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1 | INTRODUCTION

Negative interactions between humans and wildlife, such
as overlap in resource use or aggressive encounters,
represent one of the most significant and widespread
issues facing human-wildlife coexistence (Madden &
McQuinn, 2014). Negative interactions can drive resent-
ment toward wildlife and conflict between people over
how to deal with problematic wildlife behaviors, fueling
retaliatory killings (Dickman et al., 2014). While negative
interactions between large-bodied carnivores and people
dominate coexistence literature (Su et al., 2022), venom-
ous snakes (i.e., members of the Viperidae and Elapidae
families) kill more humans than any other vertebrate ani-
mal (Small, 2021). Approximately 140,000 human lives
are lost each year to venomous snakebites, and a further
400,000 are left with permanent disability (World Health
Organization [WHO], 2019). The true mortality count
remains unknown, masked by the nature of self-reporting
in low-income communities (Harrison et al., 2009), where
indirect socioeconomic costs for snakebite victims are
rarely considered (Kularatne et al., 2014). Unknown is
also the number of snakes killed by humans each year,
which is long feared to far outweigh human fatalities
(Whitaker & Shine, 2000). Across the tropics, snakes are
regularly killed on sight by neighboring communities
(Jadhav et al., 2018; Wood et al., 2022), which critically
threatens their provision of ecosystem services in many
tropical landscapes (Budnukaeku et al., 2021). A deeper
understanding of these negative interactions is urgently
required to develop solutions for snake conservation and
promote sustainable coexistence with humans.

Snakebite events pose a significant challenge to
human-snake coexistence. A range of anthropic (Mise
et al., 2016; see Table S1 for a compilation of social factors
influencing human-snake interactions) and environmen-
tal factors underpin negative interactions (Zacarias &
Loyola, 2019). For example, while the abundance of indi-
vidual venomous snakes does not differ significantly
between tropical and temperate snake communities
(Luiselli et al., 2020), snakebite events are asymmetrically
prevalent across rural agricultural communities in tropical
climates (Samuel et al., 2020). Field workers are particu-
larly likely to suffer a venomous bite on the feet or hands
(Harris et al., 2010; Singh et al.,, 2015). Bites are also
observed at home in areas of low light or at night, where
snakes are attracted by the smell of rodents and shelter

from hot or rainy environmental conditions (Jayawardana
et al., 2020). Fear of a fatal bite often instills negative
attitudes and brutal killings of snakes across tropical
zones (Alves et al., 2014; Jadhav et al., 2018; Onyishi
et al., 2021). While community tolerance is lower
toward venomous species (Kontsiotis et al., 2022), fear
and the absence of knowledge required to identify
harmless species often results in the killing of all sighted
snakes (Balakrishnan, 2010; Wojnowski, 2010). This is
concerning given the very act of killing snakes can ele-
vate the human risk of envenomation and remove the
provision of otherwise valuable ecosystem services
(Pandey et al., 2016).

Snakes play an important role in the provision of eco-
system services. Pest control is perhaps their most valu-
able regulating service, with the potential to enhance
crop yield for agricultural communities and reduce the
risk of epidemic plagues through predation of rodents
(Kontsiotis et al., 2022). Seed dispersal and their role as
ecological indicators for climate variation are also valu-
able (Beaupre & Douglas, 2009; Reiserer et al., 2018).
However, cultural services provided by snakes are
observed to play the most important role in more harmo-
nious coexistence (Narayanan & Bindumadhav, 2019;
Pinheiro et al., 2016). For example, snakes frequent
Hindu and Buddhist imagery across the tropics, influenc-
ing some communities to protect and even provide food
for certain visiting species on account of their religious
value (Allocco, 2013; Narayanan & Bindumadhav, 2019).
While positive attitudes toward snakes and their conser-
vation have been recorded in bite-risk areas, conflict
management is still required to reduce snakebite
events and generate capacity for snake conservation
(Chowdhury et al., 2021).

In 2019, the WHO pledged to halve snakebite deaths
and related injuries by 2030 (WHO, 2019). One challenge
to achieving this goal is limited research exploring the
current use and effectiveness of proposed snakebite man-
agement, irrespective of barriers to implementation
(Malhotra et al., 2021; Wood et al., 2022). Snakebite man-
agement can be divided into two broad categories: medi-
cal treatment (e.g., antivenom) and technical prevention.
To date, scientific research and funding have focused on
the development of antivenom treatment for snakebite
severity (Bulfone et al., 2018). However, financial cost,
variable efficacy, and limited ability to deliver rapid treat-
ment to rural communities where bites often occur have
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Cautious Behaviour
Do not touch, or approach a snake, but
calmly walk away if sighted.

Protective Clothing

Wear protective boots or gloves
to avoid snakebites at work

or around the house.

