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Extended Abstract 

Background and Objective: In recent years, tree-related microhabitats have received increasing 

attention as a key component in the conservation of forest biodiversity. These microhabitats, which 

develop as morphological features on living trees or standing deadwood, play an essential role in 

providing habitat for a wide range of organisms and in maintaining forest ecological functions. 

Their formation is primarily driven by natural processes such as fungal activity, woodpecker 

excavation, and physical damage, and by increasing structural complexity they enhance overall 

forest habitat suitability. Consequently, the conservation of habitat trees is a fundamental element 

of sustainable forest management. The aim of this study was to investigate the diversity, 

composition, and occurrence probability of tree-related microhabitats at the degradation 

developmental stage of beech forests in northern Iran. 

Material and Methods: This study was conducted in two one-hectare plots representing the 

degradation developmental stage in beech forests of the Shafaroud area in Gilan Province and the 

Sika area in eastern Mazandaran Province. Both plots are under the supervision of the Research 

Institute of Forests and Rangelands of Iran and are located within unmanaged, unharvested stands 

(control plots). In each plot, topographic variables including slope and aspect were measured using 

a clinometer and compass, and all trees were inventoried by species and diameter at breast height 

(DBH). Tree-related microhabitats were identified and recorded using a standardized microhabitat 

typology comprising seven main forms, 15 groups, and 47 microhabitat types. All living trees and 

standing dead trees were systematically surveyed, from the root collar to the crown, first with the 

naked eye and subsequently—particularly for elevated and sun-exposed parts—using binoculars. 

All observed microhabitats were recorded for each tree using unique codes. Logistic regression was 

applied to analyze the occurrence probability of different microhabitat types, while microhabitat 

diversity was compared using Hill numbers and rarefaction–extrapolation curves after 

standardization for sample size. 
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Results: The results indicated that Oriental beech was the dominant species in both study areas, 

accounting for 86.5% of the trees in Sika and 88.8% in Shafaroud. The mean DBH of beech trees 

differed significantly between the two sites; however, no significant difference was observed in the 

number of microhabitats per beech tree. A total of 455 tree-related microhabitats were recorded on 

beech trees in Sika and 442 in Shafaroud, corresponding to an average of 2.4 and 2.1 microhabitats 

per beech tree, respectively. In both areas, basal cavities represented the most frequent microhabitat 

form. Regarding microhabitat types, mosses, trunk rot cavities, and basal cavities were the most 

abundant, with 174, 146, and 118 records, respectively. The probability of occurrence of mosses 

was significantly higher in Shafaroud than in Sika, whereas no significant difference was found 

between the two areas for trunk rot cavities. For trees with a DBH of less than 50 cm, the probability 

of basal cavity occurrence was higher in Shafaroud, while no significant differences were detected 

at larger diameter classes. Comparison of overall microhabitat diversity revealed no significant 

difference between the two sites; however, diversity indices indicated that the diversity of common 

microhabitats (q = 1) in Sika was approximately twice, and the diversity of dominant microhabitats 

(q = 2) nearly three times, that of Shafaroud. These findings underscore the importance of 

considering microhabitat structure in the management and conservation of beech forests in northern 

Iran. 

Conclusion: This study highlights the critical role of tree-related microhabitats in sustaining 

biodiversity in Hyrcanian forests. By improving our understanding of the relationships between 

forest structure and tree-related microhabitats, more effective conservation and management 

strategies can be developed. Based on the results, the Sika site shows considerable potential as a 

model area for biodiversity conservation. Finally, long-term investigations of tree-related 

microhabitats are recommended to achieve a comprehensive understanding of ecological processes 

and their impacts on biodiversity. Further research is also needed to examine the relationships 

between environmental conditions, forest structure, and tree-related microhabitats in order to 

provide a more robust scientific basis for conservation planning. 

Keywords: Biodiversity, Structural feature, Deadwood, Control forest, Conservation strategy, 

Guilan, Mazandaran. 
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 f	2) �U��1    ��qT�


5
 "��? �' X���
 !'*
 c8��
�!O.
  

 G�O�1-  !'*
 c8��
 ��qT�
X���
 

Table 1. Characteristics of the study areas 
 �qT�
 

Characteristic  
!�'�I2 

Shafarood  
 �U�� 

Sika  
��'�
 >'�W2 

Compartment number  
34  36  

 %	� >'�W2 

District number  
9  4  

 ('��U�) ��'�
 1N��
 

Compartment area (ha)  
35  94  

(5Q	2) 5#��A�	�� G*8 

Longitude (East)  
49 48  30 53  

 (5J�W2) 5#��A�	�� p	K 

Latitude (North)  
28 38  20 36  

 (	�
) �#'! kb� &� L�I�'� 

Elevation above sea level (m)  
1200  1500  

5#��A�	�� 1$�  
Geographical direction  

 G�W2 

North  
 G�W2f	2 

Northeast  
 (OS'!) w�*�
 a�2 

Average slope (%)  
50  30  

%'!�
 ��� 

Bedrock  
5?*4	4! R#'�+ 

Igneous–metamorphic  
���=�+ 5��
*J�! 

Dolomitic limestone  
 v�H ��� 

Soil type  
 >*$Q >O2 ���2 %� 

Washed brown  
 >*$Q >O2 ���2 %� 

Washed brown  
5P�
) �?��J�� w�*�
 54O?'�9(	�
 

Mean annual precipitation (mm)  
1400  1000  

) �?��J�� w�*�
 �'�	N ��'!  ��'!5�?�� (!�	4 

Mean annual temperature (°C)  
8  10  

  

G$�HI C��  

  a�2 �9 r*9	
 ��K38� �59�T�?� ��6bQ &� =# 	� '!

 a�2 &� >!�I��� �9 1$� � abQ � *�?*� (��  17g �W?

  �5�����#&  "��H'!  m �	�  1�6��  5�'	9  %�	9  .O2

  >����! �9 �6bQ 	� '! �O7
 �b�? =# R��6� &� i
 � �O�9�

1�6Q*
)  5?�$�  ]�#GPS  �W�  �*W#&+  �  �PS�A  �(

  >����! &� >!�I��� �9 %'��U� =# �6bQ kb� '! "��H'!

VERTEX III  abQ �  �O7
 �b�? �9 17�? *�?*� %�W?

  �9  17�?  %O69  "��H'!  �PS�A  �  ��q�T
  ij�  �

  !*�*
 "��H'! Z�W� .O2 17g � 12�!	9 5P7Q 1H'!

�?*4 	d? &� %'�!	9'�
+ !'*
 �6bQ 	� '! 5�H'! %��

>&�O?�  !'*
  ����	9�	9  	bQ  �  O��A	4  '�	Q  %	�4

)Sagheb-Talebi, 2008  .(  

�?*W? %�	9>����#&!	H &� %'�!	9  &� �5�H'! %��

>����#&!	H  %�W���'  5�H'!  %��Larrieu et al. 

(2018)   �>!�I���  !'*
  %�W���'  .O2  >!�I���
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  �9  �54�#�  ;���	9  ��  O�!  %��

L*�� r�7�'� � =#�*J*A'*
  YP�T
 _�O�� %�	9 5��#&

  %�*J*j��  R#�  .!	�4  '�	Q  >!�I���  !'*
  !*H 5�������

59  ,�	
  '�:9�  =#�9  �  1��  	�d?  %�W���'  "�*�K

>O2!'�O?����   >!�!  !�e#�  %�	9  �9  5�����#&!	H  %��

 � ���� L�*?� �YP�T
 5N�*? '! ��#��
 � 17g _O�

�?*4 L*?  '���9 !*7$9 �K�9 � 1�� >O2 5A	6
 5�H'!

