July 2026, Vol. 23, No. 2, 1-9
https://doi.org/10.5994/jei.23.2.1

JURNAL
ENTOMOLOGI
INDONESIA

Original Article

Predatory behavior and predation efficiency of Sycanus sp. against
Metisa plana Walker: Implications for biological control in oil palm

Perilaku pemangsaan dan efisiensi predasi Sycanus sp. terhadap Metisa plana
Walker: Implikasinya terhadap pengendalian hayati pada kelapa sawit

Zahlul Ikhsanl*, Mona Aisyah?, Nalwida Rozen?, Sri Heriza?!, Moustafa Sabry Bakry?, Amsar Maulana*, Nur

Ain Izzati Mohd Zainudin®

!Department of Agroecotechnology, Faculty of Agriculture, Universitas Andalas, Dharmasraya, West Sumatra 27573, Indonesia,
‘Department of Agrotechnology, Faculty of Agriculture, Universitas Andalas, Limau Manis, Padang, West Sumatra 25163,
Indonesia, *Plant Protection Research Institute, Agricultural Research Center, Nadi El-Said Street-Dokki, Giza 3751254, Egypt,
“Research Group of Food Safety, Research Center for Food Technology and Processing, National Research and Innovation Agency
(BRIN), Jogja-Wonosari Km. 31.5 Street, Yogyakarta 55861, Indonesia, *Department of Biology, Faculty of Science, Universiti
Putra Malaysia, Serdang, Selangor, 43400, Malaysia

Corresponding Author:

Zahlul Ikhsan
(zahlulikhsan@agr.unand.
ac.id)

Received:

19 February 2026
Revised:19 June 2026
Accepted: 24 June 2026
Cite:

Ikhsan Z, Aisyah M, Rozen
N, Heriza S, Bakry MS,
Maulana A, Zainudin NAIM.
2026. Predatory behavior
and predation efficiency of
Sycanus sp. against Metisa
plana Walker: Implications
for biological control in oil
palm. Jurnal Entomologi

Indonesia. 23(2):1-9. DOI:

https://doi.org/10.5994/
jei.23.2.1.

ABSTRACT

Bagworm (Metisa plana Walker) is a major defoliating pest of oil palm, causing significant yield
losses during outbreaks. Biological control using predatory insects offers an environmentally
sustainable alternative to chemical insecticides. This study evaluated the predatory performance
of Sycanus sp. against M. plana larvae and assessed the effect of predator density on prey
suppression under laboratory conditions. A completely randomized design was used with five
predator-density treatments (1, 2, 3, 4, and 5 predators per 10 larvae) and ten replications.
Predator performance was evaluated based on prey-search duration, handling time, larval
mortality, and prey consumption. The initial prey-search duration ranged from 2.11 to 2.25 min,
while subsequent searches ranged from 1.69 to 2.04 min. Prey-handling time remained relatively
constant across treatments (58.1-59.1 min). Predation by Sycanus sp. substantially reduced M.
plana populations within three days, with the highest mortality occurring on the first day after
predator introduction. Predator density significantly increased prey consumption, which rose
from 1.26 *+ 0.21 larvae at one predator to 4.43 + 0.19 larvae at five predators. A strong positive
relationship was observed between predator density and prey consumption (y = 0.795x + 0.451;
R? = 0.9531). Although the highest prey suppression occurred at the greatest predator density,
a ratio of two Sycanus sp. adults per ten M. plana larvae provided a favorable balance between
prey suppression and predator deployment efficiency. These findings support the potential use
of Sycanus sp. as a biological control agent in sustainable oil palm integrated pest management
programs.
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ABSTRAK

