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1. Introduction

The composition of plant species is crucial for maintaining biodiversity. The functional
makeup of plants can effectively represent biodiversity, influencing species richness and
conservation priorities across many biomes (Wan et al. 2023). This functional makeup maintains
ecosystem processes, provides habitats and resources for organisms, and promotes the long-term
sustainability and resilience of ecosystems (Brondizio et al. 2019). Biological invasions are known
to modify ecosystem structure and function, leading to declines in native biodiversity, changes in
species composition, and disruptions of natural regeneration processes (Fartyal et al. 2025;
Gaertner et al. 2014; Negi et al. 2023). Invasive alien plant species (IAPS) are a global issue, as
they compete with native vegetation, diminish biodiversity, and harm ecosystem services,
socioeconomic status, and human health (Heriyanto et al. 2023; Rai and Singh 2020).

Acacia mangium has shown potential for restoring degraded lands and improving soil
fertility through nitrogen fixation (Koutika and Richardson 2019). Studies have revealed that A.
mangium plantations can increase plant diversity and biomass compared to natural savanna areas,
although with a shift in species composition (Toledo and Nascimento 2019). The tree also supports
a diverse arthropod community, with higher abundance and diversity of insects and spiders on the
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adaxial leaf surface (Gomes et al. 2021). As A. mangium saplings grow and increase ground cover,
they attract more pollinating insects, tending ants, and predators, indicating a positive impact on
ecosystem recovery (Lima et al. 2021). However, A. mangium is highly invasive in many regions
where it has been introduced, potentially threatening local biodiversity (Koutika and Richardson
2019). Therefore, careful risk assessments and management strategies are necessary when using
A. mangium for restoration projects. Despite these concerns, some studies suggest that the invasive
potential of A. mangium may be overstated. In a 25-year study in East Kalimantan, Indonesia, A.
mangium density decreased over time, allowing native tree species to re-emerge among the stands
(Sutedjo and Warsudi 2017).

The study was conducted at Bugoy’s Peak, a locally known elevated area situated in
Barangay Bonbon, Butuan City, within the Caraga Region of the Philippines. While not an
officially designated geographical feature, Bugoy’s Peak is widely recognized in the local
community as a recreational and observational site. The area supports a variety of plant species
and is frequented by hikers and nature enthusiasts. However, concerns have been raised about the
ecological impacts of A. mangium, an invasive species native to Australia, Indonesia, and Papua
New Guinea. A. mangium, an invasive species used in reforestation, has significant ecological
impacts. It increases total litterfall production and alters nutrient cycling in invaded forests,
potentially facilitating further invasion (Jaafar et al. 2022). A. mangium plantations modify soil
physicochemical properties, enhancing organic matter content, nitrogen levels, and water retention
(Hamad-Sheip et al. 2021).

The present study aims to assess the influence of A. mangium and land use patterns on the
woody plant composition of Bugoy’s Peak, Barangay Bonbon, Butuan City. While A. mangium is
widely regarded as an invasive species in various tropical regions, its impact appears to vary
depending on the environmental context. In this study, its effects were not as ecologically
disruptive as reported elsewhere, highlighting the importance of site-specific assessments. The
findings contribute to a deeper understanding of how introduced species and land use changes
interact to shape local vegetation. These insights can inform context-appropriate conservation
strategies and sustainable land management practices, helping to preserve native plant diversity
and maintain ecological balance in upland environments.

2. Materials and Methods
2.1. Location of the Study

Bugoy’s Peak is located in Barangay Bonbon, Butuan City (Fig. 1). Bonbon is situated in
the northeastern part of the Agusan Valley, bounded by Agusan del Norte, Agusan del Sur, and
Butuan Bay. It is designated for the Extended National Greening Programme (E-NGP), which
aims to promote A. mangium plants. The area is situated next to Mount Mayapay and contrasts
with the surrounding agricultural lands, particularly the rice fields, which are located far from the
research site. It was previously used as a park, taking advantage of its high elevation to offer
expansive views that enhanced its appeal as a location for observation.
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Fig. 1. Location of the study.

