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Abstract. Nuraeni S, Prastiyo A, Larekeng SH, Ardiansyah A, Aldi, Jufii SW. 2025. Butterfly community structure in a rehabilitated
post-mining tropical rainforest landscape, Sorowako, South Sulawesi, Indonesia. Biodiversitas 26: 4761-4774. Human disturbances,
such as mining, can disrupt butterfly communities, which serve as important ecological indicators. This study evaluated butterfly
diversity and richness in conservation and non-conservation zones within the mining area of PT Vale, South Sulawesi, Indonesia. Data
analysis involved diversity indices, t-tests, and Pearson correlations, with cluster analysis grouping sites and PCA exploring links
between butterfly abundance and microclimatic factors. A total of 40 butterfly species belonging to five families, mainly Nymphalidae,
Pieridae, and Lycaenidae, were recorded from 18 sampling transects during a four-week field period using standard transect and sweep
net methods. The most frequently recorded species was Catopsilia pomona (Pieridae) with a relative abundance of 20.00%, followed by
Ideopsis juventa (Nymphalidae) with 19.80%. Results showed that non-conservation sites had slightly higher diversity (1.43+0.67),
richness (5.63+4.94), and evenness (0.48+0.13), while dominance was higher in conservation transects (0.52+0.32). This spatial
comparison suggests that human-made habitats may support butterfly diversity but also lead to increased species dominance in more
intact environments. The t-test showed a significant difference only in evenness. No significant correlations were found between
biodiversity indices and environmental variables based on Pearson's analysis. Cluster analysis identified two main site groups: the first
included most conservation transects (SC2, SC5, SC6) and some non-conservation transects (SN2, SN3), while the second contained
most non-conservation transects and a few conservation sites (SC4, SC8), indicating overlapping habitat features. PCA revealed that
light intensity explained 90.15% of the variation in the first principal component, and altitude explained 79.24% in the second,
demonstrating their strong influence on butterfly distribution. These results provide baseline data on butterfly community structure and
highlight the ecological differences between conservation and disturbed zones.
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INTRODUCTION those undergoing rehabilitation, is limited. Mining sites,
despite their initial in-hospitability, can be transformed into

Butterflies (Lepidoptera) are among the most valuable conservation assets through ecological

recognized bioindicator insect groups (Bonebrake et al.
2010; Parikh et al. 2021), renowned for their extraordinary
diversity and high levels of endemism. However, butterfly
habitats adjacent to mining activities face significant
conservation challenges (Sands 2018). As part of its mining
rehabilitation program, PT Vale Indonesia has established the
Sawerigading Wallacea Biodiversity Park in Sulawesi,
Indonesia, a conservation area aimed at restoring
biodiversity, including butterfly populations. Sulawesi is
home to 557 butterfly species, 239 of which are endemic
(Vane-Wright and de Jong 2003). Butterflies are widely
recognized as effective bioindicators of habitat quality due
to their sensitivity to microclimatic changes, vegetation
structure, and land-use disturbance (Cleary et al. 2005;
Choudhary and Chishty 2020).

While butterflies have been extensively studied in
natural forests and protected areas, our knowledge of their
communities in altered or transitional habitats, particularly

management (Sinnett and Sardo 2020). In Indonesia,
studies on butterfly diversity in post-mining restoration
contexts, especially in areas with long-term revegetation
programs like those of PT Vale, are scarce. Tracking their
responses to microhabitat variations, such as light,
vegetation structure, and elevation, is crucial for enhancing
restoration efforts (Alvarez et al. 2024). While Wiranti et
al. (2019) have conducted studies on butterfly presence in
some restored habitats, there is still a lack of site-specific
baselines within high-endemism regions like Sulawesi.
This gap in our knowledge is particularly significant in
island ecosystems like Sulawesi, where endemism
exacerbates the impact of land-use changes (Koneri and
Nangoy 2019). This study aims to fill this gap and provide
essential feedback for improving restoration practices.

PT Vale Indonesia, a multinational mining company
operating in Sorowako, East Luwu District, South
Sulawesi, is a global leader in nickel production and also
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engages in iron ore mining. Sawerigading Wallacea Park,
located within PT Vale's operational area, spans more than
300 hectares. It is part of a comprehensive mining
rehabilitation initiative that includes a museum, mining-
themed parks, botanical and zoological conservation areas,
biodiversity research and development centers, cultural
venues, and recreational facilities. A key component of PT
Vale's zoological conservation strategy involves
rehabilitating mining sites to serve as butterfly habitats. To
guide this effort, an initial biodiversity survey is necessary
for effective conservation planning (Keeley et al. 2019).

Sulawesi, a key region within Wallacea, is recognized
as one of the world's biodiversity hotspots due to its
exceptional endemism across multiple taxa (Struebig et al.
2022). The island's unique butterfly fauna reflects its rich
ecological and geological history. However, human
activities such as mining and deforestation have led to
habitat fragmentation, posing a serious threat to butterfly
populations (Gebremariam 2024). Habitat restoration
through programs like PT Vale's is essential for preserving
these species and their environments.

Preliminary observations suggest that current butterfly
diversity remains suboptimal in some conservation sectors,
indicating a need to evaluate ecological carrying capacity
and restoration progress (Curtis et al. 2015). However, with
the implementation of habitat engineering, we can enhance
this capacity and observe a significant improvement in
butterfly diversity. Strategies may include the creation of
green corridors that connect high-biodiversity zones to
conservation areas (Lynch 2019). Restoring butterfly
populations also yields broader ecological benefits. Due to
their sensitivity to environmental changes, butterfly
diversity is a reliable indicator of habitat rehabilitation
success (Firoiu et al. 2024). By fostering butterfly
conservation, PT Vale's program contributes to maintaining
ecosystem functionality in mining landscapes.

This study addresses that gap by assessing butterfly
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rehabilitated and disturbed habitats within PT Vale's
operational area. Sorowako, a transitional tropical
rainforest, offers a suitable case study. Butterfly diversity
serves as a bioindicator of climate change and human-
environment interactions, offering insights into
microclimatic sensitivity (Kral-O'Brien et al. 2020). By
comparing butterfly diversity in Sawerigading Wallacea
Park and nearby non-conservation zones, the study reveals
habitat quality and ecological drivers influencing butterfly
populations. This work aligns with PT Vale's biodiversity
goals, transforming mining sites into ecological reserves
that promote Sulawesi's heritage, education, and
sustainable tourism. This study hypothesizes that butterfly
diversity, richness, evenness, and dominance would be
lower in non-conservation areas due to habitat disturbance.

MATERIALS AND METHODS

Study area

This research was conducted at PT Vale Indonesia Tbk,
specifically within the Sawerigading Wallacea Park
protected zone (02.52692°S, 121.34737°E) and adjacent
unprotected area (02.50729°S, 121.33598°E) (Figure 1).
Administratively, these locations are situated in Sorowako
Sub-district, East Luwu District, South Sulawesi,
Indonesia. Sawerigading Wallacea Park includes various
habitats such as an arboretum, mining park, biodiversity
park, open areas, secondary forest, an artificial lake, and a
butterfly garden planted with food sources like pagoda
flowers (Clerodendrum paniculatum) (Figure 1: location
A1-A7). Sawerigading Wallacea Park is a reclaimed area
of a former mine (unpeeled land). Meanwhile, the
secondary forest of Poci Bukit Butoh is also included in the
conservation area which was previously a reclaimed area of
a former mine with peeled land (Figure 1: location A8-A9).
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Figure 1. Map of butterfly sampling locations at PT Vale, East Luwu, South Sulawesi, Indonesia. A1-A9 represent Pollard Walk
transects located in the conservation area (Sawerigading Wallacea Park), while B1-B9 represent transects situated in the non-

conservation area around Lake Matano
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In contrast, the non-managed landscape area, the
restoration zone, encompasses sections of the coastal
waters of Lake Matano, where trees grow along the
shoreline, and parts of the area have been developed for
tourism. The rehabilitation program, initiated in 2000,
involves active reforestation of former secondary forest
areas through enrichment planting and site restoration. Tree
species used in these efforts include Casuarina
Jjunghuhniana,  Enterolobium  cyclocarpum,  Acacia
mangium, Acacia auriculiformis, Acacia crassicarpa,
Senna siamea, Macaranga sp., Melicope sp., Gastonia
cutispongia, Garcinia mangostana, Nephelium lappaceum,
Mangifera indica, Citrus sp., and Persea americana. After
25 years of intervention, these rehabilitated areas, located
within conservation zones, have developed into complex
mosaics of semi-natural vegetation, intended to support
native biodiversity.

Microclimate measurement

Environmental parameters were measured
simultaneously with butterfly sampling in the field to
ensure a direct correlation between abiotic conditions and
species presence. The measured parameters included
temperature, humidity, light intensity, wind speed, and
altitude. Data collection was conducted at three-time
intervals during the day: morning (07:00-09:00), afternoon
(11:00-13:00), and noon (15:00-17:00) at the same sites as
butterfly sampling to obtain a comprehensive
understanding of environmental influences on butterfly
distribution. Environmental data from both the managed
and impacted habitats are presented in Table 1.

