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Abstract. Cabardo ELO, Austria ES, Salamanes JJDP. 2025. Butterfly diversity and conservation implications in Real, Quezon,
Philippines. Biodiversitas 26: 4363-4373. Butterflies are key bioindicators of environmental health, yet systematic studies on lowland
butterfly assemblages in the Philippines are scarce, leaving a crucial gap in biodiversity knowledge and conservation planning. This
study aimed to document the diversity, abundance, and habitat associations of butterflies in Brgy. Malapad, Real, Quezon (a lowland
barangay within the Sierra Madre Biodiversity Corridor) and to assess their conservation implications. Sampling was conducted from
March to June 2024 in two distinct sites: a riparian zone near Nonok Falls and a secondary forest. Using Pollard Walk transects, bait
traps, and opportunistic netting, 103 individuals representing 27 species, 22 genera, and 5 families were recorded. Nymphalidae was the
most dominant family in terms of species richness and abundance. The riparian zone showed notably higher species richness (20
species), diversity (H'": 2.8115, 1-D: 0.9486), and evenness (J": 0.9385) than the secondary forest with 13 species, diversity (H': 2.1630,
1-D: 0.8667), and evenness (J': 0.7346). Community composition between the two habitats differed substantially, as indicated by a
Bray-Curtis dissimilarity index of 0.748. This dissimilarity was statistically supported by a significant Hutcheson t-test (t: 4.444),
confirming a marked difference in butterfly diversity between sites. One species, Notocrypta paralysos, was classified as Vulnerable,
while five species were endemic to the Philippines. The presence of both endemic and threatened species highlights the urgent need to
prioritize lowland habitats in regional conservation strategies. These findings underscore the conservation importance of lowland
ecosystems and highlight the need to integrate butterfly diversity data into local conservation planning. This study offers a vital baseline

for biodiversity monitoring and supports sustainable land-use and community-based habitat management efforts.
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INTRODUCTION

Butterflies, as essential pollinators and sensitive
bioindicators, play vital roles in maintaining ecological
balance and reflecting environmental health across
ecosystems (Ismail et al. 2020; Subedi et al. 2020). Their
presence, abundance, and diversity are not only critical for
plant reproduction but also serve as reliable indicators of
environmental change, particularly in term of habitat
quality and ecosystem degradation (Badon et al. 2023;
Itliong et al. 2024). Globally, there are more than 20,000
described butterfly species, many of which are increasingly
under threat from anthropogenic pressures such as land-use
change, pollution, and climate change (Dore et al. 2022).

In the Philippines, recognized as a megadiverse country
with an exceptionally high level of butterfly endemism,
approximately 915 butterfly species have been recorded, of
which 354 are endemic, accounting for an estimated 10%
of the world’s endemic butterfly species (Nacua et al. 2020;
Badon et al. 2023). Despite this richness, butterfly
populations in Southeast Asia, including the Philippines,
have experienced significant declines, driven by rapid
deforestation, agricultural intensification, and urban
expansion (Dore et al. 2022; Ahmadzai et al. 2023). This
regional biodiversity loss is especially alarming in Luzon,
where the Sierra Madre Mountain Range, including Real,
Quezon, acts as one of the last remaining bastions of

lowland and montane forest ecosystems. However, the
conversion of primary forests into coconut plantations,
tourism sites, and road infrastructures has fragmented
habitats such as Real, compromising ecological
connectivity and placing additional pressure on butterfly
populations (Singgalen 2022; Chola et al. 2025). These
disturbances heighten the urgency for conservation action,
especially given that the Philippine lowlands, unlike the
more studied montane ecosystems, receive less
conservation focus yet contain equally critical biodiversity
hotspots (Daipan 2021; Buhay et al. 2023).

Recent studies from Southeast Asia have demonstrated
the detrimental impacts of land-use change on butterfly
diversity and community structure. Harmonis et al. (2022)
documented a reduction in forest specialist species and a
shift toward edge-adapted generalists in disturbed
Malaysian forests. Winarni et al. (2023) found similar
patterns in Indonesia, where butterfly assemblages in oil
palm-dominated landscapes showed reduced taxonomic
and phylogenetic diversity. In Thailand, Jaturas et al.
(2020) reported the local extinction of endemic butterfly
species in agroforestry mosaics, underscoring the
importance of retaining forest fragments within agricultural
matrices. These studies collectively highlight the loss of
both functional and evolutionary diversity due to habitat
alteration and stress the importance of maintaining
ecological integrity in rapidly changing landscapes.
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Nevertheless, research has been predominantly centered on
well-established protected areas, with limited attention to
small-scale, human-modified, or transitional forest habitats.

Forest degradation in Philippine lowland regions not
only results in species loss but also alters butterfly
community composition, with sensitive forest specialists
increasingly replaced by widespread generalists capable of
thriving in disturbed environments (Cleary et al. 2025).
While such ecological shifts have been well-documented in
other parts of Southeast Asia, empirical data on butterfly
diversity in lesser-known forest areas of the Philippines.
particularly those outside protected zones, remain scarce.
Municipal forests such as those in Real, Quezon, are
underexplored, despite their potential as critical ecological
corridors or biodiversity reservoirs.

