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Abstract. Susilowati A, Rachmat HH, Anna N, Elfiati D, Dwiyanti FG, Kamiya K, Alawi F, Wijaya K, Ginting IM. 2025. Stand 

composition and structure of Rubroshorea curtisii in a lowland Dipterocarp remnant forest of Bukit Tiban, Riau Islands, Indonesia. 

Biodiversitas 26: 4793-4804. Rubroshorea curtisii is an ecologically and commercially valuable Dipterocarpaceae species native to the 

Malay Peninsula, Peninsular Thailand, and northern Borneo, but in Indonesia its distribution is restricted to the Riau Islands. Habitat 

disturbances in this area directly threaten the species’ persistence. This study assessed the stand composition, structure, and floristic 

diversity of R. curtisii in Bukit Tiban Protected Forest, Batam Island, Riau Islands. Vegetation data were collected from 25 nested plots 

(20×20 m for trees, 10×10 m for poles, 5×5 m for saplings, and 2×2 m for seedlings) along five transects purposefully located in areas 

where R. curtisii occurs. All individuals were identified and measured to calculate relative density, frequency, basal area, and 

Importance Value Index (IVI), along with Shannon–Wiener diversity (H′), evenness (E), and species richness (R). A total of 44 species 

from 13 families were recorded, including seven Dipterocarpaceae species. Rubroshorea curtisii dominated all strata with the highest 

IVI values in seedlings (21.38%), poles (30.83%), and trees (34.00%), indicating its keystone ecological role. The stand exhibited an 

inverted J-shaped diameter distribution, characterized by a predominance of small-diameter trees (10-19.9 cm) and a scarcity of large 

individuals, reflecting regeneration imbalance. Diversity was highest in tree strata (H′ = 3.10) and lowest in saplings (H′ = 1.70), while 

evenness remained high (E = 0.91-0.97). Tree strata showed the highest richness (R = 7.05), whereas saplings had the lowest (R = 1.25). 

Despite ongoing regeneration, reduced mature individuals and disrupted recruitment suggest vulnerability to fragmentation, logging, and 

limited reproductive events. Conservation priorities should include protection of mature trees, enrichment planting, canopy restoration, 

and long-term monitoring of reproductive ecology. Integrating community participation and habitat rehabilitation is essential to ensure 

sustainable management of R. curtisii and the ecological resilience of remnant dipterocarp forests in the Riau Islands. 

Keywords: Dipterocarpaceae, diversity, remnant forest, Rubroshorea curtisii 

INTRODUCTION 

Tropical forests are essential for maintaining a diversity 

of species, which contribute to biodiversity via the web of 

life (Bodo et al. 2021; Awoke et al. 2022). Increasing 

human populations, and land conversion into settlements, 

agricultural activities contribute significantly to the decline 

of tropical forests (Trozzo et al. 2019; Nath et al. 2020; 

Tilahun et al. 2022). Remnant forests are frequently viewed 

as the final refuge for numerous species (Wintle et al. 

2019; Faria et al. 2021), a seed source for forest 

regeneration (Cadavid-Florez et al. 2020), conservation 

area of native species (Kowarik and von der Lippe 2017), 

and an essential support system for ecosystem recovery 

after disturbances (Wu et al. 2022). The remaining forests 

are acknowledged for their beneficial connection to plant 

diversity (Malkinson et al. 2018). Unfortunately, remnant 

forests exhibit higher extinction rates (Anjos et al. 2021). 

Evaluating remnant forest ecosystems is essential for the 

maintenance and conservation of species (Susilowati et al. 

2024; Yang et al. 2021; Wu et al. 2022).  

Rubroshorea curtisii (synonymous with Shorea curtisii) 

is distributed in the Malay Peninsula, Thai Peninsula, and 

North Borneo and can be found in coastal or inland ridge 

forests (Symington 1943) with well-drained, low-nutrient 

soils in northern Borneo (Ashton 1982). This species' wood 

is used for paneling, furniture, flooring, and veneer. 

Molecular phylogenetic evidence suggested Rubroshorea 

should be separated from Shorea (Ashton and Heckenhauer 

2022). Rubroshorea curtisii, known as a canopy-to-

emergent tree over 50 meters in height, regulates forest 

microclimate, stratifies the canopy, sustains arboreal 

species, sequesters carbon, cycles nutrients, stabilizes stand 

structure and preserving vertical stratification (Appanah 
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and Turnbull 1998; De Frenne et al. 2021; Suhaimi et al. 

2023).  

Habitat fragmentation, timber exploitation, seed 

predation, and the reduction of natural pollinators have 

been reported as factors inhibiting natural regeneration of 

R. curtisii (Ng et al. 2024; Tani et al. 2025). This threat is 

exacerbated by climate change which has affect 

regeneration patterns and spatial distribution (Ganivet et al. 

2020). Based on IUCN Red List this species classified as 

"Least Concern (LC)," but local populations in several 

regions, including Indonesia, are threatened with decline 

due to its narrow distribution and habitat degradation 

(Barstow 2018). Although the species is categorized as LC 

on a global scale, its status within Indonesia requires 

immediate focus. Native to the Riau Islands, this species 

faces local extinctions in Bintan and Singkep, alongside 

declining populations attributed to habitat loss. It qualifies 

as a threatened species under national criteria, underscoring 

the necessity for targeted conservation strategies.  

