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ABSTRACT

Studying human-flying fox interactions is crucial for conservation planning, yet they remain under-
studied in Sabah and across the region. This study examines cultural and utilitarian practices, hunt-
ing, fruit-raiding conflicts, and trade across three of Sabah’s five administrative divisions, Sandakan
(SND), Interior (IRD), and West Coast (WCD). The study used a multi-mode survey design with 100
semi-structured questionnaires, market observations, and 839 Sabah Wildlife Market Logbook records
(2015–2019) covering 16 of Sabah’s 27 main districts. Data were analysed using descriptive statistics in
R and thematic analysis for qualitative insights. Twenty-three percent of participants consumed flying
foxes for food (26.1%), traditional medicine (30.4%) or both (43.5%). Over the past five years, par-
ticipants observed reduced flying fox sightings and meat availability, suggesting a population decline.
Hunting was reported among Kadazandusun (72.7%), Sungai (18.2%), and Murut (9%) participants,
which was driven by meat consumption (53.3%), protection of fruiting trees (33.3%), selling meat (6.7%),
and medicinal purposes (6.7%). Fruit-raiding conflicts affected 48% of participants, with seasonal crops
such as duku-langsat (34.3%) and rambutan (24.1%) being the most impacted. Among those affected
by fruit raiding, 71.4% of participants tolerated flying foxes, 28.6% employed lethal control methods,
including nets and rawai. Market logbooks recorded 23 flying foxes (0.18% of total trade) indicat-
ing both low prevalence and likely underreporting. This study highlights the need for context-specific
conservation efforts that integrate local ecological knowledge, address food security and alternative pro-
tein/livelihood options, promote sustainable, non-lethal conflict mitigation strategies and strengthen
wildlife trade monitoring.

Keywords: Flying fox consumption, flying fox hunting, fruit raiding, local ecological knowledge,
wildlife logbooks, Pteropus.
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SIGNIFICANCE STATEMENT

This manuscript offers a novel, multidisciplinary analysis of human–flying fox interactions in Sabah, Malaysian
Borneo, an ecologically significant yet understudied aspect of the region’s biodiversity research. Employing a
multi-methods design that integrates semi-structured surveys, ethnographic market observations, and analysis
of 839 Wildlife Market Logbook entries (2015-2019), the study elucidates cultural-utilitarian practices, hunting
motivations, fruit-raiding conflicts, and informal wildlife trade. Key findings include evidence of declining pop-
ulation visibility, underreported trade activity, and ethnically-influenced consumptive behaviours. The study
also links these interactions to food security and protein access, suggesting alternative food or livelihood op-
tions to reduce hunting. Notably, it documents community-led lethal and non-lethal responses to fruit-raiding
conflicts and underscores the role of local ecological knowledge (LEK) in conservation outcomes. By combining
quantitative and qualitative evidence, this study provides essential baseline data to guide culturally grounded
conservation strategies and inform regional policy to address threats to flying foxes in Sabah.

INTRODUCTION

Flying foxes (Pteropus spp.) are keystone species
primarily associated with tropical and subtropical
ecosystems, where they play critical roles in polli-
nation and seed dispersal, contributing to forest re-
generation (Chen et al. 2017; Oleksy et al. 2017;
Kingston et al. 2023). Flying foxes inhabit diverse
environments, ranging from tropical rainforests and
mangroves to urban areas with abundant fruiting trees
(Mildenstein et al. 2016; Yabsley et al. 2022), where
they interact with humans in long-term coexistence.
However, these interactions have intensified in recent
decades due to rapid urbanisation, habitat fragmenta-
tion, and land-use changes (Florens et al. 2017; Meade
et al. 2021) that further increase their vulnerability
to threats (Florens and Baider 2019; Kingston et al.
2023). On the other hand, cultural associations with
flying foxes can foster stewardship and conservation ef-
forts, while localised strategies integrating community
perspectives have been shown to enhance conservation
outcomes and promote human-flying fox coexistence
(Currey et al. 2018; Mo and Demers 2020; Paz and
Gonzalez 2021).

Building on these cultural and ecological dynam-
ics, the complex relationship between humans and fly-
ing foxes in the Asia-Pacific is shaped by cultural
beliefs, utilitarian practices, and increasing human-
wildlife conflicts. In many Southeast Asian commu-
nities, flying foxes symbolise prosperity, fertility, and
protection, while some ethnic groups, such as the Thai
Dum (Thailand), Han Chinese, and Iban (Malaysia),
use their body parts in traditional medicine, despite
the lack of scientific evidence supporting their healing
properties (Suwannarong et al. 2020; Low et al. 2021;
Mardiastuti et al. 2021; Tackett et al. 2022). Addi-
tionally, flying fox meat is consumed and traded, con-
tributing to overhunting and population declines (Low
et al. 2021; Rocha et al. 2021; Kingston et al. 2023).
Habitat destruction and agricultural expansion have
further intensified conflicts, as flying foxes raid fruit
crops, leading to economic losses for farmers (Oleksy

et al. 2021; Charerntantanakul et al. 2023; Kingston
et al. 2023). In response, various mitigation strategies
have been implemented, ranging from invasive meth-
ods like culling to more sustainable approaches such
as flying fox-friendly tree netting (Florens and Baider
2019; Shapiro et al. 2020; Charerntantanakul et al.
2023; Kingston et al. 2023).

Human-wildlife interactions shape conservation
awareness and influence conservation policies and
management strategies (Stevens et al. 2024; Ahmad
and Bhat 2025). Interactions between humans and
flying foxes have been documented in various regions
but remain understudied in Borneo, with outdated
or geographically limited research. In many Pacific
islands and Australia, studies have shown that con-
flict over crop raiding, hunting for food, and disease
concerns can directly influence conservation outcomes
and public attitudes (Mildenstein et al. 2016; Tait
et al. 2020). For example, lethal control and neg-
ative perceptions in Australia have challenged flying
fox protection, while community-based education and
alternative livelihood options in Pacific Island nations
have been linked to improved conservation awareness
(Breed et al. 2010; Kingston et al. 2023). While
unsustainable hunting and trade have been reported
in Kalimantan, often linked to bushmeat markets and
perceptions of disease risk (Harrison et al. 2011), up-
dated systematic data are lacking. In Sarawak, more
recent studies show that hunting continues, with de-
tailed accounts of meat preparation practices, cultural
use, small trade and community perceptions (Mohd-
Azlan et al. 2022a,b). By contrast, equivalent in-
formation from Sabah is sparse, and cultural signifi-
cance and traditional practices remain largely undoc-
umented.

In Sabah, the protection of flying foxes falls under
the Wildlife Conservation Enactment (SWCE) 1997,
which regulates wildlife hunting and trade through the
Sabah Wildlife Department (SWD) enforcement. The
SWD issues three types of hunting licenses: sporting
(game), commercial (trade), and "animal kampung"
(local consumption) (SWCE 1997). The Wildlife Mar-
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ket Logbooks (WML) system was introduced in 2015,
requiring traders to record license details, market loca-
tions, species, meat weight, and sales to enhance mon-
itoring of the legal wildlife meat trade. Although im-
plemented across all districts, its effectiveness in regu-
lating the flying fox trade remains largely unexamined,
underscoring the need for further research and assess-
ment.

This study aims to investigate human-flying fox
interactions in Sabah by (1) exploring their cultural
and utilitarian significance and describing popula-
tion trends inferred from participant surveys, mar-
ket observations, and analysis of Sabah WML and
(2) examining anthropogenic threats affecting flying
foxes in the region. Understanding human–flying
fox interactions provides insights into Sabah’s con-
servation context, supporting the design of sustain-
able measures that conserve populations, address an-
thropogenic pressures, and sustain local livelihoods.
Recognising their cultural significance further ensures
strategies remain grounded in community practices
and values, enhancing relevance and support.

MATERIAL AND METHODS

Ethical statement

Ethical approval and the Sabah Biodiversity Access
License were obtained before data collection (Refer-
ence number: JKM/MBS.1000-2/2 JLD.10 (25)). Be-
fore applying for the license, permission was sought
from the Regional Sabah District Offices and village
heads to access the study areas. Access to the Wildlife
Market Logbooks (WML) was granted by the Sabah
Wildlife Department (SWD) under the reference letter
JHL.10-7/27.

Study Area

This study was conducted in Sabah, East Malaysia,
Borneo, focusing on three administrative divisions:
West Coast Division (WCD), Interior Division (IRD),
and Sandakan Division (SND) (Figure 1). The ques-
tionnaire survey was conducted in five districts (Tam-
bunan, Ranau, Telupid, Tongod, and Kinabatangan)
within the WCD and IDN, which were selected based
on known flying fox activity and accessibility (Bansa
unpublished). These locations were prioritised as
participants were more likely to have direct experi-
ence with the IUCN Red List ‘Endangered’ Pteropus
vampyrus (Mildenstein et al. 2022), the focal species
of this study. To achieve this, purposive and snowball
sampling were employed, with initial contacts estab-
lished through local leaders and markets, and subse-
quent participants recommended by those already in-
terviewed. The village head was first consulted within

each district, and only villages where community con-
sent was granted were included. Data was also col-
lected in four local markets located in Tambunan,
Ranau, Telupid, and Tongod. Additionally, WMLs
from markets in WCD and IRD (2016–2019) were anal-
ysed to examine trends in the flying fox trade. Al-
though WMLs may not capture all transactions, they
constitute the only official records available for this
period and thus provide a valuable minimum baseline
of temporal patterns in local market activity in Sabah.
Field surveys were conducted between September 2021
and September 2023, while the questionnaire surveys
were carried out in September 2021.

