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diversity, habitat and data on habitat characteristics were acquired through direct observation. The richness,

diversity, evenness, and community similarity of butterfly species and the biotic and abiotic habitat
BY characteristics were then analyzed. The result showed 51 butterfly species at Situgunung Resort,

Gunung Gede Pangrango National Park. The highest diversity index and richness index were found
at an altitude of 750 masl (3.22 and 7.91) and the lowest at 950 masl (2.46 and 3.98). The highest
evenness index was found at 750 masl, while the highest similarity community index was found at
altitudes 750 and 850 masl. The relation between altitude and butterfly diversity is that the higher
the altitude, the lower the butterfly diversity.

Introduction

Gunung Gede Pangrango National Park is a natural conservation area with topography varying from sloping
to mountainous. The Gunung Gede Pangrango National Park is a mountainous tropical rainforest. Mountain
rain forests consist of three vegetation zones, namely the sub-montane zone (800-1,500 masl) as the
research site, which is included in the utilization zone, the montane zone (1,500—2,400 masl), and the sub-
alpine zone (above 2,400 masl). Gunung Gede Pangrango National Park is a place where protected and
unprotected animals live. The environment, including height, determines the structure and composition of
forest communities, flora, and fauna [1]. In mountainous regions, altitude is the dominant control of air
temperature; therefore, any systematic changes in altitude will affect air temperature [2].

Butterflies are insects from the Order Lepidoptera with beautiful colors on their wings. According to Amir et
al. [3], pollinators are one of the functions of butterflies in nature. Butterflies act as pollinators while
pollinating flowers to help naturally propagate plants in an ecosystem. The more diverse the host plants, the
more diverse the butterfly diversity in the area [4]. Butterfly diversity in one place is different from that in
other places. The factors that play a role in the existence and diversity of butterflies are environmental
factors, such as air temperature, rainfall, sunlight, humidity, vegetation, predators, and parasites.

The biotic and abiotic factors that support butterfly survival also change. According to Khan et al. [5] stated
that abiotic and biotic factors in a habitat could affect butterfly diversity because butterflies are very sensitive
to habitat changes. Temperature, one of the abiotic factors, decreased with increasing altitude. The greater
the change in altitude, the lower the diversity of the vegetation types [6]. An increase in altitude can decrease
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butterfly diversity [7]. This study aimed to examine the diversity, richness, and evenness of butterfly species
at three altitudes.

Materials and Methods
Study Area

The study was conducted from October to November 2019 in the Situgunung Resort area, Gunung Gede
Pangrango National Park, at three altitudes: 750, 850, and 950 masl. The Gunung Gede Pangrango National
Park is geographically located between 106°51’-107°02 east longitude and 6°41'-6°51’ south latitude, with
a total area of 24,270.80 ha. The Situgunung area is located at the foot of Mount Gede Pangrango, an eco-
tourism area of 100 ha in the Sukabumi Regency. It has a hilly topography with a type A climate, high rainfall,
and a latosol-dominant soil type. A map of the study area is presented in Figure 1.
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Figure 1. Study area map.

Data Collection

The data collection tools used in this study were a butterfly net, dry-wet thermometer, measuring device,
syringe, specimen box, butterfly field guide (Butterfly Practical Guide in the Bogor Botanical Gardens
compiled [8]), identification guide for butterflies of West Java [9], stationery, Global Positioning System (GPS),
altimeter, measuring tape, compass, 70% alcohol, papilot paper, and camphor. The habitat characteristic data
for food availability were observed directly when the observations took place in each location. Water source
observations were conducted by observing the existence, form (flowing or stagnant), and water quality as
seen from the pH level of water. Micro-climate measurements were conducted by measuring the
temperature and humidity at each observation location using a dry-wet thermometer placed 120 cm above
ground level.

