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Figure 1. Geographic location of the study area
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Table 1. Biodiversity measurement indicators
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Table 2. List of species, scientific name, life form and Growth form of plant species identified in different
developmental stages in spring and summer (Life form: Ph: Phanerophyte, Cha: Camophyte, Cry:

Cryptophyte, Thr: Trophyte, Hem: Hemicryptophyte, Epy: Epiphyte, Geo: Geophyte)
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" . I
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Figure 2. The frequency (percentage) of herbaceous cover identified in the three stages of initial development (a),
optimal (b) and degradation (c) in the spring and summer seasons
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Table 3. The scientific name of the regeneration of wood species identified in different developmental stages in two

seasons, spring and summer

5% &9l ) sole ol o pb )
(Decay) (Optimal) (Initial) (Scientific name) ( Persian name) (Row)
# - - Mespilus germanica L K Sl 1
# # #* Acer velutinum Boiss. A 2
# # #* Acer cappadocicum Gleditsch oyl 1,31 3
# # # Parrotia persica C.A.Mey. sl 4
# - - Prunus divaricate A.Sav. axgll 5
#* #* # Diospyros lotus L Xy 6
# - - Celtis australis L oeleb 7
# # # Fagus orientalis L ool 8
# # # Crataegus Sp Sy ol 9
#* £ £ Carpinus betulus L jyee 10
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Figure 3. Frequency (number per hectare) of regeneration of wood species identified in the three developmental
stages of initial (a), optimal (b) and degradation (c) in spring and summer seasons
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Table 4. Values (mean + standard error) of biodiversity indicators of herbaceous cover in different developmental

stages
Ol Juad S Juad S5 Ay e jEgS padld
(Summer season) (Spring season) (Development stage) (Biodiversity index)
1.2920 0 =
1.17+0.04* (Initial) 4ol _

. Shannon-Wiener
0.9140.07° 1.14+0.02° (Optimal) g4 (23 —s53)
1.25+0.072 1.38+0.04° (Decay) [orge ) h
0.61+0.01° 0.6620.01° (initial) 4| S

.61+0. 3 impson
0.54+0.04% 0.64+0.01° (Optimal) ¢l (ygmmsors)
0.62+0.02° 0.670.01° (Decay) o 55
0.5£0.02° 0.54+0.03° (Initial) aJy| Menhinick
0.56£0.03° 0.79+0.04° (Optimal) ¢ (Seigie)
0.52£0.02° 0.59+0.02° (Decay) o5
0.810.04% 0.920.06" (Initial) gl Margalef
0.62:0.06" 0.9+0.04° (Optimal) ¢4 (IS L)
0.92+0.05° 1.1140.05° (Decay) o 55
0.60£0.05° 0.53+0.03° (Initial) aJy| -

. Smith-Wilson
0.67+0.06° 0.68+0.04° (Optimal) ¢4 (g Capass)
0.570.04° 0.53£0.03° (Decay) o 5
0.7240.03° 0.7320.01° (Initial) 4/l

. Evenness
0.8410.03° 0.81:0.02° (Optimal) ¢ (515i0)
0.68+0.03" 0.65+0.02° (Decay) oy 55

il Jb Ky 3 s il

Jolye o oSl (9031 51 0okl b duoyd 8 prdauw )l jixe NS s )L aliio et Y g

Non-identical Latin letters indicate a significant difference at the 5% level using Duncan's test between different stages in the same season
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Table 5. Values (mean * standard error) of biodiversity indices of regeneration of wood species in different

developmental stages

Oy Juad Sl Juad S5 Ay S 3E98 AL
(Summer season) (Spring season) (Development stage) (Biodiversity index)

1.2040.05° 1.18+0.04° (Initial) 4/, .

. Shannon-Wiener
1.03+0.05" 0.910.07° (Optimal) ¢l (a5 — L)
1.27+0.06° 1.20£0.06° (Decay) <55
0.640.02° 0.63£0.02° (Initial) 4/, Simpson
0.60+0.01° 0.51£0.03" (Optimal) & (rgegass)
0.660.03" 0.6240.02° (Decay) < 55
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. Smith-Wilson
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0.56+0.05 0.43+0.04° (Decay) <55
0.73+0.02° 0.72+0.02% (Initial) 4| Evenness
0.880.02° 0.79+0.03° (Optimal) ¢! (L5152
0.740.04° 0.65£0.03° (Decay) 55
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Non-identical Latin letters indicate a significant difference at the 5% level using Duncan's test between different stages in the same season.
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Extended Abstract

Introduction and Objective: Obtaining information and identifying the changes and dynamics
of forest ecosystems in different developmental stages is necessary for optimal management,
restoration and improvement of forests. The aim of This research was to investigate the effect
of different development stages of the stand on tree regeneration and understory species in the
mixed hornbeam stand in spring and summer (due to the beginning of vegetative activities until
the optimal vegetative stage of herbaceous plants) in the forestry plan of Gorgan Shasat-Kalate
district two was done.

Material and Methods: In order to investigate development stages, after forest surveying, three
rectangular half-hectare sample plots with dimensions of 50 x 100 meter for each development
stage based on the characteristics provided by Leibundgut and Korpel in the field of the structure
pattern of development stages and phases in natural forests were used. In order to study and
investigate the vegetation cover, five small sample plots (20x20 meters), one of them in the
center and four other in the four corners. In each sample plot, the percentage of herbaceous
species cover and the tree regeneration frequency were recorded. To investigate and compare
diversity in different development stages, use the diversity indices of Simpson and Shannon-
Wiener, and to calculate the richness, use the richness indices of Margalf and Manhinik, and for
evenness, use the evenness indices of Smith-Wilson and Evenness in PAST and R software
(package Adiv software and specieseve function) were used.

Results: The results showed that the number of plant species in the degradation stage is more
than the initial and optimal stages. Diversity indices of understory species and tree regeneration
species showed that the diversity of Shannon and Simpson in the two seasons of spring and
summer in the optimal stage was lower than the initial and degradation stages. Also, Smith-
Wilson and Evenness indices had the highest values in both spring and summer in the optimal
stage. The highest value of the Menhinic richness index of understory species was determined in
the optimal stage in the spring season, while no significant difference was observed between the
different stages in the summer season. The highest value of Margalef richness index of tree
species regeneration in both seasons was also observed in the degradation stage.

Conclusion: Based on the results of the present research, it can be stated that different
development stages have an effect on the diversity of herbaceous species and forest regeneration.
Therefore, there are significant implications of sustainable management on the vegetation layer,
which should be considered in future of forest management strategies.
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