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- Highlights:    

✓ The mixed broadleaf - conifer forests of Kon Chu Rang exhibit high species 

diversity and balanced composition, comprising 79 species from 43 

families, several of which make significant ecological contributions.. 

✓ The stand structure shows a near-normal height distribution, indicating an 

intermediate successional stage characterized by a three-layered canopy and 

stable height - diameter relationships. 

✓ The inverted J-shaped DBH distribution reflects a structurally stable forest 

with strong regenerative capacity, indicating high resilience under current 

conditions. 

✓ Spatial point-pattern analysis identified 12 m as the critical threshold for 

species aggregation, reflecting the biological neighborhood of competitive 

influence. 

✓ Sustainable management should prioritize maintaining natural conditions, 

limiting disturbances, and supporting regeneration within a 10 - 12 m radius 

around mature trees. 

- Abstract: This study examined the structure and spatial organization of the 

mixed broadleaf-conifer forest community in the Kon Chu Rang Nature Reserve, a 

protected area within Vietnam’s Central Highlands known for its ecological diversity 

and role as a watershed for surrounding regions. Using detailed field inventories, we 

characterized both floristic composition and stand structure, assessing importance value 
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indices (IVI) to gauge species dominance and combining these metrics with quantitative 

analyses of canopy stratification and tree-size distributions. Results indicate a diverse 

stand in an intermediate successional stage, with no single taxon attaining absolute 

dominance; several species exhibited IVI values above 5 %, suggesting the community 

is functionally balanced with multiple key contributors. Vertical structure analysis 

revealed the canopy is stratified into three layers, with the majority of individuals 

occupying the mid-canopy between approximately 15.5 m and 21.5 m. Tree height 

distribution approximated a normal curve and diameter distribution followed an 

inverted J-shape, patterns typically associated with natural stands that maintain both 

structural stability and strong regenerative capacity. Spatial point-pattern analysis using 

Ripley’s K-function identified roughly 12m as a critical spatial threshold for 

aggregation, capturing interactions among seedlings, saplings, and adult trees and 

corresponding to the biological neighbourhood of competitive influence in this 

ecosystem. This multi-scale perspective underscores the importance of selecting 

appropriate spatial scales when interpreting ecological processes and highlights the 

value of maintaining a mosaic of size classes across the landscape. Together, these 

findings suggest that mixed broadleaf - conifer stands in Kon Chu Rang are resilient 

under current conditions. Sustainable management should therefore prioritize 

maintaining natural conditions, limiting large-scale disturbance, and supporting 

regeneration processes, particularly within a 10 - 12 m radius around mature trees, to 

ensure long-term ecosystem sustainability, biodiversity conservation, and continued 

provision of ecosystem services. 

- Keywords: spatial point-pattern analysis; Ripley’s K function; species 

aggregation; Importance Value Index (IVI); stand structure; mixed broadleaf - 

coniferous forest; Central Highlands Vietnam. 

1. INTRODUCTION 

Alongside the rapid development of ecosystem science, modern research trends 

are also shifting from small-scale observational and experimental approaches toward 

large-scale observation, network experiments, and modeling simulations. The 

acquisition of high-density, large-scale networked ecological data has entered a new 

phase of rapid growth. Modern ecosystem observation technologies are transforming 

traditional studies of water, soil, air, and biotic factors into investigations of the overall 

structure and functioning of ecosystems. Among these methods, spatial distribution 

modeling is one of the key analytical tools in modern ecology, particularly in studies 

of the structure and dynamics of forest plant communities [1]. By quantifying spatial 

patterns, researchers can elucidate the mechanisms that maintain biodiversity, clarify 

the influence of environmental and biological factors, and assess the impacts of 

historical processes on current plant distribution patterns [2].  

Building upon this framework, current research on spatial distribution models 

focuses on clarifying the structure and organization of forest plant communities. By 

analyzing these models, researchers can identify dominant species groups, investigate 

vegetation stratification, and assess the influence of environmental factors on species 

distribution [3]. These models also provide evidence of interspecific competition by 
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revealing whether species distributions are concentrated or dispersed, thereby 

allowing inferences about the interaction processes and the impact of competition on 

community dynamics [4]. Consequently, spatial distribution models are also highly 

applicable in forest conservation and management, helping to identify high-

biodiversity areas that require conservation priority, and proposing suitable locations 

for afforestation or habitat restoration that align with the natural structure of the 

ecosystem [5].  

One of the most widely used tools for describing and quantifying the spatial 

distribution of individuals is Ripley's K-function. This model allows for assessing 

whether points (e.g., individual trees) are randomly distributed, clustered, or uniformly 

distributed in two-dimensional space. Many studies in tropical and temperate forests 

have successfully used Ripley's K function to analyze the distribution of woody species 

in both the canopy and understory [6]. Furthermore, the model has been extended to 

analyze spatial relationships among different species. Several studies have shown that 

analyzing spatial interactions between species can shed light on competitive or 

facilitative phenomena [7]. Based on these research findings, Ripley's K function is 

commonly used in forestry to help determine optimal planting densities to reduce 

competition and in forest conservation management to guide the design of restoration 

plans based on natural spatial structures. 

