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Abstract 

Background and objectives: To better understand forest types and implement management 

strategies that align with natural processes, studying their structure and spatial patterns is essential 

for addressing various ecological issues. Research on natural forests, particularly their spatial 

structure, provides pathways for developing forest management strategies to achieve desirable 

structures. The spatial pattern of trees and their mutual relationships offer valuable insights into 

forest structure. These patterns are qualitative characteristics that need to be quantified for more 

detailed analysis. This research aims to determine the spatial distribution pattern of trees in the 

dominant types of Hyrcanian forests in Iran to investigate forest dynamics. 

Methodology: This research was conducted in the educational and research forest of Kheiroud 

Nowshahr. After identifying the primary forest types based on habitat potential and forest 

community characteristics—such as species appearance, predominance, mixture, diversity 

(overall abundance of all species), physiographic conditions (elevation, aspect, and slope), and 

species expansion area—four one-hectare sample plots of dominant types were studied. These 

included hornbeam-ironwood, hornbeam-beech with oak, mixed beech, and pure beech. In each 

plot, a 100% inventory was applied, and the diameter at breast height of all trees with a diameter 

over 7.5 cm was measured. The coordinates of the southwest corner of each plot were recorded 

using GPS. The distance and azimuth of the first tree were measured with a Vertex device and 

inclinometer, and its coordinates were calculated using trigonometric relations. The coordinates 

of other trees were obtained similarly relative to the previous tree. Ripley's K function was used 

to analyze the spatial pattern. 

Results: The results showed that tree density in the studied types varied between 158 and 314 

trees per hectare. For hornbeam (Carpinus betulus L.) in the hornbeam-ironwood type, the L 

function value was higher than the Monte Carlo interval up to a distance of 32 meters, indicating 

a cumulative spatial pattern. Between 32 and 45 meters, the pattern was random due to being 

within the Monte Carlo interval. In this forest type, ironwood (Parrotia persica C.A.Mey.) 

exhibited a completely cumulative distribution pattern. In the hornbeam-beech with oak type, the 

L function for hornbeam and beech (Fagus orientalis Lipsky) was significantly above the Monte 

Carlo interval, showing a cumulative pattern. Due to the low number of oak (Quercus 

castaneifolia C.A.Mey.) individuals, its spatial pattern could not be determined. In the mixed 

beech type, the L function was entirely within the Monte Carlo interval, indicating a random 

spatial pattern for beech. In the pure beech type, the distribution was random up to 4 meters, 
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cumulative from 4 to 30 meters, and random again beyond 30 meters. 

Conclusion: The results of such studies can serve as models for implementing sustainable 

management in other forest types and as patterns for conducting breeding interventions to adjust 

tree locations and species mixtures. Additionally, for afforestation with different species, it is 

possible to use the natural structure of forests as a model. 

 

Keywords: Forest type, k Ripley, spatial structure, sustainable management. 

 



 ��� ����� �	
��  ���� ������� ���� �����32 ����  4   327  

 

Copyright: © 2024 by the authors. This is an open access, peer-reviewed article published by Research Institute of Forests 

and Rangelands (https://ijfpr.areeo.ac.ir/) and distributed under the terms of the Creative Commons Attribution License 
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, 

provided the original author and source are credited. 

 

��� �� ��	
�� ���� ������ ����� �� ���� �������� ���� �� � �!��� ������� ���  

(�#$�� �%��
 ���� ����� &'��(�)  

  

����� ��	
� 1 ��	� ������ 2*��	�� ���� ���� 3 ���� � �!"#�$� 4 � &'��	(��� &	����� 5    

1-  ��% &���� �'(�) *
�� +�',- +
.���-����+��- ����� &/�, &���0� ������- &�1�23 4	��5 ��6���- &���� -�7'8�    

2*-  ��% &������- &:
;(5 ���(�
�����+��-  :=���'6>� ?(@ .����� &/�, &���0� ������- &�1�23 4	��5 ��6���- &���� -�7'8� ut.ac.ir@Vetemad  