>����#&!	H  XT9  "���W8�  X#�
  a���
  5�H'!  %��

5
) !*2Larrieu et al., 2018 R#O9 .(*d�
  &� =# 	� '

=�H �# � >O?& "��H'!�9 �
	� %��'�!  !'*
 c�Q! '*8

  ��� R�#�
 &� � 1H'! ��$� �W� '!) O#!&�9 � 5�'	9

  �  a��	� R#O9 .O��A	4 '�	Q (���  1W� �9  (�n'*4)

5�'	9  1W�Q &�  ���  '�! ��  '�! � "��H'! �  '! ��

1W�Q  ��  ���  R�#�
  kP�
  	�l  m�n �9  ���  5?��
  %��

 1W�Q 5Q�9 ij� � O2 Z�e?�  � X2*
 ��� �� ��� %��

�6�?��H�2 ]  �9  5�	��! �  5PS� ���  &�  5K	A %��

  O��2�! '�	Q O�2'*H '*? �9 ;�W� '! � !*9 �U�
 "+

  5
�W�  1#�$?  '!  .O?O2 5�'	9  5W�n �!  R�9'�!  �9

>����#&!	H  �9 5�H'! �?*4 	� %�' >O2 >O���
 %��

�6bQ Z	A '! }*qT
 O 
 �?*W?.O?O2 17g �8*9	  

�	�	 K�!�� �  �L9� C���$  

>����#&!	H L*We
 �  "��H'!  	bQ  ��#��
  %�	9  %��

17g  &� X���
!'*
 ��b�
 �! R�9 1H'! 	� %�' >O2

  "*
&+t    ��#��
 � 5�'	9 %�	9 .O2 >!�I��� 5�I�	�l

>����#'!	H  L*Q�  G�W�N�  &�  5?���	A  R#	���9  �9  %��

  �
�2 ���9�� 	���
 �  O2 >!�I��� =���eJ "*��	4'

  	���
 � !*9 >����#&!	H L*? 	� !*�� ZOK �# !*��

  L*��  ��#��
  %�	9  .!*9  "��H'!  ����	9�	9  	bQ  ����


>����#&!	H  ��U�� � !�'�I2 ��b�
 �! '! 5�H'! %��

  !�O6�)  �?*W?  >&�O?�  ;���	9  %&��!'�O?����  �O�9�

>����#&!	H 17g  %��5���
  &�  >!�I���  �9  (>O2  %��

) %'�
+ ;��QRarefaction-extrapolation  O2 Z�e?� (

)Chao et al., 20145���
  .(  �	?  %'�
+  ;��Q  %��

�?*4 %��l X#�:A��?*W? !�	A� !�O6� X#�:A� �9 %�  %'�!	9

  !�OK�  ;���	9  �'  >O2  �#  ���Hill numbers  )Hill, 

1973�(  5
 !'�+	9'! .O��     R#�  	IS ��� !OK � X���


)q=0�?*4  %��l  (5
  5�'	9  �'  %�  !�	A�  �9  �  O� 

�?*4)  =#  ���  !OK  �1��  ;��N  '!�?  %��q=1 (

  !�	A�  �W�  �9  �  1��  "*?�2  L*��  tH�2  &�  5#�W?

5
 	9�	9 1�W���?*4 �9 R#�	9��9 � O�!  � 5J*W6
 %��

) �! ��� !OK R��^W� � 1�� ;��N G��O�
q=2  �  (

5
  X��  "*�jW��  tH�2  ;*U6
  �9  �9  �  O9�#

�?*4  G�O�) 1�� ;��N aJ�l %��2) (Hsieh et 

al., 2016  X�?  ����  !�OK�  &�  >!�I���  �9  R#�	9��9  .(

�?*4  L*��  '��6
  	�  %�	9  aJ�l  �  G��O�
  �'!�?  %��

  ]*n'�n ;���	9iNEXT  ) O2 59�#&'�Chao et al., 

2014��P�� � �#:e� .( '�:A� Z	? '! ��R ���9 �9 �  %��

Z	? %'�:A�iNEXT �ggplot2  �tidyverse .O2 Z�e?�  

 M���(  

>!*� '! 5Q	2 )�' �?*4  c8��
 '! a#	T� 5J*�� %��

�9  !�'�I2  �  �U��  a��	�5/86    �8/88    �  &�  OS'!
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 	� '! ��
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>����#&!	H L*We
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  X#�:A� ����	9�	9 	bQ X#�:A� �9 )�' 1H'! �#�
 	� '!

 �U2) 1A�#2 .(

 G�O�2-  ��� !�OK� &� =# 	� %�	9 >!�I��� !'*
 w9��')Chao et al., 2014 ( 

Table 2. Relationships used for each of the Hill numbers 

q 
5��#' w9��' 

Mathematical relationships  
�����*� 

Explanations  

0  �� =  �� ��	



���



�/(��	)
 

�?*4 %��l�?*4) %��?*4 �9 �  ('!�? %�� �9 �� 5
 '��A' %���
 '*8 17�? R#�	9��9 � O� 

 �?*4 !�	A� �9 .1�� ;��N ]��W  %�� 

Species richness (including rare species) that treats all species equally 
and is thus sensitive to the presence of individuals from rare species.  

1  

1�=  lim	→� ��
= ��� �− � ��




���
log ��
 

 ,9���?*4) "*?�2 tH�2 &� 5#�W? �?*4 �9 (G��O�
 %�� %��5
*WK  .1�� ;��N 

The Shannon index (common species) is sensitive to the abundance of 
common species.  

2  2� = 1/ � ���



���
 

W� tH�2 ;*U6
� �?*4) "*�j �?*4 �9 �  (aJ�l %�� aJ�l %�� 

 .1�� ;��N 

The inverse of the Simpson index (dominant species), which is 
sensitive to dominant species.  

s �?*4 !�O6���6
�� �# L�W��� '! !*�*
 %��  �?*4i 57�? 5?���	A %�'�! Z�ip  �q >&�O?� 1����N5
 R��6� 57�? %��'*A� �9 �' %	�4O� . 

s represents the total number of species in the community, while species i has a relative abundance of ��. The parameter � 
indicates the measurement's sensitivity to these relative abundances. 

  

 G�O�3- �?*4 5?���	A%��  YP�T
 5�H'!"���2�' %�� �U��a#	T� 5J*�� �PN	
 '! !�'�I2 �  5J*�� �N�	
 &�  
Table 3. Abundance of different tree species in the beech forests of Sika and Shafarood during the 

decay stage of the developmental stages 
!�'�I2 

Shafarood 

�� �U 

Sika 

�?*4  
Species 

!�'�I2 

Shafarood  

�� �U 

Sika  

�?*4  
Species  

2 (0.9%) 13 (6.1%) 
 &	W
 

Carpinus betulus L. 
206 (88.8%)  186 (86.5%)  

 )�' 

Fagus orientalis Lipsky  

12 (5.2%) - 
1P
  

Acer velutinum Boiss. 
12 (5.2%)  16 (7.4%)  

�U�*� �#Q3 5 

Alnus subcordata C.A.Mey .  
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  '!  ��	����  O?�'  G�N  R#�

  	���9 	bQ �9 "��H'! %�	9 ij� � 1A�# X#�:A� %	���9

  &�70   5�?��  �U�� ��b�
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>����#&!	H L*We
 '! 19�g �7#	�� 5�#�:A� O?�'  �9 ��

	bQ X#�:A�  �U2) O2 >O���
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 �U21- "���2�' '! )�' "��H'! (]) >����#&!	H L*We
 � (+) 	bQ ��#��
 5J*�� �PN	
 '! !�'�I2 � �U�� %��

 a#	T�  
Figure 1. DBH (A) and total TreMs (B) comparison of beech trees in the Sika and Shafarood forests at 

the decay stage of the developmental stages 
  

  
 �U22- 	bQ R�9 r�7�'� >����#&!	H L*We
 � ����	9�	9"���2�' '! )�' 1H'! �#�
 	� '! ��  '! !�'�I2 � �U�� %��

a#	T� 5J*�� �PN	
  
Figure 2. Relationship between DBH and TreMs on each individual beech tree in the Sika and 

Shafarood beech forests at the decay stage of the developmental stages 
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Figure 3. Abundance of TreMs separated by the seven microhabitat forms in the Sika and Shafarood 

beech forests at the decay stage of the developmental stages 
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Figure 4. Relationship between DBH and TreM abundance beech trees seperated by the seven 

microhabitat forms in the Sika and Shafarood beech forests at the decay stage of the developmental 
stages  
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Figure 5. Total abundance of 47 TreM types in the Sika and Shafarood beech forests at the decay stage 
of the developmental stages  
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Figure 6. Occurrence probability of the most abundant TreMs in the Sika and Shafarood beech forests.  
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Figure 7. Diversity curve of the most abundant TreMs in the Sika and Shafarood beech forests.  
 

