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To understand the process of decrease in the biodiversity of Satellite lakes, the seasonal and

annual changes in the population of t�A vo pra�A vns, the oriental river pra�A vn J�¿ �µ�,̃�� �˝�⁄���˘y�˜ ,�˝ ,�� �e
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�Ŝ(, and the striped pra�A vn P,�� �¿� t̆t�˝ �� P,�˙ ��� ĭd9�“ , and two invasive fish species, the bluegill

L‘�[ P�˝ �—�es tt�¿ �,̃rO�˜ ,�˝

’��

�Ns and the largemouth bass �¸ ic�E r�„ �9̆�C�N�ç S’�� �e0’�N 9s, were surveyed in Katada

Naiko, which is located at the western part of Lake Biwa.Specilnens were collected by a cast�\

ing net samphng for 20�¡ lin each night from August 2001 to�v uly 2006. In the first year, the

oriental river prawn�A vas collected all the year around,�A vhile the striped prawvn ttras intensively

collected fro�¡ l the early of December through the�¡ liddle of April.The frequency of individuals

of the two pra�A �p�@n species dramatically decreased in the first two years during the five study

periods, whereas that of the two invasive fish species rapidly increased in the last two years.

These results suggest that although annual life cycles were different between the two prawns,

the decrease in the pra�A vn population was sirnultaneous with the increase in the bluegill and

the largemouth bass.
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�Ø�B �–�Œ�ç �Ì �à �˛ �¯ �˝ ,�' �´ �˜ �L �' �¯ �‰�l �¨ �¶ �¤

�� �“ �‘ �‹ �‡ �Œ�˜ �¢ �‰ (�‰ �˘ �ƒ �˛ , Tokui&

Kawanabe,1984;�…�ì �Ù �' , 2006)�B  �µ �' �µ �¨
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�Vi�` �„ �W�Ø�ç �ç�¿tt�˝ ,�À s�× �fi�L �› �Ł �� �µ ,�í �‰�l �x �“

�Æ�” �µ �˜ �¢ �Ø (�  �Œ�§ �� �Y�� �– �Œ,2005)�B �– �Ì
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�“ �˝ �“ �] �Ü �Œ�˜ �¢ �‰�� �c �à �˛ �¯ (�ü �Z �� �E �K�” ,

