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ABSTRACT

The tropical forest biome serves as a significant focal point for conservation endeavors.
However, understanding the variations in woody plant composition and the underlying
driving factors remains limited. The vegetation gradient within Phou Khao Khouay (PKK)
National Park in central Laos presents an intriguing environmental model for
investigating these patterns. This study, conducted within PKK National Park, aims to
classify woody plant communities of three different forest types: mixed deciduous forest
(MDF), dry evergreen forest (DEF), and mixed coniferous forest (MCF), utilizing both the
phytosociology approach and multivariate analysis. Data from 32 permanent plots
(each measuring 50 m x 50 m) were analyzed, revealing 5,477 tree individuals with a
diameter at breast height (DBH) > 5 cm, representing 194 woody species from 64
families and 133 genera. The results indicate significant diversity at the family and
genus levels, identifying four distinct plant communities and 44 indicator species based
on Tichy and Chytry's phi coefficient method. Stability characterizes the MCF forest type,
while the stands of DEF and MDF exhibit differentiation into three communities each.
Notably, high heterogeneity in species composition and environmental conditions is
evident, with elevation and soil nutrient levels (specifically total phosphorus and total
potassium) emerging as primary influencers on species coexistence. The study also
highlights correlations between woody plant species composition and topographic and
soil variables. These findings underscore the importance of identifying microhabitats
conducive to growing and conserving woody plant species within PKK National Park for
future research and conservation efforts.

TOM TAT

Quan xd rirng nhiét ddi déng vai trd quan trong déi vdi cdc nd lwc béo tén da dang
sinh hoc. Tuy nhién, nhiing bién déi trong thanh phén logi cdy gé va cdc yéu té dnh
huwéng vén cén lam séng té. Sw khdc biét vé thdm thuc vét & cdc khu vure khdc nhau
trong Vwéon quéc gia Phou Khao Khouay (PKK) & mién Trung cda Ldo Id mdt méi
trwong ly twdng dé nghién ctru vén dé trén. Nghién ctru ndy duwoc thuc hién & PKK
nhdm muc dich phén logi cdc quén xd céy go trong ba logi rirng: hdn giao cdy rung
16 (MDF), thuong xanh khé (DEF) va hén giao cdy Id kim (MCF). Cdc phwong phdp
thuc vat quén xd va phén tich da bién dé duoc st dung trong nghién ctru. Di liéu
diéu tra trén 32 6 dinh vi theo déi sinh thdi (50 m x 50 m) d& dwoc phén tich. Téng
s6 5.477 cby cé dwong kinh ngang nguc (dbh) > 5 cm dé dwoc ghi nhén. Cdc cdy
nay thudc 194 lodi thén gb clia 64 ho va 133 chi thuc vdt. Két qud nghién ctru cho
thdy, cdc quén xd cé sv da dang vé ho va chi, ddng thoi 04 qudn xd thuc vat va 44
lodi chi thj & dworc xdc dinh dwa trén hé sé phi cta Tichy va Chytry. MCF dwoc ddnh
gid la 6n dinh vé thanh phén lodi, trong khi DEF va MDF thé hién sw bién déng nhét
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dinh. Tinh khéng d6ng nhét vé lodi va diéu kién méi trwong dé dwoc lam ré. Cu thé,
dé cao, téng phét pho va téng kali Id nhitng yéu t6 dnh hudng chinh dén suw phdn
bé cla cdc lodi. Nghién ctru nhdn manh méi lién két gitka thanh phén lodi va cdc
bién déi vé dia hinh va dét dai. Két qué cda nghién ciru cho thdy tdm quan trong
ctia viéc xdc dinh cdc diéu kién méi trivdng séng ¢ loi cho viéc phdt trién va bdo tdn

cdc loai cy gb & PKK clia Lao.

