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  7�� 0	Y
�  

         W�L���  ����� 0	Y
�  ��7	M 0	Y
�  0	Y
� ��+�N�  

) S� =���1500 -1700
X� (  15/2/90 – 10/3/90  15/3/90 – 15/4/90  21/4/90 – 15/5/90  

) �+ =���1900 -2100
X� (  21/2/90 – 14/3/90  20/3/90 – 20/4/90  25/4/90 – 20/5/90  

  

�F�4 ���������� ��(  
0� 04;� ��0b*E R�� �+ 0]B�� +�;� P�+ ��;	��� K��

'�7Y 7��� l���)( 
� 
*yz� f�I9 )� �� �]�^;9;�6*, C�
**c� Z
 5+;� �	��B� Z]*� K���+ 5+�� P�+ � 7��� 0X��+ l���)( g��X�
 +�:�� �
�� � 5+�+ )�
� +;h )� �	I, ��/
 =�� J]�� �

0� 2��) �+ J*B-�� .+;� C�H*HI� 7��� �+ ��/]�� K
*M��E
0�;�� �a� =*	��' Z*b��X� 
nE�7Y 
� P�+� +�;� K�� 089�\

5)�7�� Z��'�� K
*M K��*b� 7B���� 6*� 089�\� J�� �+ �N9 .7���
5)�7�� 
`�+ C�89�\� )� �;Xb*, 
� P�+ )� �a� =*	��' K
*M)2 

 Kt;Xb*, K���+ 57� 0Xh� �9�� ���c� 
� 7BL�;M de�
0D�]�  57�) 2)� ��;X� �� K�5/0± 58_� .7�  5+�LX�� ( )� 

q�*�( 2+
E 0�;���� �� �5+�LX� )� S9� �� 
\' NLB� 50 


X��
]*� 7�7� S9� � _~�  ��7H�4 P
M 0�;�� S�h 0�;M 

�+ 2��)K��  �
Lj2 �4 �8 �16 �24 �48  �72 =
�� �+ 0� 

��
]� �+ 0D�]� 
� 7BL�;M 2;*���;]�� .7� 0b*E0� K����E 

0X,� �+ J�� l���)( K���+ KN,�B� 0�  
\'45-50 
X��
]*� 

.+;� _� )� ��0b*E 2;*���;]K���+ K�� 0�;�� )� 0D�]� ���h 

� _� )� ;�Xb� �+ J*��� d�D9��;� �� q( +
� 0�C7� 20 

�+ �0H*'+ 2�( 65 04�+ 0�C7� 48 =
�� S�h  7�+
M)8 .(
_� )� J�);� 0b*E+�;� �� �E��;h 57���*'�� �+ 0b*E 
� 

@bY 5+�� S�h J**8� .7� 7j�+ 0�6:�K
�N� 
� S�  )�
�;�+ �KNc� _� )� J**8� ��7H� 2( 5+�� KNc� �+ 0�;�� 0*9�� 

� �'�� 57��� 2( �+ 0b*E _� )� C7� 2��) 
*�p� �� 5+�LX�� 

)� 0\��� 1 J**8� 7�+
M )22.(  
  

 0\���1  

*�p� )� _� 0�;�� �+ 57���*'��( -1KNc� 5+�� 27� 7�7��� 7j�+=  

       100  ×H� /0�;�� �+ KNc� 5+�� 0*9�� ��7H�) KNc� 5+�� ��7  

  

��	� ����C %��<� � ������(  

2�6*� 7�7��� 27� +�;� �+ 7Y�� 2��) � J*B-�� 

0:B��
,K�� 0�6:� Z*b��X�K
�N�)PD� ( Z*b��X� 0�6:�-

K
�N� a �b  �c �� 5+�LX�� )� �\h
*Q 0\���  0\���)2( 

F;]��� � 79���7]�1)1979( � �� 5+�LX�� P
� )� ��6,� Fit 

curve .7� 0D��I�  
0\��� 2                                              P= a+b(1-ect)  

 0\��� J�� �+a 0�6:� lp���
� 
�N� �(7j�+)b   lp�
0�6:� �0Xb�( 
�N�c 0�6:� =

� K
�N� �(=
�� �+ 7j�+)p 

0�6:�) 2��) 7Y�� �+ K
�N�t�� ( .7���  
 5+�+ �
i @9�' �+ 57�( =�7� K��0� �,+�A� }/��E C�;j

� Z��;XE�,0P
� 0	*�� ��6,�SAS 9.1  �7� 0��� )� 5+�LX�� �� �
J*`��*� 0b��H� K�
� .=,
M P�:�� �\h ��;�
 R�� )� ��

7Bm 2;�)( 0B��+ ���XY� [\� �+ J]��+ K�5  5+�LX�� 7j�+
 0\��� d��� 
� 5+�LX�� +�;� K���( �7� .7�3 .=�� 5+;�  

