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Abstract. Arof AS, Barbosa FF. 2024. Survey of the butterflies (Lepidoptera: Rhopalocera) species of the northern coast of East Java,
Indonesia. Intl J Trop Drylands 8: 83-94. The cosmopolitan order Lepidoptera Linnaeus, 1758, is one of the major orders of hexapods
and a megadiverse clade of holometabolous insects. Within this order is included, the mostly diurnal butterflies (Lepidoptera:
Rhopalocera: Papilionoidea sensu Kawahara and Breinholt 2014). The worldwide butterfly species richness is estimated to be ~18,768
species, distributed in ~1,815 genera and seven families. This group presents well-known ecologically important species that may serve
as bioindicators. They are relatively well-studied, particularly in temperate biomes, although considerable gaps in information persist in
tropical areas. The study area is classified as a tropical and subtropical moist broadleaf forest biome, specifically in the Eastern Java-
Bali rain forests ecoregion in the Indo-Malayan realm, and is classified as a critical or endangered biome. More specifically, this area is
located on the Java island, East Java province (Oriental Java), northern coast. Also, it is part of Sundaland, which is considered one of
the major biodiversity hotspots. From October 2016 to August 2024, twice at a weekly, the authors employed the exploring method
along with a visual encounter survey, observing, capturing, and documenting the species encountered to access the species composition.
This study covers 126 species belonging to 85 genera, 41 tribes, and 17 subfamilies of five families, and this distribution in the
frequency of species among families broadly reflects the global distribution of species of butterflies. This is the first field investigation
to study the butterfly richness specifically on the northern coast of East Java. The present study contributes to the knowledge of the
butterfly fauna in the Indonesian archipelago. Additionally, this study contributes to future studies of the conservation of biodiversity in
this key endangered region. Moreover, this study can be the first step towards future studies focusing on community ecology, population
dynamics, and the use of butterflies as bioindicators in the northern coast of East Java.
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INTRODUCTION Kawahara and Breinholt (2014) was applied, which
strongly supported the monophyly of all butterfly families,
including the Hesperiidae and Hedylidae families (see also

van Nieukerken et al. 2011). The worldwide butterfly

Insects, including butterflies, are animals that play a
crucial role in ecosystems and human life. They are

essential pollinators for many plants, including important
food crops, contributing significantly to global agriculture
development and biodiversity (Gullan and Cranston 2004;
Grimaldi and Engel 2005). Moths and butterflies are
classified in the cosmopolitan order Lepidoptera Linnaeus,
1758 (from the Greek lepidos, meaning “scale” and pteron
meaning “wing”). It is one of the major orders of hexapods
and a megadiverse clade of holometabolous insects,
alongside Coleoptera, Diptera, and Hymenoptera (Misof et
al. 2014). The worldwide lepidopteran species richness is
estimated to be ~157,424 species, distributed in ~15,578
genera, 126 families, 43 superfamilies, and four suborders
(van Nieukerken et al. 2011). They undergo complete
metamorphosis through four distinct stages: egg, caterpillar
(larva), pupa, and imago (Gullan and Cranston 2004;
Grimaldi and Engel 2005).

Within this order is included, the mostly diurnal
butterflies (Lepidoptera: Rhopalocera: Papilionoidea sensu
Kawahara and Breinholt 2014). In the present study the re-
definition of the group by the phylogenomic study of

species richness is estimated to be ~18,768 species,
distributed in ~1,815 genera and seven families: one
Neotropical family, Hedylidae; and six worldwide
distributed families, Hesperiidae, Lycaenidae,
Nymphalidae, Papilionidae, Pieridae, and Riodinidae (van
Nieukerken et al. 2011; Lamas 2014). In the Oriental and
Australian tropics, it is estimated to presents ~4,500 species
of butterflies (Lamas 2014), and specifically, in the
Indonesian archipelago, there are ~2,000 species registered
(Murwitaningsih et al. 2019).

This group exhibits seasonal and population
polymorphism, mimetic rings, and can play important roles
in ecosystems around the world, serving both as pollinators
and as a food source within the ecological network chains
(Gullan and Cranston 2004; Grimaldi and Engel 2005;
Rader et al. 2016). Also, they are highly dependent on
interactions with host plants to complete their life cycles,
which often makes them highly seasonal- and habitat-
specific (Robinson et al. 2023). Furthermore, butterflies are
recognized as bioindicator species (Ismail et al. 2020) to
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evaluate the health of ecosystems and the effects of climate
change. This is due to the fact that they are very sensitive
and well-responsive to changes in their environment,
including habitat loss, an array of abiotic factors, and
anthropogenic pressures. Therefore, variations in butterfly
population dynamics can reflect disturbances in habitat
conditions (Ismail et al. 2020).

Additionally, butterflies are attractive insects with a
visual aesthetic appeal, which makes this group popular
among the general public (Gullan and Cranston 2004).
Consequently, they are a relatively well-studied group
globally, particularly in temperate biomes. However,
considerable gaps in information and species diversity and
distribution persist in tropical biomes (Lewis and Senior
2011; Ismail et al. 2020), including the Indonesian
archipelago, which is well-known as a megadiverse region.
Several known factors, like biogeographic, climatic,
ecological, and geological ones, contributed to the
development of a megadiverse fauna and flora in the
region, with a high degree of endemic species and complex
ecological interactions (Lohman et al. 2011; Koneri et al.
2017; von Rintelen et al. 2017; Murwitaningsih et al. 2019;
Kurniawan et al. 2020; Umami et al. 2024).