Butterfly data collection

Butterfly surveys were conducted in February 2025
across two contrasting landscapes in East Luwu District,
South Sulawesi: the rehabilitated area of Sawerigading
Wallacea Park and the anthropogenically disturbed area
surrounding Lake Matano. Future monitoring of butterfly

Table 1. The microclimate conditions of the research location

species across multiple seasons is encouraged to
understand phenological dynamics better, improve species
detectability, and guide long-term conservation strategies
in post-mining and transitional habitats. The study aimed to
assess butterfly diversity across a gradient of ecological
disturbance. Sampling employed a stratified purposive
design (Forde and Duvvury 2021), with transect placement
informed by prior reconnaissance to target areas exhibiting
high butterfly activity, such as forest edges, flowering
patches, and open-canopy clearings (Basset et al. 2015).
This design enhanced species detectability and facilitated
robust ecological comparisons across distinct microhabitat
types. A total of 18 Pollard Walk transects (9 at each site),
each 50 meters long, were established across two primary
habitat types (semi-open and shaded canopy). Each transect
was georeferenced and sampled using the Pollard Walk
method (Pollard and Yates 1993) which observers walk
slowly along a fixed path and record all butterflies within a
5-meter belt (2.5 m on each side). The distance between
transects was set at a minimum of >100 m to ensure data
independence and prevent overlapping  butterfly
communities. Two trained observers moved simultaneously
along each transect, maintaining a consistent pace to ensure
standardized detection.

Sampling was conducted between 09:00 and 15:00,
coinciding with peak butterfly activity under favorable
weather conditions (sunny or partly sunny), which
improves detectability. Each transect was surveyed once
per week over four consecutive weeks, providing temporal
coverage to account for fluctuations in species activity.
Each survey session lasted 5-6 hours, including time for
transect walks, species identification, and data recording.
This resulted in 20-24 observer-hours per transect and
approximately 180-216 person-hours per site. This
standardized and evenly distributed sampling regime ensured
consistent observational effort and minimized bias related to
time of day, weather, and short-term behavioral variability.

Site Coordinate Altitude Temperature Humidity (%) Light intensity Wind speed
(m asl) (°O) (lux) (m/s)
SC1  121°20'50.532"E, 2°31'36.912" S 430 25.5 80 4,429 0.1
SC2 121°20'42.072" E, 2°31'34.428" S 434 34.0 56 4,180 0.2
SC3  121°20'39.804" E, 2°31'32.196" S 439 313 70 3,318 0.2
SC4  121°20'40.704" E, 2°31'28.668" S 434 342 55 5,564 0.1
SC5  121°20'49.632" E, 2°31'33.348" S 427 36.1 53 2,516 0.2
SC6 121°20'47.400" E, 2°31'39.576" S 440 31.0 67 2,478 0.2
SC7 121°20'42.432" E, 2°31'43.824" S 517 30.9 62 6,567 0.1
SC8 121°2023.326"E, 2°31'46.946" S 466 342 68 6,794 0.1
SC9 121°20'14.964" E, 2°31'55.848" S 474 335 65 1,550 0.3
SN1  121°19'51.240" E, 2°30'25.200" S 407 30.5 63 4,066 0.3
SN2 121°19'45.444" E, 2°30'18.396" S 402 322 60 7,360 1.0
SN3  121°19'41.124" E, 2°30'20.520" S 401 33.8 57 9,176 0.8
SN4  121°20'36.528" E, 2°30'57.312" S 403 344 52 8,126 1.3
SN5  121°20'32.244" E, 2°30'55.476" S 398 33.1 58 4,899 1.9
SN6 121°20'30.480" E, 2°30'51.516" S 397 34.9 61 5,394 0.8
SN7 121°20'09.528" E, 2°30'26.244" S 405 24.6 82 9,729 0.2
SN8 121°20'05.784" E, 2°30'27.792" S 400 26.6 80 1,951 0.1
SN9  121°20'14.602" E, 2°30'30.835" S 413 28.4 76 2,042 0.2

Note

: SC: Conservation site, SN: Non-conservation site
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Butterfly identification and documentation

Initial identifications were conducted in the field based
on visual morphology, followed by voucher specimen
analysis in the lab for final confirmation. During field
sampling, all butterfly individuals encountered were
recorded. To minimize ecological disturbance, only 1-2
voucher specimens per species were selectively collected
per transect for laboratory identification. This selective
collection approach is widely accepted in biodiversity
studies to maintain population sustainability while enabling
accurate taxonomic confirmation (Creer et al. 2016).
Captured specimens were preserved and identified at the
Forest Protection and Insect Laboratory, Faculty of
Forestry, Universitas Hasanuddin, Makassar. Species
identification was conducted using species identification
keys, including the works of Vane-Wright and de Jong
(2003), Widhiono (2015), Koneri et al. (2019), Panjaitan et
al. (2020), Ilhamdi et al. (2023), and Kurnianto et al.
(2023). Field identification was supported by photographic
records taken with a Sony SEL2870 zoom lens and a
camera with FE 3.5-5.6/28-70 mm range, which allowed
for high-resolution documentation of key morphological
features. To enhance taxonomic accuracy and support
range validation, all geo-tagged field records were cross-
referenced with the iNaturalist citizen science platform, a
crucial step that significantly bolstered the study's
accuracy. Verified records from iNaturalist were used to
validate species identifications, confirm species' presence
in South Sulawesi, and facilitate comparison with global
biodiversity databases (Molyneaux 2023). Cross-validation
with iNaturalist also provided regional occurrence data,
aiding in the elimination of false positives and
misidentifications in under-documented species. This
integration of traditional taxonomy and digital citizen
science contributed to more robust and verifiable species-
level identifications and improved overall data quality.

Data analysis

Data analysis included calculations of species diversity
(H"), richness (R), evenness (E), and dominance (D). An
independent t-test was first conducted to compare
ecological indices between conservation (SC) and non-
conservation (SN) sites. This was followed by a Pearson
correlation analysis to assess relationships among
biodiversity indices and environmental variables. A
hierarchical cluster analysis was then performed using
SPSS version 31.0.0.0 to group site locations based on
similarity in diversity, richness, evenness, and dominance
indices. Lastly, Principal Component Analysis (PCA) was
then performed using XLSTAT 2021.2.2 to evaluate the
relationship  between  butterfly = abundance  and
microclimatic conditions in both the conservation and non-
conservation zones. PCA was selected because it
effectively reduces complex multivariate data into a
smaller number of principal components that explain the
highest variance in the dataset. This method helps with
clear visualization and interpretation of how environmental
variables such as temperature, humidity, light intensity,
wind speed, and altitude are related to butterfly abundance,
without requiring prior assumptions about the data
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structure. The total number of individuals was calculated
using the relative abundance formula to determine the
species percentage (Umami et al. 2024):

RA =ni/Nx100%

Relative abundance (RA) is calculated by comparing
the number of individuals of a species (ni) to the number of
individuals of all species (N). The Shannon-Wiener
diversity index was used to estimate the diversity of
butterflies in each habitat. This index was calculated using
the equation (Krebs 2014):

H'=-Xpi In pi
pi=ni/N

Where, n is the number of individuals of a species, and
N is the total number of individuals. This index measures
both species richness and evenness. Higher values of H'
indicate greater diversity and more balanced species
distributions. The Margalef species richness (R) index was
used to estimate butterfly richness in each habitat. This
index is calculated using the equation (Ludwig and
Reynold 1988):

R=S-1/InN

Where, S is the number of species found, and N is the
total number of individuals. This index highlights species
richness and is useful for comparing the number of species
across sites regardless of their abundance. The Pielou
species evenness index was used to estimate butterfly
evenness in each habitat. This index is calculated using the
equation (Magurran 1988):

E=H'/InS

Where, H' is the Shannon-Wiener diversity index and S
is the number of species. This index measures how evenly
individuals are distributed among species; values close to 1
suggest high evenness. The Simpson species dominance index
was used to estimate butterfly dominance in each habitat.
This index is calculated using the equation (Odum 1993):

D =X (ni/N)?

Where, ni is the number of individuals of each species,
and N is the total number of individuals. This index
assesses dominance; higher values indicate lower diversity,
as a few species dominate the community.

RESULTS AND DISCUSSION

Species distribution and conservation status of butterflies
in the mining area, Sorowako, Indonesia

The species accumulation curve (Figure 2) indicates
that butterfly richness was consistently higher in non-
conservation areas than in conservation areas, with both
curves reaching a plateau after the sixth site, suggesting
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that the sampling effort was sufficient to capture most of
the species present. The earlier saturation observed in non-
conservation areas implies a more homogeneous and
disturbed habitat where adaptable and generalist butterfly
species dominate. In contrast, the conservation areas,
although hosting fewer species overall, may support more
specialized or habitat-sensitive taxa that are harder to detect
within the same sampling intensity. This pattern highlights
the influence of habitat disturbance on butterfly community
composition, with non-conservation areas potentially acting
as reservoirs for disturbance-tolerant species. Nonetheless,
the plateau in both areas indicates that the survey design
effectively represented the local diversity and can serve as
a baseline for long-term monitoring. These findings have
practical implications for conservation planning, suggesting
that a focus on non-conservation areas may be beneficial
for preserving butterfly diversity.

