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ABSTRACT
Insectivorous bats play important roles in agricultural ecosystems by regulating crop 
insect pests. However, bat diet composition in these areas remain understudied in 
Cambodia. In this study, we captured and analysed the diet of eight insectivorous bat 
species (Rhinolophus pusillus, R. shameli, R. malayanus, Hipposideros cf. larvatus, H. 
gentilis, H. armiger, Myotis muricola, and Scotophilus kuhlii) from mango orchards 
in Kampong Speu province. Eight insect orders were identified and quantified in the 
collected faecal samples of these bats. Coleoptera was the most dominant in the diet 
of H. armiger (100%), H. cf. larvatus (86.8%), R. shameli (86.2%), and S. kuhlii (84.5%). 
Lepidoptera, Hymenoptera, Diptera, and Dermaptera were frequently consumed by 
the remaining bat species. The combination of Coleoptera (49.2%), Hymenoptera 
(19.7%), and Lepidoptera (17.7%) from the eight bat species represents 86.6% of 
the total diet volume. This study demonstrates that different insectivorous bats 
consume diverse orders of insects, and the observed dominant insect orders from 
diets include many well-known agricultural pests, suggesting a critical role of bats as 
biological control agents for agriculture management. 

INTRODUCTION
Bats (Chiroptera) are the second most specious order of 

mammals after rodents, with over 1,450 species recorded 
worldwide (Simmons & Cirranello 2023). Based on their food 
preferences, insectivorous bats, fruit and nectar eaters, and 
carnivores (including vampire bats) represent over 70%, 29% 
and 1% of all species, respectively (Simmons 2005, Cedar 
2023). Bats are remarkably diverse in the tropics (Willig 
2001). Among the 81 bat species recorded in Cambodia, 
about 85.2% of them are insectivorous bats (Furey et al. 
2021, Csorba & Furey 2022). 

Insectivorous bats play an essential role in regulating 
nocturnal flying insect densities, including agricultural 
insect pests (Whitaker et al. 2009, Boyles et al. 2011, Maine 
& Boyles 2015). These bats can consume prey 30–100% of 
their body weight per night (Kunz et al. 2011). They consume 
diverse insect pests in agricultural areas, such as white-
backed planthoppers and brown planthoppers (Homoptera: 
major pests of paddy fields) (Leelapaibul et al. 2005, Srilopan 
et al. 2018), corn earworm moths (Lepidoptera), brown/
green stink bugs (Hemiptera), spotted cucumber beetles 
(Coleoptera), and fruit flies (Diptera) (Maine & Boyles 2015). 

With large colonies and high diversity, insectivorous bats 
can suppress millions of insect densities in ecosystems and 
agricultural landscapes (Whitaker 1996, Srilopan et al. 2018). 
These biological insect suppressions could save billions of 
dollars for the agricultural sector by reducing crop damage 
and pesticide usage (Boyles et al. 2011, Wanger et al. 2014, 
Maine & Boyles 2015). Specifically, Wrinkle-lipped free-
tailed bats (Mops plicatus) save approximately 2,900 tons 
of rice and about 26,200 people’s meals worth more than 
USD 1.2 million annually in Thailand (Wanger et al. 2014). 
Tadarida brasiliensis are primary moth control agents on 
cotton fields in south-central Texas (Lee & McCracken 2005), 
contributing an estimated value of 741,000 USD annually in 
the USA (Cleveland et al. 2006). Although a growing body 
of literature provides substantial evidence of the essential 
functions of insectivorous bats, the dietary habits of 
insectivorous bats in Southeast Asia remain poorly known.

