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 �&���X	 7����� � +��	��; � ���  ��R���  �� 7�����
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  ���R? P; d��!1 0!S); @2� ����a @�!��	 � ���!K

���� &���S�� .�9�	 !`�   ���RA3 ��R� ���.A	 [�B3�� ���
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       Q?�R1 ��!RS2� 9R; (�R���	 (�R? ����R,'��� @`,e
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	 &�!����1� M/�
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�1 9S*!' !`� �� .@`,e ������4  X	 7�!S��)  0��RA	

32/4 +!'(     �R	!� =�� 9R� � ���R.��	 +!� v��� !�– 
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�1 &���S��. +�����;� PO4 9� 9��3 �� � ��`)	 ��� ��!�-
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 ���8	111 �,�	  ��R��3 ��!� !S��2   ���R8	 �222  �R,�	-
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 ���,�)WBC  �RBC( @�R��.� �W�!S*� =���1 �  �R�

)@����)�V�*�!3�� ���V�*�)�"�r� ���  @�R����	 ��R� �R� ( �

@���B	�!3 �R��  �	 (�R?  (�R�� ��R�A3   �R1)  � ��k�R;
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 �3 7��,3 �a�� ��!S/��24     �� 7���RO	 "� XRK @-�R�

9� P� !��!�@`,e 9� [��!	 ]�3!3 ���10 )70 �a�� ( �

5 )50 �a�� ( �1 )10 �a�� (�,�	��� !S�� �� +!'.  9R�-

���C @`,e �� 9;10 �,�	  ��R��3 9� !� �� !S�� �� +!'

 "� XK24  �2)3 @-��3  �� � �����	 &��" ���	  @R`,e5 

�,�	 !S�� �� +!' ����3 ��1 �4  ����3 �� � ��-2 �7  ��-

3 �� ���� �3 �8 ���1 z,3 ���	 .  ��R�����3 (����	 9��

5  �10 �,�	  ���R1 zR,3 !S�� �� +!' .   @R`,e �� �R��1 

�,�	 i�B�!83 !S�� �� +!'20 ���	 �a�� �3 ��96  "� @-��

����� (�/� @	��8	 ��?. 

���1 0�B,'�� ��� (�? ��)WBC (   @R`,e M��>R*� ��

7�!RRS�� XRR	  RR� (�RR	" @RR1J' �RR� �9�RR)A	 ��RRC ����  

 @*�� M��; )05/0 P <(.  9R� ���RC    ���RA3 VW��R4 9R;

0�B,' @`,e 9� [��!	 ���� ���1 �,�	  �� !RS�� �� +!'

 (�	"48  @-��)500 ± 11166 �,�	 !� ��  ]RA.	 !S	

(�? (0�B,' ���A3 ��!S/�� � [��!	 ���� ��� @`,e 9�

1 �RR,�	  (�RR	" �� !RRS�� �� +!RR'24  @-�RR�)4500 ± 

53000 �,�	 !� �� ��-(�? ]A.	 !S	(  ���!' &���/	

) V.11.(   
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V.1 1 – 0�B,' 7�!��c3�� ���� ��� 9o� n�1 ������3)Acipenser nudiventris(  ��@`,e z,Sb	 ��� X	 7�!S�� �

(�	"z,Sb	 ��� )j)S�
/� ���(\? &�)���	 ������S�� ���1��(  

  

0�B,' =���1 <��S�   � @R`,e M��>R*� �� (�? >	!W ���

@`,e �� � @1�� ���>� !�� 7���O	 (�	"  ��R�5  �10 

�,�	  !RS�� �� +!' �����  �R)A	 M��R;���    �R� 9R:��8	 ��

&�!'  ��� ���1)05/0 P < .(9����C (
 ���A3 VW��4 9;

9�  9R� [��!	 ]�3!310  �R,�	 � �� +!R'   (�R	" �� !RS�24 

 @-��)150000 ± 7/826666    �R,�	 !R� �� ��R-  !RS	

(�? ]A.	 ( @`,e �� (
 ���A3 ��!S/�� �1 �,�	  +!R'