 0\���3                                Yijk=µ+ Li+ Sj+LSij+ εijk  
 2( �+ 0Eµ  �ZE J*`��*�=Li � �
�L��� =���Sj 0	Y
� =

 ��]�^;9;B,LSij �]�^;9;B, 0	Y
� � �
�L��� =��� Z��HX� 
y� =
 �=εijk .+;� �����)( K�\h  

  

H��#�  

 0�;M ���*�*� C�D*E
�A. crenatus  ��74 �+)2( 
 .=�� 57� 5+��(�B8� 
y� W�L��� � 7�� 0	Y
� C�D*E
� 
� K��+

 7BX��+ 0�;M J�� ���*�*�)01/0p< � W�L��� Z��HX� 
y� .(
0� 7�� 0	Y
� ��
m 64)05/0p< ���*�*� C�D*E
� 
��� 
� (

�B8� 2( �9;	� 5��;�+ ��9;	� 5��;�+ 5�*M k;	� �� .+;D� ��+
��� K��B� l��6,� S�h 5+�� � �9( 5+�� �69;	� 2�6*� �

 5��;�+ � �9;	� 5��;�+ 2�6*� J�
X�*� .=,�� l��E 
XbE�h
��� K��B� �9;	� J�
X�E � S� =��� P;� 0	Y
� �+ 69;	�

 ZY�
� J*� .7� 57���� �+ =��� S� 0	Y
� �+ 2( 2�6*�
�B8� C��L� =��� �+ 
� �+ 7�� 7� 57���� ��+)01/0p< .(

�7H� J�
X�*� �+ =��� ��� 0	Y
� �+ ��
m �+ � =��+ �� �
.+;� ��7H� J�
X�E K���+ S� =��� P�+ 0	Y
�  

0�6:�2��) �+ �L	
 2;M S�h 5+�� K
�N� 3	Xp� K��
 ��74 �+ 2;*���;]��)4(  �7�� 0	Y
� 
y� .=�� 57� 5+�+ 2���

2��) P��� �+ 7�� 0	Y
� � W�L��� Z��HX� 
y� � W�L��� K��
�B8� 2;*���;]��) +;� ��+01/0p<� 
� .( �0	j�Y g��X� d��

0�6:� 2�6*� J�
X�*� =��� ��� 0	Y
� �+ S�h 5+�� K
�N�

                                                      
1 .Ørskov & McDonald 
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 �+ .7� 57���� S� =��� P�+ 0	Y
� �+ ��7H� J�
X�E � P�+
2��) ����� � =��� 
� �+ 7�� ZY�
� J*� 2;*���;]�� K��

�B8� C��L� �
�L��� =��� �+ J*�) =��+ +;4� ��+01/0p< �(
 2��) �+ �9�24 ;]�� =
�� =��� J*� P;� 0	Y
� �+ 2;*b�

�B8� C��L�  �+ � S�.=��7� +;4� K��+  
��74 �+ )6( 0:B��
,0�6:� K�� S�h 5+�� K
�N�

 0�;MA. crenatus  
y� � 7�� 0	Y
� �W�L��� .=�� 57� R��6M
0:B��
, 
� 7�� 0	Y
� � W�L��� Z��HX�0�6:� K�� 5+�� K
�N�

�B8� 
y� S�h) 7BX��+ ��+01/0p<(0�6:� J�
X�*� . K
�N�
) ��
�a � �+ =��� ��� 0	Y
� �+ 0�;M J�� S�h 5+�� (

 J�
X�E��7H�  �+ 
� �+ .+;� S� =��� P;� 0	Y
� �+ 2(
�B8� l��E 7��� =���0�6:� lp� �+ ��+ 5+�� ��
� 
�N�

) 7� 57�+ 5�*M k;	� =,
�*� �� 2��6�� S�h01/0p< .(
0�6:� lp�) 7BE 
�N�b S�h 5+�� (2;M ZY�
� �+ �L	


�B8� C��L� =��� �+ 
� 7�� J�
X�*� .7�+�+ 2��� K��+
0�6:� 2( 2�6*� J�
X�E � �+ =��� ��� 0	Y
� �+ 7BE K
�N�

 2��6�� =��� �+ 
� �+ .7� 57���� S� =��� P;� 0	Y
� �+
0�6:� lp� 5�*M k;	� =,
�*� ���B8� l��E 7BE K
�N� K��+

) +�+ 2���01/0p<b��X� .(0�6:� Z*) K
�N�PD S�h 5+�� (
 ����E 7��� �5�*M k;	� =,
�*� �� =��� �+ 
� �+ �L	
 2;M

�B8�0�6:� Z*b��X� J�
X�*� .+�+ 2��� �� K��+ �+ K
�N�
 =��� P;� 0	Y
� �+ 2( 2�6*� J�
X�E � �+ =��� ��� 0	Y
�

.7�+
M 57���� S�  

  

