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ABSTRACT

The study of human relationships with other components of the landscape allows us to understand
the dynamics of ecological communities and biodiversity. Although there has been an increase in
ethnobiological studies, little is known about the interaction between humans and bats. The objective
of this study was to evaluate the perceptions and attitudes about bats by people in the fragile life zone of
the tropical dry forest of Colombia. We selected four representative areas and evaluated three different
aspects: (1) biological and ecological knowledge, (2) uses and cultural beliefs, and (3) interactions
between humans and bats. The data were collected through surveys of 18 questions to 197 people
with a gender ratio close to parity. The data obtained are presented as descriptive statistics by using
a generalized linear model (GLM). The results showed that people’s knowledge and attitude towards
bats depend on the covariates of education and gender of the respondents. Women and people with a
higher education level had positive attitudes towards bats. Although the ecosystem services provided
by bats were clearly recognized, the need for conservation was not as obvious. These results indicate
that human-bat relationships are complex and may be the result of multiple social and cultural factors.
Likewise, these cross-cultural perceptions must be understood and addressed in the development of

actions that promote the conservation of bats in tropical forests.
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SIGNIFICANCE STATEMENT

Tropical forests represent key areas covering less than 7% of the global land surface and host nearly half
of all terrestrial species. Despite their great importance, several gaps persist, mainly related to the tropical
dry forest (TDF) from an ethnobiological perspective. These habitats also face the greatest threat from human
overexploitation, destruction, or modification, and by global climate change. The TDF harbor many important
animal species such as bats, which provide multiple ecosystem services, including seed dispersal, flower pollina-
tion, and insect control. However, bats are poorly known with many negative myths and misconceptions about
them. Here, we highlight the main results of human-bat interactions from representative areas of the last TDF
remnants in the Department of Tolima in central Colombia. Our results will contribute to the conservation of
bats in Colombia and by extension to the global TDF remnants and reduce further conflicts between people

and these unique flying mammals.

INTRODUCTION

Mammals are a recurring theme in the rock pic-
tograms, sculptures, ceramics and goldsmithing of al-
most all the pre-Columbian cultures and they signif-
icantly nurture the legacy of the oral tradition of the
multiple ethnic groups that have inhabited Colombia
(Mantilla-Meluk et al. 2014). The pre-Hispanic civ-
ilization of the country, as well as that of other cul-
tures in the Americas, shows the importance of bats
both through myths and ceremonial rituals (Retana-
Guiascon and Navarijo-Ornelas 2012). For exam-
ple, in the mythology of the Kogi people in north-
ern Colombia, the image of the bat is deified and
associated with the sun personifying human-animal
hybridization through ritual masks. Peoples of the
Sierra Nevada de Santa Marta, as well as those from
the central region of the country, depict bat charac-
ters such as the noseleaf and the shape of the ears in
their jewelry, headdresses, and nose and ear pendants
(Gault 2012).

Although the worldview of pre-Hispanic peoples
highlights the value of bats, medieval European soci-
eties position them as an archetype of evil or the incar-
nation of the devil, generating community narratives
of horror and fear (Castro and Galindo 2009). These
perceptions reached the American continents during
the colonial era where similar legends became estab-
lished (Retana-Guiascon and Navarijo-Ornelas 2012).
Later, the influence of cinema with the personification
of Dracula and the relationship with the consumption
of blood further generated a negative image within the
community. This influence increases the human-bat
conflicts because the simplest action to avoid encoun-
ters is killing the bats (even for non-hematophagous
species). This is one of the main threats to the bat
populations in Colombia, and negatively affects the
perceptions about their vital ecological roles in the
ecosystems (Moya et al. 2015; Ramirez-Francel et al.
2021; Torres and Fernandez 2012). Therefore, to con-
serve bats in landscapes with human presence and ac-
tivity requires better empirical support and a greater
understanding of human-bat interaction. Other posi-

tive impacts of social or community interaction is the
inclusion of a large amount of information, including
technical data on environmental issues (Dichdji 2017).