The remnant forests in the Riau Islands, Indonesia 

contain a variety of potential Dipterocarpaceae (Susilowati 

et al. (2023). As one of the remnant forests in the Riau 

Islands, the Bukit Tiban protected forest is home for 

various important species, including R. curtisii. This 1770-

hectare area proximity to settlements has led to significant 

anthropogenic pressures as local communities regularly use 

the species for construction such as housing, fences, animal 

cages (Yuliastrin 2020; Firdamayanti et al. 2024). 

Biodiversity loss, reduced natural regeneration, and a shift 

in vegetation structure are all triggered by this condition 

(Both et al. 2019). 

Studies on the composition and structure of dipterocarp 

forest stands have been extensively conducted, particularly 

in the Malay Peninsula and Borneo (Ediriweera et al. 2020; 

Lepun and Heng 2020; Suhaimi et al. 2023). Most research 

has focused on the dipterocarp community, but few have 

investigated specific species' native habitats, such as R. 

curtisii in Indonesia. Specific population analyses could 

reveal the species' ecological function in stand dynamics 

and disturbance vulnerability (O'Connor et al. 2017; Malik 

2025). Floristic evaluation of juvenile and mature trees is 

crucial for forest regeneration and population structure 

(Sosef et al. 2017; Paul et al. 2019; Shu et al. 2021). 

Unfortunately, information related to the abundance of R. 

curtisii and its floristic composition in its natural habitat is 

still limited to several remnant forests. Therefore, this study 

aims to assess the stand composition, structural profile, and 

floristic diversity of the natural habitat of R. curtisii in the 

Bukit Tiban Protection Forest, Riau Islands. Understanding 

the stand composition, structural profile, and floristic 

diversity patterns of R. curtisii's natural habitat is crucial 

for formulating ecosystem-based conservation strategies. 

MATERIALS AND METHODS 

Research location 

This research was conducted in the Bukit Tiban 

Protected Forest (BTPF) located on Batam Island, Riau 

Islands Province, Indonesia (Figure 1). Administratively, 

BTPF is located at 1°05′N, 104°00′E in two different sub-

districts, namely Sekupang and Batu Aji. 
 

 

 

 
 

Figure 1. Research location in Bukit Tiban Protected Forest, Batam Island, Riau Islands Province, Indonesia 
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The BTPF is located in the middle of a community 

settlement that directly borders the Muka Kuning Nature 

Tourism Park and the Mata Kucing Tourism Forest. The 

BTPF is a lowland tropical forest area situated at an 

altitude of 8-150 meters above sea level, with temperatures 

ranging from 21°C to 34.8°C and high humidity ranging 

from 45% to 100%. The land has the characteristics of 

sloping, with forest cover varied from slightly barren to a 

good forest cover. Like other forest areas, the BTPF is one 

of the remaining forest areas in the Riau Islands Province. 

This location managed by the Forest Management Unit II 

Batam, which is part of the Riau Islands Province Forestry 

Service. Anthropogenic disturbances are among the major 

concerns as in some locations, there have been converted 

into several nonlegal agricultural activities. Inappropriate 

land use accompanied by the characteristics of sloping 

land, is thought to increase the potential for disasters such 

as landslides (Firdamayanti et al. 2024), so that 

reforestation in this area is urgently needed. 

Data collection and plot design 

A total 5 transect consist with 25 plots were established 

for vegetation analysis. Data collection used nested plots 

with different sizes according to growth class: 20×20 m for 

trees (DBH ≥10 cm), 10×10 m for poles (DBH 5-9.9 cm), 

5×5 m for saplings (DBH 1-4.9 cm), and 2×2 m for 

seedlings (height <1.5 m). Plots were placed purposively in 

locations representative of vegetation conditions especially, 

the presence of R. curtisi. Each individual tree within the 

plot was recorded for its species, its Diameter at Breast 

Height (DBH) was measured using a diameter tape, and its 

height was measured using a clinometer. The coordinates 

of each plot were recorded using a GPS. The target species 

and all vegetation in the sample plots were recorded based 

on their growth stage. Vegetation data obtained at the pole 

and tree stages comprised the species name, height, and 

diameter of each tree. The data obtained at the seedling and 

sapling stages comprised the species name and the number 

of individuals for each species.  

Species identification 

Species names were established during data collecting. 

Identification was conducted in the field using 

identification keys and supported by authoritative literature 

such as Flora Malesiana (van Steenis 1983), Tree Flora of 

Sabah and Sarawak (Soepadmo and Wong 2004) and 

Pedoman Indentifikasi Pohon Pohon Dipterocarpaceae 

Sumatera (Newman et al. 1999). Unidentified specimens 

were immediately preserved in herbarium specimens and 

verified in the laboratory in consultation with taxonomists 

from KPHL II Batam For taxonomically ambiguous 

specimens, voucher samples also verified through 

morphological analysis at Center for Forest Development 

herbarium in Bogor, West Java, Indonesia. This dual 

approach ensured accurate species documentation while 

building local capacity in forest biodiversity monitoring. 

Current threats were identified through a focused 

discussion with key stakeholders, including area managers, 

local leaders, and environmental activists. Threats are 

defined as activities or events that caused ecological impact 

on forest cover change or activities disrupting forest 

structure, composition or regeneration. Its level can be 

measured based on ecological impact, frequency 

(occurrence rate), and irreversibility (recovery potential). 