1. INTRODUCTION

Phytosociology, commonly known as the
Braun-Blanquet approach, is a specialized field
within vegetation science that focuses on
classifying  forest communities [1]. It
comprehensively examines biocoenosis and
the complex dynamics of tree communities,
including interrelationships, structural
arrangements, species composition, spatial
distribution,  evolutionary trends, and
transient factors that impact ecosystems [2].
Systematic surveys conducted in
phytosociology provide valuable insights for
strategic  planning, accurate resource
management, and sustainable resource
utilization [3]. The main objective is to
establish a robust empirical foundation for
vegetation by identifying unique combinations
of plant species that represent various
vegetation units [4]. This process enhances
our understanding of ecological systems in
theory and practical applications [5].

At the core of phytosociology lies the
principle of associations, where a species'
habitat defines its recognized environment
and influences the dynamics of surrounding
populations [6]. Moreover, the niche theory is
closely connected with phytosociology,
elucidating the biotic and abiotic factors that
influence a species' ability to thrive and
maintain stable population dynamics within its
habitat [2]. Consequently, phytosociology
investigates the ecological interactions among
plant species and their environment, shedding
light on the mechanisms governing species
coexistence.

Collecting data to examine population
dynamics across abiotic conditions is of great
importance [7]. External influences and the
historical geography of plants play pivotal
roles in shaping forest communities [8]. The
distribution patterns of species within the
habitat structure are governed by suitable

environmental conditions, where the interplay
between ecogenesis and phylogenesis
intricately shapes species' current distribution
[1]. Environmental factors regulate the
presence or absence of vegetation [5].
Understanding the intricate relationship
between organisms and their surroundings
and species diversity and abundance
fluctuations in  response to varying
environmental circumstances is central to
ecological research [2]. The wide range of
environmental conditions, particularly
pronounced in tropical forests, profoundly
influences the species composition, richness,
and community dynamics of plants [9, 10].
Ecologists employ advanced multivariate
analytical techniques to uncover patterns
within vegetation data, thus facilitating a
more comprehensive understanding of how

environmental factors shape spatial
assemblages of plant communities [11].
Statistical programs with  numerical

algorithms have simplified data analysis by
categorizing vegetation data and establishing
correlations with environmental factors [12].
Additionally, classification and ordination
methods address comprehension challenges
by condensing multidimensional field data
into a few dimensions and grouping species
with similar habitats together [13]. Despite
their effectiveness, these techniques have
been underutilized in forest classification and
management in Laos. Traditional Laos
classification based on manual table-sorting
and dependent on qualitative criteria hinders
the accurate assessment of vegetation
structure in the field and vyields less
dependable results [14, 15].

The present study aims to develop an
empirical vegetation model using tree species
composition to define distinct vegetation
types within a seasonal tropical forest in Laos.
This investigation contributes to the broader
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goal of systematically documenting Phou Khao
Khouay (PKK) National Park plant communities
through a  phytosociological approach
strengthened by multivariate statistical
analysis. In this investigation, we addressed
the following inquiries: (i) Do correlations exist
between the woody plant composition within
PKK National Park forests and topographic and
soil variables? (ii) Is it feasible to differentiate
woody plant communities based on indicator
species about environmental gradients? (iii)
Could adopting this classification and
ordination methodology enhance
conservation planning efforts in PPK National
Park?
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2. RESEARCH METHODS
2.1. Study area

Laos, a landlocked country situated on the
Indo-Chinese peninsula, houses a significant
number of designated protected areas, with
PKK National Park being one of the notable
sites established in 1993 (Figure 1). Positioned
approximately 42 km northeast of the capital
city, Vientiane, PKK National Park spans an
area of approximately 2,000 km? [16]. Its
geographic boundaries are defined by the Ang
Nam Ngum reservoir, the largest artificial lake
in Southeast Asia, located northwest of PKK
National Park.
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Figure 1. Map of the study area and plot locations

PKK National Park boasts diverse forest
types, featuring mixed deciduous forests
predominantly dominated by Fabaceae, dry
evergreen forests, and mixed coniferous
forests primarily composed of Pinaceae
species. The park’s elevation ranges from less
than 100 m to nearly 1,700 m, offering various
ecological niches for various species to thrive.
The region experiences distinct seasons, which
impact its precipitation patterns. During the
rainy season, spanning from May to October,
PKK encounters an average rainfall of 3,369
mm. Conversely, November to April witnessed

significantly lower  precipitation levels,
averaging around 265 mm [17].
2.2. Data collection