Climate and vegetation coverage on Java Island, in the
Indonesian archipelago, can be described as progressively
changing from west to east. In this view, it can be clearly
observed that an environmental transition happens from the
rainforest regions of western Java to the savanna regions in
eastern Java (Umami et al. 2024). The present study is a
preliminary survey that aims to present the first species
records in the area, with a list of the butterfly species
assemblage (sensu Stroud et al. 2015), measuring
specifically the species richness, of a tropical area
belonging to the Eastern Java-Bali Rain Forests Ecoregion

in East Java (Indonesia). This region is part of Sundaland
(Dixit et al. 2023), which is considered one of the 36
currently recognized biodiversity hotspots, which are
regions characterized by a significant presence of endemic
species that are severely endangered due to habitat loss
(Myers et al. 2000).

MATERIALS AND METHODS

Study area

The study area is classified as a tropical and subtropical
moist broadleaf forest biome, specifically in the Eastern
Java-Bali rain forests ecoregion (Eco ID: 230; Scientific
code: IM0113; ~5,387,175 km) in the Indo-Malayan realm,
and is classified as a critical or endangered biome (World
Wildlife Fund 2014). Also, it is part of Sundaland, which is
considered one of the major global biodiversity hotspots
(Myers et al. 2000;
https://www.cepf.net/our-work/biodiversity-hotspots).
More specifically, this area is located on the Java Islands,
East Java province (Oriental Java), northern coast:
Regencies of Bangkalan (07° 03” S, 112° 56° E), Gresik
(07° 09’ 147 S, 112° 39* 22” E), Lamongan (07° 07" S,
112° 25 E), Sidoarjo (07° 27> S, 112° 42° E), and
Surabaya City (07° 14’ 45> S, 112° 44’ 16 E). The study
area with location sites is presented in a map (Figure 1)
generated using the online tool SimpleMappr (Shorthouse
2010). Furthermore, the present study is a preliminary
survey that aims to present the first record of the butterfly
species assemblage for this study area, since no known
species list was previously recorded.
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Figure 1. Study area and location sites. Indonesia; Java Island; East Java province (Oriental Java); Northern coast, specifically: Districts
of Bangkalan (07° 03* S, 112° 56’ E), Gresik (07° 09 14” S, 112° 39 22” E), Lamongan (07° 07 S, 112° 25” E), Sidoarjo (07° 27" S,

112° 42’ E), and Surabaya city (07° 14* 45” S, 112° 44’ 16” E).
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Sampling and photography

From October 2016 to August 2024, twice at a week,
the authors employed the exploring method along with a
visual encounter survey, observing, capturing, and
documenting the species encountered to access the species
composition. Surveys, field observations, and collections
were in the early morning or into the evening (about ~6
hours for each independent survey). The butterflies were
visually registered, not all butterfly specimens were
captured, but almost all of them were documented with
cellphone cameras for further identification and data
analysis. Some specimens were reared in the laboratory
with host plants found in the field. In some cases,
specimens were frozen (about ~2 days) for further
investigation, and finally, some dead specimens were
stored (about ~2 days) in a relaxing tube. Then the
specimens were pinned and dried for further identification.

The identification of species and their distribution
across various families, subfamilies, tribes, and genera was
primarily based on identification keys that use traits like
the pattern of color and shape of their wings by consulting
the available literature for Asian and Australasian butterfly
species (D’Abrera 1982, 1985, 1986; Schulze 2013; Braby
et al. 2018). Taxonomic names, author, and year were
revised via the “Global Butterfly Names: The Lepidoptera
Taxome Project” catalog (Lamas 2014), the Google Play
app Kupunesia 1.0 for butterflies of Indonesia:
https://play.google.com/store/apps/details?id=org.kupunesi
a (Peggie et al. 2022), and the “Lepidoptera and some other
life forms” catalog:
https://ftp.funet.fi/pub/sci/bio/life/intro.html.  Additionally,
a recent study (Umami et al. 2024) was used as a guide
concerning butterfly diversity in other East Java locations,
in this case, the mountainous site of Kedung Klurak
Tourism Area, Mojokerto District, East Java, Indonesia.
All photographs are of copyright of Agus Shoumul Arof
(@kal_el_arofy) and  available at the link:
https://figshare.com/s/d10074221b653ce58f6f.

RESULTS AND DISCUSSION

This study registered 126 butterfly species belonging to
85 genera, 41 tribes, 17 subfamilies, five families (Figures
2-8). The Nymphalidae family was the most diverse
concerning species richness (51 species; 29 genera; 13
tribes; eight subfamilies), followed by the Lycaenidae
family (32 species; 28 genera; 10 tribes; three subfamilies),
the Pieridae family (17 species; ten genera; seven tribes;
two subfamilies), the Hesperiidae family (16 species; 14
genera; eight tribes; three subfamilies), and finally, the
Papilionidae family (ten species; four genera; three tribes;
one subfamily) (Table 1). This distribution pattern in
species frequency among families broadly reflects the
global distribution of species of butterflies, in which
Nymphalidae (~6,152 species) and Lycaenidae (~5,201
species) presents globally the biggest number of species,

followed by Hesperiidae (~4,133 species), Pieridae (~1,164
species), and Papilionidae (~570 species). The family
Riodinidae (~1,532 species) was not sampled in the present
survey (van Nieukerken et al. 2011; Lamas 2014).

One species, Deudorix epijarbas (Moore, 1857)
(Lycaenidae: Theclinae: Deudorigini), the “cornelian” or
“hairy line blue”, was found as a larva in Rambutan fruits
and leaves, Nephelium lappaceum L. (Sapindaceae) from
an unknown East Java location. This larva was reared until
imago, and the identification was confirmed. Since there is
no confirmation about the origin of these fruits, the location
of this species was scored as “EJ — East Java, with no more
specific location defined”.

