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Abstract

Fireflies are charismatic beetles with attractive bioluminescent courtship dis-

plays that have recently been swept onto the global stage of nature tourism.

Here, we provide the first comprehensive review of the geographic scope, mag-

nitude, focal species, and other attributes of the major firefly tourism sites

worldwide. Through targeted interviews and surveys, we estimate that in

recent years over one million tourists travelled annually to sites located in at

least 12 countries for firefly-watching. Rapid proliferation of firefly tourism

provides a timely opportunity to examine how such activities may impact local

firefly populations, and to highlight the biological factors that make certain
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species especially vulnerable to tourism-associated threats. We offer science-

based best practices for firefly ecotourism that can be tailored to fit local cir-

cumstances, including recommendations to: (1) Conserve the habitats required

for all life stages to thrive, (2) involve local communities as key stakeholders,

and (3) provide training programs for guides and interpretive materials for visi-

tors. Finally, we provide suggestions for transforming tourist behavior to mini-

mize impact on firefly populations. By developing management plans that

incorporate these recommendations, firefly tourist sites can enhance the visitor

experience, protect natural resources, benefit local communities, and help pro-

mote the conservation of invertebrate biodiversity.
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1 | INTRODUCTION

The World Tourism Organization (WTO) estimates that
during 2018 some 1.4 billion tourists travelled internation-
ally, a recreational activity that contributed more than USD
1,451 billion to the global economy (WTO, 2019). Within
this context, nature tourism represents one of the most rap-
idly growing segments (Balmford et al., 2015; Ceballos-
Lascurain, 2012). Nature tourists travel to destinations
specifically to experience and enjoy nature in the form of
beautiful landscapes, high biodiversity habitats and charis-
matic wildlife, primarily birds, mammals, and reptiles
(Stronza & Durham, 2008). In a phenomenon dubbed
entomotourism (Lemelin, 2013; Lemelin, Boileau & Russell,
2019), a variety of insects have also begun to garner atten-
tion from wildlife tourists. Each year millions of people visit
glow-worm caves, butterfly pavilions, insect museums,
monarch butterfly overwintering sites, and hives of
Melipona stingless bees (Lemelin & Jaramillo-López, 2019;
Samways, 2005).

The International Ecotourism Society (TIES, 2015)
defines ecotourism as “responsible travel to natural areas
that conserves the environment, sustains the well-being
of the local people, and involves interpretation and edu-
cation.” Although definitions have proliferated since
Ceballos-Lascurain (1996), a universal criterion is the
potential for making a positive contribution to conserva-
tion of the natural environment (Buckley, 2009). Ecotour-
ism aims to generate this positive impact through raising
environmental awareness, enhancing financial, political
and social support for protecting wildlife populations and
habitats, and providing alternatives to more land-
intensive practices and extractive industries (Stronza &
Durham, 2008; Stronza, Hunt, & Fitzgerald, 2019;
Wardle, Buckley, Shakeela, & Castley, 2018). Ecotourism

also strives to generate economic benefits for local com-
munities consistent with local cultural and social needs,
including support to strengthen local institutions respon-
sible for on-the-ground conservation management
(Fennell 2008, Fennell, 2020; D'Souza et al., 2019).

Fireflies (beetles in the family Lampyridae) include
about 2,200 species worldwide (Martin et al., 2019), and
their breathtaking bioluminescent displays make them
one of earth's most charismatic insects (Lewis, 2016; Oba,
Branham, & Fukatsu, 2011; Ohba, 2004). Firefly tourism
has a long history in East Asia, but this recreational activ-
ity has recently become a global phenomenon that risks
overwhelming current management strategies at some
locations (Faust, 2010, 2017; Thancharoen, 2012; Vance &
Kuri, 2017). As representatives of the IUCN SSC Firefly
Specialist Group, our goal in this article is to evaluate the
current state of firefly tourism around the world, to
describe its many benefits, and to identify conservation
threats associated with firefly tourism's rapid growth. We
also propose guidelines to promote more sustainable
forms of firefly ecotourism that can provide both eco-
nomic and conservation benefits.

2 | THREATS AND RISK FACTORS

Fireflies undergo complete metamorphosis, dramatically
altering their morphology and ecological niche during
the four stages of their life cycle (Figure 1a). All firefly
larvae produce bioluminescence; the adults of many,
though not all, species also generate light as a courtship
signal (Branham & Wenzel, 2003; Lewis & Cratsley,
2008). Fireflies inhabit diverse habitats, including wet-
lands (e.g., ponds, streams, mangroves, marshes, and
desert seeps), grasslands, and forests (Lloyd, 2002). Firefly
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larvae are predaceous, consuming snails, earthworms,
and other soft-bodied prey (Lloyd, 2008). These larvae
require anywhere between a few months to several years
to fully develop into adults. Adult activity revolves
around courtship and reproduction: in most species, this
non-feeding adult stage lasts only a few weeks. Thus,
while the aerial adults are often marvelously conspicu-
ous, the juveniles (i.e., the egg, larva, and pupa) actually
constitute the longest portion of every firefly life cycle
(Figure 1a). Depending on the species, firefly larvae can
be terrestrial, semi-aquatic or fully aquatic (Lloyd, 2008;
Ohba, 2004). In terrestrial firefly species, females lay their
eggs in mud, leaf litter or moss, and larvae hunt for prey
on or under the soil. Larvae of semi-aquatic species can
hunt both above and underwater, while fully aquatic lar-
vae have gills and develop in ponds, rice paddies, and riv-
ers (Fu, Ballantyne, & Lambkin, 2012).