Vegetation analysis 

Species abundance was determined based on the 

number of individuals analyzed using the Importance 

Value Index (IVI). According to Curtis and Mclntosh 

(1950), the IVI is calculated by accumulating the values of 

relative density, relative frequency, and relative dominance 

(basal area). The IVI for the seedling and sapling is the sum 

of the relative density and the relative frequency, hence the 

highest IVI for these stages is 200%. For pole and tree, the 

IVI is calculated as the sum of Relative Density (RD), 

Relative Frequency (RF), and Relative Basal Area (RBA), 

with a maximum of 300% as follow: 

IVI = Relative Density + Relative Frequency (for 

seedling and sapling) 

IVI = Relative Density + Relative Frequency + Relative 

Basal Area (for pole and tree) 

Relative density is obtained by quantifying the 

comparison of the number of individuals of each species to 

the area of observation. In detail, relative density can be 

calculated using the following formula: 

 

 
 

In contrast to relative density, relative frequency is 

calculated based on the number of observation plots where 

a species is found. In other words, relative frequency 

describes how often a species appears in an observation 

plot. Relative frequency also shows the ratio of the 

occurrence of a species to all species found at the study 

site. In more detail, relative frequency can be calculated 

using the following formula:  

 

 
 

At the pole and tree level, the DBH of all individuals 

found in the research plot was quantified to obtain the basal 

area. The DBH value was calculated by the proportion of 

the tree basal area to the area of the observation plot. 

Seedlings and saplings were excluded from the basal area 

calculation because they have not reached the standard 

breast height (1.3 m) required for DBH measurement. Their 

stem diameters are too small to be comparable with mature 

trees, and their contribution to the total stand basal area is 

negligible. These growth stages are instead analyzed 

separately as part of forest regeneration dynamics. 

Although the number of individuals greatly determines the 

Relative Basal Area (RBA) value obtained, the size of the 

trunk of the individuals found also has a significant effect 

on the RBA value. In more detail, the RBA was be 

calculated using the following formula: 
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In addition to calculating the abundance of vegetation 

based on the IVI, in this study, several ecological indices, 

such as the Shannon-Wiener diversity index (H’), species 

evenness index (E), and Margalef richness index (R), were 

also analyzed. According to Turkis and Elmas (2018), the 

diversity index is an index that can estimate the proportion 

of coverage of a particular species in the total sample of an 

ecosystem. The value of the diversity index can be obtained 

by quantifying the logarithm of the proportion of the 

number of individuals of a species to the number of 

individuals of all species found.  

The species diversity of the examined community can 

be calculated using the Shannon-Wiener diversity index 

(H’) formula referring to Magurran (2004). The greater the 

species diversity index of a community, the more stable the 

community is. The diversity index will produce a 

maximum value if there are the same number of individuals 

in all species, but if the number of species found is very 

small, the resulting species diversity value will be very low 

(approaching 0). 

 

 
 

Where, H’ represents the diversity index, Pi is the 

comparative value between the number of individuals of a 

species (ni) to the number of individuals of all species (S). 

To determine whether individuals are distributed more 

evenly among the species present at a growth stage, the 

species Evenness index (E) referring to Magurran (2004) 

was calculated. A higher evenness index of a growth stages 

indicates that the distribution of individuals to species will 

be even.  

 

 
 

Where, H’ represents the Shannon Wiener diversity 

value and S represents the number of species found in the 

research location. The species evenness index is also 

known as the Shannon equivalence index, where this index 

produces values in the range of 0 to 1. Values approaching 

1 assume that the evenness in the ecosystem is complete. 

Conversely, values approaching 0 describe that the 

evenness of species is low.  

To estimate species richness in the research location, 

the Margalef index (R) referring to Magurran (2004) is 

calculated by calculating the proportion of the number of 

species found to the logarithm of the number of individuals 

of all species. The Margalef species richness index (R) 

depicts the species richness of a community during study. 

This index can be used to determine the level of richness of 

particular type of vegetation compared to others in the 

community. The formula used to calculate species richness 

is as follows:  

 

 
 

Where, R represents the Margalef richness index, S 

represents the total species found, and N is the total number 

of individuals at the study site. The Margalef index (R) will 

produce high values in communities that include many 

species, where the number of individuals of each species 

decreases more slowly when moving from abundant 

species to relatively fewer species. Wardhana et al. (2022) 

classify the Margalef index value into three categories, 

namely low if R is less than 2.5, moderate if the R value is 

in the range of 2.5 to 4, and high if the R value obtained is 

more than 4. 

For threat analysis, discussion results among 

stakeholders then thematically analyzed to identify 

recurrent threats and validate field observations. This 

participatory approach ensured interdisciplinary integration 

of ecological data with socio-economic perspectives. 

Data analysis 

Numerical data were analyzed using Microsoft Excel 

2019 for basic calculations, while diversity analysis and 

stand structure comparison were performed using PAST 

v4.03 (Hammer et al. 2001) and R v4.3.0 (R Core Team 

2023). The significance threshold was set at p<0.05. 

RESULTS AND DISCUSSION 

Floristic composition 

The research findings indicate that 44 tree species from 

13 families have been identified in the observation plots. 