Two species of Delias Hibner, [1819] (Pieridae:
Pierinae: Pierini) were recorded in the present survey,
commonly known as “jezebels”, which is the most speciose
butterfly genus in the world, with ~251 species (Liang et al.
2024). These are Delias hyparete (Linnaeus, 1758), the
“painted jezebel”, and Delias periboea (Godart, 1819).
This genus is distributed throughout Asia, Australia, and
Melanesia with a high degree of endemism, in which
numerous species occur on only a few islands or
mountains. This high diversity can be explained
biogeographically via dispersal events between islands,
followed by divergence, the founder effect, and the
orogeny of the Central Highlands of New Guinea (Liang et
al. 2024). Interestingly, neither of the two species recorded
has a high level of endemism; D. hyparete is widely
distributed in southern Asia, including the Indian
subcontinent, southern China, and the Indonesian
archipelago; and D. periboea is widely distributed in the
Indonesian archipelago. The same is true for Delias
belisama (Cramer, [1779]), registered by Umami et al.
(2024), also in East Java, but other locations (see
information about the distributions of these species in the
“Lepidoptera and some other life forms” catalog
https://ftp.funet.fi/pub/sci/bio/life/intro.html).

The species composition recorded in our survey was
further compared with the recent study of Umami et al.
(2024) concerning butterfly diversity in other East Java
locations, in this case, the mountainous site of Kedung
Klurak Tourism Area, Mojokerto District, East Java. These
authors registered a total of 37 species (see Table 1 from
Umami et al. 2024) and the same families that were
sampled in our study (Table 1 of the present study). All
three Hesperiidae species registered by Umami et al.
(2024); Pelopidas mathias (Fabricius, 1798), Potanthus
ganda (Fruhstorfer, 1911), and Pseudocoladenia dan
(Fabricius, 1787), were not registered in the present study.
In the Lycaenidae family, only Zizula hylax (Fabricius,
1775) was registered by both Umami et al. (2024) and in
the present study. The other four Lycaenidae registered by
these authors, Heliophorus epicles (Godart, 1823),
Nacaduba kurava (Moore, 1858), Taraka hamada (Druce,
1875), and Udara dilectus (Moore, 1879), were not
registered in the present study.
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Table 1. Species diversity distribution among butterflies (Lepidoptera: Rhopalocera: Papilionoidea) families, subfamilies, tribes, and genera reported for the northern coast of East Java
(Indonesia) in the present study among locations: BA: Bangkalan District; GR: Gressik District; LA: Lamongan District; SI: Sidoarjo District; SU: Surabaya City; and EJ: East Java, with no
more specific location defined

Family Subfamily Tribe Genus Species BA GR LA SI SU EJ
Hesperiidae Coeliadinae Coeliadini Badamia Moore, [1881] Badamia exclamationis (Fabricius, 1775) ) )
Bibasis Moore, [1881] Bibasis sena (Moore, [1866]) ) °
Burara Swinhoe, 1893 Burara oedipodea (Swainson, 1820) ) °
Hesperiinae Ancistroidini Udaspes Moore, [1881] Udaspes folus (Cramer, [1775]) ° °
Baorini Borbo Evans, 1949 Borbo cinnara (Wallace, 1866)
Erionotini Erionota Mabille, 1878 Erionota thrax (Linnaeus, 1767) ° ° °
Matapa Moore, [1881] Matapa aria (Moore, [1866]) ° °
Suastus Moore, [1881] Suastus gremius (Fabricius, 1798) ° ° ° ° °
Gegenini Pelopidas Walker, 1870 Pelopidas cf. conjuncta (Herrich-Schéffer, 1869) °
Taractrocerini Potanthus Scudder, 1872 Potanthus cf. fettingi (Mdschler, 1878) °
Taractrocera Butler, [1870] Taractrocera archias (Felder, 1860) °
Taractrocera nigrolimbata (Snellen, 1876) ° °
Telicota Moore, [1881] Telicota colon (Fabricius, 1775) °
Telicota sp. °
Pyrginae Pyrgini Caprona Wallengren, 1857 Caprona agama (Moore, [1858]) °
Tagiadini Tagiades Hubner, [1819] Tagiades japetus (Stoll, [1781]) ° ° °
Lycaenidae Miletinae Miletini Miletus Hiibner, [1819] Miletus symethus (Cramer, [1777]) °
Spalgini Spalgis Moore, 1879 Spalgis epius (Westwood, 1852) °
Polyommatinae  Lycaenesthini Anthene Doubleday, 1847 Anthene emolus (Godart, [1824]) °
Anthene lycaenina (Felder, 1868) °
Polyommatini Catochrysops Boisduval, 1832 Catochrysops panormus (Felder, 1860) °
Catochrysops strabo (Fabricius, 1793) °
Catopyrops Toxopeus, 1929 Catopyrops rita (Grose-Smith, 1895) °
Castalius Hubner, [1819] Castalius rosimon (Fabricius, 1775) ° ° °
Chilades Moore, [1881] Chilades pandava (Horsfield, [1829]) ° °
Discolampa Toxopeus, 1929 Discolampa ethion (Westwood, 1851) °
Euchrysops Butler, 1900 Euchrysops cnejus (Fabricius, 1798) °
Everes Hilbner, [1819] Everes lacturnus (Godart, [1824]) °
Freyeria Courvoisier, 1920 Freyeria putli (Kollar [1844]) ° °
Jamides Hubner, [1819] Jamides alecto (Felder, 1860) °
Jamides celeno (Cramer, [1775]) ° °
Lampides Hibner, [1819] Lampides boeticus (Linnaeus, 1767) ° ° °
Leptotes Scudder, 1876 Leptotes plinius (Fabricius, 1793) ° °
Megisba Moore, [1881] Megisba malaya (Horsfield, [1828]) °
Nacaduba Moore, [1881] Nacaduba berenice (Herrich-Schéffer, 1869) °
Nacaduba biocellata (C. & R. Felder, [1865]) ° °
Prosotas Druce, 1891 Prosotas dubiosa (Semper, [1879]) ° °
Zizeeria Chapman, 1910 Zizeeria karsandra (Moore, 1865) ° °
Zizina Chapman, 1910 Zizina otis (Fabricius, 1787) ° ° ° °
Zizula Chapman, 1910 Zizula hylax (Fabricius, 1775) ° ° ° °