 N�:  

�����9 �  �5?� 	�� %��L*�� ��J!  )&'� � 5�l 5��#&

Z*95�H��2  �9�Q>O2 ��H��2 !*H ��*�  ��O#O$� �9 �O?�

  ]*n  f�n�Q  �  '�O#�
�?  1#	#O
  &�  52�?  O#O2

 � L*�� 5�'	9 �9 X���
 R#� .O���� ���*
 5?*?�Q	�l

>����#&!	H 5?���	A � �U�� ��b�
 �! '! 5�H'! %��



 ���&'()*+, -	.� /��&01 � 234+
 �-	�
5�&'�1� 2(+6
 78	�
 ��0+9 �* 7&,�* :�
 �
 ;�* :7<�4+3
 �*�	6<   . . .  

309 

 

"���2�' &� !�'�I21�! %��>!'*T?    ��H�!	
 5?� 	��

����  .1�� �9  5?� 	��  %��  �  56�78  '��H��  ��J!

L*��  %�'�!  �!*H  >O�^�
  R#�  .O����  5#s�9  5��#&

L*�� � G���$  � '*bQ "��H'! !*�� �b��� �9 5��#&

>����#&!	H  L*��  R��^W�  	��
  YP�T
  5�H'!  %��

5�'	9 .1�� >O25
 "��? ��>����#&!	H �  O��!  %��

5
 5�H'! �9 O�?�*�tH�2 =# "�*�K  L*�� %�	9  5��#&

����Z*9  1
3�  �  ��"�4&��  '�	Q  >!�I���  !'*
  ��

) O?	�4Michel and Winter, 2009; Larrieu et al., 

2018; Rafieijahed et al., 2024 .(  

)  5Q	2  )�'  1�7J�l  	9  X���
  R#�F. 

orientalis  !'�! O� V� !�'�I2 � �U�� ��b�
 �! 	� '! (

�9  �   a��	�5/86    �  OS'!8/88    5?���	A  &�  OS'!

>!*�5
 ��U�� �' 5�'	9 !'*
 %��  �9 (#��?  R#� .O�!

5�'	9"���2�' a#	T� 5J*�� �PN	
 �9 w7�	
 %�� -

  1�W�� � !'�! 5?�*TW� ��T�
+ %��Z*9 5���2    "��H'!

���� '! )�'5
 "��? �' 5?� 	�� %��) O�!Sagheb-

Talebi, 2008  1P
  �  &	W
  �5Q3�#�U�*�  R��^W�  .(

�9)"���	A  (�U��  '!  :��?*4  R#	�  )�'  >�	W�  %��

5
  "��?  )�'  "��H'!  %s�9  5?���	A  .O?!*9  �  O�!

%��!	7��'    1
3� MIN %�	9 �' �?*4 R#� O#�9 5�`�IN

L*��  �  �����!  '�	Q  1#*J��  '!  5��#&)  O�Falah, 

2000����	9�	9 	bQ .( 5W#OQ "��H'! �9 	���9�J�9 � 	�  	�

>����#&!	H ��U�� �# !�e#� %�	9 �  1�� w7�	
  %��

)  O����  5���N  '���9  L*��
Larrieu et al., 2018  .(

  ���I�����	9�	9  	bQ "��? R��^W����I�  >O��!  5#��

  w#�	2  �  19*8'  �9  5�	��!  �v�H  %:�TPS�N  '!

����	9�	9 	bQ .1�� ��b�
 �! R�9 5W�PQ��	U�
   	���9

"��? �U�� '!54�#� !*�� >O��!  w7�	
 %'��H�� %��

!	H �9  17~
 �b9�' .1�� ��b�
 R#� '! 	���9 %������#&

R�9 ����	9�	9  	bQ !�O6�  � >����#&!	H5�H'!  %�� 

5
  "��?{':9  "��H'!  �  O�!�J�9  �  	�  	�

>����#&!	H  	���9 %��5
 !�e#� �' 5K*��
 �  �9 �  O�� 

  (#��?Haghighatdoust and Waez-Mousavi (2021) 

  X���
  (#��?  �R��^W�  .!'�!  5?�*TW�  ����'  R#�  '!

  (#��? �9 	��NLarrieu et al. (2018)  �Paillet et al. 

(2017)  {':9 "��H'! O?!�! "��? �  !'�! 5?�*TW�  	�

R�2�! 1�P9�Q >����#&!	H5�H'! %��  � O?'�! %	���9

  '!L*�� �e��?5
 X#�:A� �' 5��#&5�'	9 '! .O��!  %��

Kozák et al. (2023)   >����#&!	H %��l 5P  X#�:A�

H'! '!  )'�:4 ��T�
+ "���2�' '! {':9 � G���$  "��

 �' {':9 "��H'! MIN 1�W�� L*�*
 R#� .1�� >O2

  54O�^�
  MIN  %�	9Z*9 5���2    �9  5�	��!  �

>����#&5
 "��? ��  ���
& R�W� '! .O�!Martin et al. 

(2022)  5�'	9 &� %'�	
 X���
 =# '!  r*9	
 %��

>����#&!	H �9 � ��l �>!*� ;���
 '! �  O?!	  "��9 ��

>����#&!	H  L*������  '!  ���R$  %��  �#)  1�'

1#	#O
��! �  5P7Q >O21�! ��>O?�
 5Q�9 >!'*T?  (O?�

���� &�1#	#O
 � "�*� %��1�� 	���9 >O2  R#� �9 .

5?���	A �G�N >����#&!	H5�H'! %��   '*bQ "��H'! '!

  �?*4 L*? �9 ���9 �  !'�! 5�����#& ���$9 ON =# :�?

) 1�� ���I�
 5b��
 w#�	2 �Winter and Möller, 

2008 �9  .(>����#&!	H 5?���	A  X#�:A�  O?�'  5�'�7K -

�5
 X��  '*bQ "��H'! '! 5�H'! %� .O9�#  

�9 "���	A �5P '*8Z	A R#	�  '! 5�����#&!	H %��

5
� Z	A �9  r*9	
 ��b�
 �! 	�1�A>	IN Z	A ���  � ��

�9>	IN  �  ���  54O��*
  >	IN  tT�
  '*8  %��

�n'*4  X���
 (#��? �9 �  O?!*9 %�Haghighatdoust 

and Waez-Mousavi (2021)   L*?  R#	���9  � 

1�A  5
�  Z	A  �'  "��H'!  '!  !*�*
  >����#&!	H  �  ��

>	IN�n'*4  %��  )'�:4  ���  54O��*
  >	IN  �  %�

O?!	  �  !	H  R#�  '*|N  1�W��  �  !'�!  5?�*TW� -



 ���&'()*+, -	.� /��&01 � 234+
 �-	�
5�&'�1� 2(+6
 78	�
 ��0+9 �* 7&,�* :�
 �
 ;�* :7<�4+3
 �*�	6<   . . .  

310 

 

>����#&����  '!  �'  ��  5?� 	��  >!'*T?  1�!  %��

5
 "��?�?*4 .O�!5
� %��>:H) =���A���P4 � ��  (��

�95
 Z�e?� :���*�A ����
 � %!	A �'*S  &� � O��!