A recent global survey and review (Lewis et al., 2020)
discussed the major threats to firefly persistence, which
include loss and degradation of larval and adult habitats,
disruption of adult courtship due to light pollution, and
overuse of broad-spectrum insecticides. Although tour-
ism did not emerge among the top threats globally, on a
local scale tourism-related activities can have serious neg-
ative impacts. Tourism can impact firefly populations
through degradation of the habitats where adult court-
ship takes place, as well as the habitats used for egg-lay-
ing, larval prey capture, growth and development, and
pupation sites.

Most visibly, tourism could directly destroy or degrade
firefly habitat during the construction of associated

infrastructure, such as on-site tourist facilities, jetties,
resorts, restaurants, and parking lots. But tourism may also
lead indirectly to habitat degradation through soil compac-
tion and erosion, disturbance of leaf litter, water pollution
or light pollution (Buckley & Pannell, 1990). Trampling
associated with heavy foot traffic causes soil compaction, lit-
ter fragmentation and erosion (Ceballos-Lascurain, 1996),
and may alter plant communities and reduce prey availabil-
ity. In southeast Asia, where tourists arrive by boat to view
the fireflies that inhabit riverside mangrove forests, high
levels of motorboat traffic can cause shoreline erosion as
well as water pollution from gas and oil leakage (Bilkovic
et al., 2017).

Tourism can also introduce light pollution (also called
artificial light at night, or ALAN), which is known to dis-
rupt firefly courtship signaling (reviewed by Owens &
Lewis, 2018). Light pollution can emanate from station-
ary sources associated with infrastructure development,
including commercial signage for tour operations, resorts,
street and dock lighting, and restroom facilities. Firefly
courtship can also be disrupted by portable lights such as
headlights, boat lights, flashlights, and even cell phones
and camera flashes (Thancharoen & Masoh, 2019).

Trampling may also reduce firefly survivorship
directly by causing mortality of ground-dwelling life
stages, which include eggs, larvae, and pupae. In about
25% of all firefly species worldwide, adult females are
particularly vulnerable to trampling because they lack
functional wings and thus cannot fly (e.g., the blue ghost
firefly, Phausis reticulata Figure 1b, Lewis, 2016;
Lloyd, 2008). In addition, heavy foot traffic can reduce

FIGURE 1 (a) Typical firefly life cycle illustrates long duration of the larval stage compared with relatively short-lived adults

(Asymmetricata circumdata from Thailand, drawings by Anchana Thancharoen). (b) Like many fireflies, the blue ghost Phausis reticulata is

highly sexually dimorphic: flying males emit a long-lasting glow (photo by Spencer Black), but the wingless, pale females live among leaf

litter on the forest floor (inset photo by Raphael De Cock)
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firefly reproductive success by disrupting mated pairs
that perch on low vegetation and by inadvertently tram-
pling females as they seek oviposition sites on the
ground.

In addition to its ecological impact on fireflies and
their habitat, poorly managed tourism can have negative
social and cultural consequences. Whenever a site's visi-
tation rates exceed its carrying capacity, overcrowding
will diminish the visitor experience. Furthermore, rapidly
rising tourist numbers can cause conflict among stake-
holders by straining local infrastructure, including roads,
rivers, and wastewater treatment systems (Borges,
Bushell, Carbone, & Jaeger, 2011).

Using existing knowledge concerning firefly species'
ecology and behavior, we can predict which traits and
behaviors will make certain firefly species especially vul-
nerable to particular threats (Reed, Nguyen, Owens, &
Lewis, 2020). In the context of the tourism threats
described above, such risk factors (Table 1) include pro-
ducing attractive bioluminescent courtship displays
(e.g., quick flashes produced by adults of both sexes in
lightningbugs or the longer-lasting emissions of glow-
worm fireflies sensu, Lewis, 2016; Lloyd, 2008), male
flash synchrony, breeding congregations that are highly
localized in space or time, and flightless adult females. As
discussed below, the presence of any (and sometimes all)
of these risk factors can magnify tourism's impact to
increase the risk of population decline, local extirpation,
or even global extinction for particular firefly species.

3 | THE BRIGHT SIDE

Although firefly tourism poses certain challenges, it also
provides many tangible benefits. Firefly tourism can

bring economic benefits in the form of employment and
revenue across multiple levels, including local communi-
ties, states, nations, and regions. Firefly-watching offers
an unforgettable experience, perhaps especially for city-
dwellers who might otherwise have spent little time in
nature. Fireflies are often viewed as romantic, and across
many cultures they evoke happy childhood memories
associated with former rural lifestyles (Haugan, 2019;
Lewis, 2016). Visitors often describe powerful emotional
responses to the luminous landscapes they see at firefly
sites, reporting transformative experiences of delight and
even spiritual awe (e.g., Faust, 2017; Lewis, 2016;
Schreiber, 2017). People who venture out into the night
to watch fireflies with family and friends may sometimes
experience what the French sociologist of religion Émile
Durkheim termed “collective effervescence”
(Durkheim, 1912; Wood, 2019). Such firefly experiences
may have long-lasting and widespread beneficial impacts,
including not only improved mental health and well-
being (Buckley et al., 2019), but also promoting more pos-
itive attitudes toward biodiversity conservation. Thus,
these highly charismatic insects provide an alluring
advertisement for protecting invertebrate biodiversity
and for conservation philanthropy.

Many world cultures have a long history of appreci-
ating the delights of firefly-watching. In Japan, where
fireflies are woven tightly into the cultural fabric,
admiring these insects has been a popular summertime
activity for centuries (Kawahara, 2007; Laurent &
Ono, 1999; Lewis, 2016; Oba et al., 2011). In the early
1900s, thousands of visitors boarded trains in Kyoto
and Osaka to travel to Uji, a town famous for the splen-
did displays created by courting Genji fireflies (Luciola
cruciata). During peak season in June, firefly boats
made nightly cruises along the Ujiwara River, where

TABLE 1 Risk factors consist of life history traits and behaviors that make certain firefly species especially vulnerable to tourism-

associated threats (after Reed et al., 2020)

Risk factors Example taxa Tourism locations

1. Adults produce attractive
bioluminescence (flashes or glows)

Luciola cruciata, Luciola parvula
Aquatica ficta, Abscondita spp.