The diet composition of insectivorous bats depends 
on the availability of insects in seasonal and geographical 
variations, the size of insects, and their foraging behaviours 
(Lee & McCracken 2005, Leelapaibul et al. 2005, Zhang et al. 
2005). Kolkert et al. (2020) reported that most insectivorous 
bats positively selected Lepidoptera, while Coleoptera, 
Diptera, Hemiptera, Hymenoptera, Orthoptera, Tricoptera 
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and Neuroptera were less consumed over cotton farms 
in Australia. They further found that 65% of prey were 
significant cotton pests in the bat diet compositions. Amongst 
different agricultural landscapes, paddy fields are known as 
the home of diverse insect pests (Pathak & Khan 1994, Dunn 
et al. 2023), and have been reported as the most favourable 
foraging habitats of M. plicatus (Leelapaibul et al. 2005). 
The dietary analysis of these bats showed that planthoppers 
(Homoptera: Nilaparvata lugens and Sogatella furcifera, 
considered as insect pests) were consumed by these bats 
on paddy fields in Thailand (Leelapaibul et al. 2005, Srilopan 
et al. 2018). All these studies indicate that different bat 
species may have different food preferences and foraging 
habitats, being good insect pest biological control agents in 
agricultural systems. 

Only a few studies have been conducted on bat diet 
in Cambodia, such as Thavry et al. (2017) with the Cave 
Nectar Bat (Eonycteris spelaea) and Sin et al. (2020) with 
insectivorous bats at mountainous gradients. No studies 
have addressed the insectivorous bats’ dietary analyses in 
mango orchards in Cambodia, therefore making it necessary 
to explore them to identify their potential benefits for 
sustainable crop management. 

Mango is one of the most important fruit crops in 
Cambodia. To date, mango farmland covers about 152,073 
hectares and yields up to 2.2 million tons or USD 0.44 
million annually (MAFF 2022). Kampong Speu province is 
known for its 34,733 hectares of mango crops, representing 
about 22.84% of the total mango orchards in Cambodia. 
These orchards produce ca. 810,990 tons of mango annually 
(MAFF 2022). However, insect pests are the major challenge 
in mango production losses (Venkata et al. 2018). Six 
endemics and 45 quarantine species of insect pests have 
been recorded in mango orchards in Cambodia, of which 
fruit flies (Diptera: Bactrocera spp.), leaf and planthoppers 
(Homoptera), moths (Lepidoptera), leaf-eating beetles, and 
weevils (Coleoptera) are known as main insect pests (Hean 
2003). Although chemical control measures are the most 
effective strategy to control pests in agricultural landscapes, 
the biological control strategy is widely practised to control 
insect pests. Therefore, it becomes crucial to understand 
whether insectivorous bats may play an important role in 
biological control in mango orchards.

 Here, we aimed to capture as many insectivorous bat 
species as possible and analyse their diet compositions 
in mango orchards from the Kampong Speu province, 
the Southwest of Cambodia. We expected that diverse 
insectivorous bat species would be captured, and these 
bats would consume different proportions of various insect 
groups depending on the species.

MATERIAL AND METHODS
Study Area

This study was conducted in Chambok and Treng 
Trayueng communes (Fig. 1), which are considered the 
largest mango orchards in Kampong Speu province, the 
Southwest of Cambodia. Chambok and Treng Trayueng 

communes are situated close to the Kirirom National Park, 
known as one of the biodiversity hotspots in Cambodia 
(Phat 2015). Chambok commune possesses a natural bat 
cave surrounded by semi-evergreen and bamboo forests 
(Sin et al. 2020).

The climate of Kampong Speu is characterised by a 
wet season, with heavy rainfall from May to October, 
humidity reaching 90% and temperatures ranging from 26 
to 34 °C, a cool dry season from November to March, with 
temperatures ranging from 16 to 26 °C, and a hot dry season 
from March to May, with temperatures ranging from 25 to 
35 °C (Heng 2014).