In Vietnam’s Central Highlands, the Kon Chu Rang Nature Reserve is a core 

area of the Kon Ha Nung Plateau Biosphere Reserve, characterized by extensive 

mixed broadleaf - conifer forests, valuable timber species, and rare flora. Despite its 

ecological significance, research has so far focused mainly on biodiversity surveys, 

with little attention to forest structure or the spatial distribution of woody plants. 

Recent studies applying Ripley’s K function in different regions of Vietnam - such as 

Ba Be, Tan Phu, Con Dao, and Kon Ka Kinh - have revealed species-specific 

clustering, competition, and random distribution patterns, offering important insights 

for conservation and forest management [8,9]. However, such research remains 

limited, particularly in Kon Chu Rang, underscoring the need for further investigation 

into its community structure and spatial dynamics. 

This study fills an important knowledge gap by analyzing the spatial distribution 

patterns of woody species in the mixed broadleaf - conifer forests of Kon Chu Rang 

Nature Reserve. We quantified the spatial arrangements of dominant species to develop 

a clearer understanding of community structure and species interactions. Together with 

related studies in Kon Ka Kinh National Park, our findings provide evidence-based 

insights to guide conservation and sustainable management of mixed forests in the Kon 

Ha Nung Biosphere Reserve and similar ecosystems in the Central Highlands. 

2. MATERIALS AND METHODS 

2.1. Study area 

The study was conducted from July to September 2024 in Kon Ch Rang Nature 

Reserve, northeastern Gia Lai Province. Situated at the transition between the northern 

and southern Annamite Mountains, the Reserve harbors diverse tropical forests and 
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provides critical habitat for rare and endemic species. Vegetation types include 

evergreen broadleaf forest, mixed broadleaf - coniferous forest, and grassland - 

shrubland. For this study, a standard 1-hectare plot (100 × 100 m) was established in 

a mixed forest within the legally protected core zone (Figure 1). 

 

Figure 1. The location of the standard plot on the Map of Vietnam. 

2.2. Data collection 

In each standard plot, all woody plant individuals with a diameter at breast 

height (DBH, measured at 1.3 m above ground) ≥ 5 cm were identified and counted. 

This criterion was chosen because trees with DBH ≥ 5 cm have typically passed the 

seedling or sapling stage and begun contributing to canopy structure, making them 

more representative of the stand’s structural and dynamic characteristics. Moreover, 

this threshold is widely adopted in both national and international forest ecology 

studies, ensuring greater comparability and generalizability of the results [10,11]. The 

spatial coordinates of each tree were recorded using a Garmin eTrex 64S GPS device. 

Tree diameter was measured with a specialized DBH tape, and total tree height (Hvn) 

was measured using a Blume - Leiss hypsometer. This procedure ensured accurate 

and consistent data collection for both structural and spatial analyses. Detailed data 

on individual trees are presented in Appendix I. 

2.3. Data analysis 

2.3.1. Species identification 

The plants were identified by botanists based on taxonomic references such as 

“An illustrated flora of Vietnam” [12], “Timber resources in Vietnam” [13] and an 

on-going updated series of “Flora of Vietnam” [14]. Plant identifying also included 

comparing collected plants with the voucher specimens in herbaria and scanned 

herbarium images of type specimens from various online sources. The plant 

nomenclature was mapped to to accepted names from Plants of the World Online 

(POWO) and identified synonyms, and updated with POWO taxonomic information. 
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2.3.2. Statistical analysis 

Dominant species: The Importance Value Index (IVI) is a widely used 

quantitative measure in forest structure analysis to determine the ecological 

significance of a species within a community. For each species in the inventory data, 

we calculated IVI (Equation 3) that typically combines two parameters: tree density 

(stem count - N) (Equation 1) and stem cross-sectional (G) (Equation 2). Dominant 

species were defined as having an IVI greater than 5% and were considered to be 

ecologically important that play a critical role in shaping stand dynamics, influencing 

regeneration patterns, resource competition, and overall community stability [15]. 

Table 1. A list of the spatial indexes and functions used to analyse data 

Indexes Equation Note 

Tree density 

(Ni) 

[16] 

𝑁𝑖 = 
𝑛𝑖

𝑆
 (1) Ni: the density of 

the tree ith 

ni: the total 

number of stems 

in the plot 

S: the plot area in 

square meter 

The stem 

cross-

sectional area 

(G) 

[16] 

G = 
3,142 .𝐷𝐵𝐻2

2002  

 

(2) G: the stem 

cross-sectional 

area of the xth 

tree measured in 

square meters  

DBH: the 

diameter at 

breast height in 

centimeters 

Importance 

Value Index 

(IVI) 

[16] 

IVI% = 
𝑁𝑖%+𝐺𝑖%

2
 (3) Ni: the density of 

the tree ith 

Gi: the stem 

cross-sectional 

area of the xth 

tree 

IVI: Importance 

Value Index 

Diameter and 

Height Class 

Classification 

[17] 

m = 5.log10 N 

 

k = 
(Xmax − Xmin)

𝑚
 

(4) N: total number of 

stems  

Xmax: maximum 

value of height 

or diameter at 

(DBH) 
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Xmin: minimum 

value of height 

or diameter at 

(DBH) 

k: class interval 

Ripley’s  

K function 

[18] 

𝐾(𝑟) =
𝐴

𝑛2
∑ ∑ 𝑤𝑖𝑗

−1 ∙ 𝐼(𝑑𝑖𝑗 ≤ 𝑟)

𝑛

𝑗≠𝑖

𝑛

𝑖=1

 
(5) A: the area of the 

plot  

n: the total number 

of individuals 

dij: the distance 

between points ith 

and jth 

I(⋅): the indicator 

function,  

wij: an edge 

correction factor 

accounting for 

border effects. 