Nymphalidae

Theclinae

Biblidinae
Charaxinae

Danainae

Heliconiinae

Limenitidinae

Morphinae

Nymphalinae

Amblypodiina
Arhopalini

Deudorigini
Hypolycaenini
lolaini
Theclini
Biblidini
Charaxini

Danaini

Acraeini

Vagrantini

Adoliadini

Limenitidini

Neptini
Amathusiini

Junoniini

Amblypodia Horsfield, [1829]
Arhopala Boisduval, 1832
Flos Doherty, 1889

Deudorix Hewitson, [1863]

Hypolycaena C. & R. Felder, 1862

Tajuria Moore, [1881]
Loxura Horsfield, [1829]
Rapala Moore, [1881]
Ariadne Horsfield, [1829]

Polyura Billberg, 1820

Danaus Kluk, 1780

Euploea Fabricius, 1807

Ideopsis Horsfield, 1857
Tirumala Moore, [1880]

Acraea Fabricius, 1807
Cethosia Fabricius, 1807
Cupha Billberg, 1820
Phalanta Horsfield, [1829]
Vindula Hemming, 1934

Euthalia Hlbner, [1819]
Athyma Westwood, [1850]

Moduza Moore, [1881]
Pantoporia Hubner, [1819]
Neptis Fabricius, 1807
Phaedyma Felder, 1861
Amathusia Fabricius, 1807
Discophora Boisduval, [1836]
Junonia Hiibner, [1819]

Amblypodia narada (Horsfield, [1829])
Arhopala centaurus (Fabricius, 1775)
Flos apidanus (Cramer, [1777])
Deudorix epijarbas (Moore, 1857)
Hypolycaena erylus (Godart, [1824])
Tajuria cippus (Fabricius, 1798)
Loxura atymnus (Stoll, [1780])
Rapala manea (Hewitson, 1863)
Ariadne ariadne (Linnaeus, 1763)
Ariadne specularia (Fruhstorfer, 1899)
Polyura alphius (Staudinger, 1886)
Polyura schreiber (Godart, [1824])
Danaus affinis (Fabricius, 1775)
Danaus chrysippus (Linnaeus, 1758)
Danaus genutia (Cramer, [1779])
Euploea climena (Stoll, [1782])
Euploea corinna (Macleay, [1780])
Euploea eleusina (Cramer, [1780])
Euploea mulciber (Cramer, [1777])
Euploea sylvester (Fabricius, 1793)
Ideopsis juventa (Cramer, [1777])
Tirumala hamata (MacLeay, [1826])
Tirumala limniace (Cramer, [1775])
Acraea terpsicore (Linnaeus, 1758)
Cethosia penthesilea (Cramer, [1777])
Cupha erymanthis (Drury, [1773])
Phalanta phalantha (Drury, [1773])
Vindula erota (Fabricius, 1793)
Vindula dejone (Erichson, 1834)
Euthalia aconthea (Cramer, [1777])
Euthalia adonia (Cramer, [1780])
Athyma nefte (Cramer, [1780])
Athyma perius (Linnaeus, 1758)
Moduza procris (Cramer, [1777])
Pantoporia hordonia (Stoll, [1790])
Neptis hylas (Linnaeus, 1758)
Phaedyma columella (Cramer, [1780])
Amathusia phidippus (Linnaeus, 1763)
Discophora sondaica Boisduval, 1836
Junonia almana (Linnaeus, 1758)
Junonia atlites (Linnaeus, 1763)
Junonia erigone (Cramer, [1775])
Junonia hedonia (Linnaeus, 1764)
Junonia iphita (Cramer, [1779])
Junonia orithya (Linnaeus, 1758)




Papilionidae

Pieridae

Satyrinae

Papilioninae

Coliadinae

Pierinae

Kallimini

Elymniini

Ypthimini

Leptocircini

Papilionini

Troidini

Coliadini

Euremini

Anthocharini
Leptosiaini
Nepheroniini
Pierini

Teracolini

Yoma Doherty, 1886

Doleschallia C. & R. Felder, 1860

Hypolimnas Hibner, [1819]

Elymnias Hibner, 1818
Lethe Hilbner, [1819]
Melanitis Fabricius, 1807
Mycalesis Hiibner, 1818

Orsotriaena Wallengren, 1858

Ypthima Hiibner, 1818

Graphium Scopoli, 1777

Papilio Linnaeus, 1758

Pachliopta Reakirt, [1865]
Troides Hubner, [1819]
Catopsilia Hubner, [1819]

Eurema Hiibner, [1819]

Hebomoia Hiibner, [1819]
Leptosia Hibner, 1818
Pareronia Bingham, 1907
Appias Hibner, [1819]