2.2. Sampling Design and Data Collection

A nested quadrat sampling design was employed in the study area to systematically assess
tree species composition, including the presence of the potentially invasive species Acacia
mangium. A total of 13 quadrats, each measuring 10 m x 10 m, were randomly established. Within
each 10 m x 10 m plot, all tree species with a diameter at breast height (DBH) greater than 5 cm
were identified and recorded. DBH refers to the diameter of a tree trunk measured at 1.3 meters
above ground level, a standard criterion for classifying mature trees. To document sapling
regeneration, a5 m x 5 m sub-quadrat was nested within each 10 m x 10 m plot, where all woody
plants with DBH less than 5 cm but taller than 0.5 m were recorded.

For seedling assessment, a 1 m x 1 m quadrat was further nested within the 5 m x 5 m plot.
All young plant individuals with a height of less than 0.5 meters, which were not yet eligible for
DBH measurement, were recorded as seedlings. This classification was based on the guidelines
set by the Department of Environment and Natural Resources — Biodiversity Assessment and
Monitoring System (DENR-BAMS) (Fig. 2).
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Fig. 2. Nested quadrat sampling design for species diversity assessment (DENR BAMS).
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2.3. Species ldentification

All of the species inside the quadrat were identified and listed. For specimens that were
difficult to identify in the field, we used the GeoCam app to capture geotagged photographs, which
helped us document and revisit the exact location and features of each specimen. Unknown species
present in the sample area were taxonomically identified using relevant online resources (World
Flora Online and Philippine Native Tree Enthusiasts) and with the assistance of taxonomist experts
from the College of Forestry at Caraga State University.

2.4. Shannon Diversity Index

Species of trees with the highest number will be considered the most dominant species.
Equation 1 was used for the Shannon Wiener Index.
H’ = Xpilnpi 1)
where pi is the proportion of individuals belonging to the i-th species relative to the total number
of individuals in the sample. Higher values of A’ indicate greater diversity.

Table 1. Shannon Diversity Index categorization (Fernando et al. 1998)

Relative Values Shannon (H) Index
Very high 3.5-5.0

High 3.0-3.49

Moderate 2.5-2.99

Low 2.0-2.49

Very low 1.9 and below

2.5. Vegetation Analysis

Vegetation analysis was computed using descriptive statistics to determine the relative dominance,
relative frequency, relative density, and the importance value of each species in the study area.
Dominant species exist in the greatest number or size. It was computed using Equations 2-8, the
widely used formula developed by Curtis and McIntosh (1951) and Mishra (1968).

Basal area of a species

Dominance = Area sampled (2
Frequency = Number of plots a species occurs 3)
quency = Total number of plots
Relative frequency (%)= Number of trees per species %100% ()
a y )= Frequency of all trees
o _Total number of individuals of a species
Density (ind/ha) = Total number of areas sampled )
Relative density of each species (%) = __Density of each species 10094 (6)
Frequency of all trees
Relative dominance (%)= _Basal area of each species . 1oy (7)

Basal area of all species
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Importance value (%)= Relative density+Relative dominance+Relative frequency (8)

2.6. Data Analysis

Biodiversity indices, specifically the Shannon-Wiener Diversity Index and Evenness Index,
were calculated using PAST statistical software (Version 2.14). Additionally, site-level
biodiversity metrics based on species richness and abundance within each quadrat were generated
using the BioPro software.

3. Results and Discussion
3.1. Species Composition, Distribution, and Importance of Trees (DBH > 5 cm)

The assessment of woody plant species with DBH > 5 cm in the study area discovered a
mixture of exotic and native species with varying levels of abundance, frequency, and dominance
(Table 2). Atotal of 12 species belonging to different families were recorded. Among the recorded
species, mangium (A. mangium) is a dominant species, surpassing other tree species in terms of
relative density (3.87%), relative frequency (17.21%), relative dominance (17.05%), and with a
species importance value (SIV) of 38.13. On the contrary, bintoko (M. latifolia) and mango (M.
indica) show lower relative densities (0.08%), relative frequency (0.81%), relative dominance
(0.85%), and SIV (1.74), suggesting they are less common. In Brazil, A. mangium was found to
have a negative impact on native species richness in a secondary forest fragment (Silva and Matos
2024). A study in the Philippines by Tulod et al. (2017) found no significant differences in total
regeneration density between exotic plantations and natural forests, but observed variations in
sapling and seedling densities, suggesting that A. mangium can support the establishment of native
species in its understory and potentially contribute to biodiversity conservation.

