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Abstract 

Background and Objectives: Habitat edges, particularly forest road corridors, function as focal 

points for ecological dynamics. These linear disturbances alter microclimatic conditions through 

increased solar radiation, elevated temperatures, and enhanced wind exposure, thereby creating 

environmental filters that fundamentally reshape vegetation structure and community 

composition. This transformation manifests as the gradual replacement of shade-tolerant forest 

species with light-demanding herbaceous and pioneer species in proximity to edges. However, 

roads serve as the fundamental infrastructure for forest management, making their presence in 

forested landscapes an essential and unavoidable component of modern land use. This study 

aimed to investigate the effects of secondary forest roads on tree regeneration, species 

composition, stem density (stems/ha), and stand volume (m³/ha) in three parcels of Series 7 within 

Watershed 25 of the Shenroud district, Guilan Province, two decades after road construction. 
Methodology: For this research, a forest road constructed in 2005 in three compartments of Series 

7 in the Shenroud watershed was selected: compartment 754 (northern aspect), compartment 726 

(southern aspect), and compartment 755 (western aspect). A transect sampling method was 

employed. Transects were established along three geographical aspects (north, south, and west), 

with three replicates per aspect, resulting in a total of 72 transects. Each transect measured 100 × 

5 m and was positioned on both cut and fill slopes, across the three geographical aspects, and at 

four distances from the road (30, 60, 90, and 120 m). Within each transect, tree species and 

diameter at breast height (DBH) of all trees were recorded. To assess regeneration, ten systematic 

2 × 1 m square microplots were sampled per transect, and regeneration frequency by species was 

documented. The Kolmogorov–Smirnov test was used to verify the normality of quantitative data. 

A two-way analysis of variance (ANOVA) was applied to compare regeneration frequency under 

the influence of geographical aspect and distance from the road, and Duncan’s multiple range test 

was used for mean comparisons. 

Results: The results indicated that tree species composition on both sides of the road did not 

significantly change with distance from 30 to 120 m from the road. Although mean stem density 

and volume per hectare decreased with increasing distance from the road, no statistically 

significant differences were observed across slopes, geographical aspects, or distances from the 

road. Regeneration analysis revealed that three tree species regenerated in the study area, all of 
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which were present across the three geographical aspects. The highest regeneration frequency on 

both cut and fill slopes was observed for beech (Fagus orientalis Lipsky). In the upstream area of 

the road, alder (Alnus subcordata C.A. Mey.) regeneration frequency was higher than that of 

hornbeam (Carpinus betulus L.), whereas in the downstream area, alder frequency was lower than 

that of hornbeam. Comparison of regeneration variables showed that regeneration abundance 

increased with increasing distance from the road on both the cut and fill slopes, reaching a 

maximum at 90 m, but decreased at a distance of 120 m, and a statistically significant difference 

in regeneration frequency was observed between cut and fill slopes. 

Conclusion: The findings of this study demonstrate that secondary forest roads in the study area 

have not exerted a significant large-scale impact on adjacent ecosystems in terms of species 

composition and regeneration rates after two decades, except for regeneration rates between cut 

and fill slopes, where significant differences were observed. From a forest management point of 

view, the obtained results, which indicate limited negative effects of such roads, make it possible 

to allocate financial resources to more critical areas and provide a good example for forest road 

design and construction with minimal ecological disturbance in the future. As a result, rather than 

undertaking comprehensive and expensive road-management activities in similar situations, 

continued and targeted monitoring should be emphasized to support adaptive and compatible 

management in Hyrcanian forests. 
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��3 1- 5��"�	 /+��6��78 %&9�	 

�	 %�:�9	  
area study of Location 1. Figure  

  

.��
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Z�����, �'�V(,� .�  
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�H����� �*�  ��*�'/�H X�;.�H �	��@��K� � ��
�@.�H 
n�(]* Q� �'�� Q� ��*Q+ �	RT� _��	��� �@�4�' � �
��`�* 
�7	��* M�����* M�
�H��6 Q� ��*Q+ �7	��* M�����* M0��' 

)Duncan( �'�V(,� .�  ��H �	RT� � ������H �
 �'�V(,� Q� 
L����R@� .��*+ 22 var. SPSS IBM � �H��'��� �
 �'�V(,� 
Q� L����R@� 2013 Excel Microsoft W�,�� .�    
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interior forest the within and road the to parallel transects strip of Location 2. Figure 
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area study the in percentage frequency species Tree 3. Figure 
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��3 4- /-����6 %+����� /,B

