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Background and Obijectives: Knowledge of the diversity and structure of forest
stands is a fundamental prerequisite for understanding and managing natural
ecosystems. The purpose of this study is to determine the composition,
frequency and diversity of woody species in the canopy gaps (caused by the
storm) and compare it with the control stands (without the storm). The forest
stands mixed with abundance and different composition at the level of 7 districts
in 15 replications were selected by completely random method.

Materials and Methods: Based on this, mixed forest stands with different
frequency and composition at the level of 7 plots in 15 replications were selected
as completely random. The studied area was Darab-Kola Sari forest series,
Mazandaran province. In order to analyze the data, the plots were divided into
four categories in terms of area: Small (less than 200 m?), medium (200 to 500
m?), large (500 to 1000 m?), and very large (more than 1000 m?). Within each
gap, the specifications of regeneration and height of woody species were
calculated and recorded by establishing microplots (3x3 m). Diversity of woody
species was investigated using diversity indices (Simpson, Shannon-Wiener and
Brillouin), richness (Margalef and Menhinick) and evenness (Pitt and Hill).

Results: Sixteen tree species were identified within the gaps (created by storm)
and control stands in the study area. The highest frequency of regeneration
occurred inside the gaps resulting from the storm, and their frequency increased
with the increase of the gap size. Results showed that there was only a
significant difference between gap and control stands of plant species (at 5%
level) and the highest frequency was observed inside the gaps (1458+249 in gap
vs. 879+138 in control stand). Also, with increasing the gap size, the diversity
and frequency indices increased (5 seedlings in small gap to 4767 seedlings in
very large gap). Among the diversity indices, Simpson had the highest values.
Peat index in gaps (0.100) and in the control stands (0.130) showed the lowest
value among evenness indices.

Conclusion: Natural disasters, including windstorms, are phenomena which
their causes are well understood, but their incidence is usually unpredictable.
Storms can cause a lot of damage to forest stands, and the frequency of damage
is proportional to their severity. Results of this study showed that storm
occurrence can have positive and significant effects on the forest structure,
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which by the correct forecasting and management of the forest, some steps can
be taken to improve the vegetation cover. A combination of wind intensity and
pre-storm characteristics of stand structure can play an important role in
determining tree diversity dynamics because immediately after the storm, tree
mortality is high and causes changes in plant composition and diversity.
Considering the occupancy of broadleaf mixed stands in the Darabkola region, it
is suggested to pay more attention to woody species with deep roots, the crown
length to trunk length ratio and also be resistant to strong winds.

Cite this article: Amiri, M., Mortazavi, E. and Ravanbakhsh, H. (2025). Frequency and diversity of woody plants
within gaps after the storm. Climate and Ecosystem of Arid and Semi-arid Regions, 2(1), 88-104.
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Fig. 1- Location map of the study area and damaged compartments by windstorm
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Table 1. Comparison of woody regeneration based on the gap size in the studied stands

4.'-.3_5):)".15‘ bu}bd.,ﬂ_gk.taﬁbqu‘w}) Muuﬁ

Gap size (m?) Gap created by windstorm Control stand

Height class s\, b

S /0> Aoy F VAR AN EW- N S t/0> Loy B RVARIVAR EW-3H

200 > 14 0.09 5 0.08 3 0.02 2 0.10
200-500 91 1.56 28 1.13 31 0.88 17 1.85
500-1000 960 16.48 604 24.51 565 16.07 156 17.01
1000< 4767 81.80 1830 74.26 2918 83.01 743 81.02
Average 1458 616 879 229
Standarad deviation 249 85 138 34
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Table 2. Frequency and percentage of tree species regeneration less than 0.5 m (height)
in the control stands and gaps in the studied compartments (Area= 100 m*)

(Control stand) aals o3 5 (Gap) «iy, J+1s
5 =
[ Aoy
r-aﬂ J R A2y
. f B ol - 2
Scientifi Scientific Local Sl A
cientific name Local Frequency = Name name Frequency
F (%)
name (%)
i i . . 0
Fraxmuiexcelsmr Y] 1 0.03  Fraxinus excelsior L. Y] 0
Pterocarya ~ Pterocarya B 0
fraxinifolia (Poir.) S) 1 0.03 fraxinifolia (Poir.) S 0
Spach Spach
Zelkova T Crataegus monogyna 26
carpinifolia (Pall.) ~ sl;] 1 0.03 g o 9y S 148
K. Koch g
L i o 0.10
Prunus divaricata o Zelkova carpinifolia K
_ 1 0.03 sl 6
Ledeb < (Pall.) K. Koch
- . - . 0.12
Tilia plsatyphlllos e 1 0.03 Tilia platyphillos s 7
cop Scop
. 1.2
Albizia julibrissin e Mespilus germanica ¢
Durazz. = 1 0.03 L. =3 68
) L 0.017
Mespilus < Albizia julibrissin O
germanica L. &= 2 0.06 Durazz. ' 10
Quercus Quercus castaneifolia 0.7
castaneifolia C. A, sl 7 0.21 sl 38
Mey. C.A. Mey.
Acer capadocicum s Acer capadocicum Is s 115
Gled. o 23 0.72 Gled. oo 65
Crataegus <) Fagus orientalis .| 4.3
monogyna Jacq. i 24 0.75 Lipsky o 245
Parrotia persica | Parrotia persica . 6.5
(DC.) C.A. Mey. " 164 514 (DC.) C.A. Mey. " 371
9.97
Diospyros lotus L. - = 274 8.60 Diospyros lotus L. eSS 571
i i 22.3
Faguiiggllf;talls ob 426 13.37  Acer velutinum Boiss. o 1275
. 51
Acergg:;‘;'““m o 827 2596  Carpinus betulus L. jpe 2896
CarplnuLs betulus § 1435 4505 ) _ ) i
Tolalg ez 3188 100 Total ¢ yazes 5778 100
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Table 3. Comparison of species diversity indices between control stand and gaps in the studied area
Tree species g5 ,5 gla

