1) Check for updates

Journal of
Ethnobiology

Ethnobiology of Bats: Exploring Human-Bat Inter-Relationships in a
Rapidly Changing World

2021 41(1): 3-17

Ricardo Rocha'??", Adria Lépez-Baucells®4,
and Alvaro Fernandez-Llamazares*®

Abstract. Although elusive due to their mostly nocturnal behavior, bats have fascinated humans for
millennia. From their ubiquitous presence in Mayan mythology to being regarded as symbols of good
fortune in the Middle-to-Late Qing Dynasty of China, bats have been both feared and celebrated
across cultures from all over the world. The research articles included in this collection illustrate the
myriad ways in which bats and humans have interacted over time, highlighting how these airborne
mammals have been associated with death, witchcraft, vampires, malevolent spirits, and evil in some
cultures, while, in other places—particularly across the Asia-Pacific region—they have been largely
linked to luck and good fortune and used as spiritual totems. This collection also showcases how
multiple cultural groups, particularly across the tropics, have traditionally hunted bats for human
consumption and traditional medicine, and used their guano as a fertilizer. In times of rapid global
change and when bats are often associated with zoonotic disease risks, a trend that has been
magnified by the COVID-19 pandemic, this special issue constitutes one significant step towards
a richer understanding of bat-human inter-relationships. The lives of humans and bats have been
closely intertwined over time and our collection celebrates how bat diversity supports the biocultural
richness of our planet.

Keywords: Chiroptera, ethno-chiropterology, ethnozoology, human-bat interactions, human-wildlife
conflict.

Bat-Human Inter-Relationships Across
Space and Time

The storyline of bat-human inter-
relationships is probably as old as humanity
itself. Our understanding of bat evolution
is still incipient, but the oldest bat fossils
found to date (e.g., Onychonycteris finneyi)
are estimated to date from the Eocene,
exceeding 50 million years ago (Simmons
et al. 2008). As such, by the time early
hominids took their first steps, bats had
already explored the planet’s dark skies
long enough to radiate into an astonishing

diversity and to colonize most of the habi-
tats where they are found today. Arguably,
when our ancestors sheltered in caves, they
likely co-inhabited with cave-roosting bats
and, as it is still the case nowadays (Milden-
stein et al. 2016), bats were likely popular
for their meat and as a source of enter-
tainment. Yet, these (mostly) nocturnal,
fast-flying, and secretive mammals were
probably as enigmatic for human ancestors
as they are for most of us today.

With over 1400 species worldwide, bats
are the second largest mammalian order
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(Simmons and Cirranello 2021). Rough-
ly one in each five extant mammals is a bat
and, collectively, they have spread across
most of the planet, reaching many of the
most isolated islands (Conenna et al. 2017)
and even spreading beyond the Arctic circle
(Rydell et al. 1994). As humans followed,
people and bats came to share landscapes
throughout the world, and this age-old
coexistence translated in a vast body
of historical and contemporary cultural
representations of bats in local folklore
(Lawrence 1993; Low et al. 2021; Mathews
1908; Rocha et al. 2021b). This ancient
connection, marvelously celebrated in
abundant reddish-terracotta rock paintings
of bats made by hunter-gatherer coloniz-
ers of the northwest Amazon during the
Late Pleistocene/Early Holocene transition
(~13,000-8000 cal BP; Morcote-Rios et al.
2021), has been the focus of a substantial
amount of ethnobiological research. Such
rich scholarly work brings into focus the
multiple social-ecological complexities of
human-bat inter-relationships.