Belenois Hibner, [1819]
Cepora Billberg, 1820

Delias Hiibner, [1819]

Ixias Hibner, [1819]

Junonia villida (Fabricius, 1787)
Yoma sabina (Cramer, [1780])
Doleschallia polibete (Cramer, [1779])
Hypolimnas bolina (Linnaeus, 1758)
Hypolimnas misippus (Linnaeus, 1764)
Elymnias hypermnestra (Linnaeus, 1763)
Lethe europa (Fabricius, 1787)
Melanitis leda (Linnaeus, 1758)
Mycalesis horsfieldii (Moore, [1892])
Mycalesis mineus (Linnaeus, 1758)
Mycalesis perseus (Fabricius, 1775)
Orsotriaena medus (Fabricius, 1775)
Ypthima cf. aphnius (Godart, [1824])
Ypthima philomela (Linnaeus, 1763)
Graphium agamemnon (Linnaeus, 1758)
Graphium antiphates (Cramer, [1775])
Graphium doson (C. & R. Felder, 1864)
Graphium sarpedon (Linnaeus, 1758)
Papilio demoleus Linnaeus, 1758
Papilio memnon Linnaeus, 1758
Papilio peranthus Fabricius, 1787
Papilio polytes Linnaeus, 1758
Pachliopta adamas (Zinken, 1831)
Troides helena (Linnaeus, 1758)
Catopsilia pomona (Fabricius, 1775)
Catopsilia pyranthe (Linnaeus, 1758)
Catopsilia scylla (Linnaeus, 1763)
Eurema alitha (C. & R. Felder, 1862)
Eurema blanda (Boisduval, 1836)
Eurema hecabe (Linnaeus, 1758)
Hebomoia glaucippe (Linnaeus, 1758)
Leptosia nina (Fabricius, 1793)
Pareronia valeria (Cramer, [1776])
Appias lyncida (Cramer, [1777])
Appias olferna Swinhoe, 1890
Belenois java (Linnaeus, 1768)
Cepora nerissa (Fabricius, 1775)
Cepora temena (Hewitson, 1861)
Delias hyparete (Linnaeus, 1758)
Delias periboea (Godart, 1819)

Ixias venilia (Godart, 1819)




Figure 2. From left to right, top to bottom. Dorsal (image above) and ventral (image below) view. Hesperiidae: A. Bibasis sena (Moore,
[1866]). Lycaenidae: B. Arhopala centaurus (Fabricius, 1775) Q; C. Arhopala centaurus (Fabricius, 1775) &; D. Deudorix epijarbas
(Moore, 1857). Papilionidae: E. Graphium antiphates (Cramer, [1775]); F. Graphium doson (C. & R. Felder, 1864); G. Graphium
sarpedon (Linnaeus, 1758); H. Pachliopta adamas (Zinken, 1831); I. Papilio demoleus Linnaeus, 1758; J. Papilio polytes Linnaeus,
1758 Q; K. Papilio polytes Linnaeus, 1758 &

Figure 3. From left to right, top to bottom. Dorsal (image above) and ventral (image below) view. Nymphalidae: A. Acraea terpsicore
(Linnaeus, 1758); B. Amathusia phidippus (Linnaeus, 1763); C. Ariadne ariadne (Linnaeus, 1763); D. Athyma perius (Linnaeus, 1758);
E. Cethosia penthesilea (Cramer, [1777]); F. Danaus affinis (Fabricius, 1775) &; G. Danaus chrysippus (Linnaeus, 1758) &; H.
Elymnias hypermnestra (Linnaeus, 1763) Q; I. Elymnias hypermnestra (Linnaeus, 1763) &; J. Neptis hylas (Linnaeus, 1758); K.
Phaedyma columella (Cramer, [1780]); L. Polyura alphius (Staudinger, 1886)



Figure 4. From left to right, top to bottom. Dorsal (image above) and ventral (image below) view. Nymphalidae: A. Cupha erymanthis
(Drury, [1773]); B. Euploea eleusina (Cramer, [1780]) @; C. Euploea eleusina (Cramer, [1780]) J; D. Euploea mulciber (Cramer,
[1777]) Q; E. Euploea mulciber (Cramer, [1777]) &; F. Euthalia aconthea (Cramer, [1777]) @; G. Euthalia aconthea (Cramer, [1777])
&' H. Hypolimnas bolina (Linnaeus, 1758) @; I. Hypolimnas bolina (Linnaeus, 1758) Q; J. Melanitis leda (Linnaeus, 1758)

Figure 5. From left to right, top to bottom. Dorsal (image above) and ventral (image below) view. Nymphalidae: A. Hypolimnas
misippus (Linnaeus, 1764) Q; B. ldeopsis juventa (Cramer, [1777]); C. Junonia almana (Linnaeus, 1758); D. Junonia atlites (Linnaeus,
1763); E. Junonia hedonia (Linnaeus, 1764); F. Junonia orithya (Linnaeus, 1758) Q; G. Junonia orithya (Linnaeus, 1758) &; H.
Moduza procris (Cramer, [1777])



Figure 6. From left to right, top to bottom. Dorsal (image above) and ventral (image below) view. Pieridae: A. Appias lyncida (Cramer,
[1777]) @; B. Appias lyncida (Cramer, [1777]) &; C. Appias olferna Swinhoe, 1890 @; D. Appias olferna Swinhoe, 1890 J; E. Belenois
java (Linnaeus, 1768)J3; F. Catopsilia pyranthe (Linnaeus, 1758); G. Catopsilia pomona (Fabricius, 1775) Q; H. Catopsilia pomona
(Fabricius, 1775) J; I. Catopsilia scylla (Linnaeus, 1763) Q; J. Catopsilia scylla (Linnaeus, 1763) &