2001), 5�� �N �É �í �‰�` �˜ �Ł �˚ �† �‚ �ð �À �{ �µ ,�e

�í �� �Þ �Ì �G�ß �I �` �• ,�´ �Ì �Q�fi �Ô ,�¤ �æ �Ñ �¶ �� �j

�ð �ð �¾ �µ �˜ �« �‰ (�‰ �˘ �ƒ �˛ ,�Ø �Ø �Ù �' ,2007;��

�ì �E �Ø�Ø ,2007a,2007b)�B �– �Œ�Ü �¯ �Ì �† �‚ �E �⁄

�� �É �æ �` �˜ ,�� �Þ �É �Ö �• �Ø�m�' �˝ �~ �ˇ �‡ �Œ�˜ �« �‰

�“ ,�fl �à �˛ �¯ �Ì �G �r �Þ �É �Ö �• �Ø�î �æ�˝ �¨ �P �¨ �\ �æ

(Nakagawa,2006a)�ð �� �¢ �˜ �Ù �˘ �æ�˙ �m �ç �Œ

�˜ �¢ �¨ �¢�B

�e �i �K �G �r �] � �̆E�£rtyc�J �J�E �V�ł � �̋ ?̄�—?�â �X �W�G

�r P�˘ y�� ,9�ƒ � �̋  ̄P,�� C�  �e,�ç �˘ �¢ �` �‰�F �r �Þ �˝ ,�œ �i �˛

�¯ �� �˘ �˛ �Û �í �˘ �¨ �` �˜ �¢ �˜ , �–�Œ�ç �à �u �� �[ �M��

�˘ �I �I �N�‘ �o �X�“ �} �� �µ �‰1980�N�ª �ª �…�' �ç 1990

�N�ª �É �� �l �˚ �“ �} �‚ �µ �‰ (�  �Œ�§ ,http://www

pref.shiga jp/g/suisan/tOukei/toukei�\ text ht�¡ 11)�B

�– �Ì �– �˘ �' �ç ,�G �r �Þ �à �Ü �‰, �– �Ì �O�� �� 2�í �Ì

�� �„ �˚ �É �å �« �› �e �¿ �‡ �Œ�Ø�à �Ì �˘ �� �@�‡�Œ�˜ �¢ �Ø�B

�» �–�¯ �{ �⁄ �� �¯ �˝ ,�œ �i �˛ �� �n �¯ �Ì �G�r �Þ �Ì �‚

�› �@�\ �ð �ð �¾ �• �Ø�Œ�´ �˘ �µ �˜ ,�� �c �à �˛ �É �¤ �¢ �˜

�G �r �Þ �˘ �k �˜ �Y �O�� �� 2�í �Ì �� �„ �˚ �� �Ú �ð �† �‚ �µ

�‰�B �Ü �‚ ,�e �i �K �G�r �˘ �X �W�F �r �Ì �G�ß �I �` �• �ð

�¾ �ç �' �É �µ �˜ �î �b �I �m�' �Ì �~ �ˇ �ð �} �Ł,�´ �‹ �É �–

�Œ�ç 2�í �˘ �k �˜ �Y �O�� �� �Ì �� �„ �˚ �ð �† �‚ �N�x �˚ �É

�ä �r �µ �‰�B �¯ �ª �É ,�† �‚ �œ�Ô �� �É �� �„ �˚ �“ �˘ �Ł�í

�fl �} �� �µ �‰�u �� �[ �M�� �“ �G �r �Þ �É �^ �ƒ �‰�e �¿ �ð �l

�@�µ �‰�B

�¨ �¤ ,�� �Y �� �� �⁄ �� �Z �� �^ �[ �� �k �æ �� �Y �⁄ �� ��

�Ì �˜ �¡ �� �¡ �� �m �˘ �Ñ �í �˛ �T �e �� �C �g�G �� �A�⁄ �� �ï

�Ì �ó �� �q �ç �� �É �˝ �à �˛ �â �G �r �Þ �Ì �¶ �£ �É �´ �¢ �˜ �‡

�ƒ �˜ �¢ �‰�¾ �¢ �‰�B �Ü �‰,�‰�…�Ì �‚ �˙ �Ò �É �˝ �_ �¶ �ì

�‹ �É �L �v �¨ �� �¾ �ð �¢ �‰�¾ �¢ �‰�B �L �µ �˜ �Ó �Ó �ð �\ �•

�Ø�B

�† �‚ �n �¤ �æ �Ñ �† �‚ �ß �@

�† �‚ �n �˘ �† �‚ �� �œ

