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Abstract  The study investigates the conservation 

status, species composition, distribution, and structural 

characteristics of Dipterocarp species along an altitudinal 

gradient in Mt. Panamao, Philippines. It focuses on 

understanding the ecological dynamics and contributions 

of these species to the Sustainable Development Goals 

(SDGs), particularly SDG 15 (Life on Land). This goal 

aims to protect, restore, and promote the sustainable use of 

terrestrial ecosystems, sustainably manage forests, combat 

desertification, and halt and reverse land degradation and 

biodiversity loss. The conservation status of the observed 

species ranged from Vulnerable to Critically Endangered, 

with Shorea astylosa classified as Critically Endangered 

due to habitat loss and limited distribution. Species 

composition varied across altitudinal gradients, with 

Dipterocarpus kerrii and Shorea almon prevalent at lower 

altitudes, while Shorea contorta was more common at 

higher elevations. The Importance Value Index (IVI) 

indicated that Shorea polysperma and Shorea contorta are 

dominant species, crucial for ecological processes. The 

diameter at breast height (DBH) distribution showed a 

healthy mix of young and mature trees, indicating active 

regeneration and the presence of established trees. These 

findings emphasize the need for targeted conservation 

efforts, including habitat protection and land-use 

regulation, to preserve the biodiversity and ecological 

integrity of Mt. Panamao. 
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1. Introduction

The Philippines is one of the world’s 25 biodiversity 

hotspots [1, 2, 3]. Unfortunately, the forests that harbour its 

remarkable biodiversity are in decline and this endangers 

the livelihoods of many Filipinos who depend on it for, 

amongst other things, food, water and protection against 

climatic extremes. The Philippine forest, rich in 

dipterocarps, plays a crucial role in achieving the 

Sustainable Development Goals (SDGs), particularly SDG 

15, which focuses on life on land. With around 50 species, 

including 21 endemic and 31 threatened, dipterocarps are 

essential for biodiversity conservation and providing 

ecosystem services such as carbon sequestration and soil 

protection [4, 5, 6]. Sustainable management of these 

forests is vital for maintaining their ecological functions 

and supporting local livelihoods through timber and 

non-timber products [7, 8]. 

Species diversity in these forests is influenced by 

environmental factors like climate, topography, and soil 

properties, which vary along altitudinal gradients [9, 10]. 

This diversity supports various SDGs by enhancing 

ecosystem resilience and providing resources for 

sustainable economic activities. However, illegal logging 

and climate change pose significant threats to these 

ecosystems, necessitating urgent conservation measures to 

protect biodiversity and support the SDGs [11, 12, 13]. 

Research on dipterocarp species in different altitudinal 

zones, such as those in the Malindang Range and 

Balinsasaayao Twin Lakes, highlights the ecological 

importance of these forests and their role in sustainable 

development [14, 15]. These studies provide valuable 

insights into how environmental changes impact species 



410  Conservation Status of Dipterocarps in Mt. Panamao, Biliran Province  

 

 

distribution and ecosystem services, essential for 

formulating strategies to mitigate climate change effects 

and promote sustainable forest management. 

This study on the dipterocarp diversity of Mt. Panamao 

aims to contribute to the conservation and sustainable 

management of these crucial forest ecosystems. By 

providing baseline data on species diversity and ecological 

characteristics, this research supports efforts to achieve the 

SDGs, particularly those related to biodiversity 

conservation, climate action, and sustainable use of 

terrestrial ecosystems. 

2. Materials and Methods 

2.1. Study Area 

The Province of Biliran is situated between 11° 28' 0'' N 

and 124° 28' 0'' E, encompassing a total land area of 55,542 

hectares, of which 26,942 hectares are designated as 

forestlands. Notably, the Individual Plus Tree (IPT) is 

located at the foothills of Mt. Panamao, which is 

considered one of the most diverse mountains in Biliran 

Province, with an elevation reaching 1100 meters above 

sea level (masl) (Fig. 1). This area is recognized as a 

protected forest, rich in diverse flora and fauna. 

