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a b s t r a c t 

Wildlife-watching and ecotourism are effective approaches for improving public attitudes and raising awareness 
of wildlife conservation. However, the ability of wildlife tourism to enhance the conservation of less appealing 
taxa such as bats has rarely been examined. We sampled a total of 197 tourists in Monfort Bat Cave Sanctu- 
ary in the Philippines, the world’s largest colony of Geoffroy’s Rousette ( Rousettus amplexicaudatus ). Convenient 
pre/post-visit surveys were conducted to (a) explore the potential of bat-watching to raise tourists’ knowledge, 
attitudes towards bats, and determine how perceptions vary across demographic classes; and (b) determine po- 
tential predictors of conservation willingness among sampled urban tourists. Our study observed an increase in 
knowledge about bats and 61% of the tourists are willing to support conservation bat protection after the bat- 
watching visit to the cave site. Tourists’ conservation willingness was associated with age group, prior knowledge 
of bat ecosystem services, and perceptions about the conservation relevance of bat-watching as a conservation 
initiative. Our study highlights the effectiveness of short-term engagements such as bat-watching at improving 
human-bat interactions and suggests such programs should focus on highlighting ecosystem services and benefits 
of bats. However, it should be noted that we performed this study before the COVID-19 global pandemic and mis- 
information linking bats to the disease spread has increased since. We expect that public perception will change 
in the post-COVID-19 period and the conservation willingness survey should be repeated to understand how to 
counter misconceptions to develop effective bat conservation management in the post-COVID-19. 
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. Introduction 

Conservation biologists urgently need to develop pragmatic and
cience-based measures to protect remaining species and habitats from
ncreasing degradation and loss ( Ferraro, 2001 ). Human and public be-
avior towards wildlife shape the successful conservation of species and
heir habitat ( Clements et al., 2018 ; John et al., 2013 ). However, the
ublic is often unaware of the numerous ecosystem services provided by
he environment, which limits their conservation willingness and sup-
ort ( Madden, 2004 ). The Aichi Biodiversity Target 1 aims to address
his stating that “By 2020, at the latest, people are aware of the values of

iodiversity and the steps they can take to conserve and use it sustainably ”

 Moss et al., 2015 ). To develop effective conservation and management
trategies, conservation biologists and policymakers must understand
mportant drivers of human behavior and attitudes towards species. For
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xample, bats are often perceived as uncharismatic or even frighten-
ng by the public, and frequently misunderstood, with little recognition
r attention regardless of the various ecosystem services they deliver.
ats are crucial to ecosystem functioning, especially through seed dis-
ersal and pollination, maintaining gene flow within ecosystems, and
ringing nutrients into cave ecosystems ( Aziz et al., 2021 ; Aziz et al.,
017b ; Sritongchuay et al., 2016 ). Also, insect-eating bats suppress in-
ect pests in the agroecosystems, thereby reducing the need for pesticide
se ( McCracken et al., 2012 ). 

Negative public perceptions of bats are pervasive as a consequence of
he public’s lack of understanding about their economic and ecological
oles ( Aziz et al., 2017a ; Cousins and Compton, 2005 ; Low et al., 2021 ;
analgo and Hughes, 2019 ). One consequence of the lack of recognition
f the services provided by bats is a deficient conservation prioritiza-
ion and funding to highlight them, and on some occasions culling of
.com (A. Catherine Hughes). 
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Fig. 1. Location of the study site. Monfort Bat Cave Sanctuary (MBCS) is located in the Southern part of the Philippines (A-B) and holds the world record for the 
largest colony for the fruit bat species Rousettus amplexicaudatus (C-D.). 
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a  
ats for a variety of unsubstantiated beliefs ( Florens, 2016 ). In Mauri-
ius, for example, an estimated 20,000 Pteropus niger , a species of flying
ox endemic to the archipelago, have been legally persecuted without
ny scientific basis as a response to fruit crop loss ( Florens, 2016 ). The
ssociation of bats to disease spread, coupled with sensationalised media
overage, has caused widespread public fear and unjustified persecution
n many regions ( López ‐Baucells et al., 2018 ; Racey et al., 2018 ). 

One key measure to effectively counter public misconceptions is by
aising positive perceptions of the focal species or habitat ( Boso et al.,
021 ; Hoffmaster et al., 2016 ; Moss et al., 2015 ). There are vari-
us outlets to improve public perception toward species and promote
ildlife conservation, including zoos, aquariums, and wildlife watch-

ng ( Moss et al., 2015 ). These initiatives are widely known to promote
charismatic species ” (e.g., elephants, tigers, pandas) ( Colléony et al.,
017 ; Hausmann et al., 2017 ), but are very scarce for unfamiliar species
ike bats. Conservation education and outreach with communities have
een shown to improve public understanding and acceptance of bats
 Hoffmaster et al., 2016 ). Flying-fox viewing in Terengganu, Malaysia
howed evidence of the potential of wildlife tourism as a conservation
ool by raising public awareness and generating positive attitudes to-
ards bats ( Roslan et al., 2017 ). Similar to other wildlife tourism ini-

iatives, bat-watching has the potential to raise awareness about bats
nd promote sustainable local development, therefore facilitating their
onservation if conducted effectively and with appropriate sensitivity. 

Caves are widely used for ecotourism, facilitating environmen-
al education and generating income ( Bagstad and Wiederholt, 2013 ;
ennisi et al., 2004 ). In the Southwestern United States, effective ex-
mples include the Congress Avenue bridge in Austin, Texas, which
enerates an estimated 6.5 million USD annually from 242,000 bat
iewing tourists from across America and beyond ( Bagstad and Wieder-
olt, 2013 ; Pennisi et al., 2004 ). Ecotourism in Gunung Mulu National
ark in Sarawak Malaysia includes bat emergence viewing with the area
isited by an estimated 15,850 foreign and 8815 domestic tourists annu-
lly and the generated revenues support governmental projects for the
nvironment ( Ministry of Tourism, Arts and Culture Sarawak, 2018 ).
ave tourism should focus on the protection and conservation of bat
2 
pecies and associated ecosystems to sustain related ecosystem services
rovisions (e.g., pollination services of cave nectar bats) ( Medellin et al.,
017 ). Nonetheless, bat biologists are concerned about the potential
egative impacts of unregulated cave tourism and religious visits, espe-
ially in key sites with high bat biodiversity ( Deleva and Chaverri, 2018 ;
urey and Racey, 2016 ; Tanalgo and Hughes, 2019 ). Ecotourism is com-
lex because its definition and application are regularly misused, such
s where it fails to effectively communicate the importance of biodi-
ersity conservation ( Cunha, 2010 ; Fernández ‐Llamazares et al., 2020 ;
iss, 2004 ; Ross and Wall, 1999 ) and require the integration of effec-

ive conservation messaging ( Fernández ‐Llamazares et al., 2020 ). Thus,
cience-based frameworks and strategies are crucial for optimizing the
ffectiveness of ecotourism not only economically, but also to facili-
ate the protection of species and habitats. However, there is limited
nowledge on the effectiveness of bat-watching and its ability to im-
rove human-bat relations in many parts of the world particularly in
he global south ( Aziz et al., 2017a ; Debata, 2020 ). 

To address this gap, we performed an investigation in the world’s
argest bat cave colony of Geoffroy’s Rousette ( Rousettus amplexicauda-

us ) in the south of the Philippines. We expect that tourists have higher
egative perceptions and show little support towards bat conservation
nd management. Following other studies on ecotourism ( Ross and
all, 1999 ), we aimed to (a) explore the potential of bat-watching to

aise tourists’ knowledge, attitudes towards bats, and determine how
erceptions vary across demographic classes; and (b) elucidate predic-
ors of conservation willingness among sampled tourists. We hope our
ndings will facilitate initiatives, constructive dialog and collaboration
etween conservation biologists and ecotourism managers to design ef-
ective bat-watching programs to increase public support for bat conser-
ation and management. 

