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cywords incomplete, damaged, or in the immature stage. In the Endau-Rompin
Lepidopera, Mymercophilous, DNA Forest Complex, the samples were manually collected. To ensure
Barcoding, Phylogenetic Analysis reliable species identification, both morphological techniques and DNA

barcoding were used. DNA was extracted, and the cytochrome c oxidase
subunit 1 (CO1) gene was amplified and sequenced. A total of five
Lepidoptera specimens and two host ants were collected in this study.
Phylogenetic analysis of the CO1 sequences successfully identified two
Lepidoptera samples to the species level, while one was identified to the
family level. One Lepidoptera sample failed to amplify during the PCR
amplification process. This study had updated Endau-Rompin's
checklist by identifying Anthene emolus, which had not before been
documented in the area. Adult Spalgis epius was found living alongside
with the ant host Anoplolepis gracilipes on the same plants, indicating a
potential myrmecophilous association. In addition, the pupa of a species
from the family Pyralidae was discovered within the ant nest of
Crematogaster sp., suggesting a possible link between the host ant and
the Pyralidae species.

1. Introduction

The Endau-Rompin National Park, established in 1993, is one of the largest protected areas in southern
Peninsular Malaysia, encompassing 87,685 ha across Johor and Pahang [1][2]. This biodiverse region remains
understudied, particularly regarding the myrmecophilous lepidoptera, which exhibit complex ecological
interactions with ants [3]. Morphological identification of lepidoptera is often challenging due to incomplete or
immature specimens, making traditional methods time-consuming and less effective [4]. DNA barcoding, using
markers such as cytochrome oxidase 1 gene (COI) offers a reliable alternative for species identification and can
expedite research efforts [5][6]. This study aims to document lepidoptera species and their interactions with ant
hosts in Endau-Rompin using DNA barcoding and morphological examination. By providing insights into the
ecological relationships and evolutionary significance of myrmecophily, this research will enhance conservation
strategies for these butterflies and their habitats, while laying the groundwork for future studies in Johor and
Peninsular Malaysia [7][8].
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Organisms that depend on ants for at least a portion of their life cycle are known as myrmecophiles [9]. The
Lycaenidae family is the second-largest butterfly family, with over 6,000 species and accounting for over 40% of
all known butterflies. Some Lycaenidae larvae emit vibrations and low-frequency noises, which are transferred
through plants and allow them to communicate with ants. While not all Lycaenidae species depend on ants, over
75% create relationships with them. Certain species of ants safeguard their larvae in return for sugar-rich
honeydew, a practice known as myrmecophily [10]. Ants frequently care and protect the larvae of many
myrmecophilous lycaenid species, which affect butterfly fitness during growth and developmental period. Many
lycaenid larvae have specialized myrmecophilous organs that interact with ants, such as the dorsal nectary
organ and tentacle organs [11]. Host ants tending the Lycaenidae are primarily from the Formicinae,
Myrmicinae, and Dolichoderinae subfamilies. These interactions are most commonly observed in ants belonging
to the genera Crematogaster and Camponotus [12].

2. Methodology

2.1 Study Site

The sample collection was conducted at Endau-Rompin Peta, Johor and Nature Education and Research Centre
(NERC)(N 02° 31.772, E 103° 24.079) and Taman Eko Rimba Sungai Bantang, Johor (N 02° 20.735, E 103°
9.469). Fig. 1 shows the Map of Endau-Rompin Peta, Johor and Nature Education and Research Centre (NERC)
while Fig. 2 Map of Taman Eko Rimba Sungai Bantang, Johor.
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Fig. 1 Map of Endau-Rompin Peta, Johor and Nature Education and Research Centre (NERC)
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Fig. 2 Map of Taman Eko Rimba Sungai Bantang, Johor.

2.2 Sample collection

Butterflies displaying characteristics of the Lycaenidae family were captured manually using an aerial net. Ants
associated with Lycaenidae butterflies were also collected. Ant nests believed to be associated with Lycaenidae
were dug to check for the presence of pupae or larvae tended by the ants. The collected butterflies were
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carefully stored in folded envelopes made from tracing paper to prevent damage to the specimens while the host
ant were collected using a collection tube and filled in by 70% ethanol.

2.3 DNA Extraction

Tissue samples from each Lepidoptera individual were obtained by first removing the wings and then cutting
the body into small pieces using a scalpel while holding it with forceps. The tissue samples were then
transferred to a 1.5 mL microcentrifuge tube to prepare for the DNA extraction process.

