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Spatial distribution patterns of trees are important keys to understanding forest structure and for proposing
forest management solutions. Management of rainforests in Vietnam is constrained by a shortage of spatial
forest data. Therefore, research was conducted in an upland secondary forest in Tuyen Quang, Vietnam
to assess spatial distributions of species and quality levels, and associations between them. Tree diameter,
height, coordinates and quality (good, medium and bad) were recorded in three one-hectare plots. Tree
density ranged from 920-1050 trees ha', and there were 61-69 species ha'. The highest percentages of
good and bad trees were 25.1 and 42.9%, respectively. The habitat was determined as heterogeneous to
homogeneous. The spatial distribution of all species and ecological important species was mostly random
and clustered. Associations among ecological important species was mainly independent. Tree qualities
were randomly distributed, but bad trees were more abundant in the understorey. Associations between
tree qualities were mostly independent. The results on spatial distribution patterns and associations
between species and qualities will be useful in helping to eliminate competition of trees in clusters, assist

regeneration in gaps and determine options for reducing the frequency of bad trees in the future.
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INTRODUCTION

Spatial patterns of species and individuals
is extremely important and meaningful in
ecological research (Martinez et al. 2010, Wang
et al. 2010, Fatma et al. 2020, Houdanon et
al. 2019). The spatial distribution of species
influences the formation and development
of plant communities, and changes in forest
structure can be explained through the spatial
distribution of individuals on the ground
(Martinez et al. 2010, Liu et al. 2021, Pham et al.
2022). Species associations are affected by spatial
patterns of individuals and the co-existences
of species is promoted more strongly when
species are clustered (Liu et al. 2021).
Random and regular distributions tend to
reduce tree density at short distances, leading to
negative interactions between species (Martinez
et al. 2010, Liu et al. 2021). Characteristics of
the spatial distribution of species can reflect
species competition intensity, seed dispersal
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features and the homogeneity of habitats in
the study area (Barot et al. 1999, Pham et al.
2022). Ecological correlations among species
and species composition at different sites can
be elucidated by studies of species associations,
especially among ecological important species
in the stand (Wang et al. 2016, Liu et al
2021). The spatial distribution characteristics
along with associations between species are an
essential basis for foresters to apply appropriate
silvicultural techniques such as thinning,
enrichment planting and maximum biodiversity
(Hung 2016).

Many studies have been conducted on the
spatial distribution of forest trees for different
forest types, tree species and life stages. The
spatial distribution of individuals on the
ground has three types: cluster, random and
regular distribution (Illian et al. 2008, Higuchi
et al. 2010, Baddeley et al. 2015). However,
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spatial distribution patterns are influenced by
many biological, environmental and human
factors. Therefore, the spatial patterns can be
very diverse between regions and species (Wang
et al. 2010, Shin et al. 2017). Examples include
aggregation in the Changbaisan forestsin China,
random and clustered distribution in old-
growth forest in South Korea, and regular and
random distribution of dominant tree species
in Amazon forests (Wang et al. 2010), Shin et al.
2017, Costa-Cysneiros et al. 2018). Associations
between species and different life stages have
also been analysed in many locations. Usually,
there are 3 types of relationships: attractive,
independent and repulsive. These interactions
also vary widely across regions, between species
and life stages (Lan et al. 2012, Costa-Cysneiros
et al. 2018, Wédjangnon et al. 2020). However,
less is known of the spatial distribution and
associations among forest trees that differ in
qualities such as canopy condition, growth
and tree form. This knowledge is necessary for
developing solutions to improve forest quality.
In Vietnam, a small number of studies
have been conducted in Dong Nai, Nghe An,
Phu Quoc and Ninh Binh provinces on the
spatial distribution of tree species and life
stages (Quy et al. 2021, Pham et al. 2022, Quy
et al. 2022). These studies revealed that spatial
distribution patterns showed both similarities
and differences between regions. Forest trees
were randomly distributed in Dong Nai, but in
Nghe An, species were clustered at distances
less than 15 m, and had random or uniform
distributions at distances greater than 15 m
(Quy et al. 2021, Pham et al. 2022). Therefore,
further field investigations are essential across
a wider range of forest types in Vietnam to
inform future forest management. Tuyen
Quang province was chosen to analyse the
spatial distribution characteristics of species
as well as the relationships between ecological
important species as there are no similar
studies in this part of Vietnam. Furthermore,
in Vietnam, no studies have analysed the
spatial distribution of tree quality as well
as the associations between them based
on point pattern analysis supported by R.
Therefore, this research was carried out: i) to
understand and compare floristic community
and tree quality characteristics among forest
plots, ii) to analyse habitat homogeneity within
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plots, iii) to assess and compare the spatial
distribution characteristics of all species and
ecological important species, and iv) to analyse
distribution patterns and associations between
tree qualities. The results of this study will help
generate a scientific basis for more sustainable
and effective forest management in the study
area.

