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3�� �4 �)�5�� 67��1� )	 �	 ��
8� 9�8 ��45  ��,8� <��( �����7= �� ��,8� .���? @�A1� 7)� �� � ��

) ��8� �C �	 � 	��. �� D�E� 67��1�LA ��,8� F( �� � ��) ��8� �C �	 � 	��. �� HI2J 67��1�SA F(

) 	)�K� � 	��. �� D�E� 67��1� ��,8�LR) 	)�K� � 	��. �� HI2J 67��1� ��,8� F(SR D�E� 67��1� ��,8� F(

) !L��?LS) !L��? HI2J 67��1� ��,8� ) (SS�8 �� 97) %8M1�8� .�1	2� ( D�E� 918/11±75/465  ) @�?

 HI2J 9�8 ��12±40/250  ��,8� �	 ����1 97) .	2� @�?LS  )SS %8��� ���	�L"� �24 !� �M�	 7� ��

) 	2� �����7= �� ��,8�05/0<P&'�( �	 ����. �������� ) 67��1� %8� �+��T�� ��� .( ��  �12' ��1 6��	

)05/0>P ��,8� �	 �8�212� ���T� ��� F(LA  !� �
U1LR ) 	2� ��V�� ���	�L"� �24 !�05/0<P %�� W���1 .(

 HI2J 9�8 �� �(� 	�*+,- ��  ����( �5L� ����� ����. �8�)�K� !J 	�	 9��1 !"#�$�.�(�	  �#�C �	

6�)	 �� 9�8 �� %�� ) 	2� ��,J 	)�K� � 	��. �� �� ��,8� �	 �5L� ����� %�� !J ����. ��	)�K� �� 

 ��8� �7���J�1	2� 6	�������� !J 	�	 9��1 W���1 %8LX,  . ����� 67��1� )	 �  �	 ����. /+�0� �� 

&'�( �)� ��2+$��1 ��  �12'3�� ��
8� � ���(��1.  

��E	$� :�)�*G &'�( F	)�K� � 	��. F�ML��?3�� F67��1� FH�Y2#2��,  �� ��
8� � ��.  

1- �2A�1�	 ��L(��J� [*� �(���8 E�= ��)�� )F9�� F9\8? 6�M�1�	 F�"8
4 ]��L� 6�*�1�	 F�\8( 6)�? !"�2^ F���

.9����  

2- ( 6)�? 	����F�\8 6�*�1�	 ]��L� F�"8
4 6�M�1�	 F9\8? !"�2^F��� 9����.  

3- 	���� .9���� F�(� F9\8? 6�M�1�	 F�E' ����	 ��= !`2C 6�*� )�� F�����	 @2+- 6)�? 
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=1)H1 

�8T�2� ��)�� �8+��c !� 9�8 �� E8�=

 d��L� ���. !� �����	����  !��e�

)Friedrich and Stepanowska, 2001 ) (

!L�E  f �J %8LX,  �8#2� ��  )Love, 

1970��� !�U��) ( .%�� !� !g2� ��  f0� !J

!L�E  7� �	��7� ��^ ��)�� �� � ��. %8�

�� �,�� ��8U� fT1 ��. ]�72� ) ���T� F	2(

!L�E  ������ �	 �(� �)� �	��7 ��� ) � 

	��	 ��	2g2� . 7�81 �C 7� ��,J � 	��. ���7

 9�8 �� �V�� �8� ) D�� F/8"` �(� !� �AL�

 ) �( � �2' ��)�� �E�= �	 9��7 ) ��` )

 F����. 6	7�� f �J h-�� �C 7� f8� � 	��.

!L�E  f��E�� ��"��` ],A� ) � �� !J 	2(

 ��� i= �858J �)���) 	���?Yilmaz and 

Eroldogan, 2011 F)� %�� 7� .( ����. ������

 f �J ) a	�"�� �(� !� ���8��	 ��  ��

!L�E  �	 �8T�2� ��g j�� �+��-  � 

�E�= i2UK� ��)����) 	2(Chatzifotis et 

al., 2011�E�= .(�������� 7� 9��)�� �� 

 6	�5��� !��e� ������ a�,-� ���� �5+�0�

���LLJ !J 7� %�� 	��2� ��9�2� !� !��e�  �	

) ��8� �CSatiation 	)�K� !��e� F(

)Restricted FeedingF( �ML��?  �� 6��2J

����L+� )Starvation( ) E81 6�)	��  �#�2�� 

�ML��? ) !��e� 	�A� )Re-feeding(  !�

�1��
g �(� !� ���8��	 �2kL� 

)Compensatory Growth %8LI .	�J 6��(� (

�������� ��� �� i= �858J 	2
�� h-�� �L1�2�

f �J ) !L�E  �12( !��e� ) � 	��. �� 

)Yokoyama et al., 2009 .(  

� �� ���� ����. ��	)�K� ) �8�)�K� � 

�8",g !J ��� �"8
4 	���)� H� ��C) �� 

�,l�	 �(�)�� ) ) �L�U  9= m�"� �	Davis 

and Gaylord, 2011 f��E�� �� f �J .(

 n���( �	 �21 ) ��	 �L1�� �$8K� <��2-

 ) �(�)�� ��g��� F��. !� �����	 �	 9��21

) <[��8#2� )Caruso et al., 2011 n���( �	 (

�ML��? 	�A�� h-�� ��� %*,� �"8
4 �	 

9�8 �� 	2(. ��C ��)��9�?�L 	  9�E8� d+.�

 �� � 	��.����  <8#	 !� �8� ) D�� f �J

���,8� o28() � Shoemaker et al., 2003( ) 