Questionnaire Design, Data Validation
and Bias Mitigation

The questionnaire, adapted from Aziz et al. (2017),
was structured into five main sections to ensure con-
sistency in responses while allowing for open-ended in-
sights (Kabir 2016). The questionnaire was designed
and administered in Bahasa Melayu using simple, non-
technical phrasing. Where necessary, clarification was
provided in local languages such as Dusun and Sun-
gai with assistance from bilingual community mem-
bers. The Bahasa Melayu version of the question-
naire is included in the Additional Files 1. The first
section gathered socio-demographic information, in-
cluding participants’ residence, age, gender, ethnicity,
highest education level, and occupation. The second
section focused on species recognition, where partici-
pants were shown two images of flying foxes (Ptero-
pus spp.) to ensure better subject recognition. They
were then asked to distinguish flying foxes from other
bats or animals and describe them. This section also
recorded participants’ perceptions of disease risks asso-
ciated with flying foxes, providing a baseline for assess-
ing their awareness regarding zoonotic diseases from
flying foxes.

The third section explored cultural and utilitar-
ian practices, documenting local names, traditional be-
liefs, folklore, and symbolic representations associated
with flying foxes. The utilitarian aspects examined the
motivations for eating flying foxes, frequency of con-
sumption, access to meat source, preparation and culi-
nary practices, and perceived medicinal benefits and
practices. The fourth section asked participants about
flying fox observations in the past five years, including
sighting locations, districts, and frequency of encoun-
ters. The final section examined adverse human-flying
fox interactions, focusing on hunting and fruit raid-
ing. For hunting, participants provided information
on their motivations, tools used, and trends in hunt-
ing activities. This fruit raiding section examined raid
frequency, locations, affected crops, and farmers’ re-
sponses or control measures to reduce losses.
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Figure 1. Survey locations in Sabah, Malaysia, covering Sandakan (SND), Interior (IRD), and West Coast
(WCD) Divisions. Kudat and Tawau Divisions (brown) were not surveyed; IRD and WCD included Wildlife
Market Logbooks. Inset map showing the location of Borneo within Southeast Asia.

A pilot study was conducted with ten participants
before full implementation to ensure clarity and consis-
tency. This process allowed for refinement of question-
naire wording to prevent ambiguity and enhance par-
ticipant understanding. Control questions (labelled
in Additional File 1) were integrated across sections
of the questionnaire to cross-verify participants’ self-
reported experiences with flying foxes and enhance
data reliability. This strategy, consistent with method-
ological guidance from Adam and Cox (2008) and
Taherdoost (2022), was employed to minimise response
bias and improve the validity of findings. Addition-
ally, reported flying fox sightings were cross-validated
against established ecological and behavioural pat-
terns to enhance data reliability.

Next, sensitive questions covered ‘harmful be-
haviours,’ which in this study refers to consuming fly-
ing foxes, hunting, capturing, harming flying foxes dur-
ing fruit raiding and trade. These behaviours are con-

sidered harmful both legally, since they often occur
without licenses, and from a public health perspec-
tive, due to the zoonotic disease risks associated with
handling and consumption. Given the sensitive na-
ture of questions related to harmful behaviours, mea-
sures such as ensuring anonymity, emphasising volun-
tary participation, and reassuring participants about
data confidentiality were implemented to reduce social
desirability bias and encourage honest reporting. Dur-
ing data collection, follow-up inquiries were made dur-
ing self-administered surveys to clarify vague, missing,
or ambiguous responses, ensuring data accuracy.

Data Collection: Survey Design and Ad-
ministration

Participants were recruited using a combination
of purposive and snowball sampling, a method well-
suited for accessing individuals with direct experience
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despite its non-random nature (Atkinson and Flint
2001; Palinkas et al. 2015). Initial recruitment was
facilitated by village heads and local committees, who
coordinated participation at the community level. In
markets, participants were approached randomly from
among sellers and buyers. This ensured that indi-
viduals with various experiences, including farmers,
hunters, and consumers, were included in the study.
Surveys were conducted in public (local markets) and
private settings (participants’ homes), depending on
participant preference.

The surveys were primarily self-administered and
took about 15–20 minutes to complete. Trained sur-
veyors remained present throughout to provide clar-
ification or assistance, particularly for participants
with limited literacy, and to conduct follow-up checks.
While most sections used fixed-choice questions for
quantitative analysis, selected sections (e.g., utilitar-
ian practices and hunting experience) included open-
ended items facilitated by surveyors through short
qualitative interviews, with responses recorded di-
rectly on the forms. This multi survey–interview ap-
proach reflects established social and conservation re-
search practices, enabling standardised data collection
while allowing qualitative probing to capture depth,
context, and culturally sensitive topics (Creswell and
Hirose 2019; Roemer et al. 2025). Completed forms
were subsequently entered into Microsoft Excel for
coding and analysis, with a subset of entries cross-
checked against originals to ensure accuracy.

Data Collection: Flying Fox Trade

In addition to questionnaire surveys, field obser-
vations were conducted at local markets in Tambunan
and Ranau in September and October 2021, and again
in January, October, and November 2022. In Telupid
and Tongod, observations were made in September
and October 2021, in January, October, and November
2022, and in August and September 2023. These visits
coincided with fruiting seasons, when rambutans and
langsat are abundant and flying foxes typically forage
in the region. The objective was to assess whether fly-
ing foxes were openly sold with other wildlife meats
and whether restaurants advertised them on menus.
While this approach allowed targeted monitoring dur-
ing peak selling periods, the visits were limited in num-
ber and restricted to certain months, which may have
excluded off-season or discreet trade activities. Dur-
ing each survey, key information recorded included the
date, location, number of flying foxes sold, specific
body parts traded, and the availability of flying fox
dishes on restaurant menus. These observations pro-
vided independent validation of market trade activity,
complementing data from the WMLs spanning 2016
to 2019.

This study analysed WMLs spanning 2016 to 2019,
focusing on flying fox sales recorded in markets within
WCD and IRD. TheWML records key information, in-
cluding vendors’ names, commercial license numbers,
market addresses, hunted and traded wildlife species,
and the corresponding meat weights (in kilograms).
Additionally, receipts for game meat purchases docu-
ment the price per kilogram, the animal parts sold,
and details of the hunter or supplier, including their
name and license number (Additional File 2). Due to
missing or incomplete entries in the logbooks, only the
locations of markets and the number of animals per
species were used.

Data Analysis

This multi-method approach integrated both quan-
titative and qualitative insights. Responses were
systematically screened for consistency. Screening
for consistency meant checking participants’ answers
across control questions (e.g., Q2a, Q2e, Q4a). If
responses contradicted each other or were illogical,
surveyor notes were consulted; unresolved cases were
omitted from analysis. Data from multiple partici-
pants were compared to identify shared patterns (e.g.,
fruit species raided, hunting reasons), and not to re-
move responses. Comparisons with existing literature
and conservation reports were made after coding and
quantifying responses, at the interpretation stage, to
contextualise findings without influencing initial cate-
gorisation. This triangulation process ensured the ro-
bustness of the findings and enhanced their reliability
by validating them against existing literature and local
conservation reports (Heale and Forbes 2013; Busetto
et al. 2020).

Descriptive statistics, including frequency distribu-
tions and cross-tabulations, were computed using R
software version 4.3.1 (R Core Team 2024). Associ-
ations between fruit raiding frequency and response
type (non-lethal vs. lethal) were tested using a chi-
square test for the overall 4×2 contingency table.
Focused pairwise comparisons were examined using
Fisher’s exact test implemented, which also generated
odds ratios and 95% confidence intervals for 2×2 con-
trasts.

Open-ended responses on cultural significance, ob-
servations, hunting, and fruit-raiding were analysed
using manual thematic coding. Responses were en-
tered into a spreadsheet, read repeatedly for familiar-
ity, and inductively coded with short labels to capture
common ideas. Codes were then grouped into broader
categories and themes (Braun and Clarke 2006; Buch-
holtz et al. 2023). Multiple themes could apply to a
single response, and because participants often gave
more than one answer, the number of responses ex-
ceeded the number of participants. Themes and fre-
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quencies were then summarised for interpretation, con-
sistent with recent conservation applications (Buch-
holtz et al. 2023; Murphy et al. 2025).

