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1.	Introduction
Forest ecosystems in tropical nations, such as the Philippines, 
are pivotal for providing essential ecological services, including 
biodiversity conservation, climate regulation, and carbon 
sequestration. However, these invaluable ecosystems face 
signi�icant threats from land conversion, logging, and various 
human disturbances that jeopardize their integrity [1, 2]. 
Understanding the interplay between forest structure and 
conservation status is vital for developing effective forest 
management and protection strategies. Forest structure, which 
is characterized by metrics such as tree diameter, height, and 
basal area, serves as a useful proxy for assessing ecological 
integrity and habitat quality [3]. Further, complex forest 
structures typically support greater biomass and provide 
critical niches for diverse species, including those threatened 
with extinction [4]. However, there remains a paucity of studies 
directly linking forest structure with the presence of threatened 
species across varying disturbance gradients, particularly 
within the Philippine context [5]. 
The Amambahag River Watershed, located in Biliran Island, 
exempli�ies a crucial ecological corridor that sustains 
biodiversity and underpins local livelihoods [6]. Unfortunately, 
parts of this landscape are undergoing increasing disturbances, 
which threaten its conservation potential. 
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This present study seeks to investigate how disturbance and 
elevation modulate forest structure, biomass, and the richness 
of conservation-listed species. By integrating �ield-based forest 
inventories with species-level conservation assessments, the 
research aimed to offer empirical evidence regarding the 
structural and biodiversity value of undisturbed forests [7]. 
Such research is crucial for assessing forest condition in relation 
to conservation importance at a local scale and will support 
informed decision-making focused on forest protection and 
sustainable management practices [8]. 
Hence, this research will address the interactions between 
elevation, disturbance, and forest metrics, not only enhancing 
our understanding of tropical forest ecosystems but is essential 
for calibrating conservation efforts within ecologically sensitive 
areas like the Amambahag River Watershed. Through this 
investigation, the �indings will contribute to the broader body of 
knowledge that informs forest conservation strategies, which 
are imperative for safeguarding the rich biodiversity and 
ecosystem services that these forests provide [9]. 

2.	Materials	and	Methods
3.1	Study	Area
The study was situated in the Amambahag River Watershed on 
Biliran Island, located in the Eastern Visayas region of the 
Philippines (Figure 1). 
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Figure	1.	Location	of	the	Amambahag	River	Watershed	-	Middle	section	in	Culaba,	Biliran	
Island,	Philippines,	shown	within	the	national	(a)	and	local	(b)	context	using	Google	Maps	
Terrain	View	(2025).

This watershed encompasses a diverse range of montane and 
submontane forest ecosystems recognized for their rich 
biodiversity and ecological signi�icance, particularly regarding 
�lora and fauna typical of tropical mountainous regions [10]. 
Elevations within the watershed vary from approximately 500 
to 900 meters above sea level (masl), resulting in a range of 
microclimates. The forest areas surveyed included both 
disturbed sites, characterized by logging or human access, and 
undisturbed patches, which provide critical habitats for various 
species. Such a mixed environment facilitates the evaluation of 
how anthropogenic pressures and elevation in�luence forest 
structure and conservation value, as human disturbances can 
signi�icantly alter both biodiversity and ecosystem function 
[11].

3.2	Data	Collection
A 2-km transect served as the baseline, with 20 m x 20 m 
quadrats established every 250 meters along the transect. A 
total of three transects was laid out, with a total of nine plots per 
transect. In each plot, adult trees with a diameter equal to or 
greater than 10 centimeters had measurements of diameters at 
breast height (DBH), merchantable height (MH), and total 
height (TH) were recorded (Figure 6). The approach 
complemented the Biodiversity Monitoring System (BMS) 
transects currently used by the Biodiversity Management 
Bureau (BMB) for faunal assessments. Each plot was placed to 
ensure adequate representation of both disturbed and 
undisturbed forest types, allowing for a comprehensive 
understanding of forest dynamics. 
Further, key data collected for each tree included the DBH, total 
height, and species identity. To inform conservation 
assessments, the conservation status of each tree species was 
documented by consulting the International Union for 
Conservation of Nature (IUCN) Red List and the Philippine 
Department of Agriculture's DAO 2017-11 classi�ication, which 
provides vital information regarding the risk of extinction and 
necessary conservation measures for the species [12]. 

