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Abstract Article Info 

Background and objectives: Understanding the spatial distribution of plants, a 

crucial aspect of plant ecology, plays a significant role in describing the 

sustainability of rangeland ecosystems and designing appropriate management 

programs. A wide range of environmental factors, from atmospheric to land surface 

characteristics, influence species distribution ranges at local to global scales. 

Among these factors, bioclimatic variables are indispensable in species distribution 

modeling. This study used two modeling techniques, Genetic Algorithm for Rule 

Set Production (GARP) and DOMAIN, to model the potential ecological niche of 

sheep's fescue (Festuca ovina L.) in the rangelands of Isfahan Province. 

Methodology: The occurrence data of the studied species were collected using a 

stratified-random method. Twenty-two environmental layers, including three 

physiographic variables and 19 climatic variables derived from precipitation and 

temperature, were used in the modeling process. These variables were converted to 

a pixel size of one square kilometer in the ArcMap 10.3 software and then entered 

into the modeling process as digital maps. The genetic algorithm model was 
implemented in Open Modeler 1.1.0 software, and the domain model was 

implemented in DOMAIN 32 software. To select environmental variables, the 

Pearson correlation test was performed. One variable was selected, and the other 
was removed from pairs of variables with a correlation of more than 0.8. In the 

domain model, habitat suitability was predicted based on Gower's dissimilarity 

metric. To validate and evaluate the potential habitat maps obtained from the two 
models, confusion matrices and statistical indices derived from them, such as AUC 

(the area under the ROC curve), Kappa coefficient, and overall accuracy (CCR), 

were used. In the sensitivity analysis, environmental variables that had the largest 

drop in model performance were selected as the most important environmental 

variables. 

Results: The sensitivity analysis showed that the most effective environmental 

variables in the distribution of the species were height above sea level, precipitation 

of the warmest quarter, mean diurnal range, isothermality, annual precipitation, 

annual mean temperature, slope, and temperature annual range. The genetic 
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algorithm (AUC = 0.99) performed better than DOMAIN (AUC = 0.67). In the 

study of the geographical range of the species under the models, it was predicted 

that favorable habitats (occurrence probability greater than 75%) in GARP and 

DOMAIN models occupy about 7069 and 10187 square kilometers of the province, 

respectively. The results of GARP and DOMAIN models also indicated that the 

main habitat of F. ovina is in Fereydunshahr and Semirom counties. 

Conclusion: Certain areas of Fereydunshahr and Semirom counties, which 

encompass summer rangelands of the province, along with the heights of Karkas 

and Muteh as the cold steppe rangelands of the province, have a high potential for 
the presence of F. ovina. The impact of climate change, combined with excessive 

grazing, can gradually reduce and eliminate this palatable species, replacing it with 

other species. The findings of this study can be applied to determine areas prone to 
seeding and pit-seeding projects using this species. It is suggested that biological 

and management activities, such as land use change, grazing intensity, and inter-

species competition, be included in the modeling process to enhance the prediction 

of favorable species habitats. 
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  [<�	 :���	 )�< ' ��H f�%��� ��()	 �\�#� 6;F 1.
���H .  

��� 3��	0 �  

1�;�  � �5#�  '  �/�<#���-�  #�]�	  1   ����'#  "�>
  ��	 '� 5�  9��Q ��;=� GARP    'DOMAIN  �'�N 5�  �

+)�  '  �TE  d)(�	  #�$F�MEP )Model Evaluation 

Program) �H �����<� (39  M� #� .(+)�GE�H #�$F� "�>
AUC    Ui@  ��7�	  )5  PT<)ROC  �@�.  R)\  �(

)Kappa)  �,.  47�  '  (CCR  d)(�	  .���H  1�<�7	  (
���E# ����( I�<� )  �TE  ' #�qQ ����H�  '  P�7� "�>

  ��/�  ��	  )��;	  '  ��Y�'  )��;	 1��;	  #� #�qQ +�-
�	  )J�- #��s 9	�H ' ��Ha�  b  �c    'd  4<�    �'�N)3  .(

aP�7� 4�|	 :- ����  L> 1. 4<� "���E# ����( ���>�
  ����- 1  �# �& ��	 ' ��#�� #�qQ 4��Y�' #� L> ' ��	 #�

�	 4�j #�qQ  .��.bf��. 4�|	 :-    #� 1. "���E# ����(
  ��H  4�j  #�qQ  ��	  #�  �='  �#���  #�qQ  ��Y�'  "����

  .(�'�  Z��  "�TE)c f��.  ���	  :-    #�  1.  "���E#  ����(
K�@ f��z ��	 #� �=' �#�� #�qQ ��Y�' "����  ��H ��� 

  .(+'� Z�� "�TE) 4<�dP�7� ���	 :-    1. "���E# ����(
  �4<� ��H 4�j f��z ����- 1  ��Y�' "���� #� ' ��	 #�

�	 ���� �#) �>�25 .(  
  

 �$�J3�4X ]	���� :  

3�&�$ "���,  , >��S  �^:  

  3
*

 �
�  

, 
>�

�S
  

�^
:

 "
0�

9
��

�
  

) #�qQ +�-- (   (+) #�qQ    
B A  (+) #�qQ  

D C    #�qQ +�-
)- (  

  
 :F��(  "�)  1. 4<�  "#�	&  GE�H [ �@�.  R)\

���� M� ��>��	 "�>K�@ ' "�  1�<�7	 (��	) ��H ��� 
�	  [ ) �)  �@�. #��;	 )|.��Q .��)*4<�  ���� 1. ���>�

K�@ ' ��Y�' )��;	 M�  9	�. :F��(  ��H ��� 4<�  �@�. .
 U#�� 1 ) 1T �#3( �	 S)�(��H.  

) 1T �#3:(  

K � �a � bn � � ��a � b �a � c � �c � d �d � b n" #
1 � ��a � c �a � b � �b � d �c � d n" #  

  
  ��& #� 1.a�b �c     'd  9�!�( )���-  d)(�	 #� ���>�

  ' �TEn    ��H 4�j ��;� ����(4<�  )25.(    PT< GE�H
 Ui@ ��7�	 )5  "�>ROC    L<# :)� 5� Sensitivity  #�

  ) �)  1-Specificity 1�	 4<� ���( )����  PT< M� .�&
 M�  �& )��;	 1. 4<� ��	 #�qQ +�- ' #�qQ G�%�(

�	 )��W( [ ' )��  ��H )�!�$� [ ��- 1  1s )> ' ��.
 ��	 )��  �)!,X- )���� 4<� )4  .(  

  M�*�9: W��@�  

  "�>)�W�	  1  4���  ��	  4�<��Q  9�,7(  "�) 
  �T�7	 "�>)�W�	 �	�X( �  9	�. ��	 [ ��� �  �T�7	

  �'�N  #�  ��H  f�%���2    .�H  ��/�  (�����X>  �'�N)
1  de< "�)N�  �  '  ���H  gVQ  ��	  5�  �>)�W�	  R�()(

  GE�H )��;	 ���	AUC    5� 1�<� �& .��)* 1�<�7	 �&
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  ��	  �)!,X-  #�  �#  4F�  M)���  1.  �T�7	  "�>)�W�	
)AUC1  ����H�� (4�X>� �  ����-  �T�7	 "�>)�W�	 M)(

  .���H f�%���  
  

 Q	���  
  ��	  '�  )>  #�L�#��=�  ')X,Y  '  [���O   1  1N�(  � 

 1  4�<��Q 9�,7()�W�	 R�()( ��#� PT< 5�  Z��(#�  "�>
  9JF  M)�	)*  �*��#� )Bio18( 1��5'#  "�	�  M�����	  �

)Bio2 )  ���=�	)('$�  �(Bio3)  1�b�<  �*��#�  �(Bio12  �(
 ) 1�b�< 6<��	 "�	�Bio1  1�b�< U�)��W( 1�	�� ' R�H �(

)  �	�Bio7  ����  1��*  K�.�)@  #�  �#  4�X>�  M)���  (
  .�����  ��� ���� ')X,Y ��	 5� �����<� �  1��* K�.�)@ 1�;�

 f��N ' f)z :���	 #� 1��* ���E# ��X�Q� M)���  1.
1  �� )z�	 ��>��	 ��()	 �Q���  #�  �?'  ��	 M�  .��H