Wildlife Market Logbooks (2015–2019) were re-
viewed to extract information on market distribution
by division and district, number of recorded entries,
and species composition. Records were entered into
a spreadsheet, and descriptive statistics were used
to calculate the number of active markets, frequency
of entries, and relative proportions of species traded.
Records of flying foxes were examined by year and lo-
cation to assess their representation in the trade. As
license and receipt details were often incomplete, anal-
ysis focused on presence–absence, counts, and relative
species frequencies.

RESULTS

Demographic Profile

A total of 100 participants (53 males, 47 females)
were surveyed, with most participants aged 45–54
years (31%). The majority had a secondary edu-
cation (62%) and were self-employed (43%). Geo-
graphically, most participants were from Kinabatan-
gan (29%), Ranau (23%), Tambunan (22%), and Ton-
god (15%), regions with known flying fox activity.
Kadazandusun (52%) and Sungai (33%) were the most
represented ethnic groups (details in Table 1, Addi-
tional File 3). Demographic information for registered
logbook owners was more limited. A total of 490 reg-
istered commercial hunting licence holders were iden-
tified, with 18.6% (n=91) residing in WCD and 81.4%
(399) in IRD.

Cultural and Utilitarian Perspectives

Participants reported varying local names for fly-
ing foxes across different regions and ethnic groups in
Sabah. Among the Kadazandusun in western Sabah,
they are commonly called gawir (ga·wir), except in
Papar and Beaufort, where mangkalau (mang·ka·lau)
is used. The Kadazan in Penampang refer to them
as gavi (ga·vi), while the Dusun in central and east-
ern Sabah use mangkawot (mang·ka·wot). Similarly,
the Sungai ethnic group also uses mangkawot, with
some variations such as ngkawot (ng·ka·wot). In Kin-
abatangan (Sukau, Bukit Garam region: East), cer-
tain Sungai communities use the term keboi (ke·boi).
The Murut commonly call flying foxes bengkawot
(beng·ka·wot) or bangkawat (bang·ka·wat), while the
Bajau in Kota Belud use bangkuet (bang·ku·et).

Participants did not report any traditional belief
and folklore. Two Murut participants linked flying
foxes to a local Tongod motif called vinangkawot. This
motif, commonly represented in woven crafts, sym-

bolises the elegance of flying foxes in flight and re-
flects their significance in traditional artistic expres-
sions. The Sungai in Kinabatangan reported a taboo:
they must avoid flying fox urine, as contact was be-
lieved to cause baldness (n=3).

Overall, 23% of participants reported consuming
flying foxes across the study area, with the highest
consumption recorded in the IRD (34.8%) and SDN
(34.7%). Most consumers belonged to the Kadazan-
dusun (73.9%) and Sungai (21.7%) ethnic groups, with
consumption most prevalent among adults aged 35 and
above (82.6%). The primary reasons for consuming
flying foxes were food (26.1%), traditional medicine
(30.4%) or both (43.5%). Additionally, most con-
sumers reported consuming flying foxes only once ev-
ery several years (60.9%) (details in Table 2, Addi-
tional File 3). Furthermore, 18 consumer participants
reported that flying fox meat has become scarce and
increasingly difficult to obtain.

Flying fox dishes were primarily served during so-
cial events, particularly for guests when the meat was
available (see Text Box 1 for details). Among con-
sumer participants, 43.5% (n=10) reported learning
to prepare and serve flying fox dishes from family and
friends. Of these, ten individuals (9 females, one male)
had direct experience in cooking flying foxes. The
preparation of flying fox meat involved several steps,
which were consistently reported by these participants
(see Text Box 2 for details). In terms of hygiene, all
participants stated that they practiced basic cleanli-
ness; however, none were aware of the risks associated
with zoonotic disease transmission. Additionally, the
most (78.3%, n=18) preferred to removing the internal
organs before cooking.
Box 1:

The most common foods made of flying foxes are
porridge, stew, and dry fried soy sauce. The par-
ticipants mentioned that these dishes eat as meals
or as accompaniments or "finger foods" (known as
pusas among Kadazandusun) often paired with al-
coholic drinks like beer and traditional Kadazan-
dusun liquors such as lihing and montoku and rice
wines such as tumpung and tapai.

Box 2:

The preparation of the meat involves several stages:
singeing the fur, removing the internal organs, boil-
ing for up to two hours, and cooking with herbs such
as onions, garlic, and ginger. The process begins by
burning off the fur over an open flame. The flying
fox is then butchered into smaller pieces, washed,
and boiled for at least an hour or until tender. Once
cooked, the meat is used in various dishes, including
porridge and stew.

Local participants noted that consuming flying
foxes is believed to offer various medicinal benefits,
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primarily for asthma (65.2%), as well as for joint pain
(4.3%) and high blood pressure (4.3%). Additionally,
39.1% (n=9) of participants reported variations in con-
sumption methods for medicinal purposes. The most
common practice was eating the meat (n=6), followed
by drinking fresh blood (n=1), consuming liver soup
with herbs (n=1), and drinking montoku infused with
flying fox (n=1) (details in Table 2 and Image 1, Ad-
ditional File 3).

Flying Fox Observations and Population
Trends

Based on observations of flying foxes, 77% of par-
ticipants reported having observed these animals first-
hand. Most participants (59.7%) reported encoun-
tering fewer than ten individuals per sighting. Re-
garding sighting frequency, 37.6% stated that their
last observation occurred more than five years ago,
while only 15.6% reported frequent sightings. The pri-
mary locations of sightings included orchards (37.6%),
open skies (23.4%), and forests (21.4%). The most
reported sighting locations included Kinabatangan
(36%), Ranau (22.1%), Tambunan (17.4%), and Ton-
god (16.3%) (details in Table 3, Additional Files 3).

Flying Fox Hunting

Of the eleven hunters, most were male (81.8%),
with different ethnic groups (Kadazadusun (72.7%),
Sungai (18.2%), and Murut (9%)) participating in this
survey; only one male hunter reported holding a hunt-
ing licence from the Sabah Wildlife Department. The
main reasons for hunting were meat (53.3%), pro-
tection of fruiting trees (33.3%), selling (6.7%), and
medicinal purposes (6.7%) (details in Table 4). All
eleven hunters expressed that they were unaware of
the risks associated with zoonotic transmission from
flying foxes.

Based on their responses, hunters were categorised
into two groups based on their primary hunting lo-
cation: on-site hunters (36.4%) and orchard hunters
(63.7%). Two on-site hunters reported that they op-
portunistically hunt flying foxes at foraging sites, par-
ticularly during the fruiting season, but they experi-
ence greater success at roosting sites. All four on-
site hunters acknowledge that hunting in roosting sites
presents several challenges such as accessibility and
forced translocation of the population after the hunt-
ing event, and a reduction in the population size in the
following season. All four on-site hunters indicated
that their primary hunting grounds were mangroves
and remote forested areas near water bodies. Shot-
guns are the primary hunting tool, and at roosting
sites, hunters typically harvest between 10 and 100 in-
dividuals in a single night. Two participants reported

that mother flying foxes are killed, leading to the cap-
ture of their pups, which are either taken as pets or
used for consumption.

For orchard hunting, they usually hunt flying foxes
during fruiting seasons and durian flower blooming pe-
riods. As for hunting methods, they listed common
tools they use to hunt flying foxes: nets (26.7%), rawai
(26.7%), slingshot (13.3%) and shotgun (6.7%) (details
in Table 4, Additional File 3). Based on the orchard
hunters (n=3), they usually get from 1 to 15 flying
foxes in one trapping event.

Flying Fox Fruit Raiding

Out of 100 participants, 48% reported experiencing
flying foxes raiding their fruit trees. Among these 48
participants, there were 79 reported instances of fruit
raiding across various locations, with the highest oc-
currences in Kinabatangan (38.0%), Ranau (22.8%),
Tambunan (19.0%), and Tongod- Pinangah (17.7%).
Percentages reflect the districts where participants re-
ported experiencing fruit raiding, which may or may
not coincide with their residential district or interview
location. Regarding the frequency of fruit raiding,
34.6% of participants experienced crop raiding at least
once, more than five years ago, while 30.8% reported
annual raids. Additionally, 17.3% experienced raids
1–2 times in the past five years, and another 17.3%
reported 3–4 incidents within the same period. (see
Table 5, Additional File 3 for details).

Regarding resolving fruit raiding conflicts, most
participants preferred non-lethal responses (71.4%),
with 45.8% allowing flying foxes to feed and 18.8%
allowing feed and chase. Consistent with this, deter-
rents were mainly non-lethal (70.3%), including lamps
(37.8%), sound devices (13.5%), customised poles with
sacs (13.5%), and other manual techniques (5.4%).
Lethal methods (29.7%) included rawai (10.8%), nets
(10.8%), slingshots (5.4%), and shotguns (2.7%) (see
Figure 2 for more details on the use of customised poles
with sacs and rawai). For net catching, all four partic-
ipants indicated they would kill any flying fox caught
in the nets rather than release it.