The overall 

average 

distance 

d̅ 

[18] 

𝑑̅ =
2

𝑛(𝑛 − 1)
∑ ∑ 𝑑𝑖𝑗

𝑛

𝑗=𝑖+1

𝑛−1

𝑖=1

 

(6) n: the number of 

individuals of 

the selected 

species,  

dij: the Euclidean 

distance between 

individuals ith 

and jth 

The 

linearized 

form L(r) 

[18] 

𝐿(𝑟) = √
𝐾(𝑟)

𝜋
− 𝑟 

(7) L(r) > 0): 

clustering  

L(r) ≈ 0: 

randomness  

L(r) < 0: 

regularity 

Correlation 

function 

G(r) 

[19] 

G(r) = 
1

2πr
⋅

dK11(r)

dr
 (8) G(r)>1: a 

clustered 

distribution at 

distance r,  

G(r) < 1: a regular 

or overdispersed 

spatial pattern 

G(r)=1: 

complete spatial 

randomness 
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Selecting species for spatial pattern analysis: When species are ranked in 

descending order of their IVI%, the point at which the cumulative IVI% reaches 75% 

signifies that the collective importance of these species constitutes three-quarters of 

the total community's importance. These species are considered dominant contributors 

to the community's overall structure and composition and are therefore selected for 

detailed spatial pattern analysis.  

Forest canopy division: canopy stratification was determined following the 

classical framework of Richards [20], later reaffirmed by Whitmore and Bongers for 

tropical forests [21,22]. According to these references, tropical forest structure 

typically comprises three strata: an emergent layer representing about 10% of 

individuals; a dominant main canopy layer containing 65 - 80% of individuals and 

forming the structural - ecological core of the stand; and a sub-canopy composed of 

suppressed or regenerating individuals. Thus, the canopy division applied in this study 

is both theoretically grounded and empirically validated. 

Diameter and Height Class Classification: DBH and Hvn were grouped into 

size classes to facilitate structural analyses. The DBH data were classified into 4-cm 

intervals (e.g., 0 - 4, 4 - 8, 8 - 12 cm, etc.), while tree height was divided into 2 - 5 m 

intervals depending on tree size. These class widths are commonly used in traditional 

tropical forest structure studies in Vietnam and are theoretically derived from a 

modified version of Sturges’ rule, which determines the optimal number of classes in 

a frequency histogram. Following the recommendations of Valente and Sánchez-

Rodríguez (2019) - who applied similar class-interval methods in tropical forest 

analyses - we adopted this modified approach to ensure both sufficient resolution and 

adequate sample representation per class [17].  

Vertical forest structure refers to the number of tree layers and is one of the 

critical attributes of forest structure, and it is a crucial factor in determining the 

ecological processes. Retangular subplot of 40m × 10m was set inside the 1-hectare 

plot. To visualize the vertical stratification of the forest stand, a detailed vertical 

profile was generated using Statgraphics Centurion software, following the approach 

recommended by David Richards [20]. The software enabled the integration of tree 

height, diameter, and spatial coordinate data from the study plot to produce a precise 

and reproducible vertical section. This method provides a more accurate 

representation of canopy layering and facilitates quantitative analysis of stand 

architecture and species distribution, offering a more robust and objective depiction 

of forest structure compared to hand-drawn profiles. 

2.3.3. Spatial analysis 

To characterize the spatial cohesion of the dominant species, we calculated the 

average distance between theses individuals. The pairwise Euclidean distances 

between all tree individuals belong to the group of contributor dominants that total 

cumulative IVI% reaches 75% signifies were computed (excluding self-pairs), and the 

overall average distance (𝑑)̅̅ ̅ (Equation 6) was obtained. This metric quantifies the 

spatial dispersion within the dominant community subset. 
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To quantify the spatial distribution patterns of dominant tree species within the 

standard plot, we applied Ripley’s K function, a second-order spatial point pattern 

analysis method widely used in ecological studies (Equation 5 - 8). This function 

evaluates whether the observed distribution of individuals deviates from complete 

spatial randomness (CSR) across a range of spatial scales. For each species selected 

based on the cumulative IVI% threshold, spatial point data (tree coordinates) were 

analyzed to compute the K-function. The K-function accumulates the number of 

neighbors within radius r for each point and normalizes this by the intensity of the 

point pattern. To facilitate interpretation, the linearized form L(r) (Equation 7) was 

used to indicate clustering (L(r) > 0), randomness (L(r) ≈ 0), or regularity (L(r) < 0). 