3- &�
�, 4���5  �0���� ������� �(BC5 &������- &+)���, D���  E)
5F &������� ��5)�B ����� &���0�  

4- ��� �(BC5 &-�'B�����  &�
�, 4���5  �0������5)�B ����&��� E)
5F  ���D )���,+& � &���0�����  

5- ���-�&�� ��% ������-+ 23 4	��5 ��6���- &���� -�7'8� �1�& � &/�, &���0� ������-����  

 
 :?H���- I����29/09/1402                   :E��M@ I����13/12/1402        

  

�����  
�*+�, � -�.: �	�
N�5 ?O��  �'0	 ��P�Q+ ����� �	�
N�5 �5���? 23 �	 *���Q�?1& �1>�R5 
�>�+ ��65� �F �Q��	+ (	 S�-���+ 

*
	 �T�(5 )�B�� � ��U+ ?B���	��	 &�V �B��	 �F �- �����Q+ 23�1� �	��W ��65 ��'O�B� �F�Q �	�
N�5  S�-�%W��Q+ 
�-
��Q+ �����& (5��Q�+ �5 �1B
����?  �� ������	+ B���� �	 �= ��'O�B X
�R5 YQ��H 5���, .Q�%F�  )�
�>�+ ��65� ��'O�- 

 Z	�� �	��'5 �F�Q& ���[3�  )���	� )�  ���� ��'O�B�5 �T�����Q- .��V �Q
�>�& �= �%W� ,�\� X
(�5 5���
   ��	+ �1>�R5 
8-�]�� �	�� �	��
� �,� �-F���. ��V ^QW@ �- �N� -��- �� 
�>�+ ^�,��@ ��65� ��'O�- �- ��P�Q+ _>�` �����Q+ Q���,��  ��
�	�
N�5 B��	� 
@���� 1� ������V ��, .  

��'� � 0�1�. :^QW@ @�^� �- ����  )
5F�  �QW@� O�-� �0 
� *�.�� ��  ?B� .��	+ ����+ ��V ^QW@& ��0a �1R8��
�� 
�= ��'6Q+ )� ��P�Q+ _>�` �����Q+ Q���,�� )��5 �5� - .�����& )��5- E�� ����Q b
�	& E�� 5F��'c  E�� d>�O B��	� 

� X�c'�� .��� �V �1R8��
���Q e@ )� ���� -�%��Q+ >���  f�B��	 (��'@�� ������ ���� �15�� � �@�	�� �5�
� B���+ 
�Q�g+& &�2�` 5F��'c� ��
%�Q+ 'O�-�& h
�� �F �Q����H)� �,� ��
% h�
����  &(�Q�Z H�k�H��%
� ������  h�\���))� lRB �-�&� 
?0�   �_ ( ?m�(5 E�'(% ��P ?H�% *�.��. �Q �-�= )� �1R8��
��&�Q �R8 B�	��	��� ��Q �@���Q �	 �R8 	���' )� 5/7 '��B��'5 
�)����%��+ ��� . X
�� � 
% ��7'c5�`	� �Q �1R8��
��  ���'B- �	GPS ��k ? �-�	 &enB .�  )F  ����H��
� :� ?O�- �	 

�-�\'B� )� ���'B- e6��   �_D�B 
'�
B �)����%��+ �   �	 �-�\'B� )� Z	�� ��o�o5�& >� ��7'c5�V  ?O�-�	?B-  .�5F
 ��'O�- ��7'c5 ���-��k �	 �Q�V ��
� ?2(� �	 ?O�- �28� �)����%��+   �2B��5� .  )�4	�� K ���n� ��	+ 
�>� �2B��5+ 

��65�  .�  �-�\'B�  
���23: �'H�� f�B��	�	 +�Q?B-&��5F Y,��� ��'O�- �- ��P�Q+ B��	 -�
5� 	�V 158 �� 314 q'5 ��'6Q �- ������ ?B�.  4	�� ����5
L ��	+ )��5 )Carpinus betulus L.( � �-�P )��5- .����� �� ����H 32 �'5& �'��	 )� -�m ?�
5 
>��, ���8 -��-. &�.�'��- 
�>�+ 

