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�."%���"�	 0 45� �6�	 ��$��73& �8"9 �� :6�( ���0�; ��<� 0 �=� ���Artemia urmiana .�%� 

?������  �@�A.���3 B�.6 CD,5� ���"� ��E  �."%���"�	 0 �."%���"� /�0	 1� �� 2� F0� ���"� �	

45� 2G% 0 �."%���"�	 0 �."%���"� /�0	 1� �� 2� H0	 ���"� �	 .�= H� !� 	���!�,%� �0� �� $��73

�8"9 ����EI! �,J� 1����	 �	 ��20- $,!�% �-�	 	��345� $��73�= H� !�.  1� �� 2� H.% ���"� �	

���% �	 ����EI! /�� 45� $��73���= /0�3 .�= H� !� K"! (H��EA ���"�) �8"9 ���"� �0�� �9 �!	.� $���
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���� 1�( �6�	 &45��8"9 $��73 ��$P�� �.Q �� ?��K�� ���	����  �6�	 	.-0 R�� �� $�045� $��73

 �0� �	 �<� �6�	 �S9��( .	.� ��;�� ���= /0�3 �	11  �	 &�=� ��K"� R��,7"� .�= /���7� H.% ���"� �	 0

 ����0�15  ��25 .�= /���7� ���� 1� 	�� !� $P�� H.% ���"� �	  �!.3 �	 U.� � �	Artemia 
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/�I,8�� �� $Z� �"�0�� �A���	$�"]Q ��� 

 �	 �"��� 	.-0 �9 �%� �"!	 �	 �"��� ^�K� 0

 _%.�  ��� R"�0� &�Gunther  F�% �	1900 

 ���K3�= 0 ������P� �N�= 0K- �"��� .

�5% �N�=��� $!�E- ��,83 0 �%� ��,%.�

` � /�I,8�� .	��	a� ���` �� �.= ���

�%� �.= ��"8� 0� R�� �� & ` �.I"� � ��

$� K"! �.=2P- .�P�.3���  /	�� 0 �! �"���

�� �%� ��- 4�  	0�( ���! �912 $D"� 0 �,�

/	�� ��15 $D"� �,��!��	 F.Q )Bengtson et 

al., 1991( ���� :�@� :��b ���	 �S9��( .

�"��- �S9� ��� 	0�( �"���35  �-�	

$,!�% 	��3�%� ����Z�� 0 $]"Q)& 1385(.  

 �� �V�8��! _���= �	 �"��� :S��"�.�

 1� ��!���3 �� 2� �8"9 .�%� �8"9 :Z=

 0 `.D�� _���= �	 &`�.N 0 ���% /�0	

 `�- ` &a%�P�&/	�9  ��"� �0�9 :Z=

$� �=�3 �� 2� .�P91 � �2  ���� �� �V�%

 ��d $P"P- B��"8<� &(�."%���"�) ��"I�

$�	.=  �� 2� 015  ��20  �,%.� �V�%

 �8"9$� �� /�"=.� W."D��! ?"� 0 ���Z=

45� ��7d$� ���e $��73 �� 2G% .	.=

 �D(�� W."D��! ?"�2  :��]�$� 	.= �9 �	

 �D(�� R�� ��K�0 $��N �,%.� ��� �� R"P-

,A �D(��) �%� 0�; � �� 2� $�9 0 (��

�3�P= 	�� &�"��� �0�"� $���. $D��! 2� 
�� 17 �� 23 ��� �%.�����!� �� ��"��� 

 :��]� g���$� 	.=)Abatzopoulos et al., 

2006(.  