. Materials and methods 

.1. Study area and focal species 

We conducted our survey in the Monfort Bat Cave Sanctuary (here-
fter “MBCS ”) (7° 09 ′ 53.42 ′ ’ N, 125° 41 ′ 31.99 ′ ’ E) located on Min-
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Fig. 2. A flow diagram showing the sequence of tourist bat-watching visit and 
pre/post-visit survey in Monfort Bat Cave Sanctuary. 
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anao Island, south of the Philippines. The five-chambered cave hosts
he world’s largest known colony of the fruit bat, Rousettus amplexicau-

atus, with an estimated 1.8 to 2 million individuals ( Carpenter et al.,
014 ). This cave was opened for tourism in early 2005 and is privately
wned and protected by the Monfort family. The cave prohibits hunting
nd guano harvesting. The cave’s chambers and mouth are vertically
pen, which allows tourists to view the day-roosting bats ( Fig. 1 ). The
ourism flow in MBCS varies depending on the day of the week, with
0 to 100 tourists per day. Income from bat cave tourism chiefly flows
nto local livelihoods (e.g., wages) and enhances the sustainability and
rotection of the cave site. Bat-watching also includes a brief 20-minute
onservation education lecture about bats, caves, and MBCS history. 

.2. Survey procedure and questionnaire design 

During our pilot study and validation, roughly three-quarters of the
ampled tourists were unwilling to participate or did not finish their
uestionnaires due to limited time to respond to a lengthy question-
aire. Subsequently, we reformatted a concise questionnaire to ease
eadability and obtain more responses (e.g., Choi and Pak, 2005 ). To
mprove our sample size, a combination of convenience and quantita-
ive sampling was implemented using a similar pre/post-visit survey ap-
roach of García ‐Cegarra and Pacheco ( 2017 ) to assess tourist knowl-
dge and attitude toward bats and their conservation before and after
at-watching. Visitors were asked a set of questions before a short edu-
ational session and bat watching in the cave site (pre-visit survey) and
ollowed by a post-visit survey after they conclude their bat cave viewing
 Fig. 2 ). Only responses from the revised questionnaire were used in the
nal analyses. 

A structured questionnaire was administered face-to-face onsite with
onsenting tourists between November 2018 and March 2019 (Sup-
lementary 1). The questionnaire included 16 questions divided into
re-visit and post-visit sections. Tourists’ sociodemographic background
gender, age, group, educational attainment) was asked pre-visit. The
econd part of the pre-visit questionnaire measured motivations of
ourists, prior encounters with bats, knowledge about bats (e.g., abil-
ty to recognize species, knowledge about bats, ecosystem service pro-
isions) and conservation willingness. It can also not be assumed that
ll visitors were already interested in bats, as this tour was often part
f a diverse tour program that visited a number of places. The pre-visit
uestionnaire was introduced prior to the short educational lecture by
he MBCS staff, and the same questionnaire responded by the individual
ourist was used in the post-visit survey. 

Tourists proceeded to the cave site for an average of 30 min of bat-
atching activities. After the visit, tourists were requested to complete

he post-visit questionnaire, which consisted of questions to determine
ourist satisfaction with their visit and their perceptions of conservation
alues of bat-watching. To assess the effectiveness of short-term learn-
ng enhancement between visits, two questions (knowledge about bat
cosystem services, and willingness to conserve and protect bats) from
he pre-visit questionnaire were repeated in the post-visit questionnaire.
he questions had categorical responses ( “Yes, ” “No, ” “Not sure ”) and
esponses were then coded to a three-level scoring scale (e.g., 1 = No,
 = Not sure, 3 = Yes) when necessary ( Mulema et al., 2020 ). 

.3. Data analyses 

First, the reliability of the statements was tested with Cronbach’s 𝛼
nd demonstrated an acceptable level of internal consistency ( 𝛼 = 0.75;
 0.634) in both pre-visit ( 𝛼 = 0.73; ± 0.50) and post-visit ( 𝛼 = 0.77;
 0.13) questionnaires (acceptable value = 0.80 > 𝛼 > 0.70). We char-
cterised each visitor’s perception and attitude according to their so-
iodemographic backgrounds (e.g., gender, group, age, educational at-
ainment). To test for the significant difference in categorical responses
ased on their sociodemographic backgrounds, we used Pearson’s chi-
quared test of independence ( 𝜒2 ). 
3 
We performed separate binomial logistic regression to determine
ariables that are linked to tourists’ conservation willingness in the
i) pre-visit and (ii) post-visit. We pooled the responses “Not sure ”
ith “No ” and coded as “Not willing ” and “Yes ” as “Willing ” (e.g.,
arson et al., 1998 and Mulema et al., 2020 ) to fit with the binomial
rediction following Aziz et al., 2017a . We used the values obtained
rom mean scores of each indicator in pre-visit and post-visit variables
nd sociodemographic profiles as covariates and factors in the binomial
ogistic model. The (a) prior experience and recognition, (b) knowledge
nd understanding about Philippine bats, and (c) and prior knowledge
f ecosystem services were used as predicting variables for pre-visit con-
ervation willingness. Next, we used: (a) learning and esthetic satis-
action, (b) perceptions about conservation importance, (c) enhanced
nowledge of ecosystem services of bats and (d) prior knowledge about
cosystem services as predicting variables for post-visit conservation
illingness. 

Consequently, to determine the effectiveness of short-term enhance-
ent of knowledge about bat ecosystem services and conservation will-

ngness, we applied the non-parametric Wilcoxon rank test to assess
he significant relationship between visits. All reliability and statistical
ests were performed using the open-source program Jamovi version
.2.6 ( The Jamovi Project, 2020 ). We set our statistical significance at
 = 0.05. 
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Fig. 3. Distribution of visitors’ responses in different indicators between pre/post-visit surveys, expressed in percentage (%) of responses. 
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.4. Ethical notes 

This research follows the guidelines on ethical standards and collec-
ion of data in strict compliance to the ethical standards in handling
uman subjects (i.e., visitors and tourists) according to the Collabora-
ive Institutional Training Initiative (CITI) Program for human research
tandards and manual (reference ID: 13,047,172). 

. Results 

.1. Sociodemographic profile of tourists and visit motivation 

A total of 197 tourists participated in our study, composed of 62%
 n = 122) male and 38% ( n = 75) female. In terms of age distribution,
ost of the tourists surveyed were between 20 and 40 years old (age

roup B: n = 120; 61%) followed by above 40 (age group C: n = 46, 23%)
nd below 20 (age group A: n = 31; 16%). The distribution of tourists
ased on their educational background was equal between those with
asic (elementary to high school education) ( n = 98, 50%) and higher
college or higher) ( n = 99, 50%) education. While, in terms of nation-
lity, 85% ( n = 167) of the visitors were Filipino and 15% ( n = 30) were
oreigners. The motivation to visit MBCS significantly differed among
ourists ( 𝜒2 = 290.12, df = 5, p < 0.001) and the highest motivation
as ‘to see bats’ ( n = 144; 73%) followed by ‘to see caves’ ( n = 104;
3%) and for leisure ( n = 102; 52%). A total of 61% ( n = 121) tourists
erceived bats positively ( p > 0.05 across demographic backgrounds).
dditionally, in terms of general bat knowledge and associations, 41%
f the tourists correctly perceived bats as an “animal ” and the remaining
9% thought bats where “aswang ” or “mananggal ” (a local version of a
ampire in the Philippines), but this response differed in terms of edu-
ation level ( 𝜒2 = 16.64, df = 3, p = 0 . 001) with higher misperception
bserved among sampled tourists with basic education ( n = 25, 26%)
ompared to those with higher education ( n = 5, 5%). 