This study employed permanent plots
established in 2009 as part of a collaboration
between the French National Research
Institute for Sustainable Development and the
Faculty of Forestry Science at the National
University of Laos [18]. In 2009, thirty-two 50
m x 50 m permanent plots were established,
with each tree within these plots tagged and
mapped. These plots were subdivided into 25
subplots measuring 10 m x 10 m each to
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facilitate data collection. A comprehensive
survey conducted in 2023 included the
measurement of diameter at breast height
(DBH) and total height (H) of trees, as well as
species identification for all woody trees with
a DBH = 5 cm within each plot. In cases of
uncertainty, specimens were referred to
taxonomists working at the herbarium of the
Faculty of Forestry Science, National
University of Laos, for identification.
Furthermore, topographical variables such as
aspect, slope, and elevation were recorded
using a compass and the Garmin 60s GPS
device for each plot.

Soil samples were collected from each
study plot at depths ranging from 0 to 20 cm
to assess soil characteristics. These samples
were subsequently transported to the soil
laboratory of the National Agriculture and
Forestry Research Institute in Laos for analysis.
The primary objective of the soil analysis was
to evaluate several crucial soil properties,
including soil pH, organic matter content (OM),
cation exchange capacity (CEC), total nitrogen
(TN), total phosphorus (TP), total potassium
(TK), as well as particle size distribution,
including sand, clay, and silt.

2.3. Data analysis

The data collected from 32 permanent
plots were entered into an MS Excel
spreadsheet. Alongside soil and topographic
data, species presence or absence data were
utilized for multivariate analysis. The Braun-
Blanquet method was employed for species
and sample classification through reciprocal
averaging [19]. The resulting community was
named using the TWINSPAN (Two-way
Indicator Species Analysis) classification,
which is defined by pseudo-species cut levels
[2]. Subsequent analyses included cluster and
indicator species analysis to identify significant
habitat and plant community types [20]. The
indicator species analysis was then utilized to
establish  connections between floristic
composition, abundance data, and
environmental variables [21]. The Monte Carlo
test was employed to calculate and assess
indicators for species within each group for

statistical significance. A threshold indicator
value of 30%, with a 95% significance level (p-
value < 0.05), was established as the cutoff for
indicator species [13].

Species richness refers to the total number
of distinct species present within a specific
area or sample [20]. It serves as a foundational
metric of biodiversity and is typically assessed
by counting the number of different species
observed within a defined habitat, community,
or sample set [22]. In this study, species
richness will be calculated individually for each
plot surveyed.

The indicator value of plant species was
computed using Tichy and Chytry’s phi
coefficient method, with the formula as
follows [23].

Phi coefficient =

where,

N is the total number of plots (sample
units) in the dataset, while Ny represents the
number of plots in the target group. For
occurrences of the species in the dataset, we
use n, and for occurrences of the species in
the target group, we use n,.

Detrended correspondence analysis (DCA) is
a technique that arranges eigenvalues through
reciprocal averaging, enabling the
simultaneous ordering of species and samples
[24]. To ensure clarity and accurate
interpretation of ecological gradients, DCA is
utilized to mitigate the arch effect in ordination.
This effect, if not addressed, could obscure
genuine relationships between data points,
potentially leading to misinterpretations. The
length of the initial DCA axis, expressed in
standard deviation units, serves as an indicator
of dataset heterogeneity or homogeneity. This
metric guides the selection between linear
unconstrained ordination methods such as
Principal Component Analysis (PCA) or Non-
metric Multidimensional Scaling (NMDS), and
constrained ordination methods like Canonical
Correspondence Analysis (CCA). Prior to
conducting DCA, we managed multicollinearity
by applying a variance inflation factor (VIF)
threshold to exclude highly correlated
variables within each group [25]. This process

anp—nXNp
JnXNp (N—n)(N—Np)