Utilizing the DNeasy® Blood & Tissue Kit (cat. nos. 69504 and 69506) and the included manual paper, DNA
was extracted from the tissue samples. The tissue samples prepared during the tissue sampling are placed in a
1.5 mL microcentrifuge tube. Add 180 pL of Buffer ATL and 20 pL of proteinase K. Mix by vortexing and incubate
at 56 °C for 2 hours or until completely lysed. Vortexed occasionally during the incubation process.

200 pL of Buffer AL was added to the sample and mix it well using a vortex. The sample was then incubated
at 56 °C for 10 minutes. Next, 200 pL of 100% ethanol was added, and the mixture was mixed thoroughly using a
vortex. The mixture was transferred into a DNeasy Mini spin column placed in a 2 mL collection tube and
centrifuged at 8000 rpm for 1 minute. After centrifugation, the flow-through and the collection tube were
discarded, and the spin column was placed into a new 2 mL collection tube.

Then, 500 pL of Buffer AW1 was added to the spin column, and it was centrifuged again at 8000 rpm for 1
minute. The flow-through and the collection tube were discarded, and the spin column was moved to another
new 2 mL collection tube. In the next step, 500 pL of Buffer AW2 was added to the spin column, which was
centrifuged at 14,000 rpm for 3 minutes. After that, the spin column was placed into a 1.5 mL microcentrifuge
tube. To elute the DNA, 50 uL of Buffer AE was added to the center of the spin column membrane. The column
was left at room temperature at around 25 °C for 1 minute and then centrifuged at 8000 rpm for 1 minute to
collect the DNA. The extracted DNA samples were stored in the refrigerator at a low temperature of 4 °C.

2.4 DNA Quantification

The Implen Nanophotometer® was used to quantify the DNA samples extracted during the DNA extraction
process. Before starting, the instrument was calibrated using deionized water (diH20) as a blank to ensure
accuracy. A small volume of 1 puL of each DNA sample was placed directly onto the lens of the nanophotometer
and the concentration and purity of every sample were recorded.

2.5 DNA Qualification

The agarose gel electrophoresis (AGE) was used to test the quality of the DNA. The agarose gel was prepared by
dissolving 0.6 g of agarose powder in 40 mL of 1x TAE buffer. The mixture was heated in a microwave for 1
minute, then removed and stirred gently. It was heated again for 30 seconds to remove any precipitate. Once the
gel mixture cooled to a temperature that was warm to the touch, 1.5 pL of 1st base FloroSafe DNA Stain (Catalog
No: BIO5170-1n) was added, and the mixture was stirred slowly using a glass rod to avoid bubble formation.
The gel was then poured into the casting mold, and a comb was placed to create wells. The mold was covered
and left to set for 20 minutes; the comb was then carefully removed from the gel afterward.

The gel was placed into an electrophoresis rig filled with 1x TAE buffer. The first well was loaded with the
1st base 100 bp DNA ladder (Catalog No: BIO-5130) as a molecular size marker to determine the DNA length.
The gel electrophoresis was run for 30 minutes at 90 V. After the run, the gel was visualized using the OmniDoc
Gel Documentation system. The OmniDoc system was turned on, and the agarose gel was placed onto the UV
transilluminator. The UV light source was selected, and adjusting to the proper UV light intensity and exposure
time to produce a clear image of the gel and the DNA bands. Images of the gel were captured and being analysed.
The concentration and yield of each DNA sample were determined by comparing the intensity of the sample
bands to those of the DNA ladder, providing an estimation of DNA quantification. After the analysis, the agarose
gel was then removed, and the tray was cleaned with 20% ethanol.

2.6 Polymerase Chain Reaction (PCR)

2.6.1 Primer
The Cytochrome Oxidase 1 (CO1) regions were used to amplify the DNA sequence, as described in Table 1.

Table 1 The Primers used in PCR amplification and DNA sequencing of the CO1 [13]

Targeted gene Primer Name Primer sequence
co1 Lep-F1 5 - ATTCAACCAATCATAAAGATAT - 3’
co1 Lep-R1 5 - TAAACTTCTGGATGTCCAAAAA -3’
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2.6.2 Master Mix Preparation

The recipe for a 100 pL. master mix for the primer was prepared as detailed in Table 2.