f �J ����� ���*��	 9�8 �� 	)�K� �� �LLJ

)Davis and Gaylord, 2011 .( ���� !�

 !� 9�8 �� F�Y�1� ��p� 9�1��� <c��C

�)�6�( ��?7�� n���( %�� !� ��)�5�� ��  �1�

���?7�� %�� !+,g 7� !J � ��
��� !� 9�2� �� 

) ����'�� ) H�Y2#2�E8� F������Navarro 

and Gutierrez, 1995( 6��(� .	�J   
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 ����. 	2
,J !� 
��� �	 9�� ���'q W8U�

 �+��2- !��L1��  r$� ) ��U�7 n���( F%�

) ��� !�U��) � �� �Y�1� ���'qNavarro 

and Gutierrez, 1995 fT1 9�� 67��1� .(

j�� 7� ) 	��	 	2g2� ���'q 9�E8� �	 �,�� %���

 !J ��� �+��2-�� �Y�1� !g	2� ) �(� �1�2�

� �K� �� � ����c �8�) � 	 ��Jobling, 1994 .(

67��1� ) %8L� �	 9�� d8J�� F/+�0� �� 

� ]��L� 7� 6	�5��� ) ��� �)�5��� �Y�1� %8�

 	�A�� �� ��)�5�� n���(��.�LJ 

 ��� �� !$��� �	 �,J ��"#�$��?��)��  

 !� 
��� �	 � �� 67��1� !+,g 7� �*�E8�

6�)	!��e� ) �$8K� �-�U��1 ��  	2g) ��

 .	��	j�� 7� �*� 9�� 67��1���� ��� �+��2- %

!J �(� ) !g	2� �Y�1� �	 � �� �� �K� �� �8�

�� ���c) � 	Jobling, 1994 .(Biro  )

) 9���*, 2004aEc !J �1	�J ���E? ( �� V=

HI2J7� ���	�2'�� <8#	 !� ��  ��8s8# ���'q

�� �K� ��	)7 F��,J!���? ���c �ML��? �8�F 

�� ����8� �8� ) D�� <,K�� t�1 .�12(

HI2J 9�8 �� �	 jU8#2���� 9�8 �� !� �
U1 ��

�� �� ) ��� ���8� D�E� F� �� 67��1� f��E

�Y�1� �� 7�81 �� ��8� f �J 9= �	 �	 F�LJ

�Y�1� !8+0� ����. �8�)�K� �4 !A8�1 �	 
9�8 �� HI2J ]����� u�5�� �� .����

����8 2��J�2L- �K� �  �24 !� 9Y2*8+? 9

 �	�-%6-1 ) �
J 97)Navarro and 

Gutierrez, 1995 <8*�� �� (�� �	 .�L 	

!12? �[J� F����. ��	)�K� 6�)	 a24 7� � 

 !8#)� 6	�� 9�2L- !� �
J 9Y2*8+?����  ��	 !�

 6	�5��� �Y�1� 9	�)=��) �LLJViegas et al., 

2012 ��"� �� 7�� �4 �8s8# ) %8b�)�� ) (

 ���c 6	�5��� 	�2� �ML��?��) �1�8?Love, 

1970% 7� ��,J 9�8 �� �	 ���I .(8  9�� 97)

 <8*�� ����) � 	McCue, 2010 F�
J �	 ) (

 6�8'q !X8 �� ) ��C���	2( )Navarro and 

Gutierrez, 1995.( �	 !A8�1 D�E� 9�8 �� 7� ��

���V�� ��	�T� ��	�2'�� ���I ) 9Y2*8+? 7� 

�L�U   ��k�1� !J�� �	 F���8� ���'q %�� 	)�

 d
� ����. ��	)�K� ) �8�)�K� 6�)	 a24

 n���( %�� �� !+��T� �	 ���V�� ��)�T� 	�A��

2(1 .�  

 �� ���8� �
��0� ����� 7� ��8?2+g <8#	 !�

�8",g �)�3�� �� 3�� F9�8 �� � ��

) ��
8�Acipenser baerii H� 9�2L- !� (

 ) H�Y2#2�E8� ��"#�$� ���� ��U�7 a��

!��e�3�� �� ���c 6	�5��� 	�2� 9�8 ����	�8? 