  %-�. ���G< %�

 5�;-��<��� 
��-� 

 %0A�6��� D0,E	 5�;- %� 2
�8  
Frequency of tree stems by species in strip transects at different distances from the road .4 Figure 

  

H�(8 1- I�@-��	 ± '��J-� 
���	 /-����6 %-�. /,B

 

 %&9�	 

�	 %�:�9	  
area study the in frequency species tree of deviation standard ± Mean 1. Table  

Position  Aspect  
(m) road from Distance  

30  60  90  120  

slope Cut  

South  2.33±0.57  2±1  1.66±0.57  1.66±0.57  

North  2.33±0.15  2.33±0.57  1.66±0.57  2.33±0.57  

West  2.33±0.57  2.33±0.57  1.66±0.57  1.0±0  

slope Fill  

South  1.0±0  1.66±0.57  1.66±0.57  2.33±0.15  

North  2.33±0.57  2.33±0.57  2.66±0.57  2.66±0.57  

West  1±0  1±0  2.66±0.57  2.66±0.57  

  

H�(8 2- *+�,- K�	>� %+�!< LM-�+
�� /-����6 %-�.��� /,B

 5J< ��NO< %�	�
� 5C8 � %0A�6 >� 2
�8   
 and aspect, slope, by influenced as frequency species tree for (ANOVA) variance of analysis the of Results 2. ableT

road the from distance  

Source  square of Sum  df  square Mean  F  .Sig  

 Position  0.22  1  0.22  0.43  ns0.514 

Aspect  2.52  2  1.26  2.45  ns0.096  

Distance  1.44  3  0.48  0.93  ns0.43  

Aspect×Position  2.19  2  1.09  2.13  ns0.129  

Distance×Position  6.55  3  2.18  4.25  **0.01 

Distance×Aspect 2.47  6  0.41  0.82  ns0.573 

Distance×Position×Aspect  7.69  6  1.28  2.49  *0.035 

error  24.66  48  0.51      

Total  320  72        

 significant-non ns: p<0.05; at Significant *:  
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30 .�(* �� ��
�@ 90 .�(* Q� �'�� &H�- ;@�	 � _�,/ 

���� ��	�R@� ���� '�'. M��q�H/ M	�(��
 W-��� ��()�' 
)'��2� �' ��(0H( �' �H �' ��*�' �'�� �
 ;X� �	��@��K� 

8��  o�2� ; �' )8��� 3(.  
  

H�(8 3- I�@-��	 ± '��J-� 
���	 
�(�< 

 
�,�� K�,B

 

 %&9�	 

�	 %�:�9	  
area study the in hectare) perstem ( density tree of deviation standard ± Mean 3. Table 

Position  Aspect  
(m) road from Distance  

30  60  90  120  

slope Cut  

South  633.3±113.7  620±121.6  506.6±238.6  586.6±285.8  

North  746.6±80.8  686.6±231.8  633.3±102.6  653.3±160.4  

West  733.3±160.4  613.3±80.8  440±0.4  706.6±102.6  

slope Fill  

South  766.6±254.8  733.3±46.1  540±70.8  560±131.1  

North  873.3±194.2  833.3±100.6  640±260  820±330.4  

West  760±183.3  546.6±499.7  493.3±147.4  633.3±170  

   

g	�(� ��*Q+ �	RT� a_��	��� '��2� �' ��(0H ��()�' 
;�� ��[\� ��*�'/ ;X� � ��
�@ Q� �'�� ���� '�' �- Z5()� 
��2*.��' M�
 '��2� �' ��(0H ��()�' �' ��*�'/�H ;X�.�H 

�	��@��K� � ��
�@.�H n�(]* Q� �'�� '��� '����. 
M��q�H/ ��[\� L��� ��*�'- /��
�@ ��*�'- ;X� � ;X�- 

��
�@ �
 ��K(* W-��� ��2*��' �'�3 )8��� 4(.  
  