.2. Prior encounter, recognition, and perception of bats 

More than half of the tourist participants ( n = 106; 54%) had seen
ats before compared to 45% ( n = 87) who had not and 2% ( n = 4) who
ere unsure if they had prior or previously encountered bats. Within the

ociodemographic class, distribution in terms of gender, which had prior
ncounter with bats had relatively equal percentages. However prior ex-
erience differed significantly among age groups ( 𝜒2 = 12.03, df = 4,
4 
 = 0.02), with a higher percentage of prior experience among younger
ge groups (age group A, n = 17, 55%) compared to older groups
 Fig. 3 ). 

Tourists’ ability to recognize bat species and differentiate between
at groups (e.g., the difference between fruit bats vs. insect bats) was
ignificantly higher in the younger-aged group (13% of below 20 years
ld) compared to other groups ( 𝜒2 = 13.42, df = 4, p = 0.01). When
ourists were asked about their knowledge of bat diversity and dis-
ribution in the Philippines, 13% ( n = 26) have knowledge of bats
nd their diversity in the country. While there were 34% ( n = 67) of
he sampled tourists understood the importance of caves as bat habi-
ats. Filipinos ( n = 27, 16%) showed higher knowledge on Philip-
ine bat diversity than foreign tourists ( n = 0, 0%) ( 𝜒2 = 6.026, df

 2, p < 0.05). Similarly, Filipinos (38%, n = 63) showed higher
amiliarity than foreign tourists (10%) in terms of the knowledge
f cave bats in the Philippines ( 𝜒2 = 8.78, df = 2, p = 0.012)
 Fig. 3 ). 

.3. Post-visit perception, satisfaction and learning experience 

The majority ( n = 190, 96%) of the tourists were satisfied with
at-watching learning experience ( n = 190 , p > 0.05 across demo-
raphic backgrounds). Consequently, the overall post-visit satisfac-
ion of tourists was 94% ( n = 185) and significantly differed by age
 𝜒2 = 9.36, df = 4, p < 0.05) and higher satisfaction was noted among
iddle-aged (20–40 years old, 97%) and older (above 40 years old,
3%) tourists . A total of 86% ( n = 169) of the tourists agreed that
at-watching ecotourism contributes to bat conservation and, was sig-
ificantly greater among males and older respondents (above 40 years
ld) (age: 𝜒2 = 10.3, df = 4, p = 0.035; gender: 𝜒2 = 10.74, df = 3,
 = 0.013). While 80% ( n = 158 ) ( p > 0.05 across sociodemographic
cales) of the overall sampled tourists agreed that bat cave conservation
s an important initiative in the Philippines. Lastly, 80% ( n = 158) of the
espondents perceived bat conservation as an important environmental
nitiative in the Philippines ( p > 0.05 across demographic backgrounds)
 Fig. 3 ). 

.4. Knowledge of ecosystem services and predictors of conservation 

ttitude 

The tourists’ knowledge about ecosystem services and willingness
o conserve were measured between pre-visit and post-visit surveys.
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Fig. 4. The comparison tourists’ level of knowledge on ecosystem knowledge 
(A) and conservation willingness (B) between pre-visit and post-visit surveys. 
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esponses did not significantly differ across sociodemographic back-
rounds in both pre-visit and post-visit. In the pre-visit survey, only 36%
 n = 71) of the tourists showed knowledge of bat ecosystem services,
6% ( n = 71) were not sure and 28% ( n = 55) with no knowledge. The
emale tourists (44%, n = 33) and those with higher education (46%,
 = 46) showed greater knowledge and awareness about bat ecosystem
ervices than other participants. Post-visit, responses were consistently
igher among females (91% vs. 85% in males) with higher education
64%, n = 63) exhibited greater awareness and acquired knowledge on
at ecosystem services. Overall, the level of knowledge of ecosystem ser-
ices significantly increased in the post-visit survey (Wilcoxon signed-
anks test, = 35.5, p < 0.0001) with 87% ( n = 145) of the tourists become
ware ( Fig. 4 ). 

When asked about their willingness to conserve bats, 45% ( n = 89)
f the surveyed tourists showed willingness and a high positive response
 n = 89, 45%) in the pre-visit. A higher positive response (65%, n = 20)
as noted among age group A ( 𝜒2 = 11.01, df = 4, p = 0.03) and signif-

cantly lower willingness among sampled tourists with basic education
21% vs. 8% higher education) ( 𝜒2 = 7.97, df = 4, p = 0.02). Only
ge showed significant relationship to post-visit conservation willing-
ess ( 𝜒2 = 13.70, df = 4, p = 0.01). 

The conservation willingness of tourists was assessed both pre-visit
nd post-visit. The separate logistic regression models showed signifi-
ance in predicting the overall conservation willingness of tourists be-
5 
ore and after they visited the bat cave ( Table 1 and 2 , respectively). In
he pre-visit model, the age group A versus the reference age group B
howed significance association to the dependent variable ( p = 0.007,
= 1.40, OR = 4.05); prior knowledge on bat ecosystem services also

howed positive association to tourists’ conservation willingness ( p <
.0001, 𝛽 = 1.66, OR = 5.25) ( Table 1 ). 

In the post-visit model, age group was a marginally significant pre-
ictor (age group A to B, p < 0 . 06, 𝛽 = 1.145, OR = 3.14). The perception
f conservation importance of bat cave tourism showed a strong and pos-
tive association to conservation willingness in the post-visit analysis ( p
 0.004, 𝛽 = 4.08, OR = 59.06). Prior knowledge about bat ecosystem
ervices ( p < 0 . 02, 𝛽 = 0.58, OR = 1.79) remained a good predictor of
onservation willingness and compared to the post-visit knowledge on
at ecosystem services that showed no association ( Table 2 ). Yet, there
as a significant increase in tourists with conservation willingness at
1% post-visit from 45% ( + 16%) in the pre-visit, and increased level
f awareness (Wilcoxon signed-ranks test, Z = 261, p < 0.0001) ( Fig. 4 )
ndicating the effectiveness of the bat-watching in changing tourist per-
eption. 

. Discussion 

.1. Tourist attitude and perception of bats 

Our study demonstrates the potential of bat-watching ecotourism
o improve public knowledge and conservation willingness of the pub-
ic towards bats in the Philippines. The public perception of bats
as an important impact on their conservation ( Aziz et al., 2017a ;
ópez ‐Baucells et al., 2018 ; Low et al., 2021 ). Bat watching was the
rimary motivation of tourists to visit MBCS, suggesting prior inter-
st to bats by the visiting tourists. Contrary to our expectations, this
tudy revealed that more tourists have favourable and positive percep-
ion towards bats than reported in many studies ( Musila et al., 2018 ;
analgo et al., 2016 ). We found a more positive perception among
ighly educated respondents than those with basic education. This can
e associated with their prior experience or higher access to knowledge
rom their educational experience or background giving them a higher
evel of understanding of the natural world ( Lim and Wilson, 2019 ).
n the Philippines, Tanalgo et al. (2016) found that respondents with
igher education had a lower willingness to participate in bat hunt-
ng activities or consume bats for subsistence compared to those with
ower education level. Public negative behavior towards wildlife is
riven by the greater likelihood of encounter and thus the possibility
f negative experiences ( Aziz et al., 2017a ; S.A. 2016 ; Kellert et al.,
996 ; Tanalgo et al., 2016 ; Zaradic et al., 2009 ). Similar findings by
 Tanalgo et al., 2016 ), showed that local communities living near caves
ith large colonies of bats had more negative perceptions towards bats

han those living further away, and promote intentional culling because
hey believe that bats were responsible for destroying their fruit or-
hards. In Malaysia, local communities in Tioman Island tend to have
 negative perception towards co-existing with Flying foxes because of
heir noise and destruction of fruit crops ( Aziz et al., 2017a ). Similarly,
n Australia, people tend to develop a negative perception of flying foxes
fter roosts move into residential communities in urban areas ( Tait et al.,
014 ). 

