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Abstract. Umami S, Amaliyah NS, Fahlefi AR, Zumar MR, Romzalis AA, Wibisana OR, Susanto MAD. 2024. Butterflies (Lepidoptera:
Papilionoidea) diversity in Kedung Klurak Tourist Area, Mojokerto District, East Java, Indonesia. Intl J Trop Drylands 8: 27-34.
Kedung Klurak is a natural tourism area with very good environmental conditions and is naturally maintained. This study aims to
identify and analyze the diversity of butterflies (Lepidoptera: Papilionoidea) in the Kedung Klurak Tourism Area, Mojokerto District,
East Java, Indonesia. The sampling method used in this study was the sweeping net and cruising or transect method. The research
location was divided into three locations: the riverbank, pine forest, and bamboo area. The results of this study found 37 species, with a
total of 593 individuals belonging to 5 families. The index value of species diversity in the Kedung Klurak Tourism Area is H=3.313 in
the high category. The highest diversity index is at the riverbank location with H = 3.313, followed by pine forest with H = 3.060, and
the lowest diversity index is at the bamboo area location with H = 2.811. Several factors affecting differences in butterfly species
diversity (Lepidoptera) are their location because they have different environmental conditions and are influenced by the availability of

biotic and abiotic factors, food, and host plants. Abiotic factors include light intensity, temperature, and air humidity.
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INTRODUCTION

The lives on earth for plants, animals, fungi,
microorganisms, and various genetic materials that exist on
the earth from all habitats, both on land, in the air, and in
the sea, are called biodiversity (Subahar and Yuliana 2010).
Indonesia is a mega biodiversity country with diverse flora
and fauna (Budiansyah et al. 2015), including butterfly
species. Butterflies are one part of biodiversity that must be
preserved from extinction and decreased species diversity
(Pertiwi et al. 2020), with more than 2,000 species spread
throughout the archipelago (Murwitaningsih et al. 2019).
Butterflies belong to the order Lepidoptera or "scaly-
winged insects" and are known as diurnal animals (Nuraini
et al. 2020). Butterflies have a morphological structure
divided into the head, thorax, and abdomen (Parmadi et al.
2016). The butterfly cycle consists of egg, larva
(caterpillar), pupa (cocoon), and imago (adult) phases;
hence, it is called a holometabola insect because it
undergoes a perfect metamorphosis (Schulze 2013).

Many factors, including vegetation diversity and the
abundance of host plant species, influence the diversity and
structure of butterfly communities; the host plants are very
important for butterfly larvae (Najah 2023). The presence
and abundance of vegetation in a place can support the
diversity of butterflies in a habitat (Kurniawan et al. 2020).
In addition to vegetation factors, light intensity at a location
also plays an important role in the structure of the butterfly
community (Apriana et al. 2022). Butterflies are found in

various regional landscapes, such as mountains,
plantations, and agriculture (Sahputra et al. 2022), and the
species' existence in an area is inseparable from the
distribution and adaptation capabilities of the species itself
(Dewi et al. 2016). Butterflies have important values:
ecology, conservation, endemism, aesthetics, education,
economy, and culture. Butterflies are a biotic component
easily recognized in the ecosystem because this type of
insect looks attractive in shape and various colors (Alfida
et al. 2016).

The presence of butterflies can indicate pollution of the
surrounding environment (Noor and Zen 2015), including
the decline in environmental quality and the decline in
butterfly diversity in an area, which is land conversion that
causes loss of vegetation (Ardianto et al. 2023). The habitat
conversion changes in an area are the main factors causing
the reduction of butterfly species. Likewise, the problem of
decreasing the quality of the surrounding environment can
cause changes in the environmental components that make
up the habitat, drastically reducing butterfly breeding
(Rahayu and Basukriadi 2012).

The environment and climate in Java gradually changed
from west to east, from wet and humid dense rainforests in
western Java to dry savanna environments in eastern Java,
according to the climate and rainfall of the region. Kedung
Klurak Tourism Area is located in East Java, Indonesia, in
the production forest area of BKPH Pacet and RPH Claket
of the Indonesian Forest Enterprise (Perhutani). The
tourism area is about 5 ha, the water discharge is not too
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large, and shady pine forests surround it. This area has a
pine forest, campground, and waterfall; the cool natural
nuances and beautiful aroma are the main attractions. This
study aims to determine the diversity of butterflies
(Lepidoptera: Papilionoidea) in the Kedung Klurak
Tourism Area, East Java, Indonesia.