This study, therefore, aims to assess butterfly diversity
in Real, Quezon, and evaluate the conservation
implications of its species richness and community
structure across habitat types. Specifically, it seeks to (i)
document butterfly species present in selected sites in Real;
(i) analyze species abundance, richness, and diversity
patterns across habitat gradients; (iii) identify conservation
priorities based on species vulnerability, endemism, and
habitat specificity. The findings are expected to provide
valuable baseline data on butterfly biodiversity in the
region, inform local conservation policy, and raise
awareness on the ecological value of insect diversity amid
land-use change. Furthermore, this study highlights the
importance of integrating butterfly monitoring into broader
biodiversity assessments and land management planning,
particularly in municipalities located within biodiversity
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corridors that face intensifying development pressures. In
doing so, it supports national and global conservation
objectives, aligning with the Philippines’ commitments
under the Convention on Biological Diversity and the Aichi
Biodiversity Targets.

MATERIALS AND METHODS

Study area and sampling site

Brgy. Malapad is a 3,648 hectares coastal lowland
barangay in southeastern Real, Quezon, Philippines,
characterized by a mix of plains, coastal vegetation, and
proximity to land and sea ecosystems, making it
ecologically valuable. At an elevation of 244.8 meters, it
lies in a transitional zone ideal for butterfly diversity
(DENR-BMB 2015).

The study was conducted in two ecologically distinct
sampling sites within Brgy. Malapad (Figure 1). The first is
a riparian zone near Nonok Falls (14°31°54.6”N,
121°37°23.6”E), characterized by gently sloping terrain, a
humid microclimate, and vegetation dominated by
moisture-loving plants. The second site is a secondary
forest (14°31°56.5”N, 121°37°21.4”E), situated at an
elevation 350-450 meters, characterized by regenerating
native trees and dense undergrowth. This site offers a
contrasting habitat that is likely to support distinct forest
butterfly communities, thereby enhancing the study’s
biodiversity assessment.
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Figure 1. Map of the study area in Brgy. Malapad, Real, Quezon, Philippines, with a photograph of the sampling sites. A: Riparian

Zone, B: Secondary Forest
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Data collection
Specimen collection permit

To ensure compliance with national wildlife
regulations, a Wildlife Gratuitous Permit (GP No. R4A-
WGP-2024-QUE-018) was secured from the Department of
Environment and Natural Resources (DENR), Regional
Office No. IV-A Calabarzon. The permit officially
authorized the collection of butterflies, ensuring that all
activities comply with environmental regulations and
conservation efforts.

Sampling design and method

Butterfly sampling was conducted from March to June
2024, encompassing both the dry and early wet seasons to
capture seasonal variations in butterfly diversity and
community composition, coinciding with peak butterfly
activity in Philippine lowland environments (Badon et al.
2021). Two habitat types in Real, Quezon were selected:
the riparian zone near Nonok Falls and an upland
secondary forest. At each site, a 500-meter transect was
established and divided into ten 50-meter segments,
following the Pollard Walk method, with butterflies
recorded within a 5 m width and 5 m height (Suman et al.
2021; Ruales et al. 2023). Observations were conducted
twice monthly, with four days of sampling per site (eight
days per month), and each transect walk lasted
approximately two hours during peak butterfly activity
from 08:00-11:00 AM and 1:00-3:00 PM under favorable
weather conditions (Badon et al. 2021; Ruales et al. 2023).
To account for varied feeding guilds and behaviors, active
sweep netting (mesh size: 0.5 mm; handle length: 1 meter)
was performed within the defined transect area, baited traps
using fermented bananas were placed at 10-meter intervals
and left for three hours to attract fruit-feeding species
(Alvarez et al. 2021; Itliong et al. 2024), and opportunistic
hand-netting was conducted to capture elusive or canopy-
dwelling species beyond the transects (Freitas et al. 2020).
To minimize observer bias and ensure data reliability, all
sampling was performed by the same trained observer who
followed standardized protocols throughout the study
period. Prior calibration through mock transects to ensured
consistency in detection and identification accuracy
(Ruales et al. 2023).

Butterflies processing and preservation

Butterfly specimens were processed and preserved
using standard entomological protocols to ensure precise
identification and long-term storage. After collection, each
specimen was gently placed in a paper envelope and
euthanized using ethyl acetate to minimize damage to key
morphological features. Specimens were subsequently
mounted on stainless steel insect pins, labeled with
complete collection data, and air-dried in a shaded, well-
ventilated area to maintain wing coloration and structural
features (Igano et al. 2021). All Preservation procedures
conformed to the National Plant Biosecurity Diagnostic
Network (2024) guidelines, which emphasize minimizing
exposure to direct sunlight and high humidity to prevent
specimen degradation and maintain taxonomic accuracy.
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Identification of butterflies

Identification of butterfly specimens was conducted
using an integrated approach combining photographic
guides, taxonomic keys, and expert consultation to ensure
accuracy and reliability. Primary references included “Field
Guide to Butterflies of the Philippines” by Hardy and
Lawrence (2017) and “A Naturalist’s Guide to the
Butterflies of the Philippines” by Badon (2023), both of
which provided high-resolution images, diagnostic
morphological traits, and distributional information
essential for accurate species identification. Photographs of
previously identified voucher specimens from curated
entomological collections were also used for direct
comparison. Key morphological features, including wing
coloration and patterns, venation, and body structure, were
carefully examined to differentiate closely resembling
species. Additionally, species identifications were verified
with the assistance of an expert from the Philippine
National Museum to strengthen taxonomic accuracy and
consistency.