��65� ��'O�- &P�� V�� �- 1�.�� ?B�. Z�H �- ����H+�Q 32 �� 45 �'5+ �	?�� +��%���8 �- �O�- -�m ?�
5 
>��,& 
�>�+ 
H-�7�� �� )��5 +��	 ���� 5��Q-. 4�)
� +
�>� .����� )Parrotia persica C.A.Mey.(& r[5�, 1�.�� ?B� .�- ��P )��5- E�� 
����Q b
�	&  4	�� ����5L ��	+ ��'O�-  )��5 E�� )Fagus orientalis Lipsky( ) s['O� �	�-�+ �'��	  ?,�m 
>��, ?�
5 -�m )�

5���, �����	 �, 
�>�+ r[5�, 1�.�� ?B�. �	�@ Y, -��1� ?�����Q+ b
�	 )Quercus castaneifolia C.A.Mey.P�� V�� �- ( ��65� &
1���V 
�>�+ ��65� ��	+ ��V -���� -
� ��
%. �- ��P 5F E���&�'c 4	�� L �	�
3 	 �- �5�,�V  �, ?H�% ���8 
>��, ?�
5 -�m


�>�+ ��65� H-�7�� ��	+  ��
%�
,M5 �5 ���� ���Q-. � �-�P  d>�O E�� k�� ����H ����0a �'5& 
�>�+  ^�,��@ V����
%& H-�7�� 



328  P�� �- ��'O�- ���65 ^�,��@ +
�>�...+�Q 

 

Copyright: © 2024 by the authors. This is an open access, peer-reviewed article published by Research Institute of Forests 

and Rangelands (https://ijfpr.areeo.ac.ir/) and distributed under the terms of the Creative Commons Attribution License 
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, 

provided the original author and source are credited. 

 

-
	�5� & e@�F)�& 4	�� ����5  ����H ��30 �'5+& 
�>�+ 1�.�� �� ���� 5��Q-e@ .V��)�  ����H k��
�>�+ ��Q��5 ��  ���	-H-�7�� 
-
	.  

��	�45	�6 78�: �'(	 �	 h
� ^QW@  �5�f� &�F 
�>�+ ��65� ��'O�- �- �m��5 t�'c5 m��� ���� V6�5 ?B� ��\'5 � �	 .
��V h
� ^QW@�Q 5����
� �	��
�� 
�>�  �-�\'B�-
  .�	+�
3�, �1>�R5 �Q
�>�+ ��'O�B+ �	 ����f��  =�, 5���, �� V�U 

?O��  H�,� )� �%W��Q+ *
	�'O��  ��
%&�Q �	�
N�5 *�.�� ?>�O-�Q+  ��@� �� ����+��, �	 ��
%�Q+ �Q��'O�B )� t�'c5+ 
23�1� ��-�	
�>�+ ��,�	 &?��0��- . N���Y 18
5�? ��65� ��'O�-  5F��'c� ��
%�Q �5��
� 	 �a�Q��'� �5 �	���? �@����  *���Q 
�	 23�?1 �- ]3��5 ����� -k��= � .  
  

9����.6 78	�6: ��P �����& ��65 ��'O�B�&  dO� K ���n�& �5���? �@����. 

  

���	�  

�- �5���? ���� �	 -���%� -k��= �	 23�?1& >��V*�% 
��	+ X�c'�� ?>�O-�Q+ _B��5  ��@�  u\m �@����+ 

����& ?O��  ��'O�B �-
��Q+ ����� ?B� ) Gokturk

Fallah ; 2021., et alTalebi -SaghebTiras, 2020; & 

2024, et al..( ���� ��'O�B& '���. ��Q �[5�1� �2���
��H����Q+ 23 t�'c5�1�  *
	'O�� � �5 �-�f�+�Q 

��5)� ��65 � �v
3� �?B )Pommerening & 

2018Meador, (. �	�
N�5 ?O��  �'0	 45�
� %�Q��& 
�1>�R5 
�>�+ ��65� �F �Q��	+ S�- (	���+ )� �T�(5 