)Fontagne et al., 2006 .(1= 7� ���"� 7� !J �A

3��j�U8� !� ��
8� � �� ��� �(�)�� �� 

�,1 �	��7 9��7 �(� �-�� !� !g2� �� F	��?
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 ��1��21 ����� �	 V�� <,K� �8+��c Fd��L�

&'�( �� jJ��� ) i=6�8'q �� �7�� 

)Bronzi et al., 1999F( !� ��	  9	�)=

 	�2� �	 ���8� ��-\4�&'�(��  

3�� H�Y2#2�E8������ ��	 F��
8� � �� �� 

j�U8� �	 !12? %�� ��)�� ���� �(�)�� �� 

�� 	�A��!L�E  f �J �2kL� !� .�LJ !��e� �� 

�E�= ��8+,- �	 jJ���� �8#2� �	 6��) !� ��)��

 F����. �8�)�K� a�,-� 7� <
c !J ��� ��)�`


��� 9��7 ��� %88"� ��g �� %*,� �� 

 �(� ��T#� ���� ����. �8�)�K� d��L�

�'�L( �1��
g.  %�� F��-2`2� %�� !� !g2� ��

 ) �8�)�K� ����� ����� ��  �� !"#�$�

3�� ��)�T� 9�E8� �� ����. ��	)�K� � ��

67��1�) �17) 6)�? )	 �	 ��
8� D�E� ) 

(HI2J @�A1� F6�( ���88e�  �	&'�(��  

&'�( ) �(� �� �12' 3�� !���? ���c 9�8 ��

 ����� <��J !��e� �� �� n���( %�� �	��.�LJ  

   

I�� � �$
1�2  

I��%J K�$%� � ,2�1  

 ��� !� !"#�$� %��45  �8[*� 6�?��J �	 7)�

 6�M�1�	 �"8
4 ]��L� 6�*�1�	 9��E�= ��)�� )

 9\8? ��3�� �)� <
c .�( @�A1� ��
8� � ��

� �� f���7= o)�( 7� ]`) ) ���\� �k1 7� � 

 6)�? )	 �	 9�8 �� ws� .�1�( ����� �� �x

�17) %8M1�8� �� D�E� 67��1� 18/11±75/465 

@�? %8M1�8�) ± ��$'  a24 ) (	���1����

15/2±58/51 ��1��� ���!  !� 	��"� !"$c

 �17) %8M1�8� �� HI2J 67��1� ) � ��

12±40/250  a24 ) @�?88/1±6/41 

��1�� ����!  f( 	��"� !"$c �  �	 � ��

 i= jAC �� 3\?�
��� 9E0�400  �	 ��8# !�

� .�1�( ]�72� ��	�p� ��2^ !� ���*�� i= %8�

 ��2^ 6�I y��4 7� 97�0���i= ���	 .���?F 

67��1� !1�7)� .�( ��8? ��)�� 6�)	 a24 �	

 ��	 %8M1�8�°C59/0±03/17 ) ��	 i= 

L/min71/2±72/8  7� 6	�5��� �� 	2���2�� .	2�

z�V �� 25  ��2^ !� ���)D12:L12  ����

 %8#)� 7� <
c !1�7)� .	2� ���c�� � ��,8� !, 

 �V2{� ��C �2kL� !� 97�0� ���,� F� 	��.

 9�E8� !�%25  9258��� 6�)	 a24 �	 .�(

 �  Ff���7=15  7)��U�7�AL�  @�A1� 9�8 ��

.���?  

 
L��18� ,?$%M  

\��J |�4 d#�c �	 !"#�$� %��  ��	�p�

 .�( @�A1� ���� �� ��,8� f( f���7= %�� @�A1�  

:�( !���? �k1 �	 ���*� !�  
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 ��,8�1: � �� � 	��. �� D�E� 67��1� �� 

) ��8� �C �	LA(  

 ��,8�2: � �� � 	��. �� D�E� 67��1� �� 

%50 ) ��8� �CLR(  

 ��,8�3: � �� !L��? D�E� 67��1� �� 

)LS( 

��,8� 4: � ����  67��1� HI2J �� � 	��. 

 �C �	) ��8�SA(  

��,8� 5: � ����  67��1� HI2J �� � 	��. 

%50 ) ��8� �CSR (  

 ��,8�6: � �� !L��? HI2J 67��1� �� 

)SS(  

 �	 � 	��.3  ��-��) ��218:30 F13:30 

 )18:30�+� �� ) ( %8b�)��) 6�( !#2��� �� 

%46 ���I F%14 �
8� F%3  ��UJ�' )%5/16 (

(�8#���� F�1)�)) }L8��*�� �J�(  67��1� ��4 

�+8� a24 �	 .���? ��2^ ���6  F!�5 

) ��8� �C �	 � 	��. �� ��,8�LA FSA �� (

 � 	��. .�L���? ���c !��e� 	�2� ���(� !� !g2�

�� ��,8� !� %50 ) ��8� �CLR FSR �� (

 !
��K�%50  6�( 6	�2' ���. ���T� 7�

 .���? ��2^ ��8� �C �	 � 	��. �� ��,8�

 a24 �	45  7)�) !L��? �� ��,8� ����LS F

SS.���M1 ��2^ � 	��. (  

  

�8$)4$'(�� �%�E)�� ��2 

 a24 �	45  Ff���7= 7)��U�7�AL�  7�

 �  9�8 �� ���,�15  ���� .���? @�A1� 7)�

 F3���� 7)�� 7� ��8?2+g24  7� <
c �-��

�U�7 F�AL� ]$c 9�8 �� !� � 	��.�( ���� .