8��� 4- �(�	g ��*Q+ RT�	� ���	_�� '��2� �' ��(0H ��()�' ;�� [\��� ��*�'/ ;X� � ��
�@ Q� �'�� 

 from distance and aspect, slope, by influenced as hectare) (per density tree for (ANOVA) variance of analysis the of Results 4. Table

.road the  

Source  square of Sum  df  square Mean  F  .Sig  

 Position  51200  1  51200  1.22  ns0.275 

Aspect  225700  2  112850  2.68  ns0.078  

Distance  249333.3  3  83111.1  1.98  ns0.13  

Aspect×Position  49033.3  2  24516.6  0.58  ns0.562  

Distance×Position  81422.2  3  27140.7  0.64  ns0.589 

Distance×Aspect  122433.3  6  20405.5  0.48  ns0.815 

Distance×Position×Aspect  97144.4  6  16190.7  0.38  ns0.885 

error  2014933.3  48  41977.7      

Total  33938400  72        

 significant-non ns:  

  

8��� 5- M�����* ± Z����� ���2* WTJ ��()�' )�(* U20* �' ��(0H( �' ��S�* '��* �2>�S*  
area study the in ¹)⁻ha (m³ volume tree of deviation standard ± Mean 5. Table  

Position  Aspect  
(m) road from Distance  

30  60  90  120  

slope Cut  

South  727±132.5  711.7±139.6  581.6±273.9  673.4±328.1  

North  731.1±246.8  795±86  674.3±109.2  695.6±170.8  

West  845±184.8  706.7±93.1  814.3±207.8  507±100.4  

slope Fill  

South  758.9±252.2  725.9±45.7  534.5±169.1  554.3±129.8  

North  767.8±178.9  804.9±92.7  589.7±239.5  755.5±304.4  

West  943.5±327.5  678.6±120.4  612.4±183  786.2±211.1  
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 g	�(� ��*Q+ �	RT� _��	��� WTJ �' ��(0H ��()�' 
;�� ��[\� ��*�'/ ;X� � ��
�@ Q� �'�� ���� '�' �- Z5()� 
��2*.��' M�
 WTJ �' ��(0H ��()�' �' ��*�'/�H ;X�.�H 

�	��@��K� � ��
�@.�H n�(]* Q� �'�� '��� '����. 
M��q�H/ ��[\� L��� ��*�'- /��
�@ ��*�'- ;X� � ;X�- 

��
�@ �
 ��K(* WTJ �' ��(0H ��2*��' �'�3 )8��� 6.(  
  

H�(8 6- �,-+* K�	>� �!<+% 
��+M-� Q!R 

 
�,�� K�,B

 5J< NO<�� %�	�
� 5C8 � %0A�6 >� 2
�8   
 and aspect, slope, by influenced as hectare per volume tree for (ANOVA) variance of analysis the of Results 6. Table

road the from distance 

Source  square of Sum  df  square Mean  F  .Sig  

 Position  304.6  1  304.6  0.006  ns0.939 

Aspect  87151.4  2  43575.7  0.842  ns0.437  

Distance  288576.6  3  96192.2  1.85  ns0.149  

Aspect×Position  13460  2  6730  0.13  ns0.878  

Distance×Position  93511.4  3  31170.4  0.603  ns0.617 

Distance×Aspect  150067.3  6  25011.2  0.483  ns0.817 

Distance×Position×Aspect  131264.4  6  21877.4  0.423  ns0.86 

error  2483216.5  48  51733.6      

Total  39270624.5  72        

significant-non ns:   
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 %&9�	 

�	 %�:�9	  
area study the in frequency (seedling) regeneration of deviation standard ± Mean 7. Table 

Position  Aspect  
(m) road from Distance  

30  30  30  120 

slope Cut  

South  8.3±7.9  8.8±7.4  10.7±10.4  8.7±7  
North  4.1±4.9  6.7±5.7  6.8±5.2  6.2±6.5  
West  7±5.2  7.5±6.8  11.2±8.8  7.6±7.2  

slope Fill  

South  5.2±8.1  8.7±6.7  9.8±5.2  7.9±6.5  
North  9±7.5  11.8±9.1  12.3±11.6  15.2±12.2  
West  7.1±6.9  9.1±7  10±12.1  6.5±10.9  
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 and aspect, slope, by influenced as frequency regeneration for (ANOVA) variance of analysis the of Results 8. Table

road the from distance  

Source  square of Sum  df  square Mean  F  .Sig  

 Position  451.3  1  451.3  6.8  *0.009 

Aspect  49.2  2  24.6  0.37  ns0.688  

Distance  191.6  3  63.8  0.97  ns0.406  

Aspect×Position  1851.7  2  925.8  14.07  *0.000  

Distance×Position  253.7  3  84.5  1.2  ns0.278 

Distance×Aspect  843  6  140.5  2.1  *0.047 

Distance×Position×Aspect  494.4  6  82.4  1.2  ns0.277 

error  45781.8  696  65.7      

Total  104460  720        

significant-non ns: ;0.05p< at Significant *:   
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