A Venn diagram shows the distribution of butterfly
species between conservation and non-conservation zones
in the PT Vale Indonesia area, South Sulawesi (Figure 3).
A total of 24 species were recorded in the conservation
zone, with 13 unique species found only in this area, while
the non-conservation zone recorded 27 species, including
16 unique species. Ten species were found in both zones,
indicating overlapping communities. These findings show
that the conservation area in PT Vale continues to support a
distinctive and somewhat specific butterfly community.
However, the non-conservation area also shows high
diversity levels, due to the presence of secondary
vegetation or recovering reclamation areas. Differences in
species composition between zones reflect the butterfly
response to variations in habitat structure, resource
availability, and the level of anthropogenic disturbance in
the PT Vale post-mining landscape.

The butterfly community structure recorded in the PT
Vale Indonesia mining landscape reveals important ecological
insights regarding species composition and habitat use across
conservation and non-conservation areas. In total, five
families and ten subfamilies of butterflies were observed in
both habitat types, suggesting that these broad taxonomic
groups are resilient and capable of persisting under varying
land management conditions (Figure 4). However, more
detailed comparisons at the genus and species levels
showed differences between conservation and non-
conservation areas. The non-conservation area supported a
slightly higher species richness, with 27 butterfly species
recorded, while the conservation area recorded 24 species.
Similarly, 21 genera were found in the non-conservation
area, compared to 19 in the conservation zone. Although
species richness was somewhat higher in the non-
conservation area, the total number of individuals was
nearly equal between the two, 204 individuals in the
conservation area and 201 in the non-conservation area.
This relatively balanced abundance indicates that both
areas maintain suitable environmental conditions that
support butterfly populations. In total, 40 butterfly species
were identified across both areas. The species composition
between conservation and non-conservation areas also
revealed patterns of uniqueness. Several species, such as
Ideopsis juventa, Neptis sappho, and Junonia atlites, were
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found in both areas, highlighting their ecological
flexibility. In contrast, species like Papilio peranthus and
Iraota rochana were restricted to the conservation or non-
conservation area, reflecting specific habitat preferences.
These findings suggest that while conservation areas play a
vital role in preserving butterfly diversity, the surrounding
non-conservation landscapes also contribute meaningfully
to overall species richness and should not be overlooked in
biodiversity management strategies.
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Figure 2. Species accumulation curve across site locations shows
that non-conservation areas consistently support more butterfly
species than conservation areas, with both curves flattening after
site 6
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Figure 3. Venn diagram showing butterfly species distribution
between conservation and non-conservation zones at PT Vale,
Sorowako, South Sulawesi, Indonesia
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Figure 4. Comparison of butterfly diversity at different
taxonomic levels between conservation and non-conservation
sites in PT Vale, Sorowako, South Sulawesi, Indonesia
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Based on the data in Table 2, butterfly species in the
mining area of PT Vale Indonesia show varying levels of
relative abundance across conservation and non-
conservation zones. The most abundant species overall is
C. pomona (Pieridae: Coliadinae), with a total relative
abundance of 20.00, followed by /. juventa (Nymphalidae:
Danainae) with 19.8 and Graphium milon (Papilionidae:
Papilioninae) with 5.19. Notably, I. juventa exhibits a high
presence in both conservation (14.22) and non-
conservation (25.37) zones. Some species, such as Lexias
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aeetes, Mycalesis perseus, and Junonia hedonia, were more
dominant in conservation areas. At the same time, others,
like Euploea algea, Junonia almana, and G. milon, were
more frequent in non-conservation zones. Several species,
including Catochrysops strabo, J. almana, and Junonia
atlites, show a relatively balanced distribution across both
areas. In contrast, species such as Discolamps ilissus,
Parrhasius m-album, and Moduza I[ymire were found
exclusively in non-conservation zones, suggesting a habitat
preference or tolerance to disturbed environments.

Table 2. Relative abundance and conservation status of butterfly species in the mining area of PT Vale, South Sulawesi, Indonesia

Family, Species Abundance Endemic  Permen IUCN
Subfamily A B Total Wallacea LHK 2018 Red List
Lycaenidae
Polyommatinae  Anthene emolus (Godart, 1824) 3.43 0.00 1.73 - - NE
Polyommatinae  Catochrysops panormus (C. & R. Felder, 1860) 0.00 1.00  0.49 - - NE
Polyommatinaec  Catochrysops strabo (Fabricius, 1793) 6.86 0.00 3.46 - - NE
Polyommatinae  Discolamps ilissus (C. & R. Felder, 1859) 0.00 1.00  0.49 v - NE
Polyommatinae ~ Nacaduba berenice (Herrich-Schaffer, 1869) 0.00 348 1.73 - - NE
Polyommatinae  Zizina otis (Fabricius, 1787) 245  0.00 1.23 - - LC
Theclinae Arhopala acetes (Hewitson, 1862) 147  0.00 0.74 v - NE
Theclinae Iraota rochana (Horsfield, 1829) 1.96  0.00 0.99 - - NE
Theclinae Parrhasius m-album (Boisduval & Le Conte, 1833)  0.00 1.00  0.49 - - NE
Theclinae Strymon melinus (Hubner, 1818) 0.00 1.00  0.49 - - NE
Nymphalidae
Danainae Euploea algea (Godart, 1819) 0.00 6.47 3.21 - - NE
Danainae Ideopsis juventa (Cramer, 1777) 1422 2537 198 - - NE
Danainae Parantica cleona (Fruhstorfer, 1892) 0.00 3.98 1.98 v - NE
Limenitidinae Moduza lymire (Hewitson, 1859) 0.00 1.00  0.49 v - NE
Limenitidinae Euthalia amanda (Hewitson, 1862) 0.49 0.00 0.25 V4 - NE
Limenitidinae Lexias aeetes (Hewitson, 1861) 5.88 0.00 2.96 N4 - NE
Limenitidinae Neptis sappho (Pallas, 1771) 0.49 149  0.99 - - NE
Nymphalinae Hypolimnas bolina (Linnaeus, 1758) 0.00 149 0.74 - - NE
Nymphalinae Junonia almana (Linnaeus, 1758) 0.00 697 3.46 - - LC
Nymphalinae Junonia atlites (Linnaeus, 1763) 3.43 348 346 - - NE
Nymphalinae Junonia erigone (Cramer, 1779) 0.00 249 1.23 - - NE
Nymphalinae Junonia hedonia (Linnaeus, 1764) 392 448 4.2 - - NE
Nymphalinae Rhinopalpa polynice (Cramer, 1779) 0.00 1.00  0.49 - - NE
Satyrinae Faunis menado (Rober, 1896) 147 0.00 0.74 v - NE
Satyrinae Melanitis leda (Linnaeus, 1758) 1.96  0.00 0.99 - - LC
Satyrinae Mpycalesis perseus (Fabricius, 1775) 392  0.00 1.98 - - NE
Satyrinae Ypthima baldus (Fabricius, 1775) 588 0.00 296 - - NE
Satyrinae Ypthima pandocus (Moore, 1857) 1.47 1.49 1.48 - - NE
Papilionidae
Papilioninae Graphium androcles (Boisduval, 1836) 0..00 1.00 0.49 v - NE
Papilioninae Graphium milon (C. & R. Felder, 1864) 1.47 896 5.19 v - NE
Papilioninae Papilio demoleus (Linnaeus, 1758) 245  0.00 1.23 - - NE
Papilioninae Papilio gigon (C. & R. Felder, 1864) 1.96 1.00 1.48 v - NE
Papilioninae Papilio peranthus (Fabricius, 1787) 0.00 0.50 0.25 - - NE
Papilioninae Troides helena (Linnaeus, 1758) 049 0.00 0.25 - Protected LC
Papilioninae Troides hypolitus (Cramer, 1775) 0.00 1.00  0.49 v Protected LC
Pieridae
Coliadinae Catopsilia pomona (Fabricius, 1775) 2598 13.93 20.00 - - NE
Coliadinae Catopsilia scylla (Linnaeus, 1763) 1.47 1.99 1.73 - - NE
Coliadinae Eurema tominia (Vollenhoven, 1865) 0.00 1.00 049 - - LC
Pierinae Leptosia nina (Fabricius, 1793) 049 050 0.49 - - NE
Riodinidae
Nemeobiinae Abisara echerius (Stoll, 1790) 6.37 299 4.69 - - NE