�† �‚ �n �˝ �  �Œ�§ �å �ˆ �s �Ì �� �c �à �˛ �¯ �  �Ø�B �† �‚

�� �æ �Ì �Ú �× �˝ �O�æ (�� �ì �E �Ø�Ø ,2007a)�ð �Q�˘

�‡ �Œ�‰�¢ �B�† �‚ �n �˝ �� �É �æ �` �˜ �œ�i �˛ �˘ �Õ �f �‡ �Œ

�˜ �¢ �Ø�‰�ß ,�œ �i �˛ �' �ç �Ì �G �r �Þ �â �k �˜ �Y �O�� ��

�Ì �Ú �o �ü �˚ �˝ �‡ �� �¯ �« �Ø�B �Ü �‰,�� �n �¯ �Ì �� �˘ �˝

�W�� �^ �ì �{ �B �É �À �ç �Œ, �– �Ì �_ �¯ �à �{ �† �‚ �� �˚ �˝

�� �J �Ì �e �¿ �ð �ó �fl �Ø�– �˘ �¨ �› ,�G �r �Þ �¤ �æ �Ñ �k �˜

�Y�O�� �� �Ì �� �„ �˚ �ð �æ �› �‰�f �• �Ø�B

�† �‚ �œ�Ô �˝ 2001�N 8�� �‘ 2006�N 7�� �Ì 5�� �N �¯

�  �Ø�B �– �Ì �† �‚ �œ�Ô �˝ ,�Ì �W�p �x �É �æ �` �˜ �¨ �” �Ì

5�´ �Ì �œ�Ô �É �æ �“ �µ �‰�B 1�N �Ú :2001�N 8�� 31�œ

�‘ 2002�N 8�� 29�œ (8�‘ 12�æ/�� ,�v 112�æ)�B 2

�N �Ú :2002�N 9�� �‘ 2003�N 7�� (2�æ /�� ,�ª �{

�˘ �� �{ ,�v 22�æ)�B  3�N �Ú , 4�N �Ú , 5�N �Ú :2

�� �� �É 1�x 3�œ�A �– �Ì �Ì �W (�· �¥ �˘ �µ �˜ 11�� , 1

�� , 3�� , 5�� , 7�� �É 3�æ/�� ,�e �N�x 15�æ�Ì

�v 45�æ)�B �¨ �¤ ,�† �‚ �œ�ð �m�Û �¯ �« �¨ �' �` �‰2004

�N �Ì 7�� �“ �¨ �˙ �Œ�� �Ì �œ�ö �˝ , 6�� �ª �…�Ì �æ �⁄ �É

�† �‚ �œ�˘ �ß �¢�ª �Ö �œ�ð �Ý �fl �Ø�– �˘ �¯ �˛ �� �µ �‰�B

1�N �Ú �˘ 2�N �Ú �˝ ,�{ �⁄ �� �Ì �î �b �I �m�' �˘ �¨ �Ø

�e �i �K �G �r �˘ �X �W�G�r �Ì �G�ß �I �` �• �Ì �† �‚ �ð �å �É

�s �` �‰�B 2�N �Ú �¨ �~ �Ì �Ì �W�p �x �˘ �Ì �W�Ô �u �˝ ,�Ý

�� �í �� �„ �Û �ì �ð �l �¶ �µ �˜ �æ �Ł�� �ß �‰�B 3�‘ 5�N �Ú

�˝ ,�S �Ì �W�´ �Ì �� �É �Ł �ß �Ø�G�r �Þ �˘ �k �˜ �Y�O�� ��

�Ì �� �„ �˚ �Ì �� �Ú �ð �c �‹ �• �Ø�Ú �I �¯ �† �‚ �µ �‰�B �� �„

�˚ �� �Ú �Ì �ð �˝ �É �˝ 1�N �Ú �˘ 2�N �Ú �Ì �f �[ �^ �à �Ü �ß

�‰�B

�Ì �W�ß �@

�Ì �W�ß �@�˝ �� �Ô (�Ú �� 10mm�~10mm)�ð�p �¢

�‰�Ł �˚ �@�˘ �µ �‰�B �¢ �‚ �Œ�Ì �† �‚ �œ�É �¤ �¢ �˜ �à �� �l

�w�˝ �˚ �“ �Œ�Ł �É �¨ �Ø�æ �⁄ �É �z �¶ �µ �‰�B �• �¨ �í �¿ ,

�Ì �W�� �Ô �˝ , �œ�˘ �� �Ì �´ �« �� �ð �� �Ì �˛ �ç �´ �«�“ �›
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�¨ �¢ �Ø�Ô (21100�‘ 24:00)�Ì �⁄ �¿,�æ 20�“ �Ô �˘ �µ

