚ �ð 1993�N�˘ 2000�N�¯ �ä �r �• �Ø�˘ ,1993�N �É �˝

�Ø�k �� �� �h�Q �ð �Ü �Þ �� �� �h25�n �_ �Ì �Œ�D �˝ �‰�ˇ

0.83m�} 0.51 SD,�¯ �å �l 172m�¯ �  �` �‰�“ (�c

�� �B�‰�…,2004),2000�N �É �˝ �Ø�k �� �� �h�Q 9�n

�_ �Ì �⁄ �¿,�œ �‡ lm�¨ �” �Ì �n �_ �˝ �í �‚ �' �É 3�n �_ ,

�¯ �å �l �˝ 2m�ð �z �ƒ �˜ �¤ �Ł (�˛ �c �Ù �' ,2005),

�¾ �ç �' �É �Œ�D �˝ �� �` �µ �˜ �¢ �‰�B �b �‘ �t �L �Æ�[ �[ ��

�Ì �¶ �§ �É �K �µ �‰�Œ�¿ �É �´ �¢ �˜ �˝ �\ �“ �É �¾ �ç �' �É �¨ �`

�˜ �¢ �¨ �¢ �à �Ì �Ì , �g�E �� �V�m�{ �� �˘ �Ù �¨ �Ł,�…�í

�Ì �¶ �§ �É �˝ �Ø�k �� �� �h�Q�Ì �Œ�¿ �Ì �ˇ �» �“ �� �Ì �v �ö

�˘ �µ �˜ �› �¢ �‰�´ �\ �« �“ �l �ƒ �ç �Œ�Ø�B

1984�N�É �¨ �Ø�˘ ,�C �^ �Z �� �p �� , �V�� �q �� �^ �r

�� ,�n �X�Ì �g �‹ �ƒ �“ �å �« �› �� �` �µ �‰�B �– �Ì �· �ö �É

�´ �¢ �˜ ,�î �c �B�` �¡ (1987)�˝ �{ �‹ �Ì �X�� �» �É �æ �`

�˜ �� �� �h�Ô �Ì �Ú �fi �§ �À �“ �› �¨ �› �¨ �` �‰�– �˘ �¯ �C�^

�Z �� �p �� �â �V�� �q �� �^ �r �� �“ �“ �z �æ �ð �L �° �‰�˘ �l

�@�µ �˜ �¢ �Ø�B �Ü �‰,�n �X �É �´ �¢ �˜ �˝ �ß �� �í �Ì �I �C

�J �� �æ �Ł �à �É �‹ �æ �ð �D�Þ �– �˘ �“ �� �` �É �´ �¨ �“ �` �‰

�˘ �� �“ �µ �˜ �¢ �Ø�B �µ �' �µ , �C�^ �Z �� �p �� �˝ �´ �Ì ��

�Ì �� �‚ �Ì �� �µ �¢ �� �í �¯ �  �Ł (�˝ �� ,2008),1984

�N �Ì �† �‚ �É �¤ �fl �Ø�´ �Ì �� �Ì �‰�‡ �˝ �Œ�� �I �¨ �à �Ì �¯

�  �` �‰�´ �\ �« �à �� �¢�B �C �^ �Z �� �p �� �˝ �S�Ì �I �¨ �X

�ü �˘ �µ �˜ �˝ �‚ �› �“ �� �µ �› ,2004�N �Ì �† �‚ �¯ �˝ �Ø�k

�� �� �h�Q�¯ 5�´ �Ì ,�� �ì �S�æ �¯ �Ý �˜ �à 6�´ �Ì �“ �Ì
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�W�‡ �Œ�‰�Ì �Ý �¯ �  �Ł (�à �¡ ,2004),�Ø �k �� �� �h

