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Abstract. Understanding the different patterns of plant diversity and distribution along the environmental gradients is 
essential for managing ecosystems, especially in fragmented habitats due to intensive human pressure. The Darkash 
area is located in the western Aladagh Mountains in Khorassan-Kopet Dagh Floristic Province. The easternmost patches 
of the Hyrcanian montane forests grow in this area. The three main vegetation types in the area are shrublands/scrub 
forests, oak forests (Quercus castaneifolia), and subalpine vegetation. In this study, we aimed to evaluate the plant 
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diversity in the understory of plant communities along the elevational gradient. We sampled 187 vegetation plots (2m x  
2m) along a 1300m elevational gradient (in 100-m classes) using the stratified-random method and estimated the 
abundance and canopy cover of the species. Floristic characteristics and different diversity indices were measured. In 
total, 252 plant species belonging to 161 genera and 44 families were identified. Of these, 41 species were found to be 
endemic or semi-endemic. Hemicryptophytes and therophytes are the dominant life-forms in the study area. The Irano-
Turanian elements (46.8%) make the major chorotype in the flora of the area, followed by Bi-regional (17.5%), Tri-
regional (17.5%), Pluri-regional (11.5%), and Euro-Siberian (6.7%) elements. The shrubland understory has the highest 
Hill's and beta diversity indices, followed by the oak forest and the subalpine understory. The biodiversity changes 
sinusoidally along the elevation. In order to protect plant species, especially young oak seedlings, it is recommended to 
create a protective corridor along the elevational gradient in this area. This strategy is essential to protect plant diversity 
in these habitats. 
 

Key words. biodiversity, elevational gradient, Khorassan- Kopet Dagh, Darkesh, conservation, Hyrcanian 
 

 ��*��  

   :��3�  (�!�7  :�3�1"- KW*T��  ��  G���X1�  :�1#�  +  ��AB    � 

R!-�  :��.-*1%  ��1X  ����  +  i�C��  KB  K'k��  ��#+�  !��1#� -

����!%  .23�  Y#�  K&M-�  t�D��S  ����./!*  
�!B  +  e#  K'k��  (�s0  

Y'B   :��3�(�/  (�!�7  g��A�   �  K'k��  !��1#�-����!%  +   Y'-Z/  

N�-�(�/  ����./!*  ���*1'/   �  K'k��  �<+��-(1D'3  .23�  R$   +  

�!/(  :�3�1"-KW*T��  t`��*  
��X�(  +  e�"  .23�  1Bu�3� 


����/ (  �!�!�	  F3!��   0����B�  K�U�3  tU!C�   ��  2�� �/   +  

�W/!*K#�/  175�%  300  �' ��1��   +  ��  /!*:��.�/(  ?�%1�  300 

�%  380  �'��1��  23�.  Y#1�*  :�@'�  �0����B  i�C��  KB   iE�-�  

�s0  B' Y  :�B�'B  
1X5!X  ��  :��.-*1%  +  !*#�/1(  @*1�(  �# :�1 

��  R!-�  +  Y#1��'B  b��B  ��  
�+���  N�-�(�/   ����./!*  

[!�B  ��  
���/(  R!E1�  R1S  ��U$T  ��  :�3�1"  ����   23�  

)Memariani et al., 2016a; Memariani, 2020.( 

�7�10!<!%   	
�'Z'<  
���.# (�/  ,!-��  +  KZA#��%   ����4%  

��U!E  Y#�  K&M-�  ��#U�  1B  N'4�%  ��6����   �/�'0  ,!-��  �� 

:$  .23�  �!�7  :�3�1"-KW*T��  ��   (���C%   �   iE�-�  2o��k 
��  

+  J��<(�/   ���   Y#�  &M-�K  KC��M�   
��  23�   �-���   J��<   ���  

J!��3  )Ezazi et al., 2014	(  J��<  ���   N�#��3  

)Rahchamani et al., 2014 	(  K&M-�  2o��k  
��   �!"�!X  

)Memariani et al., 2016c	(  
��/�-<  ��'k  Qk+  (��'k  

)Atashgahi et al., 2018(  +  K&M-�  2o��k  
��  Y#� 
!*  

)Amiri et al., 2022.(  Y'-Z/  ,!-%  ��.#    �/�'0  ��  �"1B  

 �  
���#+�(�/  ,!-��  :�3�1" -KW*T��  KB  �B!"  KC��M�   
��  

23�  �-���  N�-�(�/  K�.<  ��k+  )Atashgahi et al., 2022; 