Japan
Taiwan

2. Adult males exhibit flash
synchrony

Photinus carolinus
Photuris frontalis
Photinus palaciosi

USA (TN, NC, PA)
USA (SC)
Mexico (Tlaxcala, Estado de Mexico, Puebla)

3. Highly localized breeding
congregations

Pteroptyx spp. Malaysia, Thailand

4. Adult females are flightless Phausis reticulata
Photinus palaciosi
Diaphanes spp., Pyrocoelia spp.,
Lamprigera spp.

Lampyris spp., Lamprohiza
splendidula, Luciola lusitanica,
L. italica

USA (TN, NC)
Mexico (Tlaxcala, Estado de México, Puebla)
Taiwan

Europe (Belgium, Portugal, Italy, Switzerland)
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passengers could dine while enjoying the display
(Allen & Wilson, 1992).

Firefly watching has a similarly long history in
Thailand (Napompeth, 2009; Thancharoen, 2012). In
1685, a French priest reported thousands of flashing fire-
flies gathered in mangrove trees along tidal rivers near
Bangkok. At night, males of these congregating fireflies
(genus Pteroptyx) begin flashing in unison, maintaining
their nearly precise synchrony all night long. The predict-
able location of these firefly display trees long served as
navigational beacons for local boatmen as they navigated
rivers at night. These remarkable displays were intro-
duced to English-speaking audiences by zoologist

H.M. Smith, who in 1935 penned a short communication
for the journal Science: “Imagine a tree thirty-five to forty
feet high thickly covered with small ovate leaves, appar-
ently with a firefly on every leaf and all the fireflies flash-
ing in perfect unison at the rate of about three times in
2 s, the tree being in complete darkness between fla-
shes…. Imagine a tenth of a mile of river front with an
unbroken line of [mangrove] trees with fireflies on every
leaf flashing in synchronism, … Then, if one's imagina-
tion is sufficiently vivid, he may form some conception of
this amazing spectacle” (Smith, 1935, p. 151).

From these early beginnings, during the past few
decades firefly tourism has taken off to become a popular

FIGURE 2 Examples of firefly tourism sites: (a) In Malaysia at Kampung Kuantan, tourists arrive year-round for boat tours along the

mangrove river to watch synchronous congregating fireflies, Pteroptyx tener (Night Ride by Zol M: Flickr CC BY-NC-ND 2.0). (b) In Mexico

at Nanacamilpa, between June and August tourists will follow guides into the forest to view courtship displays of synchronous roving

fireflies Photinus palaciosi (photo by Tania López-Palafox). (c) In the Great Smoky Mountains National Park, USA tourists settle on chairs

and spread blankets to watch displays of synchronous roving fireflies Photinus carolinus during their 2-week mating season (photo by Calvin

Mattheis for Knoxville Sun Times). (d) Trained guides at Liyu Lake, Taiwan explain life cycles and species identification to visitors prior to

firefly-watching (photo by Sara Lewis)
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recreational activity not only in Japan and Thailand, but
also in Korea, Taiwan, Malaysia, India, Mexico, and the
United States. While knowledge about firefly tourist sites
was previously spread by word of mouth, in magazines,
or through newspaper articles, the internet has fueled
many sites' skyrocketing popularity through websites and
photographs available on social media and travel blogs.
Like other photogenic experiences that are shared widely
(Boley, Jordan, Kline, & Knollenberg, 2018), firefly pho-
tography exerts a strong influence on tourists' choices of
future travel destinations.

4 | METHODS

This study was initiated in 2018 and included four main
components. The first consisted of targeted in-person
interviews by phone or by email with informants knowl-
edgeable about well-known firefly tourism products:
these include firefly-watching sites in Malaysia,
Thailand, Taiwan, USA, Korea, Europe, and Mexico.
Informants included scientists, government officials, tour
guides, and independent entrepreneurs. The second com-
ponent consisted of an online survey (Dolnicar, Laesser, &
Matus, 2009; Sexton, Miller, & Dietsch, 2011) sent in

February 2020 to an additional 20 people involved in fire-
fly tourism around the world whom we contacted
through the Fireflyers International Network Facebook
group. The survey consisted of 12 questions that solicited
information on site locations, firefly species, visitor num-
bers, trail access, and whether or not tourists were given
guidelines concerning appropriate firefly-watching
behavior.

The third component was an internet Google search
(Gursoy & McCleary, 2004; Vila et al., 2018) to locate
firefly tourism sites that either maintained a website,
received online reviews, or were mentioned in travel
blogs (search terms in English “firefly + tour” and
“firefly + ecotour”): although extensive, this search
was not intended to be exhaustive. Additional sites
were included based on several authors' personal
knowledge. These sources were compiled into a global
map of firefly tourism sites (Figure 3). For the fourth
component of this study, we applied knowledge about
firefly ecology and behavior to develop general guide-
lines that may be adopted by practitioners and tourists
in order to better conform with ecotourism standards.

Finally, to illustrate more vividly some on-the-ground
challenges and successes inherent in managing firefly
tourism, we complement our global overview with in-

FIGURE 3 Firefly tourism sites around the world. Global map indicates the number of sites reported within various countries (white

indicates areas where no firefly tourism sites were reported). Below, maps of North America, Europe, and Asia show locations of the major

firefly tourism sites (indicated by blue dots, with details given in Table 2) and additional sites (yellow dots) documented by interviews, online

survey and internet searches (see Section 4; site information provided in Table S1)
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depth case studies gathered from different geographical
regions (below and Appendix S1—Conservation Stories).