�U�7 @�A1��AL�F  9�8 ���� ppm400 6��p- 

�	2� <? H08� �2�8� �(�1 �8"��2�)  )

 F9���*, 1391( .67��1� !� 97) ) a24 ��8?

 !�0� �� d8����U�7 �AL� �c	 ��1 �+8� ���

 �c	 �� a��8A�	 �)7��� )1/0  .���? @�A1� @�?

&'�( �(� ��  �8"`) �2�J�� <��((CF) F

!1�7)� �(� �^�	 (ADG)F  6�( dUJ 97)

(WG) F 6��) �(� t�1(SGR) F f��E�� �^�	

 9�� 97)(BWI) F ����. <��
� d��`

(FCR) F ���p� ���. ���T�(VFI) F 6	7��

 %8b�)��(PER) ���I 6	7�� F(LER)  �T� t�1 )

(SR)  7� 6	�5��� ��!$�����  1  ��10  !
��K�

.�(  

  

 =N�$�1:  

CF = (W / L3) × 100 

W : 97)����1  ~(@�?)L: ��1��) <J a24(���.  

  

 =N�$�2:  

ADG (%)  = [(Wf – Wi) / (W f × t)] × 100 

iW: 97) !8#)� ~(@�?) fW: 97) ����1 (@�?)~ t: a24 

.(7)�) ��)�� 6�)	 
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 =N�$�3:  

WG (g) = Wf – Wi  

iW : ~(@�?) !8#)� 97)fW :.(@�?) ����1 97)  

  

 =N�$�4:  

SGR (%/day) = [(Ln W f – Ln Wi) / t]  × 100 

iW: 97) !8#)� ~(@�?) fW: 97) ����1 (@�?)~ t: a24 

.(7)�) ��)�� 6�)	  

  

 =N�$�5:  

BWI (%) = [(W f – Wi) / W i] × 100 

iW : ~(@�?) !8#)� 97)fW :.(@�?) ����1 97) 

  

 =N�$�6:  

FCR = F / W 

F :~(@�?) 6�( ��p� ���. W : 97)6�( dUJ 

.(@�?)  

   

 =N�$�7:  

VFI  (%/Day) = (F / t) × [(B i
 + Bf) / 2] × 100 

F :~(@�?) 6�( ��p� ���. t : ��)�� 6�)	 a24

(7)�)~ iB :!8#)� 3��28� (@�?) ~fB: ����1 3��28� 

(@�?).  

  

 =N�$�8: 

PER = (W / P) × 100 

W: 97) dUJ 6�( ~(@�?) P: %8b�)�� ��p� 6�( 

.(@�?)  

 

 =N�$�9: 

LER = (W  / L)  × 100 

W : 6�( dUJ 97) ~(@�?)L : 6�( ��p� ���I

(@�?). 

 

 =N�$�10: 

SR (%)  = (Nf / Ni) × 100 

fN : ~6�)	 ����1� �	 9�8 �� 	��"�iN:  9�8 �� 	��"�

.6�)	 ������ �	  

  

�
( � �%�E�8$)4$'(�� �%�E ��2,4
( 

 ����67��1� ��8?&'�(��  F�12' 7� 2 

 ) D�E� 67��1� �� �� ��,8� 7� � ��3  7� � ��

 f���7= 9���� �	 HI2J 67��1� �� �� ��,8�

92'.�1�( ��8? 92' �� �(2�8� 7� w� ��8?

�( @�A1� ��	 D� �8� 7� !L���s  }1�� ) 

 	)�C5/0 �+8� @�A1� ���� 92' 7� ��8#

f���7=��  92' !� �2��� a��) !� ���L(

�( <T�L� ��)�L��y8c� 7� �"� . �� 92' �7��

 a2+K�Lewis  �
U1 !�1  !�200  ����

a2
+?) E��c �� RBC ( )1  !�20  ����

a2
+? �� ) �85�WBC(a2
+? 	��"� F �  ��

6	�5��� 7� @V , 2���2�8� ���,( �(.  �^�	

 �c�����a2
+? �85� ��  7� 6	�5��� ��

���U?��  }1� �12' �E8�=�� 6�(  �U,8?