MATERIALS AND METHODS
Study site

The forest in the study area is an evergreen,
tropical, secondary natural forest. This is the
common forest type across the uplands of
northern Vietnam. The forest is managed by the
Tuyen Quang Forest Protection Department.
Khau Tinh commune, Na Hang district, Tuyen
Quang province was selected for establishing
plots (Figure 1). The terrain in the study area
is mountainous and complex, with many caves.
The average altitude is 439 m and the average
slope is 30-35 °. The climate in the study area
is tropical monsoon. Each year has two distinct
seasons: the wet and hot season from April
to September, and the dry and cold season
from October to March (Luc et al. 2019). The
average annual temperature is 23.5 °C. The
annual rainfall is 1390-1600 mm, with about
80% of the annual rainfall occurring in July and
August. The annual average humidity is 75%,
the highest in March and April is up to 85% and
the lowest is 60% in January and February. In the
area, there are two prevailing winds: northeast
wind in the dry season, and southeast wind in
the rainy season. Most of the region is covered
by a yellow-red oxisol (Luc et al. 2019).

Establishment of plots and data collection
methods

Three representative plots of the forest type
were established in the study area at an altitude
of 450 m in 2019. The selected locations for the
plots were natural tropical forests, representing
the region. Each plot had an area of 1 ha (100
x 100 m) (Figure 2). The distance between
the plots was more than 200 m. Each plot was
divided into 25 sub-plots for ease of collection
of data.

All trees with a diameter at breast height
(DBH) greater than 6 cm were included in
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the study (Hoan & Ngu 2003). Diameter was
obtained using calipers, and the height to the
top of the crown was measured using Blumleiss
model BL7. The Xand Y coordinates of each tree
(Figure 2) were obtained using measurement
tapes and compasses (Philip 1998). Trees were
identified to species. First, Viethnamese names
were determined based on comparison with
reference documents and species identification
experts (Ho 2007). Next, scientific names
were determined and verified using the Royal
Botanic Gardens’ online sources (POWO 2022).

Tree quality information was collected and
each tree was classified as good, medium or bad.
Good trees had straight boles, strong growth,
well-developed crowns without truncation,
and no obvious disease. Bad trees had crooked
boles, poor growth, weakly-developed crowns
or topless boles, and obvious disease. Medium
trees had some combined traits of good and bad
trees (Hoan & Ngu 2003, Zawieja & Kazmierczak
2015, Trieu 2017, Hung et al. 2022).

Statistical analysis

Descriptive statistics and importance value
Arithmetic mean and standard deviation (SD)
were calculated for the diameter variable

of species in plots. The mean showed the
magnitude of the calculated quantity and the
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SD indicated the variability of the diameter
values of species (Zar 1999).

To understand the importance of species,
species importance value index (IVI) was
calculated. The IVI was a sum of relative density
and relative dominance (Cottam & Curtis 1956,
Bormann 2005).

Number of individuals
of the species

Relative density =

(1)

Total number of all
individuals in the plot

Total basal area
of the species

Relative dominance =

(2)

Total basal area of all
species in the plot

IVI = Relative density+Relative dominance (3)

In this study, ecological important (EI)
species were those with IVI greater than or equal
to 5% (Hoan & Ngu 2003, Trieu 2017).

Biodiversity and quality comparison between plots

Differences in the number of species and
the number of individuals of each species
between plots were examined using non-metric
multidimensional scaling (NMDS). This is a
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Figure 2 Plotand sub-plot design, Xand Y present coordinates of trees, red circles represent
forest trees and their size indicates tree diameter

multivariate analysis based on a matrix between
plots and species. The number of tree species
in tropical forests is often very large, so their
frequency distributions are often very complex,
not following the mnormal distribution.
Therefore, NMDS is suitable to be applied
to tree species data, since it does not require
assumptions (McCune et al. 2002, Holland
2008). Detrended correspondence analysis
(DCA) was used to test for differences in tree
quality between plots. The DCA is a multivariate
analysis based on a matrix between plots and
quality levels, and used to remove the arch effect
from correspondence analysis (CA). The DCA is
suitable for analysing the relationship between
two categorised variables. In this study, DCA was
used to overcome the distortions inherent to
CA (Jansons et al. 2016, Holland 2019).

Habitat heterogeneity analysis

Spatial distribution characteristics of mature
trees with diameters greater than or equal to
15 cm were used to explore the homogeneity
of environmental conditions in the plots.
The distribution of mature trees is greatly
influenced by environmental conditions. They
can exist in any area in the plots. Therefore,
they could be used to indicate the homogeneity
of environmental conditions. If the distribution
of these mature trees were clustered, the
environmental conditions would have been very
heterogeneous. Iftheir distribution wasrandom,
then the conditions were heterogeneous. Lastly,
if their distribution pattern was regular, then the
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environmental conditions were homogeneous
in the plots (Pham et al. 2022).

Species and tree qualities spatial patterns analysis

The spatial distribution characteristics of tree
species, ecological important species and tree
quality were analysed by the univariate pair
correlation [G,] (Houdanon et al. 2019,
Fatma et al. 2020). This function relies on the
tree position to calculate distances between any
two trees. Then a ratio between the probability
of getting 2 trees divided by the probability of
the Poisson process is calculated. The formula
of the G, (r) function used is as follows (Illian
et al. 2008):

11 i o1r (4)

where K’(r) is the first derivative of the tree
density probability at distance r.