Ethnobiological studies are an essential tool to
initiate conservation plans and environmental educa-
tion for key species and/or vulnerable areas elsewhere
(Alves and Souto 2015; Burneo et al. 2015). Cultures
across the world since ancient times have developed
characteristic ways of interacting with their regional
biota (Alves 2012; Albuquerque et al. 2020). Like-
wise, the associated ethnozoological research consti-
tutes an excellent way to establish the clear relation-
ships between fauna and people (Alves 2012). For
some years in Colombia, these studies have been car-
ried out mainly related to large and medium mam-
mals with high economic value (De la Ossa-Lacayo
and De la Ossa 2012a; 2012b; Osbahr and Morales
2012; Parra et al. 2015). By contrast, small mam-
mals such as bats have been commonly ignored, de-
spite their high biodiversity. Colombia is one of the
most diverse countries with 217 species of bats, com-
prising almost 40% of the total species registered for
South America (Rodriguez-Posada et al. 2021). The
functional role that bats play becomes a component
essential to the Neotropical forest dynamics because
they contribute to the maintenance of environmental
stability through ecosystem provisioning and regulat-
ing services such as insect pest control, pollination,
seed dispersal, and production of guano as plant fer-
tilizer. These are essential mechanisms for the dy-
namics of forested or cultivated areas and indicators
of the state of health of the forests (Kunz et al. 2011;
Melathopoulos et al. 2015; Millennium Ecosystem As-
sessment 2005; Ramirez-Francel et al. 2021; Van Toor
et al. 2019).

At a worldwide scale, tropical dry forest (hereafter
TDF) harbors about 40% of all tropical forests. How-
ever, this key global life zone is currently facing heavy
risks both from human-induced and natural modify-
ing factors (Siyum 2020). In Colombia, the TDF is
among the three most degraded, fragmented and least
known ecosystems (Pizano et al. 2014). This lack of
knowledge, particularly in the Department of Tolima
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(central part of the country), limits the processes and
actions for the establishment of sustainable use, con-
servation, and restoration of the TDF, and its associ-
ated biodiversity (Garcia-Herrera et al. 2020; Torres
and Fernandez 2012).

The TDF in Tolima represents a biodiversity hot
spot, not only because it harbors 44% of the bat
species regionally registered (56 spp. associated to
the TDF life zone in Colombia) and 26% from those
for Colombia (Garcia-Herrera et al. 2019a), but also
in cultural wealth. Different human groups coexisted
from prehistory to the present, who lived through dif-
ferent demographic processes (Alonso Morales 2013;
Alonso Morales et al. 2020), with a variety of be-
liefs, values, and customs. The communities that
inhabit these areas are immersed in a fragmented
(agro)ecosystem surrounded by natural areas of great
importance because of the biodiversity and ecosystem
services that wildlife, including bats provide (Garcia-
Herrera et al. 2015; Ramiirez-Francel et al. 2015).
However, there is a general ignorance of the state of
the TDF and the fauna it harbors. In addition, the
human perception and knowledge of bats, and atti-
tudes and actions towards them needs to improve in
order to establish policies that lead to their conserva-
tion (Garcia-Herrera et al. 2020).

The objectives of this research were to assess the
knowledge and perception of the people living in trop-
ical dry forest fragments about bats related to three
different aspects: (1) biological and ecological knowl-
edge, (2) use and cultural beliefs, and (3) human-bat
interactions. In this way, we propose an initial ap-
proach to the relationship between the human com-
munity and the species of bats that inhabit this ter-
ritory in central Colombia.

MATERIAL AND METHODS

Study area

The Department of Tolima (23,562 km?) is located
in the trans-Andean region of Colombia, in the upper
basin of the Magdalena River. This territory com-
prises the slopes and high Andean mountains that
form the Central and Eastern Cordilleras (mountain
chains) and the dry-Magdalena inter-Andean valley
(Salgado Lopez and Varéon Barbosa 2019). The De-
partment of Tolima has a population of 1,330,187 in-
habitants, of which 93.15% belong to a Mestizo com-
munity (racially/culturally mixed), 5.61% to Indige-
nous people, 1.21% to Afro-Colombians and 0.03% to
a Romani population. This last ethnic group is made
up of 19 households with a total of 49 people belong-
ing to traditionally nomadic itinerants of Indo-Aryan
origin known as clan or vitsi Bolochov - Kumpania
del Tolima (Gobernacion del Tolima and Universidad

del Tolima 2016).

Population genetic studies have shown that the
upper valley of the Magdalena River is inhabited by
Indigenous groups such as Coyaima, Pijao, and Nasa
(Porras et al. 2008). By 1537, during the period
of Spanish colonization of the Americas, African and
Hispanic people were also in the area. Studies using
molecular markers and sociocultural variables have
determined that the population of the upper valley of
the Magdalena River has experienced ongoing migra-
tion due to armed conflicts that dominate Colombia’s
recent history and the search for new opportunities in
employment or study (Alonso Morales 2013; Alonso
Morales et al. 2018; Rojas et al. 2010).

We selected study sites in the northern and cen-
tral region of the Department of Tolima based on in-
formation of ethnic group distribution and occurrence
of tropical dry forest habitats. Sites were located in
the municipalities of Alvarado (311.15 km?; 8,796 in-
habitants; 439 m a.s.l.), Ambalema (239 km?; 6,683
inhabitants; 241 m a.s.l.), Armero-Guayabal (440.5
km?; 11,724 inhabitants; 285 m a.s.l.), Ibagué (1,498
km?; 529,635 inhabitants; 1.285 m a.s.l.) and San Se-
bastian de Mariquita (379.52 km?; 33,340 inhabitants;
495 m a.s.l.) (Figure 1).