�9  1H'!��U�  "�*�K  �$?+  .O��U�
  >!�I���  5U#:�A  >�4

�9  ]*n &�  �  O����?  	|
 �#  5P�?�  %�	?�  ,7�
  "�*�K

5W?  >!�I���>:H  .O�  1H'!  =#  %�'  	9  �  %�

5
  �O�
  )	��4�?*4  >����#&  O�   .1��  %	�#!  %��

�9  Z�?  �9  ���P4  &�  %�  �?*4  G�~
  "�*�KPeltigera 

collina    O2'  >:H  &�  >O�2*
  "��H'!  %�'  	9  �$��

�?*4 >�	4 .O�U�
�
�2 >����#&!	H R#� �9 w7�	
 %�� 

 5UJ*jJ�9  ����'mU2  ���)  "�#�
Gastropoda �(

���P4]�Q  ���)  "s�9Byrrhidae�	n  �( "��?��!

)Rotifers;	H  �(5
*U��	U�
  59+  %��    �^ *H  �#

>:H) %�Tardigrada) 1�� ��O��W? � (Bütler et al., 

2024  Z	A �:� �  :�? 1��!'�! � >O?�'s�9 "����4 .(

5
� 5�����#&!	H1�A  '! %�*J*�A 	d? &� O?'�! '�	Q ��

5
 �4 :�#�
  "����4 �  5?�
& "���
& 	H��� '! � O��!

5
 m��	A  �'  5W  %�Fl5
 '�9  �9  O��   ,9��
  �  O����?

�#F��5
  m��	A  �'  "�'�O?��  %�]�Q  .O?!'�+  �"s�9

5J*W6
  '��)  "�4O?	
  )Sturnus vulgaris (  %� *�  �

)  >���Turdus merula5#38  >	$�  �(  )Carduelis 

carduelis�	n  �(Z!  =�#')  &�'!Aegithalos 

caudatus)�IH  �  ('*W�)  "�'�O?���
  �(  ��

)Barbastella barbastellus�?*4 >�	4 (  �9 w7�	
 %��

 ) O���� >O?�'s�9 >����#&!	HBütler et al., 2024  .(  

�n'*4  �  ���  54O��*
  >	IN  &�  "��H'!  '!  %�

54�#�>!*�  5����  %��)  O����  56�78  %��Michel 

and Winter, 2009�?*4 &� %!�#& !�O6� "�9:�
 �  ( -

�  %'*?�� %�) O����Stokland et al. 2012, Larrieu 

et al., 2014�9 .(  &� X25  ��78 L*�� &� OS'!  '! %O�9

Z*9"�4&���?*4  &�  5P���  %��=�H  %��  %&'�!

=�H  �9  5U�
  �  1��  >O2  ��U��  �  '�!

>����#&!	H)  O����  5�H'!  %��Stokland et al. 

2012,  �9  1H'! ���  &� 5�W�Q ����  54O��*
 >	IN .(

�#:e� 1�� ]*n  ]*n 54O��*
 ['�Q w�*� >O2

R�W� ��#:e�  5J+  !�*
  '*8�#s  &�  >O2  ;*
*� %��

>	IN  R#�  .1��  v�H  O�?�
  "�4O?	
  &�  5|69  �?s  ��

  5?�'�O?���
 R��^W� � O��O�?�
    ��U�� :�? �' )�IH

5
) O��!Basile et al., 20201W�Q .(  >	IN 5J�H %��

�?*4 &� %!�O6� >�����
  � "�4O?*� O�?�
 YP�T
 %��

  �' 57���
 "�U
 �>O��*
 ]*n !*H �
� 1�� "���#&�!

�?*4  %�	9  ]�Q  O�?�W�  %!�#&  ��	�N 5qqT�  %��

�2*4  =�*�  O�?�
  5?s�9  5
	n  =�*�  �#  R��?

)  5��'Osmoderma eremita  >!�*?�H  &�  (

Scarabaeidae   c�  =�*�  �=?& XI�9  5U�P  �# 

)Gambrinus violaceus  >!�*?�H &� (Elateridae  1�� 

)Ranius, 2000; Gouix et al., 2012  �!  R��^W�  (

�?*4  ]�Q  &�=H�2  "s�9  O�P9Parandra capsica    �

Paraclytus raddei  "���2�' 5
*9 � R$  %��  1�'

 �9  5?� 	��5
  '�W2 >	IN  >����#&!	H  �9  :�?  O?�'

)  O����  ���9��  ���  54O��*
Rafieijahed et al., 

2021  >����#&!	H R#� >&�O?� �1H'! R� X#�:A� �9 .(

  	�4':9 >	IN �  "��^W� � 1�� 	���� G�N '! ���W�

5
  X#�:A�  >	IN  %�$�?�  '!  >O��*
  !�*
  '�O�
  �!*2

5
5
 ���
& R#� '! .O9�#  X���
 �9 "�*�Khanalizade 

et al. (2020)    L*Q�  G�W�N�  X#�:A�  �  !	  >'�2�

>����#&!	H   �  r*P9  "��H'!  '!  ���  54O��*
  >	IN

 �"��H'! 	bQ X#�:A� �9 �  O?!�! "��? � 5�'	9 �' &	W


5
  X#�:A�  L*Q�  G�W�N�  	��N  (#��?  �9  �  O9�#

>	IN �
�U� 1K	� .!'�! 5?�*TW�  �9 ��� %��?  �?*4 L*

  %O�  �9 ���W� �$?+ �6�*� 1�� ���9�� 5�H'!  Z�e?�

5
!*2    &� X�9 1�� RUW
 �100    ��200    %�	9 G��



 ���&'()*+, -	.� /��&01 � 234+
 �-	�
5�&'�1� 2(+6
 78	�
 ��0+9 �* 7&,�* :�
 �
 ;�* :7<�4+3
 �*�	6<   . . .  

311 

 

�U2) O�	9 "+ 5#�$? �PN	
 �� >	IN =# %	�4Bütler 

et al., 2021 '! >����#&!	H R#� 5?���	A 	d? R#� &� .(

>!*� %s�9 1�I�  �X���
 R#� (#��? &� ��b�
 �! 	� -

L*��  	d?  &�  �'  5�'	9  !'*
  5P���  %��  �  5��#&

5
 "��? ���� 1
3� .O�!  

>	IN  >����#&!	H�n'*4  %���9  �%� "�*�K

>����#&  �?*4  &�  5?���	A  '�W2  O�?�
  %'*?��  %��

)  5#�U�J�  O�?�
  5?�4O?	
Troglodytes troglodytes  �(

����)  �	�Erithacus rubecula  >���  %� *�  �(

)Turdus merula�	n  �( i
  =�#' 	�  O�I�

)Periparus ater�	n  �()  59�!	
  =�#'Poecile 

palustris	#& �() v�	9+Cinclus cinclus 5?���#&�! �(

)  Y�bJ  v'O�W�)  �~
Lissotriton vulgaris(  �&�  �(

)Bufo bufo  5?�4O?*�  �(O�?�
  )  G�Myodes 

glareolus 12'! "�'�O?���
 �( �>�9�' �'*W� O�?�
 �~�

5
 "��? �' >��� ;	H � R '*4  �$?+ Z�O  	� �  O�!

  ���� 5���N �H	n '!) O���� m�$�Bütler et al., 

2024  	���9 1
����� _O� �9 >����#&!	H L*? R#� .(

a�2 c8��
 '! 1H'!>	TS 	��9 �'�!  G�$? O2' �# %�

=�H �#  >O�  %�'  	9'�!5
  !�e#�  ���?*4  .!*2  %��

=�H>	IN '! �  %&'�! '! � �#:e� G�N '! ��� %��

 5
 54O?& R�
& �9 ;�W� ) O�� Trunk-base rot hole  (

5W? >O���
 >����#&!	H L*? R#� '!>	IN .O?*2  %��

�n'*4�9  %�  %�	9  "�'�9  	9�	9  '!  5������
  "�*�K

  �	� ���� O�?�
 5?�4O?	
 �{':9 � =n*  "�'�O?���


 5
 �?s >����#&!	H R#� '! 5��4 �   5?���#&�! � !&��

O�?�
    &� %	�4*P� %�	9 '�OJ�H 'O�W� � 5J*W6
 �&�

1�!  >'�!  '!  19*8' "!�! >!�I���  G��  =�H %��

5
 .O?*2  

 � 1H'! 	bQ � R� L*We
 '! V  �6�*� 	9 5�7~
 	�g

 >&��� � {':9 "��H'! MIN Z�:J � !'�! >����#&!	H

  	#�H�  !�e#�  �9  	�s�9  R���  �9  "O��'  %�	9  "!�!