The study used the Monte Carlo test with 199
simulations to generate confidence envelopes.
If G, (r) was greater than the confidence
envelope, then the distribution was clustered.
If G,,(r) was in the confidence envelope, then
the distribution was random. The distribution
was regular if G, (r) was less than the confidence
envelope (Illian et al. 2008, Hung 2016).

Ecological species and tree qualities association
analysts

Associations between ecological species and
tree qualities were analysed by the cross-type
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pair correlation function (Gii(r)). This function
calculates a ratio between the probabilities of
encountering a point of different types (species
or qualities) at a given distance r. The study also
used the Monte Carlo test with 199 simulations
to create confidence envelopes. If G, (r) was
greater than the confidence envelope, then the
association was attraction. If Gii(r) was within the
confidence envelope, then the association was
independence. Otherwise, the association was
repulsion, if Gii(r) was less than the confidence
envelope (Illian et al. 2008, Pham et al. 2022).

The study used R software version 4.0.2 to
run all analyses in the study (Team 2021).

RESULTS

Floristic community and tree quality
characteristics in the plots

Floristic composition in plots

A total of 2993 individuals of forest trees,
belonging to 91 species and 87 families, were
measured in this study. More specifically, plot
1 had 1050 individuals, belonging to 62 species
and 29 families, plot 2 had 920 individuals,
belonging to 61 species and 29 families, and
plot 3 had 1023 individuals belonging to 69
species and 33 families. The diameter mean was
smallest in plot 1 (12.22 + 4.88 cm) and largest
in plot 3 (15.19 £ 6.09). In plot 1, there were
seven EI species (IVI > 5%), in order of their
IVI values: Machilus bonii, Diospyros sylvatica,
Symplocos  cochinchinensis,  Syzygium  chanlos,
Streblus ilicifolius, Phoebe cuneata and Deutzianthus
tonkinensis. There were 5 EI species in plot 2,
namely Streblus ilicifolius, Machilus bonii, Syzygium
samarangense, Symplocos cochinchinensis and Vitex
pariflora. Plot 3 had four El species, Saraca dives,
Machilus bonii, Diospyros eriantha and Syzygium
chanlos. The IVI of EI species was largest in plot 1
(51.84%), and lowest in plot 3 (33.27%) (Table 1).
These species were selected for further analysis
of spatial distribution characteristics.

Differences in the number of species
and frequencies of each species between
the three plots were analysed by NMDS. The
results illustrated that species biodiversity was
statistically different between plots (goodness
of fit, p-value < 0.001) and this is visualised in
Figure 3.
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Tree quality in plots

The calculated results showed that the medium
tree ratio was always the largest in all plots. In
plot 1, the percentage of bad trees was the lowest
(22.1%), while the percentage of good trees
was the lowest in plot 2 and plot 3 (22.7% and
14.7%, respectively). Details of the proportion
and number of individual forest trees according
to the quality levels of the plots are provided in
Table 2.

Comparison by DCA showed that the
percentages of forest trees in the good, medium
and bad classes were significantly different
between plots (goodness of fit, p-value < 0.001).
The quality allocation of forest trees in plot 3
was very different from that of plot 1 and plot 2
(Figure 4).

Habitat heterogeneity in the plots

Spatial distribution of trees larger than 15 cm
in diameter was used to examine habitat
heterogeneity in plots. The pair correlation
function was applied to reveal the spatial
distribution characteristics of these trees at
different distances. The results showed that the
mature trees were only distributed aggregately
at distances of 0-1, 3-5and 7-11 m in plot 1. In
plot2, themature treesonlyhad aclear clustering
distribution at the distance of 4.5-6.5 m. In plot
3 and at other distances in plot 1 and plot 2, the
mature trees had a random distribution. Spatial
distribution patterns were statistically different
between plot 1 and plot 2 (Mann-Whitney U
= -12,427, p-value < 0.001), and plot 1 and
plot 3 (Mann-Whitney U = -13,934, p-value
< 0.001). However, the spatial distribution
characteristics were similar between plot 2
and plot 3 (Mann-Whitney U = -0.409, p-value
= 0.682) (Figure 5). The calculated results also
indicated that in plot 1 there were several gaps
without mature trees. There were fewer gaps
in plot 2 and no gaps in plot 3. The difference
between the observational model and the null
model of SCR was most pronounced in plot 1,
less in plot 2 and similar in plot 3. Thus, it can be
concluded that habitat was very heterogeneous
in plot 1, less heterogeneous in plot 2 and
homogeneous in plot 3.
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Table 1  Floristic composition in plots, the ecological important species are named and presented on their
IVI ranking
Plot Species Family N DBEH mean SD IVI (%)
(trees ha') (cm)

Machilus bonii Lauraceae 89 11.97 7.39 9.38
Diospyros sylvatica Ebenaceae 112 9.68 3.40 8.78
Symplocos cochinchinensis Symplocaceae 64 13.89 8.62 8.04
Syzygium chanlos Myrtaceae 79 11.04 4.59 7.07
Streblus ilicifolius Moraceae 83 10.54 343 6.94