Across all four raiding frequency categories, non-
lethal responses predominated. Among participants
who experienced annual fruit raiding, chasing flying
foxes was the most common reaction (16.7%), while
lethal methods accounted for 8.3%. However, the pro-
portion of lethal responses increased overall with more
frequent raiding (from 4.7% in >5 years ago to 8.3%
in annual raiding). Although a chi-square test did
not detect a statistically significant association be-
tween raiding frequency and response type (χ2 = 5.4,
df = 3, p = 0.10), the observed trend suggests that
repeated crop losses may reduce tolerance and raise
the likelihood of lethal responses. Participants with
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annual fruit-raiding were nearly four times more likely
to adopt lethal responses than those raided >5 years
ago. However, this difference was not statistically sig-
nificant (Fisher’s exact test, OR = 3.9, 95% CI =
0.5–48.0, p = 0.2).

Participants reported only seasonal fruit tree
species, totalling 187 mentions, as several individu-
als listed more than one species. They identified
nine commercially important fruit trees frequently
visited or eaten by flying foxes, including duku-
langsat (Lansium domesticum) (34.3%, n=64), rambu-
tan (Nephelium lappaceum) (24.1%, n=45), durian
(Durio zibethinus) (15.0%, n=28), mango (Mangifera
indica) (9.1%, n=17), rose apple (Syzygium jambos)
(8.0%, n=15), longan or mata kucing (Dimocarpus
longan) (5.4%, n=10), and tarap fruit (Artocarpus
odoratissimus) (4.3%, n=8). Ten participants re-
ported earning additional income by selling these fruits
during the fruiting season, while five mentioned that
fruits were primarily for their own consumption. Two
participants noted that flying foxes are attracted to
durian flowers at night and believed they damage the
flowers and reduce fruiting.

Flying Fox Trade

During the survey in September 2021 at the towns
and main local markets in Ranau, Telupid and Tam-
bunan, the meat of flying foxes was not seen in lo-
cal markets nor sold in restaurants or roadside stalls.
However, three hunters, one of whom was a seller (in-
terviewed in local markets) indicated that flying fox
meat was discreetly available, mainly through personal
contacts, and discreetly sold in local markets. Five
consumers reported that interdistrict trade was used
to meet the demand in other districts. The price of
flying fox meat ranged from MYR 25 to MYR 40 (ap-
proximately USD 4 to USD 9) per bat.

A review of the WMLs from 2015 to 2019 re-
vealed 839 records: 706 from the IRD and 133 from
the WCD, contributing to a total of 15,631 wildlife
records. Based on the logbooks, 455 markets were
identified, 365 in IRD and 90 in WCD. Six wildlife
species were recorded in the logbooks: bearded pig
(Sus barbatus, n=13,179, 85.8%), sambar deer (Rusa
unicolour, n=1,851, 11.8%), barking deer (Muntia-
cus spp., n=518, 3.3%), saltwater crocodile (Crocody-
lus porosus n=37, 0.2%), mousedeer (Tragulus spp.,
n=23, 0.1%), and flying foxes (Pteropus spp. n=23,
0.1%). For flying foxes, the records were that in 2019,
only two markets in Keningau and Tambunan Dis-
trict (IRD) sold flying foxes, accounting for just 0.2%
(n=23) of the total wildlife species recorded in the IRD
(n=13,132). The logbooks did not specify the exact
number of flying foxes sold, as they typically lacked
hunting licenses or transaction receipts.

DISCUSSION

Cultural, Utilitarian Values and
Zoonotic Risks

Findings from this study indicate that terminol-
ogy affects species recognition, influencing survey re-
sponses. While the Malay term keluang was used,
many participants (n=23) were unfamiliar with it,
identifying flying foxes only after seeing pictures and
hearing local names. Some also misidentified them
as common bats (n=15), underscoring the importance
of region-specific terminology for accurate data collec-
tion. This study suggests using the term gawir (WCD)
andmangkawot (IRD and SND) for clearer species dis-
tinction.

Flying foxes hold cultural and utilitarian impor-
tance among participants from the Kadazandusun,
Sungai, and Murut ethnic groups. These findings in
Sabah align with the predominantly positive represen-
tations of flying foxes across Southeast Asia. For in-
stance, among the Iban in Sarawak, they feature in
children’s rhymes and warrior tattoos; in Malaysia and
Indonesia, they appear in songket textile motifs; and
in the Philippines, they are regarded as guardians of
fishing grounds (Low et al. 2021). Such examples in-
dicate that, despite occasional taboos such as beliefs
in Myanmar that flying foxes can foretell storms (Low
et al. 2021) or among the Sungai community in Sabah
that their urine causes baldness, flying foxes are also
regarded as positive symbols. Recognising this broader
pattern of positive cultural values strengthens the case
for conservation strategies that draw upon existing tra-
ditions, reinforcing stewardship and coexistence (Low
et al. 2021; Kingston et al. 2023).

Flying fox meat is considered a delicacy, typically
stewed, fried, or made into porridge, often served at so-
cial gatherings, a tradition seen across Southeast Asia
(Sheherazade and Tsang 2015; Mildenstein et al. 2016;
Mohd-Azlan et al. 2022a). Recipes have been passed
down through generations, reinforcing their cultural
significance. Notably, locals cook flying fox meat mul-
tiple times, a practice also observed in Sarawak to re-
duce odour (Mohd-Azlan et al. 2022a). Beyond food,
flying foxes are used in traditional medicine, believed
to treat asthma, joint pain, and high blood pressure,
though these claims lack scientific evidence. Similar
medicinal practices occur in Indonesia, Thailand, and
India, where flying fox meat and blood are consumed
for perceived health benefits (Mardiastuti et al. 2021;
Mohd-Azlan et al. 2022a; Tackett et al. 2022).

While respondents possess cultural significance and
local ecological knowledge (LEK) about flying foxes,
the majority have little to no knowledge of zoonotic
risk. The contact with flying fox fluids poses zoonotic
risks, particularly from Nipah virus (Chua et al. 2002;
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Figure 2. In Tongod, bamboo (a1) or pipe poles (a2) with white sacs move with the wind to deter flying
foxes from rambutans. In Sandakan, rawai fishing lines (b1) with hooks spaced approximately 50 cm apart are
used lethally to hook flying fox (b2, b3) or rupture the wing membrane, causing it to fall to the ground and
eventually facilitating capture. Source: L. Bansa, Overs N.

Sendow et al. 2013). Consuming raw blood for tra-
ditional ailment reported in this study is risky and
dangerous, as flying foxes are known disease reser-

voirs (Wacharapluesadee et al. 2006; Sendow et al.
2013). While thorough cooking reduces pathogen via-
bility, zoonotic risks remain (Tumelty et al. 2023). In
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addition, hunting and trade increase human–animal
contact, raising the risk of zoonotic disease transmis-
sion (Choo et al. 2024). To mitigate public health
risks, awareness efforts should target high-risk groups
such as hunters, consumers, and traders (Keatts et al.
2021).

Observations on flying foxes

This study suggests that human-flying fox inter-
actions inform local flying fox observations, providing
valuable insights into habitat use and potential pop-
ulation trends. Most of participants reported having
seen fewer than ten individuals (59.7%), with many
indicating that their last sighting occurred more than
five years ago (37.6%), suggesting a potential popula-
tion decline. Additionally, consumer and hunter par-
ticipants noted a reduced availability of flying fox meat
and presence in recent years, further supporting this
observation. Comparable observations have been doc-
umented in Kalimantan and Sarawak (Harrison et al.
2011; Mohd-Azlan et al. 2022a). Participants identi-
fied key roosting and feeding locations, with frequent
sightings in Kinabatangan, Ranau, and Tongod, areas
crucial for endangered species like the large flying fox
(P. vampyrus) (Phillipps and Phillipps 2018; Milden-
stein et al. 2022). Additional reports from Papar,
Tambunan, Lahad Datu, and Paitan highlight other
important habitats in various districts of Sabah re-
quiring protection and monitoring.

It remains uncertain whether these patterns reflect
an actual population decline or a shift in distribu-
tion driven by habitat changes and hunting pressure.
Nonetheless, this anecdotal observation is consistent
with the latest population trend for flying foxes espe-
cially the IUCN-listed endangered species P. vampyrus
reported across its distribution range (Tsang 2018;
Mildenstein et al. 2022). To address this uncertainty
a state-wide survey integrating local knowledge, such
as identifying roosting sites, with scientific methods
like citizen science, population monitoring, and satel-
lite tracking is essential (Biddle et al. 2021; Zulian et
al. 2021; Mohd-Azlan et al. 2022b). This interdis-
ciplinary approach is crucial for data-driven conserva-
tion, particularly in regions lacking formal monitoring.