5 | RESULTS: FIREFLY TOURISM
AROUND THE WORLD

Targeted interviews and an online survey revealed that firefly
tourism is highly popular across a broad geographic scope, as
destinations in 12 countries collectively attract over one mil-
lion visitors annually (Table 2). Currently, the most-visited
tourist sites are located in Asia. For example, in Korea in
2019 more than 200,000 visitors attended the annual 9-day
Muju Firefly Festival to watch Pyrocoelia rufa fireflies,
among other activities. In Taiwan, the government
proclaimed 2002 as the Year of Ecotourism and began
actively promoting more than 30 firefly sites around the
country (Taiwan Tourism Bureau, 2017), turning firefly-
watching into a popular recreational activity. Several sites in
Taiwan's Alishan National Scenic Area now collectively
attract 346,000 visitors to view various species whose court-
ship displays occur during spring, autumn, orwinter (Table 2;
case study described in Appendix S1). In Japan, many towns
host annual firefly festivals (known as hotaru matsuri) that
attract thousands of tourists from all over the country
(Haugan, 2019; Hosaka et al., 2016). In Hong Kong firefly
tourism is concentrated at the Tai Po Kau Nature Reserve,
where an estimated 5,000–10,000 visitors arrive during July
and August to see Pygoluciola qingyu (adults) and Pyrocoelia
lunata (larvae).

In Southeast Asia, the most popular sites feature con-
gregating fireflies in the genus Pteroptyx, which visitors
watch from boat tours along mangrove rivers (Table 2
and Figure 2a). The top sites in Thailand (Mae Klong
River in Amphawa; case study described below) and
Malaysia (Sungai Klias in Sabah) annually draw more
than 19,200 and 100,400 tourists, respectively. Certain
terrestrial firefly species are also gaining popularity, such
as Asymmetricata circumdata at a military base in
Prachin Buri Province, Thailand. In India rural villages
including Purushwadi and Bhandardara in the Western
Ghats, Maharashtra State have recently become popular
destinations to see terrestrial Abscondita sp. fireflies,
attracting an estimated 35,000 tourists during their May–
June breeding season.

In North America, the number of people traveling to see
fireflies has grown dramatically during the past decade. Until
the mid-1990s the synchronous flash displays of Photinus
carolinus in Elkmont, Tennessee (USA) were known only to
local residents (Faust, 2017), but now over 12,000 visitors
each year travel to the Great Smoky Mountains National
Park to attend an 8-day firefly-watching event (Table 2 and
Figure 2c; case study described in Appendix S1). Similarly,

since 2014 the Congaree National Park in South Carolina
has become an increasingly popular place to see another syn-
chronous firefly, Photuris frontalis; in May 2019, 12,500 visi-
tors attended what has been expanded into an 18-day event
there (www.nps.gov/cong/fireflies.htm). On forested slopes
of the Eje Volcánico Transversal in Central Mexico, Photinus
palaciosi is a synchronous firefly that occurs in scattered
populations across the states of Tlaxcala, Puebla, and Estado
deMéxico. Since this species was first described in 2012, fire-
fly tourism in Mexico has skyrocketed in popularity
(Lemelin, Jaramillo-López, López-Ocaña, & Del-Val, 2020);
the best-known municipality of Nanacamilpa (population
15,000) received an estimated 120,000 tourists who visited
�24 sites during the June–August 2019 firefly mating season
(Table 2 and Figure 2b). Such popularity has encouraged a
rapid proliferation of firefly tourist operations, with over
50 sites currently located across six Mexican states (case
study described in Appendix S1).

Europe also has firefly tourism that draws visitors beyond
local residents, although this takes place on a considerably
smaller scale and often consists of free events hosted by vol-
unteers representing local conservation organizations
(Table 2). For 20 years, Parque Biológico de Gaia in Portugal
has hosted a June firefly event that attracts more than 1,000
visitors over a 2-week span (De Cock et al., 2015). In many
parts of Italy, nature associations advertise “magic nights”
during June where the public can enjoy watching two flash-
ing species, Luciola lusitanica and L. italica, in their natural
habitat. For example in the town of Binasco near Milan,
guided tours hosted each June by local volunteers bring
500 visitors to Bosco Bria to see L. italica (Camerini, 2008). In
Belgium, similar nature organizations guide�50–100 people
at local sites to see the glow-worm fireflies Lamprohiza
splendidula and Lampyris noctiluca. Such excursions have
boosted public support for nature organizations as well as
participation in firefly citizen-science projects (De Cock, pers.
observation).

Seasonality of firefly tourism depends both on geo-
graphic location and on species ecology (Table 2). In
Southeast Asia, adults of various Pteroptyx spp. actively
display and attract visitors year-round. In India, however,
firefly tourism is restricted to several weeks during late
May to early July when Abscondita sp. fireflies produce
their mating displays. Firefly tourism in Europe and
North America is also highly seasonal, as it is concen-
trated within the short breeding season of each species,
which may last only a few weeks (Photinus carolinus,
Photuris frontalis) or months (Photinus palaciosi).

Many firefly species prominently featured at popular sites
possess life history traits and behaviors that make them espe-
cially vulnerable to tourism-associated threats. Species that
produce synchronous courtship displays (in which many
adult males flash on and off in unison) appear to be
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especially popular attractions (Table 2). In Thailand and
Malaysia this includes Pteroptyx spp. that form highly local-
ized breeding congregations in certain trees along mangrove
rivers; their habitat specificity and site fidelity make them
particularly susceptible to habitat loss, degradation and light
pollution from tourism-associated infrastructure and tourist
activity. Themost popular tourist sites in North America also
showcase synchronous species (i.e., Photinus palaciosi,
Photinus carolinus, and Photuris frontalis). Although their
breeding aggregations tend to be more dispersed, these latter
species have brief mating seasons that temporally constrain
the tourist season into a fewweeks or months, increasing the
potential for visitation rates to exceed carrying capacity and
to disrupt firefly reproduction. Some sites feature firefly spe-
cies whose females are flightless and therefore particularly
vulnerable to trampling, such as Photinus palaciosi (Mexico)
and Phausis reticulata (USA). In Europe, all species at popu-
lar tourist sites have flightless females, including Lamprohiza
splendidula, Lampyris spp. Luciola lusitanica, and L. italica.