�Q�Ì �� �ª �t �� �Ì �† �‚ �¯ �à 2006�N�¨ �~ �˝ �¶ �§ �“ �m�F

�‡ �Œ�˜ �¢ �¨ �¢ (�˝ �� ,2008)�B �C �^ �Z �� �p �� �Ì �‚

�› �v �ö �˘ �µ �˜ ,�‹ �ì (2008)�˝ ,�¶ �§ �Œ�� �Ì �‚ �› ,

�� �ì �Ì �� �� �´ �« �Ì �ˇ �» , �� �� �h�Ì �� �[ �� �` �˘ �A�¶

�É �˛ ,�O �� �¶ �¤ �Ì �Ù �í �É �B ,�§ �� �Ì 6�´ �Ì �v �ö �ð

�  �° �˜ �¢ �Ø�B �C�^ �Z �� �p �� �Ì �ı �‰�“ 1, 2�N �ö �x

�¯ �  �Ø�– �˘ �ð �l �ƒ �Ø�˘ ,�C �^ �Z �� �p �� �˝ �c �‘ �t �L

�˘ �˘ �à �É �Ø�k �� �� �h�Q�¯ �˝ �à �` �˘ �à �â �¯ �Ì �´ �\ �«

�“ �� �¢ �� �í �˘ �¢ �ƒ �Ø�B

�n �X �˝ 1999�N�Ü �¯ �˝ �ä �r �I �´ �Ì �� �Ì �‰�¢ �ó �Ô �¯

�  �` �‰�“ ,2004�N �É �˝ �´ �Ì �� �Ì �‚ �› �“ �� �µ �› ,�“

�z �æ �à �§ �À �‡ �Œ�Ø�æ �⁄ �É �¨ �` �‰�B2004�N�É �˝ �{ �‹

�¯ �à �´ �Ì �� �“ �å �� �É �‚ �› �µ �˜ �¤ �Ł (�à �¡ ,2004),

�ß �N,�� �ì �S�æ �¯ �‚ �› �µ �˜ �¢ �Ø�˘ �l �ƒ �ç �Œ�Ø�B �n

�X �à �I �C�J �� �˘ �fl �l �É �� �ì �{ �‹ �¯ �Y �� �µ , �� �� �h

�ð �‹ �• �Ì �Œ�˘ �µ �˜ �� �p �µ �˜ �¢ �Ø�“ (�î �c �B�` �¡ ,

1987;�c �� �B�‰�…,2004),�� �H�« �Ì �› �¢ �{ �í �˝

�¶ �§ �É �\ �“ �¨ �a �˚ �ð �K�v �˘ �• �Ø�‰�ß (�c �� ,2001),

�� �� �h�à �¯ �ß �N�� �` �“ �� �µ �¢ �I �I �N�‘ �o �X �˘ �Ì �a

�¶ �¤ �ð �ß �fi �Ø�£ �� �¨ �˙ �“ �‚ �› �v �ö �É �¨ �` �˜ �¢ �Ø�´

�\ �« �à �l �ƒ �ç �Œ�Ø�B

1998�N�É �¨ �Ø�˘ , �X �S�� �� �R�fi �“ �å �« �› �� � �̋œ�µ

�‰�B 1984�N�É �˝ �Ì �W�´ �Ì �� �Ì 1%�ð �Ł �ß �Ø�É �• �‹

�¨ �' �` �‰�“ ,1993�N �É �˝ �æ17%�˘ �å �« �› �� �` �µ ,

�o �» �ƒ �à 80%�¨�ª �Ì �� �¢�l �ð �ƒ �µ �‰�B �“ �z �æ �Ì �g

�å �X �ü �˝ 1984�N�É �• �¯ �É �F �ß �ç �Œ�˜ �¤ �Ł (�î �c�E

�` �¡ ,1987),�å �˘ �Ù �' (1975)�˝ �X �S�� �� �R�fi

�“ �…�í �É �ä �× �˜ �� �ì �Ì �ü �C�H�� �Ì �e �¿ �ð �ó �fl �É �›

�¢ �– �˘ �ð �\ �z �µ �˜ �¢ �Ø�B �X �S�� �� �R�fi �˝ 1972�N�'