To further examine the scale-dependent structure, we computed the pair 

correlation function, denoted as the first derivative of Ripley’s K function as G(r) 

(Equation 8). This function provides a normalized estimate of the expected density of 

neighboring points at distance r, relative to complete spatial randomness (CSR). When 

G(r)=1, the point pattern is consistent with CSR. If G(r)>1, it indicates a clustered 

(aggregated) distribution at distance r, while G(r) < 1 suggests a regular (uniform) or 

overdispersed spatial pattern. This derivative-based approach enhances the resolution 

of scale-dependent analysis, making it particularly useful for detecting characteristic 

distances at which tree individuals are more (or less) likely to occur relative to a 

random expectation. 

In this study, the spatial distribution of dominant tree species was analyzed 

using both Ripley’s L-function and the pair correlation function G(r), providing 

complementary insights into underlying spatial patterns. The Ripley’s K function, 

together with its L-transformation, was adopted as the primary spatial analysis tool, 

as it provides a multi-scale framework capable of detecting and quantifying species 

clustering or dispersion across multiple distances rather than being restricted to a 

single spatial scale. Compared with alternative approaches such as the nearest-

neighbor method (which reflects only local-scale patterns), quadrat analysis (which 

depends on grid size), or parametric point-process models (which require complex 

assumptions), Ripley’s K/L offers clear advantages in visual interpretability, 

analytical flexibility, and widespread applicability in tropical forest studies. Hence, 

this method is particularly appropriate for the pilot objectives of the present study, 

which aim to identify ecological spatial thresholds within the woody plant 

community. In the analysis, the null hypothesis (H₀) was defined as Complete Spatial 

Randomness (CSR), assuming that all individuals are independently and uniformly 

distributed across the plot area according to a homogeneous Poisson process. This 

baseline model provides a reference for detecting departures from randomness, such 

as clustering or regularity, and follows the theoretical framework described by 

Wiegand & Moloney (2013) [23]. The radius (r) was evaluated from 0 up to half of 

the shortest plot dimension to minimize edge effects, following Ripley’s standard 

edge-correction procedure to account for circles extending beyond plot boundaries. 

This approach provides a robust quantitative framework for assessing spatial 

heterogeneity and interspecific interactions within forest stands.  
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All computations were performed in Python, using customized scripts developed on 

the spatstat framework to ensure analytical consistency and reproducibility. Spatial 

data were processed within the same environment using the pyproj, shapely, and 

geopandas packages, which supported geodesic distance calculations, spatial 

geometry operations, and geospatial data management. Together, these tools provided 

a reliable and reproducible workflow for the spatial analysis of tree coordinates. 

The L-function, L(r), as a cumulative measure, effectively captured overall 

tendencies of clustering or regularity across broader spatial scales, allowing for the 

detection of general deviations from complete spatial randomness. In contrast, the pair 

correlation function offered finer resolution by quantifying the local density of 

neighboring trees at specific distances, thereby identifying characteristic scales of 

aggregation or spacing that may be ecologically meaningful. The combined 

application of these two functions enabled a robust assessment of spatial structure, 

revealing both large-scale distributional trends and localized interactions among trees. 

This dual approach enhances the interpretation of community dynamics, particularly 

in species-rich tropical forests, and provides a valuable framework for understanding 

spatial organization in relation to ecological processes such as competition, 

regeneration, and habitat heterogeneity. 

III. RESULTS 

3.1. Structure of Mixed Broadleaf - Coniferous Plant Communities 

3.1.1. Species Composition Structure 

In the sample plot, a total of 79 woody species belonging to 43 families were 

recorded and identified. The overall density of woody species observed in the forest 

was 803 individuals per hectare. In the plot, each plant’s coordinate points are mapped 

and colored by species, that showed in Figure 2. 

 

Figure 2. Diagram of coordinate distribution points of woody plants in sample plots.  
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Note: Rings and colors (according to the color scheme in the right column) 

respectively represent the location of woody plants and . Detailed data on individual 

tree coordinates are presented in Appendix II. 

Dominance is a measure of the relative importance of species within the forest. 

After the evaluation by their IVI%, it revealed a high level of domination by six tree 

species (i.e. Calophyllum saigonense, Dacrycarpus imbricatus, Syzygium zeylanicum, 

Magnolia mediocris, Syzygium levinei and Dacrydium elatum) were determined as 

dominant trees species (Table 2). The high IVI of a species is not only indicated its 

dominance and ecological success but also its good power of regeneration. Among 

those dominating woody species, Calophyllum saigonense was the most ecologically 

important woody species (IVI=11.92%), followed by Dacrycarpus imbricatus 

(IVI=9.08%) and Syzygium zeylanicum (IVI=7.93%). The results of the sample plot 

data analysis are presented in detail in Appendix III. 

In addition, 15 species were identified as contributing to a cumulative total 

exceeding 75% of the community's IVI. These species were subsequently chosen for 

spatial analysis (Figure 3). The main structural parameters of each individual are 

summarized in Table 2. 

 

 

Figure 3. Cumulative IVI% of species recorded in the standard plot, arranged 

in descending order. 