Table 2 Master mix recipe

Component Volume (uL)
5x Green Gotaq buffer (Flexi Buffer) 50
MgCl2 15
dNTP 5
Lep- F1 15
Lep- R1 15
Total 100

2.6.3 PCR Amplification

The master mix was then combined with DNA polymerase, DNA template, and deionized water to prepare the 25
uL PCR reaction mixture, as detailed in Table 3. The PCR amplification using the CO1 primer was carried out
using the following thermocycling profile, as shown in Table 4 [13].

Table 3 The recipe for the PCR reaction mixture.

Component Volume (pL)
Master Mix 10
DNA polymerase 0.126
DNA template (2B/3B/4A) 5
Deionised water 9.874
Total 25

Table 4 Thermocycling Profile for PCR Amplification Using Primer CO1

Step Temperature (°C) Time
1 Cycle of
Initial Denaturation 94 1 min
6 Cycles of
Denaturation 94 1 min
Annealing 45 1 min 30 sec
Extension 72 1 min 15 sec
36 Cycles of
Denaturation 94 1 min
Annealing 51 1 min 30 sec
Extension 72 1 min 15 sec
1 Cycle of
Final Extension 72 5 min

2.6.4 Nested PCR

The samples that failed to amplify during the PCR amplification and do not show distinct band on the agarose gel
are then proceed with the next step, nested PCR. The initial PCR products were used as templates for the nested
PCR process, following the same thermocycling profile as the initial PCR amplification. Table 5 shows the recipe
for the nested PCR reaction mixture.

e
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Table 5 Recipe for the nested PCR reaction mixture.

Component Volume (uL)
Master Mix 10
DNA polymerase 0.126
PCR product 1
Deionised water 13.874
Total 25

2.7 DNA Sequences and Analysis

DNA sequencing was conducted at Apical Scientific Sdn. Bhd. Raw electropherograms were then accessed and
viewed using software such as Geneious version 9.1.8 and MEGA-X version 10.2.6. The forward and reverse
sequences were edited in Geneious software to reduce overlapping peak and subsequently assembled to create a
consensus sequence. The resulting sequence was analysed and compared with reference sequences available in
public databases, such as the National Center for Biotechnology Information (NCBI), using the Nucleotide Basic
Local Alignment Search Tool (Nucleotide BLAST). BLAST is a tool that identifies areas of similarity between
biological sequences by comparing nucleotide or protein sequences to sequence databases and determining
their statistical significance. All the nucleotide sequences were transcribed in the FASTA format from NCBI and
imported into the Geneious software. Subsequently, multiple sequence alignment was performed in Geneious
software using the MUSCLE alginment, the Geneious guidelines describe MUSCLE alignment as a progressive
aligner that estimates sequence distance through k-mer counting, performs progressive alignment using a log-
expectation score profile function, and refines alignments with tree-dependent restricted sequence partitioning.
The aligned sequences are then exported in MEG file format to make it compatible with MEGA-X software for
subsequent phylogenetic analysis.

The MEG file was then opened using MEGA-X software, and phylogenetic tree was constructed using the
Maximum Likelihood and Maximum Parsimony method. The Maximum Likelihood tree was generated with the
following settings: the substitution model used was the General Time Reversible (GTR) model with rates among
sites modelled as Gamma Distributed with Invariant Sites (GTR+G+I) with a bootstrap of 10,000 replicates was
performed to ensure the robustness of the tree. The Maximum Parsimony (MP) tree was constructed using Tree-
Bisection-Reconnection (TBR) as the MP search methods for the tree inference option and with a bootstrap
10,000 replicates.

3. Results and Discussion

A total of five Lepidoptera samples were collected during the study. Two samples were obtained from Nature
Education & Research Centre (NERC), Endau-Rompin Johor National Park and three were collected from Taman
Eko Rimba Sungai Bantang. One of the Lepidoptera samples was a pupa found inside an ant nest. The pupa was
stored in a container to allow it to undergo metamorphosis into its adult stage, making it easier to identify
through morphological analysis.

In addition, two host ant samples were collected: one from Kampung Peta NERC and another from Sungai
Bantang. These ants were collected as host samples because they showed ecological relationships with the
Lepidoptera species. The table 6 below provides detailed information on the collected samples, including their
names, locations, and the method of identification.