 @�2A2-  ���� ����7�9 J�K�4 �A. crenatus  	 � �( )�-(2L��) �*�+���,- 29� ��& � �� � D�E��	 �� �� %�/��	 0�#�	 ��1� 

���*�*� C�D*E
�  NDF  ADF EE  Ash  OM  DM 

        

S� =���  
)1500 -1700
X� (  

��� 0	Y
�  36/1±c03/36  29/0±e83/33  51/0±a45/6  28/0±a09/10  28/0±d91/89  48/0±c34/94  

P�+ 0	Y
�  81/0±c24/38  45/1±c36 61/1±b06/4  33/0±b29/9  33/0±c71/90  03/0±b19/95  

P;� 0	Y
�  61/1±a50 25/1±b05/46  38/0±b71/4  40/0±c52/7  40/0±b48/92  35/0±a61/96  

�+ =���  
)1900 -2100
X� (  

��� 0	Y
�  60/1±f46/32  35/1±f54/30  46/0±b68/6  22/0±a65/9  22/0±d35/90  10/0±d08/93  

P�+ 0	Y
�  18/0±d69/34  14/1±d66/33  42/0±b92/4  16/0±b83/8  16/0±c17/91  22/0±c35/94  

P;� 0	Y
�  72/0±b03/49  51/0±a79/44  34/0±a12/6  16/0±d93/6  16/0±a07/93  16/0±b62/95  

+��7��X�� K�\h  67/0  63/0  44/0  16/0  16/0  15/0  

�B8�K��+  
W�L���  **  **  *  **  **  **  

7�� 0	Y
�  **  **  *  **  **  **  

  W�L���×�7�� 0	Y
  ns ns *  ns ns ns 

NDF:  ��9;	� 5��;�+ADF �K7*�� 57B�;� �+ �;	I��� F�*9� :EE �K
�� 5��A
 :Ash �
XbE�h :OM��9( 5+�� :DM F/Xh� 57B�+ 2��� 2;X� 
� �+ 0���� 
*Q F�
Y �S�h 5+�� :

�B8��� ��+ �7���ns�B8� 
*Q :�B8� ���XY� :** �K��+ �7j�+ S� [\� �+ K��+�B8� ���XY� :* [\� �+ K��+5 7j�+ .  
 

 @�2A3-  ���� ����7�9 J�K�4 � J��/ � ��O����A. crenatus  �( )�	 �-�*�+���,- 29� ��& � �� � D�E��	 �� �� %�/��	 0�#�	 ��1�  
    K+�)( 04�+  C�8�
� J*`��*�   ��7H�F  �B8� [\�K��+  

NDF 

W�L���  1  72/32  95/23  **  

7�� 0	Y
�  2  39/408  91/298  **  

 W�L��� ×7�� 0	Y
�  2  34/3  45/2  n.s 

ADF  

W�L���  1  62/23  88/19  **  

7�� 0	Y
�  2  36/294  75/247  **  

 W�L��� ×7�� 0	Y
�  2  55/1  30/1  ns 

EE  

W�L���  1  12/3  33/5  *  

7�� 0	Y
�  2  32/3  67/5  *  

 W�L��� ×7�� 0	Y
�  2  70/3  33/6  *  

Ash  

W�L���  1  11/1  92/14  **  

7�� 0	Y
�  2  99/10  45/148  **  

 W�L��� ×7�� 0	Y
�  2  01/0  13/0  ns 

OM  

W�L���  1  11/1  92/14  **  

7�� 0	Y
�  2  99/10  45/148  **  

 W�L��� ×7�� 0	Y
�  2  01/0  13/0  ns 

DM  

W�L���  1  76/4  40/66  **  

7�� 0	Y
�  2  69/8  19/121  **  

 W�L��� ×7�� 0	Y
�  2  07/0  94/0  ns 

NDF:  ��9;	� 5��;�+ADF �K7*�� 57B�;� �+ �;	I��� F�*9� :EE �K
�� 5��A
 :Ash �
XbE�h :OM��9( 5+�� :DM  �S�h 5+�� :ns�B8� 
*Q :�B8� ���XY� :** �K��+ [\� �+ K��+

�B8� ���XY� :* �7j�+ S� [\� �+ K��+5 7j�+ .  
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@�2A4-  ���� ��� ���� � �
! �����A. crenatus ( )�	 � �-0��
 �� %�/��	 0�#�	 ��1�(2L��) 0����/�*�	 "�#$� ��(  

2��)2;*���;]�� K��  0 2 4 8 16 24 48  72  

S� =���  
)1500 -

1700
X� (  

��� 0	Y
�  13/0±b20/27  16/0±b87/44  10/0±b92/56  27/0±b57/59  12/0±b92/64  15/0±b89/74  15/0±b84/78 10/0±b88/80 

P�+ 0	Y
�  23/0±d81/25  20/0±d71/41 09/0±d17/54  13/0±e48/56  13/0±d56/62  12/0±d59/70  17/0±d23/75 11/0±d19/77 