Ulat kantong (Metisa plana Walker) merupakan hama defoliator utama pada tanaman kelapa sawit
yang dapat menyebabkan kehilangan hasil yang signifikan. Pengendalian hayati menggunakan
predator untuk mengendalikan hama tersebut merupakan solusi alternatif yang lebih ramah
lingkungan dibandingkan dengan insektisida kimia. Penelitian ini bertujuan untuk mengevaluasi
kemampuan predasi Sycanus sp. terhadap larva M. plana serta mengkaji pengaruh kepadatan
predator terhadap penekanan populasi mangsa dalam kondisi laboratorium. Penelitian ini
menggunakan rancangan acak lengkap dengan lima taraf kepadatan predator (1, 2, 3, 4, dan 5
imago per 10 larva) serta sepuluh ulangan. Parameter yang diamati meliputi lama pencarian
mangsa, waktu penanganan mangsa, mortalitas larva, dan jumlah mangsa yang dikonsumsi.
Lama pencarian mangsa pada pencarian pertama berkisar 2,11-2,25 menit dan menurun
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menjadi 1,69-2,04 menit pada pencarian berikutnya, sedangkan waktu penanganan mangsa
relatif konstan, yaitu 58,1-59,1 menit. Sycanus sp. mampu menekan populasi M. plana dalam tiga
hari, dengan mortalitas tertinggi yang terjadi pada hari pertama. Peningkatan kepadatan predator
secara nyata meningkatkan jumlah mangsa yang dikonsumsi, dari 1,26 * 0,21 larva per predator
menjadi 4,43 *+ 0,19 larva per lima predator. Kepadatan predator menunjukkan hubungan linier
positif yang kuat dengan jumlah mangsa yang dikonsumsi (y = 0,795x + 0,451; R? = 0,9531).
Meskipun kepadatan lima predator menghasilkan penekanan populasi tertinggi, rasio dua imago
Sycanus sp. per 10 larva M. plana merupakan kepadatan yang paling efisien karena memberikan
keseimbangan antara efektivitas pengendalian dan efisiensi penggunaan predator. Hasil penelitian
menunjukkan bahwa Sycanus sp. berpotensi dikembangkan sebagai agen pengendali hayati dalam
program pengendalian hama terpadu pada kelapa sawit.

Kata kunci: dinamika predator-mangsa, kelapa sawit, pengendalian hayati, pengelolaan ulat

kantong

INTRODUCTION

The oil palm (Elaeis guineensis Jacq.) has emerged
as a pivotal crop in Indonesia, representing a
significant investment in the agricultural sector and
economic development. Indonesia cultivates more
than 16 million ha of oil palm, making it the world’s
largest producer (2026). The expansion of oil palm
plantations has been accompanied by a remarkable
increase in production, with figures rising from
21.14 million tons in 2022 to an anticipated 23.28
million tons in 2023. This growth underscores
the importance of effective agricultural practices,
particularly pest management, to sustain and
enhance productivity.

Pest management in oil palm cultivation is
critical, as various pests can significantly hinder
plant growth and reduce yields. Among these pests,
the bagworm, Metisa plana Walker (Lepidoptera:
Psychidae) has been identified as particularly
damaging, capable of causing substantial economic
losses in oil palm plantations (Sigalingging et al.
2025; Thaer et al. 2021). The impact of pests such
as the oil palm leaf-eating caterpillar and other
members of the Coleoptera and Lepidoptera orders
has been well documented, with studies indicating
that these organisms can cause production losses
of 40% to 60%. The urgency of addressing pest-
related challenges in oil palm cultivation is further
underscored by M. plana’s adaptive capabilities,
which enable it to proliferate rapidly and spread
quickly through both physical contact and wind
(Ikhsan et al. 2024; Egonyu et al. 2022).

Although M. plana is known to damage oil palm
plantations, there are gaps in the literature regarding
its management. Current control measures, such as
removal or pesticide use, have been ineffective and
are likely to worsen the impact on environmental
health and lead to pest resistance. Reliance on

chemical control is likely to disrupt the ecological
balance and is a major concern for the sustainability
of farm systems (Priyanka etal. 2024). For thatreason,
there is an urgent need to develop new sustainable
strategies to manage this pest without compromising
ecosystem integrity. Of the many approaches to
sustainable pest management, biological control
using natural enemies is among the most effective.
Sycanus sp. may help control M. plana and other
larvae of Lepidoptera, as this predator feeds through
a unique method that sucks the hemolymph of its
prey (Hendarjanti et al. 2024; Sucahyono et al. 2022;
Yuliadhi et al. 2021).

Research on Sycanus spp. has focused on
predation and prey consumption. Despite numerous
studies, predation rates and integrated evaluations
that combine prey-search behavior, handling time,
temporal mortality dynamics, and density-dependent
predation efficiency against M. plana remain lacking.
The vast majority of studies have focused on Sycanus
dichotomus Stal, where predation searching behavior,
predation and prey-handling times, and patterns of
predation and mortality have been poorly studied
(Hayati et al. 2024; Jamian & Adam 2018; Ahmad
& Kamaruddin 2016). Consequently, information
remains limited regarding how behavioral processes
influence predation efficiency and biological control
potential. A more integrated assessment of both
behavioral and quantitative predation parameters
is therefore needed to improve understanding of
predator-prey interactions and to support the
development of effective biological control strategies
for M. plana in oil palm agroecosystems.