Table 6 Information of the collected samples

Sample Location Collected Date Collected Notes Identification
Name Method
. . Lepidoptera Morphological and
1A Sungai Bantang 7 April 2024 Pupa DNA Barcoding
Al Sungai Bantang 7 April 2024 Host Ant Morphological
4A Kampung Peta, NERC 29 April 2024 Lycaenidae DNA Barcoding
4B Kampung Peta, NERC 29 April 2024 Lycaenidae Morphological
A2 Kampung Peta, NERC 29 April 2024 Host Ant Morphological
. . Morphological and
2B Sungai Bantang 6 November 2024 Lycaenidae DNA Barcoding
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Morphological and

3B Sungai Bantang 6 November 2024 Lycaenidae DNA Barcoding

3.1 Morphological Identification

The morphological identification for the collected samples during the study was performed using a microscope
at the Makmal Gunasama Fizik (MGF Lab). Google Lens and Picture Insect were primarily used for preliminary
identification, with their results cross-checked against morphological keys and expert guides for accuracy.
Additionally, websites such as MyBIS and iNaturalist were consulted to confirm the species’ distribution and
their presence in Malaysia.

3.1.1 Lepidoptera

Identification of the Lepidoptera samples were based on keys by [14]. Table 7 presents the collected samples of
Lepidoptera, along with their corresponding species names. The pupa sample 1A was successfully developed
into an adult moth. However, due to improper preservation, the specimen was severely damaged, making it
difficult to identify morphologically. Sample 2B was identified with the aid of Picture Insect shown as Anthene
emolus. The Sample 2B displayed dark marginal spots in spaces 1b, 2, and 3 on the hindwing. The underside was
pale and earthy brown, with catenulate bands defined by whitish stripes. Additionally, the hindwing near space
2 featured an orange-crowned black spot, matching the description of Anthene emolus.

Sample 3B was identified as Prosotas dubiosa using Picture Insect. According to the referral guidebook,
Prosotas dubiosa featured a small black tornal patch at the end of vein 1b. The species had a greyish underside
and no apparent subapical mark in place 6 on the hindwings. The species is tailless which matches the
description of the Sample 3B. Sample 4B was identified using Google Lens and Picture Insect as Spalgis epius.
Reference to the guidebook, the morphological features of Spalgis epius, including smooth eyes, short antennae
with a gradually incrassate club. The larvae feed on scale insects, bodies are coated white waxy substances
secreted by the scale insects, providing protection against ants. Sample 4B was found on a tree infested with
scale insects, cohabiting with ants. This ecological context further supported the identification.

Table 7 Collected samples of Lepidoptera, along with their corresponding species names.

Sample Photo Species
1A B | -

2B Anthene emolus
3B g _— gy » —:,“ Prosotas dubiosa
4B Spalgis epius
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3.1.2 Host Ant Species

The host ant samples were examined under a microscope at the MGF laboratory. Identification was performed
based on the keys by [15]. Table 8 provides details of the collected host ant samples, including pictures, species
names, and observational notes recorded during their collection, focusing on their interactions with butterfly
species.

Referring to the Identification Guide to Ant Genera of Borneo, the key to Bornean genera of the subfamily
Myrmicinae states that a postpetiole attached to the upper surface of the gaster indicates the genus
Crematogaster. The postpetiole's dorsal connection to the fourth abdominal segment unique morphological
feature of the genus Crematogaster [16]. These two characteristics suggest that the sample host ant 1 belongs to
the genus Crematogaster sp. Anoplolepis gracilipes is easily identified by its large legs, very long antennal scapes,
and distinctive yellowish coloration [17]. These characteristics are similar to those of host ant 2. It is then cross
check with the Picture Insect software, further supporting the species as Anoplolepis gracilipes.

Table 8 Collected samples of host ant, along with their corresponding species names.

Sample Photo Species Name Observation Notes.
Name
Host Crematogaster sp. The pupa sample 1A was
Ant 1 discovered within the nest of Host
Ant1
Host V- N Anoplolepis gracilipes Ants were observed living with
Ant 2 sample 4B, along with coccoidea

3.2 DNA Extraction Results

The Implen Nanophotometer® was used to quantify the DNA samples extracted during the DNA extraction
process with the result recorded in Table 9. To determine samples purity, the A260/A280 and A260/A230 ratios
were compared together, with an ideal A260/A280 value of 1.8 and an expected A260/A230 range of 2.0-2.2.
Sample 1A had an A260/A280 ratio of 1.475, which is much lower than the optimal value and the A260/A230
ratio of 1.047, was much lower than the predicted range, indicating possible contamination. Sample 2B had an
A260/A280 ratio of 1.747, which is near to the ideal value, but the A260/A230 ratio of 0.680 was lower than
predicted, indicating the presence of impurities. Similarly, sample 3B had an A260/A280 ratio of 1.734, but the
A260/A230 ratio of 1.476, indicating contamination. Sample 4A had an A260/A280 ratio of 1.714, but its
A260/A230 ratio was lower than predicted at 0.691, indicating possible contamination. The agarose gel
electrophoresis includes DNA ladder, samples 1A, 2B, 3B and 4B. Bands are observed in the agarose gel,
indicating the presence of genomic DNA. The intensity of the bands suggests sufficient DNA quantity for
downstream applications, such as PCR.