Sunlight measurements were manually performed under the forest canopy using the threshold method by
increasing or lowering the threshold value until a match was found between the classified image and the
original image to obtain a clear boundary between the part covered by the canopy and the open part [10].
Data were collected by capturing photos identified using Hemiview 2.1 canopy analysis software, generating
the Leaf Area Index (LAI) output. The conditions of vegetation inhabited by butterflies were obtained using
the vegetation analysis method. For vegetation analysis, five 20 x 20 m sample plots were constructed and
divided into three subplots of 10 x 10 m, 5 x5 m, and 2 x 2 m [11].
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A butterfly inventory was conducted using the transect method [12]. The number of transects made at each
altitude was one transect with a length of 1,000 m, a width of 20 m, and a distance between plots of 10 m.
Catching butterflies was carried out by following the direction and length of the transect when the butterflies
were active, namely 08.00-11.00 WIB and 12.00-15.00 WIB in clear weather, with three repetitions of
butterfly catching at each altitude. The identification of butterflies was carried out directly during observation
and indirectly by bringing the butterflies caught in a butterfly net into papilot paper to be identified later by
referring to the field guidebook. The field guidebooks used were the Practical Guide to Butterflies in the Bogor
Botanical Gardens, compiled by Peggie and Amir [8], and the Identification Guide for Butterflies in West Java
[9].

Data Analysis

The butterfly species diversity was calculated using the Shannon-Wiener Diversity Index [13] with the formula
H’' = -%pi In pi. The value of butterfly species richness was calculated using the Margalef Richness Index [13]
with the formula Dmg = (S-1)/1. The value of species evenness was calculated using the evenness index
Shannon formula [13] with the formula E = H'/In S. Community similarity (ISJ) was assessed using the Jaccard
community similarity index with the formula ISJ = c/(a+b+c) [14]. The influence of environmental factors was
analyzed using a Biplot Analysis. A biplot is an attempt to visualize data in a two-dimensional chart. Biplot
analysis is descriptive in nature and can visually present a group of objects and variables in a flat chart [15].

Results and Discussion
Results

General Conditions of the Research Location

Situgunung Resort is located at an altitude between 650 to 1,036 masl. Its temperature ranges from 16 °C to
28 °C, with an average humidity of 84% [15]. The abiotic condition of the habitat that distinguishes the three
altitudes is the presence of a water source that can affect the existence of butterfly species. At an altitude of
750 m, there was a water source in the form of water flowing from Lake Situgunung. At an altitude of 850 m,
there was a water source in the form of Lake Situgunung; at an altitude of 950 masl, there was no water
source. The general conditions (abiotic components) of the research location, including air temperature,
humidity, and LAI, are listed in Table 1.

Table 1. Abiotic components of the three altitudes.

Altitude (masl) Temperature (°C) Humidity (%) LAl

750 26.7 57 1.21
850 24.1 63 0.63
950 22.1 75 1.88

Vegetation

Based on vegetation analysis at the Situgunung Resort's three altitudes, 47 vegetation types with 39 families
were identified. Table 2 shows eleven vegetation species that became food for larvae and butterflies at the
three altitudes.

Table 2. Vegetation species as foods for larvae and butterflies at the three altitudes.

Altitude Function Butterfly species which

Vegetation species Family 750 850 950 Foods for Foods f(_)r consume it
larvae butterflies

Ageratum conizoides ~ Asteraceae v v v v All butterflies
Macaranga tanarius Euphorbiaceae v v v v Graphium sp.
Chromolaena odorata  Asteraceae v v v Delias sp.
Sida rhombifolia Malvaceae v v Eurema blanda
Melastoma Melastomataceae v v v v All butterflies
malabathricum
Leucaena Fabaceae v v v Melanitis leda
leucocephala
Impatiens platypetala  Balsaminaceae v v v Eurema sp.
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Altitude Function Butterfly species which

Vegetation species Family 750 850 950 Foods for Foods f(?r consume it
larvae butterflies
Tibouchina urvilleana Melastomaceae v v All butterflies
Piper betle Piperaceae v v v Troides sp.
Pinus merkusii Pinaceae v v v v All butterflies
Datura Suaveolens Solanaceae v v v v Eurema sp.
Butterfly Population

Research at three altitudes conducted at the Situgunung Resort, Gunung Gede Pangrango National Park,
found 955 individual butterflies with 51 species and five families. The dominant family was Nymphalidae. The
altitude of 850 masl had the highest number of individuals, namely 456 butterflies, whereas the altitude of
950 masl had the smallest number of butterflies (119) (Figure 2).
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Figure 2. Number of individual butterflies at three altitudes of Situgunung Resort Gunung Gede Pangrango National
Park.