 0	Y
�
P;�  

37/0±f38/17 15/0±f53/38  22/0±f34/50  34/0±f65/54  23/0±e50/60  27/0±e19/65 23/0±f24/70 18/0±f23/73 

�+ =���  
)1900 -

2100
X� (  

��� 0	Y
�  05/0±a21/30  13/0±a45/46  19/0±a31/58  19/0±a73/61  23/0±a76/66  17/0±a51/76  12/0±a23/81 14/0±a33/83 

P�+ 0	Y
�  19/0±c62/26  16/0±c79/43  12/0±c49/56  13/0±c05/59  05/0±b04/65  13/0±c35/73  14/0±c25/78 13/0±c25/80 

 0	Y
�
P;�  

24/0±e48/19  17/0±e73/40  23/0±e63/53  15/0±d79/56  15/0±c86/62  21/0±e76/68  17/0±e65/74 14/0±e72/76 

+��7��X�� K�\h  09/0  06/0  07/0  09/0  07/0  07/0  07/0  06/0  

�B8�K��+  
W�L���  **  **  **  **  **  **  **  **  

 0	Y
�
7��  

**  **  **  **  **  **  **  **  

  W�L���× 0	Y
�
7��  

** ** **  ** ** ** ** ** 

�B8� F/Xh� 57B�+ 2��� 2;X� 
� �+ 0���� 
*Q F�
Y� K��+��B8� ���XY� :**�7����B8� ���XY� :* �7j�+ S� [\� �+ K��+ [\� �+ K��+5 .7j�+  
  

@�2A5-  ���� ��� ���� � �
! ����� J��/ � ��O����A. crenatus  �( )�	 �-0��
 �� %�/��	 0�#�	 ��1�0����/�*�	 "�#$� ��(  

2��)2;*���;]�� K��  K+�)( 04�+  C�8�
� J*`��*�   ��7H�F  � [\��B8K��+  

0 

W�L���  1  97/34  48/681  **  
7�� 0	Y
�  2  97/344  09/6723  **  

 W�L��� ×7�� 0	Y
�  2  68/3  73/71  ** 

2  

W�L���  1  38/34  66/1288  **  

7�� 0	Y
�  2  109  93/4085  **  

 W�L��� ×7�� 0	Y
�  2  32/0  02/12  ** 

4  

W�L���  1  18/49  68/1696  **  

7�� 0	Y
�  2  13/96  03/3316  **  

 W�L��� ×7�� 0	Y
�  2  69/2  92/92  ** 

8  

W�L���  1  17/47  28/1016  **  

7�� 0	Y
�  2  50/73  45/1583  **  

 W�L��� ×7�� 0	Y
�  2  18/0  82/3  ** 

16  

W�L���  1  67/44  53/1592  **  

7�� 0	Y
�  2  01/52  22/1854  **  

 W�L��� ×7�� 0	Y
�  2  35/0  38/12  ** 

24  

W�L���  1  44/63  48/1888  **  

7�� 0	Y
�  2  21/230  60/6852  **  

 W�L��� ×7�� 0	Y
�  2  87/2  51/85  ** 

48  

W�L���  1  27/96  38/3438  **  

7�� 0	Y
�  2  93/173  03/6212  **  

 W�L��� ×7�� 0	Y
�  2  21/3  53/114  ** 

72  

W�L���  1  91/80  40/4424  **  

7�� 0	Y
�  2  57/152  06/8343  **  
 W�L��� ×	Y
�7�� 0  2  83/0  66/45  ** 

                          �B8� ���XY� :**�B8� ���XY� :* �7j�+ S� [\� �+ K��+ [\� �+ K��+5 .7j�+  
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@�2A6- ��,�	 -����� ��( ���� ��� ���� � �
!A. crenatus  �( )�	 �-%�/��	 0�#�	 ��1� �F�4 
	 ���E#�	 �/(2L��) ������� ��(  