1  ����<� $.)	 #� M��hX>  #� �Y�' d.). 1;T�	 #� �?'
K% ���<)�H 5� ��>M�>�H ' ��H�. �$�T� "�>  ' )�H

 �����<� "5��=�	 #� #�qQ ��;� 5� ")�X. ����( 1. �1X�	
K�@ �# 1��* ���E# ��X�Q� $�� ���  ��H4<� ��). ���   

  9!H)2 .(    ���E# ��X�Q� ���<� ��XH ' �)H :���	 #�
  ���E#  ��X�Q�)  1��*  f�,T	  ����'#  .�#���  ��N'  1��*

  5�  K� 75    �'�Q  �')X,Y  ��	  6<�(  (��#�10187 
� )	)�	�,�.   �H  �#'&)   ����	  1.51/9   PT<  5�  ��#�

  ���<�4<�5� 9��Q p��� :�� 1. 4<� �=�Q #� M� .    ��	
L�#��=�    �[���O  �'�Q6/6  ���<� PT< 5� ��#�-    ����	

7069  .�� )	)�	�,-  5�����   @  f�,T	�K ���    �H
  �'�N)4 .(  p���  L�#��=� ��	    ��X�Q� 1. ��� ���� [���O

 f)z  f��N  '  f)z  �f)z  ��XH  :���	  #�  1��*  ���E#
���<)�H 9	�H  ���<�  '  +)�X< ���)F  �)���'�)F  "�>

 9!H) 4<b�  #���  ��H�. U�-��(#�3  .(  
  

  
���  

  
_  

WE� 2: >�\D >8�� (���) >��S ������ -.���< "0�; >8�� (_) $ ��� "�.�Festuca ovina  ��� M@�DOMAIN  �'()� ��*�  ,  
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���  

 

  
_  

WE� 3: >�\D >8�� (���) >��S ������ -.���< "0�; >8�� (_) $ ��� "�.�Festuca ovina  ��� M@�GARP  �'()� ��*�  ,  

  
1�;�  #�"�>  K�.�)@   ���H  1x�#�    :���	$�<  }�# 

����  :���	 ' 1��* "b�  ���E# ��X�Q� ���>� }�# �#5  
����  �#�	  1;T�	  #�  1��*  M��@  #�qQ  ��X�Q�  ���>�

  1�=�T	  9!H) 4<�3 ��	 .(    �# 1��* #�qQ [���O L�#��=�
 U#��  1  '  )���'�)F  �+)�X<  ���<)�H  #�  )��� 
  #�  �.���  '  ��)F  �#�����E  ��\)�H �=��Q  #�  "�'�7	

  ��H�. U�-��(#�  $�T� 'K�@��X� ���    �  � �E : �T( 1.

�;�1  ��	  5�  9��Q    ')X,Y  ����  �'�N)  ���4(.    p���
��	')X,Y ' [���O L�#��=� "�>  �	 ����1  1. �>� R�()(

2966    '4455  ���<)�H 5� � )	)�	�,�.  ' )���'�)F "�>
 .4<� #��#�E)  1��* M� ���E# ��X�Q� M)���  5� +)�X<

  ��(#��-  1 ���<)�H  �)  S,-  1��*  ��X-  ����'#  "�>
 +)�X< ' )���'�)F4<�  �'�N)4 .(  

  
  

 �$�J4  ��� 0� �,�(�*� �� �`�: ��: ��!8	$  B��\D a*�.� M:�9� :DOMAIN 

    ) 4Q��	2Km (  1;�� )> 4Q��	 ��#�  

   (���E# ��X�Q�) U�;��   ������ ���<�   +)�X< ' )���'�)F   ������ ���<�   +)�X< ' )���'�)F  
Domain 25/0 – 0 50241 47 93/46 6/0 

5/0 – 25/0  23863  256  3/22  44/3  
75/0 – 5/0 22754 2644 26/21 73/35 

1 – 75/0 10187 4455  51/9 23/60 

9. 107045 7402    
GARP 25/0-0  95521  2246  23/89 34/30  

5/0 – 25/0  2562 1176  4/2 89/15  
75/0 – 5/0  1893  1014  77/1 7/13  
1 – 75/0 7069  2966  6/6 07/40  

9.  107045  7402     

  
��	 � �5#� )  �'i-  #� 1��*��N U#�� 1  �>+)�  #�$F�

MEP �N)	 1�;� �  �$/	 U#�� 1  ��	 )> �N')E 1�;� �
  1��;	 M� 1/��� ' ��)* 1��;	 ������ �>��* KH�@
  [���O  L�#��=�  ��	  ")()  '  ��	 '� )> f�E �)!,X-

