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Abstract: Pitfall trap is a widely used method in ecological research for passive sampling of ground-dwelling
insects. The efficiency of a pitfall trap can be influenced by many physical factors, including the trap design. The
present study was conducted to determine the influence of funnel orientation of the pitfall trap for the insect
collection at a banana crop site, a type of trap crop, at Universiti Teknologi MARA, Perak Branch, Tapah Campus.
The sampling was performed using different designs of funnel orientations, i.e., upward funnel, downward funnel
and multiple funnels, with the standard design without a funnel served as the control group. The abundance of
collected insects was analysed using Microsoft Excel 2007. Based on the results, the pitfall trap effectively
captured a diverse assemblage of insect orders, with Orthoptera (40%), Hymenoptera (21%) and Diptera (13%)
being the most common orders. Overall, 21 families representing 11 orders were recorded, with Gryllidae
(20.51%), Acrididae (10.99%) and Formicidae (10.79%) identified as the most common families. The influence
of different funnel orientations indicated that the downward funnel captured a higher abundance of insects than
the other funnel orientations. However, the result also indicated that the control group of the pitfall trap (no funnel)
captured more insects than the treatment groups. These findings suggest that optimisation in trap design can further
improve data accuracy in ecological studies. This study provides practical suggestions for the improvement of
biodiversity monitoring techniques in tropical ecosystems.

Keywords: passive sampling, biodiversity, ground-dwelling arthropods, trap crop

INTRODUCTION

Pitfall traps are the best-known passive sampling technique and most often used inventory method for ground-
dwelling insects. They have been widely used to explore the habitat quality (Ramalingam & Dharma Rajan, 2020)
and for measuring nature conservation values (Jelaska, 2022). Pitfall traps usually consist of a beaker that is buried
so that the lip of the beaker is level with the ground surface. This trap operates on the principle that once insects
fall into the trap, they are unable to escape by climbing the trap walls and are subsequently preserved in the alcohol
placed at the base. In previous study by Woodcock (2005), pitfall traps efficiently collect certain insect orders, i.e.,
rove beetles (Coleoptera: Staphylinidae), wandering spiders (e.g. Aranae: Lycosidae and Clubionidae), and ants
(Hymenoptera: Formicidae). A major challenge in ecological and entomological studies is the lack of
standardization across pitfall trap designs. Reviews have documented extensive variation in trap diameter, depth,
preservative fluid, cover presence and spacing (Brown et al., 2016). This heterogeneity reduces comparability
among studies and may introduce sampling biases (Conway & Hohbein, 2018). Additionally, one of the other
parameters that has received relatively little attention is the funnel orientation of the pitfall trap. Differences in
orientation may alter the probability of capture or escape, thereby biasing abundance estimates.

Without an empirical understanding of how funnel orientation affects capture efficiency, sampling data may be
inconsistent, unreliable, or non-comparable across experiments or locations. Gaining insights into how trap design
affects sampling efficiency is therefore essential for enhancing the accuracy and reliability of ecological
monitoring in trap cropping systems. It is hypothesised that different funnel orientations will affect the number of
insects captured in pitfall traps, with certain orientations enhancing trap efficiency compared to the standard
design. Therefore, the objectives of the present study were to: i) determine the insect abundance within the trap
crop, and ii) compare the influence of different funnel orientations of the pitfall trap on insect abundance.

METHODOLOGY

Sampling site

The field study was carried out at a banana crop site located within Universiti Teknologi MARA, Tapah Campus,
Perak (Figure 1). The banana crop functioned as a trap crop and served as the focal site for insect sampling. The
sampling was conducted every week from November to December 2024 (n=8 sampling sessions).
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Figure 1 Sampling site at Universiti Teknologi MARA, Tapah Campus, Malaysia

Pitfall trap design

The pitfall traps were developed based on the proposed design by Woodcock (2005), as in Figure 2, with
modifications to incorporate different funnel orientations. Four treatments were tested, i.e., no funnel (control),
upward funnel, downward funnel, and multiple funnels. Each trap was assembled using readily available materials,
including water bottles, bamboo sticks, duct tape, cable ties, hot glue and scissors. The water bottles served as the
main trap body and were cut and shaped according to the required funnel orientation. The components were
secured using duct tape, cable ties, and hot glue to ensure stability and durability in the field. Pitfall traps were
deployed in a linear sequence consisting of 5 traps positioned at intervals of 1.5 to 2 m as proposed by Egorov et
al. (2024).

Data analysis
The collected insects from each sampling session were counted and morphologically identified using
stereomicroscope to the order and family level with reference to available taxonomic keys and relevant literature

(Heckman, 2006; Gibb & Oseto, 2019). Data analysis was conducted using Microsoft Excel 2007 to address the
study objectives.