�‰�B �– �Ì �ì �˘ �� �Ô �˝ �� �Ô �ð �† �‚ �n �Ì 7�Ó �� �É �e 1

�æ (�v 7�æ)�� �¶,�¾ �ç �Œ�‰�´ �Ì �ð �\ �[ �e �B �� �O

�• �Ø�� �Ô �É �� �� �• �Ø�B

�Ì �W�‡ �Œ�‰�G�r �Þ �Ì �W�{ �Ì �⁄ �¿ 1�N �Ú �˘ 2�N �Ú

�Ì �W�{ �É �´ �¢ �˜ �˝ ,�z �p �Ì �‘ �ó (�ª �� �É �e �i �K�G

�r �˝ 10�‘ 14�� ;�X �W�G�r �˝ 5�‘ 6�� )�¤ �æ �Ñ �Ì �ª

�� �Ì �L �‡ (�e �i �K �G�r �˝ �L ;�X �W�G�r �˝ �‡ )�ð �à

�˘ �É �e �i �K �G�r �˘ �X �W�G�r �É �fl �Ł �µ �‰�B 3�‘ 5�N

�Ú �Ì �G �r �Þ �Ì �W�{ �É �´ �¢ �˜ �˝ ,�…�í �ð �fl �˚ �• �Ø�–

�˘ �¨ �› �P �É �G�r �Þ �˘ �µ �˜ �Ü �˘ �ß �˜ �æ �Ł�µ �` �‰�B �u

�� �[ �M�� �˘ �I �I �N�‘ �o �X �˝ �…�í �ð �“ �fl �˜ �p�‰�˝ �É ��

�µ �‰�B �¨ �¤ ,�† �‚ �œ�É �æ �` �˜ �˝ �A�� �� �J �U �� �K �j

�Ì �‹ �l �“ �  �` �‰�‰�ß , �–�Œ�ç �ð �ð �˝ �f �[ �^ �É �Ü �ß

�‰�B

�ð �˝

�Ü �‚ ,�e �i �K �G�r �˘ �X �W�G�r �Ì �G�ß �I �` �• �˘ �Ì

�• �“ �z �ð �¾ �ç �' �É �µ �‰�B �Ì �• �˝ ,�“ �„ �b �' �ç �ö �ß

�Ì �ª �[ �Ü �¯ �˘ �µ �˜ , �f �W�^ �� �m�M�X (0.01mm�‚

�x )�ð �p �¢ �˜ �“ �Ł �µ �‰�B �¾ �ç �Œ�‰�f �[ �^ �˝ �† �‚ �œ

�˚ �É �Ì �• �Ì �U�z �} �˘ �µ �˜ �\ �µ �‰�B�U�z �} �˝ ,�¡ �†

�É �Ì �W�œ�ð ,�c �† �É �e �í �Ì �Ì �• �ð �v �� �b �g �µ �‰�B

�} �ƒ �Ì �˛ �Û �œ�Ô �˝ 1�N �Ú �Ì �Ý �˘ �µ �‰�B 2�N �Ú �˝ ,

�† �‚ �œ�˘ �W�{ �� �“ �« �í �ß �˜ �› �¨ �' �` �‰�Ì �¯ ,�} �ƒ

�ð �¨ �“ �µ �‰�B

�´ �‹ �É ,�e �i �K�G �r �˘ �X �W�G�r �ð �  �í �„ �‰�G�r

�Þ ,�u �� �[ �M�� ,�I �I �N�‘ �o �X,�A �� �� �J �U �� �K

�j �Ì �� �„ �˚ �Ì �� �Ú �ð �¾ �ç �' �É �• �Ø�‰�ß ,�e �† �‚ �œ

�Ô �˚ �É ,�» �Ì �…�Ì �� �Þ �à �Ü �ß �‰�S�Ì �W�W�{ �� �É �Ł

�ß �Ø�e �“ �Þ �Q�Ì �S �“ �ƒ �ð �� �ß ,�í �˚ �† �˘ �É �_ �O��

�t �¯ �} �ƒ �µ �‰�B

�¯ �ª �É , �u �� �[ �M�� �Ì �} �� �É �¯ �_ �ð �  �˜ ,�† �‚

�œ�˚ �Ì �G�r �Þ �˘ �u �� �[ �M�� �Ì �´ �Ì �� �ð �ä �r �µ �‰�B

�¡ �† �É �u �� �[ �M�� �Ì �´ �Ì �� �ð ,�c �† �É �G�r �Þ �Ì �´

�Ì �� �ð �v �� �b �g �µ �‰�B

�} 1. �� �c �à �˛ �É �¤ �fl �Ø�e �i �K �G�r (�ª )�˘ �X �W

�G�r (�” )�Ì �G�ß �w�ˇ �fi �˘ �Ì �• �“ �z �B 1�N

�Ú �Ì �† �‚ �� �˚ �ð �ƒ �• (2001�N 8�� 31�œ �‘

2002�N 8�� 29�œ).