The Dipterocarpacea family is predominant in this study 

area, as evidenced by the presence of seven species: R. 

curtisii, R. parvifolia, Hopea mengarawan, H. beccariana, 

Dipterocarpus coriaceus, D. fagineus, and D. rigidus. The 

findings of the Importance Value Index (IVI) indicate a 

change in species dominance throughout various growth 

stages. Rubroshorea curtisii (Dipterocarpaceae) exhibited 

the highest seedling viability (IVI: 21.38%), with 

Calophyllum pulcherrimum and Gironniera parvifolia 

following closely behind (Table 1). The occurrence of 

pioneer species such as G. parvifolia and Eurycoma 

longifolia indicates that fast-growing species play a crucial 

role in the initial stages of regeneration. Nonetheless, the 

prevalence of dipterocarp species during the initial phases 

indicates that the climax community may demonstrate 

sustainability (Sadeghi et al. 2014; Rüger et al. 2023; Yatar 

et al. 2023).  

In the early stages of growth, there was a notable shift 

in dominance, with C. pulcherrimum and H. beccariana 

exhibiting the highest Importance Value Index, exceeding 

48% (Table 1). This highlights the significance of shade-

tolerant non-dipterocarp species in competitive 

regeneration within the middle strata. Santiria laevigata 

(IVI: 49.10%) was the most prevalent species during the 

pole stage, with G. parvifolia and R. curtisii closely trailing 

it. During the tree stage, dominance returned to significant 

canopy species, particularly Koompassia malaccensis (IVI: 

59.42%) and R. curtisii (34%). This finding highlighting 

the crucial role of shade-tolerant climax species in shaping 

mature stand structure, consistent with the Southeast Asian 
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rainforest succession model Prohaska et al. 2023). The 

visualization of IVI trends reveals a consistent pattern of 

changing species dominance throughout various growth 

stages (Figure 2). Pioneer species, such as E. longifolia and 

G. parvifolia, play a crucial role in the initial strata, yet 

their significance decreases as one move through the tree 

layers. Conversely, shade-tolerant species (R. curtisii and 

K. malaccensis) established dominance within the tree 

strata. This trend aligns with recent findings that suggest 

tropical forest regeneration dynamics are influenced by a 

mix of environmental factors (light, moisture, and soil 

nutrients) and species-specific competitive interactions 

(Both et al. 2019; Hammond et al. 2021). 

The process of succession follows an established 

successional pattern, with pioneers playing an important 

role in the early stages but gradually reducing as shade-

tolerant and emerging species take over in the latter phase. 

This pattern is consistent with general ecological theory, 

which posits that pioneer species help with early phases of 

regeneration but are eventually replaced by climax species, 

which define mature forest communities (Romadini et al. 

2022). The presence of R. curtisii in all strata illustrates its 

importance as a keystone species, adjusting from the start 

of regeneration to establishing dominance in mature stands. 

IVI trends (Figure 2) show a constant shift in species 

dominance across development layers. Pioneer species 

(such as E. longifolia and G. parvifolia) are important in 

the early strata but dwindle as they progress through the 

tree layers. Shade-tolerant species (R. curtisii and K. 

malaccensis) grow in dominance within the tree layers. 

This trend is consistent with recent findings indicating that 

tropical forest regeneration dynamics are driven by a 

combination of environmental factors (light, moisture, and 

soil nutrients) and species-specific competitive interactions. 

The Kruskal-Wallis analysis revealed a significant 

difference in species IVI across growth strata (H: 9.01, p: 

0.029) (Conover 1999). This suggests that fluctuations in 

species dominance are not random, but are controlled by 

real ecological processes in the dynamics of dipterocarp 

forest renewal. In other words, shifts in vegetation 

composition and structure from seedlings to trees indicate 

the presence of a progressive ecological filtering 

mechanism. A Dunn post-hoc test with Holm correction 

revealed significant differences at the early-late 

successional transition across multiple strata combinations 

(Table 2). 
 

Table 1. Top ten species with high Important Value Index (IVI) in each growth stage 

 

Growth 

stage 
Rank Species Family 

RD 

(%) 

RF 

(%) 

RBA 

(%) 

IVI 

(%) 

Ecological 

Guild 

Seedling 1 Rubroshorea curtisii  Dipterocarpaceae 13.04 8.33  21.38 Shade tolerant 

 2 Calophyllum pulcherrimum  Calophyllaceae 11.96 8.33  20.29 Shade tolerant 

 3 Gironniera parvifolia  Cannabaceae 8.70 6.25  14.95 Pioneer 

 4 Koompassia malaccensis Fabaceae 6.52 8.33  14.86 Shade tolerant 

 5 Eurycoma longifolia  Simaroubaceae 6.52 6.25  12.77 Pioneer 

 6 Dipterocarpus rigidus Dipterocarpaceae 4.35 6.25  10.60 Shade tolerant 

 7 Hopea beccariana Dipterocarpaceae 4.35 6.25  10.60 Shade tolerant 

 8 Gironniera nervosa Cannabaceae 4.35 4.17  8.51 Shade tolerant 

 9 Syzygium densiflorum Myrtaceae 4.35 4.17  8.51 Shade tolerant 

 10 Ochanostachys amentacea Olacaceae 3.26 4.17  7.43 Shade tolerant 

Sapling 1 Calophyllum pulcherrimum  Calophyllaceae 25.45 25.00  50.45 Shade tolerant 