The total population of the communities studied
fluctuated around 1,800 inhabitants, of which only
17% are considered community members. They are
holders of agrarian rights, which allows them to ac-
cess the use and enjoyment of a plot of land and de-
cide on the use and benefit of the common goods of a
community. The communities in this study have been
considered highly marginalized due to the precarious
standard of living, their low education level and be-
cause they lack most basic services (Gobernacion del
Tolima and Universidad del Tolima 2016). The main
economic activity of the study populations is agricul-
ture, mainly corn, rice, sorghum, cotton, and forest
systems, which are used for self-consumption. The
cultivation of rice and cotton are essential because in
most cases it is one of the most important sources of
income for families.

Data collection

During 2015-2019, street surveys and observa-
tions were conducted following Drumond et al.
(2009) with local inhabitants living in Alvarado, Am-
balema, Armero-Guayabal, Ibagué and San Sebastian
de Mariquita. Each survey consisted of 18 semi-
structured questions (Table 1) related to bat biology,
ecology, use, cultural beliefs and human interactions.
The methodological approach was in accordance with
the Code of Ethics of the International Society of Eth-
nobiology (2006). Participants’ consent was obtained
before interviewing them. The ethnic origin of the
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Figure 1. Location of the selected areas (municipalities) in the Department of Tolima (Colombia) for the study

of human-bat interactions.

people was classified based on the regional Govern-
ment information (Gobernacion del Tolima and Uni-
versidad del Tolima, 2016): as Mestizo, Indigenous,
Afro-descendant or Romani. In addition, gender, age,
education level (primary, basic, high school, techni-
cal or undergraduate), and type of work (farmers,
rice farm workers, fishermen, company employees and
housewives) were recorded.

Analysis of data

The data were analyzed using descriptive statistics
that take into account an ethnozoological approach
(Albuquerque et al. 2016). For the analysis of per-

ception and attitude, we used a semi-parametric re-
gression approach, based on Generalized Linear Mod-
els - GLM (Rigby and Stasinopoulos 2005). We used
a model with 22 covariates, represented by the num-
ber of questions in the survey. Gender, age, ethnic
origin, educational level and type of work were used
as fixed covariates (see Table 2) and the remaining
questions as random covariates. All statistical analy-
ses were performed in R version 4.0.2 (R Core Team
2020), using the packages "gamlss.dist", "MASS",
and "gamlss" and specifying a binomial distribution.
We used a paired t-test to compare and evaluate the
tendency to a positive or negative attitude of the in-
habitants towards bats.




Table 1. Questionnaire and response of the interviewees on human-bat interactions in Tolima, Colombi

Localities

Questionnaire Alvarado Ambalema Armero Guayabal Ibagué San Sebastian de Mariquita

Biology and ecology of bats

Do you know bats?

Yes 39 37 37 38 43
No 1 2

What is the taxonomic position of bats?

Mice 13 13 5 9 10
Birds 10 7 10 12 16
Mammals 14 10 17 15 17
Reptiles 2 8 5 4

What do bats eat?

Fruit 8 12 9 13 12
Inset 11 8 16 16 17
Nectar 1 2 3
Mice 5 3 1
Blood 14 15 9 10 12
What color are bats?
Black 18 16 17 18 13
Gray 4 14 9 26
Orange
White
Red 1
Brown 17 3 15 13 4
Other 5 4
How many species of bats do you think live in nearby forests?
1 18 20 18 21
3 21 5 11 14 13
5 7 6 6 6 1
10 11 8 2 8
15 1
>15

Use and cultural beliefs
What kinds of diseases do bats transmit?
Rabies virus 25 14 11 22 10
Different viruses and bacteria 12 19 22 16 25

Nothing 2 5 4 2 8
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Where do bats live?

Human constructions 22 21 25 7 18
Caves 11 5 1 8 9
Trees 6 8 11 15 11
Banana leaves 4 9 5
Others 1
What do bats do for the ecosystem?
Controlling insects 11 16 14 8 18
Seed dispersal 9 14 11 15 9
Flower pollination 1 1 2 2
Regulation of vertebrate populations 14 4 11
Nothing 4 4 15 14
Do you consider bats to be blind?
Yes 17 14 15 11 18
No 22 24 22 29 25
What uses do you know of bats?
Guano as fertilizer 11 9 4
None 27 29 31 41 43
Treatment for asthma 2

Human-bat interactions
What degree of closeness have you had with a bat?
Have touched it 8 2 1
Live with them at home 12 13 16 14 23
Live with them at work 15 9 11 5 8
They visit a tree in their house 4 14 9 21 12
Never had them around
If you have touched a bat, you have touched it using:
A broom 25 12 5 9
A plastic bag 2 11 1 24
Have worn gloves 7 14 9 9 8
Without protection 5 18 26
With a clamp 1 9 2
What do you feel when you see a bat?
I don’t know, not sure 4
They are scary, ugly 11 15 17 31 29
Bats are part of nature 9 12 12 4
Demons 5
Harmful animals 14 11 8 6 9
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How have bats been extracted from human structures?