Nymphalidae dominated at the three altitudes, with as many as 21 species at an altitude of 850 masl from 53
species obtained from the three altitudes. Meanwhile, Hesperidae was the family with the least number of
species, namely zero at an altitude of 950 masl from 5 species obtained from overall altitudes, as shown in
Figure 3. Among the 51-butterfly species found at the three altitudes, butterfly species with conservation
status or were included as protected animals based on the Ministry of Environment and Forestry No. 106 of
2018, CITES Appendix and IUCN Red List are presented in Table 3. Troides sp. flies above Lake Situgunung at
an altitude of 850 masl to 950 masl.
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Figure 3. Comparison of the number of butterfly species at the three altitudes of Situgunung Resort Gunung Gede
Pangrango National Park according to family.
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Table 3. Vegetation species as foods for larvae and butterflies at the three altitudes.

Species names Family LHK Ministerial Decree No. 106/2018  CITES IUCN red list

Troides sp. Papilionidae Protected Appendix Il Least concern
Delias belisama  Pieridae Least concern
Danaus sp. Nymphalidae Least concern
Junonia atlites Nymphalidae Least concern

Butterfly Species Diversity, Richness, and Evenness

Butterfly species diversity (H'), richness (Dmg), and evenness (E) can be seen in Table 4. The butterfly with
the highest diversity index value was found at an altitude of 750 masl, with a value of 3.22. The altitude of
750 masl had an area with a canopy cover that was not too tight and was a water source. The lowest butterfly
diversity value was found at an altitude of 950 m with a value of 2.46. The research location with the highest
species richness was at an altitude of 750 masl at 7.91, and the lowest species richness was at an altitude of
950 masl at 3.98. The evenness values of the species at the three altitudes ranged from 0.80 to 0.85. The
three evenness figures at the three altitudes were close to one, indicating that the evenness of the species
at the three altitudes was quite high. The lowest species' evenness was at an altitude of 850 masl (0.80), and
the highest was at an altitude of 750 masl (0.85).

Table 4. Diversity, richness, and evenness of butterfly species at Resort Situgunung Gunung Gede Pangrango National
Park.

Altitude (masl)  Diversity (H’)  Richness (Dmg) Evenness (E)

750 3.22 7.91 0.85
850 3.02 7.02 0.80
950 2.46 3.98 0.82

Butterfly Community Similarity

The community similarity coefficient presented in Table 5 was used to determine the level of community
similarity when using the habitat. The altitude with the highest similarity coefficient was between 750 masl
and 850 masl, with an index value of 0.76. There were 38 butterfly types at both altitudes. The smallest
similarity index was between altitudes of 750 and 950 masl at 0.36. There were 17 butterfly types at both
altitudes.

Table 5. Coefficient of community at three altitudes at Resort Situgunung Gunung Gede Pangrango National Park.

Community Similarity Index 750 850 950

750 1 0.76 0.36
850 1 0.42
950 1

The Relations between Environmental Factors and Butterfly Diversity

The results of the biplot analysis illustrated the relationships between environmental factors and butterfly
diversity at each altitude, showing that at an altitude of 750 masl, butterfly diversity was influenced by the
existence of a water source. At an altitude of 850 masl, the environmental factors that affected butterfly
diversity were availability of food for larvae, air temperature, and food for butterflies. At an altitude of 950
m above sea level, butterfly diversity is influenced by air humidity and LAI.

Discussion

The results of this study at three altitudes obtained five families of butterflies: Lycanidae, Nymphalidae,
Papilionidae, Pieridae, and Hesperidae. The Nymphalidae family has the highest number of species and
individuals. It follows [16] statement that the Nymphalidae family has approximately 7,200 species spread
across continents, except for Antartica. A study on the elevational distribution of butterflies in the Himalayas,
Langtang National Park, Nepal, reported that Nymphalidae are significantly distributed across high, mid, and
low elevation zones [17]. According to Rohman et al. [18], Nymphalidae is a cosmopolite butterfly family.
Cosmopolite butterflies are spread over many areas of the world, such as bright places, farms, forests, rotten
fruits, and animal waste, and have high survival ability in various habitats as they are polyphagous. The family
with the lowest number of species was Hesperidae. According to Shalihah et al. [19], butterflies that belong
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to this family are usually active at night or when the sun is still dim in the morning, called crepuscular. Scott
[20] stated that this type of butterfly rarely flies far away, and only a few migrate.