Figure 7. From left to right, top to bottom. Dorsal (image above) and ventral (image below) view. Pieridae: A. Cepora temena
(Hewitson, 1861) Q; B. Cepora temena (Hewitson, 1861) &; C. Delias hyparete (Linnaeus, 1758); D. Delias periboea (Godart, 1819)
Q; E. Delias periboea (Godart, 1819) ; F. Eurema hecabe (Linnaeus, 1758); G. Hebomoia glaucippe (Linnaeus, 1758); H. Ixias venilia
(Godart, 1819) &; I. Pareronia valeria (Cramer, [1776]) Q; J. Pareronia valeria (Cramer, [1776]) &
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Figure 8. Species diversity (Species richness) distribution among butterflies (Lepidoptera: Rhopalocera: Papilionoidea) families and
subfamilies. Red — Nymphalidae, Blue — Lycaenidae, Yellow — Pieridae, Green — Hesperiidae, Orange — Papilionidae, and respective
subfamilies were reported for the northern coast of East Java (Indonesia) in the present study

In the case of the Nymphalidae family, ten species were
registered by both Umami et al. (2024) and in the present
study, Doleschallia polibete (Cramer, 1782), Euploea
mulciber (Cramer, [1777]), Junonia atlites (Linnaeus,
1763), Junonia erigone (Cramer, [1775]), Junonia hedonia
(Linnaeus, 1764), Junonia iphita (Cramer, 1782), Neptis
hylas (Linnaeus, 1758), Orsotriaena medus (Fabricius,
1775), Tirumala hamata (MacLeay, [1826]), and Mycalesis
horsfieldii (Moore, [1892]). On the other hand, also in the
Nymphalidae family, seven species were registered by
Umami et al. (2024), but not in the present study,
Chersonesia rahria (Westwood, 1857), Lethe confusa
(Aurivillius, 1897), Neptis vikasi (Horsfield, 1829),
Parantica aspasia (Fabricius, 1787), Tanaecia trigerta
(Moore, 1857), Ypthima iarba (Nicéville, 1895), and
Ypthima pandocus (Moore, 1857).

In the Papilionidae family, all six species registered by
these authors, Graphium agamemnon (Linnaeus, 1758),
Graphium sarpedon (Linnaeus, 1758), Pachliopta adamas
(Zincken, 1831), Papilio memnon Linnaeus, 1758, Papilio
polytes Linnaeus, 1758, and Troides helena (Linnaeus,
1758) were also registered in the present study. Finally, in
the Pieridae family, five species, Appias lyncida (Cramer,
1779), Eurema blanda (Boisduval, 1836), Eurema hecabe
(Linnaeus, 1758), Hebomoia glaucippe (Linnaeus, 1758),
and Leptosia nina (Fabricius, 1793), were registered by
both Umami et al. (2024) and in the present study. Only
one Pieridae species registered by these authors, Delias
belisama (Cramer, 1779), was not registered in the present
study. Since there is no clear pattern in the species
composition among the sampled families when the present
survey is compared with the study of Umami et al. (2024),
further studies need to be done to explore the real
differences in assemblages of butterflies in these several

sampled regions of East Java. Perhaps a hypothesis can be
generated involving differences in ecological niches
(Pocheville 2014) of butterfly species associated with the
elevation, reflecting on differences on the species
composition, since our study sampled butterflies on the
northern coast of East Java and Umami et al. (2024)
sampled butterflies in a more mountainous region, but this
is speculative since at the moment we lack more precise
information about the exact elevation of the sites.
Furthermore, both studies diverge in the sampling methods,
so further sampling and standardization are necessary for
future comparisons.

Despite the speculative nature of this hypothesis
regarding the composition of species at different altitudes,
previous studies (Rodder et al. 2021) are in accordance.
They concluded that more mobile and generalist butterfly
species, which have a wide ecological range, are more
likely to migrate uphill compared to specialist and
sedentary species. These authors identified climatic
conditions and topographic factors, such as insolation and
solar irradiation, as the main drivers of this altitudinal
movement.

Another study in Indonesia (Koneri et al. 2017),
specifically in the Tangkoko Nature Reserve (TNR) in
North Sulawesi, reached the conclusion that the butterfly
community in primary forests shares more similarities with
those found on farms, while the butterflies in shrub areas
are more closely related to those in secondary forests.
Unfortunately, a direct comparison cannot be made since
no precise information about soil use and habitat type in the
present survey was recorded. Furthermore, the biological
diversity of Nymphalidae observed in the Neotropics is
primarily a result of low extinction rates rather than high
speciation rates or biotic exchanges with other regions that



are infrequent. In contrast, Southeast Asia, including the
Indonesian archipelago, is marked by a low speciation rate
as well, but the primary source of biological diversity can
be attributed to several dispersal events throughout
geological time (Chazot et al. 2021).

In addition to the ideas mentioned earlier, other factors
may be important and were previously indicated as
diversity-driven in butterfly communities as well. In this
sense, mutualistic interactions can promote convergent
evolution across various ecological axes, often surpassing
the influences of phylogenetic history and ecological
competition in determining community structure (Doré et
al. 2022). This indicates that ecological communities are
adapted to a much greater extent than previously assumed.
In this sense, it is highlighted that there is a strong
connection  between  phenotypes and  ecological
interactions, supporting the notion that memetic rings can
facilitate ecological speciation (Doré et al. 2022). Finally,
these findings can be interpreted as a compelling empirical
support for the Mdllerian mimicry model at a
macroecological scale, especially among the subfamilies
Danainae and Ithomiinae of Nymphalidae (Doré et al.
2022).