Notes: A: Conservation area; B: Non-conservation area. The check mark (V) indicates that the species meets the corresponding criterion
listed in the column (e.g., Wallacea endemic, protected under Permen LHK 2018). The (-) indicates that there is no data or the criterion
does not apply to the species
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A total of 11 butterfly species is identified as endemic
to the Wallacea (Sulawesi) biogeographic region, namely
D. ilissus, A. acetes, P. cleona, M. lymire, E. amanda, L.
aeetes, F. menado, G. androcles, G. milon, P. gigon, and T.
hypolitus, showing the unique biodiversity of the region
(Ahmad and Hamzah 2016). These endemic species are
distributed across different families and subfamilies, with
Nymphalidae being particularly prominent. Their presence
in both conservation and non-conservation zones
emphasizes the significance of habitat heterogeneity in
maintaining native species diversity, even though most are
not yet listed under national protection regulations or
globally assessed. Only two butterfly species, 7. helena and
T. hypolitus, are officially recognized as protected under
the Indonesian Ministry of Environment and Forestry
Regulation (Permen LHK 2018). These species are also
categorized as Least Concern (LC) in the IUCN Red List,
suggesting their populations are stable on a global scale.
However, they are still considered important at the national
level. Other species, such as J. almana, M. leda, and E.
tominia, also fall into the LC category without being
nationally protected. Meanwhile, a majority of the species
recorded are still categorized as Not Evaluated (NE),
including some that are abundant or endemic. This reveals
a gap in global conservation assessments for tropical
butterflies and underscores the need for local monitoring
and documentation to inform conservation priorities.
Butterflies from the subfamilies Danainae, Nymphalinae, and
Papilioninae appear in both conservation categories and show
varied statuses. For example, 1. juventa, J. hedonia, and P.
rigon are neither endemic nor protected, yet they are
common in the area. Similarly, C. pomona, which shows
high abundance, remains unevaluated by the IUCN and
unlisted nationally. These patterns reflect a community
composed of a mixture of generalist and specialist species,
some of which are ecologically significant despite lacking
formal conservation status. The table as a whole suggests
that both conservation and non-conservation zones
contribute to sustaining butterfly populations with diverse
conservation needs and ecological characteristics.

Diversity of butterflies in the mining area, Sorowako,
South Sulawesi, Indonesia

The index analysis in the mining area of PT Vale
Indonesia reveals minimal differences in butterfly
community structure between conservation and non-
conservation zones (Figure 5). The diversity index was
higher in non-conservation sites (1.43+0.67) than in
conservation sites (0.97+0.80), suggesting that butterfly
communities are more varied in areas exposed to human
activity. Species richness followed a similar pattern, with a
value of 5.63+4.94 in non-conservation zones compared to
4.06+3.78 in conservation zones, indicating a greater
number of species in disturbed habitats, possibly due to
microhabitat heterogeneity or transitional vegetation types.
Evenness was also notably higher in non-conservation
areas (0.48+0.13) than in conservation areas (0.29+0.21),
showing that species were more evenly distributed in the
former. At the same time, a few dominant species may
more influence conservation zones. In contrast, the
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dominance index was higher in conservation zones
(0.5240.32) than in non-conservation zones (0.32+0.19),
reflecting a greater concentration of individuals in fewer
species within protected habitats. These results suggest that
non-conservation areas support more resilient or
opportunistic butterfly species, whereas conservation zones
host less evenly distributed but potentially more specialized
communities. These patterns were further examined using
an independent t-test to determine whether the observed
differences in community indices between conservation
and non-conservation areas were statistically significant.

The results are presented in Table 3, highlighting that
only the evenness index exhibited a significant difference
between the two landscape types (p<0.05), while other
indices, such as diversity, richness, and dominance, did not
differ significantly. Although diversity, richness, and
dominance indices were higher in the non-conservation
area, the differences were not statistically significant. This
outcome reflects the relatively homogeneous microhabitat
structure across both zones, which limits ecological
contrast and community turnover. Such uniformity can
constrain species sorting mechanisms and reduce detectable
variation in butterfly assemblages. Furthermore, as the
survey was conducted only in February, the results do not
capture seasonal shifts in species composition and
abundance that commonly occur in tropical ecosystems.
Longitudinal monitoring across multiple seasons is
necessary to understand better phenological dynamics and
the full extent of community variation in post-mining and
rehabilitated landscapes (Ruslan et al. 2023).

Table 3. Results of an independent t-test for butterfly community
indices

Index Conservation Non-conservation
Mean+SD Mean+SD
Diversity (H'") 0.97+0.80 1.43+0.67
Richness (R) 4.06+3.78 5.63+4.94
Evenness (E)* 0.29+0.21 0.48+0.13
Dominance (D) 0.52+0.32 0.32+0.19

Note: Values are presented as Mean+Standard Deviation (SD).
Asterisk (*) indicates a statistically significant difference at p<0.05

Value

Ee b a
= a : mam 2
0 = = = = -
Diversity Richness Evenness Dominance
= Conservation 0.97 4.06 0.29 0.52
Non-conservation 143 5.63 048 032

Figure 5. Index values for diversity, richness, evenness, and
dominance of butterflies in the mining area PT Vale Indonesia,
South Sulawesi, Indonesia
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Relationship between microclimate and butterfly
abundance

Correlation analysis (Table 4) revealed significant
relationships between the diversity index and several
environmental parameters as well as other community
indices. The diversity index showed a very strong and
positive correlation with species richness (r: 0.93, p<0.01),
evenness (r: 0.94, p<0.01), and species abundance (r: 0.86,
p<0.01), as well as with species count (r: 0.92, p<0.01).
Conversely, the diversity index had a very strong negative
correlation with the dominance index (r: -0.94, p<0.01),
indicating that higher dominance of a single species tends
to reduce overall community diversity. Additionally,
temperature showed a highly significant negative
correlation with humidity (r: -0.90, p<0.01). At the same
time, other variables such as light intensity, wind speed,
and elevation had no significant correlation with the
diversity index but exhibited patterns that may be
ecologically meaningful.

Figure 6 presents a hierarchical cluster analysis of
butterfly community composition across both conservation
(SC) and non-conservation (SN) sites. The clustering
pattern reveals two main groups. The first cluster primarily
includes SC sites (SC2, SC5, SC6, SC3) along with a few
SN sites (SN2, SN3), indicating a high degree of similarity
in community structure. The second cluster comprises most
SN sites (SN1, SN4, SN5, SN6, SN7, SN8, SN9) as well as
some SC sites (SC4, SC8, SC9), indicating an overlapping
species composition driven by similar environmental
conditions or transitional habitats. The cluster distance also
shows that SC2 and SCS5 are the most similar in terms of
species composition, while SC4 stands out as the most
distinct from all other locations. This pattern is supported
by the R values, which are very close for SC2 (0.44) and
SC5 (0.38), but considerably different from SC4, which
shows a much higher R value of 6.73. This indicates that
both habitat type and environmental conditions shape
species similarity. However, the absence of ecological trait
data limits deeper interpretation of functional differences
across sites. Future research should incorporate trait-based
analyses to enhance ecological understanding.
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PCA was conducted to reduce dimensionality and to
identify the main environmental and ecological variables
contributing to butterfly diversity and richness in the
mining landscape of Sorowako, South Sulawesi. The
results revealed that the first Principal Component (PC1)
accounted for nearly all the variation in the dataset
(99.96%), while the second component (PC2) contributed
only marginally (0.04%). This indicates that most of the
observed variability in butterfly communities across sites
was primarily driven by the dominant variables represented
in PCl. Further details on the eigenvalues and the
percentage of explained variance are provided in Table 5.

Rescaled distance cluster combine
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Figure 6. Hierarchical cluster analysis (dendrogram) of butterfly
community composition across all site locations in the Sorowako
mining area, South Sulawesi, Indonesia. SC: Conservation site;
SN: Non-conservation site. Clustering is based on similarity in
diversity index, richness index, evenness index, and dominance
index

Table 4. Pearson correlation matrix between butterfly diversity indices and environmental variables in the mining area, Sorowako,

South Sulawesi, Indonesia

H' R E D S T M I W A
H' 1
R 0.93** 1
E 0.94** 0.78%* 1
D -0.94%* -0.75%* -0.97** 1
N 0.86** 0.91%* 0.67** -0.73**
S 0.92%* 1.00%* 0.78%* -0.75%* 90.00** 1
T -0.58 0.11 -0.23 0.20 0.15 0.11 1
M 0.01 -0.15 0.18 -0.17 -0.17 -0.16 -0.90** 1
I 0.33 0.31 0.33 -0.37 0.25 0.31 0.03 -0.18 1
A% 0.28 0.21 0.34 -0.29 0.12 0.22 0.35 -0.46 0.34 1
A -0.36 -0.25 -0.43 0.34 -0.14 -0.26 0.11 -0.02 -0.16 -0.50%* 1

Note: **: Correlation is significant at the 0.01 level, *: Correlation is significant at the 0.05 level. H": Diversity index, R: Richness
index, E: Evenness index, D: Dominance index, N: Abundance, S: Number of species, T: Temperature, M: Humidity, I: Light intensity,

W: Wind speed, A: Altitude
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Based on the PCA (Table 6), light intensity showed the
highest contribution to PC1, accounting for 90.15% of the
variation, indicating its dominant role in shaping the main
component. Other variables such as the diversity index,
richness index, evenness index, and dominance index
contributed minimally to PC1, each explaining just over
1% of the variance. Wind speed also contributed modestly
to PC1 with 1.24%, while altitude had an almost negligible
role at just 0.03%. In contrast, altitude became the most
influential variable in PC2, contributing 79.24%, followed
by abundance at 5.41%. Variables such as evenness index
and dominance index also had relatively higher
contributions to PC2 compared to PC1, each exceeding 2%,
suggesting their importance in explaining secondary
patterns in the dataset. This separation in variable influence
indicates that PC1 is primarily driven by light intensity,
while PC2 is governed by altitude and abundance.