Based on the results at an altitude of 750 masl, the diversity value was the highest among the three altitudes.
This aligns with the statement by Oztiirk et al. [21] that varying altitudes will determine biodiversity. The
highest biodiversity index at an altitude of 750 m above sea level was attributed to sufficient supporting
factors for butterfly life, such as water sources (water flowing from Lake Situgunung), canopy cover,
temperature, humidity, and vegetation, which can be utilized as diverse food sources. This aligns with the
statement of [22]. Riparian habitat types (habitats located on the banks of rivers or lakes) have high potential
as a place for butterflies to live because of the availability of water sources, open vegetation, and high sun
intensity. Butterflies are sensitive to air temperature, and an open area with higher sun intensity and relative
air temperature is considered a favorable environment for butterflies [23]. Species respond to environmental
conditions through changes in morphology and behavior, phenology, and geographic range shifts [24].
Oktorina [25] stated that a fairly open area causes many flowering plants to grow. Based on the results of the
biplot analysis, this altitude is supported by environmental factors, such as water sources, temperature,
humidity, and food vegetation for larvae and butterflies.

Based on the results obtained at an altitude of 850 masl, the diversity value obtained was the second highest
among the three altitudes after 850 masl. This is because the supporting factors for butterfly life are
sufficiently fulfilled, such as temperature, humidity, vegetation, and water sources, in the form of Lake
Situgunung and open canopy cover. The richness value at this altitude is the second highest after 750 masl
because, at this altitude, the level of adaptation and competition in foraging tends to be lower because of
the relatively lower number of species and individuals. This is in line with the statement of Ferrer-Paris et al.
and Despland et al. [26,27] that the diversity of caterpillar and butterfly food plants in a habitat is related to
the richness of butterfly species in that habitat. Diversity at altitude is supported by environmental factors,
such as water sources, temperature, humidity, open canopy cover, and adequate forage plants for caterpillars
and butterflies.

Based on the results at an altitude of 950 masl, the diversity value obtained was the smallest compared to
other altitudes because at this altitude, the supporting factors for butterfly life were not met, such as the
absence of a water source and dense canopy cover. The richness value at this altitude was the lowest among
the three altitudes because, at this altitude, the level of adaptation and competition in looking for food
tended to be higher because of the relatively higher number of species and individuals. The biplot analysis
results showed that there was no water source at this altitude, but it had high temperature and humidity, a
lack of forage plants, and a fairly dense canopy cover. According to Koneri et al. [28] stated that butterflies
prefer habitats with moderate temperature. This is in line with Alarape et al. [29], who reported that
temperature can affect oviposition, mating behavior, larval development, and butterfly food plants.

In line with this, Sumi et al. [22] stated that butterflies are influenced in various aspects by climate change as
they are sensitive to temperature and rising temperatures due to global warming on butterfly wings. The
evenness values obtained at the three altitudes were evenly distributed because the evenness index value
obtained at each altitude was close to the maximum evenness (E was close to 1). According to Efendi et al.
[4], the greater the evenness value of butterfly species, the more evenly distributed butterfly species are,
and certain types of butterflies are not dominant. The smaller the value of evenness of species, the less evenly
distributed the species, and there is dominance by certain types of butterflies.

Troides sp. is one of the butterfly species listed in the Ministry of Environment and Forestry Regulation No.
106 of 2018 about the Second Amendment to The Minister of Environment and Forestry Regulation Number
P.20/Menlhk/Setjen/Kum.1/6/2018 Regarding Protected Plant and Animal Species. This butterfly is seen
flying over Lake Situgunung at an altitude of 850 m and 950 masl. It is also proven that the presence of forage
plants found at the observation site, namely Aristolochia sp. There is a positive correlation between the
length of butterfly wings and average temperature, as the average temperature change affects the length of
butterfly wings. Bladon et al. [30] also stated that there was a significant difference in the buffering ability of
butterflies against climate change. The longer the butterfly wings, the higher its ability to adapt to climate
change. Hence, larger butterflies may be better at increasing and decreasing their thorax temperatures using
thermoregulation. This is in line with the findings of Troides helena butterfly species, which have quite long
wings at 850 masl toward 950 masl altitudes. Butterflies with quite long wings are mostly from the
Papilionidae Family, which have a large body with wings of more than 50 mm [16].