�( %88"� )Blaxhall and Daisley, 1973( .
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) ���J2��,  �^�	Hct �� ()�*8� Y285���1��

!12,192' ��   �	g3500  ��� !�7  !T8c	

) ���? ���c fAL� 	�2�Hettich9�,#= F .(

67��1� ����%8�2+?2,  9�E8� ��8? )Hb(  7�

9�8� �)� %��� .�( 6	�5��� %8�2+?2,  ��

 !��`� 7� w� !J ��2^9	�J  F%8*���	 a2+K�

i�g !12,1 �� 6�M��	 ���2��)��*s�� )UnicoF 

�*���= �2� a24 �	 (540  .�( 6�1�2' ���21�1

 ws� 92' �	 	2g2� %8�2+?2,  !$��� 7�11 

 !
��K�.�(  

  

 =N�$�11:   

Hb (g/dL) = (ODB / ODS) × CS 

BOD ~92' !12,1 i�g :SOD !12,1 i�g :

 ~	���1����SC.	���1���� �k+. : 

  

 jAC %8M1�8�E��c a2
+? )MCV F(

 %8�2+?2,  %8M1�8�E��c a2
+? �	 )MCH ) (

 %8�2+?2,  �k+. %8M1�8� E��c a2
+? �	

)MCHC6��= ��	 !� ��	�T� H,J �� (  7�

67��1���8? RBCF Hct ) Hb n�2� !$�����  

12  ��14 �( !
��K� )Houston, 1990.(  

 
 =N�$�12:  

MCV  (fL)  = [Hct  (%)  / RBC (10-3. mm-3)]  × 10 
 

 =N�$�13: 

MCH  (pg) = [Hb  (g/dL)  / RBC (10-3. mm-3)]  × 10 

 =N�$�14: 

MCHC  (g/dL)  = [Hb  (g/dL)  / Hct  (%) ]  × 100 

  

���1� T�*U� � =��C�  

6	�	 �� 6��= ��	 !�  �� !"#�$� %�� 7�

@�1 7� 6	�5��� ����= ��E��SPSS )Version 

21, IBM, USA ���c <8+K� ) !�EA� 	�2� (

 .���? ����6	�	 9	2� a���1 a��LJ 92�7= 7� � 

Kolmogorov-Smirnov  �LM,  )

w1����)�   �U� 7�Levene  ��� .�( 6	�5���

�������� ) � �� 67��1� <��T�� �� ����. �� 

'�(& ��  ) �(�&'�( �� �12'  6	�5��� ��

 7�<8+K� 92�7= ) !��4)	 w1����)Two-way 

ANOVA ����� .���? ���c ����� 	�2� (

67��1� %8� %8M1�8� �\�'� 7� �)�5�� �� 

 92�7=t-Test  �\�'� <8+K� ) !�EA� ) <T�U�

 7� ����. �������� /+�0� |2$� %8M1�8�

 <8+K� 92�7=H� w1����)) !��4One-way 

ANOVA r$� �	 (% 9�L8,4�95 

)05/0<P(92�7= 7� 6	�5��� �� F !L��	 �LI ��

Tukey  .�( @�A1� 

  

V���4  

'(��=�->� � )�� ��2  

 9���� �	45  ��,8� Ff���7= 7)�LS  )SS 

 �� ��,8� !� �
U1 ���	�L"� 97) f �J
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 �1	�	 9��1 <��J �24 !� 6�( � 	��.

)05/0<P ��,8� .(LR  ��,8� �� ���	�L"� �\�'�

LA ) 	��1 9��105/0>P ��,8� !J �#�C �	 (

SR  ��,8� �� ���	�L"� �\�'�SA  	�	 9��1

)05/0<P <*( ~1.(  

 !� �AL� 67��1� ) ����. �������� <��T�� ���

 %8� �	 �8"`) �2�J�� �	 ��	�L"� �\�'�

 %����8� !J ��24 !� .�( �����7= �� ��,8�

�J�� %���,J ) �� ��,8� �	 d8��� !� �8"`) �2

LA  )SS ) 	2�05/0<P F!1�7)� �(� �^�	 .(

 n�2� 9�� 97) f��E�� �^�	 F6��) �(� t�1

 �AL� �����7= �� ��,8� %8� ����. ��������

 )	 �  �	 !J ��24 !� �( ��	�L"� �\�'� !�

 �	 d8��� !� ��	�T� %����8� ) %���,J F67��1�

 ��,8� ) !L��? ��,8� �( 6� ��� <��J � 	��.

)05/0<P.(  

  

  

 T
�13�� �� (�%E) �)� �8� 9$%��>� )4�� :) �%6�� ,2�1Acipenser baerii ,M 9��:�1 �8$)4$ �� �� (

45 �#�$%��$ 8$ ���:��$ 8�� W�X4��1) ,�$-. /*�01 ��2± (��$)4���$ ��N(. LA :�����  �� ,2�1�8$)4$ 

Z��� �� ,2�$-. �� )? �%��. SA :�����  �� ,2�1�8$)4$ [D
G �� ,2�$-. �� )? �%��. LR :����� �8$)4$ 

Z��� �� ,2�$-. ��)U1. SR :����� �8$)4$ [D
G �� ,2�$-. ��)U1. LS :����� �8$)4$ Z��� =��%E. SS :