*
	B�� � �5 ���?  ������U+ ?B� )Paluch, 

2023, et al.Alibabaei Omran ; 7200(. ��a�, 
�>�+ 
��65� ��'O�-  �[5�1� �F�Q& �	 ���[3� )��� �- 

b�2��� �	 ��'O�B �15��  k�Q�'(� ��
%�Q YQ��H 5���, 
 �	�
3 ���a��+& 1���V����, >
���o5&� &� � w�5
5�&� ,��@%���& �-�\'B� )� &4	��5 ��-�. �� � � :
� 
)��X
6 F ?B� )2022., et alZhang (. �- �= �15�� 
%�Q��& �5�
� -�1'5+ �- 1���V 
�>�+ ��65� ��'O�-& 

m ^������ ����- .�a�V �Q
�>��� 5�����
�  ���  )�
(	���+  )���H����Q+ )�'(� ` ��)�'(�  ����5�F-�)+& 

���Q��� ��&���� -��5�? %��,��@�  �'\ F��Q+ 
-
�
5 �- ������ �� �	 )2014., et al Hai(
�>� .+ 

)
��4 ��
%�Q+ 'O�-� �- ���� 5����
� �	��
� 
1�.��& H-�7��&  YN�5 �� '>�m� 	�	����� � �	� .�V 


�>��Q& �= �%W� ,�\� ��'(Q  ��	+ �1>�R5 8-�]�� 
�F�Q �	�� �	��
� �,� �-F��� )2013., et alZhang (& 

��	��	�V ��
� (	���+ )� *
	��B��  %�Q�� �	 ��V �O�  
)� *
�� 23�1� _2B H�15� E��Q  dO� �Q+ _B��5 

��'O�B ��	+ �,�)�B+ �Q
�>�+ ��65� ��  �?B 
)1977Ripley, (.   

^QW@�Q+ �O�-� (	���+ �	�
N�5 B��	� 
�>�+ 
��65 ^�,��@�  ��'O�-*�.�� �� ���. ����)�& �'��D 

^QW@ Habashi ) ����6�Q 2007 (5F ���� �-��'c 
E�� )Lipsky Fagus orientalis (�- ?7 [,+  ��'B�

 ��%�%f�B��	 ���5F S�[,  ��k��
 	����� 
�>�+ )
��4 
1�.�� ��	+  )��5 &E�� ��
% �B) Carpinus betulus

.L (.�� ��� ).C.A.Mey Parrotia persica (-
	& 
>�m�-��, 
�>�+ ��65 ^�,��@� �6B
� )Alnus 

.C.A.Mey subcordata(&  YN�51�.�� ?�@  )Acer 

.Boiss velutinum(& H-�7��  1�.�� E��k% �  .
�,�)�B+ ��'O�B ��65� �- �����Q+ 5����kO ��	+ 

-�- ���� �, ^�,��@ ��
%�Q f�B��	 5�����V dO� �Q+ 
S�[,  ��k��
  �)�� �?O�
�6& '>�m� 	�5�V H-�7��  

1�.��  -��-)b2012, et al.Alijani  .(B��	� ��'O�B 
��65� E��  b
�	 )�5���	 ) Quercus castaneifolia

.C.A.Mey (���� �-�Q+ Q���,�� f�B��	 dO�  
b['O� ��
%�+ ��k ���� -�- �, )�5���	& �����  �	

5F��'c� ���, �- ��
%�Q+ -��� &-��- �5� E�� �- ���, 



 ��� ����� �	
��  ���� ������� ���� �����32 ����  4   329  

 

Copyright: © 2024 by the authors. This is an open access, peer-reviewed article published by Research Institute of Forests 

and Rangelands (https://ijfpr.areeo.ac.ir/) and distributed under the terms of the Creative Commons Attribution License 
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, 

provided the original author and source are credited. 