The PCA biplot (Figure 7) visually separates
conservation and non-conservation areas based on
environmental and ecological variables. Light intensity (I)
is positioned far to the right along the PC1 axis, indicating
a strong association with the non-conservation area, which
aligns with its dominant contribution to PC1. In contrast,
all other variables cluster closely on the left side of the plot,
suggesting they are more characteristic of the conservation
area. Altitude (A), which plays a major role in PC2,
appears slightly elevated along that axis, reinforcing its
relevance in distinguishing conservation-related patterns.
This biplot supports the interpretation that environmental
factors like light intensity and altitude significantly
differentiate butterfly habitats between conservation and
non-conservation zones.

Discussion

The high species richness and low dominance of
butterflies in the post-mining landscape of Sorowako
indicate that ecological recovery is underway. This pattern
aligns with ecological principles stating that areas with a
high diversity of microhabitats and resource heterogeneity
support greater species coexistence (Schalkwyk et al.
2021). These findings are consistent with restoration
theory, which emphasizes the importance of plant diversity
and habitat heterogeneity in sustaining diverse ecological
communities (Goded et al. 2019; Korkiatupa et al. 2023). A
similar trend was reported in the Brazilian Amazon, where
butterfly richness and low dominance were observed in
naturally regenerating areas (Neves et al. 2021). In Borneo,
Foster et al. (2011) found that restoration efforts using
native plant species and maintaining connectivity with
primary forests were crucial in supporting healthier
butterfly communities. Likewise, studies in eastern Brazil
showed that natural regeneration was more effective in
supporting butterfly diversity than monoculture plantations
(Barlow et al. 2007). These comparisons affirm that
restoration success is driven by both vegetation structure
and ecological connectivity, regardless of regional context.
These findings confirm that butterfly diversity can serve as
a reliable indicator of successful habitat restoration, as also
demonstrated in other tropical landscapes (Solis-Gabriel et
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al. 2017; Swarnali et al. 2019). The recorded butterfly
species are illustrated in Figure 8, supporting visual
confirmation of species richness and taxonomic
composition.

Table 5. Eigenvalues and explained variance from PCA

Principal Eigenvalue % Cumulative
Component (PC) Variance %
PC1 2.00 99.96 99.96
PC2 0.00 0.04 100.00
Table 6. PCA results of variable contributions

Parameters PC1 (%) PC2 (%)
Diversity index 1.23 2.32
Richness index 1.22 2.28
Evenness index 1.24 241
Dominance index 1.25 2.45
Abundance 0.45 5.41
Number of species 1.13 1.59
Temperature 1.10 0.83
Humidity 0.95 0.21
Light intensity 90.15* 0.75
Wind speed 1.24 2.53
Altitude 0.03 79.24*

Note: Asterisk (*) values indicate the highest contributing
variable for each principal component axis (PC1 and PC2)

0.8
0.6
0.4

0.2

PC2 (0.04 %)
o

-0.2
-0.4
-0.6

-0.8
PC1 (99.96 %)

Figure 7. PCA biplot showing the clustering of environmental
and biological variables related to butterfly (Lepidoptera)
diversity and richness in the post-mining landscape of Sorowako,
South Sulawesi, Indonesia. Arrows indicate site groupings based
on conservation status. The PCA axes represent variance
explained by PC1 (99.96%) and PC2 (0.04%). Variable codes: H"
Diversity index, R: Richness index, E: Evenness index, D:
Dominance index, N: Abundance, S: Number of species, T:
Temperature, M: Humidity, I: Light intensity, W: Wind speed, A:
Altitude
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Figure 8. Butterflies recorded in the post-mining landscape by PT Vale, South Sulawesi, Indonesia. A: Anthene emolus, B:
Catochrysops panormus, C: Catochrysops strabo, D: Discolamps ilissus, E: Nacaduba berenice, F: Zizina otis, G: Arhopala acetes, H:
Iraota rochana, 1. Parrhasius m-album, J: Strymon melinus, K: Euploea algea, L: Ideopsis juventa, M: Parantica cleona, N: Moduza
lymire, O: Euthalia amanda, P: Lexias aeetes, Q: Neptis sappho, R: Hypolimnas bolina, S: Junonia almana, T: Junonia atlites, U:
Junonia erigone, V: Junonia hedonia, W: Rhinopalpa polynice, X: Faunis menado, Y: Melanitis leda, Z: Mycalesis perseus, AA:
Ypthima baldus, AB: Ypthima pandocus, AC: Graphium androcles, AD: Graphium milon, AE: Papilio demoleus, AF: Papilio gigon,
AG: Papilio peranthus, AH: Troides helena, Al: Troides hypolitus, AJ: Catopsilia pomona, AK: Catopsilia scylla, AL: Eurema tominia,
AM: Leptosia nina, AN: Abisara echerius. Scale bar 1 cm
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Endemic butterfly species from Wallacea, such as D.
ilissus, A. acetes, P. cleona, M. lymire, E. amanda, L.
aeetes, F. menado, G. androcles, G. milon, P. gigon, and T.
hypolitus, show a strong dependence on stable and
undisturbed natural habitats. This ecological dependence
makes them highly vulnerable to ecosystem changes
caused by deforestation and land-use conversion.
According to Futuyma and Moreno (1988), highly
specialized species, especially those dependent on specific
host plants or unique habitats, tend to have low ecological
flexibility and are more susceptible to habitat alterations.
Such legal protection helps address the gap in global
conservation systems like the IUCN Red List, which has
yet to evaluate the majority of tropical insect species
(Barahona-Segovia and Zuiiiga-Reinoso 2021; Mili¢i¢ et
al. 2021; Ong et al. 2025). In contrast, non-endemic species
with broader ranges are still able to persist in regenerating
areas, indicating that life history traits and endemic status
significantly influence species' responses to habitat
disturbance (Maulany et al. 2024; Singh et al. 2024). These
contrasting responses reflect a central concept in
conservation ecology: species with narrow ranges and low
habitat tolerance are more susceptible to fragmentation and
environmental change (Suryanto 2020; Budiaman et al.
2025).

This reflects a significant gap in data concerning the
distribution and conservation status of tropical insects.
Such a situation aligns with the concept of the Wallacean
shortfall, which highlights the lack of biogeographic
information for species in tropical regions like Wallacea
(Vergara-Asenjo et al. 2023). The absence of reliable data
complicates the development of risk-based conservation
strategies, particularly in biodiversity-rich areas (Collen et
al. 2008; Montejo-Kovacevich et al. 2022). For instance, P.
gigon is known to have commercial value in the collector
market and faces pressure from habitat loss, yet it is not
currently listed as threatened on the IUCN Red List; field
observations, however, suggest that its population is
declining. This situation illustrates the risk of silent
extinctions, as described by Warren et al. (2021), in which
species decline goes undetected at the global level.

In tropical regions, habitat pressures tend to be high,
while scientific documentation remains limited. Locally
driven conservation efforts based on field observations can
help fill this global information gap (Wang et al. 2020).
Butterflies serve as reliable ecological indicators, as
changes in their populations reflect shifts in environmental
conditions (Lopez-Vazquez et al. 2024). Long-term
monitoring systems, vulnerability assessments based on
local data, and spatial mapping from direct observations are
essential for strengthening regional conservation policies
(Suryanto 2020; Gebremariam 2024; Singh et al. 2024).

Ecological restoration on mining sites should imitate
natural succession and involve locally adapted plant
species that support a diverse insect population. Replanting
native species adapted to local soil and climate can restore
habitats for various animals, including butterflies. Ojija
(2024) and Sanchez and Lara (2024) highlight that native
plants are crucial for providing insect habitats. Poorter et
al. (2024) suggested that pioneer species help develop more
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diverse communities through successional pathways.
Structurally layered vegetation, such as shrubs and various
plant forms, creates microhabitats that butterflies utilize for
foraging, reproduction, and shelter. Research by Neal et al.
(2024) demonstrated that complex vegetation structures
enhance butterfly richness. Furthermore, connected habitats
facilitate butterfly dispersal and recolonization of disturbed
areas. This finding aligns with Ancillotto et al. (2024) and
Gordon et al. (2024), who showed that habitat connectivity
influences butterfly movement. Habel et al. (2024) also
noted that natural disturbances shape the structure of
tropical ecosystems. These findings collectively point to
the spatial habitat configuration and quality in driving
successful recolonization.