Depending on the location, tourists gain access to firefly
display sites using various types of trails (Table 2). Because
Pteroptyx and other congregating mangrove fireflies display
on visually prominent trees located along tidal rivers
(Jaikla, Lewis, Thancharoen, & Pinkaew, 2020), these sites
are mainly accessed by boat. At some of these sites
(e.g., Amphawa, Thailand) tour guides use motorboats,
while at others (e.g., Kampung Kuantan, Selangor, Malay-
sia) tourists are rowed along the river in traditional sam-
pans (Figure 2a). High-speed motorboat traffic associated
with firefly tours has been observed to cause riverbank ero-
sion and water pollution (Thancharoen, 2012). At other
sites, tourists gain access to the firefly display by following
foot trails through the forest or grassland habitat. Heavy
foot traffic has the potential to degrade habitats for fireflies
and their prey, and to directly harm their terrestrial juvenile
stages (eggs, larvae, pupae), as well as flightless females and
mating pairs. During firefly tours at Parque Biológico de
Gaia in Portugal visitors are guided in small groups that are
strictly limited to existing paths to reduce habitat distur-
bance. Some sites in Taiwan, Japan, and Thailand have
constructed raised boardwalks and viewing platforms to
protect adult display areas and larval habitat. In the USA,
Congaree National Park restricts visitors to a one-way forest
trail whose edges are cordoned off to protect firefly habitat.
To reduce visitors' flashlight use, trail edges are illuminated
with low-intensity red lights, and a raised boardwalk is also
available at this site for visitors with limited mobility.

While many tourist sites are located in protected areas
owned by either government organizations or NGOs
(Table 2), only a handful have been specifically designated to
protect firefly habitat. Beginning in 1924, the Japanese gov-
ernment established several Natural Monuments that pro-
vide legal protection for the habitat of the Genji firefly

Luciola cruciata (Lewis, 2017), whose aquatic larvae and
their snail prey inhabit clean, fast-flowing rivers; indeed,
tourism and firefly habitat protection have been closely inter-
twined in Japan for decades (Haugan, 2019; Lewis, 2016). In
Korea's Muju County three firefly species (Pyrocoelia rufa,
Luciola lateralis, and Hotaria unmunsana) together with
their habitats and prey have enjoyed protection since 1982,
when they were designated as Korean Natural Monument
No. 322. In Taiwan two species, Aquatica hydrophila and
Pristolycus kanoi, are designated as rare and valuable under a
national Wildlife Conservation Act, which also protects por-
tions of their mountain stream and waterfall habitats. At
Kampung Kuantan in Malaysia, Pteroptyx fireflies and their
habitat are protected by the government under Selangor
Water Management Board (LUAS) Enactment 1999 (Khoo,
Nada, Kirton, & Phon, 2012;Wong&Yeap, 2012).

In addition to the major sites described in Table 2, many
additional firefly tourism sites were revealed by our infor-
mant interviews, online survey and internet search of
websites, reviews, and travel blogs (designated as “minor”
sites in Figure 3 and Table S1). These include sites in India,
Thailand, Malaysia, Philippines, Vietnam, Cambodia, Japan,
Taiwan, Italy, Croatia, Mexico, United States, United King-
dom, and China. Although included in Figure 3, sites in the
latter two regions are markedly different from other firefly
sites described here. In the United Kingdom, many nature
organizations sponsor annual glow-worm excursions that
typically attract only a few dozen local people; as they neither
travel from afar nor require food and lodging, such partici-
pants might not even be considered tourists (Robin Scagell,
UK Glow-worm Survey, personal communication). In
China, firefly viewing events typically have been held in large
theme parks where many thousands of wild-harvested
insects are released into an artificial environment. Such exhi-
bitions pose entirely different threats because they depend
on large-scale harvesting of firefly adults from wild
populations, and because fireflies removed from their natural
habitat are unlikely to successfully reproduce (Lewis &
Owens, 2017). Recently, however, progress has been made
toward designating and protecting some natural habitats for
firefly tourism in China (Dr. Xinhua Fu, Huazhong Agricul-
tureUniversity, personal communication).

6 | CASE STUDY OF AMPHAWA,
THAILAND

Although every firefly tourism site depends on an identical
resource—the bioluminescent courtship display of adult
fireflies—each has a unique combination of adult and larval
habitat requirements, local governance, economic factors,
cultural, and historical settings. To illustrate some on-the-
ground challenges and successes inherent in managing
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firefly tourism, we present here a case study tracing a precipi-
tous 20-year decline in firefly tourism in Amphawa,
Thailand. Additional case studies from USA, Mexico, and
Taiwan are included as Conservation Stories in online
Appendix S1. Because each case is based on decades of per-
sonal experience by one of our co-authors, we have chosen to
share these in narrative format.

In Thailand, fireflies are considered economic insects,
based on the potential for firefly tourism to benefit local
people, businesses and government organizations. In recent
years, one of the most popular firefly sites in Thailand has
been the village of Amphawa, located approximately 90 km
southwest of Bangkok in Samut Songkhram Province
(Thancharoen, 2012). Canals connect the village to the
mangrove-lined Mae Klong River, once home to dazzling
numbers of Pteroptyx malaccae fireflies. In this and other
Pteroptyx species, their entire life cycle takes place within
riparian zones of tropical mangrove forests (Loomboot,
2008). Adult males congregate in visually prominent dis-
play trees (most often Sonneratia caseolaris) and emit syn-
chronous courtship flashes. Females are attracted to this
display and fly to the trees, mate, then lay their eggs in
nearby soil and leaf litter. Eggs usually hatch within
12 days, and larvae hunt mangrove and freshwater snails as
they continue to grow for about 3 months. Once they are
fully grown, the larvae pupate in soil near plant roots above
the high tide zone, emerging about 10 days later as adults
and returning to the display tree.