�
,0:B�0�6:� K��K
�N�  a b c PD ) 02/0( ED  ) 05/0( ED ) 08/0( ED  

S� =���  
)1500 -

1700
X� (  

 0	Y
�1  15/0±b65/43  16/0±b14/37  001/0±b07/0  15/0±b77/80  05/0±b23/72  04/0±b92/64  08/0±b58/60 

 0	Y
�2  17/0±d67/40  21/0±c19/36 001/0±b07/0  14/0±d87/76  08/0±d75/68  01/0±d70/61  04/0±d48/57 

 0	Y
�3  32/0±f04/37 22/0±d70/34  004/0±a08/0  23/0±f73/71  11/0±f70/64  08/0±f23/58  08/0±f22/54 

�+ =���  
)1900 -

2100
X� (  

 0	Y
�1  25/0±a29/45  19/0±a95/37  005/0±c07/0  08/0±a23/83  12/0±a33/74  12/0±a78/66  10/0±a33/62 

 0	Y
�2  20/0±c79/42  25/0±b17/37  001/0±b07/0  08/0±c97/79  05/0±c55/71  05/0±c27/64  05/0±c95/59 

 0	Y
�3  30/0±e88/39  19/0±c11/36  001/0±b07/0  17/0±e98/75  08/0±e15/68  09/0±e20/61  12/0±e98/56 

+��7��X�� K�\h  09/0  08/0  001/0  06/0  04/0  03/0  03/0  

�B8�K��+  

W�L���  **  **  **  **  **  **  **  


�7�� 0	Y  **  **  **  **  **  **  **  

W�L���× 0	Y
�** ** **  **  ** **  ** 

a0�6:� lp� :�(%) ��
� 
�N�b �(%) 7BE 
�N� 0�6:� lp� :c �(%) 
�N��� 0�6:� lp� :PD �K
�N� 0�6:� Z*b��X� :) 02/0( ED0�6:� Z*b��X� : �;D
 �
� �+ K
�N�2 �7j�+) 05/0( 
ED0�6:� Z*b��X� :K
�N�  �;D
 �
� �+5  �7j�+) 08/0( ED0�6:� Z*b��X�  : �;D
 �
� �+ K
�N�8 �B8� F/Xh� 57B�+ 2��� 2;X� 
� �+ 0���� 
*Q F�
Y.7j�+�� ��+ :**�7���

�B8� ���XY��B8� ���XY� :* �7j�+ S� [\� �+ K��+ [\� �+ K��+5 .7j�+  

  
@�2A7- ��,�	 - J��/ � ��O��������� ��(��� � �
! ���� ��� �A. crenatus  �( )�	 � -%�/��	 0�#�	 ��1� �F�4 
	 ���E#�	 �/ ��(

�������  

0:B��
,0�6:� K��K
�N�  K+�)( 04�+  C�8�
� J*`��*�   ��7H�F  �B8� [\�K��+  

a 

W�L���  1  54/43  90/745  **  
7�� 0	Y
�  2  79/108  80/1863  **  

 W�L��� ×7�� 0	Y
�  2  08/1  53/18  ** 

b  

��W�L�  1  18/10  33/245  **  
7�� 0	Y
�  2  85/13  89/333  **  

 W�L��� ×7�� 0	Y
�  2  29/0  98/6  ** 

c  

W�L���  1  0001/0  86/22  **  
7�� 0	Y
�  2  0001/0  50/17  **  

 W�L��� ×7�� 0	Y
�  2  0001/0  79/6  ** 

PD  

W�L���  1  37/96  72/4159  **  
7�� 0	Y
�  2  81/199  93/8624  **  

 W�L��� ×7�� 0	Y
�  2  45/2  84/105  ** 

) 02/0( ED  
W�L���  1  72/69  81/9028  **  

7�� 0	Y
�  2  46/141  6/18318  **  
 W�L��� ×7�� 0	Y
�  2  37/1  09/177  ** 

) 05/0( ED  
W�L���  1  76/54  10058  **  

7�� 0	Y
�  2  01/113  6/20757  **  
 W�L��� ×7�� 0	Y
�  2  93/0  82/170  ** 

) 08/0( ED  
�W�L��  1  77/48  59/7254  **  

7�� 0	Y
�  2  10/103  3/15337  **  
 W�L��� ×7�� 0	Y
�  2  82/0  78/121  ** 

a0�6:� lp� :�(%) ��
� 
�N�b �(%) 7BE 
�N� 0�6:� lp� :c �(%) 
�N��� 0�6:� lp� :PD �K
�N� 0�6:� Z*b��X� :) 02/0( ED0�6:� Z*b��X� : �;D
 �
� �+ K
�N�2 �7j�+) 05/0( 
ED0�6:� Z*b��X� : �;D
 �
� �+ K
�N�5  �7j�+) 08/0( ED0�6:� Z*b��X�  : �;D
 �
� �+ K
�N�8 �B8� F/Xh� 57B�+ 2��� 2;X� 
� �+ 0���� 
*Q F�
Y.7j�+�� ��+ :**�7���

�B8� ���XY��B8� ���XY� :* �7j�+ S� [\� �+ K��+ [\� �+ K��+5 .7j�+  

  
 ��74)8( 0:B��
,� K��0�6:0�;M �9;	� 5��;�+ K
�N� 
A. crenatus �� 2��� ��0�6:� 7j�+ 
� W�L��� 
y� .7�+ K
�N�

�
� �+�B8� �;D
 K��) +;� ��+01/0p< 
��� 
� �9� (
0:B��
,0�6:� K���B8� 
y� K
�N� 0	Y
� .7�� 57���� ��+

0:B��
, P��� 
� 7��0�6:� K���B8� �;\� K
�N� 
*yz� K��+
� ��NM) +;01/0p< 
� 7�� 0	Y
� � W�L��� Z��HX� 
y� � (