(1)
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was carried out separately for both the
topographical and soil variables. All analytical
procedures were conducted using PC-ORD 6
software for TWINSPAN classification and
CANOCO 5 software for multivariate analysis
[7, 26].
3. RESULTS
3.1. Characteristics of three forest types in
the study area

We recorded 5,477 individual trees
representing 194 woody species distributed
across 64 plant families and 133 genera (Table
1). The data were collected across 32
permanent plots encompassing three distinct
forest types: mixed deciduous forest (MDF),
dry evergreen forest (DEF), and mixed
coniferous forest (MCF), as classified by the
Faculty of Forestry Science at the National
University of Laos in 2009. The results
revealed that the top three families in terms

of species richness were Rubiaceae, boasting
12 species, alongside Dipterocarpaceae and
Fagaceae, each with ten species. Moreover, 25
families were characterized by a solitary
species, while 36 families exhibited a diversity
ranging between 2 and 9 species. Among the
plant families, the top 10 contributors to
species richness accounted for 44.33% of the
total documented species, collectively
harboring 86 species. Turning to genera, the
survey recorded 133, with notable presence
from Diospyros, Castanopsis, Syzygium, and
Ficus, each featuring more than five species.
Interestingly, 98 genera were represented by
a sole species, while 31 genera exhibited a
presence ranging from 2 to 3 species.
Reflecting on genera, the top 10 contributors
to species richness accounted for 21.13% of
the total species documented, encompassing
a cumulative total of 41 species.

Table 1. Fundamental characteristics of three forest types in the study area

Forest No. of No. of No. of No. of Density
o . 1 Plots
type plots families genera species (trees ha™)
1,2,9, 10, 11,12, 15,19, 23,
DEF 15 52 101 139 717 31,32, 7, 26, 28, 30
MDF 11 50 99 127 725 >, 6,8,16,17,20, 22,24, 25,
27,29
MCF 6 35 44 54 530 3,4,13,14,18, 21
All 32 64 133 194 657

3.2. Classification of vegetation

delineated using TWINSPAN classification at
cut level 4, as illustrated in Figure 2.

Four woody plant communities were
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Figure 2. Cluster dendrogram illustrating plant community composition in 32 permanent plots
based on indicator species and environmental factors
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The TWINSPAN analysis unveiled stability in
tree species composition within the MCF
forest type over a 15-year period (2009-2023).
In stark contrast, the DEF and MEF forest
types exhibited fluctuations in species
composition during the same timeframe. An
examination revealed a consistent trend: plots
within the MCF forest type clustered within a
single group (Group 2), while those within the
DEF and MEF forest types displayed a more
intricate pattern, being distributed across
three  groups  with distinct mixing
characteristics. Of particular interest was the
discovery that plots initially classified under
two distinct forest types by the Faculty of
Forestry Science at the National University of
Laos in 2009 were consistently grouped within
the same group across all three groups (1, 3,
and 4) at the survey time (Fig. 2).

An analysis was conducted to identify
indicator species for four groups within plant
communities. Out of the 194 species recorded,
44 were selected as indicators across these
groups. Notably, Cinnamomum iners emerged
as the primary indicator species for Group 1 (9
plots) with an eigenvalue of 0.845. In Group 2
(6 plots), Pinus merkusii took precedence as
the primary indicator species, boasting an
eigenvalue of 1.000. Moving to Group 3 (6
plots), Hopea ferrea stood out with an
eigenvalue of 0.889. Lastly, in Group 4 (11
plots), Barringtonia  macrostachya  was
identified as the primary indicator species.
Further details regarding the community
groups are outlined below:

(1) Cinnamomum, Aphanamixis, and Hopea
Community (Group 1): This community was
identified across 9 forest stands, specifically
plots 1, 2,5, 6,9, 10, 29, 31, and 32, spanning
elevations from 300 to 634 m above sea level,
with a pH range of 4.54 to 5.52. Within this
community, a comprehensive  survey
documented a total of 99 woody plant species.
Notable co-associated species included
Cinnamomum iners, Aphanamixis polystachya,
Hopea pierrei, Xerospermum laoticum,
Xanthophyllum lanceatum, Alphonsea
gaudichaudiana, Diospyros sylvatica,

Managifera odorata, and Polyalthia nemoralis.