Smoke 11
Burning oil 5
With a broom 8
With a rag 14 18
Closing entries 4
Turned on the light 1 14

Doing nothing
How do you perceive bats?

Ugly 9 12
Bats are a part of nature and nice 13 9
Do not bother 17 17
What damage do bats cause?

Suck the blood of farm animals 15 9
Get tangled in hair 2 1
They are bad luck 9

Cause damage or eat fruits 3 15
They do not cause anything 10 13
What myths do you know that are related to bats?
Product of God and the devil 18 16
They are blind 12 22
They smoke 9

What animals in your area should be conserved?
Oncilla (Leopardus tigrinus) 5 9
Birds 15 11
Night monkey (Aotus lemurinus)

Puma (Puma concolor) 19 16
Bats 2
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Table 2. Fixed covariates used in the Generalized Linear Models (GLM) of human-bat interactions in Tolima, Colombia.

Variable Women* Men* Ethnic Education Type
origin** level*** of job****
1 2 3 45 6 1 2 3 45 6 1 2 3 4 1 2 3 4 5 1 2 3 4 5 6
Alvarado 5 4 3 4 7 8 1 2 3r 21 9 3 4 2 13 4 11 11
Ambalema 12 1 6 5 13 1 2 36 22 9 1 3 3 4 5 12 17
Armero Guayabal 2 5 9 4 8 7 2 2 34 22 9 3 1 2 6 7 9 15
Ibagué 5 6 1 8 3 3 4 9 1 1 4 35 14 14 7 5 11 19 10
Mariquita 1 3 4 9 3 2 9 7 5 4 39 18 9 10 2 4 18 25
*Age **Ethnic origin  ***Education level ****Type of job
1 18-30 Afro Primary Farmers
2 31-43 Romani Basic (up to 9°) Jobs related to rice cultivation
3 44-56 Indigenous High school Fishermen
4 57-69 Mestizo Undergraduate Housewife
5 70-82 Technical Different jobs
6 83> Do not work
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RESULTS AND DISCUSSION

Community interviews

We surveyed 39 people from Rincén de Chipalo
(Alvarado), 38 from San Felipe (Armero Guaya-
bal), 37 from Chorrillo (Ambalema), 40 from Aparco
(Ibagué) and 43 from José Celestino Mutis (San Se-
bastian de Mariquita) for a total of 197 interviewees,
who were between 18 and 89 years old with a sex ra-
tio close to 1:1. In terms of ethnic origin, 91.88% of
the surveyed population were Mestizo, 3.55% Afro-
descendants, 3.04% Indigenous, and 1.53% Romani
(Table 2).

Colombia has one of the most diverse populations
in Latin America, with contributions from three main
continental groups: Europeans, Africans, and indige-
nous Americans (Rondon et al. 2008). The highest
concentration of racially mixed ancestry is mainly in
urban areas, particularly in the Andean region, in-
cluding the Department of Tolima (Rojas et al. 2010).
Local migrations and socio-cultural interactions have
resulted in the current population comprised of Mes-
tizo, Indigenous, Afro-descendant and Roma people,
which have their own cultural roots, customs, and ide-
ologies, as well as their own perspective of territory,
nature, and animals (Cimadamore 2006). This vi-
sion about nature can have important implications
for the conservation of bats exclusive of government
initiatives because a large part of the territories where
these species occur are communal property and belong
to ejidos or Indigenous communities. Undoubtedly,
the conservation of biodiversity in communal lands
involves local people and implies values, local knowl-
edge, culture, social perception about the nature of
the environment and conservation actions that are
carried out where they already exist (Berkes 2008;
Ramos et al. 2007). However, there are few stud-
ies on bats that simultaneously analyze the human
dimension and the human-bat interaction in commu-
nal lands, beyond pointing out conflicts and risk with
these species, which is common in other places of the
world (Prokop and Randler 2018; Torres et al. 2018).
Therefore, it is of great cultural value to know the
perception and use of bats as part of nature within
these local communities.