Plot1  Phoebe cuneata Lauraceae 70 9.96 5.37 5.95
Deutzianthus tonkinensis Euphorbiaceae 56 12.21 5.89 5.67
Seven dominant species 553 11.42 5.53 51.84
Other species (55 species) 497 12.33 4.78 48.16
All species (62 species) 1050 12.22 4.88 100.00
Streblus ilicifolius Moraceae 190 10.74 3.71 16.15
Machilus bonii Lauraceae 127 14.56 8.26 15.34
Syzygium samarangense Myrtaceae 77 8.96 2.90 5.81
Symplocos cochinchinensis Symplocaceae 32 18.13 10.68 5.08

Plot 2 Vitex pariflora Lamiaceae 40 15.29 8.40 5.05
Five dominant species 466 13.54 6.79 47.42
Other species (56 species) 454 14.28 5.73 52.58
All species (61 species) 920 14.21 5.84 100.00
Saraca dives Fabaceae 69 18.61 8.70 9.93
Machilus bonii Lauraceae 96 12.84 7.62 9.51
Diospyros eriantha Ebenaceae 120 9.66 3.94 8.81

Plot 3 Syzygium chanlos Myrtaceae 66 9.85 4.82 5.01
Four dominant species 351 12.74 6.27 33.27
Other species (65 species) 672 15.34 6.07 66.73
All species (69 species) 1023 15.19 6.09 100.00

N = number of trees, DBH = diameter at breast height mean (cm), SD = standard deviation of DBH (cm), IVI (%) =
importance value index

Table 2 Number and percentage of all forest trees according to quality classes
Tree quality
Good Medium

Plot N N % N N % N N %
Plot 1 264 25.1% 554 52.8% 232 22.1%
Plot 2 209 22.7% 478 52.0% 233 25.3%
Plot 3 150 14.7% 434 42.4% 439 42.9%
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Spatial distribution patterns of species
Spatial distribution patterns of all species

The distribution characteristics of all tree
species in plots are visualised in Figures 6a—6c.
The comparison results showed that forest tree
density was significantly different between plot
1 and plot 2 (ttest =-2.115, p-value = 0.034), and
between plot 1 and plot 3 (t-test =-0.428, p-value
= 0.668). There was no significant difference in
the density of forest trees between plot 2 and
plot 3.

Trees had aggregated distribution at most
distances in plot 1 such as 2.5-4.5, 6-12, 15.5-17 m,
etc. In plot 2, the trees were mostly randomly
distributed, except for a distance of 5 m.
However, plot 3 had several distances at which
forest trees had clustered distribution, such
as 6-7, 8-9 and 15-17 m. At other distances in
the plots, the trees were randomly distributed.
Regular distribution was not observed in the
studied stands (Figure 6). Spatial distribution
patterns of trees were statistically different
between plots: plot 1 and plot 2 (Mann-Whitney
U =-14,889, p-value < 0.001), plot 2 and plot 3
(Mann-Whitney U =-4.432, p-value < 0.001), and
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plot 1 and plot 3 (Mann-Whitney U = -10.048,
p-value < 0.001).

Spatial  distribution  patterns
important species

of ecological

Ecological important tree species were selected
for further analysis of spatial distribution
characteristics. In plot 1, about 85% of EI species
were randomly distributed over many distances.
Only about 15% had clustered distribution at
distances of 2-7 and 9-11 m. In Plot 2, at 0-19 m,
about half of the EI species were randomly
distributed and half were clustered. In plot
2, at distances greater than 19 m, up to 80%
of these species were distributed randomly,
and only 10% aggregately. Plot 3 showed a few
differences. At distances of 0-4 and 20-25 m,
75% of the EI species had random distribution,
and only 25% of the species were clustered. At
a distance of 4-20 m, 50% of the species had
random distribution and 50% were clustered.
In all three plots, EI species were not regularly
distributed (Figure 7).

Associations between EI species were also
examined. The results indicated that these
species had independent associations in plot 1
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and plot 2 at all distances. In plot 3, associations
of EI species were attraction at distances of 3-6
and 7-9.5 m. At the remaining distances, these
associations were independent (Figure 8).

Tree quality distribution patterns and
associations

Tree quality distribution characteristics

Three-dimensional graphs of forest tree
distribution according to quality and tree height
levels are provided (Figure 9). Good, medium
and bad trees were distributed across all height
layers, from low to high storeys. However, there
was a prominent feature in all three plots that
trees with bad quality were often concentrated
in the lower layers, especially in plot 1.
Regarding the horizontal distribution of
quality levels, in general, all good, medium
and bad trees had random distributions across

all scales in all plots (Figure 10). Only a few
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distances, such as, 3-7 m for good trees in plot
1, 3-4 m for bad trees in plot 2 or 10-12 m for
good trees in plot 3 had clustered distributions.