Table 2. Woody plants with a DBH of > 5 ¢m at Bugoy’s Peak, Barangay Bonbon, Butuan City

Common Scientific name RD RF RDom SIv
name (%) (%) (%) (%)
Anislag Flueggea flexuosa 0.92 6.45 9.84 17.21
Antipolo Artocarpus blancoi 0.38 4.07 4.05 8.5

Balite Ficus benjamina 0.15 1.62 1.6 3.37
Bintoko Melicope latifolia 0.08 0.81 0.85 1.74
Binunga Macaranga tanarius 0.23 2.44 2.46 5.13
Pakiling Ficus odorata 0.15 1.62 1.6 3.37
Gmelina Gmelina arborea 0.31 3.25 3.31 6.87
Lunas kahoy Micromelum minutum 0.15 1.62 1.6 3.37
Malapapaya Polyscias nodosa 1.23 13.17 13.15 27.55
Mango Mangifera indica 0.08 0.81 0.85 1.74
Pulayo puti Syzygium simile 0.46 4.88 4,91 10.25
Mangium Acacia mangium 3.87 17.21 17.05 38.13

Notes: RD = relative density, RF = relative frequency, RDom = relative dominance, SIV = species importance value.

The extensive distribution of A. mangium observed in the study area provides context for
evaluating its impact on native species composition and seedling recruitment. Following A.
mangium, malapapaya (P. nodosa) has the second-highest relative density (1.23%), relative
frequency (13.17%), relative dominance (13.15%), and SI1V (27.55%), indicating its prevalence in
the area. In the Philippines, P. nodosa is a native and pioneering species, playing a key role in

778



Calope et al. (2025) Jurnal Sylva Lestari 13(3): 774-786

initiating ecological succession. In a study conducted by Jawani et al. (2022), P. nodosa was
recommended as a primary species for establishing the microclimatic conditions in denuded areas
to accelerate forest restoration, particularly in the Philippines, where extreme deforestation is
prevalent. Aside from P. nodosa, other native species identified include anislag (F. flexuosa),
antipolo (A. blancoi), lunas kahoy (M. minutum), balite (F benjamina), bintoko (M. latifolia),
binunga (M. tanarius), pakiling (F. odorata), and pulayo puti (S. simile). The presence of these
species is consistent with earlier findings by Galicia (2022) and Marquez et al. (2021), who
reported similar occurrences of native species such as F. odorata and M. tanarius in mixed forest
systems. Dominant species often possess greater resource capture abilities and competitive
success, which in turn influence the distribution and composition of subordinate species (Skornik
et al. 2024). The high importance value of A. mangium reflects its intentional establishment in the
area, where it not only thrives but also has the potential to facilitate microhabitat improvements
and promote the regeneration of native species. Mangium plantations promote natural regeneration
and stabilize microclimates, affecting the establishment and growth of native species (Lee et al.
2006).

3.2. Species Composition, Distribution and Importance of Trees (DBH < 5cm)

In Table 3, the species malapapaya (P. nodosa), mangium (A. mangium), and pulayo puti
(S. simile) exhibit higher densities compared to the others. These species play a crucial role in
enhancing the total biomass and plant cover within the ecosystem (Arodudu et al. 2020). However,
species like anislag (F. flexuosa), pagsahingin (C. asperum), lubeg (S. lineatum), and tibig (F.
nota) demonstrate lower relative densities, implying a more limited distribution. The higher
relative frequencies of malapapaya (P. nodosa), pulayo puti (S. simile), and mangium (A.
mangium) suggest their widespread presence across the ecosystem, contributing significantly to
various ecological processes. Other species, such as antipolo (A. blancoi) and pagsahingin (C.
asperum), also exhibit significant dominance levels. Additionally, P. nodosa emerges as the most
significant species based on the result, possessing the highest species importance value (SIV).