Data analysis

Analysis of data employed several ecological diversity
indices to thoroughly assess the butterfly assemblages and
their conservation implications in the lowland areas of
Real, Quezon. To capture both species richness and the
relative abundance of each species, the Shannon-Wiener
diversity index (H'), calculated as:

s
H == p;in(p)
i-1

Where, H'": Shannon-Wiener diversity index, S: Total
number of species, pi: Proportion of individuals that belong
to species i, N: Total number of individuals in the sample
and In: Natural logarithm (base ¢).

Meanwhile, the Simpson's index of diversity (1-D),
which measures the probability that two randomly selected
individuals belong to different species, provides insight
into community dominance with less sensitivity to rare
species and is expressed as:

1-p-1-3 (=)

i=1

Where, 1-D: Simpson’s index of diversity, D:
Simpson's index (dominance index), S: Total number of
species, ni; Number of individuals of species i, and N:
Total number of individuals in the sample.

Lastly, Pielou's Evenness index (J'), which quantifies
how evenly individuals are distributed among the observed
species. is expressed as:

Where, J': Pielou’s Evenness index, H': Shannon-
Wiener diversity index, S": Total number of species
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(species richness), and In S: Natural logarithm of species
richness.

These indices are suitable for this study as they
collectively provide a comprehensive quantitative
description of butterfly biodiversity, enabling robust
comparisons between the riparian zone and secondary
forest habitats and informing conservation strategies
(Magurran 2013).

To compare butterfly community composition between
the riparian zone and upland secondary forest, Bray-Curtis
dissimilarity index and Hutcheson t-test were employed as
community comparison metrics. The Bray-Curtis
dissimilarity index was used to quantify differences in
species composition and relative abundance between the
two habitat types, providing a robust measure of beta
diversity. This index ranges from 0 (identical communities)
to 1 (completely dissimilar communities) and is
particularly effective in ecological studies dealing with
abundance data. The formula used was:

> lai — bi
> (ai +b;)

Bray-Curtis Dissimilarity =

Where, a; and b; represent the abundances of species i in
sites A and B, respectively.

To statistically evaluate whether observed differences
in diversity (Shannon-Wiener index, H') between the two
sites were significant, the Hutcheson t-test was applied.
This test compares the variance of Shannon indices
between two samples and is suitable for assessing diversity
differences in ecological communities. The formula used
was:

Hi — Hj

v/ Var(H}) + Var(H})

Where, H,’ and H»' are the Shannon diversity indices of
the two sites, and Var(H') is the variance of each respective
index. These statistical analyses were conducted using
PAST v4.11 software to ensure accurate computation and
interpretation of ecological patterns across habitats.

Conservation status

The conservation status, endemism, and Philippine
distribution of butterfly species recorded in the study were
determined using the references “Illustrated Lists of
Philippine Butterflies” by Badon et al. (2023) and the field
guide by Hardy and Lawrence (2017). Site-specific
distribution was based on species occurrences recorded
from the two designated sampling sites: the riparian zone
near Nonok Falls and the upland secondary forest in Brgy.
Malapad. The national conservation status of each species
was assessed using the IUCN Red List of Threatened
Species. Version 2024-1 and Hardy and Lawrence (2017),
providing insights into species that are endemic, rare, or
threatened within the country.

BIODIVERSITAS 26 (9): 4363-4373, September 2025

RESULTS AND DISCUSSION

Species composition and abundance of butterflies

A total of 103 butterfly individuals were collected from
the study area, comprising 58 individuals from the Riparian
Zone and 45 from the Secondary Forest. These individuals
represent 27 species, distributed among 22 genera and 5
families:  Hesperiidae, = Lycaenidae, = Nymphalidae,
Papilionidae, and Pieridac (Table 1). This level of
diversity, while specific to the sampled area, contributes to
the growing understanding of Philippine butterfly fauna.
For instance, a study in Butuan City, Agusan del Norte,
recorded 37 species from 4 families (Ruales et al. 2023),
and another in Mt. Matutum Protected Landscape, South
Cotabato, found 34 species from 5 families (Mangaoang
and Mohagan 2019). These comparisons suggest that
lowland areas, even those potentially impacted by human
activities, like Brgy. Malapad in Real, Quezon can still
harbor significant butterfly diversity, highlighting their
ecological value. The overall species richness is influenced
by wvarious factors, including habitat heterogeneity,
availability of host plants and nectar sources, and the extent
of anthropogenic disturbance (Badon et al. 2021). This
observed diversity highlights the role of semi-disturbed
lowland habitats as important refugia for butterfly
communities, supporting both common and habitat-
sensitive species that are crucial for ecosystem functioning
and pollination networks.