Field Sampling

Two field trips were conducted to capture insectivorous 
bats from 22 to 30 April during the dry season and from 25 
May to 03 June 2023 during the wet season. Mist nets (7 × 
2.5 m, 9 × 2.5 m and 12 × 2.5 m, denier 75/2, mesh 16 × 16 
mm, five shelves; Ecotone, Inc., Poland) were employed for 
four hours after sunset from 18:00 to 22:00 hours for each 
night within ten randomly selected sites (Fig. 1 and SM Table 
1) inside and around the mango orchards. All insectivorous 
bats captured in the nets were gently removed by hand 
with protected gloves and then placed in clean individual 
cloth bags overnight. Afterwards, we photographed and 
identified each captured bat to species level based on 
external morphology and standard measurements (Francis 
2019), and were later released back to their natural habitats. 
We collected fresh bat faecal pellets from the cloth bags of 
the overnight captured bats using soft forceps and were 
then preserved in appropriately labelled vials containing 
70% ethanol to be analysed in the laboratory (Weier et al. 
2019, Sin et al. 2020). The used cloth bags were cleaned 
adequately before being reused.

Faecal analysis

We randomly selected 20 faecal pellets from each bat 
species for diet analysis following a protocol proposed 
by Whitaker et al. (1999). Faecal samples were analysed 
at the Zoological Museum of the Centre for Biodiversity 

Fig. 1 - Study area with the ten sampling sites (S01–S10) of 
insectivorous bats in and around the mango orchards in Chambok 
and Treng Trayueng communes, Kampong Speu province, 
Cambodia.
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Conservation at the Royal University of Phnom Penh, 
Cambodia, by following the procedures highlighted in 
Whitaker et al. (2009) and Sin et al. (2020). Bats commonly 
chew their prey into small fragments and pass them into 
faces (Whitaker et al. 2004). However, those prey fragments 
were identifiable to order level following key identification 
guides (Whitaker et al. 2009, Pokhrel & Budha 2014, 
Ponmalar & Vanitharani 2014, Srilopan et al. 2018, Sin et al. 
2020).

Data and statistical analyses

We estimated visually the percentage volume (PV) and 
percentage frequency (PF) of each insect order consumed by 
each bat species (Whitaker et al. 2009). The PV is calculated 
by dividing the total volume for a particular insect order 
between the total volume of samples and multiplied by 100. 
At the same time, the PF is calculated by dividing the number 
of pellets where a particular insect order occurred between 
the total number of pellets used for analysis, multiplied by 
100. Non-parametric Kruskal-Wallis test and Dun’s post hoc 
test were applied to compare diet variation within species 
using PV and PF. All statistical tests were performed using 
R software version 4.1.1 (R Core Team 2021). The p ≤ 0.05 
significant level was applied to test the differences between 
the compared variables.

RESULTS
Insectivorous bats in mango orchards

Within the two-time field collection, we captured a 
total of 80 individuals of insectivorous bats representing 
eight species from three families (Table 1 and Fig. 2). 
Three bat species that were considered the most common 
species in the mango orchards include Least horseshoe ba 
(Rhinolophus pusillus) (27.5%), Intermediate roundleaf bat 
(Hipposideros cf. larvatus) (25%), and Shamel's horseshoe 
bat (R. shameli) (23.75%), followed by Malayan horseshoe 

bat (R. malayanus) (11.25%). Asian whiskered myotis (Myotis 
muricola), Lesser Asian house bat (Scotophilus kuhlii), Large-
eared roundleaf bat (H. gentilis), and Great Roundleaf bats 
(H. armiger) were least common species (≤ 5%) in our study. 

Bat diet account

We obtained a total of 1,198 faecal pellets from the 
eight bat species (Table 1). Of which, 134 were analysed and 
quantified, consisting of 20 pellets for R. pusillus, R. shameli, 
R. malayanus, H. cf. larvatus, M. muricola and S. kuhlii, nine 
pellets for H. gentilis and five pellets for H. armiger. Identified 
prey fragments belonged to eight insect orders, including 
Coleoptera (beetles), Lepidoptera (moths), Hymenoptera 
(wasps), Hemiptera (true bugs), Homoptera (hoppers), 
Diptera (flies), Isoptera (termites), and Dermaptera 
(earwigs) (Fig. 3). In terms of PV, the dominant prey from 
all eight bat species diets combined were Coleoptera (49.2 
± 3.8%), Hymenoptera (19.7 ± 3.1%) and Lepidoptera (17.7 
± 2.6). All three insect orders were also recorded highest 
in terms of PF, Coleoptera constituted (72%), Lepidoptera 
(64%), and Hymenoptera (38%). Diet compositions for each 
insectivorous bat species were presented in Table 2 and 
Table 3.

