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1- Landform Index
2- Terrain Shape Index
3- Aspect Slope
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Figure 1. Study area in the kheiroud Forest, Noushahr.
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1- Pearson product-moment correlation analysis
2- Spearman’s rank correlation procedure

3- Detrended correspondence analysis

4- Redundacy detrended Analysis

5- Relative ecological importance value
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Table 1. Mean (+ S.E.) density (stems; ha'®), basal area (BA; m?ha™), relative density (RELDEN), relative
basal area (RELBA), and RIV of trees (dbh < 7.5 cm) in the oriental beech forests, Northern Iran.
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p e e SlslA o S <55
©2 o =2 RELDEN R Density Species
RIV RELBA BA
i1,
o

58.1+51 61.3%5.1 54.9+5.6 23.9+22 98.8 £10.5 ) )
Fagus orientalis

23.6 4.3 17.1+£33 30.3+5.5 59+1.1 70.8 £15.5 _j’M
Carpinus betulus
8.3+17 9.2+24 74+18 3.7+0.8 13.2+3.1 :
Acer velutinum
87+19 114428  61+11 54+14 115425 Hhz S
Alnus subcordata
sl b
0.4+0.3 0.6 05 0.3%£0.2 0.3£0.3 0.6+0.2 o
Quercus castaneifolia
Law S Lo
0301 0.3%£0.2 0.2+0.1 0.2+0.1 0.3%£0.2 ]
Other species
100 100 100 39.6+23 195.2 £10.4 &
Total

[ Other species b <55 ko

B Beech 3,
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Frequency (/)
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Figure 2. Diameter distribution of mixed beech and all other tree species.
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Figure 3. Box plots of ANOVA results for the comparison of standard slope position categories using
LI values. The central line in each box showed the mean value for LI index.
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Table 2. Results of ANOVA for comparison of standard slope position categories using LI values.

Gols e F ol Sl o 1 Sibee b3l a3 serls
Sig F value MS df Index
LI ey 1SS
<0.001 15.22 109.128 2 LD L5 g5

Land form index
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Table 3. Mean (+ S.E.) density of tree species within different geographical aspects in the sampling plots.
sl gl <58
Geographical aspects Species

e dd ol Ao osr Ghoyer O Gidls s
Northwest ~ West  South-west  South  East-south East East-North  North

W]
72.4 19.9 54.9 195 64.4 80.22 89.4 65.8 o
Fagus orientalis
106 70.2 315 60.9 116 6.76 0 214 e
Carpinus betulus
oL
6.8 0.7 7.9 5.4 19.9 10.86 6.2 5.4 :
Acer velutinum
) <.
96 8.1 44 13.2 2.9 19 36 18 e B
Alnus subcordata
sle b
0.5 0.1 0.6 0.8 0.2 0.1 0.4 0 Quercus
castaneifolia
Lo ol
0 07 02 0.1 03 0.1 06 0.22 “F

Other species
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Table 4. Correlation test results for some stand charachteristics and site physiography in the mixed
beech stands.

FECEE S A (lass) Glsl PR
Dead tree volume (m*hal)  Basal area (m? hat) Density (N ha™) S e
r P r P r P
s S5 axls
-0.354* 0.034 -0.287 0.128 0.922  <0.001** aRiadtes
Terrain Shape Index
. ‘ - L:,
0.012% 0.945 0306 0079  0.252 0.128 e
Aspect Slope
0.055 0.757 0.367  0.029*  0.307 0.091 D e

Landform index
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Figure 4. RDA biplot of sampling plots and environmental parameters for mixed beech stands,
northern Iran. Arrows indicate environmental parameters used in the creation of the biplot: BA: basal
area of trees; Density = density of trees; Aspect = transformed slope aspect; CCC = percent canopy
cover; LI = landform index; Slope = percent slope.
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Figure 5. Redundancy Analysis biplot of tree species and environmental parameters for mixed beech
stands, northern Iran. Species name abbreviations are: FAOR: Fagus orientalis; TIBE: Tilia
begonifolia: ALSU: Alnus subcordata; CABE: Carpinus betulus; QUCA: Quercus castaneifolia;
ACVE: Acer velutinum. Arrows indicate environmental parameters used in the creation of the biplot:

BA: basal area of trees; Density= density of trees ASPECT= transformed slope aspect; CCC= percent
canopy cover; LI= landform index; SLOPE= percent slope
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Table 5. Mean (+ S.E.) density (stems; ha™), volume (m® ha™), and relative density (RELDEN),
relative volume (RELVOL) and RIV of CWD (dbh < 7.5 cm) in the oriental beech forests.
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Figure 6. RDA biplot of coarse woody debris species and environmental parameters for mixed beech
stands, northern Iran. Species name abbreviations are: FAOR: Fagus orientalis; TIBE: Tilia
begonifolia: ALSU: Alnus subcordata; CABE: Carpinus betulus; QUCA: Quercus castaneifolia;
ACVE: Acer velutinum. Arrows indicate environmental parameters used in the creation of the biplot:
BA: basal area of trees; Density = density of trees ASPECT = transformed slope aspect; CCC =
percent canopy cover; LI = landform index; SLOPE = percent slope.
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Abstract

Background and objectives: Few studies have shown the effect of the
topographic gradient in the distribution of trees and coarse woody debris (CWD),
particularly old-growth beech stands. Several studies emphasized relationship
between physiographical characteristics of sites and live trees distribution.
Valipour et al (2013) studied the effect of physiographic characteristics of sites on
dimensional properties of tress. They found that physiographic factors significantly
effect on the dimension of trees, the most important factors influencing are the
slope. Furthermore, Alavi et al (2008) revealed that physiographic factors impact
on spatial distribution of elder. Research in the low land forests of Noushar region
showed the slope and altitude positively affect on diversity of indices. The main
goal of this research is (1) Evaluation the effect of geomorphic characteristics of
sites on living tree distribution and (2) extent and distribution of dead trees.
Materials and methods: The study was conducted within the Gorazbon section of
the Kheyrud Experimental Forest in northern Iran, which is owned and managed by
the University of Tehran for education, research, and conservation. The site
selection was done according to the management history. Selected site was
undisturbed and logging operation doesn’t was done by now. To characterize
coarse woody debris within stands, 50x50 meter gird grid of sampling points
established to randomized plot selection and thirty-five 0.1 ha circular plots were
established within a natural beech stand using a systematic random sampling
technique in order to equally sample across a wide variety of topographical factors.
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In each plot, we measured percent slope, aspect and land form. Meanwhile, the
number of dead trees and species and quality was recorded. Therefore, we
investigated the influence of topographical factors, including slope aspect, slope
degree, and landform index (LI) on the distribution of dominant tree species and
CWD in undisturbed mixed forests in northern Iran.

Results: F.orientalis had the highest mean density, volume, relative density,
relative volume, and RIV of all live and dead trees. Results showed that tree
density and basal area were not significantly correlated with any of the measured
parameters, except basal area was negatively correlated with LI. Redundancy
analysis (RDA) of the tree layer revealed a significant relationship between the
measured environmental variables and species distributions on the first canonical
axis and all four canonical axes. CWD volume showed significant negative
correlation with percent canopy cover and was highly correlated with terrain shape
index. Density of CWD in decay class IV was significantly correlated with aspect
slope and percent of canopy cover.

Conclusion: Analyses of CWD distributions in relation to both living vegetation
and topographic gradients showed a highly complex interplay of factors dictating
the distribution of CWD across the forest stands.

Keywords: Physiography, Landform Index, Terrain Shape Index, RDA analysis
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