Saberi et al., 2010(  +   v�3�(�/  ����./!*  )Behroozian 

et al., 2022.(  :��3�  (�!�7  :�3�1"-KW*T��  �4#   �  Y#1�8� 

@*�1�  5!B (��  �#   O.'����  �/�'0   ��  K'k��  !��1#�-����!%  @'�  

R!.��  ��.�!�  u�3�1B  ��C��M�   5�p��   	
��  :��./!* (�/  

�k�!�  (@*1�   N���   K���
!*(�/  �!��-'B   +  ��@/	�p.�   QAB -

(�/   �B1S  Y#�  K&M-�   N���  K���
!*  	T��U$   J!��3   +  ^1�  

J��<  ���   	:��.�0  @*�1�  ����  ,!-%   K�!0(�/  ��c���(  ��  Y#�  

:��3� (�!�7 �-�./ )Memariani et al., 2016b.(   

    K�!0(�/  (��c���  KB   N'��   2#�+���  �0�-*�1<  ��   e#  K'k��  

�#�'7�1]�  	fA��   �  1n�  2'CP+  ��o��k  �C�.�  Y�710��1X 

��  1M"  w�1&��   
�!B  )Noroozi et al., 2019(  +   ��  K.#�&�   �B  

1#�3  K�!0�/  ��  1B�1B  ��1'']%  �M'��  L'3$1%1#s<  .�-�./   ��k  

10�  2'C�  �8�$  1%���#�<   O/  ���B  Y4�  23�   2�%   1'x�%  

(�/���7  �M'��  +  L#1A%  	
���.#   (���C%   �  �8�$  Y#�  
�!D� 

+  2�%  1'xy%  O'&�.�   �#  1'SO'&�.�  Y#�  �/���7  ��1X   ��1'0  

)Menges, 1998; Colling & Matthies, 2004.( 

 O�.'3!*�(�/   ����./!*   L�S�  (����  K�!0(�/  (��c���   �-�./  

�1#   F3!%  ��6����  �/�'0  Y'#�<1%  KE�k�  +  ���  
�� ���  

)Beniston, 2003(.  Y#�  �#���  +  2#�+���  K-���  �#�'7�1]�  

L�!�  ���!�  K�!0(�/  �k�!�  ����./!*  2D.�  KB  �k�!�  

	����  1��'B  ��  1M"  w�1&��  ��1X  ��1'0  )Grabherr et al., 

1994(.  L�S�  !��k�   ����./!*  2�%  1'x�%  ��1'']%  R$  +  �#�!/  

@'�   9�-�./  Y#�1B�-B   U�B  Y�7�  ���   �#   Q/�*   �0����B  1B   Q�!<  

 �/�'0  Y#�  	�k�!�  O/   �  1n�  �*  +  O/  	��'*  ��s01x�  �/�!" 