The structured interviews had as elements the reg-
istry of each community (the level of education, gen-
der, and ethnic origin) to recognize the perception,
attitudes and local knowledge about bats. For educa-
tion, 97 (49%) people had incomplete primary school,
36 (18%) with education up to the ninth grade, 31
(16%) completed secondary education, 17 (9%) com-
pleted some undergraduate university study, and the
remaining 16 (8%) had technical studies in produc-
tion and service sectors. For work, 80 (41%) had per-

manent employment, 35 (18%) had temporary jobs
or did not work, 32 (16%) were housewives, 11 (6%)
were fishermen, 35 (17%) had jobs related to rice cul-
tivation, and 4 (2%) were farmers (Table 2).

The GLM showed that all the fixed-effect covari-
ates used, except for origin of people (municipality),
determined or was related to the response with a sig-
nificance P < 0.05 and AIC: 176291.4. For the de-
gree of knowledge about bats, 194 individuals (98.5%)
stated that they had seen a bat and only 3 (1.5%) of
the respondents stated that they had never seen bats.

Local knowledge about bats

Regarding the taxonomic relationship of bats, 124
(62.9%) people did not recognize bats, instead in-
correctly assuming that bats are birds because they
fly or rodents due to their morphological similarity
(Figure 2a). The variation of the responses regard-
ing the taxonomic position of the bats was signifi-
cantly affected by the level of education (t = 10.39; P
<0.002, Table 3). The variables that significantly ex-
plained most of the variation level of education were:
Primary and Basic (up to 9th grade). In a similar
ethnobiological study, Drummond (2004) noted that
13% of respondents said that bats were insects, and
12% of respondents considered bats as rats. Gomes
et al. (2017) reported a similar pattern in an ethno-
zoological study conducted in Brazil.

For the feeding habits of bats, insectivorous
was the most common response with 68 (34.5%),
which may be related to the fact that these bats
have higher levels of activity in human settle-
ments, forest remnants, monocultures and near the
presence of artificial lights (Jung and Kalko 2010;
Rydell 2006). Blood consumption was cited by
60 respondents (30.5%), with the belief that all
bats feed on blood, and attack goats, horses, and
cows (30.5%, Figure 2b). The tropical dry for-
est of Tolima has only two hematophagous species
(D. rotundus and D. youngii) of the 55 species of bats
registered for this area (Garcia-Herrera et al. 2019a).
In areas where attacks on domestic animals occur,
people tend to generalize and stigmatize all bats as
hematophagous, causing death and persecution of
them (Cordero-Schimidt 2012). Frugivory was the
third most reported diet at 27.4% (Sheherazade et
al. 2017), but the respondents probably do not real-
ize that Neotropical fruit bats (Phyllostomidae) are
important seed dispersers of at least 549 plant species
with high ecological and economic value according to
the latest reviews (Ramirez-Fréancel et al. 2021; Scan-
lon et al. 2014).

For overall fur color and external appearance,
most respondents said that bats are black 82 (41.6%),
possibly related to their nocturnal habits, whereas 53
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Figure 2. Percentage distribution of the responses between the surveyed communities on human-bat inter-
actions in the tropical dry forest (TDF) areas from Tolima, Colombia. a. recognized taxonomic position, b.
feeding habits, c. roosting, d. ecosystem services provided, e. beliefs, and f. general perceptions.

(26.9%) and 52 (26.4%) reported brown and gray, re-
spectively (Table 1). People identify that bats are
associated with dark places, similar to studies in Ar-
gentina and Brazil (e.g., Gomes et al. 2017; Castilla
et al. 2020). For roosts, 93 (47.2%) people identified
that bats commonly live in human structures, such as
abandoned houses, bridges or tunnels, and 51 people
(25.9%) identified trees as a type of roost, while the
remaining percentage mentioned that bats can live in
caves, banana leaves, and other places (Figure 2c).

When asked about the ecosystem services pro-
vided by bats, 67 (34%) and 58 (29.4%) people men-
tioned insect predation and seed dispersal, respec-
tively, whereas only 6 (3.1%) of respondents men-
tioned pollination (Figure 2d). The interviewees
noted the seeds and fruits from the remains of feces
that are observed on the floor of their houses and close
to the plants that serve as shelters for bats. Therefore,
many surveyed people knew of this key environmental
service (seed dispersal) that bats perform. Pollination
is another essential ecosystem service, however, most
of the respondents do not know or are not sure about
this service. Our study found that the community was
unaware of the importance of bats to the provision
of any ecosystem services (18.8%, Table 1). These
results are of concern because even though bats are

10

fundamental to the functioning of natural and mod-
ified landscapes, there are misconceptions that have
led to the underestimation of the ecological roles that
bats play (Boyles et al. 2011; Kalka et al. 2008;
Kemp et al. 2019), as well as the lack of information
on some basic concepts and services that this group
fulfills (Ramirez-Francel et al. 2021).