 2 Hopea beccariana Dipterocarpaceae 23.64 25.00  48.64 Shade tolerant 

 3 Dipterocarpus coriaceus Dipterocarpaceae 21.82 12.50  34.32 Shade tolerant 

 4 Rubroshorea curtisii Dipterocarpaceae 10.91 12.50  23.41 Shade tolerant 

 5 Eurycoma longifolia  Simaroubaceae 9.09 12.50  21.59 Pioneer 

 6 Polyalthia hypoleuca  Annonaceae 9.09 12.50  21.59 Shade tolerant 

Pole 1 Santiria laevigata Burseraceae 15 16.67 17.44 49.10 Shade tolerant 

 2 Gironniera parvifolia Cannabaceae 10 11.11 13.18 34.29 Pioneer 

 3 Rubroshorea curtisii  Dipterocarpaceae 10 11.11 9.72 30.83 Shade tolerant 

 4 Eurycoma longifolia Simaroubaceae 10 11.11 6.54 27.65 Pioneer 

 5 Hopea beccariana Dipterocarpaceae 10 5.56 9.33 24.89 Shade tolerant 

 6 Calophyllum pulcherrimum Calophyllaceae 10 5.56 8.56 24.12 Shade tolerant 

 7 Dillenia grandifolia Dilleniaceae 5 5.56 6.24 16.79 Pioneer 

 8 Mesua nuda  Calophyllaceae 5 5.56 6.24 16.79 Shade tolerant 

 9 Sandoricum beccarianum Melliaceae 5 5.56 6.24 16.79 Pioneer 

 10 Syzygium sp. Myrtaceae 5 5.56 6.24 16.79 Shade tolerant 

Tree 1 Koompassia malaccensis Fabaceae 15.22 10.00 34.20 59.42 Shade tolerant 

 2 Rubroshorea curtisii Dipterocarpaceae 8.70 7.50 17.81 34.00 Shade tolerant 

 3 Shorea parvifolia Dipterocarpaceae 8.70 7.50 5.91 22.11 Shade tolerant 

 4 Santiria laevigata Burseraceae 6.52 7.50 1.85 15.87 Shade tolerant 

 5 Calophyllum pulcherrimum Calophyllaceae 4.35 5.00 4.05 13.40 Shade tolerant 

 6 Syzygium sp. Myrtaceae 4.35 5.00 1.58 10.92 Shade tolerant 

 7 Bouea oppositifolia Anacardiaceae 4.35 5.00 1.26 10.60 Shade tolerant 

 8 Ochanostachys amentacea  Olacaceae 4.35 2.50 2.34 9.18 Shade tolerant 

 9 Endospermum diadenum Euphorbiaceae 2.17 2.50 4.37 9.04 Pioneer 

 10 Vitex cofassus Lamiaceae 2.17 250 3.86 8.53 Pioneer 
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Figure 2. Important Value Index (IVI) Shifting of dominant tree trend based on growth stages 

 

 

 

Table 2. Results of the Dunn post-hoc test with Holm adjustment 

for comparing species importance values (IVI) across growth 

strata 

 

Comparison 
p-value 

(Holm) 
Significance 

Seedling vs sapling 0.021 Significant (p<0.05) 

Seedling vs pole 0.064 Not Significant 

Seedling vs tree 0.008 Very Significant (p<0.01) 

Sapling vs pole 0.327 Not Significant 

Sapling vs tree 0.041 Significant (p<0.05) 

Pole vs tree 0.033 Significant (p<0.05) 

 

 

 

These findings confirm that dipterocarp forest 

vegetation communities go through two major filtering 

phases those were (i) during the early regeneration 

transition, when many pioneer species are replaced by 

shade-tolerant species, and (ii) during the transition to 

mature stands, when dominance shifts to large canopy 

species with high basal area. Meanwhile, in the middle 

growth strata, community differences were rather minor, 

indicating some compositional stability prior to large 

structural shifts. From the perspective of ecology, these 

statistical data demonstrate that the IVI is an effective 

indicator for detecting ecosystem transition stages. The 

Kruskal-Wallis test found considerable overall variance, 

whereas the post-hoc Dunn test revealed that differences 

were predominantly concentrated between early and late 

successional stages. This is consistent with long-term 

studies in dipterocarp forests, which indicated that tree 

community composition varies drastically during the early 

regeneration and mature canopy stages but remains rather 

constant in the interim (Prohaska et al. 2023). 

These findings are consistent with the pattern of 

tropical forest regeneration, which is typically 

characterized by an initial phase of intense competition for 

light, followed by a relatively stable intermediate phase, 

and finally a shift toward climax species dominance (Both 

et al. 2019; Do et al. 2020). Statistical analysis results 

further support the hypothesis that succession is not a linear 

process, but rather a series of "tipping points" indicated by 

large variations in species composition (Di Biase et al. 

2021). In the Bukit Tiban Forest, logging, fragmentation, 

and land use change have the potential to interrupt these 

critical stages, resulting in a regeneration trap in which 

climax species fail to replace pioneers. This state hastens 

the loss of forest structure and affects ecosystem functions 

like carbon storage and biodiversity protection (Prohaska et 

al. 2023; Yatar et al. 2024). To ensure successional 

continuity in Bukit Tiban, conservation activities must 

focus on protecting important regeneration phases by 

assisted natural regeneration and enrichment planting of 

key species such as R. curtisii and K. malaccensis. 