�*�  P�7E0:B��
, )��B8� ��0�6:� J�
X�*� .+;D� ��+ K
�N�
� ��+ =��� �+ 0�;M J�� 7BE � ��
�0 ����� ZY�
� �+ @*�
�

0�6:� Z*��X� .+;� ��7	M C��L� 7�� ZY�
� J*� 6*� K
�N�
�B8�0�6:� Z*b��X� J�
X�*� � =��+ ��+�N� 0� |;�
� K


.+;� P�+ �
�L��� =��� �+ 5�*M J�� ����� 0	Y
�  
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 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

13
94

.9
.1

.2
.5

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

26
-0

2-
20

 ]
 

                             7 / 14

https://dor.isc.ac/dor/20.1001.1.20080891.1394.9.1.2.5
http://rangelandsrm.ir/article-1-164-fa.html


0�6:� � ���NQ R)�� J**8��9;	� 5��;�+ � S�h 5+�� K
�N� ...                                                                                     21  
 

 

 

 @�2A8 - ��,�	 -  / �*�+���,- 29� ��& � � D�E��	  �UV������ ��( ���� ����� ��	��� � �
!A. crenatus  �( )�	 �- 0�#�	 ��1�

(2L��) %�/��	  

0:B��
,0�6:� K��K
�N�  a b c PD ) 02/0( ED ) 05/0( ED ) 08/0( ED  
S� =���  

)1500 -1700 (

X�  

 0	Y
�1  18/1±ab87/18  16/0±ac20/22  01/0±a055/0  34/1±b05/41  64/0±b75/34  42/0±b30  42/0±a40/27 

 0	Y
�2  10/1±d11/17  55/0±ab52/22 01/0±bcd035/0  57/0±d60/39  07/0±d55/31  07/0±d55/26  14/0±c10/24 

 0	Y
�3  73/1±d78/14 90/0±ce83/19  01/0±ab045/0  85/0±c60/34  28/0±f20/28  35/0±e85/23  57/0±d60/21 

�+ =���  
)1900 -2100 (


X�  

 0	Y
�1  25/2±a92/19  65/1±ce83/19  01/0±ac045/0  64/0±a55/43  57/0±a20/36  78/0±a05/31  10/1±a35/28 

 0	Y
�2  25/0±ac53/18  77/0±bcd02/21  001/0±ad040/0  49/0±b55/39  14/0±c60/32  28/0±c90/27  35/0±b55/25 

 0	Y
�3  12/1±bcd80/15  26/1±de82/18  01/0±a055/0  14/0±c60/34  21/0±e55/29  01/0±d60/25  14/0±c40/23 

+��7��X�� K�\h  99/0  71/0  005/0  54/0  27/0  29/0  39/0  

K��+ �B8�  
W�L���  ns  ns  ns  ns  **  **  **  

7�� 0	Y
�  *  **  *  **  **  **  **  
W�L���× 0	Y
�ns ns ns  ns ns ns ns 

a0�6:� lp� :�(%) ��
� 
�N�b �(%) 7BE 
�N� 0�6:� lp� :c �(%) 
�N��� 0�6:� lp� :PD �K
�N� 0�6:� Z*b��X� :) 02/0( ED0�6:� Z*b��X� : �;D
 �
� �+ K
�N�2 �7j�+) 05/0( 
ED0�6:� Z*b��X� : �;D
 �
� �+ K
�N�5  �7j�+)08/0( ED0�6:� Z*b��X� :� �;D
 �
� �+ K
�N8 �B8� F/Xh� 0�7�+ 2��� 2;X� 
� �+ 0���� 
*Q F�
Y.7j�+�� ��+ �7���ns 
*Q :

�B8��B8� ���XY� :** �K��+�B8� ���XY� :* �7j�+ S� [\� �+ K��+ [\� �+ K��+5 .7j�+  
  

 @�2A9- ��,�	 -  / �*�+���,- 29� ��& � � D�E��	  �UV� J��/ � ��O��������� ��( ���� ����� ��	��� � �
!A. crenatus  )�	 �

 �(-%�/��	 0�#�	 ��1�  

0:B��
,0�6:� K��K
�N�    K+�)( 04�+  C�8�
� J*`��*�   ��7H�F  �B8� [\�K��+  

a 

W�L���  1  06/4  03/2  ns  
7�� 0	Y
�  2  16/17  60/8  *  

 W�L��� ×7�� 0	Y
�  2  05/0  02/0  ns 

b  

W�L���  1  39/0  39/0  ns  
7�� 0	Y
�  2  44/13  32/13  **  

 W�L��� ×7�� 0	Y
�  2  45/2  43/2  ns 

c  

W�L���  1  0001/0  20/0  ns  
7�� 0	Y
�  2  0002/0  5  *  

 W�L��� ×7�� 0	Y
�  2  0001/0  60/2  ns  

PD  

W�L���  1  2  42/3  ns  
Y
�7�� 0	  2  98/60  09/104  **  

 W�L��� ×7�� 0	Y
�  2  13/2  63/3  ns 

) 02/0( ED  
W�L���  1  94/4  88/33  **  

7�� 0	Y
�  2  57/43  79/298  **  
 W�L��� ×7�� 0	Y
�  2  04/0  30/0  ns 

) 05/0( ED  
W�L���  1  74/5  62/34  **  

7�� 0	Y
�  2  85/33  14/204  **  
 W�L��� ×7�� 0	Y
�  2  12/0  74/0  ns 

) 08/0( ED  
W�L���  1  88/5  71/19  **  

7�� 0	Y
�  2  07/29  43/97  **  
 W�L��� ×7�� 0	Y
�  2  18/0  61/0  ns 

a0�6:� lp� :�(%) ��
� 
�N�b �(%) 7BE 
�N� 0�6:� lp� :c �(%) 
�N��� 0�6:� lp� :PD �K
�N� 0�6:� Z*b��X� :) 02/0( ED0�6:� Z*b��X� : �;D
 �
� �+ K
�N�2 �7j�+) 05/0( 
ED0�6:� Z*b��X� : �;D
 �
� �+ K
�N�5  �7j�+)08/0( ED0�6:� Z*b��X� : �;D
 �
� �+ K
�N�8 �B8� F/Xh� 0�7�+ 2��� 2;X� 
� �+ 0���� 
*Q F�
Y.7j�+�� ��+ �7���ns 
*Q :

�B8��B8� ���XY� :** �K��+�B8� ���XY� :* �7j�+ S� [\� �+ K��+ [\� �+ K��+5 .7j�+  

  
0�6:� 
� ����� 0	Y
� � W�L��� 
y� 0� |;�
� g��X� K
�N�

��� K��B� �9;	� 5��;�+ ��74 �+ 69;	�)10(  57� 5+�+ 2���
lp� 6:� W�L��� 
y� .=�� K��b  �c 0:B��
, 
��� 
� K��

0�6:��B8� K
�N� lp� 64 0� 7�� 0	Y
� 
*yz� .+;� ��+c 

)05/0p<0:B��
, ����� 
� ( ���B8�  7j�+ S� [\� �+ ��+
0�6:� 7j�+ 64 0� ����� 0	Y
� � W�L��� Z��HX� 
y� .+;� K
�N�

 �;D
 �
� �+2 ) 7j�+05/0p<0:B��
, 
��� 
� ( 
*Q ��
�B8� .+;� ��+  
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 @�2A10- ��,�	 -  / �*�+���,- 29� ��& � � D�E��	  �UV������ ��(��� ����� �7( ��?,� ����� ��	��� � �
! �A. crenatus  )�	 �

 �(-(2L��) %�/��	 0�#�	 ��1�  

0:B��
,0�6:� K��K
�N�  a b c PD ) 02/0( ED ) 05/0( ED ) 08/0( ED  
S� =���  

)1500 -1700 (

X�  

 0	Y
�1  57/0±a19/18  4/1±a73/23  001/0±bc030/0  85/0±a90/41  35/0±b45/32  01/0±b10/27  07/0±b65/24 

 0	Y
�2  15/1±b34/15  22/0±ab62/21 007/0±ac035/0  92/0±b95/36  01/0±d70/28  07/0±d85/23  14/0±d60/21 

 0	Y
�3  14/1±c25/11 95/0±b99/19  007/0±ab045/0  05/2±c25/31  50/0±f85/24  14/0±f50/20  14/0±f30/18 

�+ =���  
)1900 -2100 (


X�  

 0	Y
�1  14/0±a77/19  08/1±a48/23  001/0±bc030/0  92/0±a25/43  01/0±a40/33  21/0±a15/28  21/0±a85/25 

 0	Y
�2  58/0±ab44/17  34/1±a91/23  001/0±bc030/0  78/0±a35/41  14/0±c20/31  42/0±c80/25  50/0±c45/23 

 0	Y
�3  56/1±c61/12  24/1±b93/19  014/0±a050/0  35/0±c55/32  35/0±e65/26  28/0±e40/24  07/0±e15/20 

+��7��X�� K�\h  69/0  79/0  005/0  78/0  21/0  17/0  17/0  

K��+ �B8�  
W�L���  *  ns  ns  *  **  **  **  

7�� 0	Y
�  **  **  *  **  **  **  **  
  W�L���× 0	Y
�ns ns ns  ns * ns ns 

a :0�6:� lp��(%) ��
� 
�N�b �(%) 7BE 
�N� 0�6:� lp� :c �(%) 
�N��� 0�6:� lp� :PD�K
�N� 0�6:� Z*b��X� :) 02/0( ED6:� Z*b��X� :0� �;D
 �
� �+ K
�N�2 �7j�+) 05/0( 

ED0�6:� Z*b��X� : �;D
 �
� �+ K
�N�5 �7j�+) 08/0( ED0�6:� Z*b��X� : �;D
 �
� �+ K
�N�8 �B8� F/Xh� 57B�+ 2��� 2;X� 
� �+ 0���� 
*Q F�
Y.7j�+�� ��+ �7���ns 
*Q :
�B8��B8� ���XY� :** �K��+��XY� :* �7j�+ S� [\� �+ K��+�B8� � [\� �+ K��+5 .7j�+  

  

 @�2A11 -  ��,�	 -  / �*�+���,- 29� ��& � � D�E��	  �UV� J��/ � ��O��������� ��( ���� ����� �7( ��?,� ����� ��	��� � �
!