In the near future, climate change is expected to
strongly impact butterfly diversity around the world,
including the northern coast of East Java. This will
potentially lead to rising sea levels, average temperatures,
atmospheric levels of carbon dioxide, and altered rainfall
patterns resulting from global and regional climate shifts
(Abbass et al. 2022; https://science.nasa.gov/climate-
change/). These changes could impact the food resources
and host plants available to butterflies and impact their life
cycles. Additionally, anthropogenic activities on the
northern coast of East Java may further exacerbate the
effects of environmental changes that can alter the
ecosystem dynamics, posing further threats to butterfly
populations (Kurniawan et al. 2020). More specifically, in
the studied region, it was noted through personal
observation that the butterfly population in the vicinity of
Ketanen village in Gresik District has apparently
experienced a decline. A limestone hill, between Ketanen
and Pantenan villages, previously a notable habitat for
butterfly species, has been flattened and transformed into a
tourist attraction featuring a swimming pool.

This is the first field investigation to study the butterfly
richness specifically on the northern coast of East Java.
This study contributes to the knowledge of the butterfly
fauna in the Indonesian archipelago, as well as the general
diversity of species in Southeast Asia. Additionally, this
study contributes to future studies of the conservation of
biodiversity in this key endangered region, which is located
on the most human-populated island in the world, in the
fourth-most-populated country in the world. Moreover, this
study can be the first step towards future studies focusing
on community ecology, population dynamics and the use of
butterflies as bioindicators in the northern coast of East
Java.

ACKNOWLEDGEMENTS

We are thankful to André Silva Roza (UFRJ, Rio de
Janeiro, Brazil), André Wanderley do Prado (Murdoch
University, Perth, Australia), Lucas dos Anjos (East China
Normal University), and Nathalia Hiluy Pecly (UFRJ, Rio
de Janeiro, Brazil) for reviewing a preliminary version of
the manuscript. We are also thankful to Djunijanti Peggie
(Indonesian Institute of Sciences), Imti Yazil Wafa, Lutfi
Irwansyah, and Soenarko for providing valuable help in
some butterfly identifications. Also, we are thankful to
Masao Mori Bello for personally supporting this study.

REFERENCES

Abbass K, Qasim MZ, Song H, Murshed M, Mahmood H, Younis I. 2022.
A review of the global climate change impacts, adaptation, and
sustainable mitigation measures. Environ Sci Pollut Res 29: 42539-
42559. DOI: 10.1007/s11356-022-19718-6.

Braby MF, Franklin DC, Bisa DE, Williams MR, Williams AAE, Bishop
CL, Coppen RAM. 2018. Atlas of butterflies and diurnal moths in the
monsoon tropics of northern Australia. Australian National University
Press, Australia. DOI: 10.22459/ABDM.12.2018.

Chazot N, Condamine FL, Dudas G, Pefia C, Kodandaramaiah U, Matos-
Maravi P, Aduse-Poku K, Elias M, Warren AD, Lohman DJ, Penz
CM. 2021. Conserved ancestral tropical niche but different
continental histories explain the latitudinal diversity gradient in brush-
footed butterflies. Nat Commun 12: 5717. DOI: 10.1038/s41467-021-
25906-8.

D’Abrera B. 1982. Butterflies of the Oriental Region Part 1. Papilionidae,
Pieridae & Danaidae. Hill house, Victoria, Australia.

D’Abrera B. 1985. Butterflies of the Oriental Region Part II.
Nymphalidae, Satyridae & Amathusidae. Hill house, Victoria,
Australia.

D’Abrera B. 1986. Butterflies of the Oriental Region Part III. Lycaenidae
& Riodinidae. Hill house, Victoria, Australia.

Dixit NM, Zirpel M, Slik JWF, Jamsari J, Weising K, Guicking D. 2023.
Biogeography of the Sunda Shelf revisited: Insights from Macaranga
section Pruinosae (Euphorbiaceae). Front Ecol Evol 10: 1049243.
DOI: 10.3389/fev0.2022.1049243.

Doré M, Willmott K, Lavergne S, Chazot N, Freitas AVL, Fontaine C,
Elias M. 2022. Mutualistic interactions shape global spatial
congruence and climatic niche evolution in Neotropical mimetic
butterflies. Ecol Lett 26 (6): 843-857. DOI: 10.1111/ele.14198.

Grimaldi DA, Engel MS. 2005. Evolution of the Insects. Cambridge
University Press, Cambridge.

Gullan PJ, Cranston PS. 2004. The Insects: An Outline of Entomology.
5Th edition. Wiley Blackwell, Hoboken, NJ.

Ismail N, Rahman AAA, Mohamed M, Fadzelly M, Bakar A, Tokiman L.
2020. Butterfly as bioindicator for development of conservation areas
in Bukit Reban Kambing, Bukit Belading and Bukit Tukau, Johor,
Malaysia. Biodiversitas 21 2): 334-344. DOI:
10.13057/biodiv/d210141.

Kawahara AY, Breinholt JW 2014. Phylogenomics provides strong
evidence for relationships of butterflies and moths. Proc R Soc B 281:
20140970. DOI: 10.1098/rspb.2014.0970.

Koneri R, Saroyo, Tallei TE. 2017. Butterfly diversity varies across
habitat types in Tangkoko Nature reserve North Sulawesi, Indonesia.
J Biodivers Environ Sci 10 (4): 52-61.