Forest structure 

Forest stand structure is a spatial representation of the 

composition, size, and distribution of trees within a forest 

community, both vertically (height or canopy strata) and 

horizontally (stem diameter). This structure reflects the 

stages of succession, regeneration dynamics, and the 

stability of the forest ecosystem. A healthy stand structure 

is characterized by the presence of trees of various 

diameter and height classes, from seedlings, saplings, 

poles, to mature trees, forming a tiered canopy layer. This 

pattern allows for a stable microclimate, supports 

biodiversity, and maintains ecological functions such as 

carbon storage, water absorption, and wildlife habitat. 
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The tree horizontal structure in the Bukit Tiban Forest 

has an inverted J-shape pattern (Figure 3), with a large 

number of individuals in small diameter classes and a 

dramatic fall as diameter class size increases. This pattern 

occurs often in tropical rainforests and implies that natural 

regeneration continues, with individuals recruited in small 

diameter classes and only a small proportion surviving to 

large diameter classes. This is in line with the findings of 

the species importance value (IVI) analysis, which revealed 

that shade-tolerant dipterocarp species played the major 

role in maintaining populations in the early strata before 

cementing dominance in greater diameter classes.  

The Kruskal-Wallis test for the distribution of 

individuals across diameter classes showed a significant 

difference (H: 11.24, p: 0.041). This demonstrates that tree 

distribution across diameter classes is not uniform, but 

rather follows the ecological stratification typical of 

dipterocarp forests. A post-hoc Dunn's test with Holm's 

correction revealed that the most significant difference was 

between the small diameter classes (5-15 cm) and the large 

diameter classes (>50 cm; p<0.01). This difference 

confirms the existence of a growth bottleneck, where only a 

few individuals successfully survive the intense 

competition to reach the canopy stage. In contrast, the 

comparison between the middle classes (15-30 cm and 30-

50 cm) was not significant (p>0.05), indicating relative 

stability in the middle growth phase before strong selection 

occurs in the final phase.  

These findings align with research in the dipterocarp 

forests of Sabah and Kalimantan, which also reported 

uneven diameter distribution patterns, with the loss of large 

trees due to anthropogenic pressure being the main 

differentiating factor between primary and disturbed forests 

(Matsuo et al. 2021; Prohaska et al. 2023). Similarly, 

Ediriweera et al. (2020) emphasized that the presence of 

large-diameter trees is crucial for ecosystem function, 

particularly in carbon storage. In the context of Bukit Tiban 

Forest degradation, the dominance of small-diameter 

classes implies continued regeneration, whereas the 

scarcity of large trees shows selective logging and 

fragmentation. Zhou et al. (2023) study found that forest 

disturbance causes the loss of large-diameter trees and 

uneven spatial distribution, leading to a decline in forest 

structural and functional diversity. Similarly, Hayward et 

al. (2021) emphasized that the dominance of pioneer 

species after disturbance can slow vertical recovery and 

prolong the early successional phase, meaning key forest 

ecological functions are not immediately restored. This has 

the potential to produce a regeneration trap in which climax 

species like R. curtisii and K. malaccensis are unable to 

replace opportunistic pioneers due to a lack of larger 

broodstock. If left unchecked, the stand structure will 

transition to the dominance of secondary species with 

lesser ecological and economic value, accelerating forest 

degradation. Thus, statistical analysis not only supports the 

diameter structure pattern, but also stresses the need of 

retaining large-diameter trees to enable a continuous 

regeneration cycle (Sakai et al. 2022). To ensure the 

viability of the BTPF stand structure, management 

techniques should focus on safeguarding parent trees, 

decreasing anthropogenic pressure, and undertaking 

assisted natural regeneration and enrichment planting of 

essential species. 

The vertical structure of a forest refers to the 

arrangement of plant layers from the forest floor to the 

upper canopy, formed by trees, shrubs, and undergrowth of 

varying heights. This structure reflects the stratification of 

the vegetation canopy, typically divided into several main 

layers: seedlings (0-1 m), saplings (1-4 m), poles (5-10 m), 

mid-trees (10-30 m), and canopy/emergent trees (>30 m). 

The presence of these various strata is an important 

indicator in assessing ecosystem complexity, the 

sustainability of natural succession, and the forest's ability 

to support biodiversity and other ecosystem functions.  
 

 

 

 
 

Figure 3. Horizontal forest structure in research area 
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Figure 4 shows a predominance of individuals in the 

lower strata, particularly in strata E (0-1 m) with 92 

individuals and strata D (1-4 m) with 55 individuals. 

Meanwhile, the number of individuals in higher strata 

decreased drastically, with only 27 individuals in strata C 

(4-10 m), 14 individuals in strata B (10-30 m), and only 5 

individuals in strata A (>30 m). This pattern shows active 

natural regeneration, as there are numerous 

juvenile individuals capable of replacing mature trees. 

However, the low quantity of large-diameter trees suggests 

that the primary canopy stock is rather limited, implying 

that the forest's continuing structural function is dependent 

on the successful transition of small individuals to higher 

strata. 

The Kruskal-Wallis test indicated a significant 

difference in strata values (χ²: 15.72, df: 3, p: 0.0012). 