MATERIALS AND METHODS

Time and location of research

This research was conducted in Kedung Klurak
Tourism Area, Kembangbelor Village, Pacet Sub-district,
Mojokerto District, East Java, Indonesia. This study was
conducted in September 2023 during the butterfly's active
hours, 08.00-11.00 AM, where, in the previous month, a
survey and research had been carried out at the location.
This research was not conducted in the afternoon because
butterflies are only active in the morning. This is supported
by the opinion of Zulaikha and Susanto (2022) which state
that the active hours of butterflies are from 08.00 AM to
1.00 PM and during sunny weather.

The riverbank location is on the banks of the river. The
riverbank has some vegetation found at this location, such

as trees, shrubs, and shrubs with open canopies. The
dominant vegetation type in this location is lush shrubs
with an open canopy and sunlight supply. The pine forest
has a closed canopy type with a pine tree vegetation type,
and with this canopy and vegetation type, this station lacks
sunlight. The bamboo area is filled with bamboo plants.
The dominant vegetation type at this station is pole plants,
mostly bamboo plants. The bamboo area has an open
canopy; sunlight maximally enters the location (Figure 1).

Data collection method

This study used the exploring method and a visual
encounter survey, which is one of the ecological
observation methods that involves seeing, capturing, and
recording the species encountered during the observation.
This research is also determined by vegetation in the
observed locations. Sampling was determined using the
transect method along the location. The transect method
collects data through density, density, and frequency
variables at an observation location (Hidayat et al. 2018).
Butterfly species found during observations were
documented with digital or cellphone cameras for further
identification and data analysis processes.
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Figure 1. Research location in Kedung Klurak Tourism Area, Kembangbelor Village, Pacet Sub-district, Mojokerto District, East Java,

Indonesia. A. Riverbank, B. Pine forest, C. Bamboo area
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Butterfly  species identification is based on
morphological keys, including wing color, pattern, and
shape, and this is conducted using an identification book by
Baskoro et al. (2018). The study also measured supporting
factors, namely biotic and abiotic factors. Abiotic factor
measurements  include temperature, humidity, light
intensity, and wind speed. Temperature and humidity were
measured using a thermohygrometer, while light intensity
and wind speed were measured using a lux meter and
anemometer. Biotic factor measurements include host
plants and food, which greatly influence the presence of
butterflies in a habitat. This is supported by Ruslan and
Yenisbar (2023) state that the presence of host plants and
food for butterflies is an important factor related to the
presence of butterflies in a habitat. At the same time,
vegetation data was collected at the research location,
which will be analyzed as additional supporting data.

Data analysis

The total individuals obtained were then calculated
using the relative abundance formula to determine the
percentage of species:

RA:%XIOO%

Where:

RA : Relative abundance

Ni : Number of individuals of a species

N : Number of individuals of all species

Butterfly data obtained during the study were analyzed
using the Shannon-Wiener diversity index (H'), dominance
index (D), and evenness index (E).

Shannon-Wiener Diversity Index

H' = —Zpiani

Where:

Pi : total ni/N

H': Diversity index

ni : Number of individuals of the i-th species

N : Total number of species

In : Natural logarithm

The Shannon-Wiener Index (H') ranges from 1.5 to 3.5
and rarely exceeds 4. The higher the H' value, the higher
the diversity value (Rozak et al. 2020).

Dominance Index
D =Y (ni/N)?

Where:

D : Dominance Index

Ni: Number of individuals per species
N : Number of individuals of all species

Index of Evenness

Hi’
E=
InS
Where:

E : Evenness index

H : Shannon-Wiener diversity index
S : Number of species
In : Natural logarithm

RESULTS AND DISCUSSION

Based on observations made in the Kedung Klurak
Tourism Area, 37 species were found, with a total of 593
individuals, from 5 families, namely Hesperiidae,
Lycaenidae, Nymphalidae, Papilionidae, and Pieridae
(Table 1). The family with the most species and individuals
found in the Nymphalidae family totals 17 species with 315
individuals. The Nymphalidae family is the largest and
most widespread butterfly, with around 6,000 species
(Khyade and Jagtap 2017). The Nymphalidae family likes
open areas, such as the Kedung Klurak Tourism Area,
which has forests and other open areas. This is because the
distribution of the Nymphalidae family is spread across
various regions of the world and can survive in various
habitat types (Santosa and Purnamasari 2017). Kedung
Klurak Tourism Area is one of the right places for the
butterfly habitat of the Nymphalidae family because
environmental conditions are favorable for their survival.
The family with the fewest species and individuals found is
the Hesperiidae family, totaling three species with 71
individuals. Most of the Hesperiidae family has a lush
habitat and hides behind the leaves, making it difficult to
see directly or difficult to see with the unaided eye (Ilhamdi
et al. 2023). In this study, butterflies were observed from
morning (08.00 AM) to afternoon (11.00 AM). Therefore,
this observation found the Hesperiidae family with fewer
species.