Environmental stressors such as soil contamination and
heavy metal pollution reduce the potential for butterfly
population recovery in mining areas. Contaminated soils
affect the nutritional quality of host plants, negatively
impacting larval development and reproductive success
(Heliovaara et al. 2018; Han et al. 2022). Heavy metals and
toxic residues interfere with insect physiology, leading to
behavioral changes and reduced fertility (Oliveira et al.
2022). In addition, altered soil chemistry from mining
reduces plant diversity, further degrading butterfly habitats
(Wang et al. 2022). Ecological restoration in mining
landscapes, therefore, requires comprehensive soil and
water remediation, not just vegetation replanting, to create
suitable conditions for pollinators like butterflies (Prakash
and Budhwan 2024). Butterfly communities in Gunung
Meja, West Papua, were found to be highly diverse across
habitat types, with species richness and abundance
significantly influenced by environmental parameters and
human disturbances near settlements (Panjaitan et al.
2016).

The study findings from Sorowako indicate that
butterfly conservation in post-mining landscapes depends
on habitat quality, physical environmental conditions, and
species-specific  adaptive  capacities.  Environmental
gradients such as elevation, light intensity, and humidity
shape distinct ecological zones that influence butterfly
community structure (Montejo-Kovacevich et al. 2020).
Tropical butterflies are highly sensitive to changes in
microclimate, particularly temperature and canopy cover
(Wang 2023). Long-term conservation requires landscape-
wide strategies that include habitat restoration, improving
ecological connectivity, data-driven management, and
community involvement. Ecological corridors, native
vegetation enhancement, and climate-adaptive management
help ensure the stability of butterfly populations (Krumins
and Klavins 2025). Other studies also show that successful
butterfly conservation in tropical regions depends heavily
on habitat structure and vegetative connectivity (Whitworth
et al. 2016; Qianwen et al. 2022).

Comparative studies reinforce the patterns observed in
Sorowako. In the Brazilian Amazon, butterfly diversity was
significantly higher in areas with complex secondary
vegetation than in unrestored open-pit mines (Neves et al.
2021). In Kalimantan, Indonesia, population recovery was
stronger in areas restored with native plant species and high
connectivity to primary forests (Nugroho et al. 2022).
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Similar patterns were found in the Atlantic Forest of
eastern Brazil, where natural regeneration supported
specialist  butterfly species more effectively than
monoculture plantations (Barlow et al. 2007). In California,
butterfly distribution was closely linked to water
availability, canopy cover, and floral diversity (Schneider
et al. 2020). In Ghanaian bauxite mines, the presence of
host plants, ground cover, and connectivity to native forests
was associated with increased butterfly and insect richness
(Kyerematen et al. 2014). Butterfly diversity in degraded
areas of Central Kalimantan is shaped by habitat
degradation, not fragmentation, with specific species
indicating ecological conditions across habitat types
(Harmonis and Saud 2017). Butterflies in Endau-Rompin
Johor National Park, Malaysia, remain highly diverse and
show strong potential as a nature-based tourism attraction
despite habitat degradation (Ismail et al. 2020). These
findings collectively underscore that successful restoration
in tropical mining landscapes relies on complex vegetation
structure, habitat connectivity, and the presence of larval
host and nectar plants. By synthesizing recent studies
across Southeast Asia and Wallacea, this analysis
strengthens the ecological interpretation of butterfly
response to post-mining restoration.

This study revealed that butterflies are effective
indicators of ecological conditions in post-mining
landscapes due to their sensitivity to changes in light,
elevation, and vegetation complexity. Lowland areas with
higher light availability and diverse local flora support
greater species richness and abundance, particularly when
food sources are available year-round. However, this study
was limited by temporal constraints, as field sampling was
conducted only in February, which did not fully capture
seasonal variations in butterfly communities. Field
observations indicate population declines in some of these
species due to habitat degradation. These findings highlight
the need for urgent habitat protection and vegetation
restoration tailored to the specific larval and adult feeding
requirements of each species. The ecological significance
of these findings underscores the value of butterflies as
bioindicators for monitoring ecosystem health and
evaluating the success of restoration in post-mining tropical
landscapes. Community involvement through citizen
science monitoring and integration of field data into
national biodiversity databases is not just a suggestion, but
a crucial part of the solution. It can serve as interim
conservation measures pending formal assessments, and its
importance cannot be overstated. Thus, butterfly
conservation strategies in tropical mining regions must be
designed adaptively and participatively, combining
scientific data and habitat restoration to support long-term
species persistence and ecosystem function. This study
provides a  scientific  foundation  for  policy
recommendations on mine rehabilitation, biodiversity
offsets, and conservation planning in Sulawesi's mining
zones.

BIODIVERSITAS 26 (9): 4761-4774, September 2025

ACKNOWLEDGEMENTS

Thank you to the research team and colleagues who
have helped and completed this research. Thanks to PT
Vale Indonesia Tbk, South Sulawesi, Indonesia, for
research and collaboration, as well as the Institute for
Research and Community Service (LPPM) Universitas
Hasanuddin, South Sulawesi. Appreciation is also extended
to the Forest Protection and Insects Laboratory and the
Integrated Forestry and Environmental Laboratory for their
support.

REFERENCES

Ahmad A, Hamzah S. 2016. Database Karst Sulawesi Selatan. Badan
Lingkungan Hidup Daerah Provinsi Sulawesi Selatan, Makassar.
[Indonesian]

Alvarez HA, Walker E, Mingarro M, Ursul G, Cancela JP, Bassett L,
Wilson RJ. 2024. Heterogeneity in habitat and microclimate delay
butterfly community tracking of climate change over an elevation
gradient. Biol Conserv 289: 110389. DOL:
10.1016/j.biocon.2023.110389.

Ancillotto L, Mosconi F, Labadessa R. 2024. A matter of connection: The
importance of habitat networks for endangered butterflies in
anthropogenic landscapes. Urban Ecosyst 27 (5): 1623-1633. DOI:
10.1007/s11252-024-01542-0.

Barahona-Segovia RM, Zuiiiga-Reinoso A. 2021. An overview of
Neotropical arthropod conservation efforts using risk assessment lists.
J Insect Conserv 25: 361-376. DOI: 10.1007/s10841-021-00306-x.

Barlow JOS, Overal WL, Araujo IS, Gardner TA, Peres CA. 2007. The
value of primary, secondary and plantation forests for fruit-feeding
butterflies in the Brazilian Amazon. J Appl Ecol 44 (5): 1001-1012.
DOL: 10.1111/j.1365-2664.2007.01347 x.

Basset Y, Barrios H, Segar S, Srygley RB, Aiello A, Warren AD, Delgado
F, Coronado J, Lezcano J, Arizala S, Rivera M, Perez F, Bobadilla R,
Lopez Y, Ramirez JA. 2015. The butterflies of Barro Colorado Island,
Panama: Local extinction since the 1930s. Plos One 10 (8): €0136623.
DOI: 10.1371/journal.pone.0136623.

Bonebrake TC, Ponisio LC, Boggs CL, Ehrlich PR. 2010. More than just
indicators: A review of tropical butterfly ecology and conservation.
Biol Conserv 143 (8): 1831-1841. DOI:
10.1016/j.biocon.2010.04.044.

Budiaman B, Nuraeni S, Nurhaini N, Prastiyo A. 2025. Composition and
role of ants (Formicidae) as indicators of habitat conditions in
different stands in urban forest, Makassar, South Sulawesi, Indonesia.
Biodiversitas 26 (1): 145-152. DOI: 10.13057/biodiv/d260116.

Choudhary NL, Chishty N. 2020. Effect of habitat loss and anthropogenic
activities on butterflies' survival: A review. Intl J Entomol 5 (4): 94-
98.

Cleary DFR, Boyle TJ, Setyawati T, Menken SB. 2005. The impact of
logging on the abundance, species richness and community
composition of butterfly guilds in Borneo. J Appl Entomol 9 (1): 52-
59. DOLI: 10.1111/5.1439-0418.2005.00916.x.

Collen B, Ram M, Zamin T, McRae L. 2008. The tropical biodiversity
data gap: Addressing disparity in global monitoring. Conserv Sci |
(2): 75-88. DOI: 10.1177/19400829080010020.

Creer S, Deiner K, Frey S, Porazinska D, Taberlet P, Thomas WK, Potter
C, Bik HM. 2016. The ecologist's field guide to sequence-based
identification of biodiversity. Methods Ecol Evol 7 (9): 1008-1018.
DOL: 10.1111/2041-210X.12574.

Curtis RJ, Brereton TM, Dennis RL, Carbone C, Isaac NJ. 2015. Butterfly
abundance is determined by food availability and is mediated by
species traits. J Appl Ecol 52 (6): 1676-1684. DOIL: 10.1111/1365-
2664.12523.

Firoiu D, Ionescu GH, Pirvu C, Pirvu R, Cismas CM, Costin MP. 2024.
The road to 2030: Evaluating Europe's progress on sustainable
ecosystem protection and restoration. Land 13 (12): 1-20. DOI:
10.3390/land13121974.

Forde C, Duvvury N. 2021. Survivor-led relational psychotherapy and
embodied trauma: A qualitative inquiry. Couns Psychother Res 21
(3): 633-643. DOI: 10.1002/capr.12355.