Rhinolophus pusillus. We detected six insect orders, 
comprising of Lepidoptera, Coleoptera, Hymenoptera, 
Hemiptera, Homoptera, and Isoptera. We found a significant 
difference in the PV (Kruskal-Wallis test, χ2= 78.917; df = 5; 
p < 0.001) and the PF (χ2= 62.78; df = 5; p < 0.001) among 
all insect orders. Based on Dunn’s post hoc test, Lepidoptera 
and Coleoptera were found to be higher in terms of both 
diet volume and frequency (all p values < 0.001) compared 
to Hymenoptera, Hemiptera, Homoptera, and Isoptera.

Rhinolophus shameli. Five insect orders were identified 
in the diet of R. shameli, which consisted of Coleoptera, 
Lepidoptera, Hemiptera, Homoptera, and Hymenoptera. 
We detected statistical differences in diet volume between 
the consumed insects (χ2= 77.43; df = 4; p < 0.001) and the 

Table 1 - Insectivorous bat species and faecal pellets collected in mango orchards in the Chambok and Treng Trayueng communes, 
Kampong Speu province, Cambodia.

Family/Species Number of 
individuals

Percentage of 
individuals (%) Weight (g) Forearm 

(mm)
Number of 

pellets

Rhinolophidae

Rhinolophus pusillus 22 27.5 4.4 35.7 365

Rhinolophus shameli 19 23.75 9.5 46.4 212
Rhinolophus malayanus 9 11.25 6.3 40.3 172
Hipposideridae
Hipposideros cf. larvatus 20 25 17.6 58.5 255
Hipposideros gentilis 2 2.5 7 40.6 9
Hipposideros armiger 1 1.25 29 93 5
Verpertilionidae
Myotis muricola 4 5 5.5 34.4 40
Scotophilus kuhlii 3 3.75 21.4 49.6 140
Total 80 100 1,198
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diet frequency (χ2= 70.47; df = 4; p < 0.001). Coleoptera was 
more consumed (PV) compared to Lepidoptera (p = 0.007), 
Hemiptera, Homoptera and Hymenoptera (all p values < 
0.001). However, Coleoptera was not significantly different 
in the PF, compared to Lepidoptera, but varied between 
other preys (all p values < 0.001).

Rhinolophus malayanus. A total of five insect orders 
were identified, including Hymenoptera, Lepidoptera, 
Isoptera, Coleoptera, and Homoptera. Among the five 
insect orders, there were significant differences in the PV 
(χ2= 70.17; df = 4; p < 0.001) and PF (χ2= 55.93; df = 4; p < 
0.001). Hymenoptera was detected as the dominant group 
in the diet volume compared to Lepidoptera, Isoptera, 
Coleoptera, and Homoptera (all p values < 0.001). Regarding 
PF, Hymenoptera and Lepidoptera occurred in higher 
proportions compared with other prey (all p values < 0.009).

Hipposideros cf. larvatus. This species consumed all 
identified insect orders recorded in the study area except 
Dermaptera. A significant variation was determined among 
insect orders in the diet volume (χ2= 75.53; df = 6; p < 
0.001) and the diet frequency (χ2= 65.24; df = 6; p < 0.001). 
Coleoptera higher proportions in the PV (all p values < 
0.001) and the PF (all p values < 0.001) compared to other 
insect orders.

Hipposideros gentilis and H. armiger. H. gentilis preyed on 
similar proportions of Lepidoptera, Diptera and Dermaptera. 
Dermaptera was found only in the diet of H. gentilis. We 

found no significant differences among prey consumed by 
this bat. By analysing five faecal samples of H. armiger, we 
found that only Coleoptera occurred in the diet of this bat 
(PV = 100%; PF = 100%).