Associations of tree qualities

In plot 1, the quality pairs, good vs bad and
medium vs bad were independent for most
distances. However, the attractive relationship
between good trees and medium trees appeared
at many distances, such as, 2.5-4 m, 6-7.5,
10-12 m, 11-12 m and 20-21 m. In plot 2, all
quality pairs were independently related at all
distances. The associations between the qualities
were most complex in plot 3. The association
between the good trees and the medium trees
was independent at all scales. However, the
relationship between the good trees and the bad
trees was repulsion at many distances, including:
1-4 m, 10.5-14 m, 17-22 m and 22.5-25 m. In
contrast, medium and bad trees were attracted
to each other at many scales, such as, 6-7 m,
10-12 m and 13-20.5 m (Figure 11).
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DISCUSSION

Floristic community and tree quality
properties

The tree density in the study area was similar to a
study using the same plot size in upland tropical
rain forest in Nghe An province where there were
862-1052 individuals ha' (Pham et al. 2022).
However, the density was lower than in Phu
Quoc Island (1671-2049 individuals ha') and in
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Dong Nai province (1371 individuals ha') (Quy
et al. 2021, Quy et al. 2022). This could be due
to less favorable soil and climatic conditions in
the North of Vietnam or greater anthropogenic
effects in the study area. The number of species
in the study (61-69 species ha™) was lower than
in the Dong Nai (111 species ha') and Nghe An
(81-94 species ha') studies, but higher than in
Phu Quoc (45-51 species ha') (Quy et al. 2021,
Pham et al. 2022, Quy et al. 2022). The number
of EI species in the study area (4-7 species) was
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comparable to Dong Nai (4 species) and Phu
Quoc (10-13 species) (Quy et al. 2021, Pham et
al. 2022, Quy et al. 2022). However, the EI taxa
varied widely from region to region. This study
established that the area of interest has its own
characteristics in terms of ecological conditions.
In order to improve forest biodiversity, attention
should be paid to ecological important species,
endemic species and any missing keystone tree
species.

This is the first study to evaluate tree quality
structure characteristics in forests in Vietnam.
Trees classified as bad comprised 22.1 to
42.9% of the population. This proportion is
higher than observations in rainforest in Gia
Lai (12.4-16.35%), Bac Kan (9.4-11.54%) and
Ba Vi (9.8-12.3%) (Hung & Hai 2018, Hung
et al. 2019, Phong & Hung 2019). Therefore,
foresters who want to improve the quality
of forests in the study area need to focus on
individuals with bad quality. Some management
options might include clearing invasive vines
and competing shrubs around recruitment
seedlings and saplings, and improving the
availability of mineral nutrients and light for
early growth. The extent of disease in the
bad trees is a concern and research should be
undertaken to identify the causal agents and to
investigate how disease incidence and impact
might be mitigated in the future.

Habitat homogeneity
communities

among forest

The spatial distribution of mature trees
can be the basis for concluding about habitat
homogeneity in forest communities (Getzin
et al. 2008, Pham et al. 2022). The habitat
was relatively homogeneous in two plots, but
heterogeneous in the third. Similar findings
have been found in a number of other studies
using one-hectare plots. For example, authors
concluded that the habitat was homogeneous in
two plots but heterogeneous in one plot in Nghe
An (Pham etal. 2022). Another study conducted
on Vancouver Island, Canada concluded that the
habitat was homogeneous in the northern plot
(0.9 ha) and heterogeneous in the southern plot
(0.7 ha) (Getzin et al. 2008). Heterogeneity in
habitats, including traits such as microclimate,
soil type, soil depth, aspect and slope, will
greatly affect the growth of forest trees, forest
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structure and especially the spatial patterns of
forest trees (Tateno & Takeda 2003, Liu et al.
2021, Yao et al. 2022). When tending forests,
foresters need to pay more attention to areas
where the habitat is not homogeneous or spaces
where the trees are clustered. Management
options include stimulating regeneration in
areas that are sparsely populated and regulating
competition in areas of high tree density (Hoan
& Ngu 2003).

Spatial distribution patterns of species

The spatial distribution patterns were either
random or clustered. Random and cluster
distributions of tree species, especially mature
trees, also occur in forests in Dong Nai , Gia Lai,
Nghe An and other Asian countries (Condit
et al. 2000, Hung 2016, Quy et al. 2021, Pham
et al. 2022). The EI species in this study showed
cluster or random distributions, while regular
distribution was not observed. Differences in
spatial distribution patterns between plots,
between forest types and between species are
the result of many different causes (Condit
et al. 2000, Liu et al. 2021, Yao et al. 2022).
The development process from germination
to maturity is influenced by environmental
factors such as light, nutrient availability and
competition (Mabberley 1992, Fangliang et al.
1997, Barnes et al. 1998, Wagner et al. 2011).
Competition, natural thinning, dead trees and
gap forming processes can lead to changes in
the spatial distribution patterns of tree species.
Therefore, the spatial distribution of forest
trees is difficult to predict and changes over
time. Some authors have concluded that limited
dispersal capacity of parent plants, especially
pioneer species, can lead to clustering of
plants at scales smaller than 20 m because
seed density is usually higher in the area near
the mother plant (Fibich et al. 2016, Quy et
al. 2021). Environmental heterogeneity can
lead to the aggregation of species at greater
distances (Wiegand et al. 2007, Quy et al.
2021). Species composition is also a cause of
changes and differences in spatial distribution
characteristics. Areas with a lot of shade-tolerant
tree species tend to have clustered distribution,
as they survive near and under crowns of other
trees (Hoan & Ngu 2003). Sample plot size and
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sampling location can influence the findings
because the distribution of forest trees is often
not uniform on the ground (Hung 2016). In
future studies, environmental factors can be
investigated in more detail to analyse their
correlations with spatial distribution properties
of forest trees, especially for EI species.