Moreover, methodological variability in
predator source and age structure complicates the
interpretation of predation capacity. Field-collected
predators can present substantial heterogeneity in
age, physiological condition, prior feeding history,
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and reproductive status, potentially confounding
estimates of predatory performance. Laboratory-
reared, generation-standardized predators, such as
first-generation (F1) females, offer a more rigorous
framework for assessing intrinsic predatory traits
and behavioral characteristics, enabling clearer
inferences about predator efficacy in biological
control programs (Adhikary et al. 2025; Melketa et
al. 2022; Jamian & Adam 2018).

To our knowledge, no previous study has
simultaneously evaluated prey-search behavior,
prey-handling time, mortality dynamics, and density-
dependent predatory performance in laboratory-
reared F1 female Sycanus spp. targeting M. plana.
Understanding these elements of predatory dynamics
is necessary to assess the effectiveness of predation
and is crucial for developing ecologically based pest
management strategies for oil palm agroecosystems.

This study provides an integrated evaluation of
prey-search behavior, prey-handling time, temporal
mortalitydynamics,and density-dependentpredation
of laboratory-reared F1 female Sycanus sp. against
M. plana. By combining behavioral and quantitative
measures of predation, this study provides a more
comprehensive understanding of predator-prey
interactions and the potential application of Sycanus
sp. in sustainable biological control of bagworms
in oil palm ecosystems. Based on ratio-dependent
predation theory (Arditi & Ginzburg 1989), we
hypothesized that increasing predator density would
increase total prey suppression but would reduce
per-capita predation efficiency because multiple
predators compete for the same prey resources.

This research aims to investigate Sycanus sp.
predation on M. plana and the associated predatory
behavior in a controlled laboratory setting. These
findings could help to optimize the use of assassin
bugs as biological control agents in oil palm
plantations and support environmentally friendly
integrated pest management.

MATERIALS AND METHODS

The study was conducted between January and
September 2024 at the Integrated Pest Management
Laboratory, Faculty of Agriculture, Universitas
Andalas, West Sumatra, Indonesia.

Collection and rearing of Sycanus sp. and M. plana
Adult Sycanus sp. and M. plana larvae were initially
collected from oil palm plantations via direct
field sampling, following established procedures
(Cuthbert et al. 2021). The founder population of
Sycanus sp. was collected from an oil palm plantation

in Labuhanbatu Regency, North Sumatra province,
Indonesia (2°09'N, 99°43'E). Adult predators were
commonly observed on flowering refugia plants,
including Helianthus annuus, Cosmos sulphureus,
Turnera subulata, and Calopogonium mucunoides.
These plants serve as important habitats for natural
enemies. To minimize variability typical of field-
collected insects, all predators used in the experiment
were laboratory-reared F1 Sycanus sp. derived from
this parental population and used 15 days after adult
emergence. Metisa plana larvae (third-fourth instars)
were collected from smallholder oil palm plantations
with active infestations. The larvae were carefully
removed from the undersides of oil palm leaflets
and maintained under laboratory conditions prior to
experimentation.

Experimental design

A laboratory experiment was conducted using a
completely randomized design (CRD) to evaluate
the predatory interaction between Sycanus sp. and
M. plana. Oil palm seedlings were used as the host
plant and food source for M. plana larvae throughout
the experiment. The experiment consisted of five
predator-density treatments, each replicated 10
times, for a total of 50 experimental units (each an
individual observation arena). All predators were
laboratory-reared F1 female Sycanus sp., aged 15
days after adult emergence, standardized to minimize
individual variability; only females were used to
avoid sex-related behavioral differences and ensure
uniform predatory performance. The five treatments
comprised 1, 2, 3, 4, and 5 female Sycanus sp. (P1-P5,
respectively), each with 10 M. plana larvae. Predators
were then introduced into the units containing the
assigned number of M. plana larvae, and predation
activity and predator-prey interactions were
observed.