Previous studies have found that, in general, peo-
ple’s perception about bats is mostly negative and is
related to the appearance of these animals and their
coloration (Castilla and Vifias 2012; Castilla et al.
2020; Prokop and Tunnicliffe 2008). However, in the
present study, 69% of people had positive perceptions
of bats, and classified them as a part of nature or as
animals that do not disturb humans. This positive
perception increases with the age of people and those
who have completed secondary education or have uni-
versity education (Table 1).

Use and cultural beliefs of bats

Two people in the municipality of Ambalema (1%)
knew a use of bats in traditional medicine for the
treatment of asthma, whereby bats are roasted, then
pulverized into ashes and placed on the patient’s
chest. This is a use similar to that reported in north-




Ramirez-Francel et al. 2021. Human-bat interactions in central Colombia: Regional perceptions of a worldwide fragile life zone

Ethnobio Conserv 10:32

Table 3. Significant results of the Generalized Linear Model (GLM) to the response variable perception of

bats by people in Tolima, Colombia.

Question Cofactor Estimate Stand error t -value P(> [t])
Taxonomic position of bats Ethnic origin 6.58 1.04 6.30 <0.007
Education level 9.66 9.29 10.39 <0.002
Gender 2.70 7.81 3.45 <0.008
Feeding habits of bats Education level 1.00 1.64 6.13 <0.008
Ethnic origin 3.03 1.12 2.70 8
Gender 3.22 9.57 3.36 1
Bats’s color Education level -1.00 2.21 -4.52 <0.001
Job types -3.56 2.86 -12.42 <0.002
Ethnic origin -9.64 1.10 -8.79 <0.003
Species present in the area Education level 4.39 1.31 3.34 1
Job types -1.21 3.90 -3.09 2
Type of diseases they transmit Job types -8.12 7.51 -10.81 <0.002
Gender 3.29 1.03 -3.20 1
Roosts used by bats Ethnic origin 3.59 1.10 3.26 1
Education level 7.21 1.40 5.16 <0.001
Job types 1.12 1.48 7.53 <0.001
Gender -3.14 8.85 -3.55 <0.005
Services provided by bats Ethnic origin -6.30 1.34 -4.70 <0.007
Education level 1.45 3.38 4.28 <0.004
Local uses related to bats Gender 1.14 2.04 5.59 <0.001
What degree of closeness have Gender 165 8.07 904 43
you had with a bat?
How are bats extracted from Education level -3.70 8.11 -4.56 <0.001
human structures? Job types 3.83 3.41 11.24 <0.002
If a bat has been touched. how do you Education level -6.53 2.04 -32.04 <0.002
protect yourself and catch them? Job types -3.54 7.94 -4.45 <0.002
Possible damage caused by bats Gender 5.14 1.37 3.76 4
Gender 9.02 9.71 -9.29 <0.002
Local myths or beliefs related to bats Education level 7.57 2.26 -3.35 1
Job types 2.97 5.97 4.98 <0.002
Animals that should be conserved Education level 3.91 1.07 3.65 <0.004
Job types -2.44 8.13 -2.99 3

eastern Brazil, where some use bats in the treat-
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ment of alcoholism, asthma and

as a contraceptive
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for livestock (Da Costa Rego et al. 2015). Guano
used as fertilizer was also mentioned by the intervie-
wees, although to a lesser extent and with various uses
(12.2%). This differs from that reported in other in-
vestigations where people use guano as a fertilizer on a
larger scale, such as in Tucumén, Argentina (Castilla
et al. 2020). However, the use of bats should be con-
sidered a major concern, as many emerging zoonotic
infectious diseases have been linked to bats, as po-
tential reservoirs for different viruses (Banerjee et al.
2019; Olival et al. 2014; Paige et al. 2014). Unfor-
tunately, with the current coronavirus pandemic and
emerging infectious diseases, the conflicts between hu-
mans and bats are further affecting the mostly neg-
ative perception of these animals (Ramos Pereira et
al. 2020). Despite the fact that in our study there
is no use of bats as a source of protein, as is the
case in Brazilian communities (Riccucci 2012; Ziment
and Tashkin 2000), it is evident that this will not be
enough to change negative attitudes (see Figure 3 be-
low). It is necessary to reinforce positive aspects of
bats with concrete information and practices towards
society that allow the conservation and protection of
this important group of wildlife (see educational al-
ternatives by Ramirez-Francel et al. 2021).
Regarding beliefs and perceptions, 103 (52.3%)
mentioned that bats are ugly and generate fear; and
48 (24.4%) people declared that they are harmful.
However, only a small number of people 5 (2.5%) af-
firmed that the bats were demonic or representative of
the devil. Our analyses showed that fear or aversion
towards them was significantly different from other
answers (good or at least harmless), as shown by t
tests (p < 0.001). A total of 15 people, including some
who lost domestic animals, said they were proud that
bats live in their mountains and believe that they can
also coexist with them and that their negative per-
ception cannot hide their value in ecosystem services.