Roof

Collecting container

Killing/preservative fluid

Figure 2 Pitfall trap with funnel (Woodcock, 2005)

FINDINGS

A total of 1,019 insects were captured from the banana crop site during the eight sessions over the two-month
sampling period. The finding shows that the most common orders were Orthoptera (40%), Hymenoptera (21%)
and Diptera (13%). In total, 21 families representing 11 orders were recorded, with Gryllidae (20.51%), Acrididae
(10.99%) and Formicidae (10.79%) being the most common families (Figure 3). The diverse of insect orders
collected from the banana crop can be attributed to several ecological and environmental factors. Banana plants
provide an ideal habitat with dense foliage and complex structural features, offering shelter from predators and
create suitable microhabitats for oviposition, both of which are crucial for their survival and reproduction
(Padmanaban & Mani, 2022). Moreover, the availability of food resources within the area of the banana crop site
plays a crucial role in supporting insect populations, particularly Gryllidae (crickets) and other Orthoptera. The
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banana plants themselves serve as a primary food source, offering tender leaves and decaying plant matter that are
rich in nutrients. These insects are known to feed on various parts of the banana plant, including the leaves, flowers,
and fruits, which provide essential sustenance for their growth and reproduction (Sarkar et al., 2018).

Apart from the abundance of insects, the abiotic metadata were also being recorded throughout the sampling
sessions. Across the eight sessions, the temperature ranged from 28 °C to 34 °C, with an average of 31.38 °C.
Light intensity values ranged from 6 to 10 lux, while humidity levels varied between 81.90% and 94.54%, with an
average of 89.28%. Additionally, atmospheric pressure ranged from 1009.7 to 1012.2 hPa, while the average
rainfall over the sampling period was 247.9 mm, with a maximum of 399.8 mm recorded. In previous study, the
microclimatic conditions found in banana plantations are marked by a high humidity and stable temperatures,
which are particularly conducive for the growth and development of crickets (Kuo & Fisher, 2022). With an
average temperature of 31.38 °C and humidity levels around 89.28% in the present study, these conditions help
maintain moisture levels that are essential for the physiological needs of these insects.

Furthermore, variations were observed in the abundance of insects representing different ecological roles within
the banana trap crop. The collected insects were categorised into six ecological roles, i.e., beneficial insects,
biocontrol agents, decomposers, pests, pollinators and predators. Most of the insects were classified as
decomposers (445 individuals), followed by pests (239 individuals) and predators (221 individuals). In terms of
ecological guilds, herbivores, i.e., crickets, grasshoppers and honeybees were the most abundant, followed by
detritivores, including millipedes, earthworms, flies and termites and omnivores such as ants and spiders. The
remaining insects were categorised as carnivores, consisting mainly of predatory beetles (e.g., Carabidae) and
wasps.

Abundance of Insects by Family

2.65 20.51

Figure 3 Abundance of insects by family

Moreover, the abundance of insects captured in pitfall traps varied with funnel orientation (Figure 4). As a result,
405 insects were captured from the control trap (no funnel), 256 insects from the downward funnel, 204 insects
from the upward funnel and 154 insects from multiple funnels. The absence of a funnel in the control trap provided
an open and unrestricted trap entrance, making it easier for a wide range of insects to fall in (Brown & Matthews,
2016). Next, by evaluating the different funnel orientations, the pitfall trap with a downward funnel successfully
collected the highest abundance of insects, indicating superior trapping efficiency. This orientation likely capture
success by guiding insects into the trap while preventing the entry of larger insects and reducing escape rates
(Ahmed et. al, 2023). The upward funnel followed, capturing 204 insects, which represents a moderate abundance.
The reduced capture rate in this orientation may be attributed to the narrow upper opening, which likely limited
entry for certain insect taxa. In contrast, the multiple-funnel trap recorded the lowest abundance, with only 154
insects collected. The lower capture rate in this design could be due to the structural complexity of multiple funnels,
which may have restricted access to the trap entrance and impeded insect entry (Hohbein & Conway, 2018).
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Abundance of Insects by their Family
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Figure 4 Abundance of insects by different funnel orientation

CONCLUSIONS

This study revealed that funnel orientation influences the efficiency of pitfall traps in capturing ground-dwelling
insects within a banana trap crop system. Different insect orders used the banana crop as their preferred habitat
due to the complexity of the landscapes and the suitable climatic conditions, which promote the survival of the
insects. Among the treatments, the downward funnel successfully captured relatively more insects than other
funnel orientations; however, the conventional pitfall trap without a funnel (control group) recorded the highest
overall abundance. This suggests that additional funnel structures may alter insect movement and accessibility to
the trap entrance, thereby affecting capture efficiency. Orthoptera, Hymenoptera, and Diptera were the dominant
orders, indicating that the traps effectively sampled a broad range of insect taxa typical of tropical agroecosystems.
Future studies should extend sampling across multiple crop types, assess additional trap design parameters such
as colour, size, and preservative type, and incorporate behavioural observations to better understand insect
responses to trap geometry. Integrating pitfall traps with complementary sampling methods could also enhance
data accuracy and provide a more comprehensive understanding of insect communities in tropical agricultural
systems, especially in the trap crop site.

COMPLIANCE OF ETHICAL STANDARDS
Not applicable.
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