 (�	" �� !S�� ��24  @-��)216974 ± 1123333  ��-

 �R,�	 !� ��   (�R? ]RA.	 !RS	 (  �R��!' &���R/	 .  ���R1

0�B,' ����3 >	!W ���1 �)A	 u5S?� �W�*  ���R1 �� ����

 ���)05/0 P ≥) ( V.12.(  

 

 
V.1 2– 0�B,' 7�!��c3 >	!W ���9o� �� n�1 ������3)Acipenser nudiventris (@`,e ��z,Sb	 ��� X	  7�!S��(�	" � -

z,Sb	 ��� )j)S�
/� ���(�	 ������S�� ��\? &�)���1��(  

 

 @`,e M��>*� �� (�? ����,'��� t�\�  7�!RS�� XR	  �

9� (�	" @1J' ��  �R)A	 ��RC ����)05/0 P < (  M��>R*�

@*�� .9����C9� (
 (�>�	 !{;��4 9;    9R� [�R�!	 ]R�3!3

 @`,e1 �,�	   (�R	" �� !RS�� �� +!'96   @-�R�)2/0 ± 

833/7 ��� �� +!'!S�� (   9R� [�R�!	 (
 (�>�	 VW��4 �
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 @`,e1 �,�	   (�R	" �� !RS�� �� +!'24   @-�R�)1/0 ± 2/5 ��� �� +!'!S�� ( ���) V.13.(  

 

 
V.1 3– �� ����,'��� t�\� 7�!��c3 9o� n�1 ������3)Acipenser nudiventris(  ��@`,e z,Sb	 ��� X	 7�!S�� � �
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/� ���(�	 ������S�� ��\? &�)���1��(  

 

 (�? @�!;�3��� (�>�	M��>*� ��   @R`,e  R3�!S�� XR	 ��

24  @-��@*�� M��>*� � &�!' �� ���1 �	��3 e @R`,  �R�

 (�RR	" ��24   �RR)A	 u5SRR?� @-�RR� ���)05/0 <P  (

���!' &���/	 .9����C 9R� (
 (�>�	 ��!S/�� 9;  ]R�3!3

@`,e 9� [��!	 ���10  �R,�	   !RS�� �� +!R')1/3 ± 45 

�a�� ( ����3 9� [��!	 (
 (�>�	 ��!S�; �1  �R,�	  +!R'

 !S�� ��)5/1 ± 28 �a�� ( ���) V.14.( 

  

 
 V.14– 	 7�!��c3@�!;�3��� (�>� 9o� �� n�1 ������3)Acipenser nudiventris( @`,e ����� z,Sb	  X	 �  7�!S��

(�	"z,Sb	 ��� )j)S�
/� ���(�	 ������S�� ��\? &�)���1��(  

  

   @R`,e M��>R*� �� ���,� d��S	 PO4 7�!��c3 ��6���	

 (�R	" �� P�  ��R�24    @R`,e 9R�� �� @-�R�  ����� �R�

�)A	 u5S?��� ��� �)05/0 P < (    &�!R�� M��>R*� �R� 9;

��RR� .9RR�  ���RRC��!RRS�; 9RR;)3/5 ± 48 !S���RRS�* ( �

 (�>�	 ��!S/��)1 ± 259 !S���S�* (  ��R��3 9�1  �R,�	-

 (�	" �� !S�� �� +!'48  @1�� m,A3 @-��) V.15.( 
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 V.15–  >	!W 0�B,' PO4 d��S	 (�>�	 7�!��c39o� �� n�1 ������3)Acipenser nudiventris (@`,e ����� z,Sb	  X	

(�	" � 7�!S��z,Sb	 ��� )j)S�
/� ���(�	 ������S�� ��\? &�)���1��(  

  