As shown in Figures 2 and 3 Nymphalidae is the most
dominant among the identified families, accounting for 17
species (62%) and 13 genera (59%). Papilionidae and
Pieridae followed, each represented by four species (15%)
each, while Hesperiidae and Lycaenidae were the least
abundant. With only one species (4%) each. This
predominance of Nymphalidae aligns with global and the
Philippines butterfly patterns (Espino and Solania-Naling
2021; Gracia et al. 2021; Grasia et al. 2022). Gracia et al.
2021 reported that Nymphalidae comprised nearly half of
the butterfly species in the lowland forests of Surigao del
Sur. Espino and Solania-Naling (2021) also reported
Nymphalidae as the most speciose family (~58%) in Mt.
Magdiwata, and Grasia etal. (2022) found Nymphalidae
dominated Awasian Reserve (30 of 57 species). Their
ecological success may be attributed to their adaptability,
wide host plant range and ecological tolerance, and strong
dispersal abilities (Mohagan et al. 2018). Nymphalidae is
the largest family of butterflies, comprising over 6,000
species worldwide, and is known for its adaptability and
wide range of host plant associations (Rohman et al. 2025).
Their caterpillars are generalist feeders, enabling them to
thrive in diverse habitats. This broad ecological niche
contributes to their high representation in many
ecosystems, including the tropical lowland forests of the
Philippines. The relatively lower representation of
Hesperiidae and Lycaenidae may result from their more
specialized habitat requirements, narrower host plant
preferences, or potential sampling limitations affecting
smaller and often more cryptic groups.
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Table 1. Species composition, endemicity, and conservation status of collected butterfly species
Number of individuals Total Conservation
Species Family Riparian Secondary number of Distribution
o e . status (IUCN)
Zone Forest  individuals
Notocrypta paralysos Hesperiidae 1 0 1 Widespread in South and VU*
Southeast Asia
Jamides cyta amphisissimus Lycaenidae 6 0 6 Found throughout Southeast NE
Asia
Athyma perius perius Nymphalidae 5 2 7 India to Southeast Asia NE
Cupha aria 1 0 1 Southeast Asia NE
Elymnias melias 0 2 2 Southeast Asia NE
Euploea climena 0 1 1 Indomalayan, Australasian NE
realms
Hypolimnas bolina 0 7 7 Madagascar to Asia and NE
Australia
Idea leuconoe 2 0 2 Malaysia, Taiwan, and the NE
Philippines, and the Ryukyu
Islands
Ideopsis juventa 3 12 15 Widespread throughout NE
Southeast Asia
Junonia hedonia 1 0 1 Southeast Asia, Indonesia, NE
Australia
Junonia sp. 1 0 1 NE
Lasiommata maera 1 0 1 Common in continental Europe LC
Lexias satrapes 0 1 1 Southeast Asia NE
Lexias panopus 0 1 1 Southeast Asia NE
Mycalesis fusca 4 0 4 Afrotropical and Indomalayan NE
realms
Mpycalesis sp. 4 0 4 NE
Ragadia annulata 0 1 1 Southeast Asia NE
Ypthima condamini 6 3 9 Widespread in Africa and Asia LC
Zethera pimplea 2 9 11 Endemic to the Philippines NE
Menelaides sp. Papilionidae 0 3 3 NE
Pachliopta kotzebuea 5 2 7 Endemic to the Philippines NE
Pachliopta phlegon 3 0 3 Endemic to the Philippines NE
Troides rhadamantus 1 1 2 Endemic to the Philippines NE
Catopsilia sp. Pieridae 4 0 4 NE
Delias henningia 1 0 1 Endemic to the Philippines NE
Eurema hecabe 4 0 4 Asia, Africa, and Australia LC
Leptosia nina 3 0 3 South and Southeast Asia LC
TOTAL 58 45 103

Note: VU*: Vulnerable (Igano et al. 2021), LC: Least Concern, NE: Not Evaluated

4%
15% 4%
15%
° [ ] Hesperiidae

Lycaenidae
Nymphalidae

62% Papilionidae
Pieridae

Figure 2. Relative species richness of butterfly families in the
study area

At the species level, Ideopsis juventa was the most
abundant overall, with 15 individuals collected (14.56% of

the total), closely followed by Zethera pimplea with 11
individuals (10.68%) (Table 1). Their high abundance
suggests they are well-adapted to the environmental
conditions of the study area and likely utilize common host
plants available in both the Riparian Zone and Secondary
Forest. Ideopsis juventa are known to be generalists and are
often associated with disturbed or edge habitats, which may
explain their prevalence in the study area. The dominance
of I juventa and Z. pimplea may indicate that butterfly
community structure shaped by habitat modification,
favoring adaptable and edge-tolerant species over
specialists, thereby reflecting moderate to high levels of
ecological disturbance in the study area (Aprillia et al.
2024).

Habitat-specific abundance showed Jamides cyta
amphisissimus and Ypthima condamini as the most
abundant species in the Riparian Zone, each with 6
individuals (10.34%). In the Secondary Forest, /. juventa
was notably dominant, accounting for 12 individuals
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(20.69%) of the butterflies collected in that specific habitat
(Table 1). The specific dominance of J. ¢. amphisissimus
and Y. condamini in the Riparian Zone indicates their
preference for the conditions found near water bodies,
possibly due to the availability of specific host plant,
microclimatic  conditions  (higher humidity, cooler
understory), and the presence of specific host plant in
riparian areas favor these species. Similar patterns were
observed in riparian buffers elsewhere, where
environmental heterogeneity and moisture gradients
supported unique butterfly assemblages. The pronounced
abundance of I. juventa in the Secondary Forest (20.69%)
further supports its generalist nature and ability to thrive in
disturbed or regenerating forest environments. It may
reflect its preference for shaded understory environments
and host plants commonly found in regenerating forests.
This mirrors findings by Reeves and Daniels (2020) in
Mount Kanlaon, where certain endemic species thrived in
secondary growth habitats.