Ethnobiology of Bats—A Rapidly Growing
Research Field

Studies on the cultural, symbolic,
and spiritual values of bats have investi-
gated, for instance, the myriad of cultural
ecosystem services (e.g., aesthetic, spiri-
tual, educational, and recreational) they
provide to communities from all corners
of the world (e.g., Low et al. 2021; Mufoz
2006). Bats have long been identified as
key providers of considerable benefits that
increase human well-being—e.g., they
are significant suppressors of agricultural
pests (Maas et al. 2016; Puig-Montserrat
et al. 2015, 2020; Wanger et al. 2014),
consume important disease vectors, such
as malaria-bearing mosquitos (Kemp et
al. 2019), and pollinate culturally and
economically important fruit crops, such
as agave (Agave spp.; Trejo-Salazar et al.
2016), durian (Durio zibethinus; Aziz et
al. 2017a; Bumrungsri et al. 2009; Shehe-
razade et al. 2019), pitayas (Stenocereus
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queretaroensis; Tremlett et al. 2020), coco-
nut and lilly-pilly (Cocos nucifera and
Syzygium spp., respectively; Scanlon et al.
2014), as well as wood rose (Dactylanthus
taylorii; Ecroyd 1996), a cultural keystone
plant that has been collected from New
Zealand’s forests since time immemorial
(La Cock et al. 2005). As a case in point,
the UNESCO World Heritage site Agave
Landscape and Ancient Industrial Facilities
of Tequila in Mexico relies on bat pollina-
tion to sustain agave genetic diversity and
the health of different traditional landra-
ces of the plant (Zizumbo-Villarreal et al.
2013). Yet, beyond regulatory services (e.g.,
arthropod suppression, pollination, and
seed dispersal), bats were and, in many
cases, are still of great value to ancient
and contemporary cultures and religions
around the world. This cultural and spiri-
tual relevance is reflected in the presence
of bat symbols in numerous temples and
artifacts, such as Egyptian tombs from 2000
BC (Kunz et al. 2011), in Mesoamerican
sacrificial sculptures (Kampen 1978), Euro-
pean churches from the Middle Ages (EkI6f
and Rydell 2021) and cemeteries (Rydell et
al. 2018), Prehispanic Mayan iconography
(Retana-Guiascén and Navarijo-Ornelas
2012; Thompson 1996), as well as Chinese
motifs, particularly from the Middle-to-Late
Qing Dynasty (Figure 1). Bat symbols have
also been found in pre-historical sites of
the Lucayan-Taino mythology, and mortu-
ary practices in the Bahamas (Schaffer et al.
2012). A particularly interesting example of
the immense cultural relevance of bats can
be found in the Solomon Islands, where
locals use the canine teeth of flying foxes
(Pteropus spp.) as a traditional currency
(Lavery and Fasi 2019).

Different studies have assessed custom-
ary institutions and traditional management
practices for the conservation of bats, their
habitats, and roosting sites. For instance, a
recent assessment of bat diversity governed
under Indigenous stewardship in the
Amazon rainforest identified that at least
22 bat species have more than 25% of their
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Figure 1. Chinese artifacts with carved bat designs. A) Coral peach-shaped and gold-bodied from the Qing dynasty
(1723-1735), carved with cloud, dragon, and bat designs; and B) Detail of a bat carved in a gold gourd-shaped
openwork censer from the Qing dynasty (1644-1911). Photos by Ricardo Rocha.

global distribution range within Indige-
nous Territories, emphasizing the important
role of areas customarily maintained,
owned, used, and/or occupied by Indige-
nous Peoples in safeguarding bat diversity
(Ferndndez-Llamazares et al. 2021). Simi-
larly, across much of Africa, several
community forests and sacred groves
provide habitat for the fruit bat (Rousettus
aegyptiacus) that pollinates several cultural
keystone species, such as the baobab
(Adansonia digitata; Decher 1997; Githitho
2003; Start 1972). In India, sacred groves
have been found to act as safe havens for
the Indian flying fox (Pteropus medius,
formerly Pteropus giganteus; Tangavelou et
al. 2013) and large colonies of Pteropus are
also associated with sacred groves in Indo-
nesia (Wadley and Colfer 2004), as well as
gardens attached to Buddhist monasteries
across much of Indochina (Kingston 2016).

The inherent spiritual respect that caves
evoke in many different cultural traditions
around the world (e.g., Hobbs 2001; Spon-
sel 2015) has conferred protection for many
cave-dwelling bats. As a result, the recogni-
tion and protection of sacred caves is largely
considered as important for bat conserva-
tion (Schachenmann 2006). Some authors
have shown that numerous bat species of
conservation concern can roost safely in
sacred caves, with well-documented exam-
ples from Kenya (Metcalfe et al. 2010),
Ghana (Hens 2006), and Thailand (Robin-

son and Smith 1997). However, some
studies suggest that the cultural values
underpinning these sacred sites could be
rapidly eroding (Golden and Comaroff
2015; Kingston 2016). In south-western
Madagascar, sacred caves that were tradi-
tionally protected through complex custom-
ary regulations and locally enforced taboos
have been found to offer limited conser-
vation benefits for cave-dwelling bats,
given that rapid cultural changes—associ-
ated with conflicts between utilitarian and
cultural uses of caves—are taking place
in the region (Ferndndez-Llamazares et al.
2018). Still, the latter study uncovered that
local people still believed bats to “roam
at the junction between the physical and
spiritual realms, protecting treasures out of
human reach” (Fernandez-Llamazares et al.
2018).