NURAENI et al. — Butterfly diversity in the Sorowako mining area, Indonesia

Foster WA, Snaddon JL, Turner EC, Fayle TM, Cockerill TD, Ellwood
MF, Broad GR, Chung AYC, Eggleton P, Khen CV, Yusah KM.
2011. Establishing the evidence base for maintaining biodiversity and
ecosystem function in the oil palm landscapes of South East Asia.
Philos Trans R Soc B 366 (1582): 3277-3291. DOI:
10.1098/rstb.2011.0041.

Futuyma DJ, Moreno G. 1988. The evolution of ecological specialization.
Ann Rev Ecol Syst 19: 207-233. DOL:
10.1146/annurev.es.19.110188.001231.

Gebremariam GH. 2024. A Systematic review of insect decline and
discovery: Trends, drivers, and conservation strategies over the past
two decades. Psych J Entomol 2024 (1): 1-16. DOL
10.1155/2024/5998962.

Goded S, Ekroos J, Azcarate JG, Guitian JA, Smith HG. 2019. Effects of
organic farming on plant and butterfly functional diversity in mosaic
landscapes. Agric  Ecosyst Environ 284: 106600. DOI:
10.1016/j.agee.2019.106600.

Gordon SC, Martin JG, Kerr JT. 2024. Dispersal mediates trophic
interactions and habitat connectivity to alter metacommunity
composition. Ecology 105 (2): 1-10. DOI: 10.1002/ecy.4215.

Habel JC, Mulwa M, Wagner L, Schmitt T, Teucher M, Ulrich W. 2024.
Diverging responses to natural and anthropogenic habitats in
aftrotropical birds and butterflies. Biodivers Conserv 33 (3): 971-985.
DOI: 10.1007/s10531-023-02762-0.

Han D, Wang C, Sun Z, She J, Yin L, Bian Q, Han W 2022. Microhabitat
preferences of butterflies in urban parks: Both vegetation structure
and resources are decisive. Urban For Urban Green 71: 1-17. DOIL:
10.1016/j.ufug.2022.127552.

Harmonis H, Saud OR. 2017. Effects of habitat degradation and
fragmentation on butterfly biodiversity in West Kotawaringin, Central
Kalimantan, Indonesia. Biodiversitas 18 (2): 500-506. DOI:
10.13057/biodiv/d180208.

Heliovaara K. 2018. Insects and Pollution. CRC Press, Florida. DOI:
10.1201/9781351073622.

Ilhamdi ML, Al Idrus A, Santoso D, Hadiprayitno G, Syazali M, Hariyadi
1. 2023. Abundance and diversity of butterfly in the Lombok Forest
Park, Indonesia. Biodiversitas 24 (2): 688-695. DOL
10.13057/biodiv/d240205.

Ismail N, Rahman AAA, Mohamed M, Bakar MFA, Tokiman L. 2020.
Butterfly as bioindicator for development of conservation areas in
Bukit Reban Kambing, Bukit Belading and Bukit Tukau, Johor,
Malaysia. Biodiversitas 21 (1): 31-55. DOI:
10.13057/biodiv/d210141.

Keeley AT, Beier P, Creech T, Jones K, Jongman RH, Stonecipher G,
Tabor GM. 2019. Thirty years of connectivity conservation planning:
An assessment of factors influencing plan implementation. Environ
Res Lett 14 (10): ab3234. DOI: 10.1088/1748-9326/ab3234.

Koneri R, Nangoy MJ, Siahaan P. 2019. The abundance and diversity of
butterflies (Lepidoptera: Rhopalocera) in Talaud Islands, North
Sulawesi, Indonesia. Biodiversitas 20 (11): 3275-3283. DOI:
10.13057/biodiv/d201121.

Koneri R, Nangoy MJ. 2019. Butterfly community structure and diversity
in Sangihe Islands, North Sulawesi, Indonesia. Appl Ecol Environ
Res 17 (2): 1-17. DOL: 10.15666/acer/1702_25012517.

Korkiatupa E, Malinga GM, Nakadai R, Nyafwono M, Akite P, Holm S,
van Goor W, Kigenyi R, Valtonen A. 2023. Recovery patterns in
community composition of fruit-feeding butterflies following 26
years of active forest restoration. Ecosphere 14 (5): 1-17. DOIL
10.1002/ecs2.4514.

Kral-O'Brien KC, Karasch BM, Hovick TJ, Moranz RA, Harmon JP.
2020. Morphological traits determine detectability bias in North
American grassland butterflies. Ecosphere 11 (12): 1-13. DOI:
10.1002/ecs2.3304.

Krebs CJ. 2014. Ecological Methodology, 3rd Ed. Addison-Wesley
Educational Publishers Inc., Boston.

Krumins J, Klavins M. 2025. Scenario-based modeling of land-use and
land-cover changes to promote sustainability in biosphere reserves: A
case study from North Vidzeme, Latvia. Front Remote Sens 6: 1-15.
DOI: 10.3389/frsen.2025.156700.

Kurnianto AS, Haryadi NT, Dewi N, Miftachurrohmi M, Rohmana A,
Amal GI, Septiadi L, Firdaus AS, Magvira NL. 2023. Edge effects at
multifunctional agro-landscapes in Jember, Indonesia, on the
augmentation of butterfly diversity. Biodiversitas 24 (4): 2231-2241.
DOI: 10.13057/biodiv/d240436.

Kyerematen R, Akuamoah-Boateng A, Acquah-Lamptey D, Anderson RS.
2014. Land use type affects butterfly diversity: A case study of the

4773

University of Ghana, main campus, Legon. J Biodivers Environ Sci 5
(5):205-214.

Lopez-Vazquez K, Lara C, Corcuera P, Castillo-Guevara C. 2024.
Temporal shifts in flower-visiting butterfly communities and their
floral resources along a vegetation type altered by anthropogenic
factors. Forests 15 (9): 1-22. DOI: 10.3390/f15091668.

Ludwig JA, Reynolds JF. 1988. Statistical Ecology: A Primer in Methods
and Computing. John Wiley and Sons, New York.

Lynch AJ. 2019. Creating effective urban greenways and stepping-stones:
Four critical gaps in habitat connectivity planning research. J Plant Lit
34 (2): 131-155. DOI: 10.1177/08854122187983.

Magurran AE. 1988. Ecological Diversity and Its Measurements. Croom
Helm, London. DOI: 10.1007/978-94-015-7358-0.

Maulany RI, Mangnga EY, Hamzah AS, Ngakan PO. 2024. Species
diversity and time of occurrence of butterflies at various observation
points in the educational Forest-Universitas Hasanuddin. AIP Conf
Proc 3001: 184602. DOL: 10.1063/5.0184602.

Mili¢i¢ M, Popov S, Branco VV, Cardoso P. 2021. Insect threats and
conservation through the lens of global experts. Conserv Lett 14 (4):
1-14. DOI: 10.1111/conl.12814.

Molyneaux A. 2023. The re-discovery in Sumatra of a rarely seen moth,
Heterosphecia tawonoides, and its identification using citizen science
platform iNaturalist. Indones J Appl Environ Stud 4 (1): 39-45. DOIL:
10.33751/injast.v4i1.7280.

Montejo-Kovacevich G, Marsh CJ, Smith SH, Peres CA, Edwards DP.
2022. Riparian reserves protect butterfly communities in selectively
logged tropical forest. J Appl Ecol 59 (6): 1524-1535. DOL
10.1111/1365-2664.14162.

Montejo-Kovacevich G, Martin SH, Meier JI, Bacquet CN, Monllor M,
Jiggins CD, Nadeau NJ. 2020. Microclimate buffering and thermal
tolerance across elevations in a tropical butterfly. J Exp Biol 223 (8):
1-12. DOI: 10.1242/jeb.220426.

Neal W, Araya Y, Wheeler PM. 2024. Influence of canopy structural
complexity on urban woodland butterfly species richness. J Insect
Conserv 28 (5): 1051-1062. DOI: 10.1007/s10841-024-00594-z.

Neves FDS, Da Silva PG, Solar R, Nunes CA, Beirdo MDYV, Brant H, de
Castro FS, Dattilo W, Fernandes RG. 2021. Habitat generalists drive
nestedness in a tropical mountaintop insect metacommunity. Biol J
Linn Soc 133 (2): 577-586. DOI: 10.1093/biolinnean/blaa059.

Nugroho HYSH, Nurfatriani F, Indrajaya Y, Yuwati TW, Ekawati S,
Salminah M, Gunawan H, Subarudi S, Sallata MK, Allo MK, Muin
N, Putri IASLP, Prayudyaningsih R, Ansari F, Siarudin M, Setiawan
O, Baral H. 2022. Mainstreaming ecosystem services from
Indonesia's remaining forests. Sustainability 14 (19): 1-39. DOI:
10.3390/sul141912124.

Odum EP. 1993. Dasar-Dasar Ekologi. Universitas Gajah Mada Press,
Yogyakarta. [Indonesian]

Ojija F. 2024. Biodiversity and plant-insect interactions in fragmented
habitats: A systematic review. CABI Rev 19 (1): 1-10. DOIL:
10.1079/cabireviews.2024.0044.