 

��'O�- YQ ��
% -
O ���8 5�%�-� ), et al.Alijani 

a2012(. k.��� ��� ��  ��'O�B�R8+ �-
��Q+ ����� 
O ���� V	)��% ^c	 �-�-�  )� �-�\'B� �	�=  dO� 

��65� `�� dO�  *�� �	 ��6 F���� 	����� �Q
�>�+ 
��\'5� ��	+ �B��@�Q+ t�'c5 -
	 )Javanmiri Pour 

2018, et al.(. �	�
3+�, �Q
�>�+   V��Q�� &V��Q
-k��= 	 ?>�m �	�	����� .�  ��Q��5 ^QW@ Farhadi  

����6�Q )2019 (�- �����Q+  Y>�B� ���	  )� �-�\'B�
dO� �Q+ 5�����V ?0�  �)�� �?O�
�6 �������Q- 

18
5�? ��65� H-�7�� ��	+ ��'O�- -
	.  
)� ^QW@�Q+ ���O� *�.���'H�% 5���
� �	 B��	� 

�>�+ )
��4 ��65� �- �-
��Q+ /�, �- �5F��6 �	 �\'B� �-

 dO�  )����n� ��� � -�, �, 	����� �Q
�>�+ 1�.��  
�?O�
�6 �- ���� -�
5 �1>�R5 -
	 )Zenner & Peck, 

2009(. B��	� 
�>�+ ^�,��@ ��� ).L Ulmus pumila (
�- �= ��R�5 ���� �
�
,�- �a �- P'B�V -�- ���� �, 

��V ��'O�- �	 �R8 �	��	 B��� 	��'� )� 20 '��B�&�'5 

�>�+ ^�,��@ H-�7�� &��' �- >�m�-��, �@���Q+ �	 �R8 

	�V D�@ �� 20 '��B��'5 )� 
�>�+ )
��4 1�.�� @��+ 
5���-�, )2015, et al.Wang ( .�B��	   �-
� ��'O�B

�Q
�>�+ ��65� �-
� �-�Q+ 5F��'c 8�  �T
�� )Picea 

.(L.) Peterm orientalis(&  /�,����� )Pinus 

.L ssylvestri(  -���		)��\8+ ) annordmanniaAbies 

(Steven) Spach( ,�� �-�� �, -�- ���� /�, �����  
-���		)��\8+  _�`�
�>� )�+ H-�7�� @��+ 5�&���, 

>�m�-� �,8�  �T
��& )
��4 1�.�� ) ? �-kturk & oG

2020Tiras, (. 

^QW@ ��5+�Q �O�-� -�
5�- 
�>�  ��'O�B+ 
��65 ^�,��@� 5 ������Q-  _�`� �,�F�Q �� �- 

��'( ���Q ��
� �'H�%���  �� �	�
3 -�
5+ �+ �= 

��
% ��  *�.�����. �	+�
3&��%��(�
� ^��- f�B��	 �, 
�QW@� ��	+ B��	� YQ��5) 
�>�+ ��65�  �- ��'O�-

��P�Q+ ����� _>�` �	�
N�5 *��8�+�Q �5���'� F���� 
 ���� *�.�� ?B�� �- �V 5)���& �
�� ���[3� s�6 � 
-��- -
� .��
��	�	 ^��  �Q��? �����Q+ Q���,��  

� h
���P�Q+ ����� �F �- -
�
5&  ^QW@^�@ � �-
 -��- �N��� 
�>�+ ^�,��@ ��65� ��'O�- �- ��P�Q+ 

_>�` �����Q+ �0 
� �� �	�
N�5 B��	� 
@���� ���� 
1���V ��,^QW@ V�� D��'� . *��8� �-+�Q ������ �1	+  

�5���? �@���� �-
��Q& �	�8-
	 �Q�
O �-�\'B�. 