Five butterfly species (Athyma perius perius, I. juventa,
Y. condamini, Z. pimplea, and Troides rhadamantus) were
documented in both the Riparian Zone and Secondary
Forest, underscoring their ecological generalist tendencies
and capacity to utilize a range of lowland habitats. This
pattern aligns with findings from PC Hills, Leyte, where
butterfly occurrence across riparian and forested habitats
highlighted how species distributions are shaped by
vegetation structure and habitat heterogeneity (Igano et al.
2021). In particular, T. rhadamantus, an endemic birdwing
frequently observed along riparian corridors, has been
noted mating and nectarine in riparian and agroforestry
settings in Mt. Banahaw, suggesting its resilience in both
forested and disturbed landscapes (Gestiada et al. 2014).
Research in Amazonian riparian buffers similarly showed
that riparian reserves can sustain butterfly assemblages
comparable to adjacent intact forests, particularly by
supporting canopy-dwelling taxa (Kovacevich et al. 2022).
Thus, the co-occurrence of these genera in both sites in
Real, Quezon reflects their adaptability to habitat mosaics
and supports the notion that conserving riparian corridors
alongside secondary forests is critical for maintaining
landscape-wide butterfly diversity.

Diversity of butterflies in the two study sites

The riparian zone exhibited higher species richness,
with 20 species) and 16 genera, compared to the secondary
forest’s 13 species and 12 genera) (Table 2 and Figure 3).
This suggests that riparian habitats provide more favorable
microhabitats and abundant floral resources for butterflies.
The observed higher species and generic richness in the
Riparian Zone is consistent with results from other studies
on butterfly distribution. This pattern aligns with findings
from Igano et al. (2021) in Leyte, Philippines, where
riparian ecosystems supported greater butterfly diversity
than agroecosystems due to increased vegetation
heterogeneity and nectar availability. Similarly, An and
Choi (2021) emphasized the role of riparian zones as
ecological corridors that facilitate species dispersal and
enhance landscape-level  biodiversity — conservation.
Riparian areas are often characterized by unique
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microclimates, higher humidity, diverse vegetation, and
consistent water sources, creating conditions favorable for
a wider range of butterfly species (Kovacevich et al. 2022).
The presence of varied larval host plants and nectar
resources along riverbanks supports both larval
development and adult sustenance. In contrast, secondary
forests, while ecologically important, may lack the
structural complexity and resource diversity of riparian
habitats, leading to reduced lepidopteran richness
(Harmonis et al. 2022). Critically, this pattern reflects
broader ecological principles such as metapopulation
dynamics, where patches of habitat like riparian zones
function as population sources, buffering against local
extinctions in sink habitats such as isolated or degraded
secondary forests. The edge effects resulting from
fragmentation in Real, Quezon—driven by agricultural
expansion, logging, and settlement encroachment—reduce
habitat quality, particularly in secondary forests. These
edge effects not only alter microclimates and vegetation
structure but also increase the exposure of sensitive
butterfly species to human disturbance, invasive species,
and stochastic environmental events. The riparian habitat’s
function as a refugial stronghold becomes even more
critical in fragmented landscape. Butterflies are widely
recognized as sensitive bioindicators due to their rapid
responses to environmental changes, narrow ecological
niches, and close dependence on host plants. their presence,
abundance, and diversity reflect underlying ecological
integrity. The significantly higher Shannon-Wiener
diversity index and evenness in the Riparian Zone indicate
not only a richer community but also a more balanced one,
further supporting the idea that riparian systems are less
disturbed and more ecologically stable. Species like 1.
juventa are commonly associated with open and
regenerating habitats and were observed in both zones, but
their higher abundance in secondary forests might suggest
adaptation to edge conditions. Conversely, species such as
J. ¢. amphisissimus and Y. condamini, both of which have
narrower ecological requirements, were primarily restricted
to the riparian zone, indicating higher habitat sensitivity
and possible vulnerability to microhabitat alterations.
Importantly, J. c¢. amphisissimus is currently listed under
the Philippine Red List as near threatened due to habitat
specificity and declining host plant availability, while
others like Appias lyncida and Papilio demoleus remain of
least concern (IUCN 2024), but may still face local threats
from pesticide use and larval host plant loss. Conservation
planning must account for butterflies’ ecological roles,
dispersal abilities, and disturbance sensitivity, recognizing
that some species act as early-warning indicators of broader
ecosystem health.