Kurniawan B, Apriani RR, Cahayu S. 2020. Keanekaragaman spesies
kupu-kupu (Lepidoptera) pada habitat eko-wisata Taman Bunga
Merangin Garden Bangko Jambi. Al-Hayat J Biol Appl Biol 3 (1): 1-
7. DOI: 10.21580/ah.v3i1.6064. [Indonesian]

Lamas G. 2014. Global Butterfly Names: Various checklists. The
Lepidoptera Taxome Project. http://www.ucl.ac.uk/taxome/.

Lewis OT, Senior MJM. 2011. Assessing conservation status and trends
for the world’s butterflies: The Sampled Red List Index approach. J
Insect Conserv 15 (1): 121-128. DOI: 10.1007/s10841-010-9329-8.



Liang W, Nunes R, Leong JV et al. 2024. To and fro in the archipelago:
Repeated inter-island dispersal and New Guinea’s orogeny affect
diversification of Delias, the world’s largest butterfly genus. Mol
Phylogenet Evol 194: 108022. DOI: 10.1016/j.ympev.2024.108022.

Lohman DJ, de Bruyn M, Page T, von Rintelen K, Hall R, Ng PKL, Shih
H-T, Carvalho GR, von Rintelen T. 2011. Biogeography of the Indo-
Australian Archipelago. Annu Rev Ecol Evol Syst 42: 205-226. DOI:
10.1146/annurev-ecolsys-102710-145001.

Misof B, Liu S, Meusemann K, Peters RS, Donath A, Mayer C, Frandsen
PB, Ware J, Flouri T, Beutel RG, Niehuis O. 2014. Phylogenomics
resolves the timing and pattern of insect evolution. Science 346
(6210): 763-767. DOI: 10.1126/science.1257570.

Murwitaningsih S, Dharma AP, Depta D, Nurlaeni Y. 2019.
Keanekaragaman spesies kupu-kupu di Taman Cibodas, Cianjur,
Jawa Barat sebagai sumber pembelajaran biologi. Sci Educ J 3 (1):
33-43. DOI: 10.21070/sej.v3i1.2717. [Indonesian]

Myers N, Mittermeier RA, Mittermeier CG, da Fonseca GAB, Kent J.
2000. Biodiversity hotspots for conservation priorities. Nature 403:
853-858. DOI: 10.1038/35002501.

Peggie D, Prabowo SWB, Shahroni AM, Shidiq FIA, Irwansyah L,
Soenarko, Rahma N, Wafa 1Y. 2022. Kupunesia app for citizen
science: New way of mainstreaming interest and study of indonesian
butterflies. Treubia 49 2): 137-148. DOI:
10.14203/treubia.v49i2.4501.

Pocheville A. 2014. Chapter 26: The Ecological Niche: History and
Recent Controversies. In: Heams T, Huneman P, Lecointre G,
Silberstein M (eds.). Handbook of Evolutionary Thinking in the
Sciences. Springer, Dordrecht, Berlin/Heidelberg, Germany. DOI:
10.1007/978-94-017-9014-7_26.

Rader R, Bartomeus |, Garibaldi LA, Garratt MP, Howlett BG, Winfree R,
Cunningham SA, Mayfield MM, Arthur AD, Andersson GK,
Bommarco R. 2016. Non-bee insects are important contributors to

global crop pollination. Proc Natl Acad Sci USA (PNAS) 113 (1):
146-151. DOI: 10.1073/pnas.1517092112.

Robinson GS, Ackery PR, Kitching 1J, Beccaloni GW, Herndndez LM.
2023. HOSTS — a Database of the World’s Lepidopteran Hostplants.
https://data.nhm.ac.uk/dataset/hosts.

Rddder D, Schmitt T, Gros P, Ulrich W, Habel C. 2021. Climate change
drives mountain butterflies towards the summits. Sci Rep 11: 14382.
DOI: 10.1038/s41598-021-93826-0.

Schulze CH. 2013. Identification Guide for Butterfly of West Java.
Chapman & Hall, London.

Shorthouse DP. 2010. SimpleMappr, an online tool to produce
publication-quality point maps. http://www.simplemappr.net.

Stroud JT, Bush MR, Ladd MC, Nowicki RJ, Shantz AA, Sweatman J.
2015. Is a community still a community? Reviewing definitions of
key terms in community ecology. Ecol Evol 5 (21): 4757-4765. DOI:
10.1002/ece3.1651.

Umami S, Amaliyah NS, Fahlefi AR, Zumar MR, Romzalis AA,
Wibisana OR, Susanto MAD. 2024. Butterflies (Lepidoptera:
Papilionoidea) diversity in Kedung Klurak Tourism Area, Mojokerto
District, East Java, Indonesia. Intl J Trop Drylands 8 (1): 27-34. DOI:
10.13057/tropdrylands/t080104.

van Nieukerken EJ, Kaila L, Kitching 1J et al. 2011. Order Lepidoptera
Linnaeus, 1758. In: Zhang ZQ (eds.). Animal Biodiversity: An
Outline of Higher-Level Classification and Survey of Taxonomic
Richness. Zootaxa 3148 2): 212-221. DOI:
10.11646/zootaxa.3703.1.1.

von Rintelen K, Arida E, Hauser C. 2017. A review of biodiversity-related
issues and challenges in megadiverse Indonesia and other Southeast

Asian countries. Res Ideas Outcomes 3: €20860. DOI:
10.3897/ri0.3.620860.
World Wildlife Fund. 2014. Eastern Java-Bali rain forests.

http://editors.eol.org/ecearth/wiki/Eastern_Java-Bali_rain_forests.


https://data.nhm.ac.uk/dataset/hosts