  �  5�����#&!	H  ,9��
  Z��O�  a�*
  �5�`�IN

L*��5
  w7�	
  5��#&>�	4  L*Q�  .!*2  }�H  %��

�9 >����#&!	H  w7�	
 1H'! 	bQ � R� �9 	���
 '*8

>�	4 &� 5H	9 �
� 1���9) >����#&!	H %��  G�~
 "�*�K

5
�1�A  17~
 �b9�' (��%*Q�?*4 �9 %	�  � 5�H'! %��

 )  O?'�!  �#'!  kb�  &�  L�I�'�Kozák et al., 2023  .(

L*?  R�9  �b9�'  R��^W�  >����#&!	H  !�O6�  �  %��

54�#� �9 r�7�'� '! 5�H'!1T#' %��  5��� � 5���2

  1
�T�  �  L*?  ��?*4  5��#&	#!  �~
  5�H'!  �?*4

)  1H'!  1�*
Sefidi and Sadeghi, 2020  �  (

['�Q  �  ��	�N  &�  56���  �K*We
  '*b��W�  %��

=�H  '���9 "��H'! 5?�'! 54O��*
 G*y�
 �  %&'�!

) O���� '*bQRafieijahed et al., 2024�9 .(  �5P '*8

L*��
  G�U2�  !*�� >����#&!	H5�H'!  %�� 

"��?Z*9 =# >O��!>����#& �9 mJ�� 5P��� "�4&��  %��

�?*4  &�  �  1��  L*��
5
  1#�WN  YP�T
  %��  O� 

)Michel and Winter, 2009 .(  

  '!  R#� "��H'!  �	?  �  5?���	A  X���


  ���
& R�W� '! .!*9 	���9 �U�� ��b�
 '! 5�����#&!	H

Bütler et al. (2013)  ����  !�!  "��?  �O2  �9  5#��

R�#�
 1#	#O
 L*�� �	� >����#&!	H5�H'! %��   %	���9

L*��  &�  �  ��2�!5
 1#�WN %	�s�9  5��#&  L*��  .O�� 

,��� Y�8 &� 	���9 5�����#&�?*4 &� %	�  1#�WN ��

5
L*�� � O� Z*9 1
���
 � ���� 5P  5��#& "�4&��

5
 X#�:A� �') O�!Martin et al., 2022�9 .(  �5P '*8

  �9  &��?  �YP�T
 c8��
 R�9  >����#& 1�I�  '! ���I�

>*�2  '! �' 5P�
 w#�	2 �  �' 5S�q�H� 1#	#O
 %��

5
 	d?5
 ����	9 �!	�4���$9 �� O� �  &� 1`�IN %&�

L*��!*2 Z�e?� 5��#&.    "����4 5?���	A �(#��? ;���	9

  L*�*
 R#�  �  !*9  	���9  !�'�I2 ��b�
 '! >O?�'s�9



 ���&'()*+, -	.� /��&01 � 234+
 �-	�
5�&'�1� 2(+6
 78	�
 ��0+9 �* 7&,�* :�
 �
 ;�* :7<�4+3
 �*�	6<   . . .  

312 

 

"��?  R#�  %�	9  	�$9  5W�PQ��	U�
  w#�	2  !*��  >O��!

>����#&!	H L*�� .1�� >����#&!	H L*?5�H'! %�� 

"��?  L*�� >O��!Z*95��?  >����#&  �  1�� ���� %��

�?*4 &� 56��� Y�8 MIN %�	9�� %'�	� �� .1  

���I�  %��  %!�#&&�  5H	9  L*Q�  G�W�N�  '! 

>����#&!	H5�H'! %�� �9 �O2 1A�# ��b�
 �! R�9 -

�>:H  %�	9  >�#5
�  %��  %�	9  !�'�I2  '!  �  1�A

�9  5?��H'!  ����	9�	9	bQ   &�  	�W 50  5�?���9  	�
  '*8

5�'	9 �9 c9�b
 .!*9 	���9 5$�*� �9�QZ�e?� %��  >O2

���� '! 5
� '*|N �
�'� GO�6
 %��1�A  X#�:A� �9 ��

5
  X#�:A�  )'�9  X#�:A�  �  �#'!  kb�  &�  L�I�'�  O9�#

)Asbeck et al., 2019; Paillet et al., 2019  R#� '! .(

  )'�9  &�  �U��  �9  ��#��
  '!  !�'�I2  ��b�
  �X���


  "����4  	�s�9  5?���	A  �  1��  '�!'*H	9  %	���9

5
  "��?  !�'�I2  '!  >O?�'s�9 w#�	2  �  O�!  

 !	H  R#�  %�	9  5W�PQ��	U�
  1��  ]*Pb
  >����#&

)Asbeck et al., 2021b  a� 	� R�9 ���I� R��^W� .(

���I� &� 52�? ��b�
 �! '! 5�H'! �?*4  5J�W�N� %��

54�#� R�9  1�A	` � %	9& O�?�
  1�*
 YP�T
 %��

)  5#��W�2  }�*H �  �]+  %'�O$�?Mitchell et al., 

20215
� 	���9 '*|N a�*
 1�� RUW
 (1�A  '! ��

  5�'	9  �9  �  O2�9  >O2 !�'�I2 ��b�
Larrieu and 

Cabanettes (2012)    (#��? R#� R��^W� .!'�! 5?�*TW�

  X���
 �9Fritz et al. (2009)    "��? �  1�� '�4&��

����  !�!  	���9  O2'  &�  	�s�9  19*8'  kb�  �9  %��

>:H5
� %��5
 1#�WN 1�A 	bQ �9 "��H'! %�	9 .O��   

	�#!  L*Q�  G�W�N�  �	���9  ����	9�	9 >����#&!	H  %��

5�H'! >	IN O�?�
Z�O?� � ��� %��['�Q 5�!'�9 %��  ��

5
 "��? �  �!�O? "��? c8��
 R�9 %'�!��6
 ���I�  O�!

54�#� R#�  O?'�! 5���9 1H'! >&�O?� � R� �9 	���9 ��

) ��b�
 �! R�9 w#�	2 �9 17�? ��Winter and Möller, 

2008 >	IN 	W��
 !*�� .(  5n'�Q >*�
 Z�O?� � ��� %��

{':9 "��H'! '!5
 "��? :�? ��b�
 �! 	� '! 	�  O�!

&� 5H	9 �  >����#&!	H5�H'! %��   	�gV� 1�� 	�W 

��b�
 5b��
 w#�	2  	�gV� 1�� 	���9 � O?'�! '�	Q %�

54�#����'  R�W�  '!  .O����  "��H'!  5���  %�� �

Heilmann-Clausen and Christensen (2003)   "��?

5H	9 �6�*� �  O?!�! >����#&!	H  O�?�
 �5�H'! %��

['�Q>O��*
  %��  �  R�  w�*�  \��OWK  �]*n  >O�� 

5
 1#�O� "�9:�
 1H'! 54O��*
 �PN	
  	�W  � !*2

 �  1��V>*�2  �R#�	9��9  .1��  5?�U
  1�6Q*
  	�g  %��

R�
 "��H'! MIN 	9 O#�9 ���� 1#	#O
  O��  : 	W� 	�

>����#&!	H R#� �9  5�	��! �� R�W|� �' 5���N %��

��  .O  

L*��  59�#&'�  %�	9  ���  !�OK�  &�  X���
  R#� 

>����#&!	H5�H'! %��   �! '! ��l �n	4� .!	  >!�I���

5�6
 ���I� ��b�
  �U�� '! L*�� �
� !�O? "��? �' %'�!