Dunn's post-hoc analysis with Holm's correction revealed 

significant differences in dominance between tree and 

seedling strata (p: 0.002) and between trees and saplings (p: 

0.015), however the tree-sapling stratum did not exhibit 

significant differences (p: 0.118). This pattern aligns with 

the vertical structure histogram, indicating a greater 

number of individuals in the lower strata, whereas 

ecological dominance is predominantly situated in the tree 

strata. Ecologically, a complete vertical structure from 

bottom to top represents the complexity of the environment 

and promotes high biodiversity. The lower strata (seedlings 

and saplings) provide habitat for understory species, whilst 

the top strata (canopy trees) control microclimate 

conditions, light availability, and nutrient cycling. If any of 

the strata, particularly the canopy strata, are severely 

decreased, ecological stability may be threatened. The 

viability of the canopy community is thus not reflected in 

the mix of dominating species in the lower strata, even in 

the face of regeneration. The role of dominant species in 

sustaining ecosystem structure, including the canopy's 

function as habitat providers, microclimate regulators, and 

water cycle controllers, is indicated by high IVI values in 

the tree strata from an ecological perspective. Nevertheless, 

the potential to establish a "regeneration bottleneck" in the 

seedling and sapling strata due to the restricted 

regeneration representation of these dominant species has 

the potential to diminish structural diversity in the long 

term. This finding is consistent with research conducted in 

dipterocarp forests in Malaysia (Sawada et al. 2021), which 

demonstrated a discrepancy between the dominance of tree 

strata and the regeneration of the understory. Studies in 

Southeast Asian dipterocarp forests show similar patterns. 

Okuda et al. (2019) found a reverse-J distribution in post-

logging forests in Vietnam, indicating active regeneration 

but a significant reduction in the number of large canopy 

trees. Ng et al. (2022) emphasized that imbalances between 

strata are indicators of ecological stress, where the 

abundance of seedlings does not necessarily guarantee 

continued regeneration due to light limitations and 

competition. Ganivet et al. (2022) showed that dipterocarp 

seedlings vary in shade and drought tolerance, so high 

seedling numbers are only meaningful if the species can 

survive through the tree strata. Meanwhile, Prohaska et al. 

(2023) noted that low numbers of large trees in dipterocarp 

forests indicate long-term structural degradation, which 

could shift community dominance in the absence of 

management interventions. Thus, while the vertical 

structure found in this study implies high quantitative 

regeneration, it still creates problems with ensuring the 

sustainability of canopy species populations.  

Sawada et al. (2021) found that changes in stand 

structure in forests dominated by Shorea species occurred 

as a result of forest degradation, with the number of 

seedlings falling dramatically as the canopy changed. 

Canopy trees, particularly those from the Dipterocarpaceae 

family, have a high IVI in the mature tree strata. The loss 

of large individuals leads to a decline in the IVI in the 

upper strata, thus diminishing their ecological role in 

regulating the microclimate, nutrient cycling, and providing 

habitat for canopy fauna. High regeneration in the lower 

strata (seedlings-saplings) may reflect recovery potential, 

but other studies in dipterocarp forests have shown that 

seedling dominance does not necessarily guarantee long-

term regeneration success (Okuda et al. 2019; Ediriweera et 

al. 2020). This is especially true in degraded habitats, 

where many seedlings are dominated by pioneer species 

and are less able to replace the ecological role of canopy 

dipterocarps. Ng et al. (2022) even emphasize that 

imbalances between strata are often an indicator of 

ecological stress due to habitat degradation. If habitat 

destruction continues, this regeneration may not produce an 

intact dipterocarp forest, but rather become dominated by 

small-diameter pioneer species. As a result, management 

measures are required, such as safeguarding remaining 

large trees, controlling disturbance, and restoring habitat so 

that regeneration can lead to the re-establishment of a 

stable vertical structure. 

Ecological index in Bukit Tiban Protected Forest 

Species diversity is controlled by various factors, 

including the quality of resources consisting of habitat and 

the number of niches controlled by resources (Ruziman et 

al. 2022). Among the many ways that can be done to 

evaluate species diversity in an ecosystem, the diversity 

index, species evenness index, and species richness index 

are the most commonly used. Based on the results of the 

study, it is known that the diversity of tree species in the 

BTPF varies at all stages of growth (Figure 5). 
 

 

 

 
 

Figure 4. Vertical forest structure in research area 
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Figure 5. Ecological index of tree species in research location 

 

 

 

Research reveals distinct variations in ecological index 

values across different growth strata. The tree strata 

exhibited the highest species diversity (H’: 3.10), 

suggesting a complex and stable community structure 

within the canopy layer. In contrast, the sapling strata 

recorded the lowest diversity (H’: 1.70), reflecting limited 

natural regeneration during the middle growth phase. The 

evenness index (E) ranged from 0.91 to 0.97 across all 

strata, signifying a relatively uniform distribution of 

individuals among species, with no excessive dominance 

by any single species. The species richness index (R) 

exhibited variation, with the maximum value recorded in 

the tree strata (R: 7.05) and the minimum in the sapling 

strata (R: 1.25), thereby reinforcing the presence of a 

regeneration gap during the middle growth stage. When 

compared to other research conducted in Asian tropical 

forest ecosystems, the H’ value in the tree strata at 

Tiban (3.10) exceeds the value range documented by 

Visitthisath et al. (2021) in tropical forests of Thailand 

(3.28) and Thanh et al. (2021) in dry forests of Vietnam. 