Flying Fox Hunting in Sabah

Hunting of flying foxes (Pteropus spp.) in Sabah
occurs at both roosting and foraging sites, driven by
LEK developed through long-term human-flying fox
interactions. Hunters rely on generational knowledge
of habitats, seasonal movements, and fruiting cycles,
paralleling the Local Ecological Calendar (LEC) used
by indigenous communities in Indonesia (Tukuboya et
al. 2024). While this deep ecological understanding

aids traditional hunting, it also increases hunting effi-
ciency, raising conservation concerns. This efficiency
is further reinforced by modern technologies such as
shotguns and motorised boats, which make hunting
faster and more accessible to remote roosting sites.
Based on the participants, hunting peaks during the
fruiting seasons, when flying foxes congregate around
rambutan, duku-langsat, and longan trees, as well as
during the flowering season of durian. This seasonal
pattern has been documented in several studies, which
report that hunting pressure closely coincides with ma-
jor fruiting periods (Fujita and Tuttle 1991; Struebig
et al. 2007; Harrison et al. 2011; Aziz et al. 2019).
As flying foxes become more visible near orchards and
residential areas, they are easier to target (Aziz et al.
2017). In addition, frequent hunting disrupts roosting
behaviour, forcing flying foxes to abandon traditional
sites and relocate to remote areas.

Despite their familiarity with flying fox habitats,
hunters report that active roosting sites are harder
to find due to hunting-induced displacement. Simi-
lar patterns have already been documented by Fujita
and Tuttle (1991). This is especially evident in P.
vampyrus, which seeks isolated locations to avoid dis-
turbance (Aziz et al. 2019; Mohd-Azlan et al. 2022a).
Most flying fox captures in this study occurred in Ni-
pah mangroves and remote forests in interior districts,
while coastal and island populations of P. hypomelanus
were less targeted due to logistical challenges and pro-
tected island area restrictions. Tanalgo et al. (2023)
emphasise that in many low-income regions, hunting
intensity is driven not only by cultural practices but
also by economic and geographic accessibility, which
mirrors the Sabah context where modern tools and
mobility expand access to once-remote roosts.

Shotgun hunting at roosting sites increases hunt-
ing efficiency and raises serious conservation concerns
(Kingston et al. 2023). The widespread use of shot-
guns allows hunters to harvest large numbers of bats
in a single night, far exceeding what could be achieved
with traditional nets or hook lines. Traditional hunt-
ing methods include kites, hook lines, and nets, also
contribute to overharvesting, particularly on small is-
lands where populations are naturally low (Kingston
et al. 2023). Given their low reproductive rate (one
pup per year) and long generation time (6–8 years)
(Mildenstein et al. 2016), intensified hunting pressure
could lead to unsustainable population declines. Such
vulnerability of island-dwelling has also been high-
lighted globally, with island endemics identified as par-
ticularly exposed to overhunting pressures (Tanalgo et
al. 2023).

Hunting practices in Sabah today, such as the use
of rawai, nets, and occasional shooting, are generally
small-scale and tied to household consumption or crop
protection. However, historical evidence suggests in-
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tensive culling once occurred in plantation settings
(Fujita and Tuttle 1991). For example, a large-scale
shooting took place at the Sabah Softwoods plantation
in 1983, where thousands of large flying foxes feeding
on Eucalyptus deglupta were killed for sport (Fujita
and Tuttle 1991). Thousands of bats were reportedly
killed annually in 1983–1984, but by 1985 their num-
bers had collapsed (Fujita and Tuttle 1991). Other
than shotguns, the use of large fine-mesh nets, such as
those used by the Iban in Sarawak and Kalimantan,
could capture hundreds of bats in a single evening for
the bushmeat trade (Fujita and Tuttle 1991; Strue-
big et al. 2007; Harrison et al. 2011). These illus-
trate that sport and commercial hunting across Bor-
neo drove sharp local declines, highlighting the need
for regional conservation strategies.

While LEK from long-term human–flying fox in-
teractions helps hunters develop efficient tracking and
hunting techniques, it also increases conservation risks.
Disruptions to roosting behaviour, forced relocations,
and intensified hunting methods highlight the urgent
need for conservation interventions. However, such
knowledge can also be harnessed for conservation pur-
poses. For instance, hunters in New Caledonia provide
vital knowledge of roost sites and seasonal patterns,
and their willingness to adjust hunting practices posi-
tions them as key partners in monitoring and policy-
based conservation (Oedin et al. 2021). Similarly,
in Sabah, adopting such approaches could transform
hunters’ knowledge into a conservation asset by involv-
ing them in roost monitoring, community education,
and awareness on hunting regulations, providing alter-
native livelihoods and strengthening community-based
management.

Flying Fox Fruit Raiding in Sabah

Half of the surveyed participants (48%) reported
experiencing flying foxes raiding seasonal fruit crops,
a localised and seasonal issue that elicited mixed re-
sponses. Responses among participants highlight a di-
vide: some participants accepted fruit losses as part of
coexistence, while others, particularly orchard hunters,
favoured lethal measures. Letting flying foxes be was
the most common reaction, especially when fruit raid-
ing was infrequent. Chasing was the second most
frequent response and increased with more frequent
raiding. Non-lethal responses outweighed lethal ones
by about 8:1 among participants who had not experi-
enced raiding in five years, but only 2:1 among those
with annual raids. This suggests that more frequent
fruit raiding may be associated with an increase in
lethal responses. The trend resembles conflict escala-
tion documented in other human–wildlife interactions
(Nattrass and Conradie 2018; Sharma et al. 2020)
and is consistent with findings from flying fox stud-

ies, where growers experiencing higher levels of crop
raiding were more likely to support or employ lethal
measures (Aziz et al. 2017). Although the relationship
in this study was not statistically significant, likely due
to the small sample size, the similarity underscores the
need for further research with larger datasets.

Participants’ tolerance of fruit raiding appeared to
be shaped by fruit abundance, the seasonal and short-
term nature of economic losses, and the fact that some
participants gained secondary income from fruit sales
(Win and Mya 2015; Aziz et al. 2017). In areas where
fruit farming is a primary livelihood, and where some
individuals may also sell flying fox meat, tolerance may
be lower, and retaliatory killings could pose a greater
conservation risk (Harrison et al. 2011; Sheherazade
and Tsang 2015; Aziz et al. 2017; Oleksy et al. 2021).
A minority of individuals may also sell flying fox meat
for additional income; however, flying fox meat is typ-
ically consumed as a seasonal delicacy rather than a
staple protein in Sabah. While it does not play a ma-
jor role in food security, its supplementary value and
associated economic incentives could undermine long-
term coexistence, particularly if conflicts increase; fur-
ther studies are needed to understand these dynamics
better.

Using of non-lethal strategies among local farmers
presents an opportunity for scalable, sustainable so-
lutions. Such strategies were already reported in the
early 1990s, when farmers used bright lamps or small
fires beneath fruiting trees to deter flying foxes (Fu-
jita and Tuttle 1991). In addition to traditional lo-
cal methods, other effective deterrents, such as safely
netting individual trees, planting decoy crops, and us-
ing repellents with unpleasant smells or tastes, have
been reported and can be further promoted (Berthi-
nussen et al. 2022). While local conservation ef-
forts emphasise non-lethal approaches, global exam-
ples highlight the risks of lethal measures. In Mauri-
tius, government-supported culling of flying foxes led
to unintended ecological consequences and may have
exacerbated long-term crop losses (Oleksy et al. 2017;
Florens and Baider 2018). Similarly, traditional net-
ting and hook-line hunting in the Philippines have
driven unsustainable population declines (Mildenstein
et al. 2016; Kingston et al. 2023). These cases serve
as cautionary lessons for Sabah, where lethal control
methods could threaten both biodiversity and agricul-
tural sustainability.

Human-flying fox interactions related to fruit raid-
ing demonstrate varying degrees of tolerance and per-
secution, shaping conservation outcomes. Addressing
this conflict through effective, non-lethal strategies is
essential to balancing conservation and agricultural
needs. Conservation efforts can enhance coexistence
between human and flying foxes in Sabah by improv-
ing community awareness, promoting sustainable mit-
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igation techniques, and preventing retaliatory killings.
In practical terms, this could complement existing
wildlife regulations with community-based initiatives
that promote awareness, alternative livelihoods, and
incentives for non-lethal management. Such a dual
approach combines policy frameworks with local en-
gagement, ensuring conservation measures are effec-
tive, inclusive, and sustainable.

Flying Fox Trade and Sabah Wildlife
Trade Logbooks

The trade of flying foxes (Pteropus spp.) in Sabah
remains local, informal, and vastly underreported, re-
flecting broader challenges in monitoring and regulat-
ing wildlife markets. While market surveys found no
evidence of open sales in dining shops or tamu (open-
air local markets) (Pugh-Kitingan 2014), flying foxes
are still sold seasonally in certain local markets. Much
of the trade, however, occurs privately and informally,
leading to significant gaps in official records. Similar
biases have been noted globally, where wildlife trade
records tend to overrepresent larger and charismatic
species, while failing to capture the full diversity and
extent of traded taxa (Soares et al. 2025).