"��?  	�s�9  L*��  .!*9  !�'�I2  &�  	���9  L�*?�  >O��!

&�  %	���9 >����#&!	H5�H'!  %��   �"+  ,7�  �9  �

>����#&L*��
 %��Z*9 %�	9  %	�  1�� 5P��� "�4&��

)Chao et al., 2014; Hsieh et al., 2016  	�s�9 	#!��
 .(

5
  "��?  ���  !�OK�  Z�W�  '! Y�8  &�  �U��  �  O�!  

,����?*4  &�  %	�5
  1#�WN  ��  54O�^�
  R#�  .O� 

5
  X#�:A�  �'  �s3�H� 	9�	9  '! ���� 1
���
 O?�*�

�?*4  &�  5K*��
  �K*We
  �	#&  �O�!>����#&  �  ��  ��

5
  .O��  1
���
  5b��
  ��	����  	9�	9  '!  O?�*�

����  (#��?  ;���	9L�*?�  &�  5�l  �$��  �?  �U��  %�� 

>����#&!	H  ,#&*�  %�'�!  �UP9  O����  5�H'!  %��

  5J!�6�
(q=1)   >����#&!	H &�  .O���� :�? G��O�
 %��

�9	�s�9  "*�jW��  L*��  �a��	�  R�W� (q=2)    "��?

5
>����#&!	H &� %	���9 5?���	A &� �U�� �  O�!  %��

5
  1#�WN  aJ�l,���  ��
�!  %�	9  �  O�   &�  %	�



 ���&'()*+, -	.� /��&01 � 234+
 �-	�
5�&'�1� 2(+6
 78	�
 ��0+9 �* 7&,�* :�
 �
 ;�* :7<�4+3
 �*�	6<   . . .  

313 

 

�?*4  �	#& �1�� m$
 ��A�# R#� .O���� 5���N ���� %��

5
  "��?  &�  5K*��
  L�*?�  %�'�!  �$��  �?  �U��  �  O�!

>����#&!	H  %O�P  L�*?� &� 5A�  	#!��
 �UP9 1�� ��

>����#&5
 MIN :�? �' ���?*4 &� � O�   aJ�l �(#�' %��

5
  1#�WN  '!�?  �O� .  >����#&!	H  	���9  L*��  %��

5�H'!   X���
 (#��? �9 �U�� '!Paillet et al. (2017)  

���� O?!�! )'�:4 �  !'�! 5?�*TW�1#	#O
 %�� -

1#	#O
  	�W  �#  >O�?L*��
  '��H��  \s*W6
  >O2  %	�

L*�� �e��? '! � O?'�!  L*�*
 R#� .O?'�! %	���9 5��#&

"��? �9  �U��  ���?��
  >O��!  %�	9  GO
  =#  "�*�K

L*�� &� 1`�IN5��#&   �9 1��%'*85
 �   %�#�:
 O?�*�

>*�2��A	4	9 1#	#O
 %��  ���� 56�78 5#�#*
 &� >O2

O�! "��? �'.  

 9��(�!� #
�E  

5���N  X�?  X���
  R#� >����#&!	H5�H'!  %��   '!

L*��  MIN����  '!  5��#&  ����	9  �'  5?� 	��  %��

5
 �9 5�	��! � ���� '��H�� R�9 �b9�' v'! �9 .O� 

>����#&!	H  ���%��!	7��'    1#	#O
  �  1`�IN

5
  %	�	g�
��A�#  .!�!  �6�*�  "�*�  MIN  �9  &��?  	9  ��

>*�2  m�d��  �'*bQ  "��H'!  �9  a����
  1#	#O
  %��

>����#&!	H L*�� X#�:A� 	9 : 	W� � �5P�
 w#�	2  ��

5
  O� V�  R#�  �O
O�P9  1
���
  �  1
3�  &�  ��  O�� 

Z*9"�4&��!*2 �S�N "���W8� O�W2&'� %��.    ��*� �9

R�9  17~
  �b9�'  �9 ����	9�	9  	bQ � >����#&!	H  %��

  �5�H'!%��!	7��'   � '*bQ "��H'! MIN O#�9 1#	#O


  MIN %�	9 �' �J�9L*�� X#�:A� �  '�	Q 1#*J�� '! 5��#&

) O��!Kraus and Krumm, 2013�9 '*bQ "��H'! .( -

K5
  �WK  ����  %O�P  %��'��H��  "�*�  &�  �  O�� 

�?*4 &� 56��� Y�8>����#&!	H c#	8 &� ��  L*��
 %��

5
 1#�WN !*HO�� .    w#�	2 �  %!	7��'  	�  R#	9��9

>����#&!	H5
  !*7$9  �U��  ��b�
  '!  �'  ��  O�T9

5
L*��  ���?��
  O�?�*�  O�  	���9  �'  "+  5��#&

)Puettmann et al., 2015 �  1`�IN  1#�$?  '!  .(

>����#&!	H  �6�*�  %O�P  �:�  O#�9  L*��
  %��

�
�?	9  MIN  �
�2  �  O2�9  ����  1#	#O
  %��

=�H  1��  YP�T
  !�69�  �9  >!��A�  �  �
	�  %��'�!

)Messier et al., 2015*�2  R��n  .(>5
  5#��  O�?�*�

  &� 56��� Y�8 &� � O��! X#�:A� �' 5�����#& L*��

�?*4O��  1#�WN  ��.    (#��?  ;���	9  R#�  X���


5
  !�$���
5�'	9  ��  !*2  v'!  %�	9  �O
O�P9  %��

  %��O�#+	A  �
�  Z*9 5���2    	9  �$?+  ��	�gV�  �

L*��  ��  1��  Z&s  R��^W�  .!	�4  '�	Q  	d?O
  5��#&

  �9  ����  '��H��  �  5b��
  w#�	2  R�9  w9��'

>����#&!	H  ��  !	�4  '�	Q  X���
  !'*
  5�H'!  %��

!'�+ m��	A �' %	�	g�
 1#	#O
 � 1`�IN !	7��' .  

�(�	�/� � 
*>�  

X���
 ;��� 	9 X���
 R#�  !���9 w�*� �  1�� 5#��

) "�	#� Z*PK 5P
Iran National Science Foundation 

INSF >'�W2 >��	
 1�� �(4015536   >O2 5J�
 R�
V�

  ����  �������  XT9  "�'�UW�  &�  "�4O��#*?  .1��

���� ������� ���*
  %�	�� '! �  '*�  ,��	
 � ��

  R#��	8   5
  5?�!'OQ  �  	U��  �O?!	  %'�#  &�  .O�� 

  �U�� ��b�
 Z	��
 "�7Q	Q  �5W`�  %�Q+  ]���)�U?( �

�?*W?  YP�T
  �N�	
  '!  �   �O?!	  5��	W�  %'�!	9

5
 	U��!*2 . 

 

References 

Asbeck, T.; Grossmann, J.; Paillet, Y.; Winiger, 
N.; Bauhus, J., The Use of Tree-Related 
Microhabitats as Forest Biodiversity 

Indicators and to Guide Integrated Forest 
Management. Current Forestry Reports 
2021a, 7:59–68. 

Asbeck, T.; Kozak. D.; P. Spınu, A.; Mikolas, 
M.; Zemlerova, V.; Svoboda, M., Tree-



 ���&'()*+, -	.� /��&01 � 234+
 �-	�
5�&'�1� 2(+6
 78	�
 ��0+9 �* 7&,�* :�
 �
 ;�* :7<�4+3
 �*�	6<   . . .  

314 

 

Related Microhabitats Follow Similar 
Patterns but are More Diverse in Primary 
Compared to Managed Temperate Mountain 
Forests. Ecosystems 2021b 25:712–726. 

Asbeck, T.; Pyttel, P. Frey, J.; Bauhus, J., 
Predicting abundance and diversity of tree-
related microhabitats in Central European 
montane forests from common forest 
attributes. Forest Ecology and Management 
2019, 432(1):400-408. 