K�@ #� ')X,Y ��	 1  4���  ���� 1��* ��;=�  ����'# ��� 
 �'�N) ���5 .( 
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 �$�J5��� 3��	0 � Q	��� :>��S -.���< "�#-�<  , "�  �[;� c�� 0� ��� �X� >���4� , �� >��S ������ ��!8	$  3.��MEP 

1��* K�.�)@ ��	 "�  1�=k	 �TE d)(�	 "�> GE�H � �5#� "�> 

  a B C D CCR Kappa AUC 

GARP 35 3 25 57 97/0 95/0 99/0 

DOMAIN 31 2 29 58 74/0 48/0 67/0 

>R��� $ d@� "��S 

��	 5� 1�=�T	 M� #� 1  [���O L�#��=� ' ')X,Y "�>
  1��* ��;=�  K�.�)@ "5��=�	 #�]�	F. ovina    .�H �����<�

1�F�  )\�Q 1�=�T	 "�> 4��� [���O L�#��=� 1. ��� ����
  1 K�@ #� ")(b�  ��#�. 1�	�� ��	  ��;=�  ����'# ��� 

�#�� 1��*1��* K�.�)@ "5��=�	 .  �)!'# [ ����- 1  "�
 K�@ "�)  ����N ' �	&#�.1��* K�.�)@ ���   ' �>��* "�>

)  4<�  ��H  1�E��H  "#���N45  �  �(� M    �)!,X-  ���Q
��	I�<� )  �>  1��X� �5�����    ' 1�=�T	 �#�	 1;T�	  S��

  [O�=�.�1��*  g�>  4<� U'���	  )2  �9  �20  �31    '42  .(
  5� �����<� � �	 [���O L�#��=� ��	���(  �) "   @�K ��� 

K�.�)@  F�)WN���    ��H ' 1��* M� �<)  I�)*  9JF "�>
�  �)<  O�=�.� U���!�  1 ��	  4E��)@ 1��* M�.    5�����)>

  ') ��#�!X>2006) ��#�!X> ' #��( ' (2007  (  #��~� $��
K�@ #� 1. ���H��1��* �E)  K�.�)@ ���   ��>��* "�>

[���O  L�#��=�  ��	  �)!,X-  ')X,Y  ��	  5�  )��     .4<�
K�@ 1s)*�  ���<� PT< #� 1��* #�qQ 5� ��	 '� )> ��� 
���<)�H ')���'�)F "�> '   �  ' ��  ���! ������ +)�X<

  ')X,Y  ��	 �='  �4H��  ���T��  1��*  �,�F  K�.�)@  1�;�
 5� K�  ���E# ��X�Q� �  ����'# "�)  �# ")���  4Q��	

75  K�@  :���	  M�  #�  ��#� �#  �&  9�=�  1.  �).  ��� 
�	  ' �(��<�7	 :T�	 1  ���(K�@ 4��>�	 #� U'��(  ��� 

 .��� 4��� 1��* K�.�)@  
  p���  I�<�  ) 1  �"5��=�	  `'#  '�  5�  ��	&  4<�

  '  Z��(#�  "�>)�W�	  R�H  '$NL�	 M)(  )�W�	  "�>
�F�)*�$�F   1�b�< U#�)Q 1N#� 6<��	 �1�b�< �*��#�  '

  5�  $��  9JF M)�	)* `#�  'L�	M)(    �X�,Y�  "�>)�W�	
  �����H  1�;�  .����  �)  S,-  1��*  K�.�)@  )  )jk	

��	 5� 9��Q ����'# ��H �����<� "�>    ��#�. M)���  � 
  #�  1��*  ���E#  R<��	  6�)H  1.  ��  R,T	  M�  M���	

  �-��(#� ��'�7	4000-2500  K�@ )�	  ' ��� )Y .�H ��� 

)  ��#�!X>2013  #�  �#  1��*  M�  R<��	  ����'#  $��  (
  �-��(#�  ��'�7	4220-900  M��hX>  .���).  ���  )�	 

) ��#�!X> ' ")!H2003�(  ) 9*��< ' �N�Q)�	2006  ' (
)  ��#�!X>  '  ")���H  ")Y� 2010(   �'�7	 �    �-��(#�

4322-3000  ����X� `#�$* 1��* M� #�qQ "�)  �# ")�	  .
1��* K�.�)@ )  Z��(#�  )j�  S,- 1��* 1,XN 5� �>��* "�>