From 2015 to 2019, WMLs recorded flying foxes
as only 0.18% of total wildlife sales, primarily in
Keningau and Tambunan. However, data collection
inconsistencies, such as the use of digital logbooks in
the ID and physical records in the WCD, increase the
risk of data loss and reporting errors. Establishing
a centralised digital database and conducting regular
audits would improve monitoring, transparency, and
enforcement (Hinsley et al. 2024).

Although this study documented only two mar-
kets and 23 records of flying fox sales, the accurate
scale of trade is likely higher. Several participants
emphasised that flying foxes are often sold discreetly
through personal contacts rather than openly in mar-
kets, partly to avoid licensing requirements and en-
forcement scrutiny. This pattern of underreporting is
consistent with findings elsewhere in Southeast Asia,
where wildlife deemed sensitive or restricted is com-
monly traded outside formal market structures (Mick-
leburgh et al. 2009; Nijman 2010; Sheherazade and
Tsang 2015). As such, the available figures should be
interpreted as conservative estimates. Recognising this
hidden trade is essential for conservation planning, as
this unregulated trade poses a hidden threat to fly-
ing fox populations and may increase the risk of viral
spillover (Roe and Booker 2019). Addressing the infor-
mal wildlife trade is therefore critical for biodiversity
conservation and public health.

While Sabah’s flying fox trade remains small and
localised, it is not isolated from the broader re-
gional wildlife trade network. Neighbouring Indonesia

records high trade volumes, particularly in Sulawesi
and Kalimantan (Mildenstein et al. 2016; Sheherazade
and Tsang 2018). Cross-border trafficking of flying
foxes from Sabah has been documented often alongside
pangolins (Manis javanicus) and sun bear (Helarctos
malayanus) paws (Ladjana and Raimi 2019). This
suggests Sabah serves as both a source and transit
point in the illegal wildlife trade.

Both flying fox species in Sabah (P. vampyrus and
P. hypomelanus) are listed under CITES Appendix II,
requiring strict monitoring and regulation to prevent
overexploitation (CITES 2024). Evidence shows that
threatened and CITES-listed species are often traded
for a greater number of parts and uses, as their rarity
increases both demand and market value (Soares et al.
2025). Without stronger enforcement, continued trade
could push these species toward a higher-risk conserva-
tion category. With this, strengthening trade regula-
tions, enforcement mechanisms, and public awareness
is essential to curbing illegal trade and ensuring the
long-term survival of Sabah’s flying fox populations.

Market prices for flying foxes have ranged from less
than USD 1 in some locations (Mildenstein et al. 2016)
to nearly USD 10 in Jakarta in the early 1990s (Fu-
jita and Tuttle 1991; Mickleburgh et al. 2009). In-
termediate values were reported at USD 2.50–3.30 in
Kuching (early 1900s) (Fujita and Tuttle 1991), USD
0.36–3.63 in Sulawesi (Sheherazade and Tsang 2018),
and about USD 3.60 in Luzon, Philippines (Scheffers
et al. 2012). More recently, in Sabah and Sarawak,
bats were sold for MYR 10–40 (USD 2.50–9) per bat,
considerably higher than chicken (MYR 8.50/kg, USD
2/kg) (Mohd-Azlan et al. 2022a). These patterns sug-
gest flying foxes are valued across Southeast Asia as
delicacies or specialty foods tied to cultural utilitar-
ian practices and medicinal use, rather than as staple
protein.

These trade patterns highlight the need for conser-
vation strategies that go beyond blanket hunting bans.
Targeted interventions could include strengthening en-
forcement in high-demand local markets, promoting
culturally appropriate awareness campaigns that em-
phasise the ecological role of flying foxes, and devel-
oping community-based alternatives in hunting areas.
Cross-border collaboration is also crucial, given the re-
gional nature of trade networks across Borneo and the
wider Southeast Asian region.

Limitations and Future Studies

This study encountered several limitations, mainly
due to restricted access to villages and challenges in
participant recruitment during the post-COVID-19 pe-
riod and associated movement restrictions. Conse-
quently, the sample size was modest, which may have
affected the representativeness of the findings. De-
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scriptive statistics (frequencies and percentages) were
used to analyse survey and logbook data, yielding valu-
able insights. A larger sample size and the application
of advanced statistical analyses, might further enhance
the robustness and generalisability of the overall re-
sults.

In addition, the market survey and logbook com-
ponents may have underestimated the accurate scale
of the flying fox trade. Market observations were pe-
riodic and limited to specific months, while trade in
protected species is often concealed. Similarly, log-
books frequently lacked details such as quantities sold
or license numbers. As a result, the trade findings
should be interpreted as conservative estimates. Fu-
ture research should incorporate more frequent, year-
round monitoring and complementary approaches such
as vendor interviews, triangulation with enforcement
data, and adoption of indirect questioning techniques
to minimise underreporting.

Collecting information on sensitive topics such as
hunting and trade required a careful ethical approach.
In this study, surveyors reassured participants of strict
confidentiality before the survey began to encourage
honest responses. Nevertheless, a potential limitation
of this approach is that, despite assurances, some par-
ticipants may still have underreported or concealed be-
haviours they perceived as incriminating. This could
affect the completeness and accuracy of the data.
To strengthen future research, indirect questioning
techniques such as the Unmatched Count Technique
(UCT) or Randomised Response Technique (RRT) are
recognised as valuable tools, as they allow sensitive
data to be captured while protecting participant con-
fidentiality (Hinsley et al. 2019; Ibbett et al. 2021).

The surveyed participants were predominantly
from Kadazandusun-majority districts such as Tam-
bunan and Ranau. At the same time communities
in Telupid, Tongod, and Kinabatangan represented
the Orang Sungai, Murut, and Kadazandusun ethnic
groups (Department of Statistics Malaysia 2024). Al-
though the study captured perspectives from Sabah’s
major indigenous communities, it did not fully reflect
the broader demographic diversity, particularly in ur-
ban areas. Broadening future studies to include ad-
ditional regions and ethnic groups may help minimise
sampling bias and improve inclusivity.

Moreover, interactions with human-flying fox pop-
ulations contribute to shaping conservation awareness
among participants in Sabah, yet current understand-
ing remains incomplete. Further investigation into key
stakeholders’ knowledge, attitudes, and perceptions
including hunters, consumers, buyers, and those af-
fected by fruit-raiding conflicts, could provide deeper
insights. Addressing these gaps strengthen conserva-
tion efforts and guide evidence- based policy decisions
for flying foxes in Sabah. Recommendations for future

research include:

1. Expanding geographical coverage (e.g., Tawau
and Kudat Divisions) and increasing the sample
size.

2. Utilising anonymous survey methods (e.g., the
Randomised Response Technique) for sensitive
topics like hunting.

3. Examining local attitudes and perceptions of fly-
ing foxes.

4. Enhancing wildlife trade data by interviewing
enforcement agencies.

5. Evaluating the economic impacts of crop-raiding
to inform cost-effective mitigation strategies.

6. Exploring the role of flying foxes in disease ecol-
ogy to inform public health policies better.

CONCLUSION

This study investigated human–flying fox inter-
actions in Sabah, focusing on cultural and utilitar-
ian practices, population visibility, and anthropogenic
pressures. Flying foxes were valued for food, medicine,
and symbolism; however, participants noted reduced
sightings and meat availability, consistent with pop-
ulation declines across their range. Hunting, fruit-
raiding, and informal trade were evident, with eco-
logical knowledge and modern tools enhancing hunt-
ing efficiency, while tolerance toward fruit-raiding de-
creased under repeated losses. Collectively, these find-
ings highlight continuous threats to P. vampyrus, an
IUCN-listed endangered species in Sabah. The re-
sults emphasise that conservation strategies should ex-
tend beyond regulation alone. Hidden trade, underre-
porting in WMLs, and reliance on lethal crop protec-
tion underscore the need for stronger monitoring, tar-
geted enforcement, and promotion of non-lethal con-
flict mitigation. At the same time, the persistence of
cultural values and local ecological knowledge offers
important opportunities for conservation, particularly
through community-based roost monitoring, cultur-
ally appropriate awareness initiatives, and stewardship
practices.
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Sample of Questionnaire Form Used in This Study

Section 1: Demographic Information Maklumat demografi

Latest residential area (district): ____________________________________
daerah kediaman terkini

Age (y/o- years old) umur:
24 y/o and below
tahun ke bawah

25 – 34 y/o tahun

35 – 44 y/o tahun

45 – 54 y/o tahun

55 y/o and above
tahun ke atas

Gender jantina:
Male lelaki

Female wanita

Ethnicity etnik:
Kadazandusun Murut
Rungus Bugis
Bajau Banjar
Cina Idahan
Melayu Iban
Sungai Jawa
Others:
_______________________

Highest education level
taraf pendidikan tertinggi:

No formal education/ 
quit school Tidak bersekolah/ 
Tamat sekolah awal

SRP/PMR/PT3
SPM
STPM/Diploma/
Certificate
Bachelor degree Sarjana 
muda

Postgraduate pascasiswazah

Occupation pekerjaan:
Self-employed bekerja sendiri (State here,
Sila nyatakan): 
________________________________________

 Government workers penjawat awam (State here): 
_________________________________________
 Private sectors swasta (State here): 
_________________________________________
 Others lain-lain (State here): 
_________________________________________

Section 2: Introduction to Flying fox 
Please refer to the following figure, sila rujuk gambar di bawah:



2a. Based on the figure, had you seen flying fox? Berdasarkan gambar yang diberikan adakah anda 

pernah melihat keulang? *Control question

Yes ya / No tidak

2b. If your answer is yes, which flying fox that you had seen? Jika jawapan anda ‘ya’, keluang yang 

manakah pernah lihat?