From a conservation biology standpoint, the Real,
Quezon area holds strategic value within the Sierra Madre
Biodiversity Corridor, one of the last strongholds of
lowland rainforest in the Philippines. This region lies at a
biogeographic convergence zone between Eastern Luzon
lowland forests and montane systems, supporting both
endemic and migratory species. Its ecological importance is
compounded by its role as a watershed and climate buffer
for local communities. However, anthropogenic pressures
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such as riverbank conversion, agricultural runoff, charcoal
production, and unsustainable tourism continue to threaten
its ecological integrity. These localized threats exacerbate
broader processes of habitat fragmentation, reducing
population viability and disrupting connectivity among
butterfly populations—especially for those with poor
dispersal abilities or high host plant fidelity. In line with
metapopulation theory, the long-term persistence of
butterfly assemblages in such landscapes relies heavily on
habitat patches being large enough, well-connected, and
managed to minimize local extinction risks. Comparisons
with other regional studies, such as those in Northern
Luzon and Southeast Asia, reinforce the crucial role of
riparian corridors in biodiversity maintenance. Jaturas et al.
(2020) found similar richness trends in Thai riparian
reserves, and Winarni et al. (2023) observed consistent
patterns in Indonesian lowland forests, underscoring the
universality of riparian habitat value across tropical Asia.
To strengthen conservation outcomes, local authorities
should explicitly enforce existing ordinances on riparian
buffer protection (e.g., Philippines” DENR DAO 2017-11)
and integrate butterfly habitat considerations into municipal
land-use planning, creating a direct policy mechanism to
safeguard ecological connectivity. Thus, conserving
riparian zones in Real not only sustains butterfly
communities but also maintains broader ecosystem
functions such as pollination, nutrient cycling, and trophic
interactions essential for forest regeneration and
agricultural productivity. Strategic habitat protection,
ecological restoration, and integration of butterfly
monitoring into environmental impact assessments should
therefore be prioritized in Real, Quezon and similar
biodiversity hotspots.

Biodiversity analysis

The biodiversity analysis (Table 2) revealed that the
riparian zone exhibited higher species richness (S: 20) and
total abundance (N: 58) compared to the secondary forest
(S: 13, N: 45), indicating that more butterfly species and
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Figure 3. Species richness and abundance in the two study sites
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individuals were present in this habitat. This was further
supported by higher diversity values in the riparian zone,
with a Shannon-Wiener index (H’) of 2.8115 and a
Simpson’s index of diversity (1-D) of 0.9486, compared to
lower values in the secondary forest (H: 2.1630, 1-D:
0.8667), reflecting both greater species richness and
dominance in the riparian zone. Additionally, Pielou’s
evenness (J') was notably higher in the riparian zone
(0.9385) than in the secondary forest (0.7346), suggesting a
more balanced distribution of individuals among species.
Collectively, these metrics highlight the ecological value of
riparian habitats in supporting diverse, abundant, and
evenly structured butterfly communities.

The study demonstrates that the riparian zone harbors a
higher butterfly diversity and species evenness compared to
the adjacent secondary forest. The Shannon-Wiener index,
which accounts for both species’ richness and evenness,
was notably higher in the riparian zone. This suggests that
the riparian habitat not only supports a greater number of
species but also a more balanced distribution of individuals
among those species. Similarly, the higher Simpson's index
of Diversity further reinforces this finding, as it is less
sensitive to rare species and more influenced by the
abundance of common species (Magurran 2013). This
implies that the riparian zone possesses a richer and more
equitably distributed butterfly community.

Table 2. Butterfly species richness, abundance, and diversity
indices in the two study sites

Riparian  Secondary
Zone Forest
Species richness (S) 20 13
Total of individuals (N) 58 45
Shannon-Wiener diversity index (H') 2.8115 2.1630
Simpson's index of diversity (1-D) 0.9486 0.8667
Pielou's Evenness index (J) 0.9385 0.7346

40 39
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The significantly higher Pielou's Evenness index in the
riparian zone (J': 0.9385) compared to the secondary forest
(J': 0.7346) is a critical finding. This suggests that the
riparian zone's resources are more evenly utilized by the
present butterfly species, preventing the overwhelming
dominance of a few species. In contrast, the lower evenness
in the secondary forest implies that a few species are highly
abundant, potentially outcompeting or limiting the presence
of other species. This pattern is consistent with previous
species composition data presented previously, where I
Jjuventa was notably dominant in the secondary forest.

This disparity in butterfly community structure provides
important insights into the ecological health and resilience
of both habitats, with the riparian zone as a crucial
biodiversity hotspot in the fragmented landscape of Real,
Quezon. As sensitive bioindicators, butterflies readily
reflect environmental changes, and their higher diversity
and evenness in the riparian zone suggest greater habitat
quality and resource availability, in line with findings from
other regional studies, such as those conducted in
Mindanao (Gracia et al. 2021) and other parts of Southeast
Asia (Jaturas et al. 2020; Koneri et al. 2022; Winarni et al.
2023). The strong dominance of /. juventa in the secondary
forest might point to a more homogenous and disturbed
environment, potentially experiencing edge effects that
favor generalist species while specialist species, often
reliant on specific host plants found in less disturbed
riparian areas, are excluded. From a conservation biology
perspective, the riparian zone likely serves as a vital
corridor or a key patch within a larger metapopulation
network, mitigating the negative impacts of habitat
fragmentation prevalent in the Luzon region, which is often
subject to intense land-use changes (Nacua et al. 2020).
The unique biogeographical position of Real, Quezon on
the eastern seaboard of Luzon, influenced by both
terrestrial and coastal factors, makes its riparian ecosystems
particularly significant for supporting unique and
potentially ~ vulnerable butterfly assemblages. This
underscores the urgent need for targeted conservation
efforts that protect these vital linear habitats from further
degradation.