.�!B  
+`6  1B   Y#�  J�"(�/  �k�!�   ����./!*  O�.'3 �#�/  �B  

e'��-#�   U�B  �-�./  K*  Y4�  23�  Q-*�+  (�#��  KB  ��1'']% 

�M'��  �-/�B   +  ��1x�  (�#��  (+�  L'*1%  K�!0(�  +  ���"�3 

��6����   �/�'0  K����   �-��B  )Cowles et al., 2016(.    � 

(!3  	1�#�  ,��%��   �  1E#i  xy%'1   K&M-�(�	  R$  +  �!/�#   +   �#���  

7�1]�'��#  ?��!�  ����./!* 	   !%#?  K�!0 �/  ��  ��  3'O�.�/(  

����./!*  C%''Y �� �-*  )Lomolino, 2001.( KB �!E 	��*  K3  

(!���  g��A�  1'']%  ,!-%  �B  Q#�@7�  ,��%��  �!�+   :����  )1(  (!���  

Q/�*  2"�!-4#  	,!-%  )2(  (!���  ��Dx  ,!-%  �%  ,��%��  F3!��  +  

mW3  Q/�*  ,!-%  ��  ��6��%��  1%U�B  )3(  +  (!���  e%   �#��  

 [
 D

O
R

: 2
0.

10
01

.1
.2

42
36

33
0.

14
02

.1
0.

1.
6.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 n

de
a1

0.
kh

u.
ac

.ir
 o

n 
20

24
-0

9-
20

 ]
 

                             2 / 13

https://dorl.net/dor/20.1001.1.24236330.1402.10.1.6.9
https://ndea10.khu.ac.ir/nbr/article-1-3589-fa.html


K�7�# ��� 	��.#  5!�6 �� Y#!� (�/10 
��� 	1 :74 -62 )1402 (Nova Biologica Reperta 10(1): 62-74 (2023)                                                            

 

64/64 

 

)unimodal( �-C#  Q#�@7� ,!-% �B Q#�@7�  ,��%�� +  mW3 /�* Q  

,!-% )Rahbek, 1995;1997 .(  

    Q#�@7�  �B K#+�  Q#��10   ���8�  ��  :1X  1'"�  L�!�  �1��8�  

K�!0�/  KB  23  ��6��%��   1%U�B  +  �k�!�  �DMX  
��  23�  +  

 K"1l(�/  ��.#   :�������  ��  2�%  1'xy%  ��1X  
���  23�  +  ����  

K*   	�1��8�  b �3   �#   �D'*1%   �  1/   +�  (�1B   (�&B  2'C�   �#  

K�!0  *�7�  	���D�  w�1&��  K�!0(�  Q'<+�  �/�!"  �!B  )Reed, 

2012, Morison & Morecroft, 2006(.  ��   Y#�  :�'�  K�!0-

(�/   ����   �B  Y����  K-���  -*�1<�0�  �#�'7�1]�   �+���  �#  O*�1%  

��'C�   	O*  1��'B  �B   
�#�<  w�1&��  +�KB+�  .�-�./   Y#1��'B 

:�@'�  w�1&��  ����   z�  �� �/�  K*  
18B�1B(��(�/  :�.��   ��  

:�4� �#�/ K* ,!-%  K�!0(�  (��#   	����� 1��'B �!�  )Pimm & 

Jenkins, 2010(.  Y#�1B�-B  5 U  23�  �B  KC��M�  ,!-%  ��.#    +  

N��!6  ��s01x�  1B  	:$  
�1/  �B  Q#�@7�  K���1B(�/  ��o��k  ��  

[�&� g��A� 
1* Y'�  	  � w�1&�� 1��'B  K�!0 �/ (1'0!�� .�!�   

   K���
!*  T��U$  ��  R1S  :��3�  (�!�7  :�3�1"- KW*T��   ��1X 

.����   K4�(�/  �X�B
����  N�-�(�/  ����./!*  ���*1'/  ��  

�8�-�K'��  �X1�  �!"  KB  QAB(�/  �B1S
!* (�/  T��U$   {!��  


�1*���  +  K&M-�(�  (�s0  �B  ,!-%  �/�'0  NB�X  K�!%  ��   Y#�  

QAB   ��p#�   
��  23�  )Gholizadeh et al., 2020; 