The altitude with the highest similarity coefficient is between 750 masl and 850 masl, with an index value of
0.76. There were 38 butterfly types at both the altitudes. The smallest similarity index is between altitudes
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of 750 and 950 masl at 0.36. The number of butterfly types at both altitudes was 17. The highest similarity of
butterfly communities was at altitudes of 750 masl and 850 masl at 0.76. This is because of the similarity of
vegetation types and the availability of caterpillars and butterfly food, which are almost the same at both
altitudes. The community similarity is at least 750 masl and 950 masl at an altitude of 0.36, because the
availability of food and water at an altitude of 950 masl is less than that at an altitude of 750 masl. According
to Alikodra [31], habitat suitability, which includes environmental adaptation, vegetation strata, food
availability, natural selection, and other natural factors, affects the opportunity for community similarities
between different habitats and is closely related to the distribution of butterflies.

Based on these results, it is known that there is a difference between butterfly diversity and altitude,
indicating that increasing altitude lowers butterfly diversity. The results of this analysis align with the research
of Mihoci et al. [7], which showed that the number of butterfly species decreases with increasing altitude.
Supported by Panjaitan [32], significant differences occur in the high number of individuals and diversity of
butterfly species at low altitudes, which decrease with increasing altitude. This is in line with Dar et al. [33],
who stated that the diversity index shows that butterfly communities are more diverse at lower altitudes and
decline significantly with increasing altitude. Overall, butterflies and their diversity are stronger at lower
elevations and gradually decline at higher elevations because floristic diversity declines when they rely on to
survive and reproduce. Butterfly richness and abundance decline with altitudes, and species composition
changes along the altitudes [34-37].

The lower the rainfall and altitude, the higher the abundance of butterfly species [4]. This is because an
increase in altitude causes the environmental conditions to change. The increase in altitude affects the
composition and structure of existing forest vegetation. Altitude changes also cause changes in the
microclimate in the place, such as light intensity, temperature, and humidity. Changes in environmental
conditions, including air temperature, will determine the patterns of species distribution and composition of
the local butterfly community [38]. In accordance with Habel et al. [38], Kovacevich et al. [39] also stated that
microclimate variability in tropical forests plays a key role in shaping species distribution and their ability to
cope with environmental change [39]. According to Lee et al. [40] stated that butterflies serve as effective
indicators of temperature change, and butterfly distribution can be utilized to determine their adaptive
abilities to climate patterns.

Butterflies are poikilothermic [41,42], and their body temperature is affected by environmental temperature
[43,44]. Butterflies are cold-blooded animals that do not generate sufficient heat from their metabolism to
provide them with the heat and energy they need to fly. Therefore, butterflies rely on heat absorbed from
the sun, so they often bask in the sun in the morning to help increase their body heat. Altitude changes reduce
plant species diversity [6] because butterflies and caterpillars have fewer types of food at each altitude.

The highest diversity and richness were observed at an altitude of 750 m above sea level. This can be
attributed to the availability of food sources and water and favorable air temperature conditions, enabling
butterflies from higher altitudes to migrate to this location. Consequently, the diversity and richness were
higher at 750 m above sea level. According to Al Baraj and Ogiir [45], air temperature influences the migration
of insects, particularly butterflies. Researchers who conducted a study in The Qinling Mountains in China
stated that the environment and other factors collaboratively shape and influence butterfly diversity [46].

Conclusions

The butterfly population at Resort Situgunung Gunung Gede Pangrango National Park included as many as
51 species, comprising 955 individuals. Diversity and richness had a value range of 2.46 to 3.22 and 3.98 to
7.91. The types of butterflies at each altitude were evenly spread because they had a species evenness value
close to 1. The highest community similarity index was at an altitude of 750 masl and 850 masl of 0.85; this
value decreased with increasing altitude. The research location with the most optimal characteristics for
butterfly life is at an altitude of 850 m, as seen from temperature, humidity, sunlight intensity (LAIl), water
sources, and food vegetation that support butterfly life, as seen from species diversity and species richness.
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