The species with the highest relative abundance in
Kedung Klurak Tourism Area is Junonia iphita (Figure
2.H) with RA= 9.95%. This is supported by Indrayani
(2022), who reported that the species with the highest
number of individuals is J. iphita, found in parks with
flowering plant vegetation, a butterflies food source. The J.
iphita is one species with a specific habitat and in this
study, mostly found in forest habitats. The J. iphita is also a
seasonal species supported by Islam et al. (2015), who
reported that J. iphita only appears in summer.

The species with the least relative abundance in the
Kedung Klurak Tourism Area is Troides helena (common
birdwing) (Figure 2.P) with RA= 0.34%. This type of
butterfly, 7. helena, was one of the rare species found at
Suranadi Natural Park (Ilhamdi 2018). The 7. helena is a
protected species in Indonesia, and its trade is regulated by
the Convention on International Trade in Endangered
Species of Wild Fauna and Flora (APPENDIX II CITES).
It is very easy to distinguish between males and females of
this 7. helena species by observing the dark markings on
the hind wings (Kurniati et al. 2018).

The value of the butterfly diversity index in the Kedung
Klurak Tourism Area is H= 3.351, so it can be seen that the
butterfly diversity in the Kedung Klurak Tourism Area is
classified as high. According to Subedi et al. (2021), the
Shannon-Wiener diversity index provides a statement about
the composition of the species community; the higher the
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number, the higher the species diversity (H' > 3.00). This  with abundant numbers due to biotic factors such as
shows that the Kedung Klurak Tourism Area is diverse and  vegetation for the survival of butterflies in the Kedung
characterized by the discovery of diverse butterfly species  Klurak Tourism Area.
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Figure 2. Butterfly species found in Kedung Klurak Tourism Area, Mojokerto District, East Java, Indonesia. A. Potanthus ganda, B.
Pseudocoladenia dan, C. Nacaduba kurava, D. Taraka hamada, E. Chersonesia rahria, F. Doleschallia polibete, G. Junonia erigone, H.
Junonia iphita, 1. Neptis hylas, J. Orsotriaena medus, K. Tirumala hamata, L. Tanaecia trigerta, M. Ypthima pandocus, N. Graphium
sarpedon, O. Papilio polytes, P. Troides helena
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Figure 3. Results of butterfly species diversity at Kedung Klurak  Figure 4. Results of evenness and dominance of butterfly species
Tourism Area, Mojokerto District, East Java, Indonesia at Kedung Klurak Tourism Area, Mojokerto District, East Java,
Indonesia
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Table 1. List of butterfly species in Kedung Klurak Tourism Area, Mojokerto District, East Java, Indonesia

Relative abundance (%)