Memariani 2020.(  ��C��M�  (��!�  ��  QAB �#�/   �   Q�!<  

�/�'0  R1S  T��U$  5�p��  
��  .23�  ��  ��C��M�   e'�.#�!�7 

K&M-�   ̂ 1X   	Q*��  �!|k  506  K�!0   �/�'0  b��@0   
��  23� 

)Aydani, 2004(.  ��  �3�1B  1'xy%  (�/�!�*�7  J�"  (+�  ,!-% 

��.#    �/�'0   
+10 (�/   e#)!�!*�   ��   QAB  ��-� �  ^1X   	Q*��  

1'xy%  
���   ��$  +  O'3��<   J�"  ��M3  ��  e'4�%  
+10(�/  

}-<K��0  e#)!�!*�  ��  K&M-�  :���  
���  
��  23�  )Jafari et 

al., 2015.(  Y'-Z/   ��  KC��M�   ��AB   �  N�-� (�/  K&M-� 

J !�-Q*��   �B  \�/  �3�1B  1x�   N��!6   �7�10!#@'7  Y'�    (+�  

,!-%  ��.#    	�/�'0  fA��  ��   �B  #�@7�Q  	L'�  ~'/  e#   � 

f"��(�/  ,!-%  	:!.W'3  (�-S   g��0���  +  ��"�!-4#   N'/  

(1'']%  ���14�  +  Y#1��'B  +  Y#1�*   ���&�  f"��(�/  ,!-%  

:!.W'3  +  (�-S  g��0���  KB  	L'%1%  KB  K&DE  �6��%��  1600 -

1400  +  2000-1800  1��  i�C%  	2���  ��  ���kK*  Y#1��'B 

,!-%  K�!0(�  :!.W'3  ��   K-���  �X1�  +  O*Y#1%  :$  ��  K-��� 

����   
�/���   ��  )Jafari et al., 2016.(   	�!�7  g'E 

N4���.#   +   �0�-*�1<  �#�'7�1]�  K�!0 (�/  �/�'0  ��  �&M-� 

N��7�k  J !�-Yl	�'B  ��  �8�-�K'��  �B1S   K���
!*  T��U$ 

@'� KC��M�  
�� 23� )Nadaf et al., 2017.(   

    �1B(  e*  KB  ��#1#2  �<#���  ,!-%  ��.#   +  Q�!<  �/�'0  ��  

R1S  	T��U$  \�/   �  KC��M�  1P�k  �3�1B  ��1'']%   ,!-%  

K�!0�/(  0'/��  ��  ������  :�#��10  �6��%��  �B  v'%(�/   �+����  

Q�!<  �/�'0  .23�  YP  
 ����(1'0  +  K.#�&�  ,!-%  ��.#    �� 

R!4��1#   ��6����   �/�'0   ��  K3  ���A#�  ����  Q�!<   �/�'0  

�!�!�  ��  (��3��  :�#��10  �6��%��   Y#�  	K&M-�   N���  

 KZ�"��	�/��   N�-�  [!�B   +  Q�!<   �/�'0  K'�	�W�$  Y''C% 

L'*1%  	e'�.#�!�7  N4�  ��.#   K�!0 	�/  (�/!���   �0�-*�1<  

	�#�'7�1]�   +  2D.�  K�!0(�/  (��c���  @'�   �  \��/�  Y#�  KC��M�  

.�-�./  ��n���  ���+�  K*   �  ���#}  N��k  ��  K���1B�#@(  �o��k� 

Q�!< 0'/��  
����3� �!� .  

 