We found Filipino tourists were more familiar with Philippine bat
pecies than foreign tourists. The support and involvement of locals
re vital for the effective conservation of wildlife populations and their
abitats. Local citizens have more exposure to their local biodiversity
nd environment, and therefore develop a higher familiarity and un-
erstanding of it ( Karanth and Nepal, 2012 ; Souto and Ticktin, 2012 ;
heobald et al., 2015 ). Furthermore, locals may have key roles in species
onservation ( Raymundo and Caballes, 2016 ) but this may differ based
n cultural values and experience ( Tanalgo et al., 2016 ; Tanalgo, 2017 ).
owever, our analysis shows that prior experience or exposure with
ats was not directly associated with urban tourists’ conservation will-
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Table 1 

Results of binomial logistic regression on the conservation willingness of MBCS visitors during the pre-visit survey. Values highlighted in bold were significant at 
p < 0.05. Model fit measures: AIC = 236.01, 𝜒2 = 53.26, df = 8, p < 0.001, Nagelkerke pseudo R 2 = 0.32. Note: Age group A = < 20 years old, B 20–40 years old = , C = > 40 
years old. 

Predicting variables 𝜷 SE p OR 

Gender: 

Female – Male − 0.11 0.35 0.76 0.90 

Group: 

Foreigner – Filipino − 0.06 0.49 0.90 0.94 

Age group: 

A – B 1.4 0.52 0.01 4.05 

C – B 0.5 0.40 0.21 1.66 

Education level: 

Higher – Basic − 0.48 0.38 0.21 0.62 

Prior experience and recognition − 0.33 0.37 0.37 0.72 

Knowledge of bat diversity and caves in the Philippines − 0.29 0.30 0.35 0.75 

Prior knowledge on ecosystem services by bats 1.66 0.3 < .001 5.25 

Table 2 

Results of binomial logistic regression on the conservation willingness of MBCS visitors in the post-visit. Values highlighted in bold were significant at p < 0.05. Model 
fit measures: AIC = 195.19, 𝜒2 = 87.54, df = 9, p < 0.001, Nagelkerke pseudo R 2 = 0.49. Note: Age group A = < 20 years old, B = 20–40 years old = , C = > 40 years 
old. 

Predicting variables 𝜷 SE p OR 

Gender: 

Female – Male 0.06 0.40 0.88 1.06 

Group: 

Foreigner – Filipino − 0.37 0.52 0.48 0.69 

Age group: 

A – B 1.15 0.62 0.06 3.14 

C – B 0.45 0.48 0.36 1.56 

Education level: 

Higher – Basic 0.25 0.41 0.54 1.29 

Learning and satisfaction values − 0.75 1.82 0.68 0.47 

Perception of the relevance to conservation 4.08 1.43 < 0.01 59.06 

Prior knowledge on ecosystem services by bats 0.58 0.24 0.02 1.79 

Enhanced knowledge on ecosystem services by bats 17.33 1116.71 0.99 < 1.00 
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ngness, which mirrored tourists’ general lack of experience with bats.
eople’s willingness to support species conservation depends on their
nowledge about the importance of species which varies in social back-
rounds ( Lindemann-Matthies and Bose, 2008 ). For example, urban
wellers have a lower understanding of wildlife than rural areas because
hey have less exposure to natural environments ( Kato et al., 2019 ). In
ur present study, prior knowledge of ecosystem services was an impor-
ant predictor of conservation willingness before and after bat-watching
uggesting the importance of long-term knowledge. In addition to this,
he perception of the conservation relevance of bat-watching to bats
nd caves as a conservation initiative was a strong predictor of conser-
ation willingness among tourists. This suggests that the public willing-
ess to support bat management initiatives can be facilitated by wildlife
ourism platforms to enable more effective conservation and manage-
ent ( Lundberg et al., 2019 ). 

Conservation willingness differed by age and educational attain-
ent. We found greater conservation willingness among tourists with
igher education attainment. This is comparable to the findings of
usila et al. (2018) in Africa showing that older adults with higher

ducational attainment have a more positive perception and support
or bat conservation. But in our study, younger ( < 20 years old) ur-
an tourists showed higher conservation willingness. One plausible rea-
on that drives younger tourists’ association to conservation willingness
as their access to environmental science education from secondary to

ertiary education, which is included in the modern Philippine educa-
ional curriculum. Previous studies showed that younger respondents
xposed to environment-related activities or education tend to have
ncreased pro-environmental attitudes ( Liefländer and Bogner, 2014 )
nd nature connectedness ( Gräntzdörffer et al., 2019 ; Liefländer and
ogner, 2014 ). The younger age group is ideal demographics for sharing
onservation awareness and higher influence in changing adult behav-
 s  

6 
or towards environmental conservation ( Damerell et al., 2013 ). Ideally,
dapting bat-watching activities friendly for the younger audience could
ositively affect and enhance their connectedness to “uncharismatic ”
pecies, thereby facilitating their conservation. This is important, given
hat a lack of information and understanding can only drive fear and
istrust, which act as barriers to conservation. 

Our study showed that a large proportion of tourists were satisfied
ith bat-watching and learnt more about bats. In the post-visit survey,
e noted that sampled tourists frequently showed higher support for bat

onservation management and increased positive perception towards
ave and bat conservation (e.g., a 16% increase in the number of tourists
illing to conserve bats). Though it is difficult to conclude if the ob-

erved positive change in level perception is high or low due to limited
tudies on bat ecotourism, our findings will serve as a baseline for fu-
ure studies investigating the association of ecotourism to raising public
wareness and support towards bat conservation. Further, we suggest
hat integrative conservation education (e.g., detailing bat ecosystem
ervices) and experience-based approaches such as bat cave watching,
nd tours could be useful to bolster human-bat relations ( Musila et al.,
018 ; Trewhella et al., 2005 ). 

.2. Balancing ecotourism and conservation 

Urban tourists perceive bat-watching as an important initiative to
aise awareness for bat conservation, however, we caution on balancing
he positive and negative impacts of bat-watching tourism to bat pop-
lation and cave ecosystems ( Fig. 5 ). To effectively sustain ecotourism,
t should follow regulations and focus on conservation or preservation
f natural resources ( Kiss, 2004 ; Ross and Wall, 1999 ). Cave tourism
s among the key threats for global bats that can stem from a lack of
ustainable management ( Furey and Racey, 2016 ; Tanalgo et al., 2018 ).
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Fig. 5. Balancing bat-cave tourism benefits. A schematic diagram showing the potential benefits and the negative impacts of unregulated bat-watching tourism in 
caves. 
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D

he apparent impact of cave ecotourism on bats occurs when visitors
ntroduce loud noises, add light and cause environmental and atmo-
pheric changes ( Cardiff et al., 2009 ). These have detrimental effects
n bat physiology and behavior ( Speakman et al., 1991 ) and altering
eproductive success and patterns of bats ( Lim et al., 2018 ). The neg-
tive impacts of unregulated cave tourism and religious activities have
reater implications in regions where such activities are famous, and
here is high reproductive synchrony among species (e.g., in South-
ast Asia) ( Lim et al., 2018 ). Likewise, cave tourism increases emerg-
ng disease transmission risks spatially and between humans and bats
e.g., White-nose syndrome in North American bats) ( Jülg et al., 2008 ;
orch et al., 2016 ) and may cause bats to shift roosts and thus further im-
act population health and viability. Furthermore, the consequences of
he alteration in bat biology and ecology caused by unregulated tourism
ave drastic impacts on populations ( Phelps et al., 2018 ; K. 2016 )
nd of the provision of their ecosystem services ( Sritongchuay et al.,
016 ). Regulating tourist activities, human-made infrastructure and il-
umination inside the cave are crucial to sustainably manage caves
 Gillieson, 2011 ). 

