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SUMMARY

Spatial structure is one of the major parameters for describing forest stand structure. We applied a new method
to quantitative analysis spatial structure of forest stand based on nearest neighbour distance between tree
groups. Three 1-ha plots (100 m x 100 m) were designed on the tropical broadleaved forests to validate the
distribution of structural parameters. All tree with diameter at breast high (DBH) > 6 cm were mapped,
measured tree DBH and classified species. We calculated and described structural parameters such as
Mingling, DBH dominance and Uniform Angle Index by using Crancod and Microsoft Excel softwares. The
results showed that: most of studied species were found highly mixed with other species. In DBH dominance
analysis, most of dominant tree species in Ha Tinh and Binh Dinh plots were less competition in tree DBH
comparing to nearest neighbours. However, three species had positive advantage in tree size, therefore bearing
higher competitive capacity for nutrient resources. About spatial distribution, most of tree species in three
studied plots were from regular to clumped patterns but mainly focused at random pattern. The spatial
structural parameters offer direct information and valuable about spatial structure of forest stand. Those
information can be used in thinning of sustainable forest management, modelling and restoration.
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I. INTRODUCTION

Structural characteristics of forest stand can
be describe as the distribution characteristics of
individuals of the same species, which is
typically represented by different diameters
and tree ages (Li et al., 2002). In a given space,
population structure is vulnerable to isolation
from other populations within the same
community, therefore, for any tree species in a
mixed forest, interspecific and intraspecific
differences in tree size, species mingling and
distribution patterns may be the most important
characteristics of  population  structure.
Distribution patterns directly reflect the way
individuals assemble or scatter in space, which
may in turn be associated with conditions of
competition and utilization of environmental
resources among adjacent trees. Tree size is
directly related to the degree of maturation of a
tree population and to the competitive
advantage of the population within the

community, it may also be directly related to

the survive viability and ecological niche of

the population. Intraspecific aggregation
involves isolation between species in the same
community, and the process is close to seed
dispersal, regeneration capacity and growth.

A number of methods for describing forest
structural  attributes have been largely
developed for decades. However, an exact
description of small-scale structural attributes
is considered to be increasingly importance
(Corral-Rivas et al. 2010). Recently, new
individual tree indices, such as uniform angle
index, species mingling and dominance
(Gadow et al. 1998; Aguirre et al. 2003; Hui et
al. 2011), have been developed. The basic idea
of these

neighborhood of a reference tree by its using n-

indices is to characterize the
nearest neighbors. The techniques of nearest
neighbor statistics allow us determining the
relationship within neighborhood groups of
trees such as species and size class at small

scales. This method has several advantages
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over using expression frequency to depict the
attributes among individuals when compared
to the traditional methods (Pommerening
2002). For instance, greater inhomogeneity in
species and homogeneity in size -classes
indicate greater structural diversity (Gadow et
al. 2012).

In this study, our overall goal is to
characterize spatial attributes of neighborhood
trees by applying the current techniques of
nearest neighbor statistics. For a better
understanding of structural units, we combined
three structural units for each species in
analyses, such as mingling - uniform angle
index, mingling - dominance and dominance -
uniform angle index.

II. RESEARCH METHODOLOGY
2.1. Study site and data collection

Threel-ha plots was designed in 2012 on
tropical broadleaved forest stands in Ha Tinh
(at  coordinates of  18°20'52,13" N;
105°20'16,43" E), Binh Dinh (at coordinates of
14°8'40.94" N; 108°54'2.30" E) and Khanh
Hoa (at coordinates of 12°39°48,89" N;
109°4°40,35" E) provinces. In each study plot,
a grid of 25 subplots (20 m x 20 m) was then
created in which all trees with diameter at
breast height - DBH > 6 cm were mapped.
Tree position (x, y coordinates) was recorded
by using a laser distance measurer (Leica Disto
D5) and compass; other characteristics such as
species and DBH were also investigated.

2.2. Data analysis

We applied current techniques of nearest
neighbor statistics which are based on the
assumption that the spatial structure of a forest
stand determined by the distribution of specific
structural relationships within neighborhood

groups of trees. A forest stand is composed by

neighborhood structural units of n-trees. We
used three structural indices proposed by
Gadow & Hui (2002) such as species mingling,
dominance and uniform angle index to
describe homogeneity or heterogeneity of trees
through a variety of species, diameter classes
and spatial arrangements with equations from
2.1-2.3 (Gadow et al. 1998, Aguirre et al.
2003, Hui et al. 2011, Pommerening et al.
2011).