Note: Black lines represent the projection of each species’ IVI% onto the 

cumulative axis. The IVI% rank values and the 75% cumulative threshold are 

highlighted in purple text to indicate the subset of dominant species selected for 

spatial analysis. 
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Table 2. Summary of main structural parameters of the 1-hectare plot 

No. Species N 

(individuals/ha) 

DBHmean 

(cm) 

G 

(m2) 

IVI 

(%) 

1 Calophyllum saigonense 129 2352.77 3.74 11.92 

2 Dacrycarpus imbricatus  38 1651.65 6.45 9.08 

3 Syzygium zeylanicum 45 1472.79 4.93 7.93 

4 Magnolia mediocris  32 1154.01 4.18 6.34 

5 Syzygium levinei 56 1153.02 2.50 6.09 

6 Dacrydium elatum  25 979.85 3.34 5.03 

7 Schima crenata 22 783.00 2.81 4.30 

8 Syzygium wightianum  34 817.09 2.01 4.21 

9 Polyosma Sp. 35 840.20 1.76 4.01 

10 Unknown species 41 711.08 1.28 3.89 

11 Elaeocarpus stipularis 19 695.00 2.16 3.44 

12 Exbucklandia populnea  26 495.58 0.93 2.59 

13 Garuga pinnata  17 437.08 1.08 2.18 

14 Aidia oxyodonta  23 338.38 0.41 1.86 

15 Symplocos racemosa  23 323.23 0.39 1.84 

 Total 15 species 565 14,204.74 37.98 74.71 

 Other species 238 4656.52 10.15 25.29 

 Total 803 18,861.27 48.13 100.00 

3.1.2. Characteristics of the stratified vertical structure 

The vertical structure of the study area is illustrated in the longitudinal profile 

shown in Figure 4. Tree height was categorized into 15 classes, each with an interval 

of 1.2 m. The distribution of tree frequency by height (N/H) exhibits an approximately 

normal pattern, peaking in the middle height range of 17.9 - 19.1 m and gradually 

decreasing toward both ends (Figure 5a). In contrast, diameter at breast height (DBH) 

was also divided into 15 classes, each with a class interval of 8.86 cm. The frequency 

distribution of trees by DBH class (N/DBH) displays a distinctly left-skewed shape, 

with a high concentration of individuals in the smaller diameter classes and a rapid 

decline in frequency toward the larger diameter classes (Figure 5b). 
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Figure 4. Vertical structural profile illustrating tree height distribution in the 

standard plot.  

Note: X-axis represents the horizontal position of trees (0 - 40m); the Y-axis 

indicates tree height (H) 

The classification of the mid-canopy between 15.5 m and 21.5 m was 

quantitatively determined based on field measurements of tree height distributions. 

The majority of individuals (approximately 70% of total stems) were concentrated 

within this range, forming a statistically well-defined peak in the height-frequency 

curve (Fig. 5a). This interval thus represents the ecologically dominant stratum, where 

most competitive interactions and biomass accumulation occur. The thresholds (15.5 

m and 21.5 m) correspond to the lower and upper inflection points of the bell-shaped 

curve, thereby delineating the vertical zone that supports the majority of canopy trees. 

This empirical definition is consistent with the structural models of Richards [20] and 

Whitmore [21], which emphasize the predominance of a middle canopy layer 

containing most individuals, in contrast to fewer emergents above and smaller 

suppressed trees below. Classification of diameter and height classes is presented in 

Appendix IV. 

 

Figure 5. Line chart of diameter at tree height (panel 5a) and breast height (panel 5b) 

distribution 
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The classification of the stand as being in an intermediate successional stage was 

determined based on a combination of structural and quantitative indicators. The 

division of canopy layers followed the framework of Richards in The Tropical Rain 

Forest: An Ecological Study, which distinguishes three principal strata [20]. Field 

measurements revealed a well-defined three-layer canopy structure, with the tree height 

distribution approximating a normal curve centered within the mid-canopy (17.9 - 19.1 

m). This bell-shaped pattern reflects stable stem competition following disturbance and 

corresponds to the stem exclusion phase within the four-stage stand development model 

proposed by Oliver & Larson (1996) (stand initiation, stem exclusion, understory 

reinitiation, old-growth) [24]. The dominance of medium-sized trees, together with the 

relative balance across height and diameter classes, indicates a structurally complex 

community characteristic of an intermediate stage, in which the stand is still 

transitioning but has not yet attained the fully developed multi-layered equilibrium 

typical of old-growth forests. Quantitative evidence supporting this classification was 

derived from field data, height-frequency histograms (Fig. 5a), and vertical stand 

profiles (Fig. 4). Thus, the classification as an intermediate successional stage is 

substantiated by the presence of three distinct canopy layers, a bell-shaped height and 

diameter distribution centered in the mid-canopy, and structural features consistent with 

the stem exclusion phase of stand dynamics. 

Forest resilience under current conditions was evaluated primarily through the 

analysis of tree frequency distributions by diameter class (N/DBH). The results 

demonstrated a distinctly left-skewed, inverted J-shaped distribution, characterized by a 

high concentration of small-diameter individuals and a rapid decline in frequency toward 

larger diameter classes (Fig. 5b). This distribution pattern is widely recognized as an 

indicator of continuous regeneration and strong self-replacement capacity, where the 

abundance of small trees represents the regenerative potential of the stand, while the 

relative scarcity of large trees reflects ongoing successional development. Consequently, 

forest resilience in this study was inferred from the sustained presence of numerous small-

diameter individuals, the regeneration-driven form of the N/DBH curve, and its 

agreement with established ecological models of forest recovery and renewal. 