Table 9 The reading of Nanodrop spectrophotometry

Sample | Concentration of DNA A260/A280 A260/A230 A260 (10mm path)
(ng/ul)

1A 4.5000 1.475 1.047 0.084

2B 6.9000 1.747 0.680 0.133

3B 12.4000 1.734 1.476 0.243

4A 6.6000 1.714 0.691 0.132
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3.3 PCR Results

In the gel electrophoresis process, a 1st Base 100 bp DNA Ladder (Catalog No: BI0-5130) was used, providing
size markers ranging from 100 bp to 1500 bp. Fig. 3(a) and Fig. 3(b) show the PCR amplification results that
were obtained by agarose gel electrophoresis. Samples 2B, 3B and 4A were nested PCR products. Sample 3B
exhibited multiple bands around the 700 bp region rather than a single, well-defined band at the target DNA
regions, COI at 648bp [13]. This may be due to nonspecific amplification, which is a common occurrence in
nested PCR [18]. Sample 2B also showed multiple bands, but they were faint, suggesting low DNA concentration
and nonspecific amplification. Although the band for sample 1A is less obvious and pale, it still has the band at
the expected size at around 700bp, which means the success of DNA amplification at the region COI. However,
sample 4A did not show any band after several attempts.

2B 3B 4A

(@) (b)
Fig. 3 PCR product results (a) Sample 14; (b) Sample 2B, 3B and 4A

3.4 DNA Sequencing

All the selected PCR Products are selected from the gel electrophorosis result. The PCR products were then
outsourced to Apical Scientific Sdn. Bhd. for DNA sequencing. A total of 3 Sequence was produced from the
sequencing using the COI region. The sequences of 1A, 2B, 3B were analyzed and assembled using the De Novo
Assembly in the Geneious v9.1.8 software to produce consensus sequences. The quality of the sequences that
were produced from the sequencing were good, with clear distinct peak only little overlapping. The overlapping
peaks at the beginning and the end of the sequence were trimmed using the Geneious software.

3.5 Phylogenetic Analysis

In the Fig. 4, bootstrap value lower than 70 percent was hidden, the sample 14, 2B and 3B were highlighted in
green and outgroup, Coccinella transversalis highlighted in yellow. The COI Maximum Likelihood phylogenetic
tree shows the species 3B and 2B were found resolving with Prosotas dubiosa (MW796568.1 and PP151334.1)
and Anthene emolus (PP079512.1 and KT286518.1) respectively with the support bootstrap of 10000 replicates.
However, the exact identity of the species 1A is unclear, it resolves on a clade containing Hypolophota sp
(KF395617.1 and KF402970.1) and Prosthenia xyloryctella (HM373006.1) , thus indicating that it belongs to a
species in the Pyrallidae family. Athene emolus has not been previously recorded from Endau-Rompin [19].

Penerbit
UTHM



523 Enhanced Knowledge in Sciences and Technology Vol. 5 No. 2 (2025) p. 515-525

99 - DQ456504 1 Jalmenus eichhorni 3b
{ DQ456507 1 Jalmenus iciius 3b

[_~ NC 063699.1 Ahibergia frivaldszkyi 3b
0OP430992 1 Callophrys eryphon 3b

—— KT236389.1 Satyrium sp 2b

— OP431098 1 Thestius epopea 2b

0OP431058.1 Penaincisalia loxurina 2b

OP431107.1 Deudorix antalus 3b

KT236345.1 Chilades laus 3b

KT236351 1 Lampides boeticus 3b

NC 065461.1 Jamides bochus 3b
%| o 3B COl
100 |_) MW796568.1 Prosotas dubiosa 3b

100 ' PP151334.1 Prosotas dubiosa 3b
100 | MT165282.1 Eirmocides consimilis 2b
—{ MT165293.1 Eirmocides consimsis 2b
? HQ570668.1 Anthene paraffinis 2b