Myotis muricola. We found the diet of M. muricola 
comprised six insect orders, including Hymenoptera, 
Lepidoptera, Coleoptera, Hemiptera, Homptera, and 
Diptera. We found significant differences in the PV (χ2= 
72.435; df = 5; p < 0.001) and the PF (χ2= 49.837; df = 5; 
p < 0.001) among proportions of the insect consumed. 
Hymenoptera was more commonly found in the diet volume, 
but no significant differences were found compared with the 
Lepidoptera (p = 0.109). However, Hymenoptera differed 
between Coleoptera, Hemiptera, Homoptera, and Diptera 
(all p values < 0.001). Lepidoptera was also considered an 
essential prey of M. muricola, and significantly differed from 
Coleoptera, Hemiptera, Homoptera, and Diptera (all p values 
< 0.014). Examining the diet frequency, Hymenoptera, 
Lepidoptera, Coleoptera, and Hemiptera had significantly 
higher proportions than Homoptera and Diptera (all p values 
< 0.01).

Scotophilus kuhlii. Coleoptera and Hemiptera were 
identified in its diet. Coleoptera was found in higher 
proportions in PV and PF (84.5%; 100%) than Hemiptera 
(15.5%; 80%). Statistical analysis showed a highly significant 
difference in the diet volume between the two insect orders 
(p < 0.001) and significant differences in diet frequency (p = 
0.039). 

Fig. 2 - Eight insectivorous bat species were captured in the mango 
orchards, Chambok and Treng Trayueng communes, Kampong 
Speu province, Cambodia. A) Rhinolophus pusillus. B) R. shameli. 
C) R. malayanus. D) Hipposideros cf. larvatus. E) H. gentilis. F) H. 
armiger. G) Myotis muricola. H) Scotophilus kuhlii.

Fig. 3 - Prey fragments represent eight insect orders consumed 
by insectivorous bats in the mango orchards, Chambok and 
Treng Trayueng communes, Kampong Speu province, Cambodia. 
A) Coleoptera-antennae. B) Lepidoptera-wing scales. C) 
Hymenoptera-wing. D) Hemiptera-wing. E) Homoptera-wing. F) 
Diptera-abdomen. G) Isoptera-wing. H) Dermaptera-hind wing.
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DISCUSSION
Insectivorous bats in mango orchards

We captured eight insectivorous bat species representing 
three families that inhabit mango orchards in Chambok 
and Treng Trayueng communes, Kampong Speu province. 
Almost all bat species have been previously found roosting 
in caves and bamboo clumps, except M. muricola and S. 
kuhlii (Francis 2019). A former study of insectivorous bat 
diet captured five species, including R. pusillus, R. shameli, 
H. cf. larvatus, H. gentilis, and Megaderma spasma in the 
semi-evergreen forest mixed bamboo near the bat cave in 
Chambok (Sin et al. 2020). Myotis muricola roosts in the 
furled central banana leaves and vegetated areas near cave 
entrances. Similarly, S. kuhlii is found in various roosting 
sites, including house roofs, palm leaves and hallow trees 
(Francis 2019). Most bat species generally forage in similar 
habitats, including evergreen and semi-evergreen forests, 
open spaces and modified areas (i.e., agricultural areas) 
(Francis 2019). All insectivorous bat species recorded in 
this study are listed as Least Concern (LC) in the IUCN Red 
List (Francis 2019, IUCN 2023), and they are commonly 
found in cropland across the Southeast Asia region (Francis 

2019). This suggests that these bats are flexible in terms of 
habitat use, as they are commonly found in human-modified 
habitats (i.e., mango orchards). 

Diet preferences of insectivorous bats

Our study provides insight into the diet of the eight 
insectivorous bat species foraging in Cambodia’s mango 
orchards in Kampong Speu province. The insectivorous bats’ 
diet comprised Coleoptera, Lepidoptera, Hymenoptera, 
Diptera, and Dermaptera, followed by Hemiptera. These 
insect orders have been formerly identified as important 
food sources of insectivorous bats, except Dermaptera 
(Gonsalves et al. 2013, Waghiiwimbom et al. 2019, Alviola 
et al. 2023). 