Several ecological factors could contribute to the
observed higher diversity and evenness in the riparian
zone. Riparian zones are ecotones, transitional areas
between aquatic and terrestrial ecosystems, often
characterized by a greater variety of microhabitats and
resources (Bullong et al. 2025). The presence of diverse
flora, including water-dependent plants and those adapted
to fluctuating moisture levels, can provide a wider range of
nectar sources, larval host plants, and shelter for various
butterfly species (Espino and Solania-Naling 2021).
Additionally, the relatively stable microclimate, often
cooler and more humid due to proximity to water bodies,
might be more favorable for a broader spectrum of
butterfly species compared to the potentially drier and more
exposed conditions of a secondary forest (Cleary et al.
2025). The lower diversity and evenness in the secondary
forest could be attributed to several factors. Secondary
forests, especially those in early to mid-successional stages,
may have a less complex vertical structure and a more
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uniform plant community compared to mature or
undisturbed forests. This reduced habitat heterogeneity can
limit the availability of specific resources or microclimates
required by a diverse array of butterfly species.
Furthermore, disturbances inherent in  secondary
succession, such as past logging or agricultural activities,
can initially reduce biodiversity and favor generalist
species over specialists (Cleary et al. 2025). The
dominance of I juventa in the secondary forest could be
indicative of a species well-adapted to the prevailing
conditions pin this habitat, potentially due to its broad dietary
or reproductive strategies. The findings underscore the
ecological importance of riparian zones as biodiversity
hotspots within the broader landscape matrix. Their role in
maintaining local and regional butterfly diversity should be
recognized and prioritized in conservation efforts,
particularly in areas undergoing habitat fragmentation or
degradation.

Community comparison metrics in Table 3 reveals
significant differences in butterfly assemblages between the
riparian zone and the secondary forest. The Bray-Curtis
dissimilarity index of 0.748 indicates that these habitats
share only a small fraction of species and their relative
abundances (Magurran 2013). This substantial dissimilarity
is statistically supported by the Hutcheson t-test, which
yielded a t-statistic of 4.444 and an exceptionally low p-
value of 0.0000615. This highly significant p-value
strongly rejects the null hypothesis that the diversity
indices (specifically, the Shannon-Wiener diversity index)
of the two habitats are similar, confirming a statistically
significant difference in butterfly diversity between the
riparian zone and the secondary forest. The sharp contrast
in diversity indices observed between riparian zones and
secondary forests in this study may also reflect the effects
of edge influence and habitat fragmentation, which
typically favor generalist or disturbance-tolerant species in
degraded landscapes. The high Bray-Curtis dissimilarity
value supports the conclusion of distinct faunal
compositions between the two habitats, consistent with
findings from Anderson et al. (2021) and Mahata et al.
(2023). Furthermore, the significant difference revealed by
the Hutcheson t-test underscores the ecological
distinctiveness of riparian zones and their vital role in
sustaining richer and more unique butterfly communities,
reinforcing their importance for targeted conservation
initiatives in fragmented tropical landscapes.

The high Bray-Curtis dissimilarity and significant
Hutcheson t-test reinforce the ecological value of riparian
zones as biodiversity hotspots. These zones potentially
serve as refugia for specialist species and act as dispersal
corridors essential to sustaining metapopulations within
fragmented tropical landscapes. Such habitat-specific
community patterns underscore the necessity of
incorporating riparian habitats into local conservation
strategies, especially in biodiversity-sensitive areas like
Real, Quezon, part of the Sierra Madre biodiversity
corridor. Conservation efforts must therefore prioritize
minimizing habitat degradation and maintaining ecological
connectivity to safeguard butterfly diversity and ecosystem
function.
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Table 3. Community comparison metrics for butterfly
assemblages in the two habitat types
Bray-Curtis dissimilarity 0.748
Hutcheson t-test t-statistic 4.444
p value 0.0000615

Assessment of butterfly conservation status and its
ecological significance

As shown in Table 1, among the 27 butterfly species
documented in the lowland habitats of Real, Quezon, one
speciesn (Notocrypta paralysos) is classified as Vulnerable
based on the localized conservation assessment by Igano et
al. (2021), suggesting a high risk of extinction in the wild
due to its habitat-specific requirements, reduced
distribution range, and observed population decline. This
species is particularly sensitive to forest degradation and
canopy disturbances, and its vulnerability is further
exacerbated by the intensifying habitat fragmentation in the
Sierra Madre landscape, including the Real region (Zhang
et al. 2022). On the other hand, four species (Eurema
hecabe, Lasiommata maera, Leptosia nina, and Y.
condamini) are listed as Least Concern under the ITUCN
Red List (IUCN 2024), attributed to their broad geographic
distribution and ecological plasticity. However, the
conservation status of most species observed in the study
remains Not Evaluated, underscoring significant
knowledge gaps in tropical butterfly assessments. This
limitation reflects broader shortcomings in taxonomic and
conservation data coverage for invertebrates in the
Philippines, a biodiversity-rich country that remains poorly
represented in global conservation frameworks (Legal et al.
2020). Notably, five butterfly species recorded in Real (Z.
pimplea, Pachliopta kotzebuea, Pachliopta phlegon, T.
rhadamantus, and Delias henningia) are Philippine
endemics. Their presence reaffirms the high levels of
endemism in Philippine Lepidoptera, as emphasized by
Ruales et al. (2023), and suggests that the Real provides
critical habitat for species found nowhere else on Earth.
These endemic butterflies are often highly specialized in
their habitat and host plant use, making them more
vulnerable to anthropogenic disturbances. Their continued
survival in Real indicates that remnants of suitable
microhabitats still exist, although these may be shrinking.