Most associations between EI species were
independent on most scales. This result confirms
findings of the study in Nghe An and Sri Lanka
(Pham et al. 2022, Wiegand et al. 2007). The
relatively low number of EI species (4-7 species)
and individuals (351 to 553 trees ha'), and
clustering reduces the opportunity for these
species having favorable neighbors, thus, they
cannot build specific interactions (Wiegand
et al. 2007). For this reason, the interaction
between them is often independent.
Spatial  distribution patterns and
associations of tree qualities

Vertically, the good, medium and bad forest
trees occured at all height layers but the bad
trees were concentrated in the understorey.
In a study in Gia Lai, the authors showed that
bad quality trees were more concentrated in
the lower layers of secondary forests. However,
in the old-growth forest, the bad trees were
evenly distributed at all height layers (Hung
& Truong 2017). This trend was also found in
secondary rainforest in Bac Kan (Tuan & Hung
2018). The cause of this phenomenon may be
that trees in lower layers receive less light, and
the available nutrient pools are more limited,
leading to poorer growth (Hoan & Ngu 2003,
Tuan & Hung 2018). The approach taken to
analyse interactions between quality pairs
should be extended to other forest types in the
region as it can provide valuable information
to those engaged in forest protection and
forest management. For example, in plot 1,
special attention should be paid when applying
silvicultural measures for medium and good
trees, because there is a supportive relationship
between them. However, in plot 2, the removal
of bad trees can be undertaken without affecting
the good and medium trees. By contrast, in
plot 3, forest managers need to be careful as
bad trees have an attractive relationship with
medium trees at many distances.
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CONCLUSIONS

The number of species and frequencies was
significantly different between plots. The number
of ecological important species was similar, but
their species names were quite different between
plots. The proportion of trees by quality was
similar between plot 1 and plot 2, but different
from plot 3. The habitat was heterogeneous in
plot 1 and very homogeneous in plot 3. The
spatial distribution of all species and ecological
important species was mostly random and
among ecological
important species were mainly independent.
Although bad trees were more concentrated in
the lower layers, good, medium and bad trees
were all randomly distributed on the ground,

clustered. Associations

and their associations were mainly independent.
Therefore, in order to improve forest quality
in the study area, foresters should focus on
improving environmental conditions for bad
trees. When undertaking silvicultural measures,
foresters need to be careful with the relationship
between bad and medium trees. In future
studies, permanent plots should be established
and measurements should be carried out more
frequentlyso thatspatial variations of speciesand
qualities can be obtained in a timely manner. At
the same time, environmental information such
as climate, soil, light and nutrients should be
investigated and analysed along with the spatial
distribution characteristics of individuals to
understand the causes of these spatial structure
variations. From there, it is possible to propose
and apply appropriate silvicultural measures
so as to manage forest resources effectively and

sustainably in the region.
ACKNOWLEDGEMENTS

Authors would like to thank local people,
along with the staff of the Forest Inventory and
PlanningInstitute, for their financialand human
support to collect data in the field. The authors
would also like to thank staff from the Faculty
of Forestry and Faculty of Forest Resources and
Environment Management, Vietnam National
University of Forestry for their comments to
improve the analysis performed in the study.

249



Journal of Tropical Forest Science 36(2): 237—251 (2024)

REFERENCES

BapbprLEy A, Rusak E & TurNer R. 2015. Spatial Point
Patterns: Methodology and Applications with R. CRC
Press, Boca Raton, Florida.

Barnes BV, Zak DR, DeNTON SR ET AL. 1998. Forest Ecology.
John Wiley & Sons, USA.

Barot S, Gionoux J & Menaut JC. 1999. Demography
of a savanna palm tree: predictions from
comprehensive spatial pattern analyses. Ecolo,
80: 1987-2005. https://doi.org,/10.1890,/0012-
9658(1999)080[1987:DOASPT]2.0.CO;2.

BormanN U. 2005. A Study on Biomass and Biodiversity in
Satkosia Gorge Wildlife Sanctuary, Orissa. Foundation
for Ecological Security, Gujarat.

ConbpIt R, AsutoN PS, BakeR P ET AL. 2000. Spatial patterns
in the distribution of tropical tree species. Science
288: 1414-1418.  https:/ /doi.org,/10.1126 /
science.288.5470.1414.

CosTA-CYSNEIROS V, ANTONIO DarLmaso C, LIBANIO PELISSARI
A Er AL. 2018. Spatial patterns and interactions
of dominant tree species in an Amazon tropical
rainforest. Revista de Biologia Tropical 66: 1009-1017.
https:/ /doi.org,/10.15517 /rbt.v66i3.31216.