&�| ����,'��� @`,e 7�!��c3 ��6���	  ��R�����3 �� ��

(�	" �� 9A��\	 ���	24  �48 �)A	 u5S?� �W�* @-��-

 ��� ����)05/0 P ≥ .(�� ���4(�	" �� 9; ���72  �96 

-��  @R`,e ��� @1  �R,�	   � !RS�� �� +!R' &�!R'   ���R1

 �RR)A	 M��>R*� ����)05/0 P < (�RR��!' &���RR/	 .9RR�-

���C (
 (�>�	 ��!S�; 9;)9/4 ± 03/50 (  ��R��3 ��1 

�,�	    (�R	" �� !RS�� �� +!R'96     �R��!' &���R/	 @-�R�

) V.16.( 

  

 
 V.16– &�| ����,'��� @`,e 7�!��c3�� 9o� �� n�1 ������3)Acipenser nudiventris( @`,e �� z,Sb	 ��� X	 7�!S��

(�	" � z,Sb	 ���)j)S�
/� ���(�	 ������S�� ��\? &�)���1��(  

  

 (�>�	 ��  (�R	" �� ����,'��� @`,e d��S	24   @-�R�

 �������3 ��� ��10 �,�	   �R)A	 u5SR?� ���R1 � +!'-

 ��R� &�!�� M��>*� �� 9; @1�� ���� ����  �  ��R��3 ��1 

	�,�(�	" �� !S�� �� +!'  ��R�72  �96    M��>R*� @-�R�

�)A	 ����)05/0 P < ( 9� @B:�&�!'   ��� (�R/� ���R1 .

9����C ��!S�; �9;)6/20 ± 8/31  �R�� �� +!' !RS�� (

 �� &�!'  ��!SR/�� � ���1)30 ± 8/59   �R�� �� +!R'-

!S�� ( ����3 �� (
 (�>�	1 �,�	  (�R	" �� !S�� �� +!'96 

 @-��
 @����	 ) V.17 .(  
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 V.17 –  ����,'��� @`,e 7�!��c39o� �� n�1 ������3)Acipenser nudiventris (@`,e ��z,Sb	 ��� X	  � 7�!S��

(�	"z,Sb	 ��� )j)S�
/� ���(�	 ������S�� ��\? &�)���1��(  

  

@����)� ���A3 �� (����	 (�? ���  @R`,e M��>*�  XR	

7�!S��  �� � (�	" @1J' ��24  @-�R�   ��R�����3 ��5  �

10 �,�	!S�� �� +!' M��; �)A	   9R� @BR:� ����  &�!R'

���1 @1��. 9� ���RC    (�>R�	 ��!RS�; �9R;)2/1 ± 70 

�RRa�� ( ���RR4 ��RR��3 ��5 �RR,�	 +!RR' XRR	 � 7�!RRS��

 (�>�	 ��!S/��)5/2 ± 82 �a�� ( @`,e ��1 �,�	 +!'

 (�	" �� !S�� ��48  @-���	
 @��� 9� 9;  �R)A	 ��RC-

 @1�� M��>*� ����)05/0 <P ( )V.1 8(.   

 

  
 V.18 - @����)� ���A3 7�!��c3 ���� (�? ���9o� �� n�1 ������3)Acipenser nudiventris (@`,e �� z,Sb	 ��� X	

(�	" � 7�!S�� z,Sb	 ���)j)S�
/� ���(�	 ������S�� ��\? &�)���1��(  

  

@�����	 ���A3�>*� �� (����	 (�? ���  @R`,e M�  XR	

7�!S��  (�	" ��24 9� @-���)A	 ��C @*�� M��; ����

9����C "� 9;)5/1 ± 66/3 �a�� (  ��!RS�; 9� ���1 ��

 (�>�	)5/0 ± 66/0 �a�� ( ����3 ��1 �,�	  !RS�� �� +!'