From a Dbroader ecological and conservation
perspective, the butterfly assemblages in Real are shaped
by critical processes, including habitat fragmentation,
metapopulation dynamics, and edge effects. Habitat
fragmentation due to agriculture, infrastructure
development, and residential encroachment leads to the
isolation of forest patches, reducing habitat connectivity
essential for gene flow and species movement. According
to Anderson et al. (2021), species in fragmented landscapes
often persist as metapopulations, spatially separated
populations that rely on occasional dispersal between
habitat patches. In Real, this likely explains the distribution
of specialist butterflies with limited dispersal abilities.
Fragmentation also amplifies edge effects, where
microclimatic and ecological changes at habitat boundaries,
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such as increased sunlight, wind, and invasive species,
disrupt the conditions required by forest-dependent
butterflies, as shown in studies by Winarni et al. (2023).

Butterflies also serve as bioindicators and indicator
species due to their sensitivity to environmental changes,
host plant dependency, and tight links to ecosystem
integrity (Ismail et al. 2020; Subedi et al. 2020). Their
population trends can reflect underlying shifts in habitat
quality, floristic diversity, and climatic conditions. In Real,
the presence or decline of certain butterfly taxa, especially
endemic or host-specific ones, can signal larger-scale
ecosystem stress or degradation. This is consistent with
findings from Southeast Asia, where butterfly declines
were strongly correlated with forest conversion and
degradation (Harmonis et al. 2022; Jaturas et al. 2020).

Species-specific threats in Real include habitat loss
from slash-and-burn farming, illegal logging, road
expansion, and quarrying. These activities not only
eliminate larval host plants and nectar sources but also
introduce disturbances that fragment ecological corridors
necessary for butterfly movement and reproduction. For
instance, P. phlegon and T. rhadamantus rely on
Aristolochia vines for larval development, which are
increasingly scarce in disturbed areas. Furthermore, Real’s
location within the Sierra Madre Biodiversity Corridor
makes it a biogeographically and management-critical area.
This corridor is one of the last remaining contiguous forest
systems in Luzon and serves as a refuge for endemic flora
and fauna (Forest Foundation Philippines 2022). Thus,
preserving butterfly diversity in Real is not only vital for
local species conservation but also contributes to broader
ecological resilience, climate adaptation, and the integrity
of the Philippine lowland forest biome.

Furthermore, the documentation of a Vulnerable
species, several Philippine endemics, and numerous
unassessed species in Real, Quezon, highlights its
ecological and conservation significance. The findings
align with global conservation principles that emphasize
the importance of safeguarding habitat heterogeneity and
ecological connectivity in biodiversity hotspots. As a part
of the Sierra Madre Mountain range, home to many
threatened and endemic species, Real represents a key area
for conservation planning, ecological monitoring, and
targeted habitat management. Urgent conservation
attention, integrating both species-specific protection and
landscape-level habitat preservation, is critical to sustaining
the butterfly assemblages and broader biodiversity of this
region.

In conclusion, this study recorded 103 butterflies
representing 27 species, 22 genera, and five families across
two habitat types in Real, Quezon, Philippines.
Nymphalidae was the most dominant family, highlighting
its ecological importance. The riparian zone exhibited
higher species richness, diversity (H: 2.8115, 1-D:
0.9486), and evenness (J: 0.9385) than the secondary
forest (H": 2.1630, 1-D: 0.8667, J': 0.7346). Community
composition differed markedly between habitats (Bray-
Curtis dissimilarity: 0.748, Hutcheson t-test t: 4.444),
reflecting the influence of habitat characteristics. Ideopsis
juventa was most abundant in the secondary forest,
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suggesting disturbance tolerance, while J. ¢. amphisissimus
and Y. condamini dominated the riparian zone, underscoring
its role as a refuge for sensitive species.

The marked habitat-based differences highlight the
need for habitat-specific conservation strategies. Riparian
habitats serve as biodiversity hotspots and refugia for
generalist and specialist species, while degraded secondary
forests remain vulnerable to biodiversity loss. Maintaining
and restoring riparian corridors can enhance landscape
resilience to climate change by providing continuous
refuges and migration pathways for species responding to
shifting environmental conditions, thereby engaging
broader stakeholder interest in ecosystem-based adaptation.
Projected shifts in rainfall patterns in the region further
underscore the role of riparian zones as natural buffers that
regulate water flow, mitigate flooding, and sustain habitat
stability under changing climatic conditions. Conservation
should focus on protecting riparian zones, restoring
degraded habitats, and maintaining connectivity to support
resilient butterfly populations.

Community-based initiatives in riparian areas,
including habitat restoration, buffer zones, and ecological
corridors, can strengthen environmental stewardship. Long-
term biodiversity monitoring through citizen science and
academic partnerships can track species trends and habitat
conditions. By integrating research with participatory
approaches, Real, Quezon can serve as a model for
butterfly conservation in similarly diverse and threatened
ecosystems across the Philippines and Southeast Asia.
Local communities are encouraged to embrace their role as
co-custodians of these butterfly habitats, as their active
participation and stewardship can transform conservation
from a passive obligation into a shared, empowering
responsibility.
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