Mt. Panamao is located in the town of Almeria, an area 

known for its sulfuric active volcano, which is believed to 

have erupted in 1669, leading to the formation of the island. 

The region experiences a climate classified as Type 11, 

featuring a mix of warm and cool climate zones (Biliran 

Province MDG team, 2010). It has pronounced rainfall, 

with a peak of approximately 500 mm in December, 

tapering off in January, and a minimum of around 1500 

mm in April (LGU Biliran, 2011). This climatic variability 

supports a wide range of biodiversity, contributing to the 

ecological richness of the area. 

2.2. Data Collection 

Topographic positions significantly influence species 

composition (Saiful et al., 2008). In this study, a systematic 

sampling approach was employed along a 

gradient-directed transect. The elevation gradient was 

categorized into three ranges: low (490-565 masl), middle 

(565-670 masl), and high elevation (670-800 masl). Within 

each range, a line transect of 250-300 meters in length was 

established, with three sampling plots per gradient, totaling 

15 sampling plots. Additionally, lateral transects were set 

at right angles to the main transect at 30-meter intervals, 

systematically positioned to sample the hillsides and 

capture the maximum variation in slope. Study plots were 

spaced 30 meters apart along the transect line. 

Dipterocarp trees with a diameter at breast height (DBH) 

of ≥ 10.0 cm were measured within the main plot of 20x20 

meters. Four nested subplots of 1x1 meter were established 

within the main plot to sample smaller trees and saplings 

(<10 cm DBH and <2 m tall) (Saiful et al., 2008). The 

dipterocarp species within each plot were identified and 

counted, with measurements taken for DBH using a 

diameter tape and for tree height using a rangefinder. 

 

Figure 1.  Location of the study area in Mt. Panamao, Biliran Province, Philippines. (a) The Philippine map, highlighting the location of Biliran 

Province. (b) A zoomed-in map showing the location of Biliran Province within the Philippines, with Mt. Panamao marked. (c) A detailed terrain map of 

the study area in Mt. Panamao, displaying elevation and topographical features 
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For species identification, dipterocarps within the 

sampling plots were classified taxonomically using the 

"Field Guide to the Quirino Forest Landscape" by Carig E. 

(2020) and "Habitat of Philippine Dipterocarps" by 

Fernando E. (2008). Identification was also assisted by a 

local guide familiar with the region's flora. This 

comprehensive approach ensured accurate identification 

and measurement of dipterocarp species within the study 

area. 

2.3. Data Analysis 

The status of dipterocarp tree species was evaluated 

using parameters such as species abundance, frequency, 

density, and dominance, which were combined to calculate 

the Importance Value Index (IVI). The IVI is the sum of 

the relative frequency, relative density, and relative 

dominance, providing a comprehensive measure of a 

species' ecological significance. All statistical analyses 

were conducted using Microsoft Excel. The formulas used 

to derive these metrics, based on Fernando [16, 17], are 

outlined below: 

Density = Total number of individuals of a species / Area 

sampled 

Relative Dominance = Dominance of species / Total 

dominance of all species 

Occurrence = Number of plots where the species is 

observed / Total number of plots established 

Frequency = Number of occurrences / Total number of 

occurrences 

Relative Frequency = (Frequency of species / Total of 

frequencies) × 100 

Importance Value (IV) = Relative Density + Relative 

Dominance + Relative Frequency 

3. Results and Discussion 

3.1. Conservation Status, Species Composition and 

Distribution along the Gradient 

The conservation status of these species varies 

significantly, ranging from Vulnerable to Critically 

Endangered (Table 1) [18, 19, 20]. For example, Shorea 

astylosa is classified as Critically Endangered, reflecting 

its high risk of extinction due to habitat loss and restricted 

distribution [19]. Similarly, Shorea almon and Shorea 

polysperma, listed as Vulnerable, face significant threats 

from deforestation and land-use changes [17, 21]. The 

presence of these threatened species across various 

altitudinal zones highlights the critical need for targeted 

conservation actions to protect their habitats and prevent 

further population declines. 