In 2004, the district government initiated a tourism
development plan for Amphawa. They promoted night-
time boat cruises to visit the firefly trees, which they
coupled with a revived afternoon floating market held
along the canal. In the beginning, there were numerous
firefly display trees along the Mae Klong River, and tour-
ists came from all over Thailand and beyond to watch the
displays. The number of tour operations grew rapidly,
increasing from seven tour boats in 2004 to 180 in 2010.
By 2006, Amphawa had become the top firefly tourism
destination in Thailand. Unfortunately, no limits were
set on the numbers of boats, visitors, or tours per night,
and no guidelines were implemented to protect the local
firefly population.

Commercial development was not well-regulated, and
the construction of many new resorts and restaurants
along the river disturbed the riparian mangrove zone,
removing firefly display trees and destroying larval habi-
tats. As the economy shifted from agriculture to tourism,
local residents did not necessarily benefit: some tourism-
related businesses were run by locals, but many others
were heavily capitalized by tour operators from outside
the community (Thancharoen, 2012). Conflict arose
between tour operators and local residents. By 2006,
although a few tours used rowboats, most tour operators

were using larger motorboats holding up to 30 customers
and propelled by powerful 320 hp diesel engines. At peak
times, there could be more than 200 motorboat trips per
night, often continuing past midnight. People living
along the riverbanks complained about late-night disrup-
tion from noisy tour boats, and one resident even cut
down a firefly display tree to halt this nightly distur-
bance. Local residents set up buoys to protect firefly
areas, which were sometimes removed by tour guides try-
ing to get customers closer to the display trees.

Unregulated tourism had many adverse effects on the
firefly population near Amphawa. Bright lights from the
new resorts shone out onto the river. Additional artificial
illumination from boats lights, flashlights and camera fla-
shes disturbed firefly courtship behavior. Tour guides
sometimes bumped their boats against display trees so
tourists could watch the insects take flight. Heavy motor-
boat traffic contaminated the river with motor oil and
generated waves that caused riverbank erosion, toppling
preferred firefly display trees into the river. This constant
wave action also washed away the mud along the river-
banks, habitat essential for larval fireflies and their snail
prey. The cumulative effects of these tourism-related
activities have reduced the local population of Pteroptyx
malaccae in Amphawa by an estimated 80%
(A. Thancharoen, unpublished data). Visitors now come
to Amphawa mainly to see the afternoon floating market
and to take daytime river cruises.

P. malaccae remains widely distributed in other parts
of Thailand (Jaikla et al., 2020), and the lessons learned
from Amphawa's failure will be useful in developing
other firefly tourism sites. To encourage more sustainable
tourism at Amphawa and other sites, researchers at
Kasetsart University have designed and installed inter-
pretive displays and brochures describing firefly life
cycles, behavior, and species conservation. They have
also run voluntary training programs for tour operators,
tourboat guides, local residents and school children. Such
programs have raised awareness among diverse stake-
holders about ways to benefit local communities while
increasing protection for the fireflies and their habitat
(Nurancha, Inkapatanakul, & Chunkao, 2013).

7 | MOVING TOWARDS
SUSTAINABLE FIREFLY
ECOTOURISM

In this section, we offer guidelines intended to support
practitioners interested in moving towards firefly eco-
tourism, consistent with Fennell's definition as a “sus-
tainable, non-invasive form of nature-based tourism that
focuses primarily on learning about nature first-hand,
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and which is ethically managed to be low impact, non-
consumptive, and locally oriented (control, benefits, and
scale)” (Fennell, 2008, p. 24).

Although the study of ecotourism has been critiqued
for its normative approach (e.g., Thompson, Gillen, &
Friess, 2018), our goal is to provide a flexible set of guide-
lines that can be adapted to fit local circumstances.
Because every firefly tourist site represents a unique set
of biological, social, and economic factors, no guidelines
will be universally applicable. Yet we contend that every
site can develop a management plan that works to pro-
tect fireflies by conserving the habitats required by all life
stages, to involve local communities as key stakeholders,
and to provide training programs for guides and interpre-
tive exhibits for visitors. Below we suggest science-based
best practices for firefly tour operations, followed by sug-
gestions for tourist behaviors that will minimize impacts
on firefly populations (firefly-watching etiquette).

7.1 | Best practices for firefly tour
operations

To help protect firefly populations and enhance the visi-
tor experience, we recommend that private and public
tour operators at firefly sites take the following actions:

7.1.1 | Conserve the habitats required for
all life stages to thrive

Tourist sites must protect not only the habitats where adult
courtship occurs, but also the habitats occupied by fireflies'
juvenile life stages and their larval prey (e.g., forests, wet-
lands, grasslands for species with terrestrial larvae, rivers and
ponds for those with aquatic larval stages, riverbank man-
grove forests for congregating mangrove fireflies). To accom-
plish this, it may be necessary to rope off viewing areas to
restrict visitors to designated zones or trails, to build raised
walkways and viewing platforms, or to set limits on visitor
carrying capacity. When tourists access sites by water, tours
should use non-motorized or electric boats, and no-wake
zones should be established and enforced to prevent river-
bank erosion. Whether firefly tourism sites are located on
public or private land, we advocate formally establishing fire-
fly sanctuaries where management practices can be
implemented to preserve the conditions necessary for fireflies
to thrive. This includes minimizing use of broad-spectrum
insecticides, which have been shown to cause mortality of
adult and juvenile fireflies and their prey (reviewed by Lewis
et al., 2020). Light pollution is known to disrupt firefly court-
ship (reviewed by Owens & Lewis, 2018), so artificial lighting
within firefly sanctuaries (including streetlights, car

headlights, and lighting fixtures around buildings and rest-
room facilities) should be kept to a minimum while still
maintaining visitor safety.