A. crenatus  �( )�	 �-%�/��	 0�#�	 ��1�  

0:B��
,0�6:� K��K
�N�    K+�)( 04�+  C�8�
� J*`��*�   ��7H�F  �B8� [\�K��+  

a 

W�L���  1  50/8  93/8  *  
7�� 0	Y
�  2  87/50  43/53  **  

 W�L��� ×7�� 0	Y
�  2  14/0  15/0  ns 

b  
W�L���  1  31/1  06/1  ns  

7�� 0	Y
�  2  57/14  77/11  **  
 W�L��� ×7�� 0	Y
�  2  2  62/1  ns 

c  
W�L���  1  0001/0  01/0  ns  

7�� 0	Y
�  2  0004/0  17/7  *  
 W�L��� ×�� 0	Y
�7  2  0001/0  5/0  ns  

PD  
W�L���  1  57/16  53/13  *  

7�� 0	Y
�  2  83/118  07/97  **  
 W�L��� ×7�� 0	Y
�  2  15/3  58/2  ns 

) 02/0( ED  
W�L���  1  19/9  04/107  **  

7�� 0	Y
�  2  98/51  60/605  **  
 W�L��� ×7�� 0	Y
�  2  60/0  02/7  * 

) 05/0( ED  
W�L���  1  8  52/145  **  

7�� 0	Y
�  2  24/38  29/695  **  
 W�L��� ×7�� 0	Y
�  2  26/0  65/4  ns 

) 08/0( ED  
W�L���  1  8  24/141  **  

7�� 0	Y
�  2  41/36  54/642  **  
 W�L��� ×7�� 0	Y
�  2  14/0  49/2  ns 

a0�6:� lp� :�(%) ��
� 
�N�b �(%) 7BE 
�N� 0�6:� lp� :c �(%) 
�N��� 0�6:� lp� :PD
�N� 0�6:� Z*b��X� :�K) 02/0( ED0�6:� Z*b��X� : �;D
 �
� �+ K
�N�2 �7j�+) 05/0( 
ED0�6:� Z*b��X� : �;D
 �
� �+ K
�N�5 �7j�+) 08/0( ED0�6:� Z*b��X� : �;D
 �
� �+ K
�N�8 �B8� F/Xh� 57B�+ 2��� 2;X� 
� �+ 0���� 
*Q F�
Y.7j�+�� ��+ �7���ns 
*Q :

�B8��B8� ���XY� :** �K��+K��+ �B8� ���XY� :* �7j�+ S� [\� �+ [\� �+ K��+5 .7j�+  

 ��74 G��\�)12( 0�6:� lp� 6:� ��
� W�L��� 
�N�
0�6:� �
� �  ��
�0:B��
, 
��� 
� K
�N� 0	Y
� � ��

0:B��
, P��� 
� �]�^;9;B,0�6:� K���B8� 
y� K
�N� =��+ ��+

)01/0p< 6*� 7�� 0	Y
� � W�L��� Z��HX� 
y� .( �� |�D��� �+ ��B�
0�6:� 7j�+ �;D
 �
� �+ K
�N��+ �B8� 7j�+ +;� ��+

)05/0p<  .(  
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 @�2A12- ��,�	 -����� ��( ���� ��C ���� � �
!A. crenatus  �( )�	 �-�F�4 ��� 
	 ���E#�	 �/ %�/��	 0�#�	 ��1� ������� ��(

(2L��)  
0:B��
,0�6:� K��K
�N�  a b c PD ) 02/0( ED ) 05/0( ED  ) 08/0( ED  

S� =���  
)1500 -1700 (


X�  

 0	Y
�1  82/0±ab25/35  60/0±b76/42  001/0±d020/0  21/0±b05/78  21/0±b95/57  07/0±b55/48  21/0±b65/44 

 0	Y
�2  90/0±c05/28  37/0±d99/38 001/0±b040/0  50/0±d05/67  01/0±d40/53  01/0±c70/44  21/0±c45/40 

 0	Y
�3  99/1±d75/17 11/1±cd33/40  007/0±a055/0  92/0±e05/58  42/0±f20/47  42/0±e70/38  64/0±e05/34 

�+ =���  
)1900 -2100 (


X�  

 0	Y
�1  35/1±a73/36  36/0±a23/45  001/0±d020/0  77/1±a95/81  35/0±a95/59  50/0±a15/50  71/0±a20/46 
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