. Conclusion: synthesis and implication for post-COVID-19 

onservation management 

The potential of ecotourism as a tool for improving human-bat
elations was explored in this study. Specifically, our study showed
he effectiveness of short-term engagement approaches such as bat-
atching by increasing tourists’ awareness and conservation willingness

owards bats. We noted varying levels of knowledge and public per-
eptions towards bats and the association with sociodemographic
ackgrounds. But most importantly tourists’ conservation willingness
owards bat conservation was driven by their knowledge of bat ecosys-
em services, and their perception of the conservation relevance of bat
ave watching. Our findings conform to one of the paradigms (i.e.,
o affect nature conservation) of genuine purpose and application of
cotourism ( Ross and Wall, 1999 ). However, further work is needed,
s we only targeted urban tourists using key knowledge indicators.
urther, in-depth and comparative studies (e.g., different geographic
7 
nd cultural backgrounds) on conservation effectiveness of ecotourism
o raising conservation willingness and interest should be developed.
ur findings showed that most of the tourists perceive bats positively. It

s critical to take note that public behavior towards wildlife may change
epending on the current societal and economic trends ( Manfredo et al.,
003 ). Although bats were previously feared due to their association
ith disease, this has exacerbated during the COVID-19 pandemic
 Zhou et al., 2020 ). The fear-mongering portrayal by various media
latforms has spread more rapidly than the virus itself and has led to a
ublic backlash and calls for colony executions and culls ( Zhao, 2020 ).
he global bat conservation community expects significant changes in
ublic behavior towards bats, which may hamper conservation. Thus,
e suggest that a survey on tourist’s perception and behavior towards
ats in the post-COVID-19 period would enable further measures to
e developed to improve people’s perceptions of bats, and thus enable
onservation biologists and tourism managers to develop appropriate
easures ensuring the protection of bats and facilitate sustainable

ourism. 
Bat conservationists and science communicators thus need to take

his as an important measure to counter misinformation, bolster or re-
tore positive connections between human and bats in the post-COVID-
9. Prudent and unprejudiced framing of information should be empha-
ised when communicating about bats and COVID-19 issues to the pub-
ic (see MacFarlane and Rocha 2020 ), as well as the almost non-existent
isk, provided basic measures are taken (as is true with all wildlife).
rimarily, conservation communication should highlight comprehensi-
le information about the ecological and economic roles of bats, the
uman-bat disease dimensions, and the role of human activities (e.g.,
ildlife meat trade and habitat destruction) on increasing disease risks,
nd the value of OneHealth approaches. Effectively and positively en-
aging humans with bats will be key to their effective conservation, here
e demonstrate that ecotourism can play that role and could enable a
etter and safer co-existence for both taxa. 

eclaration of competing interest 

None 



K.C. Tanalgo and A. Catherine Hughes Environmental Challenges 4 (2021) 100140 

A

 

v  

n  

t  

B  

t  

L  

Y  

v  

o  

A  

C  

N  

r  

Q  

g  

w  

i  

t

S

 

t

R

A  

 

 

A  

 

 

 

A  

 

 

A  

 

 

 

B  

B  

 

 

C  

 

C  

 

C  

 

 

C  

C  

 

 

C  

 

C  

 

C  

D  

 

D  

D  

F  

F  

 

F  

F  

 

G  

 

 

G  

G  

 

H  

 

H  

J  

 

J  

 

K  

 

K  

 

K  

 

K  

L  

 

L  

 

L  

L  

 

L  

 

L  

 

 

L  

 

 

L  

 

M  

 

M  

 

M  

M  

 

M  
cknowledgements 

The authors would like to thank the editor and two anonymous re-
iewers for their insights that benefitted the improvement of the fi-
al manuscript. This research project is supported by the Chinese Na-
ional Natural Science Foundation (Grant No. U1602265 , Mapping Karst
iodiversity in Yunnan), the Strategic Priority Research Program of
he Chinese Academy of Sciences (Grant No. XDA20050202 ), the West
ight Talent Program of the Chinese Academy of Sciences (Grant No.
9XB011B01 ), the Chinese Academy of Sciences Southeast Asia Biodi-
ersity Research Center fund (Grant #: Y4ZK111B01 ). This work is part
f the Doctoral project of KCT supported by the University of Chinese
cademy of Sciences and Chinese Government Scholarship council, P.R.
hina (CGS No. 2018SLJ023249 ). The authors would like to thank Ms
orma Monfort and Dr Dave Waldein for the permission to conduct this

esearch in Monfort Bat Cave Sanctuary. The same thanks to J. Albete, B.
uirao, A. Baldoza, and D. Maambong for the assistance during the data
athering and accommodating KCT during the entire fieldwork. We also
ould like to thank Mr Fu Wuxiang for the logistic assistance to travel

n the Philippines, to Dr Tuanjit Sritongchuay and Dr Kay Zin Than for
he insightful discussions and statistical consultations. 

upplementary materials 

Supplementary material associated with this article can be found, in
he online version, at doi:10.1016/j.envc.2021.100140 . 

eferences 

ziz, S.A., Clements, G.R., Giam, X., Forget, P.M., Campos-Arceiz, A., 2017a. Co-
existence and conflict between the Island flying fox ( Pteropus hypomelanus )
and Humans on Tioman Island, Peninsular Malaysia. Hum. Ecol. 45, 377–389.
10.1007/s10745-017-9905-6 . 

ziz, S.A., Clements, G.R., McConkey, K.R., Sritongchuay, T., Pathil, S., Yazid, M.N.H.A.,
Campos-Arceiz, A., Forget, P.M., Bumrungsri, S., 2017b. Pollination by the locally
endangered island flying fox ( Pteropus hypo melanus) enhances fruit production of
the economically important durian ( Durio zibethinus ). Ecol. Evol. 7, 8670–8684.
10.1002/ece3.3213 . 

ziz, S.A., McConkey, K.R., Tanalgo, K.C., Sritongchuay, T., Low, M.-.R., Yong, J.Y.,
Mildenstein, T.L., Nuevo-Diego, C.E., Lim, V.C., Racey, P.A., 2021. The critical im-
portance of old world fruit bats for healthy ecosystems and economies. Front. Ecol.
Evol. 9. 10.3389/fevo.2021.641411 . 

ziz, S.A., Olival, K.J., Bumrungsri, S., Richards, G.C., Racey, P.A., 2016. The Con-
flict .Between Pteropodid Bats and Fruit Growers: Species, Legislation and Mitiga-
tion, in: Voigt, C.C., Kingston, T. (Eds.), Bats in the Anthropocene: Conservation of
Bats in a Changing World. Springer International Publishing, Cham, pp. 377–426.
10.1007/978-3-319-25220-9_13 

agstad, K.J., Wiederholt, R., 2013. Tourism values for mexican free-tailed bat viewing.
Hum. Dimens. Wildl. 18, 307–311. 10.1080/10871209.2013.789573 . 