Cotrtam G, & Curtis JT. 1956. The use of distance measures
in phytosociological sampling. Ecology 37: 451-460.
https:/ /doi.org,/10.2307 /1930167.

FancLianG H, PiErre L & LArRaNKIE JV. 1997. Distribution
patterns of tree species in a Malaysian tropical
rain forest. Journal of Vegetation Science 8: 105-114.
https:/ /doi.org,/10.2307 /3237248.

Farma N, WaAN JuLiANA W, SHAHARUDDIN M ET AL. 2020. Stand
structure of Shorea and spatial distribution of Shorea
acuminala in a rehabilitated area of Kenaboi Forest
Reserve. Journal of Tropical Forest Science 32: 257-267.
https://doi.org,/0.26525 /jtfs2020.32.3.257.

Fisich P, LepS J, NovoTNY V ET AL. 2016. Spatial patterns of
tree species distributionin New Guinea primary and
secondary lowland rain forest. Journal of Vegetation
Science 27: 328-339. https://doi.org,/10.1111/
jvs.12363.

GErzIN S, WIEGAND T, WirGanD K T AL. 2008. Heterogeneity
influences spatial patterns and demographics in
forest stands. Journal of Ecology 96: 807-820. https: / /
doi.org,/10.1111/j.1365-2745.2008.01377 x.

Hicuchi P, Suva A, Louzapa J et AL. 2010. Spatial patterns of
a tropical tree species growing under an eucalyptus
plantation in South-East Brazil. Brazilian Journal of
Biology 70: 271-277. https:/ /doi.org/10.1590/
s1519-69842010000200006.

Ho PH. 2007. Plants of Vietnam. Youth Publishing House,
Hanoi.

Hoan PX & Ncu HK. 2003. Silviculture. The Agriculture
Publisher, Hanoi.

Horranp SM. 2008. Non-metric Multidimensional Scaling
(MDS). Department of Geology, University of
Georgia, Athens.

Hovrranp SM. 2019. Detrended Correspondence Analysis (DCA).
Volume 20. Department of Geology, University of
Georgia, Athens.

HoupanoN R, TcHaN I, Laourou G ET AL. 2019. Spatial

structure of ectomycorrhizal trees in wooded

savannas of Guineo-Sudanian ecozone in West

Africa. Journal of Tiopical Forest Science 31: 1-11.

https:/ /doi.org,/0.26525 /jtfs2019.31.1.001011.

BM. 2016. Structure and restoration of natural

secondary forests in the Central Highlands,

Vietnam. PhD thesis, Institute of Silviculture

Hun~c

©lForest Research Institute Malaysia

Khoa PV et al.

and Forest Protection, Faculty of Environmental

Sciences, Dresden University of Technology, Dresden.

BM, Dor BT & Tuao NT. 2019. Quality and

biodiversity changes between tree size classes in Ba

Be National park, Bac Kan. Journal of Forest Science

and Technology 5/2019: 27-37.

Hunc BM & Har VD. 2018. Biodiversity and ecological
relationships of species in natural forests at Kon Ka
Kinh national park, Gia Lai. Science and Technology
Journal of Argriculture and Rural Development 7 /2018:
131-143.

Hunc BM, SmitH L, PHuonG NTB ET AL. 2022. Differences
in overstorey structure and biodiversity between
forest stages in Gia Lai, Vietnam. Biology Bulletin 49:
S173-S188.

Hunc BM & Truonc LX. 2017. Changes in structure and
quality of natural forest overstorey in Kon Ka Kinh
National Park, Gia Lai. Vietnam Journal of Forest
Science 3 /2017: 85-96.

ILian ], PENTTINEN A, STOYAN H ET AL. 2008. Statistical Analysis
and Modelling of Spatial Point Patterns. Volume 70.
John Wiley & Sons, USA.

JANsONs A, Rosarte L, CAkSs R ET AL. 2016. Long-term effect
of whole tree biomass harvesting on ground cover
vegetation in a dry Scots pine stand. Silva Fennica
50: 1661. https: / /doi.org,/10.14214 /sf.1661.

LaN G, GETzIN S, WIEGAND T ET AL. 2012. Spatial distribution
and interspecific associations of tree species in a
tropical seasonal rain forest of China. Plos one 7.
https:/ /doi.org,/10.1371 /annotation /974531b0-
9da4-4575-b3d1-955b0163fde0.

Lw J, Bart X, YIN Y Er aL. 2021. Spatial patterns
and associations of tree species at different
developmental stages in a montane secondary
temperate forest of northeastern China. Peerf 9:
el1517. https:/ /doi.org/10.7717 /peerj.11517.

LucNV, Binu NT, Lau MA ET AL. 2019. Report on Survey Results
of The National Ecological Plot. Forest Investigation
and Planning Institute, Hanoi.

MasBerLEY DJ. 1992. Tiopical Rain Forest Ecology. Chapman
and Hall, New York.