3.2. The Ripley’s spatial distribution models 

3.2.1. The average distance from all tree spices 

565 individuals of 15 dominant species, cumulatively contributing to 75% of the 

total IVI, were counted. As a result, the average pairwise distance between them was 

calculated to be approximately 56 meters. This index quantifies the spatial dispersion 

within the dominant community assemblage and was further included in the spatial 

analysis Ripley's K-function. 

3.2.2. The distribution map of G(r) and L(r) 

This analysis included all dominant species contributing to the top 75% of 

cumulative IVI%. For each tree, G(r) and L(r) were computed across radii from 0 to 

56 m (1 m increments) and stored to generate spatially explicit heatmaps. Figure 6 
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illustrates results at 5 m and 12 m radii, where blue areas (G(r) < 1, L(r) < 0) indicate 

regularity and red areas (G(r) > 1, L(r) > 0) denote clustering. This dual-function 

mapping highlights fine-scale spatial heterogeneity driven by species interactions, 

regeneration, and habitat structure. 

 

Figure 6: Spatial point-pattern maps of dominant species based on G(r) and L(r) at 

selected radii (5 m and 12 m). 

Note: The values of the pair correlation function G(r) and the linearized 

Ripley’s K-function L(r) are represented by the color gradient, as indicated by the 

color bar. Individual tree locations are marked as black dots, and the corresponding 

radius for each map is indicated in the figure title. The star represent the location of 

the tree that shown the G(r) and L(r). 

Analysis of the spatial distribution maps in 6a - b and 6c - d reveals that at a 

search radius of 5 m, the values of G(r) > 1 and L(r) >0 indicate a high degree of local 

clustering among individuals. The presence of hot-colored regions in the maps reflects 

the fragmentation of the population into distinct clusters, suggesting strong small-

scale aggregation. These clusters are primarily localized, highlighting the fine-scale 

heterogeneity in the spatial arrangement of dominant tree individuals. For instance, 

Figure 6b illustrates a pronounced concentration of clusters in the central region of 

the plot, as evidenced by elevated L(r) values. 
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In contrast, at a larger search radius of 12 m, the spatial pattern reveals a higher 

degree of connectivity among the clustered zones. The red-colored areas, representing 

strong aggregation, are no longer confined to the center but extend towards the edges 

of the plot. The corresponding L(r) function shows a broader and more continuous 

clustering structure, with a notable orientation along the North - South axis and 

increased intensity towards the western portion of the plot. Similarly, the G(r) function 

reflects a comparable pattern of large-scale aggregation. 

These results suggest that the critical scale at which the dominant species exhibit 

a well-defined clustered spatial structure is approximately 12 m. At smaller scales, 

such as 5 m, the pattern appears more fragmented and localized, while values closer 

to 12 m better capture the cohesive spatial organization of the population. 

Figure 7 presents an example of the pair correlation function G(r) and the 

linearized Ripley’s K-function L(r) plotted against search radius for tree individual 

Dacrycarpus imbricatus - S0058, which is located in a region of pronounced 

clustering. The two curves illustrate how the values of functions change with 

increasing radius, providing the scale-dependent nature of spatial aggregation around 

this tree. Notably, both functions exhibit values greater than the expected threshold 

under complete spatial randomness, particularly in the range from 5 m to 15 m for 

G(r) line, indicating significant local clustering. The purple horizontal lines in the 

graph represent the theoretical thresholds distinguishing between clustered (above the 

line) and fragmented or dispersed (below the line) spatial patterns. The simultaneous 

elevation of both functions above these thresholds confirms that Dacrycarpus 

imbricatus is situated within a high-density cluster, and the trend curves reveal the 

spatial scales at which this aggregation is most pronounced. 

 

 

Figure 7. Example of G(r) and L(r) functions for Dacrycarpus imbricatus (S0058) 

located in a highly clustered area. 

Note: The curves show function trends across search radii, with purple lines 

indicating thresholds between clustered and dispersed patterns 
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IV. DISCUSSION 

The species composition at Kon Chu Rang reflects a highly diverse, mixed 

forest community that is not dominated by a single species. The finding indicates that 

no species has an IVI exceeding 50%, with only six woody species having an IVI 

greater than 5%. This suggests a relatively even distribution among species, with no 

single species having absolute dominance. This pattern is characteristic of an 

intermediate successional stage, where species are actively competing for ecological 

niches. In comparison, the mixed forest community at the nearby Kon Ka Kinh 

National Park shows a few dominant species, such as Dacrycarpus imbricatus (19% 

IVI) and Syzygium cinereum (12.3% IVI). Other species like Castanopsis 

ceratacantha and Chukrasia tabularis only reached around 5% IVI [8]. This 

difference highlights that in Kon Chu Rang NR, more even species distribution which 

signifies greater ecosystem stability and sustainability. 