��   �˚

�} 11�– 1�N �Ú �É �¤ �fl �Ø�e �i �K �G�r �˘ �X �W�G�r �Ì

�Ì �• �g �‹ �˘ �G�ß �I �` �• �ð �ƒ �• �B �e �i �K �G �r �˝ 112

�œ�Ì �† �‚ �Ì �⁄ �¿53�œ�¯ 108�´ �Ì �“ �Ì �W�‡ �Œ,�Ù �˛

�ü �N �É �í �‰�` �˜ �˛ �Ý �É �o �» �µ �‰�B �‰�¾ �µ ,�Ì �W�‡

�Œ�‰�´ �Ì �� �˝ �† �‚ �œ�É �æ �Ł 1�‘ 6�´ �Ì �Ì �˝ �˝ �¯ ��

�‚ �µ �‰�B �Ì �• �˝ 107�´ �Ì �¯ 20�‘ 60mm�Ì�˝ �˝ �É � 

�Ł,�¯ �å �Ì �• �˝ 2002�N 5�� 1�œ �É �Ì �W�‡ �Œ�‰72.9

mm� �̄  �` �‰�B �Œ�ß , �X �W�G�r �˝ 112�œ�Ì �† �‚ �Ì

�⁄ �¿36�œ�¯ 139�´ �Ì �“ �Ì �W�‡ �Œ,�» �Ì �Ì �W�� �œ�É

�˝ �¾ �˜ �¨ �o �» �� �œ�“ �F �ß �ç �Œ�‰�B �• �¨ �í �¿,12��

�ª �{ �‘ 4�� �� �{ �É �' �fl �˜ �¯ �å �¯ 11�´ �Ì �' �ç �¨ �Ø�W

�� �I �¨ �o �» �� �œ�“ �F �ß �ç �Œ�‰�B �Ì �• �˝ 136�C�c�Ì �¯

20�‘ 40mm�Ì�˝ �˝ �É �  �Ł,�¯ �å �Ì �• �˝ 2002�N 3��

18�œ �É �Ì �W�‡ �Œ�‰50,9mm�¯�  �` �‰�B �X �W�G�r �“

�W�� �I �É �Ì �W�‡ �Œ�‰12�‘ 4�� �Ì �œ�Ô �É �˝ ,�› �¨ �›

�˘ �à �˙ �¿ �ç �' �Œ�ß �Ì �G �r �Þ �“ ,32�œ �A �– �µ �˜ 1�´
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�Ì �¨ �ª �Ì �W�‡ �Œ�‰�B

2�N �Ú �É �˝ ,�e �i �K �G�r �˝ lo�� �ª �{ (1�´ �Ì ),

�� �{ (2�´ �Ì ),11�� �ª �{ (3�´ �Ì ),12�� �ª �{

(1�´ �Ì )�¤ �æ �Ñ 6�� �ª �{ (1�´ �Ì )�É �Ì �W�‡ �Œ

�‰�B �Œ�ß ,�X �W�G �r �˝ lo�� �� �{ (2�´ �Ì ),12��

�ª �{ (1�´ �Ì ), 3�� �� �{ (1�´ �Ì )�¤ �æ �Ñ 4��

�ª �{ (3�´ �Ì )�É �Ì �W�‡ �Œ�‰�B 2�N �Ú �¯ �à , 1�N

�Ú �˘ �fl �l �É �X �W�G�r �Ì �‰�› �Ì �´ �Ì �˝ 12�� �ª �{ �‘ 4

�� �� �{ �É �' �fl �˜ �Ì �W�‡ �Œ�‰�B

�} 2�É 1�‘ 5�N �Ú �É �¤ �fl �Ø�e �i �K �G�r �˘ �X �W�G

�r �ð �  �í �„ �‰�F �r �Þ ,�u �� �[ �M�� ,�I �I �N�‘ �o �X
,

�A�� �� �J �U �� �K�j �Ì �S�Ì �W�´ �Ì �� �˘ �e �í �Ì �´ �Ì �‡

�Ì �� �� �ð �ƒ �• �B �G �r �Þ �Ì �´ �Ì �� �Ì �� �� �˝ , 1�N �Ú

80

60

�� �G�r �Þ

�� �u�� �[ �M��

�o�I �I �N�‘ �o �X

�� �A�� �� �J�U�� �K�j

161

191

1724

�  �J�œ�'

40

3

�† �‚ �N

4 5

�} 2. �� �c �à �˛ �É �¤ �fl �Ø�† �‚ �œ�˚ �Ì �G�r �Þ ,�u �� �[

�M�� ,�I �I �N�‘ �o �X,�A �� �� �J �U �� �K�j �Ì

�´ �Ì �� �Ì �� �� ,�e �“ �Þ �Q�Ì �´ �Ì �� �ð �…�Ì ��

�Þ �à �Ü �ß �‰�S�Ì �W�´ �Ì �� �¯ �� �µ �˜ �Z �o �µ �‰�B

�_ �O�� �t �Ì �ª �Ì �� �� �˝ �S�Ì �W�´ �Ì �� �ð �ƒ �• .

1:2001�N 8�� 31�œ�‘ 2002�N 8�� 29�œ (112

�† �‚ �œ),2:2002�N 9�� �‘ 2003�N 7�� (22

�† �‚ �œ),3:2003�N 11�� �‘ 2004�N 7�� (15

�† �‚ �œ),4:2004�N 11�� �‘ 2005�N 6�� (15

�† �‚ �œ),5:2005�N 11�� �‘ 2006�N 7�� (15

�† �‚ �œ)�B
�G �r �Þ �˝ �e �i �K �G �r �˘ �X �W�F �r

.