oso, À., Álvarez, B., Pérez, B., Imio, J.C., Altamirano, A., Lisón, F., 2021. Understanding
human attitudes towards bats and the role of information and aesthetics to boost a pos-
itive response as a conservation tool. Anim. Conserv. 2021, 1–8. 10.1111/acv.12692 .

ardiff, S.G., Ratrimomanarivo, F.H., Rembert, G., Goodman, S.M., 2009. Hunting, distur-
bance and roost persistence of bats in caves at Ankarana, Northern Madagascar. Afr.
J. Ecol. 47, 640–649. 10.1111/j.1365-2028.2008.01015.x . 

arpenter, E., Gomez, R., Waldien, D.L., Sherwin, R.E., 2014. Photographic estimation
of roosting density of Geoffroys Rousette fruit bat Rousettus amplexicaudatus (Chi-
roptera: pteropodidae) at Monfort Bat Cave. Philippines. J. Threat. Taxa 6, 5838–
5844. 10.11609/JoTT.o3522.5838-44 . 

arson, R.T., Hanemann, W.M., Kopp, R.J., Krosnick, J.A., Mitchell, R.C., Presser, S.,
Ruud, P.A., Smith, V.K., Conaway, M., Martin, K., 1998. Referendum Design and Con-
tingent Valuation: the NOAA Panel’s No-Vote Recommendation. Rev. Econ. Stat. 80,
335–338. 10.1162/003465398557429 . 

hoi, B.C.K. , Pak, A.W.P. , 2005. A catalog of biases in questionnaires. Prev. Chronic. Dis.
2, A13 . 

lements, G.R., Aziz, S.A., Bulan, R., Giam, X., Bentrupperbaumer, J., Goosem, M., Lau-
rance, S., Laurance, W.F., 2018. Not Everyone Wants Roads: assessing Indigenous
People’s Support for Roads in a Globally Important Tiger Conservation Landscape.
Hum. Ecol. 46, 909–915. 10.1007/s10745-018-0029-4 . 

olléony, A., Clayton, S., Couvet, D., Saint Jalme, M., Prévot, A.-.C., 2017. Human pref-
erences for species conservation: animal charisma trumps endangered status. Biol.
Conserv. 206, 263–269. 10.1016/j.biocon.2016.11.035 . 

ousins, J.A., Compton, S.G., 2005. The Tongan flying fox Pteropus tong anus: sta-
tus, public attitudes and conservation in the Cook Islands. Oryx 39, 196–203.
10.1017/S003060530500044X . 

unha, A., 2010. Negative effects of tourism in a Brazilian Atlantic forest National Park.
J. Nat. Conserv. 18, 291–295. 10.1016/j.jnc.2010.01.001 . 
8 
amerell, P., Howe, C., Milner-Gulland, E.J., 2013. Child-orientated environmental ed-
ucation influences adult knowledge and household behaviour. Environ. Res. Lett. 8,
015016. 10.1088/1748-9326/8/1/015016 . 

ebata, S., 2020. Bats in a cave tourism and pilgrimage site in eastern India: conservation
challenges. Oryx 1–8. 10.1017/S003060531900098X . 

eleva, S., Chaverri, G., 2018. Diversity and conservation of cave-dwelling bats in the
Brunca region of costa Rica. Diversity (Basel) 10. 43 10.3390/d10020043 . 

ernández-Llamazares, Á., Fraixedas, S., Brias-Guinart, A., Terraube, J., 2020. Principles
for including conservation messaging in wildlife-based tourism. People Nat 2, 596–
607. 10.1002/pan3.10114 . 

erraro, P.J., 2001. Global habitat protection: limitations of development interventions
and a role for conservation performance payments. Conserv. Biol. 15, 990–1000.
10.1046/j.1523-1739.2001.015004990.x . 

lorens, F.B.V., 2016. Mauritius culls threatened fruit bats. Nature 530. 33–33
10.1038/530033a . 

urey, N.M. , Racey, P.A. , 2016. Conservation ecology of cave bats. In: Voigt, C.C.,
Kingston, T. (Eds.), Bats in the Anthropocene: Conservation of Bats in a Changing
World. Springer International Publishing, Cham, pp. 463–500 . 

arcía-Cegarra, A.M., Pacheco, A.S., 2017. Whale-watching trips in Peru lead to increases
in tourist knowledge, pro-conservation intentions and tourist concern for the impacts
of whale-watching on humpback whales. Aquat. Conserv. Mar. Freshw. Ecosyst. 27,
1011–1020. 10.1002/aqc.2754 . 

illieson, D.S. , 2011. Management of Caves. In: van Beynen, P.E. (Ed.), Karst Management.
Springer, Netherlands, Dordrecht, pp. 141–158 . 

räntzdörffer, A. , James, A. , Elster, D. , 2019. Exploring human-nature relationships
amongst young people: findings of a quantitative survey between Germany and South
Africa. Int. J. Environ. Sci. Educ. 14, 417–424 . 

ausmann, A., Slotow, R., Fraser, I., Minin, E.D., 2017. Ecotourism marketing alternative
to charismatic megafauna can also support biodiversity conservation. Anim. Conserv.
20, 91–100. 10.1111/acv.12292 . 

offmaster, E., Vonk, J., Mies, R., 2016. Education to Action: Improving Public Perception
of Bats. Animals 6, 6 10.3390/ani6010006 . 

ohn, F.A.V.S. , Keane, A.M. , Milner-Gulland, E.J. , 2013. Effective conservation depends
upon understanding human behaviour. In: Key Topics in Conservation Biology 2. John
Wiley & Sons, Ltd, pp. 344–361 . 

ülg, B., Elias, J., Zahn, A., Köppen, S., Becker-Gaab, C., Bogner, J.R., 2008. bat-associated
histoplasmosis can be transmitted at entrances of bat caves and not only inside the
Caves. J. Travel Med. 15, 133–136. 10.1111/j.1708-8305.2008.00193.x . 

aranth, K.K., Nepal, S.K., 2012. Local residents perception of benefits and losses
from protected areas in India and Nepal. Environ. Manage. 49, 372–386.
10.1007/s00267-011-9778-1 . 

ato, E., Yano, Y., Ohe, Y., 2019. Investigating Gaps in Perception of Wildlife between
Urban and Rural Inhabitants: Empirical Evidence from Japan. Sustainability 11, 4516
10.3390/su11174516 . 

ellert, S.R., Black, M., Rush, C.R., Bath, A.J., 1996. Human culture and large
carnivore conservation in North America. Conserv. Biol. 10, 977–990.
10.1046/j.1523-1739.1996.10040977.x . 

iss, A., 2004. Is community-based ecotourism a good use of biodiversity conservation
funds? Trends Ecol. Evol. 19, 232–237. 10.1016/j.tree.2004.03.010 . 

iefländer, A.K., Bogner, F.X., 2014. The effects of Children’s age and sex on acquiring
pro-environmental attitudes through environmental education. J. Environ. Educ. 45,
105–117. 10.1080/00958964.2013.875511 . 

im, T., Cappelle, J., Hoem, T., Furey, N., 2018. Insectivorous bat reproduction and human
cave visitation in Cambodia: a perfect conservation storm? PLoS ONE 13, e0196554.
10.1371/journal.pone.0196554 . 

im, V.C. , Wilson, J.J. , 2019. Public Perceptions and Knowledge of, and Responses to,
Bats in Urban Areas in Peninsular Malaysia. Anthrozoös . 

indemann-Matthies, P., Bose, E., 2008. How many species are there? Public under-
standing and awareness of biodiversity in Switzerland. Hum. Ecol. 36, 731–742.
10.1007/s10745-008-9194-1 . 