�"��� �� :"�	 R,=�	 ��	�<� �;�� 

 �P"� ����"%� �"D9 &$��A &R"\�0����0�' 

0 �S9� ����"%� `�A �	 �( &`.D�� �� 

 ���= �� ���K� ���d R��,E� �D�-$�	0� 

$�"hV)����Z�� 0 	��& 1395.D"9 �� .(�� H�3 

 F	��� $,�"b �� �"��� /�!� /	.�60  ��120 

.D"9 �� 0 �;	H�3  	0�( � �8"9 ��100  ��

200 �"J"9 �� �,8� �;	 �  �0�� 0 ���N

$�����Z�� 0 ���(����) 	.=& 1385 � ! �� .(

/�E� �9�A���	 �� ���	�� ��� $�"]Q�P!�� 

 0 $��.� 0 ` _���= �� �"�0�� �A���	

- �� $Z�j.�.9� B��""k��` ��.= �D&  �� �	

����&  &	��	 $I,8�0� R�� �� $�! ��K"� ��.�

/�E�/�I,8�� �� �"�.� �"J"9 0 ���	����� 

?"� :]b �� �� $�"]Q $P"�	�9 R�����P� .

Pl� ��0�� B�0�' �"�.� ��� �� �"��� $V.

 � `.d�� �8"9� W�8(� ?"� �� ?"

$� _%.� �8"9 �"�.� �9 � ! �� 0 	.=

 ���b $�"@� _���= �"#�� �@� ��.�V &�"���
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/��� _���= �%� ��0�' &	��	 �"�.� ���� F

 $%��� 	�.� $��I7���� _���= �	 �8"9

� O��,! �� /	�J,%� �� �� 	�"3 ���b �/�� �%	& 

 ����5,%� �	 �"��� $V.Pl� ��0�� �� H��b�

 $9�N	�9  &m)1375.(  �� �"��� �8"9

$��,8� 17N B�.6 �� ��.���P�  �	 0

$Q.b /�"Nn $��� 	�90 R�� �0��  ���� �� �9

 �	��,� ��"��% ���� &	.= �,%�9 � $���d

	�9 ����EI! /	�J,%� �E-.  2G% ���� �	

��"! $���.� �8"9�� �� �@� �."%��.Z!� 
24 ��= �	 �,V�%�45� &	���!�,%� _ $��73

	�9 0 ��  ���d ��.PV �� �"��� �3�P= 	��.!

 /	�J,%� ���K� 0�; ���k� ���� ��k� /�!�

	�9 .�8"9 �� �,E� �A �� /	�J,%� ���� ���

 $�"@� :��.V �� $D��9 �N�P= ���� &�"���

 ��V F.Q 0 �=� &�<� �� �#.��  �� �%	.	�0 

 �6 �	 �� �"��� �8"9 ��	�� �0��

45� $��73 �� ��;��%80 ���� �� a���� �� �� ��

 �6�	 �� $,8"945� $��73R"��� .�%� ��

 R"Pq����� 0 �=� /�0	 F.Q �	 �"��� $3�!��

��0��:�V _���= �"#�� �@� & �""k� ��0

$� O��,! .�P9B������  ��7! R"7"�$� ��	

 :��.V �9 �	��� �"#�� _"@� $��"�"=.Z�K"�

��	 �"��� �<� 0 �=� ��!����Z�� 0 $D"DN) �& 

1386.(  

�,��� �� ���"8� �9 �%� /	�	 ��7! ��

�8"9 �"D��b F.��� �.Q �� �9 17N ���

45� $��73 /�0	 0	 �� 1� �� 2� �P,=��!

 ���7"� $��.,� �."%���"�	 0 �."%���"�

��7! 	�	�! 0 �� �.���	 r��N �!�= )Brown et 

al., 1984(. ��	 K"! $Z� �� :��.V $�E� 

 �� �9 �%�45� $��73�8"9�%� �#.� �� 

)Rajkumar and Babo, 2015( ���"8� �	 .

� �D�- �� ���.!�- ���!.3 $N� ��� 1� �"���

 �� ?"� $����% ���"�45� $��73 ��0�'

 �6�	 0 �%�45� $��73 ?��K�� ��$���	 

)Yoshida et al., 2011(R�� �� �-.� �� . �9 

���"� ����%�!.3 �0� �� �.P9�� $ ���

�%� /�7! H� !� ����� $�.� ��"���&R�����P� . 