Monitoring programs can be set up to measure con-
servation outcomes by tracking trends in wildlife abun-
dance at heavily trafficked tourist destinations compared
with nearby sites lacking tourists (Durham, 2008; Stronza
et al., 2019; Wardle et al., 2018). In 2020, the COVID-19
pandemic provided a natural (though unreplicated exper-
iment), as most tourist sites remained closed; anecdotal
evidence from sites in Mexico and elsewhere suggested
that firefly activity increased in the absence of tourists
during the breeding season (López-Palafox, personal
observation). Engaging tourists as citizen-scientists help-
ing to monitor firefly populations would be beneficial, as
such programs can deepen tourists' commitment to fire-
flies and to biodiversity conservation more broadly
(Johansen & Auger, 2013a).

7.1.2 | Involve local communities as key
stakeholders

Economic benefits for local communities are necessary but
not sufficient to ensure conservation. In addition to providing
jobs and revenue, community-based tourism—where local
voices, values and knowledge are included in tourism devel-
opment and management—can promote stewardship and
strengthen local institutions for managing natural resources
(Salazar, 2012; Stronza et al., 2019; Stronza &
Durham, 2008). Community-based conservation is enhanced
when residents and local organizations are actively engaged
in tourism planning and management (D'Souza et al., 2019;
Honey, 2008; Salerno et al., 2021).

In practice, however, integrating local entrepreneur-
ship and environmental stewardship can be a complex
undertaking (Thompson et al., 2018). As one example of
successful community-based tourism, the Malaysian
Nature Society (MNS) has worked for decades with local
villages to develop locally based tours of the courtship
displays of congregating Pteroptyx fireflies that are found
along mangrove rivers throughout Southeast Asia
(Shahwahid et al., 2013; Wong, 2009). For many years,
just a few villagers and fishermen earned supplementary
income from conducting boat tours of local firefly dis-
plays. In the 1970s, MNS started the first community-
based firefly tourism in Kampung Kuantan, Selangor
State to benefit a wider group of villagers, who now
rotate turns taking visitors along the Selangor River in
hand-rowed traditional boats (Figure 2a). MNS has pro-
vided training for these guides about firefly life cycles
and the need to conserve the mangrove habitat, as well
as guidelines for responsible firefly-watching. Similar
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community-based tourism has been disseminated to
other villages, and there are now over 20 firefly-watching
sites around Malaysia. Over the past decade, MNS has
created a network of firefly nature guides and boatmen
who are quite knowledgeable about firefly behavior, ecol-
ogy and conservation. This Firefly Komuniti gathers
yearly to exchange information, share ideas on responsi-
ble firefly-watching, and engage in collective problem
solving. Although the process is slow and dependent on
interest and leadership within local communities, these
programs have resulted in diversified livelihoods, reve-
nues for local communities, and habitat rehabilitation at
several firefly sites in Malaysia.

7.1.3 | Provide training programs for
guides and interpretive materials for
visitors

Firefly ecotourism should leverage opportunities to raise
awareness about firefly life cycles and habitat require-
ments, and to promote conservation values more gener-
ally. Within host communities, we advocate establishing
training programs for tour guides, boat operators, and
other community members (e.g., Jeong, Roh, &
Yhang, 2005; Thancharoen, 2012). Further, we contend
that tourists who experience such a remarkable natural
phenomenon should also emerge with an enhanced
appreciation for wildlife conservation. Therefore, all tour-
ists should be accompanied by trained guides who can
present information and answer basic questions about
species' biology, habitat requirements, and conservation
issues (Lemelin & Jaramillo-López, 2019; Shahwahid
et al., 2013). In addition, ecotourist sites should provide
well-designed, accurate interpretive signage and attrac-
tive exhibits that enhance such knowledge and promote
positive attitudes toward biodiversity conservation
(Figures 2d, S1; Thancharoen, 2012).

Although tourism economics lies beyond the scope of
the present study, here we briefly address the question of
how to pay for these recommended training programs,
exhibits, site improvements and habitat protection. From
a global economic perspective, it has been estimated that
tourism revenues derived from parks and protected areas
already far exceed what governments spend on their
maintenance, suggesting a capacity for increased invest-
ment in maintaining these natural areas (Balmford
et al., 2015). Meanwhile, innovative new options for con-
servation financing are being developed (Epler Wood,
Milstein, & Ahamed-Broadhurst, 2019), including
public–private partnerships that can help cover the
social, cultural and environmental costs of tourism
growth.

On public lands tourist fees can be instituted to help
cover such costs, but proceeds should remain at the local
tourist destination, for example, that particular national park
(Watson & Borrie, 2003), and be specifically designated for
management, site maintenance and protection of fireflies
and their habitats. Private businesses at firefly tourist sites
might also allocate a portion of their revenues into a local
sustainable tourism fund (e.g., STAMP, EplerWood, 2017) to
help cover costs of infrastructure maintenance as well as nat-
ural resource protection. People often experience a powerful
emotional connection to the natural world while firefly-
watching, thus these insects have the potential to inspire
substantial philanthropic donations from tourists to support
conservation efforts.

7.2 | Firefly-watching etiquette

We recommend implementing the following guidelines
for transforming tourist behavior to help minimize visitor
impact on firefly populations and enhance the quality of
the firefly experience for all visitors. This section also pro-
vides a brief summary of the scientific basis for these
guidelines.