On the other hand, the analysis of species composition in 

Mt. Panamao reveals a rich diversity, particularly within 

the Dipterocarpaceae family, which dominates the studied 

area. Key species such as Shorea polyspema, and Shorea 

contorta display distinct patterns of distribution along the 

altitudinal gradient (Fig. 2). The lower altitudes (490-565 

masl) are predominantly occupied by species like 

Dipterocarpus kerrii and Shorea almon, suggesting their 

adaptation to warmer, more humid conditions typical of 

these elevations [22, 23]. In contrast, species such as 

Shorea contorta are primarily found at higher altitudes 

(670-800 masl) (Fig. 3), indicating a preference for cooler, 

montane environments, which is consistent with findings 

from similar studies in Southeast Asian montane forests 

[24]. 

Table 1.  Species composition and distribution along the altitudinal gradient of Mt. Panamao. The figure illustrates the presence and conservation status 
of various tree species at different elevation levels, categorized into low (490-565 masl), middle (565-670 masl), and high (670-800 masl) altitudes 

No. Species Conservation status 

(1DAO 2017-11, 

2IUCN, 2006) 

Altitudinal Gradient 

Low 

(490-565 masl) 

Middle 

(565-670 masl) 

High 

(670-800 masl) 

1 Dipterocarpus kerrii Vulnerable1 x / / 

2 Shorea almon Vulnerable2 x / / 

3 Shorea astylosa Critically Endangered2 x / / 

4 Shorea contorta Vulnerable2 / / x 

5 Shorea falciferoides Vulnerable2 x x / 

6 Shorea guiso *no data x / / 

7 Shorea negronensis Vulnerable2 / / / 

8 Shorea palosapis *no data / / / 

9 Shorea polysperma Vulnerable2 / / / 

*Note: 1DENR Administrative Order No. 2017-11: Updated National List of Threatened Philippine Plants and their categories (DAO 2017-11); 
2IUCN Red List threatened Species 
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Figure 2.  Distribution of dipterocarps species recorded in Mt. Panamao 

 

Figure 3.  Elevation-wise distribution of recorded dipterocarp species 

The distribution patterns observed along the altitudinal 

gradient provide important ecological insights. Species like 

Shorea negronensis, Shorea palosapis and Shorea 

polysperma, which are found across a range of altitudes, 

demonstrate a broader ecological tolerance, potentially 

enabling them to adapt to diverse environmental conditions 

[25]. In contrast, the restricted distribution of species such 

as Shorea falceferoides to specific elevations suggests 

niche specialization, highlighting the importance of 

maintaining the unique environmental conditions of these 

zones. This specialization may render these species 

particularly vulnerable to climate change and other 
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anthropogenic disturbances that can alter their habitats 

[26]. 

These findings highlights the need for comprehensive 

conservation strategies in Mt. Panamao. The varying 

distribution and conservation statuses of species across the 

gradient necessitate a multi-faceted approach, including 

the protection of critical habitats and the regulation of land 

use to prevent deforestation. Additionally, ongoing 

monitoring and research are essential to update the 

conservation status and population trends of lesser-known 

species, facilitating the development of effective 

conservation policies. This approach will help preserve the 

biodiversity and ecological integrity of the region, ensuring 

the survival of its unique flora [26]. 

3.2. Importance Value Index (IVI) and DBH 

Distribution 

The analysis of the Importance Value Index (IVI) and 

Diameter at Breast Height (DBH) distribution offers 

crucial insights into the structure and composition of the 

Mt. Panamao forest (Fig. 4). The IVI data reveals the 

ecological significance of various species, with Shorea 

polysperma and Shorea contorta emerging as dominant 

species due to their high IVI scores. These species are 

prevalent across the study area, contributing significantly 

to the forest's biomass and playing essential roles in 

ecological processes [23]. 