�/�0	 �#� $%��� &?�0[� R�� �� ����� 

 �8"9 �."%���"�	 0 �."%���"�Artemia 

urmiana  ��K"� ��45� $��73�8"9��&  �=�

�<� 0� .�%� � �� :6�( ����"���  

  

>�� � �%
8�.  

�8"9���  �� $%��� R�� �	 /	�J,%� 	�.�

 /�I7!�	 �K� ���.!�- 0 �"��� /�Z7�0[�

 �"E� �"�0�� �=?���� $���� 0��  :@� �	

/�Z7�0[�&  F�% �	1393&  ��,�� .�= H� !�

s��N &�D(�� 0	 $Q�8"9 ���%B�.6 �� 
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 &F0� �D(�� �	 .���3 1�9 �� ���%��-

 �9 �= H� !� U�]=� 1�! ` t�% �	 ��0�P=

�8"9 �D(�� R�� �	 ��- �u�� 	�.� �� �� �!�=

 ��0 �� /	�J,%� �� ���%��- &��� �D(�� �	 0

 � $Q �9 �= H� !� R��"= ` �	 v.l5�

�8"9 ���b ��e �� �	 R"P- �0�( ���

,��3�P �8"9 0�,%.� 0 /	�.N w�� ��� �� ��

�0� t�% x�-��0 0 �0	 �,5�� �=. 

�8"9 $!.JV�' 2G% $����,9�� $3	.� �� ��

 �� $A��b 0�� /	�J,%� F.D@� ppm200 

 B�� �� ���D9.G"�20  H� !� �<"b	�= �� ��� .

s��N���%& �8"9 �� ��; 1� B�.6 ��

 ?5� w��!�!�=  B�� �� 024  �	 �V�%

 0 $�"]Q ��.� y��� �� 4"<,8� �.! �� �0	

 /	�	 ���b `�,� �!�=�!.= 17N �� 

)Gilbert, 1996(�8"9 � �� 2� . �� ��

 4"8<� /0�3 ��EA�!�= ��.PV �� /0�3 1� &

 ���=0  �0�� H� !�$6�N ���"�& 45� $��73

 �= /0�3 �% 0 �I�	 ��� ������"� �� 2� �9

45�$��73 :�!�=  

 B�� �� ` �	 �."%���"� :F0� ���"�15 

 ���	 �	 �0 �	 �."%���"�	 0 �<"b	37 

 �-�	$,!�% 	��3 ��.Q� ��K"� �9 $!��� ��

�8"9 �� ��6  ��7 �6�	 .�%��  

 0 �."%���"� H� !� �� 2� :H0	 ���"�

 &m.� �0� �� �."%���"�	�8"9 �� B�� ��

�,J� 1�  �K��� �	20-  �-�	$,!�% 	��3

EI! �����!�=.  

 0 �."%���"� H� !� �� 2� :H.% ���"�

 &m.� �0� �� �."%���"�	�8"9 �� B�� ��

�	 /�� 1�  �K���20-  �-�	$,!�% 	��3

 ����EI!�!�=.  

  

 �
��%�-�.� � �
��%�-�.  