Ethnobiologists have examined tradi-
tional ecological knowledge in relation
to bats, including their position in local
ethno-taxonomies (Forth 2004, 2009, 2016,
2021; Low et al. 2021). Some of these
studies suggest that the ethnobiological
knowledge regarding the diversity, conser-
vation situation, and natural history of bats
is often modest (e.g., Aziz et al. 2017b;
Bhattacharjee et al. 2018; Castilla et al.
2020; Cousins and Compton 2005; da
Costa Rego et al. 2015; Laverty et al. 2021;
Sexton and Stewart 2007; Sheherazade and
Tsang 2015; but see e.g., Taylor and Butler
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2007). That folk lexicon used to refer to bats,
at least across much of the Paleotropics,
categorizes bats according to two groups,
largely aligned with small, mainly insec-
tivorous (suborder Microchiroptera) and
larger and mostly frugivorous (family Ptero-
podidae) bats (e.g., Cox 1983; Forth 2021;
Rocha et al. 2021b; Tanalgo et al. 2016).
However, an important ethnobiological
contribution by Fleck et al. (2002) has iden-
tified that the Matses Indians of Amazonian
Peru associated a single lexicalized name
to various bats, which they regarded as
morphologically and behaviorally different.
This suggests that studies assessing tradi-
tional ecological knowledge in relation to
bat diversity without the use of specimens
or photographs might be underestimat-
ing local people’s capacity to discriminate
between different bat species. As a case in
point, Ziembicki et al. (2013) decided to
exclude bats from a study on Indigenous
knowledge about the native mammal fauna
of Northern Australia, arguing that there is
limited discrimination between bat species
in Indigenous knowledge systems. Such a
claim is largely consistent with a rich body
of ethnobiological scholarship from North-
ern Australia (e.g., Davis 1981; Liddy et al.
2006; Raymond et al. 1999; Waddy 1988).

A wide diversity of studies have
explored the different ways in which bats
have been used across cultures, including
how they have traditionally been hunted
for human consumption (e.g., Anti et al.
2015; Carvalho et al. 2015; Epstein et
al. 2009; Goodman 2006; Kamins et al.
2011; Randrianandrianina et al. 2010;
Raymundo and Caballes2016; Sheherazade
and Tsang 2015; Tanalgo 2017; Figure 2)
and traditional medicine (Riccucci 2012;
Tuladhar-Douglas 2008). These studies re-
vealed that bat hunting is widespread
across Africa, Asia, Oceania, and in parts
of Central and South America, as well as in
multiple islands across the Atlantic, Indian,
and Pacific Oceans, affecting over one in
each ten species of extant bats (Mildenstein
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etal. 2016; Figure 1). Large-bodied (> 100 g
body mass) Old-World fruit bats (family
Pteropodidae) are disproportionately tar-
geted (> half of all known pteropodids are
known to be hunted for bushmeat; Frick et
al. 2019) and, in many instances, current
harvesting rates seem unsustainable and
are believed to be causing significant
population declines (Mildenstein et al.
2016). While not as frequent as hunting
for human consumption, several ethnobi-
ological studies have identified hunting of
bats for the souvenir trade (Lee et al. 2015)
and for several medicinal uses (Mildenstein
et al. 2016). Examples of bat-associated
ethnomedicinal practices include the use
of oil infused with small bats to cure multi-
ple illnesses by the Newar people of the
Himalayas (Tuladhar-Douglas 2008), the
use of vampire bats (Desmodus rotundus)
for zootherapeutics in Brazil (Ferreira et al.
2012), and anecdotal evidence of the use
of bats for medicinal purposes in Mada-
gascar (Ferndndez-Llamazares et al. 2018;
Rocha et al. 2021b), mainland Africa, and
across several Asian countries (Low et al.
2021; Mildenstein et al. 2016). Addition-
ally, multiple studies have documented
how bat guano has been used as a natu-
ral fertilizer in many rural communities
(Fernandez-Llamazares et al. 2018; Shap-
iro et al. 2021; Suwannarong et al. 2020;
Tanalgo et al. 2016).