Big flying fox keluang besar

Small flying fox keluang kecil

Not sure which one, please describe tidak pasti, sila huraikan:

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

2c. Based on the figures, these are flying foxes. Can you differentiate it from other animals, especially 

bats and birds? Berdasarkan gambar yang diberikan, ini ialah keluang. Bolehkah anda membezakan 

keluang daripada haiwan lain? *Control question

Yes ya / No tidak

2d. Do you think flying foxes can transmit diseases? Adakah keluang boleh membawa penyakit?

Yes ya /  Unsure tidak pasti / No tidak

2e. What is your experience with flying fox? *Control question

adakah anda mempunyai pengalaman berdepan dengan keluang? 

Eating makan keluang

Hunting/ hurting memburu/mencederakan keluang

Observe flying fox flying nearby melihat keluang terbang berdekatan

Flying fox raid on fruiting trees Keluang menyerang buah yang ditanam

Roost near house bersarang berdekatan kawasan kediaman

None tiada

Others, please describe lain-lain sila nyatakan:

_________________________________________

_________________________________________



Section 3: Flying Fox Cultural Utilitarian significance

3a. What is local name for flying foxes? Apakah nama tempatan bagi keluang?

__________________________________________________________________________________

3b. Are there any cultural motifs, folklore, taboos or traditional beliefs related to flying foxes? 

adakah keluang terdapat di dalam budaya kaum anda? (cerita rakyat, motif budaya, tatu, kepercayaan dan ritual?

__________________________________________________________________________________

__________________________________________________________________________________

3c.  Do you consume flying foxes? adakah anda pernah memakan keluang? *Control question

Yes ya / No tidak

3d. If your answer is ‘yes’, what is/are the reason/s of consuming flying foxes? sekiranya jawapan 

anda ‘Ya’ apakah sebab anda memakan keluang?

__________________________________________________________________________________

__________________________________________________________________________________

3e. If your answer is ‘yes’, what is the frequency of you consuming the flying foxes? sekiranya 

jawapan anda ‘Ya’, apakah kekerapan anda memakan keluang?

Often: A few times in a year

kerap: lebih daripada sekali dalam setahun

Frequent: Subject to availability/once a year

kadang-kadang: mengikut musim/sekali setahun

Sometimes: Once in several years

Jarang-jarang: sekali dalam beberapa tahun

Rare: Last ten years ago

Sangat jarang: lebih daripada sepuluh tahun lalu

3f. Do you know any unique recipes, preparation methods and ways of serving flying fox dishes? 

adakah anda tahu mengenai resipi unik, cara penyediaan dan penyajian lauk keluang?

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________



__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

3g. What illness or health conditions do you believe can be treated or cured by consuming flying 

foxes? 

apakah penyakit atau masalah kesihatan yang anda percaya boleh dirawat atau diubati dengan 

memakan keluang? 

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

3h. Explain how you utilise flying foxes for medicinal purposes or to treat ailments. 

Terangkan bagaimana anda menggunakan keluang sebagai ubat atau merawat kesakitan. 

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

Section 4: Flying Fox and Population Sightings Pemerhatian populasi keluang

4a. Based on your experience, have you seen flying foxes? *Control question

berdasarkan pengalaman anda, pernahkah anda melihat keluang?

Yes ya / No tidak

4b. If your answer is ‘yes’, how estimated many numbers of flying fox observed in one colony?

Sekiranya jawapan anda ‘Ya’, Berapakah anggaran individu dalam satu kawanan/koloni

keluang yang anda pernah lihat?

Less than 10

Kurang dari sepuluh ekor

Between 10 to 20

Dalam 10-20 ekor

More than 20



Lebih daripada 20 ekor

4c. If your answer is ‘yes’, how often do you see flying foxes within the past five years?

Sekiranya jawapan anda ‘Ya’, berapakah kekerapan anda melihat keluang dalam tempoh lima tahun 

yang lalu?

Frequent: more than five times within five years or seen every year

Kerap: lebih daripada lima kali dalam lima tahun atau setiap tahun

Often: three to five observations within five years

Kadang-kadang: tiga ke lima kali dalam lima tahun

Sometimes: one to two times within five years

Jarang-jarang: satu ke dua kali dalam lima tahun

Rare: More than five years ago

Sangat jarang: lebih daripada lima tahun dahulu

Never tidak pernah melihat

4d. If your answer is ‘yes’, where do you usually see them? (You can choose more than one answer) 

sekiranya jawapan anda ‘Ya’, di manakah tempat kebiasaan anda menjumpai keluang?

(Jawapan boleh lebih daripada satu)

Flying in the sky terbang di langit

Orchard kebun

Forest hutan

Others lain-lain (State here sila nyatakan):

4e. If your answer is ‘yes’, can you name the district/s where you see the flying foxes based on your 

experience? 

sekiranya jawapan anda ‘Ya’, di manakah daerah/daerah-daerah anda menjumpai keluang?

__________________________________________________________________________________

__________________________________________________________________________________

Section 5: Human- flying fox interactions Interaksi Manusia-keluang

5a. Based on your experience, have you hunt flying foxes? berdasarkan pengalaman anda, 

pernahkah anda memburu keluang? (Control question)



Yes ya / No tidak

5b. If your answer is ‘yes’, what is/are the reason/s of hunting flying foxes? sekiranya jawapan anda 

‘Ya’, apakah sebab anda memburu keluang? 

__________________________________________________________________________________

__________________________________________________________________________________

5c. If your answer is ‘yes’, where do you usually hunt flying foxes? (For example: forest, mangrove) 

sekiranya jawapan anda ‘Ya’, di manakah anda biasanya memburu keluang? (contoh: hutan, hutan 

paya)

__________________________________________________________________________________

5d. If your answer is ‘yes’, what do you use for flying fox hunting? 

sekiranya jawapan anda ‘Ya’, apakah yang anda gunakan untuk memburu keluang?

__________________________________________________________________________________

5e. If your answer is ‘yes’, can you explain your hunting experience? 

sekiranya jawapan anda ‘Ya’, bolehkah anda terangkan pengalaman anda memburu?

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

5f. Do you experience flying fox raiding your fruiting trees? *Control question 

adakah keluang pernah menyerang pokok buah-buahan anda? 

Yes ya / No tidak

5g. Where is/are district/s that you experience this fruit raiding by flying fox?

sekiranya jawapan anda ‘Ya’, di daerah manakah anda mengalami serangan pokoh buah oleh 

keluang? 

__________________________________________________________________________________

__________________________________________________________________________________



5h. What is the estimated frequency of fruit raiding that you have experienced within the last five 

years?

sekiranya jawapan anda ‘Ya’, berapakah kekerapan anda mengalami serangan pokoh buah oleh 

keluang dalam tempoh lima tahun lalu? 

Every year setiap tahun

3-4 times within five years ago 3-4 kali dalam tempoh lima tahun lalu

1-2 times within five years ago 1-2 kali dalam tempoh lima tahun lalu

At least once > 5 years ago sekurang-kurangnya sekali dalam tempoh lebih lima tahun lalu

Never tidak pernah mengalami

5i. What do you do when flying fox raid your fruiting trees? (Can choose more than one answers).

sekiranya jawapan anda ‘Ya’, anda yang anda lakukan apabila mengalami serangan pokoh buah oleh 

keluang? (pilihan jawapan boleh lebih daripada 1)

Let the flying fox (allow feeding) membiarkan keluang makan

Chase menghalau

Please state how do you chase sila nyatakan:

_________________________________________________________________________

Catch menangkap

Please state how do you catch sila nyatakan:

_________________________________________________________________________

Kill membunuh

Others lain-lain

Please state your response here sila nyatakan:

_________________________________________________________________________

5j. List the name of your fruiting trees affected by the flying fox fruit raiding. Senaraikan pokok buah-

anda yang mengalami serangan oleh keluang? 

__________________________________________________________________________________

__________________________________________________________________________________
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FOR REFERENCE ONLY (October 2010) 
 

36 
 

FORM 3 

(Reg. 23(b)) 

STATE OF SABAH 

WILDLIFE CONSERVATION ENACTMENT 1997 

COMMERCIAL LICENCE 

(Not transferable) 

 

Licence Number ..........……………. 

 
Name of licensee in full ........................……………………………… 

 
Address in country of residence .................……………………………………………................ 