HQ570902 1 Anthene paraffinis 2b
‘{PP()?QS! 3.1 Anthene emolus 2b

2B COI
PP079512 1 Anthene emolus 2b
l KT286518.1 Anthene emolus 2b

KX150459 1 Pycnarmon pantherata 1a
15-{ LCB97833 1 Pycnarmon pantherata 1a
100 | KF395617 1 Hypolophota sp 1a
KF402970.1 Hypolophota sp 1a
1A COI
HM373006.1 Prosthenia xyloryctella 1a
KF396554 1 Heteromicta pachytera 1a

JN270749.1 Heteromicta sp 1a
L JN270750.1 Heteromicta sp 1a
JN270768.1 Mecistophylla agramma 1a

GUE88813.1 Mecistophylla agramma 1a
100 ' GU68B814.1 Mecistophylla agramma 1a

MH745084.1 Coccinella transversalis

Fig. 4 The evolutionary history was inferred by using the Maximum Likelihood method and General Time
Reversible model.

The tree with the highest log likelihood (-6380.31) is shown in Fig. 4. The percentage of trees in which the
associated taxa clustered together is shown next to the branches. Initial tree(s) for the heuristic search were
obtained automatically by applying Neighbor-Join and BioN] algorithms to a matrix of pairwise distances
estimated using the Maximum Composite Likelihood (MCL) approach, and then selecting the topology with
superior log likelihood value. A discrete Gamma distribution was used to model evolutionary rate differences
among sites (5 categories (+G, parameter = 0.3649)). The rate variation model allowed for some sites to be
evolutionarily invariable ([+]I], 36.86% sites). The tree is drawn to scale, with branch lengths measured in the
number of substitutions per site. This analysis involved 35 nucleotide sequences. There were a total of 1495
positions in the final dataset. Evolutionary analyses were conducted in MEGA X.

3.6 Discussion

In discussion, this study demonstrated the successful application of DNA barcoding alongside morphological
techniques in identifying myrmecophilous Lepidoptera and revealing its ecological interaction with ant hosts.
The ecological interactions discovered in this study provide insight on the complex relationships between
myrmecophilous Lepidoptera and their related host ant species. The discovery of Athene emolus, a new record
for Endau-Rompin, broadens the species’ known in the region and suggests that the region might contain a
greater diversity of Lycaenidae than previously documented. The identification of a Pyralidae pupa within a
Crematogaster sp. nest provides evidence that certain Pyralidae species exhibit myrmecophilous interactions
with the ant genera Crematogaster. Furthermore, the ecological interaction between a Lycaenid butterfly and its
host ant is highlighted by the myrmecophilous association between Lycaenid Spalgis epius and its host ant,
Anoplolepis gracilipes.

Throughout this study, a number of unexpected findings were discovered, especially in the DNA
amplification and identification processes. Instead of a single, distinct band at the expected COI target region of
648 bp, two of the samples showed several bands around the 700 bp region. This is probably because of nested
PCR, which amplified unwanted DNA fragments as well as the results of nonspecific amplification. Furthermore,
one sample failed to amplify in this study, which could have been caused by DNA degradation from prolonged
storage. Successful amplification depends on the quality of the DNA, unsuccessful PCR results are frequently due
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to damaged DNA. Another challenge was that the collected pupa could only be identified until the family level.
The limitation may have been caused by an insufficient reference library in the DNA database, which would have
prevented an accurate species match, or by DNA degradation, which decreases the accuracy of sequencing.

4. Conclusion

This study has successfully used DNA barcoding in combination with morphological techniques to identify
myrmecophilous Lepidoptera and uncover new information on their ant hosts. Three myrmecophilous
Lepidoptera to the species level, including Athene emolus, which represents a new record for Endau-Rompin.
One pupa from Crematogaster nest was also identified as a member of Pyrallidae. In addition, this study reports
documented Spalgis epius associating with Anoplolepis gracilipes. These findings have expanded our knowledge
on the diversity and ecology of myrmecophilous Lepidoptera and their ant hosts in Peninsular Malaysia and
demonstrated that CO1 can be successfully used for aiding the identification of a morphologically challenging
group.

There were challenges with morphological identification in this study. Sample 1A was difficult to identify
due to improper preservation causing damage to the sample. To ensure that the morphological identity can be
observed for the purpose of morphological identification, taking photos from all directions after the sample was
collected or to preserve the collected sample in a proper method. Because certain species are only active during
particular seasons and host-ant interactions change depending on the stage of the lepidoptera life cycle, season-
dependent sampling presents a challenge. Researchers can address this by carrying out long-term studies that
sample at various times during the year. Working along with local ecologists who are knowledgeable about the
variations in species activity.
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