Observation and data analysis
Behavioral observations were conducted in
transparent plastic containers (20 cm x 15 cm x
15 cm) covered with fine mesh to prevent insect
escape while allowing ventilation, at 27 * 2 °C,
70 + 10% relative humidity, and a 12:12 h (L:D)
photoperiod. Before each observation, predators
were individually isolated and starved for 12 h to
standardize hunger and feeding motivation (Jamian
& Adam 2018). Each arena then received M. plana
larvae according to the assigned treatment.
Predatory performance of Sycanus sp. against
M. plana was evaluated using both qualitative
and quantitative observations: (a) prey search



time, determined as the interval from predator
introduction to the first successful prey encounter;
(b) prey handling time, measured as the interval
from initial contact until the prey was completely
immobilized; (c) prey consumption, the number of
larvae consumed during the observation period; (d)
larval mortality, assessed at 24-hour intervals after
predator introduction using the formula (Ge et al.
2019):

m=_12

x 100, where
a+b

M: mortality of larvae (%); a: number of dead larvae;
and b: number of larvae treated.

Data were analyzed in Microsoft Excel 2016
and SPSS version 23. One-way analysis of variance
(ANOVA) tested the effects of predator density on
prey search duration, prey handling time, larval
mortality, and prey consumption. Where treatments
differed significantly, means were separated using
Duncan’s multiple range test (DMRT) at P = 0.05.
Linear regression assessed the relationship between
predator density and prey consumption.

RESULTS

Prey search behavior of Sycanus sp. on M. plana
The prey-search behavior of Sycanus sp. showed
clear temporal patterns throughout the experimental
period (Figure 1). The first search was consistently
longer than later ones: the initial search for 10 M.
plana larvae ranged from 2.11 to 2.25 minutes across
all predator densities, with no consistent trend as
predator density increased. In contrast, subsequent

m The duration of the next prey search
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searches were markedly shorter (1.69 to 2.04
minutes) and decreased slightly at higher predator
densities. This shortening after the first capture
indicates that the predator shifted to a more efficient
hunting state, possibly reflecting a higher encounter
probability within the confined arena, although the
underlying behavioral mechanisms were not directly
quantified.

Prey handling time of Sycanus sp.

Total handling time for 10 M. plana varied across
predator densities, ranging from 58.1 to 59.1 minutes
(Figure 2). These minimal differences, indicate that
predator density did not substantially affect the
duration of the prey handling process, suggesting
that Sycanus sp. requires a relatively constant time to
capture, immobilize, and consume prey, regardless of
the number of conspecifics present. The mechanism
by which Sycanus sp. handles M. plana involves
piercing the larval cuticle with its rostrum and
extracting internal body fluids by sucking, leading
to progressive desiccation and eventual death of the
larvae. The death of M. plana was characterized by
the larvae exiting their larval sacs, a clear and reliable
indicator of successful predation.

Mortality rates of M. plana due to predation by
Sycanus sp.

Metisa plana mortality was recorded daily for three
days predator introduction (days after application,
DAA) until few or no larvae remained (Figure 3).
Across all predator-to-prey ratios, mortality was

First prey search duration

5 Sycanus sp. + 10 M. plana — 169 a

4 Sycanus sp. + 10 M. plana | 1.95 b

Predator density

2 Sycanus sp. + 10 M. plana | NN 1 34 a

225 b

224 b

3 Sycanus sp. + 10 M. plana | RN 2.04 b

2,11 a

219 a

1 Sycanus sp. + 10 M. plana | 134 a

2.11 a

1.0 1.5 2.0 2.5

Minutes

Figure 1. Sycanus sp. search time preying on Metisa plana. Different letters indicate significant differences (DMRT, P =0.05).
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Figure 2. Handling time of Sycanus sp. from first attack to immobilization of Metisa plana. Different letters indicate sig

nificant differences (DMRT, P = 0.05).

highest on the first day (DAA = 1) and declined
thereafter. On DAA =1, the 5:10, 4:10, 3:10, 2:10, and
1:10 ratios recorded killed 9, 8, 7, 6, and 5 larvae,
respectively; mortality then fell sharply to 1-3 larvae
on DAA=2,and by DAA =3 only 0 to 1 M. plana larvae
remained. Most predation therefore occurred soon
after Sycanus sp. introduction, with the 5:10 ratio
being most effective in achieving early elimination of
M. plana.