�ç 1984�N�É �' �fl �˜ �{ �‹ �Ì �ª �‹ �� (�O �ì �� �‹ �� )�t

�ß �É �¤ �¢ �˜ �� �` �µ (�î �c �B�` �¡ ,1987),�» �Ì �ª

1993�N�Ü �¯ �É �{ �‹ �S�æ �É �“ �z �ð �L �° �˜ �Ø�k �� �� �h

�w �à �N�ü �µ �‰�˘ �l �ƒ �ç �Œ�Ø (�c �� �S�‰�…,2004)�B

2004�N�É �˝ �˜ �Ñ �‚ �› �µ �˜ �¢ �Ø�“ ,�{ �‹ �É �¤ �fl �Ø�D

�Ł �X �ü �˝ 2004�N �É �à �p �– �µ �˜ �¢ �Ø�‰�ß (�à �¡ ,

2004),�‰ �ç �' �Ì �· �ö �¯ �� �� �h�w �Ì �N�ü �“ �W�° �ç

�Œ�˜ �¢ �Ø�' ,�  �Ø�¢ �˝ �N�ü �µ �‰�´ �Ì �“ �¶ �¶ �¯ �« �¨

�¢�´ �« �É �  �Ø�˘ �� �Ł �‡ �Œ�Ø�B�O�q �Ì �æ �⁄ �É �Ø�k ��

�� �h�Q�¯ �˝ �� �˚ �Ì �À �Ł �» �y �Ñ �h �� �Ì �‚ �› �É �æ �Ø�D

�Œ�» �“ �• �• �Ý ,�‡ �ç �É �O�� �A�¤ �Ì �É �˛ �˘ �˝ �� �É �æ �`

�˜ �Œ�¿ �“ �ˇ �» �µ �˜ �¢ �Ø�˘ �l �ƒ �ç �Œ (�ª �· ,2008),

�» �Œ�ð �D �Þ �{ �í �“ �� �� �h�ð �ı �ð �• �Ø�v �ö �˘ �¨ �` �˜

�¢ �Ø�´ �Ü�qJl�¶ �“ �  �Ø�B

1993�N�' �ç 2004�N�É �' �fl �˜ �Ì �à �` �˘ �à �° �Ò �¨ ��

�Þ �Q�W�Ì �ˇ �» �˝ ,�O �� �í �Ì �I �I �N�‘ �o �X, �u �� �[

�M�� �Ì �� �` �¯ �  �` �‰�B �Ü �‰, �– �Ì �X �ü �˝ ,2006�N

�Ì No 31�� �� �h�Ì �– �µ �ª �° �À �– �Ì �f �[ �^ �˘ �ä �r �•

�Ø�˘ (�” �ª ,2008),2004�N �¨ �~ �‡ �ç �É �i �s �µ �˜

�¢ �Ø�¤ �» �Œ�“ �  �Ø�B �I �I �N�‘ �o �X�â �u �� �[ �M�� �Ì

�� �` �˝ ,�Œ�˚ �I �É �H�Q�  �Ø�¢ �˝ �a �¿ �â �¶ �� �Œ�� �Ì

�£ �� �˘ �¢ �` �‰�v �� �Z �X �É �æ �Ł,�Ý �� �� �í �Ì �¶ �§ �ó

�µ �É �e �¿ �ð �y �Ú �• �– �˘ �“ �w �E �‡ �Œ�˜ �¤ �Ł (�� ,

2002;�� �· �D 2002,Abekura et al.,2004;