Recent ecological studies have demonstrated that pronounced dominance by a 

small number of species is often associated with communities experiencing intense 

disturbance or occupying early successional stages. For instance, in Cameroon, the 

mean IVI of unlogged evergreen forests was higher than that of logged forests, while 

the latter exhibited extremely high IVI values for a few species (e.g., Uapaca 

guineensis with 89.6% in primary forest and Triplochiton scleroxylon with 47.6% in 

logged forest). Such disparities highlight the influence of timber extraction on 

community structure and the emergence of species dominance [25]. Similarly, a study 

on successional trajectories revealed that species with high IVI values during early 

stages (e.g., Fabaceae) often lose their dominant role in later stages [26]. In contrast, 

the relatively even distribution and moderate IVI values observed across numerous 

species in Kon Chu Rang suggest that the community is not subject to severe 

disturbance and is advancing toward ecological stability. High species diversity and 

evenness further enhance the community’s resilience to environmental fluctuations 

and support the maintenance of long-term ecosystem functioning [27]. Thus, the 

absence of absolutely dominant species, together with the presence of multiple species 

exhibiting IVI ≥ 5%, provides evidence of a structurally stable ecosystem with 

substantial adaptive capacity. 

The woody plant community in Kon Chu Rang Nature Reserve can be stratified 

into three vertical layers, with the dominance of the A2 layer indicating that the mid-

canopy plays a central role in light interception and microclimate regulation. In 

comparison, the mixed broad-leaved - coniferous forest of Bidoup - Nui Ba National 

Park exhibits a more pronounced stratification, where the emergent layer (A1) reaches 

heights of 30 - 40 m and is clearly characterized by the presence of large coniferous 

species [28]. Based on a 5 m stratification framework, the 30 - 40 m canopy is 

classified as the “upper layer,” and this forest also contains some emergent trees 

exceeding 40 m in height [29]. By contrast, the absence of a dominant emergent layer 

and the concentration of individuals in the mid-canopy at Kon Chu Rang suggest that 

the community is in an intermediate successional stage or has been shaped by 

disturbances that have limited the upward expansion of large coniferous species. 
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Conversely, the more complete vertical stratification in Bidoup reflects a species-rich 

forest with well-developed emergent conifers. 

This observation is consistent with findings from a 2024 study in Cameroon, 

where the forest was stratified into three groups: lower layer (0 - 10 m), middle layer 

(10 - 30 m), and upper layer (30 - 40 m); only trees exceeding 40 m in height were 

classified as emergent, and these occurred very rarely [29]. In Kon Chu Rang, the A2 

layer (15.5 - 21.5 m) falls within the lower portion of the “middle layer” (10 - 30 m) 

under this classification, while the A1 layer (>21.5 m) does not reach 30 m and thus 

does not constitute a true emergent stratum. These results are consistent with findings 

from a study on evergreen broad-leaved forests regenerating after selective logging in 

Kbang District, which showed that most individuals were concentrated within a mid-

canopy band (main layer: 15.5 - 21.5 m). This pattern reflects a community in the 

process of recovery after logging and attaining a relatively stable state [30]. By 

contrast, tropical forest communities with limited disturbance exhibit a more distinct 

vertical stratification. For example, in the Amazon, the average canopy height reaches 

28.6 m, with emergent trees occasionally extending 40 - 50 m above the canopy [31], 

indicating a clearer differentiation between the mid-canopy and emergent layers. 

These comparisons suggest that the vertical structure in Kon Chu Rang is relatively 

lower and more homogeneous. 

The height-class distribution of trees (N/H, Fig. 5a) reflects a community with 

a well-defined stratified canopy and a stable developmental trajectory, characterized 

by the concentration of individuals within the main canopy layer. Most trees occur in 

the ecologically dominant stratum (15.5 - 21.5 m), while only a few extend above 

21.5m, producing a height-frequency curve that closely approximates a normal 

distribution. Such a pattern is typical of tropical forest communities in which the mid-

canopy (10 - 30 m) predominates and only a small number of emergent individuals 

surpass 30 m [29]. The relative balance across height classes indicates that growth and 

competitive interactions among individuals are proceeding under stable conditions, 

while simultaneously reflecting the community’s regenerative capacity and recovery 

potential following past disturbances. This structural stability contrasts with the 

evergreen forests of Kon Ka Kinh NP, where a left-skewed height distribution and the 

prevalence of emergent conifers reveal stronger canopy stratification and dominance 

by large species.  

The distribution of tree numbers by height and diameter classes (N/DBH) 

follows a left-skewed pattern (inverted J-shape) (Fig. 5b), where the number of 

individuals decreases as diameter increases. This is characteristic of communities 

undergoing regeneration or subject to strong natural selection processes. Numerous 

recent studies have confirmed that when regeneration occurs continuously, forest 

communities typically exhibit an inverted J-shaped curve, indicating an abundance of 

small-diameter individuals and a scarcity of large trees [32]. Similarly, a study in 

Ethiopia reported a decline in tree numbers with increasing diameter, forming an 

inverted J-shaped distribution of both height and diameter; this pattern reflects forests 

dominated by small individuals and in a stage of regeneration [33]. The similarity in 
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diameter distribution between Kon Chu Rang and Kon Ka Kinh indicates that both 

areas are in a young or regenerating forest stage. However, differences in height 

distribution - near normal in Kon Chu Rang versus left-skewed in Kon Ka Kinh - 

highlight distinct levels of canopy stratification. Kon Chu Rang exhibits a more 

uniform vertical structure, balanced competition, and strong regenerative capacity, 

whereas Kon Ka Kinh is characterized by a well-developed emergent layer and 

asymmetrical height distribution, reflecting a more advanced successional stage. 