Density-dependent effects on predation efficiency
Predator density had a strong positive effect on prey
consumption. The mean number of larvae consumed
rose steadily with density from 1.26 + 0.21 larvae
at one predator to 2.05 £ 0.18, 2.74 + 0.17, and 3.64
+ 0.20 larvae at two, three, and four predators, and
4.43 + 0.19 larvae at five predators per 10 larvae
(Figure 4). Linear regression confirmed a significant
positive relationship between predator density and
prey consumption, (y = 0.795x + 0.451; R = 0.9531),
indicating that predator density explained about
95% of the variation in prey consumption.

DISCUSSION

Prey search behavior

The search behavior of Sycanus sp. during the initial
phase - longer durations at first, then progressively
shorter intervals - in line with the previous studies
on predatory insects, which report that predators
often search longer while familiarizing themselves
with their environment and the spatial distribution

of prey. The rapid decline in search time across
subsequent prey encounters suggests that, once the
predator located and captured its first prey, it finds
additional targets more efficiently in the same arena.
This pattern is in line with optimal foraging theory,
which holds that predators adjust their search tactics
according to previous encounters and environmental
cues (Yuliadhi et al. 2021; Srikumar et al. 2014).

The ability of Sycanus sp. to adjust its search
strategy upon detecting M. plana could strengthen its
role in biological pest control in oil palm plantations.
Such flexibility is likely important in agricultural
systems, where fluctuating pest populations may
demand varied predation strategies (Jamian et al.
2017). Because a predator’s search behavior can shift
with environmental complexity and with successive
prey encounters, further should examine how prey
density and habitat affect search efficiency; more
complex environments, in particular, may hinder
prey detection and lengthen the search process
(Ahmad et al. 2020).

The initial search time is a useful indicator of
predator’s potential to control a pest. The shorter
search times at higher predator densities may reflect
density-dependent interactions among predators,
although these were not measured directly. Such
effects are likely more pronounced in confined
laboratory settings than in the field, where predators
and prey are distributed more heterogenously (Stone
etal. 2023; Jamian et al. 2017).
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Figure 3. Daily mortality of Metisa plana from predation by Sycanus sp.
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Figure 4. Relationship between predator density and prey consumption by Sycanus sp. Values are presented as mean *

SE (n = 10).

Prey handling time

The narrow range of handling times across all
predator densities (58.1-59.1 minutes for 10 M.
plana) indicates that prey handling in Sycanus sp.
is governed mainly by physiological and behavioral
traits intrinsic to the predator, rather than by external
factors such as intraspecific competition (Ullah et
al. 2019; Srikumar et al. 2014). The mode of prey
immobilization employed by Sycanus sp.—piercing
the larval cuticle and extracting body fluids through
rostral sucking—is characteristic of the Reduviidae
family and matches the mechanisms documented for
other harpactorine assassin bugs (Ullah et al. 2019;

Hwang & Weirauch 2012). This piercing-sucking
action causes progressive desiccation and death,
and the emergence of M. plana larvae from their sacs
provides a reliable behavioral indicator of successful
predation.

The stability of handling time across predator
densities contrasts with reports of density-related
behavioral effects in some predatory insects, where
prey exploitation varies with predator abundance.
This constancy suggests that prey capture and
consumption are constrained mainly by the
physiological processes of immobilizing and feeding
on prey rather than by predator density (Ullah et al.
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2019). This is also seen in other reduviid predators
in which handling time remains relatively constant
across different prey densities (Yuliadhi et al. 2021;
Ahmad et al. 2020).

Handling time has important implications for
biological control. Rapid, predictable handling
lets Sycanus sp. process prey quickly and sustain
a high predation rate, even in the highly modified
environments of oil palm plantations, which supports
its integration into an oil palm pest management plan
(Wood 2019). Optimizing the density and release
timing of the predator could further improve prey
suppression. As reported, for other harpactorine
reduviids such as Cydnocoris gilvus (Burmeister)
preying on Helopeltis antonii Signoret, in which
handling time was a key determinant of predation
efficiency (Srikumar et al. 2014).

Temporal dynamics of predation and mortality

The mortality of M. plana peaked on the first
DAA and decline steadily across all predator-to-
prey ratios, mirroring the acclimatization of Sycanus
sp. after introduction to the experimental arena.
The peak was more pronounced at the highest-
density, where Sycanus sp. consumed nine M. plana
larvae on the first day. This early surge likely results
from a combination of hunger (from the 12 h pre-
experimental starvation) and the stimulus of newly
presented prey in a novel setting, which together
trigger exploratory and predatory behavior (Imboma
etal. 2020; Ullah et al. 2019).