 (�	" ��24 ���� @-�� . @`,e �� ���1  �R,�	  �� +!R'

 (�	" �� !S��72 9� @-��  �R)A	 ��RC ����)05/0 <P  (

 M��>*�)2 ± 33/5 �a�� ( @*��) V.19.( 
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V.1 9 - @�����	 ���A3 7�!��c3 ���� (�? ���9o� �� n�1 ������3)Acipenser nudiventris (@`,e �� z,Sb	 ��� X	

(�	" � 7�!S�� z,Sb	 ���)j)S�
/� ���(�	 ������S�� ��\? &�)���1��( * @`,e 7���O	 �� (����	10 �� +!' �,�	  �3 !S��

 @-��24 ���1 z,3  

  

V�*�!3�� ���A3   @R`,e M��>R*� �� (����	 (�? ���  XR	

7�!S�� 9� (�	" @1J' �� ��)A	 ��C @R*�� M��>*� ���� .

 ���A3 ��!S/��)2 ± 87 �a��( @`,e ��5 �,�	 �� +!'  

  

  

 (�	" �� !S��24 ���!' &���/	 @-�� .  @R`,e �� ���1 

�,�	(�	" �� !S�� �� +!'�� �48   ���R1 9� @B:� @-��

 M��RR;)4/1 ± 16 �RRa�� ( @RR*��)05/0 <P ) ( V.RR1

10.(  

 

 
 V.110- V�*�!3�� ���A3 7�!��c3 ������ 9o� �� n�1 ������3)Acipenser nudiventris (@`,e �� z,Sb	 ��� X	 � 7�!S��

(�	" z,Sb	 ���)
j)S�/� ���(�	 ������S�� ��\? &�)���1��(  

 

7���O	 �9o  �n�1 (�������3  �� X	 7�!S��  "�!R� }-��

  @�R��.� !R� �����-    @�R���)� DR�O3 VR�BW "� �R�  � �R�

@���)	  VR�*�!3�� (�R1 &��3��� ���  VR�*�)�"�r� ��R�  � �R�

@���)	���!' �� )V.1 ��� 11  ���16(.  
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V.111- 0�B,' @�A�� ���? ���

&�!' ���1 

 V.112-  V.1 !��c3@����)� 7���O	 �� ��10 

�,�	+!'  

 !S�� �� X	 7�!S�� "� XK24 @-�� 

 ���١٣ - �	
��
� � � � ���ورت���� �و��� %$#"  !م�

  .�-,  +٢() 'ز 	� ������ 

 V.114 – .1 !��c3V�*�)�"� V@����)� � �� ��

 7���O	 ��1 �,�	 +!'!S�� ��  ������ 	
 �A�

 "�48  @-�� 

 V.115- @���B	�!3 D�O3��  7���O	1 

�,�	 !S�� �� +!' 7�!S�� X	 "� �A�72 @-��  
 V.116 - @����)� D�O3@���B	�!3 � ����  ��

 7���O	1 �,�	!S�� �� +!'  7�!S�� X	"� �A�96 @-��  
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cY� �6��� 5���<  