����� �8$)4$ [D
G =��%E .\�%? 9��:�1 Z��� %X4��� \@�($ �$���;1 �� �8� ���2�1 �8$)4$ Z��� ]�$ 

)05/0<P.( \�%? 9��:�1 [D
G %X4��� \@�($ �$���;1 �� �8� ���2�1 �8$)4$ [D
G ]�$ )05/0<P.(  
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� �K� 6�( dUJ 97)� 67��1� <��T�� ��� �8�

) ���? ���c ����. �������� )05/0<P !� (

!12? !� 9= ���T� %����8� ) %���,J !J ��

 �� ��,8� �	 d8���SS  )LA  �( 6� ���

)05/0<P �� ��,8� �	 ����. <��
� d��` .(

� �K� ����. �������� n�2� D�E� 67��1�� �8�

 ��,8� ) ���? ���cLR  �
U1 ���	�L"� f �J

 ��,8� !�LA ) �(�	05/0<P �#�C �	 %�� .(

��,8� !J 	2���  SA  )SR   9��1 ��\�'�

) �1	��105/0>P ���p� ���. ���T� .(

 )	 �  �	 ��8� �C �	 � 	��. �� �� ��,8�

 �� �� ��,8� !� �
U1 ���	�L"� f��E�� 67��1�

) �(�	 	)�K� � 	��.05/0<P 6	7�� .(

 nT� ����. �������� n�2� ���I ) %8b�)��

� �K� �� D�E� 67��1� �� ��,8�� ���c 	2' �8�

8� !J 	�	 ��,LR  !� �
U1 �� ���	�L"� f��E��

 ��,8�LA ) 	�	 9��105/0<P 6�)	 a24 �	 .(

 �� ��,8� �	 ��8� ) D�� !12? �8  f���7=

 �T� ) 	��1 t� �����7= /+�0�100 	2� �^�	 

 a)�g)1( .  

  

'(��,4
( ��2  

&'�( ����� W���1 ��
��� �12' �� 

 �	 ����. �������� ) 67��1� %8� �+��T��

 	��1 9��1 �����7= /+�0� �� ��,8�

)05/0>P ��	�T� ��C .(RBC FWBC FHb F

Hct FMCV FMCH FMCHC F�8�25L# F

 n�2� !1�?��g ��2^ !� <8�2L�72l� ) <8�)��21

 �L���M1 ���c �8��� �K� � �� 67��1� ) ��������

)05/0>P !� �AL� ����. �������� ��L� .(

 �� ��,8� �	 �8�212� ���T� �	 ��	�L"� �\�'�

 ) %����8� !J ��24 !� F�( D�E� 67��1�

 ��,8� �	 d8��� !� �8�212� 9�E8� %���,JLA 

 )LS ) 	2�05/0<P �	 ���	�L"� �\�'� .(

 � 	��. �� �� ��,8� %8� �8�212� ���T�

9= ���T� !J �( 6� ��� 	)�K�  ��,8� �	SR 

 !� �
U1LR ) 	2� ���8�05/0<P .(  
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 ��)<1 :'(����2 3�� =�->� � )��) �%6�� ���2�1Acipenser baerii 8$ _J 9��:�1 �8$)4$ �� �� (

45 �#�$%��$ 8$ ���:��$ 8�� W�X4��1) ,�$-. /*�01 ��2± (��$)4���$ ��N(  

  
�8$)4$ ��2����� ,�$-. �#�$%��$ �  =�%M �� _4���$� ����4�  

LA SA  LR SR  LS  SS  �8$)4$  �#�$%��$  %&$ T��H�1  

) =���$ �8�g(  71/466  

95/0±  

34/250  

41/0±  

38/465  

37/0±   

80/250  

93/0±  

15/465  

21/0±  

02/250  

74/0±  

-  -  -  

) ,��A4 �8�g(  70/731  

A82/39±   

04/404  

a50/6±   

24/633  

A78/4±   

95/341  

b86/4±   

83/436  

B75/0±   

01/217  

c16/1±   

-  -  -  

) =���$ �
Mcm(  94/49  

97/0 ±  

36/41  

36/0 ±  

62/52  

51/0 ±  

33/41  

65/0 ±  

69/51  

38/0 ±  

09/42  

32/0 ±  

-  -  -  

) ,��A4 �
Mcm(  52/55  

AB17/1±   

60/48  

a44/0±   

34/57  

A43/0±   

20/47  

a75/0±   

30/53  

B33/0±   

53/43  

b10/0±   

-  -  -  

]�;`� �
�G��  42/0  

a02/0±   

35/0  

b00/0±   

33/0  

bc00/0±   

32/0  

bc01/0±   

28/0  

cd00/0±   

26/0  

d00/0±   

002/0  086/0  042/0  

(%) =4$8�� )��  26/1  

A19/0±  

36/1  

a05/0±  

80/0  

A02/0±  

80/0  

b04/0±  

13/0-  

B00/0±  

29/0  

c00/0±  

815/0 000/0 334/0 

 �)� b�G �8�

)g(  

99/264  

a38/40±   

70/153  

b35/6±   

86/167  

b58/4±  

15/91  

b97/4±  

32/28-  

c83/0±  

01/33-  

c76/0±  

001/0 000/0 024/0 

 �#�� )�� c%4

)1-day (%  

99/0  

A12/0±  

06/1  

a03/0±  

68/0  

A01/0±  

68/0  

b03/0±  

13/0-  

B00/0±  

31/0-  

c00/0±  

464/0 000/0 104/0 

 �)� �8� L�$��$

(%)  