�É �S �W�{ �Ì 140%�ð �Ł �ß �˜ �¢ �‰�“ ,2�N �Ú �É �˝ 53

%�É �‚ �› �µ ,�» �Ì �ª ,13%�¤05%�¤25%�˘ �Æ�¢

�� �� �“ �– �¢ �‰�B�t �É , �u �� �[ �M�� �Ì �´ �Ì �� �Ì �� ��

�˝ , 1�N �Ú �˘ 2�N �Ú �É �» �Œ�…�Œ2.4%�˘ 3.5%�¯ �›

�¨ �' �` �‰�“ , �» �Ì �ª 10.8%�¤ 571%�¤652%�˘ �œ

�� �µ ,�I �I �N�‘ �o �X�Ì �» �Œ�à �� �� 09%�˘ 0,7%�˘

�› �¨ �' �` �‰�“ ,�» �Ì �ª �fl �l �É 44%�¤89%�¤99%
�˘ �} �� �µ �‰�B �– �Ì �� �˚ �˝ ,�� �c �à �˛ �¯ �G�r �Þ �Ì �‚

�› �“ �¶ �¶�‰�  �˘ , 1�J �N �Ù �˙ �Ì �œ�Ô �ð �¤ �¢ �˜ �k �˜

�Y�O�� �� �Ì �� �` �“ �N �– �` �‰�– �˘ �ð �ƒ �µ �˜ �¢ �Ø�B �¨

�¤ ,�A �� �� �J �U �� �K �j �Ì �´ �Ì �� �Ì �� �� �˝ ,�G �r �Þ

�Ì �´ �Ì �� �“ �› �¨ �› �¨ �` �‰�æ 1�J �N�ª �Ì 3�N �Ú �É ��

�` �µ �‰�“ ,�• �fi �É �‚ �› �É �] �¶�˜ , 5�N �Ú �É �˝ �S�´

�Ì �� �Ì 12%�“�Ì �W�‡ �Œ�Ø�É �˘ �˙ �Ü �` �‰�B

�} 3�É �e �† �‚ �œ�É �Ì �W�‡ �Œ�‰�G�r �Þ �˘ �u �� �[ �M

�� �Ì �´ �Ì �� �ð �ƒ �• �B �G �r �Þ �Ì �´ �Ì �� �˝ 1�N �Ú �É �‰

�› , 1�† �‚ �œ�  �‰�Ł 5�´ �Ì �¨ �ª �“ �Ì �W�‡ �Œ�‰�œ��

�˝ , 1�´ �Ì �¨ �ª �“ �Ì �W�‡ �Œ�‰73�† �‚ �œ�� 22�œ�É �B

�µ �‰�B 2�N �Ú �É �˝ 5�´ �Ì �¨ �ª �Ì �W�‡ �Œ�Ø�† �‚ �œ�˝

�¨ �› , �– �Ì �ó �µ �˝ �† �‚ �I �„ �� �Ü �¯ �– �¢ �‰�B �t �É ,

�u �� �[ �M�� �Ì �´ �Ì �� �˝ 1�N �Ú �É �› �¨ �› , 1�† �‚ �œ

�¯ 10�´ �Ì �“ �Ì �W�‡ �Œ�‰6�� 2�œ�ð �� �› �˘ ,�¢ �‚ �Œ

�Ì �† �‚ �œ�¯ �à �‰�› �˜ 3�´ �Ì �“ �Ì �W�‡ �Œ�Ø�É �˘ �˙ �Ü

�Ł, 2�N �Ú �¨ �~ �à �» �Ì �X �ü �“ �– �¢ �‰�B 3�N �Ú �Ì �I

�í �Ł,�• �¨ �í �¿2004�N�Ì 6�� �” �{ �É 5�´ �Ì �“ �Ì �W

�‡�Œ�‰�Ì �ð �« �˘ �µ �˜ ,�» �Œ�¨ �~ ,�´ �Ì �� �“ �} �� �µ ,

1�† �‚ �œ�  �‰�Ł10�´ �Ì �¨ �ª �“ �Ì �W�‡�Œ�Ø�– �˘ �à �  �`

�‰�B �G�r �Þ �Ì �´ �Ì �� �“ �‚ �› �µ ,�…�í �Q�Ì �´ �Ì �‡ �“

�› �¨ �¢ �œ�Ô �ð �o �˜ , �u �� �[ �M�� �“ �� �` �• �Ø�– �˘ �“

�¾ �m�É �ƒ �‡ �Œ�‰�– �˘ �É �æ �Ł,�G �r �Þ �˘ �u �� �[ �M��

�“ �fl �� �I �' �´ �fl �œ�I �É �¶ �§ �¯ �« �¨ �¢ �– �˘ �“ �\ �z �¯

�« �Ø�B

20

0
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�l   �@

�e �i �K �G �r �˘ �X �W�G�r �Ì �G�ß �I �` �•

2000�N 8�� �‘ �� �N 8�� �Ü �¯ �s �í �Œ�‰1�N �Ú �Ì �†

�‚ �' �ç ,�� �c �à �˛ �Ì �˛ �Ý �Ñ �É �¤ �fl �Ø�G�r �Þ �Ì �o �»