ópez-Baucells, A., Rocha, R., Fernández-Llamazares, Á., 2018. When bats go viral: nega-
tive framings in virological research imperil bat conservation. Mammal Rev 48, 62–66.
10.1111/mam.12110 . 

orch, J.M., Palmer, J.M., Lindner, D.L., Ballmann, A.E., George, K.G., Grif-
fin, K., Knowles, S., Huckabee, J.R., Haman, K.H., Anderson, C.D., Becker, P.A.,
Buchanan, J.B., Foster, J.T., Blehert, D.S., 2016. First detection of bat white-nose
syndrome in Western North America. mSphere 1. 10.1128/mSphere.00148-16 . 

ow, M.-.R., Hoong, W.Z., Shen, Z., Murugavel, B., Mariner, N., Paguntalan, L.M.,
Tanalgo, K., Aung, M.M., Sheherazade, Bansa, L.A., Sritongchuay, T., Preble, J.H.,
Aziz, S.A., 2021. Bane or blessing? Reviewing cultural values of bats across the Asia-
Pacific region. J. Ethnobiol. 41, 18–34. 10.2993/0278-0771-41.1.18 . 

undberg, P., Vainio, A., MacMillan, D.C., Smith, R.J., Veríssimo, D., Arponen, A., 2019.
The effect of knowledge, species aesthetic appeal, familiarity and conservation need
on willingness to donate. Anim. Conserv. 22, 432–443. 10.1111/acv.12477 . 

acFarlane, D., Rocha, R., 2020. Guidelines for communicating about bats to
prevent persecution in the time of COVID-19. Biol. Conserv. 248, 108650.
10.1016/j.biocon.2020.108650 . 

adden, F., 2004. Creating coexistence between humans and wildlife: global perspectives
on local efforts to address human–wildlife conflict. Hum. Dimens. Wildl. 9, 247–257.
10.1080/10871200490505675 . 

anfredo, M., Teel, T., Bright, A., 2003. Why are public values toward wildlife changing?
Hum. Dimens. Wildl. 8, 287–306. 10.1080/716100425 . 

cCracken, G.F., Westbrook, J.K., Brown, V.A., Eldridge, M., Federico, P., Kunz, T.H.,
2012. Bats track and exploit changes in insect pest populations. PLoS ONE 7, e43839.
10.1371/journal.pone.0043839 . 

edellin, R.A., Wiederholt, R., Lopez-Hoffman, L., 2017. Conservation relevance of bat

https://doi.org/10.1016/j.envc.2021.100140
http://10.1007/s10745-017-9905-6
http://10.1002/ece3.3213
http://10.3389/fevo.2021.641411
http://10.1007/978-3-319-25220-9_13
http://10.1080/10871209.2013.789573
http://10.1111/acv.12692
http://10.1111/j.1365-2028.2008.01015.x
http://10.11609/JoTT.o3522.5838-44
http://10.1162/003465398557429
http://refhub.elsevier.com/S2667-0100(21)00119-0/sbref0010
http://refhub.elsevier.com/S2667-0100(21)00119-0/sbref0010
http://refhub.elsevier.com/S2667-0100(21)00119-0/sbref0010
http://10.1007/s10745-018-0029-4
http://10.1016/j.biocon.2016.11.035
http://10.1017/S003060530500044X
http://10.1016/j.jnc.2010.01.001
http://10.1088/1748-9326/8/1/015016
http://10.1017/S003060531900098X
http://10.3390/d10020043
http://10.1002/pan3.10114
http://10.1046/j.1523-1739.2001.015004990.x
http://10.1038/530033a
http://refhub.elsevier.com/S2667-0100(21)00119-0/sbref0021
http://refhub.elsevier.com/S2667-0100(21)00119-0/sbref0021
http://refhub.elsevier.com/S2667-0100(21)00119-0/sbref0021
http://10.1002/aqc.2754
http://refhub.elsevier.com/S2667-0100(21)00119-0/sbref0023
http://refhub.elsevier.com/S2667-0100(21)00119-0/sbref0023
http://refhub.elsevier.com/S2667-0100(21)00119-0/sbref0024
http://refhub.elsevier.com/S2667-0100(21)00119-0/sbref0024
http://refhub.elsevier.com/S2667-0100(21)00119-0/sbref0024
http://refhub.elsevier.com/S2667-0100(21)00119-0/sbref0024
http://10.1111/acv.12292
http://10.3390/ani6010006
http://refhub.elsevier.com/S2667-0100(21)00119-0/sbref0027
http://refhub.elsevier.com/S2667-0100(21)00119-0/sbref0027
http://refhub.elsevier.com/S2667-0100(21)00119-0/sbref0027
http://refhub.elsevier.com/S2667-0100(21)00119-0/sbref0027
http://10.1111/j.1708-8305.2008.00193.x
http://10.1007/s00267-011-9778-1
http://10.3390/su11174516
http://10.1046/j.1523-1739.1996.10040977.x
http://10.1016/j.tree.2004.03.010
http://10.1080/00958964.2013.875511
http://10.1371/journal.pone.0196554
http://refhub.elsevier.com/S2667-0100(21)00119-0/sbref0035
http://refhub.elsevier.com/S2667-0100(21)00119-0/sbref0035
http://refhub.elsevier.com/S2667-0100(21)00119-0/sbref0035
http://10.1007/s10745-008-9194-1
http://10.1111/mam.12110
http://10.1128/mSphere.00148-16
http://10.2993/0278-0771-41.1.18
http://10.1111/acv.12477
http://10.1016/j.biocon.2020.108650
http://10.1080/10871200490505675
http://10.1080/716100425
http://10.1371/journal.pone.0043839


K.C. Tanalgo and A. Catherine Hughes Environmental Challenges 4 (2021) 100140 

 

M  

 

M  

M  

 

 

M  

 

P  

P  

 

P  

 

R  

 

R  

 

R  

 

R  

S  

 

S  

S  

 

T  

 

T  

 

T  

T  

 

T  

 

T
T  

 

 

 

T  

 

 

 

Z  

 

Z

Z  

 

 

caves for biodiversity and ecosystem services. Biol. Conserv., Small Natural Features
211, 45–50. 10.1016/j.biocon.2017.01.012 . 

inistry of Tourism, Arts and Culture Sarawak, 2018. Sarawak tourism quick
facts 2018 [WWW Document]. URL https://mtac.sarawak.gov.my/page-0-228-200-
SARAWAK-TOURISM-QUICK-FACTS.html (accessed 4.30.21). 

oss, A., Jensen, E., Gusset, M., 2015. Evaluating the contribution of zoos and aquariums
to aichi biodiversity target 1. Conserv. Biol. 29, 537–544. 10.1111/cobi.12383 . 

ulema, A.A., Kinati, W., Lemma, M., Mekonnen, M., Alemu, B.G., Elias, B., Demeke, Y.,
Desta, H., Wieland, B., 2020. Clapping with two hands: transforming gender relations
and zoonotic disease risks through community conversations in rural Ethiopia. Hum.
Ecol. 48, 651–663. 10.1007/s10745-020-00184-y . 

usila, S., Prokop, P., Gichuki, N., 2018. Knowledge and perceptions of, and attitudes to,
bats by people living around Arabuko-Sokoke forest. Malindi-Kenya. Anthrozoös 31,
247–262. 10.1080/08927936.2018.1434065 . 