Species mingling (M): Describes the species
composition and spatial pattern of forest trees.
It is defined as the proportion of the n nearest
neighbours that are different species from the
reference tree (Fig. 1a).

1 ]
Mi=3> v
j=1

vj = 1 if neighbor j is not the same species

2.1)

as reference tree i, otherwise v; = 0.

(U):

differentiation between a reference tree and its

Dominance Describes the size

four nearest neighbors. It is defined as the

proportion of n nearest neighbors that are

smaller than reference tree (Fig. 1b).
&
1
j=1

v; = 0 if neighbor j is smaller than reference

(2.2)

tree 7, otherwise v; = 1.

Uniform angle index (W): Describes the
degree of regularity for the four nearest
neighbors as reference tree. It is defined as the
proportion of angle (o) smaller than the

standard angle o (Fig. 1¢).

&

o1
5% =EZMJ;

j=

(2.3)

Wi = 1 if o;<op, otherwise W; = 0, o=
360°/(n+1).
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Figure 1. Definition of the spatial parameters: Mingling (a), Dominance (b)
and Uniform Angle Index (c)

The methods described above

implemented by using software Crancord

WwWEre

(http://crancord.org/). To eliminate the edge
effect of the estimates in M;, W; and U;
calculation, we applied the nearest neighbor

edge correction method proposed by
Pommerening & Stoyan (2006).
III. RESULTS
3.1. Forest stand properties

The forest characteristics were described in
Table 1. In Ha Tinh plot, the forest stand was
dominated by five tree species, including
Vatica odorata, Gironniera subaequalis,
Nephelium melliferum, Calophyllum calaba

and Calophyllum calaba. These species gained

42% of tree abundance, 44.7% of total basal
area and 43% of important value index (IVI).
The Ha Tinh plot was high diversity compared
to two other plots. In Binh Dinh plot, six most
dominant species among 97 tree species in
total contribute 35% in individual abundance,
50% in total basal area and 46% of total IVL
This is highest diversity among three studied
plots containing most dominant trees such as
Parashorea chinensis, Parashorea chinensis,
llex rotunda, Intsia bijuga, Hopea pierei,
laccifera  and

Melanorrhoea Wringtia

annamensis. The most dominant species in
Khanh Hoa

wightianum, Diospyros sylvatica, Nephelium

plot, including Syzygium
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melliferum and Ormosia balansae in total of
47 tree species, contributed more for this

community, with 64% in individual abundance,
71% in total basal area and 68% in IVI.

Table 1. Characteristics of tree species in the studied plots

Plot Species N G IVI Shannon  Simpson

Vatica odorata 43 2.1106 11.98

Gironniera subaequalis 37 2.3440 11.82
Ha Tinh Nephelium melliferum 32 1.7777 9.51 334 0.96

Calophyllum calaba 19 0.9069 5.22

Knema cortiosa 22 0.6857 5.00

53 others 208 9.6709 56.47

Parashorea chinensis 163 11.1659 21.38

llex rotunda 50 2.3573 5.29

Intsia bijuga 17 3.3772 4.85

Binh Dinh Hopea pierei 48 1.7652 4.49
Melanorrhoea laccifera 26 1.7552 3.38 370 0.96

Wringtia annamensis 46 0.79184 3.24

91 others 649 20.98 57.34

Syzygium wightianum 226  11.0721 28.18

Diospyros sylvatica 191 9.3845 23.86

Nephelium melliferum 54 2.3009 6.27

Khanh Hoa Polyalthia nemoralis 34 2.1977 4.95
Ormosia balansae 42 1.7623 4.84 262 0.87

43 others

302 10.4872

31.87

N - species abundance, G - basal area (m’), DBH - diameter at breast height, IVI - important value index,

Shannon - Shannon - Wiener index.

3.2. Structural characteristics

Analyzed results of Ha Tinh plot was shown
in Fig. 2. All five species showed species
mixture (Mingling) concentrated at high levels
from high mixture to complete mixture, M=
0.75 - 1 in V. odorata, M = 0.5 - 1 in G.
subaequalis, M = 0.75 - 1 in N. melliferum,
M=0.5-0.75in C. calaba and M = 0.75 - 1 in
K. cortiosa. These evidences shown that these
dominant species were highly mixed with other
tree species in adjacent neighbours.