(2) Pinus, Dipterocarpus, and Schima
Community (Group 2): This community was
observed in stands 3, 4, 13, 14, 18, and 21,
situated at elevations ranging from 540 to 890
m above sea level. A total of 55 species were
recorded within this community, with a pH
range of 5.22 to 5.66. Notable co-associated
species included Pinus merkusii, Dipterocarpus
obtusifolius, and Schima noronhae.

(3) Hopea, Canthium, and Diospyros
Community (Group 3): Identified across stands
7, 8, 26, 27, 28, and 30, this community
spanned elevations from 344 to 444 m above
sea level. A comprehensive survey revealed a
total of 78 species within this community,
occurring at relatively higher pH values
ranging from 4.62 to 5.89. Co-associated
species included Hopea ferrea, Canthium
glabrum,  Diospyros  pendula,  Microcos
tomentosa, Lagerstroemia calyculata, Litsea
monopetala, Sindora siamensis, Chionanthus
ramiflorus, and Syzygium grande.

(4) Barringtonia, Diospyros, and Aporosa
Community (Group 4): This community was
distributed across stands 11, 12, 15, 16, 17, 19,
20, 22, 23, 24, and 25, found at elevations
between 740 and 900 m above sea level. A
total of 146 species were documented within
this community, which thrives in low pH
conditions ranging from 4.54 to 4.80. Notable
co-associated species included Barringtonia
macrostachya, Diospyros defectrix, Aporosa

villosa, Elaeocarpus tectorius, Nephelium
hypoleucum, Artocarpus gomezianus,
Diospyros martabanica, Cain, Castanopsis

indica, Maesa ramentacea, Eurya acuminata,

Choerospondias axillaris, Triadica
cochinchinensis, and Chaetocarpus
castanocarpus.

3.3. Ordination

The data initially utilized for TWINSPAN
classification underwent further analysis for
ordination. Within Bray-Curtis ordination, axis
1 encompassed distances ranging from plot 18
to plot 28, accounting for 22.30% of the
variability in the original matrix. The scores for
axis 1 ranged between 0.03 and 0.71. Axis 2
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extended from plot 7 to plot 27, exhibiting
ordination scores ranging from 0.02 to 0.66.
Axis 2 captured 11.09% of the original distance
matrix variability (Fig. 3a).

In DCA ordination, the PKK exhibited a
variation of 3.86, with the eigenvalues peaking
for axis 1 (0.63), followed by axis 2 (0.41), axis
3 (0.27), and axis 4 (0.07). Notably, the
greatest gradient length was observed along
axis 1, measuring 3.95.
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The analysis of species distribution in the
DCA ordination space revealed distinct
clustering patterns. Several plant species
exhibited cohesive habitat preferences (Fig.
3b). Examining the DCA ordination of stands,
axis 1 revealed pronounced variation among
species, notably between plot 18 and plot 28.
Similarly, axis 2 highlighted significant species
variation, particularly evident between plot 7
and plot 27 (Fig. 3a).
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Figure 3. DCA ordination of stands (a) and species (b) of PKK National Park
(Scientific names and abbreviations for 194 woody species listed on https://github.com/quyforest/data-PKK)

DCA analysis revealed that the first axis
spanned 3.95 standard deviation units,
indicating a diverse compositional dataset,
thus suggesting a preference for unimodal
ordination techniques. Subsequently,
Canonical correspondence analysis (CCA) was
conducted to investigate the relationship
between forest stand attributes and
environmental fluctuations within PKK. In this
CCA ordination, both the species matrix and
environmental factors were incorporated. The
results showed that axis 1 had a maximum
eigenvalue of 0.58, axis 2 had 0.42, and axis 3
had 0.26. The pseudo-Canonical correlation
value across all axes was calculated as 0.94.
Moreover, permutation tests across all axes
indicated a pseudo-F value not exceeding 0.1,
with a p-value of 1 (Fig. 4).