3.3	Data	Analysis
The analysis of forest metrics involved calculating the basal area 
(BA) using the formula: BA = pi (3.1416) x DBH/2)2, which 
provides a standard measure of tree stand density at the plot 
level (Estavillo et al., 2013). The biomass of trees (measured in 
kilograms) was estimated using a simpli�ied allometric 
equation that incorporates DBH, height, and wood density; this 
estimation facilitates comparability across plots and aids in 
understanding carbon storage potential [13]. Data from each 
plot were summarized by averaging DBH, mean tree height, 
total basal area, total biomass, and the number of species

designated as threatened under both the IUCN and DAO 
classi�ications. 
In addition, to quantitatively assess the in�luence of disturbance 
and elevation on biomass, basal area, and species richness, 
linear models were employed. Furthermore, pie charts were 
generated to visually represent the distributions of 
conservation statuses across the recorded species, enhancing 
the interpretability of the data. All statistical analyses and 
visualizations were conducted using R statistical software, 
which is well-suited for ecological data analysis and graphical 
representation, allowing for robust conclusions regarding the 
ecological signi�icance of the studied forest areas [14]. 

3.	Results	and	Discussion	
The forest structure and conservation value across the 27 
analyzed plots in the Amambahag River Watershed exhibit a 
noteworthy variability that re�lects both ecological and 
anthropogenic in�luences. The mean tree diameter at breast 
height (DBH) ranged from 13.9 to 29.2 cm with an overall 
average of 20.6 cm, while the mean tree height was 
approximately 9.15 meters, indicative of a relatively mature 
forest structure [15]. Basal area measurements spanned from 
0.22 m² to 1.88 m² per plot (Table 1; Figure 2), supporting the 
notion of substantial ecological differences within the 
watershed [16]. Biomass estimates showed considerable 
variations, from about 3,125 kg to over 30,650 kg per plot. 
Importantly, undisturbed forest areas demonstrated higher 
basal area and biomass values due to reduced human impact, 
corroborating �indings of studies that highlight intact forests as 
critical for biodiversity and carbon storage [17]. 
Moreover, conservation metrics reveal considerable variation in 
the number of IUCN-listed threatened species per plot, ranging 
from 0 to 6, with a mean of 2.63 [17]. The Philippine DAO 2017-
11 classi�ication, the plots supported up to 15 species classi�ied 
as threatened or vulnerable, averaging 5.33 species per plot, 
aligning with patterns observed in other forest types where 
biodiversity declines with disturbance levels [18]. Higher 
elevation plots, peaking at 932 masl, reinforced the ecological 
importance of undisturbed mountainous forests, as they 
generally exhibited greater representation of conservation-
relevant species. Such �indings resonate with previous 
literature highlighting the correlation between elevation and 
biodiversity conservation potential [19, 20]. 
The multiple linear regression analyses conducted in this study 
elucidate signi�icant relationships between forest disturbance, 
elevation, and key ecological metrics (Table 3). Notably, 
elevation positively in�luenced the number of IUCN-listed 
threatened species (Estimate = 0.00, 95% CI: 0.00–0.01, p = 
0.022), signifying that higher elevations correlate with greater 
conservation value [21]. While the effect size was minimal due 
to the scale of elevation, the statistical signi�icance highlights its 
ecological implications. Disturbance conditions emerged as 
strong predictors of total biomass and basal area. Speci�ically, 
undisturbed plots outperformed disturbed plots by an average 
of 7,522 kg in biomass (95% CI: 2,921–12,123 kg, p = 0.002) and 
0.49 m² in basal area (95% CI: 0.22–0.77 m², p = 0.001), echoing 
�indings from regional studies that connect forest disturbance 
with decreased structural integrity [22]. 
Illustrative evidence from boxplots indicates a marked biomass 
disparity between disturbed and undisturbed plots (Figure 3). 
The undisturbed forests frequently surpassed 30,000 kg in 
biomass, while disturbed areas typically remained below 
15,000 kg [23]. 
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This pattern emphasizes the signi�icance of preserved forests for biomass storage, crucial for carbon sequestration and habitat 
maintenance, while also highlighting the detrimental impact of disturbance on forest structure. Basal area metrics further reinforced 
this argument, with undisturbed plots boasting a mean of approximately 1.1 m² compared to 0.6 m² in disturbed plots, highlighting 
degradation in structural capacity due to human interventions [24, 25]. 
Lastly, the positive correlation between elevation and the number of IUCN-listed threatened species per plot (Figure 4), observed 
through scatter plot analyses, af�irms the role of montane forests as critical refugia for species of conservation concern within the 
Amambahag River Watershed. Higher elevation zones, particularly over 700 masl, showed increased counts of threatened species in 
less disturbed contexts, which aligns with ecological patterns documented in various tropical and subtropical forest studies [26, 27]. 