MARTINEZ I, WiEGAND T, GONZALEZ-TABOADA F ET AL. 2010.
Spatial associations among tree species in a
temperate forest community in North-western
Spain. Forest Ecology and Management 260: 456-465.
https: / /doi.org,/10.1016 /j.foreco.2010.04.039.

Mccunk B, Grace JB & Ursan DL. 2002. Analysis of Ecological
Communities. MjM Software Design, Oregon.

Puam M-P, NouyeN VQ, NcuyeNn H ET AL, 2022. Spatial
distribution patterns and associations of woody
plant species in the evergreen broad-leaved forests
in Central Vietnam. Biology Bulletin: 1-12. https:/ /
doi.org,/10.1134 /51062359022050132.

Puire MS. 1998. Measuring Trees and Forests. CABI
Publishing, CAB International, Wallingford, Oxon.

Puong TM & Hunc BM. 2019. Structure, quality and
biodiversity of forest types in Ba Vi National Park,
Ha Noi. Vietnam Journal of IForest Science 3,/2019:

Hunc

3-13.
POWO (Prants Or TuE Wortb ONLINE). 2022.
Plants of the World Online. http:/ /www.

plantsoftheworldonline.org/.

Quy N, KaNc Y, AsHRAFUL I ET AL. 2022. Spatial distribution
and association patterns of Hopea pierrei Hance and
other tree species in the Phu Quoc Island evergreen
broadleaved forest of Vietnam. Applied Ecology and
Environmental Research 20: 1911-1933. https: / /doi.
org/10.15666 /aeer /2002_19111933.

250



Journal of Tropical Forest Science 36(2): 237—251 (2024)

Quy N, Kanc Y, Knor C et L. 2021. Spatial distribution
and interspecific association patterns between
Shorea Roxburghii G. Don and other tree species
in a South Vietnam evergreen forest. Applied Ecology
and Environmental Research 19: 4665-4681. https:/ /
doi.org,/10.15666 /aeer,/1906_46654681.

SHIN S, LEE SG & KanG H. 2017. Spatial distribution patterns
of old-growth forest of dioecious tree Torreya
nucifera in rocky Gotjawal terrain of Jeju Island,
South Korea. Journal of Ecology and Environment 41:
1-12. https: / /doi.org,/10.1186 /541610-017-0050-3.

TATENO R & TaKEDAH. 2003. Forest structure and tree species
distribution in relation to topography-mediated
heterogeneity of soil nitrogen and light at the forest
floor. Ecological Research 18: 559-571. https:/ /doi.
org,/10.1046 /j.1440-1703.2003.00578.x.

Tram RC. 2021. R: A Language and Environment for Statistical
Computing. R Foundation for Statistical Computing,
Vienna. https:/ /www.R-project.org /.

TriEU NV. 2017. Research on structural characteristics and
biodiversity of natural forests at Tam Dao National
Park, Vinh Phuc. BSc. thesis, Vietnam National
University of Forestry.

Tuan HV & Hune BM. 2018. Quality structure and
biodiversity of natural forests at Ba Be national park,
Bac Kan. Science and Technology Journal of Argriculture
and Rural Development 15 /2018: 108-115.

WacNER S, Fiscuir H & Hurn E 2011. Canopy effects on
vegetation caused by harvesting and regeneration
treatments. European Journal of Forest Research 130: 17—
40. https: / /doi.org,/10.1007 /s10342-010-0378-z.

©lorest Research Institute Malaysia 251

Khoa PV et al.

WanG M, Jianc P, N1w P er AL, 2016. Changes in spatial
distribution and interactions of two woody plants
during the sandy desertification processin the south
margin of Junggar Basin, Northwest China. Applied
Ecology and Environmental Research 14: 269-284.
https:/ /doi.org,/10.15666 /aeer/1404_269284.

WanG X, YE], LiBEraL. 2010. Spatial distributions of species
in an old-growth temperate forest, northeastern
China. Canadian Journal of Forest Research 40: 1011~
1019. https:/ /doi.org,/10.1139 /X10-056.

WEDJANGNON AA, Sourou Kuica NB, HoufrcHEGNON T ET
AL. 2020. Spatial distribution and interspecific
association patterns between Mansonia altissima
A. Chev, Ceiba pentandra (L.) Gaertn and
Triplochiton scleroxylon K. Schum. in a moist semi-
deciduous forest. Annals of Forest Science 77: 1-11.
https: / /doi.org,/10.1007 /s13595-019-0913-0.

WIEGAND T, GUNATILLEKE S & GUNATILLEKE N. 2007. Species
associations in a heterogeneous Sri Lankan
dipterocarp forest. The American Naturalist 170:
E77-E95. https:/ /doi.org,/10.1086 /521240.

Yao L, WANG Z, ZuaN X T AL. 2022. Assessment of species
composition and community structure of the
suburban forest in Hangzhou, Eastern China.
Sustainability 14: 4304. https://doi.org,/10.3390 /
sul4074304.

ZarR JH. 1999. Biostatistical Analysis. Prentice Hall, New
Jersey.

Zawigja B & Kazmierczak K. 2015. The method of standing
trees allocation to different biosocial classes.
Colloguium Biometricum 45: 79-92.