Basile, M.; Asbeck, T.; Jonker, M.; Knuff, A. K.; 
Bauhus, J.; Braunisch, V.; Mikusiński, G.; 
Storch, I., What do tree-related microhabitats 
tell us about the abundance of forest-dwelling 
bats, birds, and insects? Journal of 

Environmental Management 2020, 264, 
110401. 

Bütler, R., Lachat, T., Larrieu, L., Paillet, Y. 
Habitat trees: key elements for forest 
biodiversity, in: Kraus, D., Krumm, F. (Eds.), 
Integrative Approaches as an Opportunity for 
the Conservation of Forest Biodiversity. 
European Forest Institute 2013, 284 p. 

Bütler, R.; Lachat, T.; Krumm, F.; Kraus, D.; 
Larrieu, L., Know, protect and promote 
habitat trees. Swiss Federal Institute WSL. 
WSL Fact Sheet 2021, 64, 1-12. 

Bütler, R.; Larrieu, L.; Lunde, L. F.; Maxence, 
M.; Nordén, B.; Reiso, S.; Tremblay, J.A.; 
Wetherbee, R., Field guide to Northern Tree-
related microhabitats. Descriptions and size 
limits for their inventory in boreal and 
hemiboreal forests of Europe and North 
America. Birmensdorf: Swiss Federal 

Institute for Forest, Snow and Landscape 

Research WSL 2024, 68 pp. 
Chao, A.; Gotelli, N. J.; Hsieh, T. C.; Sander, E. 

L.; Ma, K. H.; Colwell, R. K.; Ellison, A. M., 
Rarefaction and extrapolation with Hill 
numbers: a framework for sampling and 
estimation in species diversity studies. 
Ecological monographs 2014, 84(1), 45-67. 

Dieler, J.; Uhl, E.; Biber, P.; Müller, J.; Rötzer, 
T.; Pretzsch, H., Effect of forest stand 
management on species composition, 
structural diversity, and productivity in the 
temperate zone of Europe. European Journal 

of Forest Research 2017, 136, 739-766. 
Eshaghi Rad, J.; Khanalizadeh, A., Quantitative 

comparison of microhabitats in deciduous 
forests with different management histories 
(Case study: Golband forest- Noshahr). 
Iranian Journal of Forest and Poplar 

Research 2014, 21(4), 594-605. (In Persian) 

Eslamdoust, J.; Hosseini, S. M.; Kardel, F., 
Evaluation of the stomatal characteristics of 
Quercus castaneifolia C.A.M. and Carpinus 

betulus L. under the dust pollution of 
Mazandaran cement factory. Forest Research 

and Development 2023, 9(2), 161-173. (In 
Persian) 

Falah, A. (2000). Structure and dynamics of 
unmanaged beech forests in northern Iran. 
Forest Research Papers 2000, 1(2), 33-42. 
(In Persian) 

Fritz, Ö.; Niklasson, M.; Churski, M., Tree age 
is a key factor for the conservation of 
epiphytic lichens and bryophytes in beech 
forests. Applied Vegetation Science 2009, 
12(1), 93-106. 

Ghorbanalizadeh, A.; Akhani, H., Plant diversity 
of Hyrcanian relict forests: An annotated 
checklist, chorology and threat categories of 
endemic and near endemic vascular plant 
species. Plant Diversity 2022, 44(1), 39-69. 

Gouix, N.; Mertlik, J.; Jarzabek-Müller, A.; 
Németh, T., Brustel, H., Known status of the 
endangered western Palaearctic violet click 
beetle (Limoniscus violaceus)(Coleoptera). 
Journal of Natural History 2012, 46(13-14), 
769-802. 

Goushehgir, Z.; Feghhi, J.; Innes, J. L., 
Challenges Facing the Improvement of 
Forest Management in the Hyrcanian Forests 
of Iran. Forests 2022, 13(12), 2180. 

Haghighatdoust, A.; Waez-Mousavi, S. M., 
Frequency of tree micro-habitats in Persian 
ironwood- hornbeam forest at Bahramnia 
forestry plan (Gorgan). Journal of Wood and 

Forest Science and Technology 2021, 27(4), 
113-129. (In Persian). 

Heilmann-Clausen, J.; Christensen, M., Fungal 
diversity on decaying beech logs - 
implications for sustainable forestry. 
Biodiversity and Conservation 2003, 12(4), 
953-973. 

Hill, M., Diversity and evenness: a unifying 
notation and its consequences. Ecology 1973, 
54, 427-432. 

Hsieh, T. C.; Ma, K.; Chao, A., iNEXT: an R 
package for rarefaction and extrapolation of 
species diversity (H ill numbers). Methods in 

ecology and evolution 2016, 7(12), 1451-
1456. 

Javanmiri Pour, M.; Etemad, V., Habitat trees in 
mixed stands and mid-altitude elevation in 
Hyrcanian forests (Case study: Kheyrud 
forest, Nowshahr). Iranian Journal of Forest 



 ���&'()*+, -	.� /��&01 � 234+
 �-	�
5�&'�1� 2(+6
 78	�
 ��0+9 �* 7&,�* :�
 �
 ;�* :7<�4+3
 �*�	6<   . . .  

315 

 

and Poplar Research 2024, 32(1), 29-45. (In 
Persian). 

Kakavand, M.; Etemad, V.; Sagheb- Talebi, K.; 
Marvie Mohadjer, M.; Ammer, C., 
Development stages dynamics of the 
Hyrcanian reserve stands, Iran. Iranian 

Journal of Forest and Poplar Research 2020, 
28(3), 231-243. (In Persian). 

Khanalizadeh, A.; Rad, J.E.; Amiri, G.Z. et al. 
Assessing selected microhabitat types on 
living trees in Oriental beech (Fagus 
orientalis L.) dominated forests in Iran. 
Annals of Forest Science 2020, 77, 91 (1-13). 

Korpel', Š., Die Urwälder der Westkarpaten. 
Gustav Fischer Verlag, Stuttgart, 1995, 310p 
(In German). 

Kozák, D.; Svitok, M.; Zemlerová, V.; Mikoláš, 
M.; Lachat, T.; Larrieu, L.; Paillet Y.; 
Buechling, A.; Bače,R.; Keeton, 
W.S.;Vítková L.; Begovič, K.; Čada, V.; 
Dušátko, M.; Ferenčík, M.; Frankovič, M.; 
Gloor, R.; Hofmeister, J.; Janda, P.; 
Kameniar, O.; Kníř, T.; Majdanová, L.; 
Mejstřík, M.; Pavlin, J.; Ralhan, D.; Rodrigo, 
R.; Roibu, C.C., Synek, M.; Vostarek, O.; 
Svoboda, M., Importance of conserving large 
and old trees to continuity of tree‐related 
microhabitats. Conservation Biology 2023, 
37(3), e14066. 

Kraus D.; Krumm, F., Integrative approaches as 
an opportunity for the conservation of forest 
biodiversity. European Forest Institute 2013, 
Germany; 284 p. 

Larrieu, L.; Cabanettes, A., Species, live status, 
and diameter are important tree features for 
diversity and abundance of tree microhabitats 
in subnatural montane beech–fir forests. 
Canadian Journal of Forest Research 2012, 
42(8), 1433–1445. 

Larrieu, L.; Cabanettes, A.; Brin, A.; Bouget, C.; 
Deconchat, M., Tree microhabitats at the 
stand scale in montane beech–fir forests: 
practical information for taxa conservation in 
forestry. European Journal of Forest 

Research 2014, 133(2): 355-367. 
Larrieu, L.; Cabanettes, A.; Delarue, A., Impact 

of silviculture on dead wood and on the 
distribution and frequency of tree 
microhabitats in montane beech-fir forests of 
the Pyrenees. European Journal of Forest 

Research 2012, 131(3), 773-786. 
Larrieu, L.; Paillet, Y.; Winter, S., Bütler, R., 

Kraus, D., Krumm, F., Lachat, T., Michel, A. 
K., Regnery, B., and Vandekerkhove, K.; 

Tree related microhabitats in temperate and 
Mediterranean European forests: A 
hierarchical typology for inventory 
standardization. Ecological Indicators 2018, 
84(1): 194–207. 