About DBH dominance to nearest
neighbour, V. odorata (U = 0 - 0.75) and N.
melliferum (U = 0.50) were dominant to

medium advantages. While G. subaequalis (U
=075 - 1) and C. calaba (U = 1) were
disadvantaged to completely disadvantaged, C.
calaba and K. cortiosa were advantaged (U=
0). The results showed that these species were
less advantage in DBH comparing to their
nearest neighbours, except K. cortiosa.

UAI shows spatial distribution of reference
individuals to their nearest neighbours. All five
dominant species were regular to clumped
pattern with W = 0.25 - 0.75 (V. odorata, G.
subaequalis, N. melliferum, C. calaba and K.
cortiosa).
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a, Vatica odorata

b, Gironniera subaequalis
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Figure 2. Structural characteristics of five dominant species at Ha Tinh plot
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The results of six dominant species were

shown in Fig. 3. All tree species showed high

levels of mixing with other species in nearest

neighbours. Complete mixture contained P.
chinensis M = 0.75 - 1), I. rotunda (M = 0.75
- 1), L bijuga M = 1) and H. pierei (M = 0.75
- 1). M. laccifera M = 0.5 - 0.75) and W.
annamensis (M = 0.25 - 1) varied from low

mixture to Complete mixture.

Four species were less competitive in tree

size with nearest neighbours, their DBH

dominaces

were medium to complete

disadvantage such as P. chinensis (U=0.5-1),
L rotunda (M = 0.5 - 1), L. bijuga (M =0.75 -

48

a, Parashorea chinensis
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1) and M. laccifera (M = 0.75 - 1). While two
remaining species, H. pierei (M =0 - 0.75) and
W. annamensis (M = 0 - 0.5) had tree size
advantages from predominance to disadvantage
comparing to adjacent neighbours.

In spatial distribution, most species ranged
from regular to clumped distribution, however
highly concentrated at random pattern (M =
0.5) including P. chinensis (M = 0.25 - 0.75), L.
rotunda (M = 0.25 - 0.75), L. bijuga (M = 0.5)
and H. pierei (M 0.5 - 0.75) and W.
annamensis (M 0.25 - 0.75). Only M.
laccifera (M 1) was
distribution to their neighborhoods.

very clumped
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Figure 3. Structural characteristics of six dominant species at Binh Dinh plot
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e, Melanorrhoea laccifera
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Figure 3 (cont). Structural characteristics of six dominant species at Binh Dinh plot

In Khanh Hoa studied plot (Fig. 4), three
dominant species were mixed with nearest
neighbours from medium to high mixture
including S. wightianum (M = 0.5 - 1), D.
sylvatica M = 0.5 - 1) and N. melliferum (M =
0.5 - 1). However,
concentrated at medium level meaning that, in
nearest trees, there are less interspecific
neighbours. P. nemoralis (M = 0.75) and O.
balansae (M = 1) were shown high to complete

those species were

mixing with other species in neighbourhood.
in DBH

dominance were high in S. wightianum (U = 0

Proportions of high advance

a, Syzygium wightianum
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- 1), D. sylvatica (U =0 - 1) and N. melliferum
(U = 0 - 1) inferring competitive advantage
comparing to these nearest neigbours. However,
these proportion values were low in P. nemoralis
(U=0-0.75), O. balansae (U=0-1).

Spatial patterns were from regular to
clumped distribution but mainly at medium
level (W = 0.5) such as S. wightianum (W =
0.25 - 0.5), D. sylvatica (W= 0.25-0.75), N.
melliferum (W = 0.25 - 0.75), P. nemoralis (W
=0.5-0.75) and O. balansae (W = 0.5 - 0.75).
That mean most of the dominant species were
medium to clumped distribution to neighbours.

b, Diospyros sylvatica
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Figure 4. Structural characteristics of five dominant species at Khanh Hoa plot
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¢, Nephelium melliferum
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Figure 4 (cont). Structural characteristics of five dominant species at Khanh Hoa plot

3.3. Discussion

The relationship between tree individuals
and their nearest neighbors is highly potential
to elucidate competitive interaction for limited
environmental the  mutual
dependence and species coexistence (Gadow et
al. 1998). The structural parameters were
association

resources,

considered closely to species

between each individual and its four nearest
neighboring trees by the relationship between
mixture, size differentiation and distribution
pattern, thus, this approach is advantageous
compared to the wunivariate analysis of
structural parameters (Li et al. 2014).