A previous study also revealed that Coleoptera and 
Lepidoptera are the primary food of insectivorous bats in 
Cambodia (Sin et al. 2020). These two insect orders are 
relatively large and produce noise; and are, therefore, 
quickly detected by most echolocating bats (Siemers & 
Güttinger 2006). The observed four large insectivorous 
bat species (i.e., H. armiger, H. cf. larvatus, S. kuhlii, and 
R. shameli) in this study have large bodies with large 
skulls, emit low call frequencies, and mainly consumed 

Table 2 - Percentage volume (PV) (mean ± SE) of all insect orders consumed by bat species in mango orchards in Chambok and Treng 
Trayueng communes, Kampong Speu province. N= Number of faecal pellets, Col= Coleoptera, Lep= Lepidoptera, Hym= Hymenoptera, 
Hem= Hemiptera, Hom= Homoptera, Dip= Diptera, Iso= Isoptera, Der= Dermaptera.

Species N Col Lep Hym Hem Hom Dip Iso Der

R. pusillus 20 28.7 ± 7.3 63.8 ± 7.2 2.7 ± 1.1 2.5 ± 1.2 2.0 ± 1.0 0 0.3 ± 0.3 0

R. shameli 20 86.2 ± 4.5 9.8 ± 4.1 0.2 ± 0.1 3.2 ± 2.5 0.6 ± 0.3 0 0 0

R. malayanus 20 1.5 ± 1.0 13.1 ± 4 77.2 ± 6.0 0 0.3 ± 0.3 0 8.0 ± 2.6 0

H. cf. larvatus 20 86.8 ± 6.7 0.2 ± 0.1 11.0 ± 6.8 0.6 ± 0.6 0.3 ± 0.3 0.7 ± 0.7 0.2 ± 0.2 0

H. gentilis 9 0 34.4 ± 16.4 0 0 0 32.8 ± 15.6 0 32.8 ± 15.6

H. armiger 5 100 ± 0 0 0 0 0 0 0 0

M. muricola 20 5.5 ± 1.5 20.7 ± 5.4 66.4 ± 5.0 4.1 ± 1.2 1.7 ± 0.7 1.5 ± 0.8 0 0

S. kuhlii 20 84.5 ± 4.5 0 0 15.5 ± 4.4 0 0 0 0

Table 3 - Percentage frequency (PF) (mean ± SE) of all insect orders consumed by bat species in mango orchards in Chambok and Treng 
Trayueng communes, Kampong Speu province. N= Number of faecal pellets, Col= Coleoptera, Lep= Lepidoptera, Hym= Hymenoptera, 
Hem= Hemiptera, Hom= Homoptera, Dip= Diptera, Iso= Isoptera, Der= Dermaptera.

Species N Col Lep Hym Hem Hom Dip Iso Der
R. pusillus 20 90.0 ± 6.9 100 ± 0 25.0 ± 9.9 20.0 ± 9.2 25.0 ± 9.9 0 5.0 ± 5.0 0
R. shameli 20 100 ± 0 90.0 ± 6.9 5.0 ± 5.0 10.0 ± 6.9 15.0 ± 8.2 0 0 0
R. malayanus 20 20.0 ± 9.2 95.0 ± 5 100 ± 0 0 5.0 ± 5.0 0 45.0 ± 11.4 0
H. cf. larvatus 20 90.0 ± 6.9 25.0 ± 9.9 25.0 ± 9.9 5.0 ± 5.0 5.0 ± 5.0 5.0 ± 5.0 5.0 ± 5.0 0
H. gentilis 9 0 56.0 ± 17.6 0 0 0 44.0 ± 17.6 0 44.0 ±17.6
H. armiger 5 100 ± 0 0 0 0 0 0 0 0
M. muricola 20 60.0 ± 11.2 95.0 ± 5 100 ± 0 60.0 ± 11.2 25.0 ± 9.9 15.0 ± 8.2 0 0
S. kuhlii 20 100 ± 0 0 0 80.0 ± 9.2 0 0 0 0
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Coleoptera (Pavey & Burwell 1997). Likewise, the four small 
bat species in our study, which are known to have small 
skulls and emitting high call frequencies from 65-126 kHz 
(Bogdanowicz et al. 1999, Weterings & Umponstira 2014, 
Ponmalar & Vanitharani 2014), consumed high proportions 
of Diptera and Lepidoptera. Our results suggest that different 
insectivorous bat species or groups forage on particular 
target insect groups as their primary diet. 