The GLM analysis showed that people’s attitudes
towards bats were likely determined by gender (male),
level of education (low to medium), and type of em-
ployment (non-formal) (Table 2). Bats have been rep-
resented in the pre-Hispanic goldsmithing of Colom-
bia, characterized in the use of nasal appendages
and specific teeth that sometimes extend exaggerat-
edly out of the face, as observed in the indigenous
groups Calima, Cauca, Quimbaya, Tolima, Urab4,
Sint, Tairona and Muisca (Gault 2012). More re-
cently, however, bats have been associated with the
negative image of Dracula that is depicted in movies.
The interviewees also mentioned the myths that bats
smoke cigarettes or tobacco 32 (16.2%), 55 (27.9%)
that they are the product of a pact between God and
the devil, and 110 (55.8%) that they are blind (Table
1). These myths have led to a bad reputation for bats,
causing fear and potentially threatening them.
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Human-bat interactions

In general, respondents had a positive attitude of
bats with 136 (69%) people classifying them as part of
nature, whereas 61 (31%) people had a negative per-
ception related to aesthetic value, such as classifying
them as ugly. In terms of previous experiences, 126 in-
terviewees (64%) have lived in close proximity to bats
in their homes or at work, 60 (30.4%) declared that
bats frequent trees near their home, and 11 (5.6%)
have touched a bat. To remove bats from their work
or home, 104 (52.8%) people used rags, whereas the
remainder had used smoke from firewood, a broom,
or turned on the light. The use of non-lethal methods
to exclude bats was a positive attitude that could be
related to the inhabitants’ relationship with nature
(Serpell 2004).

To assess risk, we inquired about the care taken at
the time of manipulating bats; 85 (43.1%) people used
gloves, a plastic bag or rag to catch them, 51 (25.9%)
used a broom, 12 (6.1%) used sticks or tweezers, and
49 (24.9%) had not taken any precautions (see Table
1). The GLM analysis showed an explanatory effect
related to the level of education and the type of em-
ployment. Respondents such as farmers or housewives
used non-aggressive techniques to exclude them from
homes. In terms of human health, 172 (89.3%) people
recognized that bats could transmit viruses and bac-
teria. For myths, 74 (37.6%) respondents indicated
that bats caused damage to fruit, whereas 11 (23.9%)
indicated that bats feed on the blood of cattle, sheep,
horses, goats and pigs. Lower percentages indicated
that bats are a symbol of bad luck or get entangled in
hair, but 31% had no myths related to bats (Figure 2f
and Figure 3).

The handling of bats is also a cause for concern
because as detected in this study and others carried
out in Argentina and Brazil (Castilla and Vinas 2012;
Castilla et al. 2020; Gomes et al. 2017), increas-
ing the chances of being bitten can potentially lead
to a zoonosis. Exclusion protocols that are endorsed
by academics and conservation groups in Colombia
are required. Based on other studies (Barnes 2013;
Castilla and Vinas 2012; Cousins and Compton 2005),
bats are associated with the transmission of rabies
(Figure 3) and the interviewees in our study recog-
nized that more precautions are needed when they
come in contact with bats.

When asked about the species of animals in the
study area that should be conserved, the highest per-
centages were for birds and small species of wild
cats such as oncilla (Leopardus tigrinus). Bats were
ranked fourth with 8.1% of the responses. People
seem to recognize the ecological functions of bats, but
they are unaware of their vulnerability and conserva-
tion importance. Therefore, an environmental educa-
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A

Are “volant rats”
Consume blood (cows, horses, humans)
All are vampyres

Cause damage 1o fruits, and bites

Are associated to several diseases (Animal to human
transmission)

Are used in sorcery

Sheltered at home

Are related to spillover events

Consume fruits, insecls and rals
Disperse seeds

Figure 3. Generalized perceptions and attitudes (positive vs. negative) of people about bats in central Colom-
bia. Notice that the scale is tilted towards negative perceptions related to opinions that people perceive of

wildlife and farmland animals, and potential diseases that can be transmitted from bats to humans.

This

situation contrasts with the positive aspects that people recognize selected ecosystem services provided by
bats. However, despite that most people perceive negative aspects of bats, we found that most of the people

interviewed have some positive perception of them.

tion intervention program is required in order to pub-
licize the importance of bats as a regulator of ecosys-
tems (Kemp et al. 2019; Kunz et al. 2011; Medellin
et al. 2017).