Ealtaghs

Diversity index
y Gapasy, J&1s Control stand aals o &

AL 23.74 20.49

Species richnesst.s
S 2.37 2.60
O oo 0.965 0.974
Diversity ¢ 5 AP 4.32 4.24
sk p 4.17 4.16
e 0.100 0.130

Evenness 155

Jer 0.245 0.22
Dominance +.\> 0.034 0.025

lAJL@_y K] L&JL@ ‘;Gw)‘ Qw u.aL.a‘ B LGA.'J&JJ J:'-l.: K] Jals aakie u.’.‘;)é 6\.&43; C}J 6‘.&97.4.‘5-\.3 ¥ J;-\:-
Table 4. Diversity indices of tree species in the control stand and inside the gaps based
on the height classes of seedlings and saplings
Tree species gz ,s glas S

C"J u.ai-u 4.'..::‘3) Jéh Jald a.)j
Diversity index Gap Control stand
Fa /0> V¥ — 0 Fe /0> ARV
o AL 11.54 14.57 11.14 12.3
Species richness Le
S 1.32 2.30 1.54 2.79
O spomgoson 0.93 0.98 0.96 0.97
Diversity ¢ 5 JIPENEs 3.42 4.09 3.71 3.86
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Table 5. Comparison of species diversity indices between the control stand and the gaps based on different areas

(m?)
Gap size (M?) audy, o3l
55 pasls Gap Control stand
Diversity index 200- 500- 200-  500-
200> 500 1000 >1000 200> 500 1000 >1000

1L 1.67 2.06 2.96 2.73 1.44 231 287 2.66

Species richnesste
Sege 1.63 0.97 0.56 0.31 1.41 142 073 037
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Ogwgos 0.72 0.58 0.83 0.75 0.5 080 081 0.79

Diversity 55 Jus-osls  1.33 140 218  1.96 069 187 208 203
sk 0.86 128 215 195 034 162 203 198
e 0.29 011 012 0.8 031 020 012 0.06

Evenness _s1sS,
Jeo 0.04 021 055 0.68 288 066 058 0.62
Dominancea.le 041 017 0.25 0.5 0.19 0.18 0.20
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Table 6. Distribution of the frequency of regeneration of woody species in control stand
and gaps based on the Kruskal-Wallis test

Jals aakie 4&5})&‘} Jals aakie 4}.&})&‘:
(e 210 31 jeS) (e 210 51 S) (o V¥ —+/0) G V¥ —4/0)
Control stand Gap Control stand (0.5-1.3 m)
(<0.5m) (<0.5m) (0.5-1.3m)
(X?) Chi-Square Sl gls 3.74 3.92 6.63 6.63
df csl3l as s 13 13 13 13
Sig. (sl oan o 0.09 0.99 0.57 0.38

P Slb 4 g b M ek f bl s LI Sl 5Kile amylie -5
Sl 5l ol sladle 5 bdle s Uil m doss O o 53 (ol jms DMl 4 ey oo OLES Y Jsdr ol
Loy 0 a3 ] pl S I s (V) 3 s s bty s 5 dald adlaie 3 s saai S e
@ by Sl mi (SIG=e/0) 3)ls s gy e IOV oaTals b Slslp s sy, s 5 dald ik o
A e (YFENY) iy, s

P Ol alal 5555 e wdy, Jos 5 dals ailate 55 Slsl B mis Ky —on Ose3l @S Y Jgds

Table 7. Distribution of the frequency of regeneration of woody species between in control
stand and gaps based on the Mann—Whitney test (height classes)

(Sl ndow o)) Slib) 45, Kke Las, g geee - o bl $olo e o
wd, 232.66 52116.5
S /0> 23259.5 0.139
Jals 216.34 48459.5
s, 244.17 54694.5
S VYOG 0 20681.5 0.001
Jals 204.83 45881.5
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