The CCA ordination analysis revealed that
both stand characteristics and plant species
exhibited a clear sensitivity to various
environmental factors. Woody species

associated with elevation, slope, aspect, and
soil attributes such as CEC, TN, sand content,
and silt content showed positive correlations,
predominantly clustering within Groups 1 and
2. Conversely, species positively correlated
with TK, TP, OM, and pH were mainly grouped
in Groups 3 and 4.

Regarding the three topographical variables
(elevation, slope, aspect), positive correlations
were evident across all three variables. These
topographical parameters displayed negative
associations with soil properties, including OM,
TK, TP, and pH. Notably, elevation, TK, and TP
exhibited the most robust correlations,
followed by sand content, pH, OM, CEC, TN,
silt content, aspect, and slope.

4. DISCUSSION
4.1. Characteristics of three forest types in
the study area

In recent decades, there has been a
significant surge in efforts to comprehend
forest dynamics, mainly through prolonged
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and repetitive studies focused on the species
composition of natural forest communities
[27]. Researchers have consistently stressed
the imperative nature of these investigations,
highlighting their pivotal role in untangling the
intricacies inherent within forest ecosystems
[28, 29]. In contrast to prior presumptions,
recent studies have debunked the notion of

immutable community structures [22, 30].
Instead, they have unveiled the dynamic
nature of these ecosystems, showecasing
fluctuations in community composition across
both temporal and spatial dimensions [19].
Following the changes in species composition
within these forests is paramount for
formulating  robust management and

tropical forests as static entities with conservation strategies [7].
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Figure 4. CCA ordination of species groups with environmental variation in PKK National Park

Examining the three forest types within PKK
National Park in this study has provided
insights into the diversity of woody plant
families and genera within the seasonal
tropical forest in Laos. Among the 64
documented families, ten have emerged as
contributing the most to species richness,
hosting a total of 86 species. Remarkably,
these ten families alone represent 44.33% of
the total species recorded across the 32
permanent plots surveyed, highlighting their
pivotal role in shaping the tropical tree
communities within the national park. Based
on Tomachop's perspective, the woody plant
communities under consideration exhibit
significant family diversity, further
accentuating the ecological dynamics within
forest communities in the study area [31]. The
presence of a diverse array of families
underscores the complex interactions
between various plant species and their
habitat [32]. Moreover, when considering
genera, it becomes evident that a group of ten
top genera with the highest species richness

accounts for 21.13% of the total recorded
species, further corroborating the woody
plant diversity within PKK National Park.
4.2. Classification of vegetation

Within the natural sciences, the term
"indicator" denotes a plant, animal, substance,
or object used to authenticate a variable that
eludes direct measurement [24]. These
indicators span various categories like
biological, physical, or chemical, commonly
acknowledged as ecological indicators [6]. Of
particular note are bioindicators, organisms
intricately linked to specific environmental
factors, enabling their deployment as
indicators of such factors [12]. Predominantly,
species and communities emerge as the most
prevalent bioindicators [13]. In their analysis

of biodiversity and ecosystem services
indicators, Feld et al. noted a higher
prevalence of community-based indicators

(49.3%) over species-based ones (32.8%) [33].
Despite this, the longstanding practice of
employing indicator species to monitor and
evaluate environmental conditions remains
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firmly entrenched in the realm of ecology [34].

In this study, we employed TWINSPAN
classification to examine the community
composition in the study area, utilizing both
indicator species and environmental factors.
Our findings unveil a subdivision of the three
forest types initially identified by the French
National Research Institute for Sustainable
Development and the Faculty of Forestry
Science at the National University of Laos in

2009 into four distinct communities.
Particularly noteworthy is that within the MCF
forest type, the original forest stands

remained cohesive within a single group,
whereas for the DEF and MDF forest types,
the stands were categorized into one of three
disparate clusters. The differences in species
composition among these communities, as
delineated by the indicator value of the
species they encompass, distinctly mirror the
gradient in prevailing ecological conditions
across habitat types for the species under
consideration.