Yonekura et al.,2004;�� ,2005�¨ �˙ ),�` �É �R

�V�m�{ �� �fi ,�� �b �R,�^ �i �S�Þ ,�R �C�E �t �i �Þ ,

�I �C�J �� �fi �� �Þ �¨ �˙ �Ö �Ì �e �¿ �“ �ƒ �· �‡ �Œ�˜ �¢ �Ø

(�� ,1998;�� ,2002;�… �ì �E �× �J ,2002,�� �· ,

2002)�B �� �ì �¯ �˝ �I �I �N�‘ �o �X�Ì �Ý �à �e �¤ �' �ç ,

�t �i �fi , �^ �i �S�Þ , �j �S�C�fi , �� �b �S, �X �S�� ��

�R�fi , �� �V�m�{ �� �fi �¨ �˙ �Ì �ß �H�“ �m�F �‡ �Œ�˜ �¤ �Ł

(�à �¡ ,�¢ �› �\ ),�I �I �N�‘ �o �X, �u �� �[ �M�� �Ì ��

�` �˘ �˘ �à �É , �C�^ �Z �� �p �� , �V�� �q �� �^ �r �� , �n

�X,�X �S�� �� �R�fi , �^ �� �� �R�fi �Ì �‚ �› �“ �¶ �¶�˜ �¢

�Ø�B�Ø�k �� �� �h�Q �É �¤ �fl �Ø�Ý �� �� �í �Ö �Ì �I �I �N�‘

�o �X�E �u �� �[ �M�� �Ì �e �¿ �É �´ �¢ �˜ �Ì �c �_ �˝ ,�» �Ý

�À �{ �� �Ì �O�� �� �ì �� �˘ �� �Þ �Q�W�Ì �˙ �Õ �† �‚ �Ì �� �˚

�ð �Ò �¿ �‰�¢ �“ ,�ß �N �Ì �I �I �N�‘ �o �X�E �u �� �[ �M��

�Ì �´ �Ì �� �ð �l �ƒ �Ø�˘ �…�Ú �I ,�Ô �Ú �I �É �‰�› �Ì �Ý ��

�� �í �Ö �Ì �e �¿ �“ �› �› �� �O �‡ �Œ�Ø�B

�µ �' �µ ,�…�� �n �¯ �˝ �å �« �¨ �e �¿ �ð �ó �fl �˜ �¢ �Ø�˘

�‡ �Œ�Ø�� �í �Ì �⁄ �¿, �� �V�m�{ �� �fi �â �� �c �S, �t �i
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�fi �˝ ,�I �I �N�‘ �o �X, �u �� �[ �M�� �“ �å �� �É �� �` �µ