  �  9	�- M� 1. "�7� 1  �4<� L�;��	)�z U#�� 1  �) 
  ' `#�  ��$�	 ' Z�� )  )�jr(  Z�� 1/��� #� ' U#�)Q 1N#�

1��* #�qQ +�- � ' #�qQ 6�)H �L�,Y�1�)- #� �# �>  "�>
�	 M���( �����) ��X�1  .(  

1  R�H  5�  )��  �!  ����-L�	M)(    9	��-
  1��* K�.�)@ )  )jk	 �F�)*�$�FF. ovina    R�H 9	�- .�� 

 ��$�  )�jr( ��E 1. ���  t�E :X- �  L�;��	 ���(#� #�
1��*  �H#  4���.  )   ���  ����  p���  .�#��  �>��*  "�>

  R�H  #�  1��*  #�qQ  )|.��Q35-10  �	  �#  1N#�  .�>�
)  ��#�!X>  '  ��� )Y2013  #�  1��*  M�  ���).  ���  (

 R�H  "�>15-10   #�  '  1�H��  �b�  `)��*  1N#�
 R�H  5�  )(b�  "�>40    ���  ���.�)@  U#��  1  1N#�

�	�<�	 ��5)�	 .��H) ��#�!X> ' ��'2017  ���). ���  (
  5�  )(b�  R�H #� 1��* M� 1.40   ��()	 :���	 ' ��#�

 .�#�� ")��  "#�*5�<) ��#�!X> ' "#��z2018$�� (  R�H
  K�.�)@  )  )jk	 9	��- 5�  �#F. ovina  .�������   M��hX>

1  R�H ��#� ���H��  ���  ����  K;� U�-��(#�  #�  �?'
��X-  M�  p���  �  1.  �#��  �>��*  �	��N  #�);�<�  #�  "�

  '  ��H +�/��  U��=�T	  1  1N�(  �  .�#��  ����%X> K>'?@
�	  )\�Q  K>'?@  5�  9��Q  p���1  1.  4�*  ���( 9�=�

  1  +��  "�)s "�)  "��5  �.�#�%H�E 5�  1��* M�  1!��
R�H #� �4<� #��#�E)  '�* o�JE1  L. "�> �#�	 U�H

���	  #�  '  1�F)*  #�)Y  �)s '  1�H��  ")��  R�H  1.  �;
 �'�7	 ���& 1  �<)�<�4<��	 ��>��	 � .��H  

  5� $�� 1�b�< �*��#� L�	M)(    )  )jk	 �X�,Y� 9	��-
  �H#�  1�	��  #�  1��*  M�  .4<�  �)  S,-  1��*  K�.�)@
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300-250  �,�	)�	   M�  1.  �#��  �b�  ���E#  ��X�Q�
 1,XN 5� ���<� ' #��. �e�<� 1X�� �(�)	 #� `#�  ��$�	

���<)�H  M��hX>  .�#��  ��N'  +)�X<  '  )���'�)F  "�>
  1�b�<  "�	�  6<��	  ��'�7	  #�  1��*  M�8 -6   1N#�

����<  "�	� #� �	� 1�H�� �# #�qQ ��X�Q� M)���  $�� ��)*
  5� K�  1�b�< 6<��	15  ����< 1N#� 1  �& #�qQ ��)* 

�	 K>�. U�H 1��* M� "b�  9X7( 5� �.�Q )	� M� .� �
�	�  1  4���  '$N  1��*  M�  1h���s  .4<�  M��@  "�>

���	��*  )  �)<  9JFCool Season Grasses  (1  #�XH
�	) �)�  1T �# M� #� .�'#1973  ��'�7	 1. �). `#�$* (

  �1��*  M�  �H#  R<��	  ��	�38-5/4  ����<  1N#� ��)*
  "�	� 4<� #��Y �=' �4<�2   1!�� �'�  �# ��)�����< 1N#�

+���� M��hX>  "'  .��X�  9X7(  ��$  {  �&  ���>  "�>
  "�>�	�  1.  ��X�  `#�$*50-38   ����<  1N#�  "�)  ��)*
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