• No artificial lights (no flashlights, lanterns, phones,
light-up shoes)

• No flash photography
• Stay on the marked trail at all times
• Speak quietly
• Do not capture fireflies or disturb their display sites
• No smoking or heavy perfume
• Cover up for mosquito protection (if you need insect

repellent, apply it before arriving at the site)

Various firefly life stages are susceptible to physical
disturbance such as handling and trampling, and mating
pairs often perch on low vegetation (Faust, 2017;
Lewis, 2016; Lloyd, 2008), so tourists should be discour-
aged from walking through firefly habitat. Bright artifi-
cial light is known to obscure or inhibit bioluminescent
signals in several firefly species, thereby reducing their
courtship success (reviewed by Lewis et al., 2020;
Owens & Lewis, 2018; Owens et al., 2020; Owens &
Lewis, 2021; Thancharoen & Masoh, 2019). Although
many insects are less sensitive to red or amber light
(Briscoe & Chittka, 2001; Owens, Meyer-Rochow, &
Yang, 2018), differences among firefly species in their
range of spectral sensitivity indicates that—regardless of
color—artificial illumination at tourist sites should be as
dim as possible and used only when necessary for visitor
safety. Some fireflies rely on volatile chemicals for court-
ship (De Cock, Faust, & Lewis, 2014; De Cock &
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Matthysen, 2005; Lloyd, 1972; Ohba, 2004), thus smoking
or use of strong perfumes should be avoided as this could
interfere with perception of these olfactory cues. On-site
spraying of DEET and picaridin should be avoided as
they have been shown to interfere with insect olfactory
receptors and oviposition in other insects (Pellegrino,
Steinbach, Stensmyr, Hansson, & Vosshall, 2011; Xu,
Zeng, Bedoukian, & Leal, 2019), although we know of no
studies that have looked specifically at how various insect
repellents affect fireflies. Finally, contact between fireflies
and permethrin-impregnated clothing (e.g., BuzzOff®,
Insect Shield®) should be avoided because this neuro-
toxin causes fatal paralysis in insects (Diaz, 2016).

Whenever possible, tourists should be informed about
behavioral expectations in advance, for example, on tour
websites, via WhatsApp or with email confirmations. In
addition, these guidelines should be prominently dis-
played at the site entrance, should be explained in writ-
ten, audio, or video formats during tour orientations, and
should be strictly enforced by tour guides.

8 | CONCLUSIONS

Fireflies are highly charismatic insects that have recently
garnered widespread attention from nature tourists. In this
comprehensive review we document the popularity and
geographic scope of firefly tourism, revealing that each
year over 1 million tourists travel to destinations in at least
12 countries to enjoy this unique wildlife experience. The
rapid growth of this industry brings some urgency to the
task of devising, distributing, and implementing practices
that can help foster the transition from tourism toward
ecotourism. Using existing knowledge concerning firefly
ecology and behavior, we provide science-based recom-
mendations for how to minimize threats and promote pop-
ulation persistence. In addition, we offer case studies from
different geographical regions to more vividly illustrate
some real-world challenges and highlight strategies that
have been successful in benefitting local communities
while also protecting firefly populations.

A fundamental tenet of ecotourism is conserving the
value of the natural resource at tourist destinations.
Importantly, developing an effective management plan
for firefly tourism requires protecting not only the habi-
tats that adult fireflies use for their bioluminescent court-
ship displays, but also those habitats essential for female
oviposition, larval growth and development, and pupa-
tion. Acknowledging the scope of firefly tourism and its
contribution to local and national economies could help
motivate the establishment of legally protected firefly
sanctuaries. For example, congregating fireflies such as
Pteroptyx spp., which rely on the mangrove ecosystem for

completion of their life cycle, represent a potential flag-
ship species for conservation of riparian mangrove forest.
Although flagship species most typically consist of charis-
matic megafauna, Pteroptyx fireflies could stimulate
establishment of Key Biodiversity Areas (IUCN, 2016)
that may simultaneously help protect multiple taxonomic
groups. For example, protecting habitat required by adult
and larval Pteroptyx fireflies could aid conservation
efforts for the milky stork (Mycteria cinereal), silvery lan-
gur (Trachypithecus cristatus), dugong (Dugong dugon),
reticulated python (Malayopython reticulatus), and sev-
eral terrapins within Southeast Asian mangrove forests
(Thompson & Rog, 2019).

While firefly ecotourism has the potential to yield sub-
stantial economic benefits across multiple scales ranging
from local communities, states, regions, and nations, some
investment is necessary to ensure long-term survival and
reproduction of the focal firefly species. As emphasized by
Thompson et al. (2018), no one-size-fits-all solution exists
because ecotourism is embedded in so many different biolog-
ical, cultural, political, and socioeconomic contexts. In addi-
tion to the best practices we have outlined here, our broad
recommendations include reserving some portion of tourist
revenues to be managed and used locally for site mainte-
nance, interpretive exhibits, and firefly habitat protection.
National tourism agencies might sponsor training programs
for local guides, working in collaboration with academic
institutions, NGOs, and conservation groups. Local commu-
nities need to be actively engaged in tourism planning and
management, with logistical and financial support made
available to strengthen local institutions that are ultimately
responsible for on-the-ground conservation management.

Moving forward, our IUCN SSC Firefly Specialist Group
is prepared to assist stakeholders at firefly tourist sites with
their conservation planning efforts. Additional work is
underway to provide resources accessible to the general pub-
lic concerning firefly ecology and conservation, such as De
Cock et al. (2015) and Fallon et al. (2019), as well as publica-
tions specifically designed for firefly tourists, such as the
highly informative guide Firefly-Watching in Taiwan
(Taiwan Tourism Bureau, 2017). In addition to working to
conserve firefly populations, we remain optimistic about the
possibility of leveraging fireflies' widespread popularity to
raise public awareness and spark enthusiasm for invertebrate
conservationmore generally.
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