Mamadashvili, G.; Brin, A.; Bässler, C.; 
Chumak, V.; Chumak, M.; Deidus, V.; 
Drösslerf,  L.; Embergerg, C.; Georgievh, K.; 
Ghrejyani, T.; Hlebj, R.; Rafiei-Jahed, R.; 
Kalashian, M.; Kambarov, I.; Karagyan, G.; 
Kevlishvili, J.; Khutsishvili, Z.; Kraus, D.; 
Lachat, T.; Lettenmaier, L.; Mazmanyan, M.; 
Mitesser, O.; Petrov, P.; Roth, N.; Tabunidze, 
L.; Larrieu, L.; Müller J., Drivers of tree-
related microhabitat profiles in European and 
Oriental beech forests. Biological 

Conservation 2023, 285, 110245. 
Martin, M.; Paillet, Y.; Larrieu, L.; Kern, C. C.; 

Raymond, P.; Drapeau, P.; Fenton, N. J.; 
Tree-related microhabitats are promising yet 
underused tools for biodiversity and nature 
conservation: a systematic review for 
international perspectives. Frontiers in 

Forests and Global Change 2022, 5, 818474. 
Messier, C.; Puettmann, K.; Chazdon, R.; 

Andersson, K. P.; Angers, V. A.; Brotons, L.; 
Filotas, E.; Tittler, R.; Parrott, L.; Levin.; 
S.A., From management to stewardship: 
viewing forests as complex adaptive systems 
in an uncertain world. Conservation Letters 
2015, 8, 368–377.  

Michel, A. K.; Winter, S.; Tree microhabitat 
structures as indicators of biodiversity in 
Douglas-fir forests of different stand ages and 
management histories in the Pacific 
Northwest, USA. Forest Ecology and 

Management 2009, 257(6), 1453-1464. 
Mitchell, R. J.; Hewison, R. L.; Beaton, J.; 

Douglass, J. R., Identifying substitute host 
tree species for epiphytes: The relative 
importance of tree size and species, bark and 
site characteristics. Applied Vegetation 

Science 2021, 24(2): e12569. 
Paillet Y.; Archaux, F.; Boulanger, V.; Debaive, 

N.; Gilg, O.; Gosselin, F.; Guilbert, E.; Snags 
and large trees drive higher microhabitat 
densities in strict forest reserves. Forest 

Ecology and Management 2017, 389:176–
186. 

Paillet, Y.; Debaive, N.; Archaux, F.; Cateau, E.; 
Gilg, O.; Guilbert, E., Nothing else matters? 
Tree diameter and living status have more 
effects than biogeoclimatic context on 
microhabitat number and occurrence: An 



 ���&'()*+, -	.� /��&01 � 234+
 �-	�
5�&'�1� 2(+6
 78	�
 ��0+9 �* 7&,�* :�
 �
 ;�* :7<�4+3
 �*�	6<   . . .  

316 

 

analysis in French forest reserves. PLoS One 
2019, 14(5), e0216500. 

Puettmann, K. J.; Wilson, S. M.; Baker, S. C.; 
Donoso, P. J.; Drössler, L.; Amente, G.; 
Bauhus, J., Silvicultural alternatives to 
conventional even-aged forest management-
what limits global adoption? Forest 

Ecosystems 2015, 2, 1-16. 
Rafieijahed R.; Kavousi, M.R.; Farashiani, 

M.E.; Sagheb-Talebi K.; Babanezhad, M.; 
Courbaud, B.; Wirtz, R.; Müller, J.; Larrieu, 
L.; A Comparison of the Formation Rates and 
Composition of Tree-Related Microhabitats 
in Beech-Dominated Primeval Carpathian 
and Hyrcanian Forests. Forests 2020, 11, 2, 
144. 

Rafieijahed, R., Kavousi, M. R.; Farashiani, M. 
E.; Sagheb-Talebi, K.; Müller, J.; 
Babanezhad, M., A comparison of the 
efficiency of sampling methods beetles 
(Insecta: Coleoptera) Shast-kalateh beech 
forest, Golestan Province. Iranian Journal of 

Forest and Range Protection Research 2021, 
19(1), 94-109. (In Persian). 

Rafieijahed, R.; Sagheb-Talebi, K.; Farashiani, 
M.; Eslamdoust, J., The importance of 
deadwood for Saproxylic organisms and the 
necessity of using a Persian word instead of 
an English word. Iranian Journal of Forest 

and Poplar Research 2024, 32(2), 191-201. 
(In Persian). 

Ranius, T.; Jansson, N., The influence of forest 
regrowth, original canopy cover and tree size 
on saproxylic beetles associated with old 
oaks. Biological Conservation 2000, 95(1), 
85-94. 

Saeedi, Z.; Azadfar, D.; Sagheb Talebi, K.; 
Tohidfar, M., Study of the ecological 
characteristics of Fagus orientalis Lipsky in 
four different sites of Hyrcanina forests. 
Forest Research and Development 2021, 
7(1), 1-13. (In Persian) 

Sagheb Talebi, K., Close to nature silviculture; 
Views and goals. Iran Nature 2017, 2(1), 9-
6. doi: 10.22092/irn.2017.109531 

Sagheb-Talebi, Kh., Appropriate characteristics 
of beech stands for application of Close to 
Nature Silviculture (selection system). 
Annual report of National Project, No. 04-09-

09-87033. Research Institute of Forests and 

Rangelands 2008, 121p. (In Persian). 
Sagheb-Talebi, Kh.; Parhizkar, P.; Hassani, M.; 

Amanzadeh, B.; Hemmati, A.; Khanjani-
Shiraz, B.; Amini, M.; Mohammadnejad 
Kiasari, S.; Mirkazemi, S. Z.; Karimidoost, 
A.; Sayadi Marzdashti, A., Preliminary 
results of survey on stand structure in 
permanent research plots of Hyrcanian intact 
beech (Fagus orientalis Lipsky) 
forests. Iranian Journal of Forest and Poplar 

Research 2020, 28(2), 163-179. (In Persian) 
Sagheb-Talebi, Kh.; Schütz, J.P., The structure 

of natural oriental beech (Fagus orientalis) in 
the Caspian region of Iran and potential for 
the application of the group selection system. 
Forestry 2000, 75(4): 465-472. 

Sefidi, K., Mohadjer, M.R.M.; Mosandl, R.; 
Copenheaver, C.A., Coarse and fine woody 
debris in mature Oriental beech (Fagus 

orientalis Lipsky) forests of northern Iran. 
Natural Areas Journal 2013, 33(3), 248-255. 

Sefidi, K.; Copenheaver, C. A., Tree-related 
microhabitats: a comparison of managed and 
unmanaged oriental beech–dominated forests 
in northern Iran. Forest Science 2020, 66(6), 
747-753. 

Sefidi, K.; Marvie-Mohadjer, M. R.; Mosandl, 
R.; Copenheaver, C. A., Canopy Gaps and 
Regeneration in Old-Growth Oriental Beech 
(Fagus orientalis Lipsky) Stands, Northern 
Iran. Forest Ecology and Management 2011, 
262, 2, 1094-1099. 

Sefidi, K.; Sadeghi, S., The diversity of 
microhabitats and the ecological value of 
habitat trees in oriental beech stands. Iranian 

Journal of Forest 2020, 12(2), 147-160. (In 
Persian) 

Stokland, J. N.; Siitonen, J.; and Jonsson, B. G.; 
Biodiversity in Dead Wood. Published in the 
United States of America by Cambridge 
University Press, New York, US, 2012; p 
521. 

Winter, S.; Möller, G., Microhabitat structures in 
the beech forest: their role for forest 
biodiversity. Forest Ecology and 

Management 2008, 255(7), 2085-2093. 
 
 
 


	1-1741-EN page.pdf (p.1-2)
	1- 1741.pdf (p.3-22)