80/56  

A72/8±  

39/61  

a50/2±  

06/36  

A96/0±  

34/36  

b01/2±  

08/6-  

B17/0±  

20/13-  

c31/0±  

815/0 000/0 334/0 

 T�)6� b�%`

,�$-.  

30/1  

A06/0±   

22/1  

04/0± 

01/1  

B02/0±  

03/1  

05/0±  

- - 611/0 002/0 379/0 

�$)H1 �$-. ,�%d1 

)1-BW day (%  

25/1  

A08/0±  

27/1  

a02/0±  

68/0  

B00/0±  

70/0  

b00/0±  

- - 713/0 000/0 958/0 

(%) ,��e��%J ��8��  68/1  

B09/0±   

78/1  

07/0±  

14/2  

A05/0±  

11/2  

11/0±  

- - 710/0 002/0 463/0 

(%) ,�%D ��8��  52/5  

B29/0±  

85/5  

23/0±  

05/7  

A19/0±  

94/6  

37/0±  

- - 710/0 002/0 463/0 

(%) �H�  100 100 100 100 100 100 -  -  -  

LA: ��,8� � �� �� 67��1� D�E� �� � 	��. �	 �C ~��8� SA: ��,8� � �� �� 67��1� HI2J �� � 	��. �	 �C  ~��8�  
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LR ~	)�K� � 	��. �� D�E� 67��1� ��,8� :SR ~	)�K� � 	��. �� HI2J 67��1� ��,8� :LS ~!L��? D�E� 67��1� ��,8� :

SS!L��? HI2J 67��1� ��,8� :.  

 �)�5�� �)�C�������� %8� ��	�L"� �\�'� �M1�8� �$� �  �	 D�E� ��� D�E� 67��1� 9�8 �� �	 ����. /+�0� �� 

)05/0<P.( �������� %8� ��	�L"� �\�'� �M1�8� �$� �  �	 HI2J �)�5�� �)�C 67��1� 9�8 �� �	 ����. /+�0� �� 

) ��� HI2J05/0<P.( ��,� %8� �$� �  �	 HI2J �)�5�� �)�C 	2g) �	 ��	�L"� �\�'� 6�L 	 9��1 � ��,8� �

) ��� �����7= �� ��,8� ���,�05/0<P.(  

  

 ��)<2'(�� :3�� ,4
( ��2) �%6�� ���2�1Acipenser baerii 8$ _J 9��:�1 �8$)4$ �� �� (45   8��

�#�$%��$ 8$ ���:��$ W�X4��1) ,�$-. /*�01 ��2± (��$)4���$ ��N(  

  � �8$)4$ ��2�����,�$-. �#�$%��$  =�%M �� _4���$� ����4� 

LA SA LR  SR LS SS �8$)4$ �#�$%��$ T��H�1 %&$ 

RBC 
)3-mm.301(  

±8/691  
310× 8/31   

±1/741  
310 ×8/14  

±3/732  
310 ×7/28  

±6/715  
310 ×2/19  

±0/710  
310 ×2/18  

±8/682  
310 ×5/19  

919/0 438/0 181/0 

WBC 
)3-mm(  

66/8966  

55/1360±   

11/7911  

35/654±  

00/6400  

49/624±  

88/7488  

52/959± 

66/6866  

91/427±  

22/8422  

34/701±  

453/0 229/0 277/0 

Hb )g/dL(  29/0±36/6 13/0±60/6 25/0±53/6 17/0±38/6 17/0±31/6 17/0±06/6 743/0 276/0 450/0 

Hct  
(%)  