Addressing Bats’ Negative Stigma
Although bats contribute to human well-
being in myriad ways, they are often dis-
liked and feared (Polak et al. 2020;
Todd 2016; but see e.g., Deshpande and
Kelkar 2015; Fagan et al. 2018; Lim and Wil-
son 2019; Shapiro et al. 2021). Underly-
ing these negative sentiments are relatively
widespread associations between bats
and death (Fernandez-Llamazares et al.
2018; Kingston 2016), witchcraft (Lunney
and Moon 2011; Musila et al. 2018; Tuttle
2018), vampires (Prokop and Tunnicliffe
2008; Prokop et al. 2009; Rydell et al. 2018),



Exploring Human-Bat Inter-Relationships in a Rapidly Changing World 7

Figure 2. A) Madagascan flying fox Pteropus rufus being sold at a local market in Mahajanga, Madagascar;
B) Hunted Straw-colored fruit bat Eidolon helvum, Claudino Faro, Island of Sao Tomé, West Africa (Photos: A —
Adria Lépez-Baucells; B — Mariana Carvalho).

malevolent spirits (Tanalgo 2017; Tanalgo et
al. 2016; Tatai 2006), and evil (Allen 1939;
Charro 1999; Frembgen 2006). Across much
of Europe, disdain and fear of bats is largely
embroiled in the Church doctrine, where
bats are often used to symbolize the Devil
(EkIof and Rydell 2021). Yet, in other places
(particularly  throughout Southeast Asia,
China, and Japan), bats are also associated
with luck and good fortune (e.g., Eberhard
1986; Low et al. 2021; Pham and Lee 2008)
and used as spiritual totems (see Hall and
Richards [2000] for an example from Austra-
lia, and Hadnes and Schumacher [2012] for
another from the Mossi people in Burkina
Faso). Among several Indigenous groups
in Mexico (e.g., Mizteco, Zapoteco), bats
were considered to be messengers from the
underworld and important symbols of fertil-
ity (Retana-Guiascon and Navarijo-Ornelas
2012). Fortunately, as more is learned
about the value of bats to human societies
and regarding their astonishing biological
feats and complex social structures—e.g.,
European free-tailed bats (Tadarida tenio-
tis) can achieve over 130 km/hour in level
flight (O'Mara et al. 2021) and vampire
bats build cooperative relationships analo-
gous to human friendship by sharing meals

with unrelated individuals (Carter et al.
2020)—some less positive connotations
associated with bats are seemingly starting
to give rise to curiosity and willingness to
support their conservation (Ghanem and
Voigt 2012; Figure 3). A celebration of this
increased support for bat conservation can
be seen almost daily at the Ann W. Richards
Congress Avenue Bridge in Austin, Texas,
where up to 100,000 visitors come annu-
ally to witness the night-time emergence of
the ca. 1.5 million Brazilian free-tailed bats
(Tadarida brasiliensis) which roost under
the bridge (Taylor and Tuttle 2019). Simi-
lar awe-inspiring moments of communion
between bats and humans are experienced
everyday by tourists and locals across the
world (Paksuz and Ozkan 2012; Pennisi et
al. 2009).

Bats exhibit a considerable variation
in their sensitivity to human disturbance
(Farneda et al. 2015; Huang et al. 2019;
Fraixedas Nunez et al. 2019; Rocha et al.
2018; Yoh et al. 2020). While many species
avoid humanized landscapes, numerous
others are relatively common living near
and benefiting from humans and can even
be characterized as synanthropic (L6pez-
Baucells et al. 2017; Razafindrakoto et al.
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Figure 3. Soprano pipistrelles Pipistrellus pygmaeus roosting in a wooden bat box installed by local farmers in
a rice paddy in the Ebro Delta (Catalonia, Spain) to aid in the control of pest arthropods (see Puig-Montserrat et
al. 2015 for more information about bats and farmers in this biocultural landscape). Photo by Oriol Massana-
Valeriano.