 M��NK �� �!��4@`,e   zR,Sb	 ��R�  XR	  �� 7�!RS��

(�	" ���7���S	  Q?�R1 "� �?!� !�   9Ro� ���R? ��R�-

   n�R1 ������3)Acipenser nudiventris (  9RA��\	

�1@�� & .���A3 9; ��� (�/� <��S� 0�B,'   �R3 ���R� ���

 (�RR	"96  9RR� @-�RR� �RR)A	 ��RRC RRS*�� M��RR; ���� 9

@��) V.11( .9����C   !R��!� (
 (�>R�	 VW��4 9;)500 

± 11166 �,�	 !� �� ��-(�? ]A.	 !S	 ( 7���O	 ��

 @`,e ��1 �,�	   (�R	" �� !RS�� �� +!'48    @RBZ @-�R�

���!' .�!��4 m�8�3 <��S� �� m��\	 Niimi )1987( >��

�/���� ( ��� ���	 9;�  0�RB,' ���A3 M��; ]B�  ��R�

 ����A	 ��x; ���	 �� ����)Cyprinus carpio (  �R	

�!'�. !Z�  ���	 !� X	 @���  n�R1   7�!R��c3 mR�!C "�

@*�� � (�? �.�%���3�K�  ���
 �-�� ��8�� "� �1��  ��RO��

��!' �	 .Serezli  (���.�� �)2011(!Z� �    � XR	 ��R4

  �R?!� !� �!� Q?�R1 �R��    9R��' �� ���R?Coruh 

trout )Salmo coruhensis (  &��� jRRR� �RRRC ��

  @R`,e !R��!� �� 7�	 &�3�; 7���O	   � �R� ��R�5  �10 

�,�	!'  &��� ��!RW 9RA��\	 ���	 !S�� �� +    9R; �R)S*���� �

 @�R��.� ���A3  @�R��!S��� � �R�     �R� 7���RO	 "� XRK �R�

@`,e ���5  �10 �,�	 RK � M��; ��S�� �!S�� �� +!' X

 "�48 ���!S��� ���A3 @-��@  R� 9R���� @��4 9� ��  �R	 "�

��!'      &�R	
 @R��� !R��4 mR�8�3 �� 9R; �O��S� �� 9;� 

@�� &��� �:�� .   v!SR��!K d��!R1 "� �R1�� M��; ��� 

�	 ���	 @:�" d��	 !� P;�4�1�� . !��4 m�8�3 <��S�

 � &�)�� (�/�  @R�!;�3��� (�>�	 M��>*�  (�R���	 ��  �R�

 @`,e M��>*�	7�!S�� X  �C24 @-�� ���) V.14(  �

<��RRRRRS� �RRRRR� Schjolden  (���RRRRR.�� �)2007 ( ��

Carassius crassius   @RRRR8��\	����.   M��>RRRR*�

  9R�  �R�S4� @�!;�3���     V.R1 !R��c3 � �'�!;��R� VR���

0�B,'   &�R��K "�!R� � ��!; 9� ��~�� @��4 "� >	!W ���

   0�RB,' ���RA3 M��>R*� "� �1�� j�S��K�!S���  >R	!W ��R� 

�RR1�� 9RRS*!' 7��RRa h��RR���. 0�RRB,' ���RRA3 �>RR	!W ��RR�

����,'��� � @�!;�3���   �BR��)	 ��� Q?�1 (��)- 9�

M)3 9� M);�� � ���	 @	5� @�A�� "�   �R\��	 ��R�

 �1�� �	 t!\	)�;k �(���.�� � ��1389 .(9�  �R	 !`�-

 !O)	 M)3 �� 92���	 �� ���	 ��N�:;� "��� M��>*� ���

�!��c3 ��� "�!� 9��1�� &�1 7 .   �� ��N�R:;� "�R�� M��>*�

     M��>R*� !R�`� zR,Sb	 (�R�>�
 �� �\��	 M)3 �� 9���	

0>W �� (N�:;� u!s	� 
��6��   �R� 9R�Jc3 "� XK (��;

     @R�� &�R1 =��>R' XR	 9� &���
 ��Je)Naghsh et 

al., 2012  ; �(���RR.�� � ��
 +"�1393 (  �RR�A	 9RR;

9�   �	 ��!R� �%!R�� ����83 M��>*� V���    d��!R1 �R� 9R2��

M)3 @�� �")  �(���R.�� � ��k�;1389 .( ���RO�
 "�   9R;

9� (N�:;� P`-� @�:W     �� ����R,'��� �R� 0�Rs3� 7��a

 �R	 V8S)	 >	!W 0�B,'   M)R3 d��!R1 �� ���R1   �R�A	 �"

 @�!;�3��� � ����,'���  �R); �R	 ���K M��>*�. Singh 

 (���RRR.�� �)2008( XRRR	 !RRRZ� ��� ��  ���RRR	 9RRR	�?