Oliveira CS, Nogara PA, Lima LS, Galiciolli ME, Souza JV, Aschner M,
Rocha JB. 2022. Toxic metals that interact with thiol groups and
alteration in insect behavior. Curr Opin Insect Sci 52: 1-10. DOI:
10.1016/j.c0is.2022.100923.

Ong XR, Tan B, Chang CH, Puniamoorthy N, Slade EM. 2025.
Identifying the knowledge and capacity gaps in Southeast Asian
insect conservation. Ecol Lett 28 (1): 1-13. DOIL: 10.1111/ele.70038.

Panjaitan R, Atmowidi T, Peggie D. 2016. Effect of temperature on
butterfly community (Lepidoptera) at Gunung Meja recreational
forest area, Manokwari, Papua Barat. KnE Soc Sci 1 (1): 19-26. DOI:
10.18502/kss.v1i1.430.

Panjaitan R, Drescher J, Buchori D, Peggie D, Harahap IS, Scheu S,
Hidayat P. 2020. Diversity of butterflies (Lepidoptera) across
rainforest transformation systems in Jambi, Sumatra, Indonesia.
Biodiversitas 21 (11): 5119-5127. DOIL: 10.13057/biodiv/d211117.

Parikh G, Rawtani D, Khatri N. 2021. Insects as an indicator for
environmental pollution. Environ Claims J 33 (2): 161-181. DOI:
10.1080/10406026.2020.1780698.

Permen LHK. 2018. Peraturan Menteri Lingkungan Hidup dan Kehutanan
Republik Indonesia. Menteri Lingkungan Hidup dan Kehutanan
Republik Indonesia, Jakarta. [Indonesian]

Pollard E, Yates TJ. 1993. Monitoring Butterflies for Ecology and
Conservation: The British Butterfly Monitoring Scheme. Springer
Science and Business Media, Dordrecht.

Poorter L, van Der Sande MT, Amissah L, Bongers F, Hordijk I, Kok J,
Laurance SGW, Martinez-Ramos M, Matsuo T, Meave JA, Muiioz R,



4774

Pefia-Claros M, van Breugel M, Herault B, Jakovac CC, Lebrija-
Trejos E, Lohbeck NN, Locbeck M. 2024. A comprehensive
framework for vegetation succession. Ecosphere 15 (4): 1-25. DOL:
10.1002/ecs2.4794.

Prakash V, Budhwan R. 2024. Impact of stone mining on vegetation and
biodiversity and its restoration approaches. Ecol Impacts Stone
Mining 1: 187-228. DOI: 10.1007/978-981-97-4746-7_11.

Qianwen G, Arif M, Zhongxun Y, Jie Z, Xinrui H, Dongdong, D, Fan H,
Changxiao L. 2022. Plant species composition and diversity along
successional gradients in arid and semi-arid regions of China. For
Ecol Manag 524: 1-10. DOI: 10.1016/j.foreco.2022.120542.

Ruslan H, Tobing SLI, Andayaningsih D. 2023. Monitoring of butterfly
abundance in the urban forests of Cibubur Arboretum and University
of Indonesia. Jurnal Lahan Suboptimal 12 (1): 62-71. DOI:
10.36706/JL.S0.12.1.2023.624.

Sanchez MS, Lara C. 2024. Exotic and native plants play equally
important roles in supporting and structuring plant-hummingbird
networks within urban green spaces. Peer] 12: 1-22. DOL
10.7717/peerj.16996.

Sands DP. 2018. Important issues facing insect conservation in Australia:
now and into the future. Austral Entomol 57 (2): 150-172. DOI:
10.1111/aen.12342.

Schalkwyk JV, Gaigher R, Pryke JS, Samways MJ. 2021. Within-corridor
heterogeneity is more important than corridor design for maintaining
butterfly functional and taxonomic diversity. J Appl Ecol 58 (12):
2734-2746. DOL: 10.1111/1365-2664.14006.

Schneider FD, Ferraz A, Hancock S, Duncanson LI, Dubayah RO, Pavlick
RP, Schimel DS. 2020. Towards mapping the diversity of canopy
structure from space with GEDI. Environ Res Lett 15 (11): 1-15.
DOI: 10.1088/1748-9326/ab%9¢99.

Singh P, Schweiger R, Miiller C. 2024. Niche realisation processes in
insects: The impact of global change and relevance of
individualisation. =~ Entomol Gen 44 (6): 1-15. DOL
10.1127/entomologia/2024/2753.

Sinnett DE, Sardo AM. 2020. Former metal mining landscapes in England
and Wales: Five perspectives from local residents. Landsc Urban Plan
193: 1-10. DOLI: 10.1016/j.1andurbplan.2019.103685.

Solis-Gabriel L, Mendoza-Arroyo W, Boege K, Del-Val E. 2017.
Restoring lepidopteran diversity in a tropical dry forest: Relative
importance of restoration treatment, tree identity and predator
pressure. PeerJ 5: 1-15. DOI: 10.7717/peerj.3344.

Struebig MJ, Aninta SG, Beger M, Bani A, Barus H, Brace S, Davies ZG,
Brauwer MD, Diele K, Djakiman C, Djamaluddin R, Drinkwater R,
Dumbrell A, Evans D, Fusi M, Herrera-Alsina L, Iskandar DT, Jompa
J, Juliandi B, Lancaster LT. 2022. Safeguarding imperiled
biodiversity and evolutionary processes in the Wallacea center of
endemism. Biosciences 72 (11): 1118-1130. DOL
10.1093/biosci/biac085.

BIODIVERSITAS 26 (9): 4761-4774, September 2025

Suryanto H. 2020. Distribution and ecology of sangilu (Evodia sp) as a
local endemic species in the Bantimurung Bulusaraung National Park.
IOP Conf Ser Earth Environ Sci 486 (1): 012174. DOLI:
10.1088/1755-1315/486/1/012174.

Swarnali M, Rudra DP, Soumyajit B, Pathiba B, Goutam SK, Gautam A.
2019. Correspondence of butterfly and host plant diversity:
Foundation for habitat restoration and conservation. Eur J Ecol 5 (1):
49-66. DOL: 10.2478/eje-2019-0007.

Umami S, Amaliyah NS, Fahlefi AR, Zumar MR, Romzalis AA,
Wibisana OR, Susant MAD. 2024. Butterflies (Lepidoptera:
Papilionoidea) diversity in Kedung Klurak Tourism Area, Mojokerto
District, East Java, Indonesia. Intl J Trop Dryl 8 (1): 1-8. DOL:
10.13057/tropdrylands/t080104.

Vane-Wright RI, de Jong R. 2003. The butterflies of Sulawesi: Annotated
checklist for a critical island fauna. Zool Verh 343: 3-267.

Vergara-Asenjo G, Alfaro FM, Pizarro-Araya J. 2023. Linnean and
Wallacean shortfalls in the knowledge of arthropod species in Chile:
Challenges and implications for regional conservation. Biol Conserv
281:110027. DOI: 10.1016/j.biocon.2023.110027.

Wang M. 2023. Ecology, environmental art, and sustainable community
building: The meinung yellow butterfly festival as a case of
environmental activism in Taiwan. Intl J Sustain Econ Soc Cult
Context 19 (2): 75-101. DOIL: 10.18848/2325-1115/CGP/v19i02/75-
101.

Wang S, Teng D, Li X, Yang P, Da W, Zhang Y, Liu G, Zhang X, Wan
W, Dong Z, Wang D, Huang S, Jiang Z, Wang Q, Lohman DJ, Wu Y,
Zhang L, Jia F, Westerman E. 2022. The evolution and diversification
of oakleaf butterflies. Cell 185 (17): 3138-3152. DOL:
10.1016/j.cell.2022.06.042.

Wang WL, Suman DO, Zhang HH, Xu ZB, Ma FZ, Hu SJ. 2020.
Butterfly conservation in China: From science to action. Insects 11
(10): 661. DOI: 10.3390/insects11100661.

Warren MS, Maes D, van Swaay CA, Goffart P, Van Dyck H, Bourn NA,
Wynhoff I, Hoare D, Ellis S. 2021. The decline of butterflies in
Europe: Problems, significance, and possible solutions. Proc Natl
Acad Sci USA 118 (2): 1-10. DOI: 10.1073/pnas.2002551117.

Whitworth A, Villacampa J, Brown A, Huarcaya RP, Downie R,
MacLeod R. 2016. Past human disturbance effects upon biodiversity
are greatest in the canopy; a case study on rainforest butterflies. PLoS
One 11 (3): €0150520. DOL: 10.1371/journal.pone.0150520.

Widhiono I. 2015. Diversity of butterflies in four different forest types in
Mount Slamet, Central Java, Indonesia. Biodiversitas 16 (2): 196-204.
DOL: 10.13057/biodiv/d160215.

Wiranti D, Nurtjahya E, Dahelmi D. 2019. The diversity of butterflies
(Superfamily Papilionoidea) as a success indicator of tin-mined land
revegetation. Biodiversitas 20 (7): 1923-1928. DOLI:
10.13057/biodiv/d200719.