2010; Russo and Ancillotto 2015; Voigt et
al. 2016; Figure 4). Furthermore, as human
numbers increase and people encroach
deeper into remaining natural habitats,
human-bat interactions are becoming more
frequent, with often undesirable conse-
quences to both humans and bats. Problems
related with infectious diseases are an infa-
mous example. The white-nose syndrome,
a severe condition caused by a pathoge-
netic fungus introduced to North America
by human travel, has severely hit several
hibernating North American bat species,
inducing steep population declines (Frick
et al. 2016). On the other hand, several
high-profile zoonotic diseases, the most
notorious of which being COVID-19, have
directly or indirectly been associated with
bats and have caused enormous impact on
global human health and national econo-
mies (Rocha et al. 2021a; Schneeberger
and Voigt 2016; Zhou et al. 2020). Even
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prior to the COVID-19 pandemic, increas-
ing evidence suggested that perceived
zoonotic risks towards humans and live-
stock were already a leading reason for
negative attitudes towards bats (da Costa
Rego et al. 2015; Laverty et al. 2021;
Lépez-Baucells et al. 2018; Lu et al. 2021;
Reid 2016; Rocha et al. 2021b; Sasse and
Gramza 2021; Shapiro et al. 2020). As
bat-associated zoonotic spillover events are
largely rooted in human activities (Brier-
ley et al. 2016; White and Razgour 2020),
ethnobiology, with its inherent focus on
how human communities interact with the
natural world, will have a key role to play
in the development of culturally appropri-
ate strategies that minimize zoonotic health
risks and support bat diversity and its asso-
ciated ecosystem services (MacFarlane and
Rocha 2020).

Human-bat conflicts often arise from
damage to buildings or as a result of noise/
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Figure 4. Great long-eared bat Plecotus austriacus returning to his/her roost in the Sant Pere de Rodes
monastery. This ninth century building is home to the largest known colony of this species in Catalonia, Spain.
Photo by Adria Lépez-Baucells.

bad smell caused by synanthropic species
(Rocha et al. 2021b; Voigt et al. 2016) or
due to fruit crop raiding by frugivorous
species (Aziz etal. 2016, 2017b; Shapiro et
al. 2021). These are other key areas in which
ethnobiological work can vastly contribute
to support evidence-based and culturally
sensitive strategies aimed at reducing nega-
tive feelings towards bats. With around one
third of the extant bat species classified as
either data deficient or threatened by the
IUCN Red List (Frick et al. 2019), ethnobi-
ology can help leverage cultural values in
support of bat conservation. For instance,
work in the Tanzanian island of Pemba
built upon local pre-Islamic animist reli-
gious values that associated spirit bats with
particular woodland areas to encourage
village elders to establish bylaws to limit
disturbance and hunting pressure of the
endemic Pemba flying fox (Pteropus voeltz-
kowi; Infield et al. 2018).

Bat Conservation Through an
Ethnobiological Lens

Conservation  scientists  increasingly
realize that the delineation of effective
conservation interventions largely depends
on a robust understanding of the multi-
dimensional inter-relations between people
and wildlife (Bennett et al. 2017; Gavin et
al. 2015). Ethnobiologists and other scien-
tists working at the interface between social
and ecological sciences have used multiple
methods of inquiry to unveil the intricate
and complex relations between humans,
nonhumans, and their biological worlds
(e.g., Fernandez-Llamazares and Cabeza
2018; Lyver et al. 2019; Nabhan et al.
2011; Vandebroek et al. 2020). Yet, despite
a substantial body of literature dedicated
to the intersection between bat conserva-
tion and human culture, studies targeting
many important dimensions of human-bat
interaction—e.g., how bat imagery affects

Journal of Ethnobiology 2021 41(1): 3-17
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emotions and attitude towards bats (Straka
et al. 2021)—are still relatively scarce and
geographically biased (Kingston 2016). This
severely undermines our understanding of
society’s interlinkages with bats, which in
turn has multiple implications for conserva-
tion policy and practice.

This  collection aims to further
our  understanding  of  human-bat
inter-relationships in all their complexity.
The manuscripts included in this special
issue explore bat-human inter-relationships
through an ethnobiological lens across
the Asia-Pacific Region (Low et al. 2021),
Fennoscandia (Ekl6f and Rydell 2021),
Madagascar (Rocha et al. 2021b), Namibia
(Laverty et al. 2021), Cambodia (Shapiro
et al. 2021), and in the eastern Indonesian
island of Flores (Forth 2021). Collectively,
these contributions exemplify many of the
different ways in which bats have been
present in human cultures across time and
space and provide crucial insights into how
ethnobiology can improve and optimize
long-term bat conservation efforts from local
to global scales. We hope that this collec-
tion can help to build synergies between
international scientific knowledge, conser-
vation priorities, and local cultural values,
which together can promote a better world
for humans and their long-term nocturnal
companions, bats.
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