)Channa punctatus (   ��!RW 9RA��\	 ���	 ��!�1 �


  ����RRR,'��� (�>RRR�	 9RRR; �RRR)S*���� � �RRR����)Hb( �

 @�!;�3���)PCV (0�B,' ���A3 � >	!W ���)RBC ( ��

 &��� (���K45 � "��9�)A	 ��C   ���R1 �R� 9:��8	 �� ����

@RR*�� M��RR; .�� ���RR40�RRB,' ���RRA3 9RR; ���RR� ��RR�

)WBC (@*�� M��>*� .  (�>R�	 �)f !�MCV �MCH 

 �MCHC �)A	 M��>*� ���"�� �C ����15   �R330  ��

��� (�/� �.�� 9�     @R�!;�3��� � ����R,'��� (�>R�	 >R�

  �R:�� !��4 m�8�3 �� &�1 !;| �����S;�* !���  &��R�� 

 @RR8��\	  �RR�� �RR	 (�RR/�. Georgieva  (���RR.�� �

)2010(    �.�%�R��*��	 � �.�%���3�R�� ��R.�)�,; 7�!Z� �

  R; ���R	 �� X	 @��� v���)Carasius gibelio(  ��

    @R`,e M��>R*� �R� 9; �)S*���� � ����� ��!W 9A��\	 ���	

 "� X	!�a  9�2 �,�	     �@R�!;�3��� (�>R�	 !RS�� �� +!R'

MCV �MCH  �MCHC  �RRR)A	 7�!RRR��c3 �� ����

 (�/���� �	 .  �3 <��RS� 9��R/	 mR�8  �!R��4 Witeska 

)2005(   %�R��)��� � �.�%���3�R�� 7�!RZ� 9A��\	 �� � �.�

       ���R�A	 ��Rx; ���R	 !R� ��6)R� 7�>R,*)Cyprinus 

carpio( 7���O	 �� (����	 (��� ��!W �� �5 �,�	 �� +!'

   7�R	 9R� X	 ��6)� >,* !S��96     9R; �R)S*���� @-�R�

  (��R� �2�
 @�!;�3��� �a�� � &�1 v!S�� ��f� (����	

�)A	 7�!��c3 ��O��0�B,' ���A3 �� ���  M��>R*� >	!W ���

���� �	 .M)3 V	��- !�Z�3 ��s? �� �~W�)S	 <��S� "� �"

&�)� 
 9,��Q?�1 !� �\��	 ���   (�R? 9R����Z ��R�-
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���� ���� ���)1 .9�    7��|���R� �R� 92���	 �0�{	 (��)--

 "� XK ��
 ��:;�96    M��>R*� ]BR� @-�R� MCV � 

MCH  �1 j�B	�"�	 ���K5�3 ��)Karthikeyeni et 

al., 2013 .(��  ���R4   9R���	 9R;  v�R3   �����!SR�� ���R	

Acipenser ruthenus   �
 �� 0�RR,�	 +��	��RR; �RR�

 �R)A	 !��c3 9� !O)	 Q?�R1 �� ���   (�R? 9R����Z ��R�-

 �RR/� �RR��)1) �(���RR.�� � �RR,A��!-1392 .(9RR�   !RR`�

�	 Q?�1 E��K ���(�? 9����Z ���   VR	��- 9R� ���)1

M)3 PR� ��,Sb	 V	��- "� !Z�S	 �\��	 ��"    q�R� (�Rf

!1 �9��' �R1�� &�)� 
 ���	 @`,e � q�� ��S:�" d��.  ��

 !RR��4 mRR�8�3 ���RRA3 VRR;0�RRB,' (�RR? ���RR� ��RR� �

 ��� @����)� 7���RO	 �� ]�1 ���	  XR	    �R� 7�!RS��

,e M��>*�` 7���O	 (�	" 7�	 � @ R�9  �R)A	 ��RC ����

@*�� M��;) V.11(  �.�� @�����	   9R� �R� V�*�!3�� �

  �� 9RS*�� M��>R*� ��� �)A	 !�e 7��a �R��.  0�RB,'   ��R�

    �R��� �Ra�sS?�!�e �R)��� �� �� ��2	 M8� (�? ����

�	   (
 ���RA3 � �R));      �� �S	5R� (�>R�	 "� �Rs?�1 �R�

@�� (����	 .@����)�     (�R� �� �R)��� ER��K 0��R:	 ��

V�*�!3�� � �)S:�0�,� ��  q�R*� @2� ��2	 ���? ���

9RR��6�� @RR���A* mRR�!C "� (�RR� "� �)SRR:� (�RR1 ����RR?