�� �œ�É �Ö �• �Ø�m�' �“ �¾ �ç �Œ�‰�B �• �¨ �í �¿,�e �i �K

�G�r �˝ �Ù �˛ �ü �N�Ì �W�‡�Œ�Ø�– �˘ �“ �ƒ �‡ �Œ�‰ (�} 1)�B

�{ �í �˝ �Æ�Q�¤ �Ö �Ì �¸ �¶ �« �“ �  �Ø�‰�ß (�� �” �E �s �Ñ ,

1989),�ü �N �É �í �‰�´ �˜ �Ì �W�‡ �Œ�‰�˘ �¢ �⁄ �� �˚ �˝ ,

�� �Ô �ð �� �¶ �‰�Ó �� �“ �{ �´ �Ì �Q �É �˘ �` �˜ �V�F�� �^ �[

�˘ �µ �˜ �@�\ �µ �˜ �¢ �Ø�' ,�  �Ø�¢ �˝ �V�F�� �^ �[ �É �«

�í �ß �˜ �ß �¢ �– �˘ �ð �ƒ �· �• �Ø�B �{ �í �˝ �Y�� �œ�É �˛ �Ý

�t �ß �Ö �Ì �Ú �fi �“ �Ý �ç �Œ,�� �ó �Ì �V�F�� �^ �[ �É �˝ �ł

�� �G�r �“ �« �í �ß �˜ �‰�› �§ �W�• �Ø�– �˘ �“ �m �ç �Œ�˜ �¢

�Ø (�“ �{ �Ù �' ,1991;�“ �{ ,1992)�B �µ �' �µ �¨ �“

�ç ,�{ �† �‚ �¯ �˝ �o�»�E �æ�o�» �� �œ�“ �s �¾ �˜ �¯ �  �Ł,

�G�ß �Ú �fi �â �§ �W�É �Ö �• �Ø�î �æ�˝ �¾ �ç �Œ�¨ �' �` �‰�B

�Œ�ß ,�X �W�G�r �˝ ,12�� �ª �{ �‘ 4�� �” �{ �É �Ü �˘ �Ü �`

�˜ �Ì �W�‡ �Œ�‰ (�} 1)�B �� �c �à �˛ �˝ �œ�i �˛ �˘ �Ì �A

�� �“ �� �É �æ �Ł�â �‰�Œ�˜ �¢ �Ø�‰�ß ,�{ �´ �Ì �Q�“ �à �˛ �Œ

�{ �˛ �Ô �ð �Ú �fi �• �Ø�– �˘ �˝ �l �ƒ �É �› �¢�B �µ �‰�“ �` �˜ ,

�{ �´ �Ì �Q�Ì �‹ �Ì �“ �˛ �Ý �¯ �Ì �W�‡ �Œ�¨ �¢ �˘ �« �˝ ,�à

�˛ �Ì �� �S �� �à �µ �› �˝ �˛ �Ý �Ì �à �` �˘ �à �Ý �æ �Ł �É �Ú �fi

�µ �˜ �¢ �Ø�˘ �l �ƒ �ç �Œ�Ø�B

�…�í �˘ �à �Ì �• 20mm�¢�� �Ì �´ �Ì �˝ �Ì �W�‡�Œ�¨ �' �`

�‰ (�} 1)�B �–�Œ�˝ ,�{ �† �‚ �Ì �Ì �W�@�˝ �� �Ô �¯ �  �`

�‰�‰�ß ,�t �G�r �â �] �G�A�c �¶ �˝ ,�Ì �W�� �É �� �Ô �Ì

�Ô �Ú �' �ç �† �fl �� �¿ �‰�– �˘ �É �N�ö �• �Ø�˘ �l �ƒ �ç �Œ�Ø�B

�» �Ì �‰�ß ,�� �� �æ �É �¤ �fl �Ø�…�í �Ì �¶ �� �j �ð �c �‹ �•

�Ø�‰�ß �É �˝ ,�v �� �� �N �g�� �l �b �g�ð �p �¢ �‰�Ì �W�ß

�@�ð �„ �p �µ �˜ �W�{ �ð �W�ß �Ø�K �v �“ �  �Ø�B

�X �W�G�r �˘ �fl �l �É ,�� �c �à �˛ �¯ �˛ �Ý �˘ �à �˛ �à �Ì