The subsequent decline in feeding is consistent
with reports that predators feed less after initial
prey exposure, owing to satiation or reduced
prey availability (Yuliadhi et al. 2021; Ullah et al.
2019). This “predation surge” - elevated predation
rates immediately after introduction, followed by
stabilization into a more sustainable feeding rhythm-
has been described for other biocontrol agents (Ullah
etal.2019; Jamian etal. 2017). Itindicates Sycanus sp.
Exerts its strongest suppression right after release.

Density-dependent effects on predation efficiency

Our results indicate predator density had a
strong positive effect on the consumption of M. plana
larvae by Sycanus sp. As predicted by ecological
theory, more predators produced greater total
prey mortality, indicating substantial potential for
Sycanus sp. to suppress bagworm populations in oil
palm systems at adequate densities (Siallagan et al.
2022; Jamian et al. 2017). However, the increase was
not proportional; prey consumption rose about 3.5-
fold across a fivefold increase in predator density,

suggesting density-dependent interactions among
predators that may influence prey consumption at
higher densities. The regression, which explained
over 95% of the variation in prey consumption,
indicates a highly predictable predator-prey
response under the tested conditions and suggests
practical value for anticipating suppression from
predator abundance in managed habitats (Adhikary
etal. 2025).

Our findings are in line with previous work on
reduviid predators, including Sycanus dichotomus
Stal and Cosmolestes picticeps (Stal), in suppressing
bagworm populations in oil palm ecosystems
(Ahmad 2020), and with reports in other predatory
Hemiptera where higher predator density enhances
encounter rates and prey mortality. Because the
per-capita gain diminished at higher densities, the
highest prey mortality (at the 5:10 ratio) did not
translate into proportionally greater consumption.
The intermediate ratio of 2:10 may therefore offer a
practical compromise between suppression and the
number of predators deployed, although this requires
field validation. From a management perspective,
maintaining adequate populations of Sycanus sp.
could enhance M. plana suppression and support
the integration of this predator into sustainable
integrated pest management (IPM) programs to
reduce reliance on insecticides (Ikhsan 2024; Wood
2019; Priwiratama et al. 2018).

CONCLUSION

Sycanus sp. showed effective predatory performance
against M. plana under laboratory conditions: search
efficiency improved after first prey encounter,
handling time remained relatively constant across
densities, and mortality was highest on the first
day after exposure. Increasing predator density
enhanced both prey mortality and consumption,
though individual consumption rates declined at
higher predator densities. Among the densities
tested, a ratio of two Sycanus sp. adults per ten M.
plana larvae offer a practical balance between prey
suppression and predator use. These findings clarify
the behavioral mechanisms underlying predation by
Sycanus sp. and support its potential as a biological
control agent for sustainable bagworm in oil palm
plantations. Further field-based studies are needed
to validate these laboratory findings.

ACKNOWLEDGEMENT

The authors gratefully acknowledge the valuable
assistance and cooperation of the farmers and
colleagues who supported this research. Their



8

contributions to field sampling, experimental
activities, and technical support were greatly
appreciated.

REFERENCES

Adhikary L, Smith HA, Lahiri S. 2025. Daily prey consumption
and functional response of Orius insidiosus: Implications
for biological of scirtothrips
strawberries.  Insects. 16:205. DOLI:
org/10.3390/insects16020205.

Ahmad SN, Masri MMM, Kamarudin N. 2020. Assessment on
voracity and predation by predator, Sycanus dichotomus
Stal. (Hemiptera: Reduviidae) to oil palm bagworm,
Pteroma pendula. Journal of Oil Palm Research. 32:480-
487. DOI: https://doi.org/10.21894 /jopr.2020.0040.

Ahmad SN, Kamaruddin N. 2016. Growth and longevity of the
insect predator, Sycanus dichotomus STAL. (Hemiptera:
Reduviidae) fed on live insect larvae. Journal of Oil Palm
Research 28:471-478. DOI: https://doi.org/10.21894/
jopr.2016.2804.08.

Arditi R, Ginzburg LR. 1989. Coupling in predator-prey
dynamics: Ratio-dependence. Journal of Theoretical
Biology. 139:311-326. DOI: https://doi.org/10.1016/
S0022-5193(89)80211-5.

Badan Pusat Statistik. 2026. Luas areal tanaman perkebunan
menurut provinsi dan jenis tanaman. Available at: https://
www..go.id. [accessed 25 May 2026].