Table 3. Woody undergrowth with a diameter of less than 5 cm DBH at Bugoy’s Peak, Barangay
Bonbon, Butuan City

Common Scientific name RD RF RDom SV
name (%) (%) (%) (%)
Anislag Flueggea flexuosa 0.08 4.73 3.59 8.4
Antipolo Artocarpus blancoi 0.23 9.05 10.31 19.59
Bintoko Melicope latifolia 0.15 9.05 6.73 15.93
Malapapaya  Polyscias nodosa 0.70 28.38 31.39 60.47
Pulayo puti Syzigium simile 0.54 23.65 24.22 48.41
Mangium Acacia mangium 0.69 19.12 30.94 50.75
Pagsahingin ~ Canarium asperum 0.08 4.73 3.59 8.4
Lubeg Syzygium lineatum 0.08 4.73 3.59 8.4
Tibig Ficus nota 0.08 4.73 3.59 8.4

Notes: RD = relative density, RF = relative frequency, RDom = relative dominance, SIV = species importance value.

Table 4 shows that malapapaya (P. nodosa) stands out with the highest relative density
(0.85) and relative frequency (53.81). This suggests that malapapaya plays a significant role in the
ecosystem, potentially contributing to various ecological processes due to its abundance.
Additionally, the malapapaya species importance value (SIV) of 29.6 further highlights its
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ecological significance. Pulayo puti also shows considerable relative frequency (41.94%) and
relative dominance (22.22%). While its relative density is lower compared to malapapaya, pulayo
puti (S. simile) still makes a significant contribution to the ecosystem’s structure and function. On
the other hand, species like bagon (M. minutum), binunga (M. tanarius), and lubeg (S. lineatum)
exhibit lower relative densities, frequencies, and dominance percentages. Species exhibiting lower
relative densities, frequencies, and dominance percentages may indicate a more restricted
distribution. This could also suggest that their ecological impact is less pronounced, potentially
due to their limited geographic range within the area.

Table 4. Regenerant species diversity and richness (1 x 1) m?

Common Scientific name RD RF RDom SIvV
name (%) (%0) (%0) (%)
Bagon Micromelum minutum 0.08 7.67 3.29 11.04
Binunga Macaranga tanarius 0.08 7.67 3.29 11.04
Malapapaya Polyscias nodosa 0.85 53.81 35.05 89.71
Pulayo puti Syzygium simile 0.54 41.94 22.22 64.70
Lubeg Syzygium lineatum 0.08 7.67 3.29 11.04

Notes: RD = relative density, RF = relative frequency, RDom = relative dominance, SIV = species importance value.

3.3. Tree Species Diversity and Richness

Table 5 shows the abundance and distribution of various tree species withina 10 m x 10 m
quadrat. It reveals considerable variation in the number of individuals among species, with some
being highly abundant while others are rare. Proportional abundance values highlight the
dominance of certain species, particularly malapapaya (P. nodosa), which is a native tree species
in the Philippines.

Table 5. Tree species diversity and richness (10 x 10) m?

Common name Scientific name Individuals pi In In x pi
Anislag Flueggea flexuosa 12 0.098 -0.233 0.009
Antipolo Artocarpus blancoi 5 0.041 -0.095 0.002
Bagon Micromelum minutum 2 0.016 -0.037 0
Balite Ficus benjamina 2 0.016 -0.037 0
Bintoko Melicope latifolia 1 0.008 -0.018 0
Binunga Macaranga tanarius 3 0.024 -0.056 0.001
Pakiling Ficus odorata 2 0.016 -0.037 0
Gmelina Gmelina arborea 4 0.032 -0.075 0.001
Malapapaya Polyscias nodosa 16 0.13 -0.307 0.017
Mango Mangifera indica 1 0.008 -0.018 0
Pulayo puti Syzigium simile 6 0.049 -0.114 0.002
Mangium Acacia mangium 54 0.439 -1.034 0.193
Pagsahingin Canarium asperum 3 0.024 -0.056 0.001
Alagasi Leucosyke capitellata 7 0.057 -0.134 0.003
Lubeg Syzygium lineatum 5 0.041 -0.095 0.002

The natural logarithm-transformed values offer insights into the distribution patterns and
evenness of species within the community. Patterns of species diversity and species abundance
distribution change in response to habitat (Zang et al. 2020). The data generally emphasizes the
importance of considering species abundance and distribution for understanding ecosystem
dynamics. In a recent study by Jiang et al. (2025), they demonstrated that reseeding native species
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improved community stability by enhancing species diversity, niche differentiation, and
interspecific relationships. This underscores the practical importance of understanding species
abundance distributions and ecological niches in ecosystem restoration efforts.