To change attitudes and increase awareness of
the ecosystem services provided by wildlife, includ-
ing bats, strategies need to involve local communities,
politicians, administrators, and researchers which all
have different scales of values, knowledge and inter-
ests vital to achieve lasting environmental sustainabil-
ity (Altieri and Toledo 2011). Therefore, this study
constitutes the basis for building environmental edu-
cation strategies that allow the construction of an ac-
tion plan for the conservation of a poorly understood
fauna, such as bats.

The analysis of cross-cultural perceptions of bats
and their interactions with humans in the tropical dry
forest of Tolima (Quiroga-C et al. 2019) represents a
relatively small survey sample, but forms a baseline
for further study. Unfortunately, human-wildlife as-
sessments in the TDF are typically not available for
larger areas, especially considering that habitat de-
struction and the resultant fragmentation of the re-
maining forest are a common phenomenon in Colom-
bia (Garcia-Herrera et al. 2015; Quiroga-C et al.
2019; Villanueva et al. 2015). Understanding these
limitations will contribute to identify which charac-
teristics influence human-wildlife interactions, so as

to improve our comprehension of the relationship be-
tween the perceptions of people about bats and the
ecosystem services they provide. Conservation strate-
gies for the tropical dry forest should be linked to
the conservation of bats because these unique flying
mammals will be important components of sustain-
ing these dynamic landscapes as human perceptions
change over time (Dou et al. 2020).

Promoting the conservation of bats in
the Colombian tropical dry forests and
elsewhere

Many societies have a bad concept of bats, based
mainly on myths, legends and movies related to vam-
pires. In addition, bats are believed to transmit or
cause diseases, not only rabies, but also allergies and
respiratory problems such as asthma caused by guano
that may accumulate under the roofs where colonies
of bats live. Furthermore, poorly managed and mis-
interpreted COVID-19 pandemic information, as well
as emerging infectious diseases, is going to increase
the negative perception of these animals (Figure 3).

However, the interviewed inhabitants have the
perception that the bat population has increased in
the last five years, due to actions such as the pro-
hibition of logging and recognition of almost 27,000
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hectares as conservation areas in the TDF of the De-
partment of Tolima. These actions tend to favor bats
with an abundant food and forest remnants where
they can find shelter and food (Garcia-Herrera et al.
2019a; Garcia-Herrera et al. 2019b; Garcia-Herrera
et al. 2020).

Nature and scientific tourism are activities that
are beginning to develop both nationally as well as
regionally, so there are optimistic expectations that
motivate the rural community where bats have be-
come an obligatory topic in their strategies to attract
tourists. Locally, it is also about strengthening ac-
tions to keep bats in the forests, including the pro-
motion of environmental education initiatives or pro-
grams for the local people and visitors. The com-
munities have supported researchers and students of
different educational levels to carry out field work or
short stays (as for the first authors, popularly known
as the “Leidys”) in their territories (Alves and Souto
2015).

The conservation of bats requires the assistance of
local people. However, the future of bats and their
habitats depends on the support that is channeled
to the communities, so that they can improve their
standards of living. It is also important to strengthen
the social support and organization of other neighbor-
ing communities because bats are species that need a
large area to function due to their vagility (Garcia-
Herrera et al. 2019; Ramirez-Francel et al. 2015;
Ramirez-Francel et al. 2018; Ramirez-Francel et al.
2020). Only in this way can a management plan for
the conservation of bats be integrated at the regional
level. Although several proposals for the conservation
of bats have gotten global attention (e.g., Ramirez-
Francel et al. 2021), many lack economic support to
make them viable. It is a situation of major concern in
vulnerable areas, especially inmegadiverse countries,
such as Colombia, and under the current or potential
future pandemic.

CONCLUSION

In general, the perception of people about bats
varied according to the gender and level of education
of the interviewees in Tolima, Colombia. There were
positive perceptions of bats despite a dominance of
negative attitudes. Further efforts should be made
in the transmission and dissemination of knowledge
about the ecological importance of bats, which will
contribute to the success of future conservation plans
in the area with the participation of the local commu-
nity.

Although there was a general lack of knowledge
of the tropical dry forest and the biological and eco-
logical aspects of bats, some people recognized basic
information about the habitat requirements of bats
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within the study area, such as roosts in building,
which could help identify potential priority conserva-
tion areas based on controllable human-bat interac-
tions. Even in cases of conflict between local peo-
ple and bats, the actions of the communities have
been fundamental to maintain conservation processes
and peaceful interaction. This can be strengthened
by the increased participation of government agen-
cies related to the preservation of biodiversity and
other key stakeholders such as conservationists, con-
sultants, and academics. Currently, there is a new
paradigm shift occurring for the conservation of bats,
which implies having a strong social participation at
the community level. But it must also be recognized
that there is a large information gap in the role that
humans play in biological conservation in vulnerable
areas and megadiverse countries such as Colombia.
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