)Singh et al., 2008 .(    &��� (�R/� zR,Sb	 7�RA��\	

M)3 d��!1  ��A	 9; @��     ���RA3 M��>R*� 9R� !RO)	 �"

0�B,'    �R	 ���R� ��R�       &�R)�� (�R/�  �R�S4� 9R; ��R1

      M)R3 VR	�- �R� 9R���	 �� �>R�
 jR�%����>�* 7�!��c3 �"

@RR�� )Roberts, 1978.(  �RRW�!S*� =���RR1 �� !RR��c3

0�B,'�	 ���� ���9� ����3 1 (��)-  ���R�"�� ��!� �s?�

  &�R)� 
 ���	 �� 9���	 �� (�� �)���    ��!RW &���SR�� ���R	

�!�' .�	 M)3 "� �1�� 7�!��c3 �"�S���	�� 0��A3 ����3

9� �� (�� P�    ���	�R:��� 9R� !RO)	 � &�"   PSR:�� �� ���R�

��1 (�� �)��� . !Z�S	 ����r�!S���.�3��; (�>�	 �� !��c3

�	 M)3 "�!� "�  ; 9R���3 �R���3    =���R1 �� !R��c3 &�R))

 0�RB,' �W�!S*�   �R1�� ���R� ��R� .   �����R	 "� ����R:� ��

M)3�	 j�%����>�* ���      ���RA3 M��R; 9R� !RO)	 �R���3

@�RR���)�  VRR�*�!3�� @BRR:� M��>RR*� � �RR� ��RR1 �RR� 

(Pickering, 1981).  m�8�3 <��S� "� !R��4  �R	  (��R3

X	 9f!' 9; @*���� 9� 7��Ra  XR	   ��R:;�  ]R�;!3 �
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Abstract 

To study the effect of copper toxicity on some hematological indices of Acipenser nudiventris, a 

group of 120 fish were exposed to different concentrations of copper nitrate (Cu(NO3)2) (0, 1, 5, 

10 mg/lit). The results showed that the level of hemoglobin (Hb) was increased with the 

increase in the concentration of copper and also time (P < 0.05). For the concentrations of 5 

and 10 mg/lit, the numbers of red blood cells (RBC) were considerably reduced after 24 hours 

(P < 0.05). After 24 hours, the percent of hematocrit (Hct) was increased and the number of 

white cells (WBC) was decreased, and the volume of red blood cells (MCV) was considerably 

increased for all concentrations (P < 0.05). The average of hemoglobin concentration (MCHC) 

did not change and was the same in all concentrations after 24 and 48 hours (P ≥ 0.05) but was 

increased considerably after 72 and 96 hours (P < 0.05). The average of hemoglobin 

concentration (MCH) was increased considerably in 10 mg/lit concentration after 24, but was 

increased considerably in 1 mg/lit after 72 and 96 hours (P < 0.05). The results of 

differentiation counting of leucocytes showed that with increase in copper concentration and 

time, the number of lymphocytes in the 5 and 10 mg/lit concentrations were decreased 

considerably after 24 hours, but were increased in 1 mg/lit concentration after 48 hours (P < 

0.05). The number of monocytes was considerably decreased after 24 and 48 hours in all 

concentrations, but was considerably increased in 1 mg/lit after 72 hours (P < 0.05). The 

number of eutrophil was considerably increased in 5 and 10 mg/lit after 24 hours, but was 

considerably decreased in 1 mg/lit after 48 and 72 hours (P < 0.05). The study showed that 

although the copper is an essential element for most of physiologic processes but it showed 

severe toxic effects on the Acipenser nudiventris.  
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