Family Species

Riverbank Pine Forest Bamboo Area Total
Hesperiidae ~ Pelopidas mathias (Fabricius, 1798) 5.42 3.66 0.00 3.88
Potanthus ganda (Fruhstorfer, 1911) 2.08 7.33 0.00 4.22
Pseudocoladenia dan (Fabricius, 1787) 1.25 7.33 0.00 3.88
Lycaenidae Heliophorus epicles (Godart, 1823) 6.25 3.66 0.00 4.22
Nacaduba kurava (Moore, 1858) 3.33 5.13 0.00 3.71
Taraka hamada (Druce, 1875) 0.00 1.10 0.00 0.51
Udara dilectus (Moore, 1879) 2.08 1.10 0.00 1.35
Zizula hylax (Fabricius, 1775) 5.00 1.47 0.00 2.70
Nymphalidae  Chersonesia rahria (Westwood, 1857) 5.83 0.00 12.50 4.05
Doleschallia polibete (Cramer, 1782) 5.83 3.66 0.00 4.05
Euploea mulciber (Cramer, 1777) 1.25 1.10 6.25 1.85
Junonia atlites (Linnaeus, 1763) 5.42 0.00 0.00 2.19
Junonia erigone (Cramer, 1775) 0.83 2.20 5.00 2.02
Junonia hedonia (Linnaeus, 1764) 6.25 2.56 3.75 4.22
Junonia iphita (Cramer, 1782) 6.25 13.55 8.75 9.95
Lethe confusa (Aurivillius, 1897) 0.83 2.20 0.00 1.35
Neptis hylas (Linnaeus, 1758) 6.25 5.13 0.00 4.89
Neptis vikasi (Horsfield, 1829) 1.67 0.73 8.75 2.19
Orsotriaena medus (Fabricius, 1775) 0.42 1.10 6.25 1.52
Parantica aspasia (Fabricius, 1787) 3.33 0.00 3.75 1.85
Tanaecia trigerta (Moore, 1857) 3.75 1.83 0.00 2.36
Tirumala hamata (MacLeay, 1826) 2.92 0.00 5.00 1.85
Ypthima iarba (Nicéville, 1895) 1.25 1.83 7.50 2.36
Ypthima pandocus (Moore, 1857) 2.50 6.96 6.25 5.06
Mpycalesis horsfieldi (Moore, 1892) 0.00 1.83 3.75 1.35
Papilionidac  Graphium agamemnon (Linnacus, 1758) 0.00 1.47 0.00 0.67
Graphium sarpedon (Linnaeus, 1758) 1.67 0.00 0.00 0.67
Pachliopta adamas (Zincken, 1831) 0.00 1.83 0.00 0.84
Papilio memnon (Linnaeus, 1758) 2.08 0.73 0.00 1.18
Papilio polytes (Linnaeus, 1758) 0.83 0.37 0.00 0.51
Troides helena (Linnaeus, 1758) 0.83 0.00 0.00 0.34
Pieridae Appias lyncida (Cramer, 1779) 0.00 9.16 0.00 4.22
Delias belisama (Cramer, 1779) 2.50 0.73 0.00 1.35
Eurema blanda (Boisduval, 1836) 1.67 0.00 2.50 1.01
Eurema hecabe (Linnacus, 1758) 1.25 0.73 5.00 1.52
Hebomoia glaucippe (Linnaeus, 1758) 2.50 0.37 2.50 1.51
Leptosia nina (Fabricius, 1793) 6.67 9.16 12.50 8.60
Table 2. Abiotic factors in the Kedung Klurak Tourism Area, Mojokerto District, East Java, Indonesia
Location Temperature (°C) Humidity (%) Light intensity (lux)  Wind speed (m/s)
Riverbank 32.6 60 22,700 0.3
Pine Forest 34.5 62 20,300 0.2
Bamboo Area 33.2 60 17,100 0.1
35 4 r 300
. o The value of butterfly species diversity at the riverbank
s location is H = 3.313, pine forest H = 3.060, and bamboo
0 L oo areca H = 2.811. This H value proves that the butterfly
. 2 species diversity on the riverbank is higher than in pine
2 | 150 §  forests and bamboo areas (Figure 3). The value of butterfly
T 15 1 é diversity varies because each location has different
& o - 100 environmental conditions. Butterfly species diversity is
also influenced by plant food availability and is closely
5 1 r o0 related to physical environmental factors such as
temperature, humidity, and light intensity. Other
0 0 . . . . .
Riverbank pine forest Bamboo area influencing factors are biological factors that include

m Species richness @ Abundance
Figure 5. Number of butterfly species and individuals at Kedung
Klurak Tourism Area, Mojokerto District, East Java, Indonesia

vegetation and animals that are in the vicinity (Koneri et al.
2020). Temperature and humidity affect all levels of
biological organization, especially butterfly insects (Abram
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et al. 2017). This is supported by the opinion of Xiong et
al. (2017), which state that temperature and humidity play
an important role in the diversity of animals around them.
Light intensity is an abiotic factor that can affect insects'
activity, including butterflies, because it can affect
butterflies in carrying out their activities (Perks and
Goodenough 2020). The butterflies will use it at optimal
light intensity for sunbathing and foraging; if it is low or
too high, they use it to rest and shelter (Lestari et al. 2018).

Based on the data obtained, it shows that the average
temperature and light intensity in the Kedung Klurak
Tourism Area are in the pine forest (34.5°C), riverbank
(32.6°C), and bamboo area (33.2°C) (Table 2). This shows
that the temperature in the Pine Forest is higher than in the
riverbank and bamboo area. While the light intensity on the
riverbank is higher (22,700 Lux) compared to the bamboo
area (17,100 Lux), The humidity in the pine forest is
greater (62%) than on the riverbank and bamboo area
(60%). While the wind speed on the riverbank is higher
(0.3 m/s) than the bamboo area (0.1 m/s), The thinner
canopy on the riverbank makes the light intensity higher. It
will affect the temperature, air, and humidity at the
location. Meanwhile, the slightly dense environmental
conditions and the large number of trees in the Pine Forest
inhibit the rate of temperature, air, and sunlight intensity.
Hence, the humidity value at this location is higher.