�…�Ì �Ó �� �ð �G�ß �I �É �� �� �• �Ø�˘ �Ý �ç �Œ�Ø�� �í �˘ �µ

�˜ �˝ , 2�� �” �{ �‘ 10�� �� �{ �É �o �» �• �Ø�� �^ �J (�Ø
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�Ø �Ù �' ,2007),�‹ �� �“ 10�� �� �{ �‘ 4�� �” �{ �É �o

�» �• �Ø�c �‘ �t �L (�� �� �E �� �ì ,2007),11�� �” �{

�‘ 3�� �” �{ �É �o �» �• �Ø�z �� �� �� �R (�� �ì �E �Ø�Ø ,

2007a)�“ �� �° �ç �Œ�Ø�B �– �Œ�ç 3�� �í �˘ �X �W�G�r

�Ì �˛ �Ý �¯ �Ì �o �» �� �œ�â �œ�Ô �˝ �í �‚ �' �É �‚ �Œ�Ø�B �–

�Ì �– �˘ �˝ �� �c �à �˛ �É �¤ �¢ �˜ �� �¶ �¶ �¤ �É �æ �Ø�˛ �Ý �Ì

�� �p �“ ,�� �Ô �˚ �¯ �‰�ò �É �í �‰�Ø�– �˘ �ð �ƒ �· �µ �˜ �¢

�Ø�B

2001�N 9�� �‘ �� �N 7�� �Ü �¯ �s �í �Œ�‰2�N �Ú �Ì �†

�‚ �' �ç ,12�� �ª �{ �‘ 4�� �” �{ �Ì �G �r �Þ �Ì �o �» �´ �Ì

�� �˝ 1�N �Ú �˘ �ä �× �˜ �› �¨ �' �` �‰ (�} 1,�} 3)�B

�› �¨ �› �˘ �à �e �i �K �G�r �‹ �Ì �˝ �´ �Ì �Ô �� �Ý �É �‰�› �«

�“ �  �Ł,�e �´ �Ì �˝ �Œ�Ł �Ì �� �£ �ð �Û �´ �K �« �“ �  �Ø

(�R �“ ,1991;1998a)�B �» �Ì �‰�ß �Ì �W�´ �Ì �� �˝ ,

�† �‚ �œ�Ô �¯ �Q�Œ�Ì �� �‰�Ł�O�Œ�Ì �e �¿ �ð �ó �fl �É �› �¢�B

�µ �‰�“ �` �˜ , 2�N �Ú �Ì 1�� �” �{ �‘ 3�� �� �{ �Ü �¯ �G

�r �Þ �“ �Ü �` �‰�› �Ì �W�‡ �Œ�¨ �' �` �‰�Ì �˝ (�} 3),

�† �‚ �æ�� �Ì �› �¨ �‡ �É �· �ö �ð �� �ß �Ø�Ì �˝ �ˆ �� �¯ �˝ �¨

�R�R�B

�� �Ò �ç �˝ 1�N �Ú �Ì 6�� �ª �{ �É ,�� �n �¯ �u �� �[ �M

�� �ð �‰�l �µ ,�» �Ì �å �É �B �• �Ø�� �ó �“ �  �` �‰�– �˘ �ð
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�Ü �¯ �� �à �O�� �í �˘ �Ý �ç �Œ�˜ �¢ �‰�e �i �K�G �r �“ , �à
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�Y �� �„ �˘ �¶ �¤ �Û �ì �Ì �…�˚ �' �ç ,�G �r �Þ �Ì �‚ �› �v �ö
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