Cuthbert RN, Dalu T, Wasserman R], Sentis A, Weyl OLE
Froneman PW, Callaghan A, Dick JTA. 2021. Prey and
predator density dependent interactions under different
water volumes. Ecology and Evolution. 11:6504-6512.
DOI: https://doi.org/10.1002/ece3.7503.

Egonyu JP, Baguma ], Mart LC, Priwiratama H, Subramanian S,
Tanga CM, Anankware JP, Roos N, Niassy S. 2022. Global
advances on insect pest management research in oil palm.
Sustainability. 14:1-24. DOI: https://doi.org/10.3390/
sul42316288.

Ge Y, Zhang L, Qin Z, Wang Y, Liu P, Tan §, Fu Z, Smith OM, Shi
W. 2019. Different predation capacities and mechanisms
of Harmonia axyridis (Coleoptera: Coccinellidae ) on
two morphotypes of pear psylla Cacopsylla chinensis
(Hemiptera: Psyllidae ). PLoS ONE. 14:e0215834. DOI:
https://doi.org/10.1371/journal.pone.0215834.

Hayati N, Rustam R, Umami IM, Prasetiyowati A. 2024. Biology
of predatory fire caterpillar, Sycanus sp. (Hemiptera:
Reduviidae), when fed alternative with black soldier fly
maggots (Hermetia illucens). Jurnal Proteksi Tanaman
(Journal of Plant Protection). 8:53-62. DOI: https://doi.
org/10.25077/jpt.8.1.53-62.2024.

Hendarjanti H, Sukorini H. 2024. Natural occurrence of
Metarhizium rileyi on Darna diducta as a biological control
for oil palm pests in Poso, Central Sulawesi. Andalasian
International Journal of Entomology. 2:98-105. DOI:
https://doi.org/10.25077 /aijent.2.2.98-105.2024.

Hwang WS, Weirauch C. 2012. Evolutionary history of assassin
bugs (Insecta: Hemiptera: Reduviidae): Insights from
divergence dating and ancestral state reconstruction.

dorsalis in
https://doi.

control

Jurnal Entomologi Indonesia, July 2026, Vol. 23, No. 2

PLoS ONE. 7:e45523. DOI: https://doi.org/10.1371/
journal.pone.0045523.

Ikhsan Z. 2024. Diversity of Hymenoptera in Indonesian
rice agroecosystems: A systematic review of species
composition and ecological roles. Andalasian
International journal of Entomology. 2:122-132. DOL:
https://doi.org/10.25077 /aijent.2.2.122-132.2024.

Ikhsan Z, SyarifZ, Jaya AP, Aisyah S, Yudha PA, Rizki K. 2024. The
effectiveness of fruit trap as a trap to oil palm leaf-eating
caterpillars (OPLEC) in Dharmasraya District, Indonesia.
IOP Conference Series: Earth and Environmental Science.
1346:012018. DOI:  https://doi.org/10.1088/1755-
1315/1346/1/012018.

Imboma T, Gao D, You M, You S, Lovei GL. 2020. Predation
pressure in tea (Camellia sinensis) plantations in
southeastern china measured by the sentinel prey
method. Insects. 11:212. DOI: https://doi.org/10.3390/
insects11040212.

Jamian S, Adam NA. 2018. The performance of predatory
insect Sycanus dichotomus Stal (Hemiptera: Reduviidae)
on combinations of host plants and prey. Serangga.
23:56-64.

Jamian S, Norhisham A, Ghazali A, Zakaria A, Azhar B.
2017, Impacts of 2 species of predatory Reduviidae on
bagworms in oil palm plantations. Insect Science. 24:285-
294.DOL: https://doi.org/10.1111/1744-7917.12309.

Melketa DP, Satria B, Efendi S. 2022. Diversity of predator and
parasitoids insects on several types of oil palm plantation
Ecosystems. jJurnal Riset Perkebunan. 3:66-76. DOI:
https://doi.org/10.25077 /jrp.3.2.66-76.2022.

Priwiratama H, Rozziansha TA, Prasetyo AE. 2018. Efektivitas
flubendiamida dalam pengendalian ulat api Setothosea
asigna Van Eecke, uat kantung Metisa plana Walker,
dan penggerek tandan Tirathaba rufivena Walker serta
pengaruhnya terhadap aktivitas kumbang penyerbuk
Elaeidobius kamerunicus Faust. Jurnal Penelitian Kelapa
Sawit. 26:129-140. DOI: https://doi.org/10.22302/
IOPRLJUR.JPKS.V26I13.63.