Table 6 shows the species diversity and richness of tree species found in the 5 m x 5 m
quadrat. It can be observed that malapapaya (P. nodosa), pulayo puti (S. simile), and mangium (A.
mangium) are more abundant than others, with each having nine individuals recorded. This higher
abundance might indicate that these species play a more significant role in the ecosystem or are
better adapted to the environmental conditions of the sampled area. Dominant tree species are
recognized for their significant role in shaping the structure and function of ecosystems. According
to Smith and Knapp (2003), they can help sustain ecosystem productivity, even in the absence of
less common species. Furthermore, dominant species may influence the distribution and
abundance of neighboring species through mechanisms such as competitive exclusion and
environmental filtering (Wei et al. 2020). Understanding the role of dominant species is crucial
for predicting ecosystem responses to species loss, as well as for enhancing forest management
practices (Duan et al. 2024). Moreover, species like anislag (F. flexuosa), pagsahingin (C.
asperum), lubeg (S. lineatum), and tibig (F. nota) are less abundant, with only one individual
recorded for each.

Table 6. Woody undergrowth species diversity and richness (5 x 5) m?

Common name Scientific name Individuals pi In In x pi
Anislag Flueggea flexuosa 1 0.029 -0.083 0.001
Antipolo Artocarpus blancoi 3 0.088 -0.254 0.008
Bintoko Melicope latifolia 2 0.059 -0.17 0.003
Malapapaya Polyscias nodosa 9 0.264 -0.761 0.056
Pulayo puti Syzigium simile 7 0.206 -0.594 0.043
Mangium Acacia mangium 9 0.265 -0.764 0.071
Pagsahingin Canarium asperum 1 0.029 -0.083 0.001
Lubeg Syzygium lineatum 1 0.029 -0.083 0.001
Tibig Ficus nota 1 0.029 -0.083 0.001

Table 7 shows the abundance and proportional abundance (pi) of several tree species within
a sampled area, along with their natural logarithm-transformed values. Primarily, malapapaya (P.
nodosa) stands out with the highest number of individuals (11) and the highest proportional
abundance (0.524), indicating its commonness within the ecosystem.

Table 7. Regenerant species diversity and richness (1 x 1) m?

Common name Scientific name Individuals pi In In x pi
Bagon Micromelum minutum 1 0.048 -0.112 0.002
Binunga Macaranga tanarius 1 0.048 -0.112 0.002
Malapapaya Polyscias nodosa 11 0.524 -1.209 0.275
Pulayo puti Syzigium simile 7 0.333 -0.741 0.111
Lubeg Syzygium lineatum 1 0.048 -0.112 0.002

Recent findings have suggested that larger diversity in the tropics could be explained by
larger niche spaces and greater niche packing (Pellissier et al. 2018). This mechanism could
interact with differential diversification rates to amplify spatial differences in diversity (Etienne et
al. 2019). Additionally, species such as bagon (M. minutum), binunga (M. tanarius), and lubeg (S.
lineatum) have only one individual each, indicating a lower abundance. According to Hubbell
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(2001), the importance of rare species in maintaining biodiversity and ecosystem resilience, even
with low abundances, is evident in species such as bagon (M. minutum), binunga (M. tanarius),
and lubeg (S. Lineatum), which can still contribute to overall ecosystem stability and function.
Table 8 shows the frequency of occurrence of A. mangium within two different plot sizes
(10 m x10 m and 5 m x 5 m) along with the total number of individuals recorded and the number
of quadrats in which the species is present. In the 10 m x 10 m plot, A. mangium is present in 13
out of the total number of quadrats, with a total of 54 individuals recorded, representing a
frequency of 20.97%. In the smaller 5 m x 5 m plot, A. mangium is present in 4 out of the total
number of quadrants, with only 9 individuals recorded, resulting in a lower frequency of 6.45%.