Food consumption of insectivorous bats is determined 
by the percent volume and percent frequency (Srilopan et al. 
2018). Percent frequency provides a reliable interpretation 
for small size and soft-bodies prey: Lepidoptera, Diptera, 
Odonata, Orthoptera, and Hymenoptera (Kaspari & Joern 
1993, Lease & Wolf 2010, Srilopan et al. 2018, Sin et al. 
2020). Insectivorous bats consumed a higher percentage 
frequency of small-size and soft-bodies insects compared 
to the percent volume (Whitaker et al. 2009, Srilopan et al. 
2018, Sin et al. 2020), which is also in line with our findings. 
The consumption of small and soft-bodied insects is 
associated with a greater susceptibility of these prey to the 
processes involved in mastication and digestion (Rabinowitz 
& Tuttle 1982, Dickman & Huang 1988). Prey consumption 
of insectivorous bats may differ in proportions among 
bat species and depending on food availability, which can 
spatially and seasonally vary (Whitaker et al. 1996, Lee & 
McCracken 2005). Either with PV or the PF, diet compositions 
of these bats are strongly species-dependent and mostly 
depend on food availability at their foraging habitats (Zhu 
et al. 2024). The dietary analysis of M. plicatus foraging 
over water bodies showed a high proportion of Hemiptera 
and Diptera during the dry season in Thailand (Srilopan et 
al. 2018, Thongjued et al. 2021). In contrast, M. plicatus 
consumed more Coleoptera during the wet season in paddy 
fields (Srilopan et al. 2018). These previous studies and our 
own data support the hypothesis that the diet composition 
of the same bat species can vary significantly depending on 
the habitat and season (Kurta & Whitaker 1998).

Insectivorous bat diet account

In this study, R. pusillus consumed more Lepidoptera 
and Coleoptera. Similarly, R. pusillus has been reported 
to consume a high number of Lepidoptera, followed by 
Homoptera, Coleoptera, Heteroptera, Hymenoptera and 
Diptera during the wet season at mountainous gradients 
in Chambok (Sin et al. 2020). These findings suggest that R. 
pusillus is a predator of lepidopterans; however, this species 
can consume various insect groups in their foraging areas (Sin 
et al. 2020). In this investigation, we found that R. shameli 
heavily consumed Coleoptera, followed by Lepidoptera. 
Similar to a previous study, R. shameli highly consumed 
Lepidoptera, Coleoptera, and Hymenoptera, followed by 
Hemiptera in the wet season at mountainous gradients 
(Sin et al. 2020). The slight difference in diet compositions 
of this species might be affected by seasons (Leelapaibul 
et al. 2005, Zhang et al. 2005) and geographical structure 
variation (Kurta & Whitaker 1998). Another explanation 
could be due to the availability of certain insect groups in 
the mango orchards. Our results further suggest that R. 
shameli is a generalist predator (Waghiiwimbom et al. 2019) 
but might likely concentrate on Coleoptera. Interestingly, in 
this study R. malayanus preyed on Hymenoptera, followed 

by Lepidoptera. This bat species also preyed on Isoptera, 
Coleoptera, and Homoptera. This is the first report on the 
diet of R. malayanus in Cambodia. The higher proportions 
of Hymenoptera in the R. malayanus diet could be due to 
their capacity to emit relatively high call frequency (81.1–
84.7kHz) (Schnitzler & Kalko 2001, Phauk et al. 2013). Bats 
that use higher call frequency can detect much smaller 
insects (e.g. Hymenoptera: Formicidae) (Houston et al. 
2004, Jones 2005).