Priyanka K, Singh B, Kote A. 2024. Comparative analysis of
organic and chemical pesticides: Impacts on crop health
and environmental sustainability. Uttar Pradesh Journal
of Zoology. 45:93-96. DOI: https://doi.org/10.56557/
UPJOZ/2024/v451114073.

Siallagan R, Lestari W, Adam DH. 2022. The attack rate of
pocket caterpillar (Metisa plana) and how to control it on
oil palm (Elaeis Guineensis Jacq.) plantation at PT Umada
Pernantian “A”, North of Labuhanbatu Regency. Jurnal
Pembelajaran dan Biologi Nukleus. 8:493-503. DOI:
https://doi.org/10.36987 /jpbn.v8i2.2686.

Sigalingging G, Khoiri MA, Yudha PA. 2025. Monitoring of pests
on palm oil (Elaeis guineensis Jacq.) in Kuantan Singingi
Regency, Indonesia. Jurnal Riset Perkebunan. 6:65-73.
DOI: https://doi.org/10.25077 /jrp.6.2.65-73.2025.

Srikumar KK, Bhat PS, Raviprasad TN, Vanitha K. 2014.
Biology, behavior, and functional response of Cydnocoris
gilvus Brum. (Heteroptera: Reduviidae: Harpactorinae) a
predator of Tea Mosquito Bug (Helopeltis antonii Sign.) on
cashew in India. Journal of Threatened Taxa.6:5864-5870.
DOI: https://dx.doi.org/10.11609/JoTT.03815.5864-70.



Jurnal Entomologi Indonesia, July 2026, Vol. 23, No. 2

Stone ], Advento AD, Pashkevich MD, Aryawan AAK, Caliman
J-P, Hood ASC, Foster WA, Naim M, Pujianto P, Suhardi D,
Tarigan RS, Rambe TDS, Widodo RH, Luke SH, Snaddon
JL, Turner EC. 2023. Maintaining understory vegetation
in oil palm plantations supports higher assassin bug
numbers. Ecological Solutions and Evidence. 4:e12293.
DOI: https://doi.org/10.1002/2688-8319.12293.

Sucahyono MP, Hidayat R, Gafur A, Indrayadi H, Wahno
I, Herdyantara AB, Tjahjono B. 2022. The potential
of geronggang Cratoxylon arborescens Vahl Blume in
conserving Sycanus sp. as natural enemy of insect pests
in peatland areas. IOP Conference Series: Earth and
Environmental Science. 1025:012041. DOI: https://doi.
org/10.1088/1755-1315/1025/1/012041.

Thaer S, Kassim FA, Hasbullah NA, Al-obaidi JR. 2021.
Evaluation of bagworm, Metisa plana (Lepidoptera:
Psychidae) infestation and beneficial parasitoid in an
oil palm plantation, Perak, Malaysia. Journal of Science
and Mathematics Letters. 9:19-35. DOI: https://doi.
org/10.37134/jsml.vol9.1.3.2021.

Ullah MI, Altaf N, Afzal M, Arshad M, Mehmood N, Riaz

M, Majeed S, Ali S, Abdullah A. 2019. Effects of
entomopathogenic fungi on the biology of Spodoptera
litura (Lepidoptera: Noctuidae) and its reduviid predator,
Rhynocoris marginatus (Heteroptera: Reduviidae).
International Journal of Insect Science. 11:1-7. DOLI:
https://doi.org/10.1177/1179543319867116.

Wood BJ. 2019. A review of developments in integrated pest

management (IPM) of bagworm (Lepidoptera: Psychidae)
infestation in oil palms in Malaysia. Journal of Oil Palm
Research. 31:529-539. DOI: https://doi.org/10.21894/
jopr.2019.0047.

Yuliadhi KA, Supartha IW, Wijaya IN, Pudjianto, Nurmansyabh,

A, Susila IW, Yudha IKW, Utama 1. Wayan EK, Wiradana
PA. 2021. Short communication: The preference and
functional response of Sycanus aurantiacus (Hemiptera:
Heteroptera: Reduviidae) on three prey types in
laboratory conditions. Biodiversitas. 22:5662-5667. DOI:
https://doi.org/10.13057 /biodiv/d221252.