 ���"� �� ����3  �,��3 �h! �	 �8"9 H�3

 .�=�8"9�� ��e �0�	 �h! 	�.� �1� 

 �,5�� $Q0�5� ��,"� �= 0800 $D"� �,"�

R��"= ` � ��  ���'� .�= $�	�.� :�V

�8"9 ��R��"= ` z0�5� :N�	 �	 B�� �� 

15  �<"b	 2G% .���3 H� !��8"9 �� ��

 �!�0� �� $��6100  ��- ��,�0�Z"� �= 2� 0

 $��'� ` R,��3 �� ���� B�� �� �."%���"�	

1 � 2G% .�= $�	�.� �V�% �0� �� ��

 RE� :�.� �!�= B�� �� 024  :N�	 �V�%

 /	�	 ���b �0 �!�= ��.Q� ��� �� ��6  ��7 

�6�	 �%��.  
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�/�0��12  

�8"9 ��&/�= �9n ������"� F��V� �� 2� 

 �,D"� ��45/0  �.]V $!0�Z"��!�= /	�	  �	 0

 �0�e1� ` �0�( ��,"� �� pH 8  0 ��

 ��.=33  ��K� �	 ��8b �� �9 �	�9 :(

/�= :6�( ` �	 ���	 1�! �P,��3 ���b.  R��

 ���	 �� H.���.9 1� :N�	 ��e28  �-�	

 	��I",!�%b ����= /	�	 �� /	�J,%� �� $��P=0� .

$��,E� |�;  ��.! /�E� ��60 B�0 �� R�.�  �	

 �D6��40  4"�P� H.���.9 �;�� ��,�",!�%

 .�=�8"9 �� �,"� �	 H�3 1� 	0�( 49��� ��

 B�� ��24  $�	�.� m.� _���= �	 �V�%

�!�=.  2� ��24  ��,8P�� ���0�; �V�%I 

 �6�	 �]%�@� �.hP� �� .�!�= r��N

45�$��73�!.�! ��e �� �� & .�= H� !� ��"3

 F.D@� �� /	�J,%� �� �"��� ���0�; 2G%

}.� ��� �	 0 2Z"� F.3.� )Zeiss(���� & 

 $%����!�=$D��! &}.� ��� �	 .�� (N) &

��,A ���0�;  (U) 0�8"945� ��� $��73

 /�7!(E)  ����= �= �� /	�J,%� �� 0 �����1 

 �6�	45� $��73 �]%�@� �=)Boone and 

Baas-Becking, 1931(.  

  

 (?�%�1:  

Hatching Percentage = [N/(N+U+E)]  × 100 

N: $D��!��~ U :��,A ���0�;~ E :�8"9 ���

45�/�7! $��73. 

��@ >��&�  

 ���%��- $3[�0 �� �-.� �� ��0�;

 �]S� $���3�.!.�= H� !�  	0�( /0�3 �� ��

400  �0�e .�= $=�0�� �0�e 	��0 0�;

 ���� $Z� �9 �P,8� ��.� 0	 ����	 �79

 /	�J,%� $�	��d ���� ��I�	 0 $�	�.�

$� 1]D- �� $�	��d .�=Dunaliella 

tertiolecta  $8P� ��5� 0PZ  �0� ��

 H� !� 	���!�,%�$��=.  �0� �� ` ��.=

��.= /�I,%	 _%.� OP%)Antago (R��j &

/���!�$� ��"3��.= ?��K�� B�.6 �	 0 �=& 

$� ���'� ��<� ` � �� �0� �� ��0�; .�=25 

.�P,��3 ���b _���= R�� �	 $=�0�� /�0	  

  

-�� � �4� �%��8 A��6�  

 ����0� �	8& 11 &15& 20  025  /�0	

 /�!� ���0�; &$=�0�� ��e �� 0 ����=

 /	�J,%� �� �D(�� �� �	 .�!�= :<,P� ��I�	

 �"�0� ���0�; 	���� �� /�!� ���0�; 	���� ��

)400 &(0�;  /�!� ���0�; �6�	 �� �� �%	

)Boone and Baas-Becking, 1931(.  

 �� ��0�; �=� ��K"� &/�= �9n ����0� �	

/���!� R��N ���,�� �� �% �� ��� F.Q ��"3

 �	 (�.8D�) $�Z= �P�10  B�.6 �� �9 0�;
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�]%�@� �!	.� /�= ��- /0�3 �� �� $�	�l� 

/���!� .�=��"3/�= 2Z"� ���0�; �0� �� �� 

�,�0�Z"� �� KE � }.Z%0�Z"� �� 0 :3.� �� 

)Zeiss (���� &�= H� !� /�I,%	 _%.� 0 

 �K��," �	)KD &Graphtec (1�[D� & �]#�=.   