Hipposideros cf. larvatus constantly preyed upon 
Coleoptera. Similarly, Hemiptera and Coleoptera were found 
to be essential food sources of H. cf. larvatus in Chambok 
(Sin et al. 2020). Our results suggest that H. cf. larvatus is 
likely to concentrate on hard-bodied insects (i.e., Coleoptera 
and Hemiptera). Hipposideros gentilis had similar diet 
composition with Lepidoptera, Diptera, and Dermaptera. 
Hemiptera, Homoptera, and Lepidoptera were preferably 
consumed by H. gentilis, followed by Hymenoptera, 
Coleoptera, and Isoptera (Sin et al. 2020). Our data suggests 
that H. gentilis is rather opportunistic. On the other side 
H. armiger consumed only a single order (Coleoptera). In 
other studies, H. armiger consumed high concentrations of 
Hemiptera, Lepidoptera, and Coleoptera in north-western 
Thailand (Weterings et al. 2015). This could be due to 
the small sample size in this study (Whitaker et al. 1999). 
Therefore, larger samples of this species should be further 
investigated. 

Myotis muricola mostly consumed Hymenoptera and 
Lepidoptera. The diet of this bat species is similar to R. 
malayanus. There is no previous report on the diet of M. 
muricola in Cambodia. It has been reported that bats of 
the genus Myotis consumed significantly small and soft-
bodied insects (Best et al. 1997, Vesterinen et al. 2017). 
For instance, M. lucifugus and M. keenii mainly consumed 
Lepidoptera, Neuroptera and Diptera, followed by 
Hymenoptera (Burles et al. 2008). These findings provide a 
good indication that bats in the genus Myotis are generalist 
predators but concentrate on small and soft-bodied insects 
(Waghiiwimbom et al. 2019). On the other hand, S. kuhlii 
in our study consumed only Coleoptera and Hemiptera. 
Similar to our study, a study on the diet of this bat species 
demonstrated that Lepidoptera, Coleoptera and Hemiptera 
were important food sources at Hainan Island, in the South 
of China (Zhu et al. 2012). This bat produces relatively low-
frequency calls, and regularly prey on large insects with 
exoskeleton (i.e., Coleoptera and Hemiptera) (Zhu et al. 
2012, Weterings et al. 2015). 

The captures of eight insectivorous bat species in this 
study suggest that mango orchards can be a foraging habitat 
for diverse bat species. Although R. shameli, R. pusillus, H. cf. 
larvatus and H. gentilis are not usually found in agriculture 
systems, they share some common foraging habitats. It 
is likely that some of these species could contribute to 
insect pest suppression in mango farming systems. The 
diet analyses of these bats showed that insectivorous bats 
consumed an estimated diet volume combined of up to 
86.6% of Coleoptera, Hymenoptera and Lepidoptera (Pavey & 
Burwell 1997, Alviola et al. 2023). In this study, we identified 
insects at the order levels, representing a critical limitation 
in confirming whether these insects are insect pests (Maine 
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& Boyles 2015, Kolkert et al. 2020). DNA analyses of these 
insects should be carried out to identify them at the species 
level. Finally, we cannot confirm whether the identified 
insects are consumed from mango orchards or not, but we 
can partially assume that insectivorous bats could play roles 
as biological control agents in suppressing insect densities 
and pests through their food consumption.

CONCLUSION
Our study indicates that mango orchards could be 

a foraging habitat for diverse insectivorous bat species 
and highlights the significant role of insectivorous bats 
in agricultural systems. Our results show that certain 
insectivorous bat species consume several groups of insect 
orders, which include many insect pests, suggesting bats 
may play a significant role in the management of agricultural 
systems as biological control agents. This study also suggests 
that different bat species select specific insect groups 
positively depending on food availability and foraging 
behaviour. We, therefore, suggest that insectivorous bat 
diversity and diet composition should be expanded and 
further investigated in other main agricultural landscapes, 
particularly in paddy or maize fields.
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