The higher H’ value suggests that, despite anthropogenic 

pressures, the mature tree community at 

Bukit Tiban maintains considerable species diversity. The 

evenness value (E: 0.91-0.97) exceeds the range reported 

by Muluneh et al. (2021) for dipterocarp regeneration 

(0.80-0.92), suggesting a more balanced species 

distribution at the study site. The species richness in the 

tree strata (R: 7.05) surpasses the general range 

documented in comparable studies (2-6), thereby 

emphasizing the significance of this ecosystem as a crucial 

habitat for diverse forest species. 

The ecological interpretation of these findings indicates 

that dominant species, especially R. curtisii, significantly 

influence community structure, as evidenced by elevated 

IVI values across nearly all strata. The observed 

discrepancy between high diversity in the tree strata and 

low diversity in the regenerative strata indicates a potential 

barrier to regeneration. This aligns with findings from a 

study conducted in a Vietnamese dipterocarp forest (Thanh 

et al. (2021), indicating that anthropogenic disturbance may 

diminish regenerative diversity, despite the mature 

community maintaining its diversity. Milodowski et al. 

(2021) found that a balanced community structure in the 

upper strata does not ensure ongoing regeneration, 

particularly when light competition restricts the growth of 

canopy species The importance of keystone species with 

high IVI in preserving the stability of tropical ecosystems 

is highlighted by several recent research (Prohaska et al. 

2023). Failure of dominant species to regenerate will result 

in shifts in community structure and a decline in long-term 

ecological function. These results highlight the necessity of 

enrichment planting strategies within conservation efforts 

to enhance regenerative strata, especially involving 

ecologically significant Dipterocarp species like R. curtisii. 

Protecting natural habitats, restoring canopy strata, and 

involving the community in management are essential 

measures for ensuring sustainable ecosystem function in 

Bukit Tiban. 

This condition demonstrates the role of R. curtisii as a 

dominant species with a high IVI that sustains community 

structure. The limited diversity and richness in the 

regenerative strata indicate a hindrance to regeneration, 

which, if unaddressed, may diminish the ecological 

function of R. curtisii over time. Consequently, pertinent 

conservation strategies involve safeguarding existing 

mature trees, rehabilitating the canopy layers, and 

implementing enrichment planting with ecologically 

significant Dipterocarp species to enhance the regenerative 

layers. Involving local communities in habitat monitoring 

and management is essential for mitigating anthropogenic 

pressures, including fragmentation (Prohaska et al. 2023). 

Ecological index values reflect the structural condition of 

the community and offer straightforward recommendations 

for sustainable conservation strategies. 

Threat in Bukit Tiban Protected Forest 

Based on interview with stakeholder R. curtisii in BTPF 

faces significant anthropogenic threats, primarily habitat 

fragmentation, increased disease susceptibility, altered 

forest structure and composition, and low natural 

regeneration rates. This finding also supported by previous 

research conducted by Firdamayanti et al. 2024, which 

found anthropogenic activities such as conversion for 

settlements, agriculture and industry. Furthermore, 

Yuliasrin (2019) also found another activity such as land 

clearing on steep slopes has created critical land, increasing 

the risk of landslides in the area also has caused significant 

forest degradation (Fambayun and Kalima 2020). The 

BTPF also close to human settlement, this condition has led 

to agricultural land conversion, reducing forest cover and 

depleting tree structure, particularly at the sapling and pole 

stages, due to harvesting for construction materials. Some 

part of research location also ecotourism area. Recreational 

activities such as hiking and camping, managed by local 

communities, contribute to ecosystem degradation. Visitors 

often unintentionally damage trees through machete cuts 

and trail clearing, leading to seedling loss along hiking 

paths. The lack of clear regulations governing these 

activities further exacerbates forest resource exploitation, 

increasing physical damage to trees and heightening 

disease vulnerability. Another major concern is the absence 

of mass flowering events in R. curtisii since 2015. In 

Dipterocarpaceae, mass flowering is typically triggered by 

low temperatures and extreme drought linked to El Niño 

cycles (Yasuda et al. 1999; Numata et al. 2003). However, 
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small islands experience frequent climate anomalies, 

disrupting flowering patterns and limiting reproductive 

opportunities. Without flowering events, seed production 

and dispersal are severely constrained, impeding natural 

regeneration. Furthermore, even when fruiting occurs, 

regeneration remains challenging due to high seed 

predation by wildlife, further reducing germination success. 

Agricultural expansion has also significantly impacted 

pollinator populations, particularly through pesticide use, 

which may disrupt natural pollination processes. Further 

research is needed to assess these ecological disruptions 

and develop conservation strategies to sustain R. curtisii 

regeneration amid dynamic environmental changes. 

Sustainable management strategies must be 

implemented for managing the species. Strengthening legal 

protections against illegal logging and land conversion, 

along with designating core conservation zones, is critical. 

Reforestation and assisted regeneration efforts should focus 

on replanting dominant and threatened species, supported 

by community-based nurseries. Fire management 

measures, including firebreaks and controlled burns, can 

mitigate wildfire risks, while community engagement 

through education and eco-tourism initiatives can reduce 

dependency on forest resources. Climate adaptation 

strategies, such as monitoring flowering patterns and 

restoring pollinator habitats, are essential to enhance 

resilience. Finally, long-term research and monitoring of 

soil recovery, species interactions, and ecological indices 

will help track restoration progress. By integrating these 

approaches, the BTPF can recover its biodiversity, ensuring 

the survival of keystone species and the ecological services 

they provide for future generations. 
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