  

 B�+C� � (�������8�  

?���� $������  H� !� ���Z� �% �� �!�= 0

/	�	1� 2!����0 K"��! �.�� �� �����Q 

)One-way ANOVA(  02�RZ!�	 �.�� 

% ��P"�Q� t�% �	95 )05/0<P(&  _%.�

H�! ��K��SPSS 22  .�!�= �8��<�  

  

D���$    

 O��,! /�� �%	 ���,J� 1� 	�� !� �� ��

 �8"9 ���� 1� 0Artemia urmiana  ��7!

 �6�	 �9 	�	45� $��73 ���� B�� ?��K�� ��

 ����EI!�8"9 �� 4hP� �.Q �� &���% �	

 ?��K������ �6�	 �9 ��.Q �� .45�$��73 

 &R"��� ���	 �@� /�� 1� 0 �,J� 1� �� 2�

 ������"� F��V� �� 2� �D6��X� ���� �� �]8!

 :��b ?��K�� &�."%���"�	 0 �."%���"�

 $E-.�� � ��7!	�	  ��K"� 	.-0 R�� �� $�0

45��8"9 $��73 �� �7"�� ���= /0�3 �	

 	.� /�= F��V� ������"� �	 � ��K"� �� ��;��

) :Z=1.(  

�8"9 ����EI! �� �<� �6�	 �S9��( �� ��

 ���	 �	 /�� 1� B��20 - $,!�% �-�	 0 	��3

 F��V� 2G%45� $��73�	 &(H.% ���"�)  �0�

11  �= /���7�)05/0<P ����0� �	 ��� .(

15 &20  025 �����"� ���% 0 ���= ���"� R"� 

$P�� B0�J� �7! /��	 ���	�-) F01.(  

 �=� R"I!�"� �8��<�Artemia urmiana 

F.Q R"I!�"� �9 	�	 ��7! ����= ����0� �	 

 ����0� �	 ���"��� ���15 &20  025 �	 
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 �����3  61/81  *00/83  87/75  84/51  04/41  

-.��  08/80  66/76  91/75  58/64  83/48  
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 ��-N2 -�� A�F$��8 (���48 :Artemia urmiana  T�U &�0+�8E+�/8 ��.����� �� &�8  

�.�����   O��8   O��11   O��15   O��20   O��25  

 �����1  40/0±69/4  51/0±05/7  67/0±94/8  00/1±01/10  1/1±٨۶/10  

 �����2  51/0±65/5  45/0±82/7  87/0±16/8  98/0±95/9  99/0±50/10  

 �����3  53/0±67/5  62/0±82/6  *94/0±27/9  *99/0±27/10  *95/0±41/11  

-.��  60/0±12/5  70/0±19/7  72/0±87/8  93/0±90/9    ۵/١±87/10  

* : /��,% ��XV �.,% �� �	$P�� �X,N� 	.-0 /�P�	 ��7!��	 �%� ���= ���"� �� )05/0<P.(  
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Abstract  
The aim of this study was the freezing effects at -20°C after hydration and 

subsequent dehydration on the hatching efficiency, survival percentage and 
growth of Artemia urmiana larvae. Experiment contained four treatments. At 
first treatment, hatching was obtained after one hydration and dehydration cycle 
with the standard method. In the second treatment, hatching was done after 
hydration and dehydration cycle and kept freezed in -20°C for a week. In third 
treatment, the freezing period was extended up to one month. The control was 
carried out along standard hatching procedure (fourth treatment). Results 
indicated the cyst hatching percentage increased by increasing freezing time 
(one-month freezing), even though hatching percentage was higher in control 
group. The most survival percentage was observed in the 11th day of third 
treatment.  The highest growth was observed from larvae hatched in 15 to the 
25th day of third treatment (P<0.05). In conclusion, the freezing was not 
necessary to improve the hatching rate and larval growth. 
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