The evenness index value of butterfly species in
Kedung Klurak Tourism Area is E = 0.928, so it can be
seen that the evenness of butterfly species in Kedung
Klurak Tourism Area is high. According to Ashari et al.
(2024) the evenness index value of 0 < 0.4 is in the low
category, 0.4 < 0.6 is in the medium category, and 0.6 > is
in the high category. The butterfly evenness index value at
the riverside location is E = 0.859, pine forest E = 0.711,
and bamboo area E = 0.978. This proves that the evenness
value of butterfly species in the bamboo area is higher than
that of butterfly species in the riverbank and pine forest
(Figure 4). The butterfly dominance index value in the
Kedung Klurak Tourism Area is D = 0.043, which is
classified as low. This is stated by Diba et al. (2021), where
the dominance index is categorized into three criteria,
namely 0 < 0.50 including the low category, 0.50 < 0.75
including the medium category and 0.75 < 1.00 including
the high category. The dominance index value of butterfly
species in the riverside location is D = 0.041, pine forest D
=0.061, and bamboo area D = 0.062. This indicates that no
butterfly species dominate the bamboo area habitat type.
Meanwhile, the smallest species evenness value was found
in the pine forest, where several butterfly species
dominated in the number of individuals of each species.

The Evenness index is the composition of each
individual of a species present in a community. The
evenness index (E) is a good predictor of determining
dominance in an area. The dominance index (D) is one way
to determine how much a group dominates other groups.
The greater the dominance index (D) value, the greater the
tendency for certain species to dominate (Yuliana et al.
2020). The presence of an insect species in a habitat is
influenced by abiotic factors such as temperature, air,
humidity, light intensity, vegetation, and food availability.

Light intensity is an environmental factor that affects the
increase in air temperature, ability to see, flight activity,
foraging, mating, egg laying, and the species' metabolic
processes (Taradipha 2019).

On the riverbank, 32 species were found, and there
were a total of 240 individuals (Figure 5). The species
found on the riverbank had the highest number compared
to the pine forest and bamboo area, which is one of the
uniqueness of the riverside location. The riverbank has an
open habitat and higher butterfly diversity than pine forests
and bamboo areas. In riverside locations, vegetation
commonly grows grasses, herbs, shrubs, and shrubs.
Therefore, it can be concluded that canopy and vegetation
strongly influence the presence of butterflies (Ruslan et al.
2022).

Pine forest is an open area growing around Pinus sp.,
and we often encounter many butterflies. The species found
only in this pine forest are Appias lyncida, Graphium
agamemnon, Taraka hamada, and Pachliopta adamas.
Pine forest habitat is an area of pine trees overgrown with
shrub vegetation, grasses and slightly closed canopy cover
conditions so that several species can be found in this
habitat.

The bamboo area around Kedung Klurak Tourism Area
is one in which Bambusa sp. and herbaceous plants become
butterfly perches. The bamboo area has a closed habitat and
environmental conditions, riparian vegetation, a high
canopy density, and is located close to the river flow. The
canopy cover that dominates this location causes light to be
unable to enter the environment, so the temperature
decreases and humidity becomes high (Zulaikha and Bahri
2021). In the bamboo area, the species and abundance were
the least compared to the riverbank and pine forest. This is
because the bamboo area has a closed habitat, so it has the
least butterfly diversity compared to the riverbank and pine
forest, which are open habitats. In the bamboo area, the
presence of a canopy greatly affects the low intensity of
incoming sunlight; therefore, it affects the low
heterogeneity of butterfly host plants, resulting in minimal
butterfly presence (Ruslan et al. 2022).

The impact of climate change on butterfly diversity in
the Kedung Klurak Tourism Area in the future may
experience an increase in average temperature and changes
in rainfall patterns due to erratic climate change. This may
affect the availability of food resources for butterflies and
their life cycle. While, the impact of changes in
environmental factors may include disturbance from human
activities in the Kedung Klurak Tourism Area, such as
development and conversion of green open spaces. In
Kedung Klurak Tourism Area, there are developments such
as swimming pools, eating places, rivers and waterfalls
with surrounding vegetation. The area is often used as a
campsite or for other activities. Environmental changes at
the location reflect anthropogenic intervention, which can
change the dynamics of the ecosystem and be a threat to
butterflies. One of the threat factors for butterflies in tourist
areas is conversion. The conversion of green open space
functions as a threat to butterflies because it can eliminate
the presence of plants that host butterflies in tourist areas
(Murti et al. 2017).
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