    �&�� 
 B
� �	  

��C��  ����  �;��C� 

    K&M-�  ��!�  KC��M�  ��  R!-�  �X1�  (��3+�   Q*��  ��  

:��318�  K���  +  :�&�3  :��3�)  :�3�1"  (����  ��  ��c�A�  

�#�'7�1]�´41  °56    �%  49  °56  G!E  �X1�  +  24  °37    �%  27  

°37  w16   ����   +  ��  K-���(�/  � ���   +  ��   QAB   �B1S  

 K���
!*  T��U$  ��  R1S   :��3�  (�!�7  :�3�1"- KW*T��  +  �� 

K'k��  ��#+�  !��1#�-����!%   ?X�+  .23�  N�-� (�/  [!�B  J !� -  

	Q*��  ��  60  (1��!�'*   ̂ 1�  J��<  ���  :��.�0  +  ��  80  

(1��!�'*   �  �X1�Y#1%  
���#+�  N�-�(�/  ����./!*  ���*1'/  

?X�+ 23�  + �� �k   N��7 :$ 	�/ Q#+�(�/ �W�3�  +   �C%1�  �B R$  

+  (�!/  �13  +  e�"  �!�+  .�����  2k�.�  QAB  ���-�   Y#�  

K'k��  22500  ���4/  23�  K*  4000  ���4/   �  Y#�  N�-��/    � 

G�3  1374  ^1X   5`6�   
��  23�  )Aydani, 2004.(   Y'-Z/ 

2k�.�  QAB  �C%1�  Y#�  K'k��  �+�k  12000  ���4/  ��+$1B   ��  

.�!�  NX��k %��,��  �  dM3  �#�� �� Y#� 
 !k  �+�k 1000  1��  +  

1�*��k  ,��%��  :$  2455  1��  ��  K�X  :���# �S��  23�  N4�)  1 .(  

1B  u�3�  
���(�/  
���.#�(�/  �3�-��!/  e#�@�  K&M-�   ��!� 

 	KC��M�   
���.#�   Q*��  (����  Y'���'�  b��B  K�U�3  321  

��'�1��  
�!B   +  KB�!E  �cA��  2D.�  KB  1#�3  
���.#� (�/  

\�1E�  
���.#�)  (K��A�$  (����  b��B  (1��'B  ��  (�8���   :��.�  

+  N#�+�  ��8B  +  Y'-Z/  Y'���'�  (�/���  K��/��  Y'#�<1%  +  G!E 


�+� �4�" 
�%!*1% �� :��.B�% 23� N4�) 2 .(  

B
� ���(�����&�    

    �  b+�  K&DE(�-B
��-�7��c%  +  b+�   dM3   	NX��k  (�1B 

 K�!�(���1B   ���C%  187   KCMX  K�!�  0'/� �   �B   ��CB�  )2×2  1�� 

?B1�(  ��  ������  :�#��10  6��%���  1300  1��(  +  ��   ��&DE 

�6��%�� 100 1��(  � R!4��1#  ��6���� �/�'0  
����3�  .��   

 [
 D

O
R

: 2
0.

10
01

.1
.2

42
36

33
0.

14
02

.1
0.

1.
6.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 n

de
a1

0.
kh

u.
ac

.ir
 o

n 
20

24
-0

9-
20

 ]
 

                             3 / 13

https://dorl.net/dor/20.1001.1.24236330.1402.10.1.6.9
https://ndea10.khu.ac.ir/nbr/article-1-3589-fa.html


(�-���  +:���4/. �3�1B ,!-% �/�'0 R!4��1#  ��6����  /�'0�                    Arjmandi et al. Plant diversity in the understory of plant communities 

 

  65/65 

 

   

 
  

D$%  1-  K�&�  K&M-�  ��!�  KC��M�9  A:  CX!�'2  :��3�   (�!�7  :�3�1" -KW*T��  ��  G��  �X1�  	:�1#�  B  :  K�&�  <!% 7�10!�  +  2'CX!�  �#�'7�1]�  �`< (�/   K�!�  

 (���1B ��  K&M-�  ��!�  KC��M� �� R1S Y#� :��3�  .(�!�7  

Figure 1. Maps of the study area; A: Geographic position of the Khorassan-Kopet Dagh Floristic Province in NE Iran, 
B: Topographic map and geographical position of sampling plots in the study area, western part of the KK. 
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D$% 2- �-�-�  e'�1%+1D�� �#
���.(�/ �3�-��!/ Q*�� +  K��A�$ �� R1S U$T��  )1400 -1390 ( 

Figure 2. Ombrothermic diagram of climatological stations in Darkesh and Ashkhaneh in western Aladagh (2011-
2021). 