ennisi, L.A., Holland, S.M., Stein, T.V., 2004. Achieving bat conservation through
tourism. J. Ecotourism 3, 195–207. 10.1080/14664200508668432 . 

helps, K., Jose, R., Labonite, M., Kingston, T., 2018. Assemblage and species threshold
responses to environmental and disturbance gradients shape bat diversity in disturbed
cave landscapes. Diversity (Basel) 10. 55 10.3390/d10030055 . 

helps, K., Jose, R., Labonite, M., Kingston, T., 2016. Correlates of cave-roosting bat di-
versity as an effective tool to identify priority caves. Biol. Conserv. 201, 201–209.
10.1016/j.biocon.2016.06.023 . 

acey, P.A., Fenton, B., Mubareka, S., Simmons, N., Tuttle, M., 2018. Don’t misrepresent
link between bats and SARS. Nature 553, 281. 281– 10.1038/d41586-018-00603-7 .

aymundo, M.L., Caballes, C.F., 2016. An insight into bat hunter behavior and perception
with implications for the conservation of the critically endangered philippine bare-
backed fruit bat. J. Ethnobiol. 36, 382–394. 10.2993/0278-0771-36.2.382 . 

oslan, A., David, G., Pesiu, E., Zahidin, M., Hakimi, F., Ahmad, N.I.I., Mohamed, N.Z.,
Abdullah, M.T., 2017. Promoting Wildlife Tourism As a Conservation Effort of the
Island Flying Fox in Pulau Bidong, Terengganu, Malaysia. pp. 24–29. 

oss, S., Wall, G., 1999. Ecotourism: towards congruence between theory and practice.
Tour. Manag. 20, 123–132. doi: 10.1016/S0261-5177(98)00098-3 . 

outo, T., Ticktin, T., 2012. Understanding interrelationships among predictors (Age,
Gender, and Origin) of local ecological knowledge1. Econ. Bot. 66, 149–164.
10.1007/s12231-012-9194-3 . 

peakman, J.R., Webb, P.I., Racey, P.A., 1991. Effects of disturbance on the energy ex-
penditure of hibernating bats. J. Appl. Ecol. 28, 1087–1104. 10.2307/2404227 . 
9 
ritongchuay, T., Kremen, C., Bumrungsri, S., 2016. Effects of forest and cave proximity
on fruit set of tree crops in tropical orchards in Southern Thailand. J. Trop. Ecol. 32,
269–279. 10.1017/S0266467416000353 . 

ait, J., Perotto-Baldivieso, H.L., McKeown, A., Westcott, D.A., 2014. Are flying-foxes
coming to Town? Urbanisation of the spectacled flying-fox (Pteropus conspicillatus)
in Australia. PLoS ONE 9, e109810. 10.1371/journal.pone.0109810 . 

analgo, K., Teves, R., Salvaña, F.R., Baleva, R., Tabora, john aries, 2016. Human-bat
interactions in caves of South Central Mindanao. Philippines. Wildl. Biol. Pract. 12,
1–14. 10.2461/wbp.2016.12.2 . 

analgo, K.C., 2017. Wildlife hunting by indigenous people in a Philippine protected area:
a perspective from Mt. Apo National Park, Mindanao Island. J. Threat. Taxa 9, 10307–
10313. 10.11609/jott.2967.9.6.10307-10313 . 

analgo, K.C., Hughes, A.C., 2019. Priority-setting for Philippine bats using practical
approach to guide effective species conservation and policy-making in the Anthro-
pocene. Hystrix Ital. J. Mammal. 30, 74–83. 10.4404/hystrix-00172-2019 . 

analgo, K.C., Tabora, J.A.G., Hughes, A.C., 2018. Bat cave vulnerability index (BCVI): a
holistic rapid assessment tool to identify priorities for effective cave conservation in
the tropics. Ecol. Indic. 89, 852–860. 10.1016/j.ecolind.2017.11.064 . 

he Jamovi Project, 2020. Jamovi (Version 1.2) [Computer Software]. 
heobald, E.J., Ettinger, A.K., Burgess, H.K., DeBey, L.B., Schmidt, N.R., Froehlich, H.E.,

Wagner, C., HilleRisLambers, J., Tewksbury, J., Harsch, M.A., Parrish, J.K.,
2015. Global change and local solutions: tapping the unrealized potential
of citizen science for biodiversity research. Biol. Conserv. 181, 236–244.
10.1016/j.biocon.2014.10.021 . 

rewhella, W.J., Rodriguez-Clark, K.M., Corp, N., Entwistle, A., Garrett, S.R.T., Granek, E.,
Lengel, K.L., Raboude, M.J., Reason, P.F., Sewall, B.J., 2005. Environmental education
as a component of multidisciplinary conservation programs: lessons from conservation
initiatives for critically endangered fruit bats in the western Indian Ocean. Conserv.
Biol. 19, 75–85. 10.1111/j.1523-1739.2005.00548.x . 

aradic, P.A., Pergams, O.R.W., Kareiva, P., 2009. The impact of nature experience on will-
ingness to support conservation. PLoS ONE 4, e7367. 10.1371/journal.pone.0007367 .

hao, H., 2020. COVID-19 drives new threat to bats in China. Science 367, 1436. 1436–
10.1126/science.abb3088 . 

hou, H., Chen, X., Hu, T., Li, J., Song, H., Liu, Y., Wang, P., Liu, D., Yang, J., Holmes, E.C.,
Hughes, A.C., Bi, Y., Shi, W., 2020. A novel bat coronavirus closely related to SARS-
CoV-2 contains natural insertions at the S1/S2 cleavage site of the spike protein. Curr.
Biol. 30, 2196–2203. doi: 10.1016/j.cub.2020.05.023 , e3 . 

http://10.1016/j.biocon.2017.01.012
https://mtac.sarawak.gov.my/page-0-228-200-SARAWAK-TOURISM-QUICK-FACTS.html
http://10.1111/cobi.12383
http://10.1007/s10745-020-00184-y
http://10.1080/08927936.2018.1434065
http://10.1080/14664200508668432
http://10.3390/d10030055
http://10.1016/j.biocon.2016.06.023
http://10.1038/d41586-018-00603-7
http://10.2993/0278-0771-36.2.382
https://doi.org/10.1016/S0261-5177(98)00098-3
http://10.1007/s12231-012-9194-3
http://10.2307/2404227
http://10.1017/S0266467416000353
http://10.1371/journal.pone.0109810
http://10.2461/wbp.2016.12.2
http://10.11609/jott.2967.9.6.10307-10313
http://10.4404/hystrix-00172-2019
http://10.1016/j.ecolind.2017.11.064
http://10.1016/j.biocon.2014.10.021
http://10.1111/j.1523-1739.2005.00548.x
http://10.1371/journal.pone.0007367
http://10.1126/science.abb3088
https://doi.org/10.1016/j.cub.2020.05.023

	The potential of bat-watching tourism in raising public awareness towards bat conservation in the Philippines
	1 Introduction
	2 Materials and methods
	2.1 Study area and focal species
	2.2 Survey procedure and questionnaire design
	2.3 Data analyses
	2.4 Ethical notes

	3 Results
	3.1 Sociodemographic profile of tourists and visit motivation
	3.2 Prior encounter, recognition, and perception of bats
	3.3 Post-visit perception, satisfaction and learning experience
	3.4 Knowledge of ecosystem services and predictors of conservation attitude

	4 Discussion
	4.1 Tourist attitude and perception of bats
	4.2 Balancing ecotourism and conservation

	5 Conclusion: synthesis and implication for post-COVID-19 conservation management
	Declaration of competing interest
	Acknowledgements
	Supplementary materials
	References