83/37  

74/1±  

88/39  

77/0±  

16/39  

40/1±  

83/33  

13/1±  

83/37  

07/1±  

22/36  

06/1±  

895/0 240/0 282/0 

MCV )fL(  66/531  

88/3±  

22/538  

37/3±  

83/534  

98/2±  

00/535  

08/2±  

66/532  

97/2±  

22/530  

23/4±  

619/0 519/0 422/0 

MCH )pg(  33/89  

42/0±   

88/88  

30/0±   

83/88  

30/0±   

00/89  

33/0±   

66/88  

33/0±   

55/88  

37/0±   

663/0  386/0  701/0  

MCHC 
)g/dL(  

83/16  

16/0±   

33/16  

16/0±   

33/16  

21/0±   

55/16  

17/0±   

50/16  

22/0±   

66/16  

16/0±   

810/0  696/0  114/0  

(%) ]��
:��  83/73  

07/1±  

55/73  

00/1±  

83/77  

49/1±  

33/74  

05/1±  

00/77  

21/1±  

88/73  

40/1±  

031/0 156/0 382/0 

(%) T���%�
4  33/19  

84/0±  

33/19  

76/0±  

16/17  

16/1±  

00/19  

57/0±  

50/17  

84/0±  

22/19  

90/0±  

101/0 325/0 498/0 

1
(%) ]��
4 83/5  

A30/0±  

66/5  

33/0±  

00/4  

B44/0±  

44/5  

*37/0±  

00/5  

AB44/0±  

11/6  

38/0±  

018/0 031/0 113/0 

(%) T��
��8
f$ 36/0±00/1 35/0±11/1 36/0±00/1 27/0±22/1 22/0±50/0 27/0±77/0 446/0 293/0 966/0 

LA: ��,8� � �� �� 67��1� D�E� �� � 	��. �	 �C ~��8� SA: ��,8� � �� �� 67��1� HI2J �� � 	��. �	 �C  ~��8�  
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LR ~	)�K� � 	��. �� D�E� 67��1� ��,8� :SR ~	)�K� � 	��. �� HI2J 67��1� ��,8� :LS ~!L��? D�E� 67��1� ��,8� :

SS 67��1� ��,8� :!L��? HI2J.     

�������� %8� ��	�L"� �\�'� �M1�8� �$� �  �	 D�E� �)�5�� �)�C ��� D�E� 67��1� 9�8 �� �	 ����. /+�0� �� 

)05/0<P.( �������� %8� ��	�L"� �\�'� �M1�8� �$� �  �	 HI2J �)�5�� �)�C 67��1� 9�8 �� �	 ����. /+�0� �� 

) ��� HI2J05/0<P.(  

*: ) 	)�K� � 	��. �� ��,8� %8� ��	�L"� �\�'� 6�L 	 9��1LR  )SR) ��� (05/0<P.(  

  

gU�  

 ����. �8�)�K� ��T#��� 9�2L- !� �1�2�

3���� <��- H� |�$� �7	2(  !� �AL� )

 �	 �88e� ) 9�8 �� ��)�T� f �J ) �(� f �J

&'�( �M�	 	2( H�Y2#2�E8� �� 

)Wedemeyer et al., 1990 !"#�$� W���1 .(

�������� !J 	�	 9��1 �12LJ /+�0� �� 

!kC\� <��c ����� ����. ���� &'�( �� 

3�� �(� ����. �8�)�K� .	��	 ��
8� � ��

 �445  9�E8� �	 �8M,�I f �J !� �AL� 7)�

3�� �(� ��
8� 9�8 ���(F  �K� !J ��24 !�

 )	 �  �	 F�������� %��97) f �J F67��1� 
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 � 	��.) 	)�K�LR  )SR f �J .	2� ��	�L"� (

 D�E� 9�8 �� !� �
U1 HI2J 9�8 �� �	 �(�

 �� f �J %�� <8#	 .	2� �����(�� !� 9�2�

 ]
� !� ) D�E� ) HI2J 9�8 �� 67��1� �	 �)�5�

 9= ���1�2� !J 	�	 �
U1 ��,J �Y�1� ���'q

6�)	 �� !+��T� ���� ���,J 9��1 �ML��? �� 

 .�1	�	Hung ) 9���*,  )19973�� �	 ( � ��

) �85�Acipenser transmontanus ) (

) 9���*,  ) 9�)�8(13923�� �	 ( � ��

) ����L+� �ML��? �4 ��
8�8  ��10 (!�5 F 

Wang ) 9���*,  �	  a��2000 

�	Oreochromis mossambicus × O. 

niloticus ) Caruso ) 9���*,  )2011( �	 

 ����)�� �����	 3��Dicentrarchus labrax 
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a2
+? 	��"� �	 f �J �+J !A8�1 �	 �85� �� 

 �8�)�K� 9��)	 �4 �	 �-��	 j�U8� /8"{�
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Abstract  
This study was conducted to investigate the effect of feeding strategies on 

growth performance and hematological parameters of Siberian sturgeon 
(Acipenser baerii) at different sizes for 45 days. Experimental treatments were 
including large fish with satiation feeding (LA); small fish with satiation feeding 
(SA); large fish with restricted feeding (LR); small fish with restricted feeding 
(SR); large starved fish (LS) and small starved fish (SS). Mean weights in large 
and small fish were 465.75±11.18g and 250.40±12g, respectively. Final weight 
in the LS and SS groups were significantly lower than the other groups (P<0.05). 
Hematological indices showed no interaction between feeding strategy and fish 
size (P>0.05), but monocyte values were significantly higher in LA treatment 
compared to the LR treatment (P<0.05). The present study revealed that feed 
deprivation has severe negative impacts on small fish while in restricted feeding 
treatments, these negative impacts were lower and the fish adapted to feed 
restriction period. Furthermore, the result of the present study indicated that 
various feeding strategies in both sizes had no adverse impact on hematological 
indices in Siberian sturgeon. 
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