  
D$% 3- �#��  � v'%(�/   ���� Q�!< �/�'0 K&M-� ��!� 	KC��M� A: N�-�  9[!�B B: �!�?�  KZ�"��9��   C: Q�!< :�/�'0  K'� .�W�$ 

Figure 3. The main typical vegetation in the study area, A: oak forest; B: shrubland/scrub forest communities; C:  
subalpine vegetation. 
 

  
D$% 4-   ���!�  ���C% K�!0(�/ 
1'%(�/ :�/�'0  (��+$ ��  R!4��1#  ��6���� �'0�/ R1S  .T��U$ 

Figure 4. The number of species in vascular plant families in the understory of plant communities in western Aladagh. 
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D$% 5 -  ���!� N4�(�/   ��.#  :�/�'0  ��  (�8%`<  R!4��1#   �� R1S .T��U$  2'���*  )Ch( 	  2'7!�)  ��� �'<  )G.b( 	   2'7!�) 
�S� �� )G.t( 	  2'7!�) 5+@#� ���  

)G.r(	  2'7!�) �����  )G.p(	  �/2'7!�W#1*  )He(	  2'7+1��7  )Ph( 	 2'7+1%   )Th( 

Figure 5. The life-form spectrum of the flora in the study sites Ch: chamaephytes, G.b: bulbous geophytes, G.t: 
tuberous geophytes, G.r: rhizomatous geophytes, G.p: parasitic geophytes, He: hemicryptophytes, Ph: phanerophytes, 
and Th: therophytes. 

  

 
 

 D$%  6 -   O83   �D.�   1��-6   ��#+�   �k�!�   g��A�   (�'7�1]�   �/�'0   ��   �!�7   R!4��1#    Q�!<   �/�'0   R1S   :T��U$   !��1#� - ����!%   )IT ( 	   K3 K'k�� (�   )Tri-regional (  

 N���  IT-ES-M 	  IT-ES-SS   +  IT-M-SS 	   K'k��+� (�   )Bi-regional (   N���  IT-ES 	  IT-M 	  IT-SS 	  ES-M 	   K'k���-l (�   )PL ( 	   +   �<+�� - (1D'3  (ES) . 

Figure 6. The proportion of the phytogeographic groups in the flora of vegetation understory in western Aladagh: 
Irano-Turanian (IT), Tri-regional including IT-ES-M, IT-ES-SS, and IT-M-SS, Bi-regional including IT-ES, IT-M, IT-
SS, and ES-M, widespread or Pluri-regional, and Euro-Siberian (ES) 
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D$% 7- ���� K�!0(�/  (��c��� + K'�(��c���  ��  �!�7  R!4��1#  Q�!<  �/�'0 ��  R1S T��U$ .  

Figure 7. Percentage of the endemic and sub-endemic species in the flora of vegetation understory in western Aladagh. 
 

 
 D$%  8 -   ��+�   1'']%   ,!-%   ��   (��3��   :�#��10   ,��%��   ��   ��&DE   �6��%��  100   1��   ��   1#    R!4��   ��6����   �/�'0   R1S   T��U$   1B   K#�<   ���6�   N'/N0)   	N1     +  (N2 .  

Figure 8.  Variation in diversity indices along the elevational gradient in vegetation understory of western Aladagh 
based on Hill’s numbers. Elevational classess (m): Class01 (1100-1200), Class02 (1200-1300), Class03 (1300-1400), 
Class04 (1400-1500), Class05 (1500-1600), Class06 (1600-1700), Class07 (1700-1800), Class08 (1800-1900), Class09 
(1900-2000), Class10 (2000-2100), Class11 (2100-2200), Class12(2200-2300), Class13 (2300-2400). 
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Figure 9. Statistical significance of diversity indices along 100-m elevational classes in vegetation understory of 
western Aladagh based on Hill’s numbers. 
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Figure 10. Hill’s diversity profile along 100-m elevational classes in vegetation understory of western Aladagh. 
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Table 1. Beta diversity indices in the main plant communities along the elevational gradient in western Aladagh 
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