Figure	2.	Basal	area	(m²)	comparison	between	disturbed	and	undisturbed	plots Figure	3.	Aboveground	biomass	(kg)	in	disturbed	and	undisturbed	plots.

Table	1.	Summary	of	forest	structural	attributes	and	conservation	indicators	across	27	forest	plots	in	the	Amambahag	River	Watershed,	
Biliran	Island.	Values	include	mean	DBH,	tree	height,	basal	area,	biomass,	elevation,	disturbance	type,	and	number	of	threatened	species	
based	on	IUCN	and	DAO	2017-11	classi�ications.

Multiple linear regression models revealed important relationships between forest disturbance, elevation, and key ecological 
metrics. Elevation was signi�icantly associated with the number of IUCN-listed threatened species (Estimate = 0.00, 95% CI: 
0.00–0.01, p = 0.022), suggesting that higher elevation plots support greater conservation value. While the effect size is small due to 
the unit scale of elevation (masl), the trend remains statistically meaningful.
Disturbance condition was a signi�icant predictor of both total biomass and basal area. Undisturbed plots had, on average, 7,522 kg 
more biomass (95% CI: 2,921–12,123 kg, p = 0.002) and 0.49 m² more basal area (95% CI: 0.22–0.77 m², p = 0.001) compared to 
disturbed plots. These �indings highlight the structural degradation associated with disturbance. While disturbance had a positive 
effect on IUCN species count (Estimate = 1.03), it was not statistically signi�icant (p = 0.135). The models explained 28–36% of the 
variance in the response variables, with the basal area model showing the highest adjusted R² (0.333).
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Table	2.	Summary	of	multiple	linear	regression	models	assessing	the	effects	of	elevation	and	disturbance	on	(1)	the	number	of	IUCN-
listed	threatened	tree	species,	(2)	total	aboveground	biomass	(kg),	and	(3)	total	basal	area	(m²)	across	27	forest	plots	in	the	Amambahag	
River	Watershed.	Signi�icant	predictors	(p	<	0.05)	are	highlighted	in	bold.	Model	outputs	include	estimated	coef�icients,	95%	con�idence	
intervals	(CI),	p-values,	and	both	R²	and	adjusted	R²	values.

Figure	4.	Relationship	between	elevation	and	the	number	of	IUCN-listed	threatened	species

4.	Conclusion	
The study highlights the critical role of undisturbed and high-
elevation forest areas in maintaining structural integrity and 
conservation value within the Amambahag River Watershed. 
Plots with minimal human disturbance exhibited signi�icantly 
higher biomass and basal area, reinforcing the ecological 
function of intact forests as key carbon sinks and biodiversity 
reservoirs. Elevation also emerged as a strong ecological 
determinant, with higher-altitude plots supporting more IUCN-
listed threatened species, particularly in less disturbed settings. 
These �indings highlight the compounded effect of disturbance 
and elevation on forest health and conservation outcomes. 
Maintaining and protecting undisturbed upland forests is 
essential not only for sustaining carbon storage but also for 
safeguarding species of conservation concern. The integration 
of forest structure and species status data provides valuable 
insights for formulating targeted conservation strategies in 
tropical landscapes under increasing anthropogenic pressure.
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