The results shown evidences that most of

studied species were found highly mixed with
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other species. In DBH dominance analysis,
most of dominant tree species in Ha Tinh and
Binh Dinh plots were less competition in tree
DBH comparing to nearest neighbours.
However, three species, including S.
wightianum, D. sylvatica and N. melliferum in
Khanh Hoa plot, had positive advantage in tree
size, therefore bearing higher competitive
capacity for nutrient resources. About spatial
distribution, most of tree species in three
studied plots were from regular to clumped
patterns but mainly focused at random pattern,
excepting M. laccifera in strong clumped
distribution, comparing to nearest neighbours.
These finding may be a reflection of
dispersal limitation and development processes
of these forest communities. The tendency of
species aggregation is common and especially
in high tree species diversity forests (Wright
2002), as a pattern of mixed species would
lead to a reduction of species diversity due to
competitive interaction. This is supported by a
finding of Hubbell & Foster (1986) that, in
species-rich communities, two individual of
the same species may share only a few
common species among their nearest
neighbors. Moreover, functionally similar
species may produce ecological equivalence
among species traits which was explained by
neutral theory (Hubbell 2006). High diversity
species meaning high mixture may also
involve seft-thinning process where number of
saplings are decreased as average tree size
increases over time, consequently increasing
chance to replace by other species. Regular
pattern can be resulted by interspecific
competition between tree species making
greater interspecific
individuals.
IV. CONCLUSION

The important practical advantage of this

distance  between

approach is that stand spatial attributes can be

determined simply by evaluating the

immediate neighbourhoods of a given number

of reference trees. Therefore, management
methods can be based on considering spatial

attributes  (size, species and distribution

pattern) of each tree, allowing comparison of
spatial structure between actual and ideal stand
distributions. Our study revealed that selective
thinning can improve the health and spatial
structure of forest stands and ensure the
success of forest management in structurally
complex forests.
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PHAN TiCH PAC PIEM CAY LAN CAN GAN NHAT
CUA RUNG LA RONG NHIET POI
Nguyén Hong Hai
Truong Pai hoc Lam nghiép

TOM TAT

Céu trac khong gian 1a mdt trong nhitng chi tiéu quan trong dé mo ta cu tric 1am phan. Chung t6i ap dung mot
phuong phap méi dé phan tich dinh lugng cau trac khong gian ctia rimg dwa vao quan hé cta cac nhom ciy lan
can nhau. 03 6 tiéu chuin 1-ha (100 m x 100 m), dugc thiét lap trén trang thai rimg 14 rong thudng xanh, dugc
sir dung dé danh gi4 cac tham sb ciu tric. Tét ca cac cay g co dudng kinh ngang nguc > 6 cm duge xéac dinh
loai, do dém duong kinh ngang nguc va vi tri trong ddi trong 6 tiéu chudn. Chang t6i tinh toan va md ta cac
tham s6 cdu trac nhu tron 1an, wu thé duong kinh va chi s dong goc bang phan mém Crancod va Microsoft
Excel. Két qua cho thiy ring: cac loai cdy dwoc phan tich déu tron 13n mirc d6 cao véi cac loai cay khac. Phan
tich uu thé dudng kinh cho thiy: ciy wu thé & Ha Tinh va Binh Dinh kém canh tranh hon vé duong kinh véi
cdy lan can gin nhét. Tuy vay, c6 03 loai c6 wu thé dudng kinh nén c¢6 wu thé canh tranh vé khong gian dinh
dudng. V& phan bd khong gian, hau hét cac loai cay wu thé & 03 6 tiéu chuan cé phan b tir dang déu dén cum
v6i cay 1an can, tap trung chu yéu & dang déu. Cac tham sb ciu triic khong gian cung cp nhitng thong tin triuc
tiép va c6 gia tri vé cau trac khong gian ctia 1am phan. Nhimng thong tin nay c6 thé dugc sir dung cho viéc tia
thua trong quan 1y rimg bén vimg, mé hinh héa va phuc hdi rimg.

Tir khéa: Chi sé dong géc, 1an cin gin nhét, rirg 14 rong nhiét déi, tron Iin, wu thé.
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