Table 8. A. mangium frequency and occurrence in (10 x 10) m? and (5 x 5) m? plot

Number of quadrants in which the

Plot Tree species Total species is present Frequency
10 mx10m  Acacia mangium 54 13 20.97%
5mx5m Acacia mangium 9 4 6.45%

This shows that A. mangium is more abundant and has a higher frequency of occurrence in
the larger plot size compared to the smaller one. The difference in frequency between the two plot
sizes could be attributed to various factors, such as differences in environmental conditions or
spatial distribution patterns. Larger plot sizes capture more variability in species distribution and
provide a more comprehensive understanding of community composition compared to smaller plot
sizes (Bonham 1989).

Table 9 shows the total number of individuals, the number of quadrats in which each species
is present, frequency, and density for several tree species. Malapapaya (P. nodosa) stands out with
the highest total number of individuals (11) and the highest frequency (11.29%). This means that
malapapaya is relatively more abundant and widespread within the sampled area compared to other
species. Additionally, malapapaya has a density of 0.85, indicating that, on average, there are 0.85
individuals of malapapaya per quadrat. Accordingly, understanding species diversity and
abundance is crucial to the dynamics of tropical forests. In an ecological context, certain species
may dominate in terms of density and frequency, while others may be relatively rare. These
ecological patterns, shaped by conspecific negative density dependence and species-specific traits,
have a significant impact on understanding coexistence, ecosystem functioning, and conservation
prioritization (Cooper et al. 2023; Hordijk et al. 2024; LaManna et al. 2017).

Table 9. Seedling recruitment of native and indigenous tree species on every plot
Number of quadrats in

g;rrnnemon Scientific name Total which the species is Frequency  Density
present

Bagon Micromelum minutum 1 1 1.61% 0.08

Binunga Macaranga tanarius 1 1 1.61% 0.08

Malapapaya  Polyscias nodosa 11 7 11.29% 0.85

Pulayo puti Syzigium simile 7 6 9.68% 0.54

Lubeg Syzygium lineatum 1 1 1.61% 0.08

Table 10 shows that the diversity indices reveal moderate dominance (D = 0.2313), low
species diversity (Shannon Index H = 1.996), and moderate evenness (Evenness Index e"/S =
0.4908) within the sampled ecosystem. This indicates that, despite the allelopathic effect of A.

782



Calope et al. (2025) Jurnal Sylva Lestari 13(3): 774-786

mangium as previously reported by Ekayanti et al. (2015), it can still recruit a significant number
of native species in the area. Certain factors may mitigate the invasive potential of A. mangium,
allowing native species to thrive. Re-evaluating the invasive potential of A. mangium should be
considered to integrate with local ecological factors for effective management. Rather than
focusing on its allelopathic potential, more research should investigate how topography, climate,
and soil characteristics interact to shape ecological dynamics. The harmonious coexistence of A.
mangium and native species highlights the importance of considering local factors in invasive
species control plans.

Table 10. Summary of diversity indices

Overall plot Overall
Dominance_D 0.2313
Shannon_H 1.996
Evenness_e"/S 0.4908

4. Conclusions

This study provides a quantitative evaluation of the influence of A. mangium on species
composition and seedling recruitment in Bugoy’s Peak, Barangay Bonbon, Butuan City. A total
of 13 plots were surveyed using a nested quadrat design, resulting in the identification of 12 woody
species with DBH > 5 cm and several regenerating individuals with DBH < 5 cm. Among these,
A. mangium exhibited the highest species importance value (SIV) of 38.13, driven by a relative
density of 3.87%, frequency of 17.21%, and dominance of 17.05%. However, the dominance of
A. mangium was not overwhelming, as native species such as P. nodosa (malapapaya) showed
substantial presence, particularly in the <5 cm DBH class, with the highest SIV of 29.6 and relative
frequency of 53.81%. Despite global concerns about A. mangium’s invasive nature, the study site
showed no signs of monospecific dominance or displacement of native species. Instead, native
trees such as S. simile, A. blancoi, F. flexuosa, and M. tanarius were present across plots,
suggesting positive natural regeneration and coexistence. Diversity assessments revealed species
richness and evenness, indicating a structurally diverse regenerating forest.
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