 
Names of persons authorised to hunt under this licence 

 
……………………………………………………………… 
 
……………………………………………………………… 
 
……………………………………………………………… 
 
The above-named persons are authorised to hunt animals of the species below in the area 

and number stated below and subject to the above Enactment and Regulations made 

thereunder and the conditions endorsed on this licence. 

 
Species Area  Number 

 
Fees paid: 

 

  

Date of issue:  

 

  

Date of expiry: 

 

  

  ……………………………………………………….. 

  Signature and title of officer issuing licence 

on behalf of the Director. 

 
Renewals 

 

  

From  to Signature .........…...................... 
 

From  to Signature .........…...................... 
 

CONDITIONS 

 

  

  ……………………………………………………….. 

  Signature of issuing officer or officer 

endorsing amendment. 
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Supplementary Material 3:
Socio-demographic characteristics, consumption patterns, sightings, hunting 

practices, and fruit-raiding responses of participants in Sabah.

Table 1. Socio-demographic characteristics of participants (n=100).

Variable Category Frequency (n) Percentage (%)
Gender Female 48 48

Male 52 52

Age

<24 years old 18 18
>55 years old 24 24
25-34 years old 11 11
35-44 years old 16 16
45-54 years old 31 31

Education
No formal/ Primary education 25 25
Secondary education 62 62
Tertiary education 13 13

Occupation

Self-employed 43 43
Government sectors 26 26
Private sectors 13 13
Students 9 9
Housewife 4 4
Unemployed 4 4
Pensioners 1 1

Ethnicity

Bajau 3 3
Bugis 2 2
Jawa 1 1
Kadazandusun 52 52
Melayu 2 2
Murut 2 2
Rungus 2 2
Sino-Kadazan 2 2
Suluk 1 1
Sungai 33 33

Residential Area

Beluran 1 1
Kinabatangan 29 29
Kota Kinabalu 2 2
Kota Marudu 1 1
Ranau 23 23
Sandakan 1 1
Tambunan 22 22
Telupid 6 6
Tongod 15 15



Table 2. Overview of participants who consume flying foxes (n=23), categorised by 
residential  area,  ethnicity,  age group, reasons for consumption, and frequency of 
consumption.

Category Frequency 
(n)

Percentage 
(%)

West Coast Division
Ranau
Kota Marudu
Interior Division
Tambunan
Sandakan Division
Tongod
Kinabatangan

6
1

8

7
1

26.1
4.3

34.8

30.4
4.3

Kadazandusun
Sungai
Murut

17
5
1

73.9
21.7
4.3

> 35 years old
< 35 years old

19
4

82.6
17.4

Consumption reasons
Food
Medicine
Food and medicine

Traditional belief: ailments/medicine
Asthma
Joint pain
High blood
Others (various benefits)
None

6
7
10

15
1
1
1
5

26.1
30.4
43.5

65.2
4.3
4.3
4.3
21.7

Consumption frequency
Frequent: A few times in one year
Sometimes: Once in several years
Rare: Last ten years ago

4
14
5

17.4
60.9
21.7



Image  1. One  respondent  described  the  various  perceived  benefits  of  montoku 
(traditional  liquor)  infused with flying fox pups,  a remedy prepared by preserving 
flying fox, monkey brain, medicinal roots, and other ingredients in liquor; it  is not 
commercially produced and is traditionally used to treat ailments such as internal 
bleeding,  stroke,  and  injuries  from falls.  Similar  practices  also  reported  by  Iban 
participants in Western Sarawak, used for asthma (Mohd-Azlan et al. 2022a).
Source: Anonymou participants, villager, aged 40 years old. 



Table 3. Information on the flying fox sighting trends covering estimated number of 
bats observed (n=77), sighting frequency (n=77), sighting area (n=117), and sighting 
districts (n=86).

Category Frequency 
(n)

Percentage 
(%)

Estimated number of bats observed (n=77)
Less than 10
Between 10 to 20
More than 20

46
9
22

59.7
11.7
28.6

Sightings frequency (n=77)
Rare:  > Five years ago
Sometimes: One to two times within five years
Often: three to five observations within five years
Frequent: > Five times within five years or seen every year

29
18
18
12

37.6
23.4
23.4
15.6

Sighting area (n=117)
Orchard
Flying in the sky
Forest
Tree near house
Mangrove
Market
Pet

44
31
25
11
4
1
1

37.6
26.5
21.4
9.4
3.4
0.9
0.9

Reported sightings districts (n=86)
SDN
Kinabatangan
Tongod
Beluran
IRD
Tambunan
WCD
Ranau
Kota Marudu
Papar
Other Divisions
Lahad Datu
Paitan

31
14
1

15

19
2
2

1
1

36.0
16.3
1.2

17.4

22.1
2.3
2.3

1.2
1.2

*Note:  The  number  of  responses  exceeds  the  number  of  reporting  participants  (n  =  77)  because  some 
participants reported more than one sighting area or district.



Table 4. Types of hunters (n=11), hunting reasons (n=15) and tools (n=15) used to 
report by hunter participants (n=11).

Variables Frequency 
(n)

Percentage (%)

Gender
Male
Female

9
2

81.8
18.2

Ethnicities
Kadazandusun
Sungai
Murut

8
2
1

72.7
18.2
9

On-site hunter
Orchard hunter

4
7

36.4
63.6

Reason (n=15)
On-site hunter
Meat
Protecting fruiting trees
Selling
Orchard hunters
Meat
Protecting fruiting trees
Medicinal purpose

4
1
1

4
4
1

26.7
6.7
6.7

26.7
26.7
6.7

Tools used (n=15)
On-site hunter
Shotgun
Orchard hunters
Rawai
Nets
Slingshots
Shotgun

4

4
4
2
1

26.7

26.7
26.7
13.3
6.7

*Note: The number of responses exceeds the number of hunters (n=11) because some participants provided 
more than one reason and reported using multiple tools.



Table 5. Participants experienced fruit raiding (n=48), listed 6 districts affected by 
flying fox fruit raiding (n=79), estimated fruit raiding frequency (n=48), responses to 
fruit raiding (n=56) and methods used to resolve the conflicts reported by participants 
(n=37).

Category Frequency (n) Percentage (%)

Districts (n=79)
Kinabatangan
Ranau
Tongod-Pinangah
Tambunan
Lahad Datu
Papar

30
18
14
15
1
1

38.0
22.8
17.7
19.0
1.3
1.3

Fruit raiding Frequency (n=48)
At least once > 5 years ago
Every year
3-4 times within five years ago
1-2 times within five years ago

18
12
9
9

37.5
25
18.8
18.8

Responses (n=56)
Non-lethal
Allowing feed
Chase away
Lethal
Catch
Kill
Hurt

31
9

8
6
2

55.4
16.1

14.3
10.7
3.6

Method used (n=37)
Non-lethal
Lamp
Sound deterrents
Customised pole with sacs
Others
Lethal
Rawai
Nets
Slingshot
Shotgun

14
5
5
2

4
4
2
1

38.7
13.5
13.5
5.4

10.8
10.8
5.4
2.7

*Note: The number of responses exceeds the number of affected participants (n=48) because some participants 
provided more than one respond for the districts and their responses to fruit raiding conflict. Participants also 
listed more than one response for method used in resolving fruit raiding.



Table 6. Cross-tabulation of responses (n=48) to fruit raiding and frequency of fruit 
raiding incidents. Participants who experience annual fruit raiding tended to chase 
away flying foxes rather than use lethal methods.

Categorised 
responses

>  5  years 
ago
n (%)

1-2  times 
within  5  years 
n (%)

3-4  times 
within 5 years
n (%)

every 
year
n (%)

Total  n 
(%)

Non-lethal 
responses
allowing feed 10 (27.8) 5 (13.9) 6 (16.7) 1 (2.8) 22 

(61.1)

allowing feed + 
chase

3 (8.3) 0 0 6 (16.7) 9 (25)

chase 3 (8.3) 0 1 (2.8) 1 (2.8) 5 (13.9)

Total 16 (44.4) 5 (13.9) 7 (19.5) 8 (22.3) 36 (100)

Lethal 
responses
catch 0 1 (8.3) 0 1 (25) 2 (16.7)

catch + kill 0 0 0 1 (25) 1 (8.3)

chase + catch 0 0 0 1 (25) 1 (8.3)

chase + catch + 
kill

1 (8.3) 0 1 (8.3) 0 2 (16.7)

allow  feed  + 
catch + kill

0 1 (8.3) 0 0 1 (8.3)

allow  feed  + 
chase + kill

0 2 (16.7) 0 0 2 (16.7)

allow  feed  + 
chase + hurt

0 0 0 1 (8.3) 1 (8.3)

allow  feed  + 
catch

0 0 1 (8.3) 0 1 (8.3)

allow  feed  + 
hurt

1 (8.3) 0 0 0 1 (8.3)

Total 2 (16.7) 4 (33.3) 2 (16.7) 4 (33.3) 12 (100)