 


���  ���� 

��R�5 -�
5 �1>�R5  
^QW@ ^�@&� �c	� )� x�3 �5� �@�^ �����Q+ 

Q���,��  �, ?B��- ^c	�Q+  ���c��  Y��@���� 
 )
5F�  �QW@� O�-�  �0 
��- ��7'c5 51 ���- 

 32 8-���  30 ��y�� �� 51 ���-  35 8-��� :
3 
H��q����� 8� �  36   ���-37 8-���  30 ��y��  {��
H��q����� >�� � �  *�.��� ?B�  �6 )1( . -�
5 ��R�5

��23 �- �1>�R5�8� +��	��� �|�25F �- �8��Y O��� X
3�5 
 �	 ��'(5)O +�Q���  =�O  =�O �7H ��	5 ���8�
%�-�. f�B��	 ��5F 10 �>�B �����'( B�� �
Q� 

�0 
�)1385  ��1395( & ��v�B �%����	 V�����51/9 ± 
1325 ���5 ��v�B +�5- V�����5  �'512/1 ± 8/12 

�'��B ���-) ?B� -��%2019., et alDezhban  .(����,  
 �����	 ���- lRB )� Y��@ ^c	 h�\����	_���� 10  930 

 �'5�>�m�- &��'(Q �,V���@���Y� ^c	 �R�� V���O& 350 
4\��5  �'5 +���- �F �R�� V���1290  h�\��� �'5�'��	  )�

) ?B� ���- lRBa,b1995, Management PlanForest .(  



330  P�� �- ��'O�- ���65 ^�,��@ +
�>�...+�Q 

 

Copyright: © 2024 by the authors. This is an open access, peer-reviewed article published by Research Institute of Forests 

and Rangelands (https://ijfpr.areeo.ac.ir/) and distributed under the terms of the Creative Commons Attribution License 
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, 

provided the original author and source are credited. 

 

 

 ���1- ��	
�� ����
 ��	
 ���
� ��� �� (��� :�����  (� !"�#$ %&�' ( %���)  

Figure 1. Location of study area: a) on the map of Iran, b) Patom and Namkhaneh districts 
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Table 1. Information of the studies one- hectare plots  

Types Hornbeam-ironwood Hornbeam-beech with oak Mixed beech Pure beech 

District No. Patom Namkhaneh Namkhaneh Namkhaneh 

Compartment No. 111 206 217 217 

Altitude (m.a.s.l.) 330 925 1100 1080 

Aspect Northern Southwest Northwest Northwest 
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5 +�Q  
studied forest typesQuantitative information of trees in Table 2.   

Type Density (ha-1) 
Frequency of dominant species 

(%) 

Diameter at breast height (cm) 

Mean Minimum Maximum 

Hornbeam-ironwood 314 
Hornbeam (51.59) 
Ironwood (43.31) 31.87 8 120 

Hornbeam-beech 

with oak 
237 

Hornbeam (40.51) 

Beech (33.33)  

Oak (1.69)  

32.01 8 110 

Mixed beech 158 
Beech (82.91) 

Hornbeam & maple (7.45) 
44.87 8 155 

Pure beech 191 Beech (95.29) 44.6 8 160 

Hornbeam (Carpinus betulus L.); Ironwood (Parrotia persica C.A.Mey.); Beech (Fagus orientalis Lipsky); Oak (Quercus castaneifolia C.A.Mey.); Maple (Acer velutinum Boiss.). 
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2. Distribution of the trees on diameter class in forest types Figure 
Hornbeam (Carpinus betulus L.); Ironwood (Parrotia persica C.A.Mey.); Beech (Fagus orientalis Lipsky); Oak (Quercus castaneifolia 

C.A.Mey.); Maple (Acer velutinum Boiss.). 
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Figure 3. Spatial location of trees in forest types 

Hornbeam (Carpinus betulus L.); Ironwood (Parrotia persica C.A.Mey.); Beech (Fagus orientalis Lipsky); Oak (Quercus castaneifolia 
C.A.Mey.); Maple (Acer velutinum Boiss.). 
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(red lines) interval function (black lines) and Monte CarloFigure 4. L  

Hornbeam (Carpinus betulus L.); Ironwood (Parrotia persica C.A.Mey.); Beech (Fagus orientalis Lipsky); Oak (Quercus castaneifolia 
C.A.Mey.); Maple (Acer velutinum Boiss.). 
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