Results from the Ripley’s K-function analysis indicate that 12 m represents a 

critical spatial threshold in the forest structure of dominant species. At smaller scales, 

such as 5 m, clustering patterns appear fragmented and primarily reflect patches of 

seedlings; however, when the analysis radius increases to approximately 12 m, a more 

generalized population structure emerges, clearly revealing the aggregation of adult 

trees. This outcome is consistent with recent studies on spatial interactions in forest 

ecosystems and provides insights into ecological mechanisms driven by competition 

and neighborhood effects. In northern temperate forests, analyses using the point 

correlation function G(r) have shown that both adults and juveniles of many species 

cluster strongly within 0 - 8 m, but this aggregation gradually weakens and approaches 

randomness at larger distances. Species such as Pinus koraiensis, Acer ukurunduense, 

and Sorbus pohuashanensis exhibit clustering only up to 10 - 14 m [34]. Similar 

spatial thresholds have been emphasized in tropical forests. For example, in West 

African rainforests, adult Mansonia altissima tend to repel seedlings within 5 - 12 m 

and are independently distributed at greater distances [35]. A study of Torreya 

nucifera communities on Jeju Island, Korea, revealed clear clustering of both male 

and female adults within 0 - 16 m, while seedlings exhibited even stronger aggregation 

up to 12 m [36]. Research on the rare conifer Tetracentron sinense in China likewise 

detected clustering of both seedlings and adults within 0 - 10m, with distributions 

shifting toward randomness beyond this range [37]. These findings collectively 

reinforce the view that the biological neighborhood of many forest species typically 

falls within a spatial scale of 10 - 15 m. For conifers, for instance, seedling aggregation 

of Larix principis-rupprechtii has been observed within 0 - 5m or 0 - 9m, but 

distributions become random or uniform at larger distances [37]. Thus, across 

different forest ecosystems, a spatial threshold of approximately 10 - 12m consistently 

emerges, corresponding to the extent of root development and the influence zone of 

an adult tree - where critical biotic interactions take place. 

Clustering patterns at scales of 0 - 5m often reflect processes of understorey 

regeneration or seed dispersal near parent trees. However, as seedlings grow and 

compete for light and nutrients, weaker individuals are eliminated, while surviving 

trees gradually shift positions or extend branches to exploit canopy gaps. At distances 

of around 10 - 12m, numerous studies have documented zones of competition or 

exclusion, where the root systems and crowns of adult trees extend to cover this area, 

exerting strong pressure on seedlings or neighboring species [35]. Beyond this range, 

competitive effects diminish, and the spatial pattern of the population tends to become 
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random or exhibit signs of regularity, reflecting resource partitioning among species 

or environmental heterogeneity. 

The spatial point-pattern analysis using Ripley’s K function revealed clear 

differences in the spatial organization of woody species within the mixed broadleaf–

conifer forest of Kon Chu Rang. Species exhibiting clumped distributions likely 

reflect adaptation to specific microenvironmental conditions, facilitative interactions, 

or limited seed dispersal. In contrast, species showing random or regular distributions 

suggest the influence of competition for light and nutrients and niche differentiation 

that reduces overlap in resource utilization. These findings provide important 

ecological insights into the mechanisms of species coexistence within the same 

community and help explain how mixed forests maintain both high biodiversity and 

structural stability. 

The ecological implications of these results extend to forest conservation and 

management. Understanding spatial relationships and interspecific interactions 

enables more accurate predictions of community structural changes under the 

influence of climate change, resource exploitation, or environmental degradation. 

Such knowledge can inform management strategies aimed at maintaining ecological 

niches, species balance, and the functional integrity of mixed forests, thereby 

supporting long-term biodiversity conservation. 

Nevertheless, this study has certain limitations. The use of a single sample plot 

restricts the generalization of the results to the broader forest landscape, as stand 

structure may vary significantly with microtopography, soil conditions, and 

disturbance intensity. Moreover, relying solely on Ripley’s K function captures 

primarily static spatial patterns, without accounting for dynamic processes such as 

regeneration, competition, or temporal change. Future research should therefore 

expand the sampling scale, incorporate complementary spatial and temporal analyses, 

and conduct long-term monitoring to further elucidate the ecological roles of species 

and the mechanisms maintaining biodiversity in mixed broadleaf–conifer forests. 

V. CONCLUTION 

The mixed broadleaf - conifer forest at Kon Chu Rang represents a diverse 

community in an intermediate successional stage, characterized by balanced species 

composition, a three-layered canopy dominated by the mid-canopy, and stable height 

and diameter distributions indicative of both equilibrium and active regeneration. 

Ripley’s K-function analysis identified 12 m as the critical spatial threshold for 

dominant species aggregation. While clustering at 5 m reflects localized seedling 

patches, the 12 m scale captures both juvenile and adult distributions, corresponding 

to the biological neighborhood where competitive interactions occur. This 

underscores the importance of selecting appropriate spatial scales in point-pattern 

analyses to avoid misinterpretation of clustering intensity. From a management 

perspective, interventions such as thinning or enrichment planting should consider a 

neighborhood radius of 10 - 12 m to minimize competition and optimize stand 
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structure. Maintaining natural environmental conditions, limiting disturbances, and 

promoting the development of large trees while preserving species diversity and 

natural regeneration will be essential for ensuring long-term ecosystem sustainability. 
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