In contrast, species with lower IVI values, such as 

Shorea falceferoides, indicate a more restricted distribution 

and potentially lower ecological impact (Fig. 4). The low 

IVI scores for these species may reflect specific habitat 

requirements or pressures from anthropogenic activities, 

highlighting their vulnerability [25]. The presence of both 

high and low IVI species reiterates the forest's biodiversity, 

showcasing a range of ecological roles and emphasizing 

the need for diverse conservation strategies. 

On the other hand, the DBH distribution provides 

additional context, illustrating the structure and growth 

stage distribution of tree populations (Fig. 5). The presence 

of a wide range of diameters indicates a healthy mix of 

young, mature, and old-growth trees. The prevalence of 

smaller diameter classes suggests active regeneration, 

while the presence of larger diameter classes indicates 

well-established trees that contribute to canopy structure 

and biodiversity [26, 27]. 

These findings have significant implications for forest 

management and conservation. Protecting large, mature 

trees is crucial due to their ecological roles as habitat 

providers and carbon storage. Simultaneously, ensuring the 

successful regeneration of young trees is vital for the 

forest's future resilience. For species with low IVI and 

smaller DBH, conservation efforts should focus on 

supporting their growth and mitigating threats. This 

comprehensive approach is necessary to maintain the 

ecological integrity and biodiversity of the Mt. Panamao 

forest reserve. 

 

Figure 4.  Importance Value Index (IVI) of selected tree species, highlighting Shorea polysperma as the most ecologically dominant based on its 

relative abundance, frequency, and dominance 
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Figure 5.  Species-wise DBH (Diameter at Breast Height) density distribution in Dipterocarpaceae. Each subplot represents the DBH distribution of a 

specific species, standardized along the x-axis for comparability. The density curves illustrate variations in DBH distribution among species 

3.3. Research Limitations and Future Research 

Monitoring 

The study was conducted within a defined set of 

permanent plots in Mt. Panamao, Biliran Province, which 

served as the foundation for assessing the current 

conservation status, structural attributes, and species 

composition of Dipterocarps. While these plots provide 

important baseline data, the research is limited in spatial 

scope and plot distribution, which may restrict the 

generalizability of the findings across the entire study sites. 

Additionally, the use of single-season data collection may 

not fully reflect temporal changes or seasonal dynamics in 

forest structure and species diversity. 

To strengthen future research efforts, we plan to expand 

the number and distribution of permanent plots within Mt. 

Panamao to capture a wider range of altitudinal gradients, 

microclimates, and forest conditions. This will allow for 

more comprehensive monitoring of growth dynamics and 

regeneration patterns. As part of our long-term monitoring 

program, these permanent plots will be remeasured 

annually to assess changes influenced by natural and 

anthropogenic factors. Furthermore, we intend to 

incorporate GIS-based tools and satellite imagery to 

analyze land-use changes and human-induced disturbances 

over time. These future directions will enhance our ability 

to detect trends, support conservation planning, and 

contribute to science-based forest management in Mt. 

Panamao. 

4. Conclusions and Management 
Implications 

Our study revealed significant variations in the 

conservation status and distribution of Dipterocarp species 

across different altitudinal gradients in Mt. Panamao. 

Species such as Shorea astylosa and Shorea falciferoides, 

with their restricted distributions and higher vulnerability, 

highlight the need for specific conservation measures. The 

diverse ecological roles played by both high and low IVI 

species highlights the forest's rich biodiversity and the 

importance of a multifaceted conservation strategy. 

Management implications include the protection of 

critical habitats, especially those supporting vulnerable and 

endangered species. Large, mature trees should be 

prioritized for conservation due to their roles in providing 

habitat and storing carbon. Additionally, promoting the 

regeneration of younger trees is essential for maintaining 

forest resilience. Ongoing monitoring and research are 

crucial for updating conservation status and understanding 

the population dynamics of lesser-known species. 

Implementing these strategies will help ensure the 

sustainable management and preservation of the unique 

flora of Mt. Panamao, aligning with global sustainability 

goals and local biodiversity conservation efforts. 
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