Building upon the results of the TWINSPAN
classification, the categorization of the DEF
and MDF forest types in 2009, as observed
during the study, has become obsolete,
necessitating additional efforts to update the
dynamics of forest resources. The findings of
the classification, which identify four distinct
communities and their indicator species in this
study, provide essential groundwork for forest
managers at PKK to undertake this endeavor.
4.3. DCA and CCA ordination

This  study established four plant
communities by analyzing data from 32 stands,
encompassing 194 woody plant species, and
employing the TWINSPAN method. Kabir et al.
proposed that alterations in environmental
conditions  influence  shifts in  plant
communities, affecting both habitat and flora
[35]. Our investigation focused on the primary
flora unit and its response to environmental
changes. Both DCA and CCA analyses revealed
connections between woody plant
communities in PKK National Park and
fluctuations in  topography and soil
composition. Our results indicated a

correlation between the distribution of woody
plant species and 12 environmental variables.

Ordination techniques are pivotal tools in
ecological research, enabling the exploration
of ecosystem dynamics and the elucidation of
flora distribution patterns based on ecological
factors [2, 24]. In this study, elevation and soil
nutrients, including TK and TP, emerge as key
determinants, significantly shaping both the
quantity and quality of existing flora. As
elevation increases, so do temperature and
evaporation rates, leading to decreased
moisture levels [36]. Notably, Karemii
observed that certain plant species exhibit a
preference for lower elevations, driven by
shorter growing seasons and less favorable
temperatures [37]. Our findings echo those of
numerous preceding studies, underscoring the
critical influence of environmental variables
on plant coexistence [12, 13, 20]. Soil, a
cornerstone natural resource, serves diverse
ecological functions [2]. Our research
underscores the profound impact of soil
properties—including pH, OM, CEC, nutrient
availability, and particle size distribution—on
plant species composition and interactions.

Certain authors have noted that PKK
National Park faces significant challenges
posed by local residents, namely the
exploitation of non-timber forest products and
deforestation, both of which impede the
regeneration of woody plants [38, 39]. The
exponential expansion of human populations,
coupled with the depletion of non-timber
forest resources and various other factors,
exacerbates habitat loss, soil erosion, and
compromises the functionality of the forest
ecosystem within the surveyed area.
Consequently, safeguarding the biodiversity of
the region emerges as imperative, ensuring
the sustenance of vital resources for the
prosperity of forthcoming generations.
5. CONCLUSION

This study was conducted in Phou Khao
Khouay National Park in central Laos, utilizing
data collected from 32 permanent plots across
three forest types: DCF, MDF, and MCF. Our
findings documented 5,477 tree individuals
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representing 64 species from 133 genera
across 32 stands. By analyzing the species
richness of 10 families and 10 genera, we
identified significant diversity in both the
families and genera of woody plants in the
study area. Four plant communities, each with
44 indicator species within the three forest
types, were classified. TWIN analysis revealed
minimal fluctuation in species composition
within the MCF forest type from 2009 to 2023,
indicating stability. In contrast, DEF and MDF
forest types exhibited differentiation into
three distinct plant communities.

Additionally, DCA analysis underscored high
heterogeneity in species composition and
environmental conditions across the study
area. CCA analysis unveiled a strong
correlation between woody plant species
composition and topographic and soil
variables. Notably, elevation, along with two
soil nutrients—TP and TK—emerged as
primary influencers on species coexistence
among the 12 environmental variables
examined. Moreover, our study elucidated the
significant  correlation  between specific
habitat types and the presence of particular
species across the forest stands in the
research area.

Given the prevalence of evergreen trees

with large leaves in PKK National Park,
indicating  heightened  water  demand
compared to deciduous plants, elevation

emerged as a crucial determinant shaping
species distribution. Our findings underscore
the importance of future research aimed at
identifying specific microhabitats conducive to
the growth and conservation of woody plant
species within PKK National Park.
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