�‰1993�N�' �ç 2004�N�É �' �fl �˜ �´ �Ì �� �Ì �‚ �› �“ �F �ß

�ç �Œ�¨ �' �` �‰�B �` �É �� �V�m�{ �� �fi �â �� �b �S�˝ �\ �z

�É �‰�µ �˜ �� �` �X �ü �“ �F �ß �ç �Œ�‰�B �� �V�m�{ �� �fi �É

�´ �¢ �˜ �˝ ,�˛ �c �Ù �' (2005)�“ �w�E �• �Ø�æ �⁄ �É ��

�� �h�æ �Ì �Œ�¿ �´ �« �Ì �ˇ �» �“ �¶ �§ �Œ�� �Ì �g �å �É �´ �¨

�“ �Ł,�ß �H �É �æ �Ø�í �Q�ð �â �� �µ �˜ �¢ �Ø�´ �\ �« �“ �l

�ƒ �ç �Œ�Ø�B �Ü �‰,�� �b �S�˝ ,�…�� �n �Ì �� �Æ�¯ �H�Q

�ð �ó �fl �â �• �¢ �˘ �Ì �w�E �“ �  �Ø�Œ�ß ,�‰ �› �Ì �Ý �� ��

�í �“ �â �¯ �µ �‰�ª �à �I �I �N�‘ �o �X�Æ�u �� �[ �M�� �˘ �˘

�à �É �ä �r �I �• �œ�Ô �¶ �§ �µ �˜ �¢ �› �ˇ �« �ð �� �´ �– �˘ �à

�ƒ �‡ �Œ�˜ �¢ �Ø (Abekura et al,2004;Yonekura

et al.,2004)�B �¤ �» �ç �› �{ �í �Ì �Y �� �K �« �â �É �B �\

�˝ �Ì �� �‡ �É �N�ö �• �Ø�à �Ì �˘ �l �ƒ �ç �Œ,�a �¿ �â �¶ �§

�´ �« �É �˛ �• �Ø�£ �� �í �“ �O�� �� �É �æ �` �˜ �r �� �‡ �Œ�‰

�� �˚ ,�{ �í �“ �� �` �µ �‰�Ì �' �à �µ �Œ�¨ �¢�B �µ �' �µ ,

No 31�� �� �h�– �µ �ª �° �À �– �Ì �� �˚ �ð �Ý �Ø�˘ (�” �ª ,

2008),�Ø �k �� �� �h�Q�¯ �à �¡ �ª �‡ �ç �É �I �I �N�‘ �o

�X�E �u �� �[ �M�� �É �æ �Ø�� �Þ �Q�W�Ì �˙ �Ł�» �“ �i �Ý ,

�� �b �S�¯ �‡ �ƒ �à �¶ �§ �“ �¢ �ï �¨ �ó �Ô �É �Ú �s �µ �˜ �¢ �›

�– �˘ �à �� �O �‡ �Œ�Ø�B �t �i �fi �à �å �« �¨ �‚ �› �˝ �Ý �˘ �ß

�ç �Œ�¨ �' �` �‰�“ , �t �i �fi �˝ �ı �‰�“ �• �› �å �^ �» �• �Ø

�‰�ß ,�” �ª (2008)�“ �w�E �• �Ø�æ �⁄ �É �e �t �� �“ �H

�í �Œ�˜ ,�H �Q�ð �ó �fl �Ø�– �˘ �“ �› �¨ �¢ �å �^ �´ �Ì �ð ��

�S �˘ �µ �‰�g �‹ �É �ˇ �» �µ �˜ �¢ �Ø�´ �\ �« �“ �  �Ø�B

�– �Ì �æ �⁄ �É �Ø�k �� �� �h�Q�Ì �� �Þ �Q�W�˝ ,�� �ì �Ì

�� �˚ �À �Ł �» �â �» �Œ�É �” �⁄ �� �� �h�Ì �h �� �Ì �‚ �› ,�O

�� �í �Ì �N�ü �¨ �˙ �É �æ �Ł�å �« �› �ˇ �» �µ �˜ �¢ �Ø�– �˘ �“

�ƒ �· �‡ �Œ, �–�Œ�Ü �¯ �É �‰�› �Ì �æ�� �¯ �w�E �‡ �Œ�˜ �¢

�Ø�â �Ł �_ �ð �  �t �fl �Ø�� �˚ �˘ �¨ �` �‰�B �¡ �ª ,�� �ì �Ì

�‰�l �¨ �� �Þ �� �ð �Û �ì �B�˜ �¶ �• �Ø�‰�ß �É �˝ ,�˝ ��

(2008)�“ �æ�¾ �• �Ø�æ �⁄ �É ,�V �‰�¨ �� �� �h�E �^ �}

�� ,�¥ �� �æ �Ì �fi �ı �˘ �˘ �à �É �ø �� �Ì �^ �� �h �� �Ì �‘ �Ô

�˘ �› �x ,�p �x �¨ �˙ �Ì �� �� �ð �� �ð �� �Ø �µ ,�» �Œ�ð �˜

�» �• �Ø�– �˘ �“ �} �– �˘ �¾ �ƒ �æ �⁄ �B �Ü �‰,�I �I �N�‘ �o

�X�â �u �� �[ �M�� �Ì �� �` �p �^ �[ �� �É �ƒ �‡�Œ�Ø�æ �⁄ �É ,

�� �Þ �� �Ì �ˇ �» �˝ 10�N�ö �x �Ì �Z �¢ �œ�Ô �Ì �� �¯ �à �} �‹

�É �ˇ �» �µ ,�´ �« �ˇ �» �Ì �e �¿ �˝ �Z �œ�Ô �¯ �° �Ý �» �• �Ø

�– �˘ �“ �¾ �ç �' �É �¨ �` �‰�B �¡ �ª ,�� �ì �Ì �� �Þ �� �Û �ì

�Ì �‰�ß ,�â �Ł �› �¶ �Ì �� �œ�É �L �ł �¨ �˛ �ô �ð �À �{ �• �Ø

�É �˝ ,�p �É �É �� �j �^ �� �� �O�ð �s �` �˜ ,�� �Þ �� �Ì �fi

�Ô �ð �� �� �‘ �F �b �N�• �Ø�– �˘ �“ �d �v �¯ �  �Ø�B �» �Ì �‰

�ß �É �˝ ,�� �Þ �� �Ì �fi �Ô �ð �‡ �m�É �c �‹ �• �Ø�‰�ß �É �K

�v �¨ �¯ �‹ �À �Ì �† �‚ �K�˝ �â ,�� �Þ �Q�W�É �˛ �µ �˜ �Ì �e

�¿ �“ �y �÷ �¨ �� �j �^ �� �� �O�Ł �@�ð �� �¢ �• �Ø�– �˘ �à �K

�v �¯ �  �Ø�B

�ł �p �¶ �£

Abekura,K,lvâ� ,Hori&Y TakemOn,2004

Changing in fish cOnlrnunity after invasiOn

and during cOntrol of ahen fish population
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