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Table 1. Statistical summary of trees regeneration.

Sl oS o 2 Sl ol Shre Sl il oSSk R
CV (%) Standard Error  Standard. Deviation =~ Median =~ Mean Variable
il Tsls ST 5
93 0.99 11.39 10 12.24 e
Regeneration density of P. microcarpa
L)
1.64 0.89 1.26 76.83  76.83 (em) 1,
Height (cm)
18.6 0.06 0.08 043 043 (em) <&, ks
Collar Diameter (cm)
ol b Tsls ST 5
184.72 0.155 1.79 000  0.969 Sl 2ok sl oSl
Regeneration density of Q. brantii
W Sl
3.46 027 0.38 1098  10.98 (em) gl )} oS3k
Height mean (cm)
cm) iy b Sl
16.67 0.02 0.02 0.12 0.12 (om) o2, B 55
Collar diameter (cm)
S Tals W51 5
304 0.07 0.76 0.00 0.25 R i
Regeneration density of C. pontica
Wl Sl
54.4 12.5 17.68 325 325 (em) plasf 3L
Height (cm)
- P /L,a
45.83 0.08 0.11 0.24 0.24 (em) 42, ks 3L
Collar diameter (cm)
15550 Tsls ST 5
485 0.02 0.33 0.00 0.07 sl osl805 51
Regeneration density of Q. infectoria
W Sl
62.24 5.5 7.78 125 125 (om) glis,f 5t
Height (cm)
- P /L,a
81.25 0.09 0.13 0.16 0.6 (em) 42, ks 3L
Collar diameter (cm)
Tsls ST 5
48.89 1.05 12.08 10 13.5 R
Total regeneration density
W Sl
16.87 6.49 9.17 5434 5434 (em) plasf 3L
Height (cm)
DS
031 0.004 0.001 032 032 (em) 42, s S
Collar diameter (cm)
130.4 0.02 0.3 0.00 0.23 &=
Diversity
- ~‘ . .
17.98 0.01 0.16 1 0.89 S
Evenness
e
58 0.00 1.73 3.87 1.71
Richness

{(Menhinick a=L3) L& 5 (Shannon H™ axL3) ¢ 25 «(Sheldon Lasls) oSG oM 53 sl 1ss50sl5 o513

Regeneration density: (individual/plot), Evenness (Sheldon index), Diversity (Shannon H" index), Richness (Menhinick index)
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Figure 1. Autocorrelation function of a: Regeneration density of P. microcarpa, b: Regeneration density of Q.
brantii, c: Total regeneration density, d: Total mean of regeneration collar diameter, e: Total mean of
regeneration height, f: Shannon index, g: Sheldon index, h: Menhinick index; Parallel lines: confidence interval.
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Table 2. Fractal dimension calculated for regeneration diversity indices.

D) Jts 5 any Boans
Fractal dimension Variable
1.95 e
Shannon
- ~‘ . N
1.89 S
Evenness
Le
1.96
Richness
2691315 (81 oddamalons JUS 3 slal ¥ Jgu
Table 3. Fractal dimension calculated for regeneration.
D) Jts 3 any e
Fractal Dimension Variable
L7 AT 55005 o515
Regeneration density of P. microcarpa
1.94 i
Collar diameter
(V]
1.93 ol
Height
178 @‘ﬁ‘h}lﬁd)}‘)‘)’é‘;
Regeneration density of Q. brantii
1.9 e
Collar diameter
(V)]
1.95 ol
Height
1.96 S5 ssslsl3 VS‘J:
Regeneration density of C. pontica
1.86 e
Collar diameter
(V]
1.91 ol
Height
1.83 )‘.U)L" 6{)“‘) S5
Regeneration density of Q. infectoria
1.9 & A
Collar diameter
(V]
1.62 ol
Height
1.94 S50 I s
Total density of regeneration
1.91 ’1”
Collar diameter
(V]
1.87 ol
Height

1
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Abstract

Background and Objectives: Tree species regeneration is a critical process in the population
dynamics of forests and significantly influences the composition of forest communities. Quantitative
analysis of tree regeneration may provide baseline information for conservation and management
strategies. Zagros oak forests have been subjected to dramatic changes in forest regeneration, cover,
and structure in recent decades. Zagros forests have critical national importance. These forests capture
over one-third of the country’s annual precipitation and are the headwaters for 40% of the country’s
rivers and streams which provide water to the dry central plateau of Iran. Given the national and
regional importance of Zagros forests, it is extremely useful for restoration management to evaluate the
spatial distribution of tree regeneration. The disturbing of ecosystems changes the dynamic of species
and ecosystem processes. Ecosystems are therefore moving in a self-organizing way towards more
efficient use of energy/nutrients to the total energy input. This self-organizing of the ecosystem is an
inherent feature of non-linear interacting systems. Techniques used to study non-linear systems could
be able to quantify the structure of complex objects and the spatial dynamic of plants.

Materials and Methods: The mathematical features of spatially complex systems are often fractal.
Fractal has the potential to expose a new way to understand and analyze such natural spatial
phenomena, which are not smooth, but rough and fragmented to self-similarity. We investigated the
. . . . . . 2

spatial patterns of tree regeneration density and diversity in 126 plots (100 m®). The study was
conducted in a preserved area (12 years) in the Zagros forest of western Iran. We applied
autocorrelation methods to examine the spatial structure in the distribution of regeneration. Fractal
analysis was also used to characterize the complexity of the spatial patterns.

Results: We found that preservation favored the density and diversity of tree regeneration in this
area. On the whole, the variables have weak autocorrelation but regeneration density of
P. microcarpa, total regeneration density, regeneration height, and Shannon index are the variables
that have the most autocorrelation. On the other hand, the fractal dimension, representing the
unpredictability of spatial patterns, is high for trees and regeneration. This implies that although
spatial dependence exists, it is generally fairly weak.

Conclusion: These results revealed the scattered and homogeneous spatial distribution of trees and
their regeneration. Indeed, our results showed a recovery of regeneration but not the spatial structure
of it. It seems that conservation efforts must be continued to complete the recovery of regeneration
and their spatial structure.
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