Waste Management

Remove rubbish and food
waste from in and around the
house to avoid the presence of
shakes in search of rodents.

Clear Pathways

Maintain clear pathways to maximise
chances of spotting a snake and
exercising cautious behaviour on
popular walkways.

Ajournal of the Society for Conservation Biology

Use Stick Working in

Areas of Low Visibility

Use a stick to check for snakes in areas of
low visibility, exercising cautious
behaviour at work, or at the house.

Torchlight

Use torchlights to maximise
chances of spotting a snake
at night and in dark

areas of the home.

Mosquito Net

Sleep under a mosquito net
to reduce the chances of a
snakebite when asleep, often
caused by rolling or moving
toward the snake.

Raised platform

Sleep on a raised platform

to reduce the chance of a snakebite
when asleep, allowing snakes to pass
under the bed.

FIGURE 1 Visual representation of notable snakebite prevention measures as recommended by literature, local nongovernment
organizations, and the Indian Government Ministry (MCBT, 2022; Ministry of Health & Family Welfare Government of India, 2016;

Williams et al., 2019).

caused many to question its applied impact in tropical
countries (Alangode et al., 2020; Habib & Brown, 2018;
Laxme et al., 2019).

A range of “recognized prevention measures” have
been recommended by scholars, nongovernment organi-
zations, and governments to prevent snakebite events,
including the use of protective boots or gloves for field-
work, mosquito nets, raised platforms for sleeping at
home, and torches to limit surprise encounters with
snakes, particularly at night (Ministry of Health & Family
Welfare Government of India, 2016; Rodrigo et al., 2017;
WHO, 2019). Other recommendations include vigilant
behavior when working or walking in the fields, main-
taining wide field paths, removal of waste around the
home, controlling rodents in and around households,
and filling holes in house walls where snakes can easily
enter (Figure 1; Williams et al., 2019; Madras Crocodile
Bank Trust [MCBT], 2022). However, with snakebite
mortality consistently high year on year, few studies
have explored affected communities’ willingness to
adopt prevention measures to inform snakebite preven-
tion efficacy (Malhotra et al., 2021). For example, physi-
cal discomfort and deep-rooted cultural beliefs can

reduce the adoption of protective clothing by at-risk
communities (Ayode et al., 2013; D'Aoft et al., 2009),
and financial limitations limit the scalability of other
purchased prevention products (Wood et al., 2022). To
reduce snakebites and facilitate snake conservation, it is
crucially important to understand the drivers of effective
snakebite prevention.

Effective snakebite prevention planning would bene-
fit from pre-emptively considering what solutions might
be more widely accepted and effective, suitably account-
ing for and responding to future human behavior
(Carter et al., 2020; Travers et al., 2019). A range of
social factors, including perceptions of threat, effective-
ness, ease of use, and maintenance requirements, are
suggested to drive the adoption of preventative mea-
sures within the wider coexistence literature (Denninger
Snyder & Rentsch, 2020; Noga et al., 2015). However,
integrated frameworks from social science are seldom
employed to explore the presence of such factors (Nuno
et al., 2022). The health belief model (HBM) is one of
the most frequently cited public health frameworks for
understanding human behavior when faced with a
threat to health (Jones et al., 2014) (Figure S1). HBM
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FIGURE 2
relative sample size per study site (range = 25-75 participants).

proposes that perceptions of threat are in part driven by
perceived severity of impact, perceived risk of conta-
gion, and cues to action (e.g., reminder notifications).
Alongside threat perceptions, the perceived benefits of
treatment combined with perceived barriers to access
and self-efficacy contribute toward adoption likelihood,
underpinned by an individual's sociodemographic back-
ground. While HBM continues to be extensively used in
health literature (Al-Sabbagh et al., 2022; Walrave
et al., 2020; Wong et al., 2021), the application within
coexistence literature is limited (Nuno et al., 2022) and
has never been applied to explore the adoption of snake-
bite prevention measures.

Focusing on rural agricultural communities in
Tamil Nadu, India—the country where approximately
40% of snakebite deaths worldwide occur (Suraweera
et al., 2020)—this study aimed to identify key factors
related to individuals' current and potential future adop-
tion of snakebite prevention measures. We addressed
the following research questions: (1) What measures are
currently adopted to prevent snakebites? (2) What drives
potential future adoption of snakebite prevention mea-
sures? (3) What barriers hinder the future adoption of
snakebite prevention measures? Ultimately, we aim to

0 5 10km
.

79°E 80°E 81°E 82°E

Map of study sites (n = 15 red dots) within the Thiruvarur District of Tamil Nadu State, India. The dot size reflects the

contribute toward the improved uptake and efficacy of
snakebite preventive measures to reduce snakebites, pro-
moting snake conservation and progressively harmoni-
ous coexistence.

2 | METHODS

2.1 | Study site

We conducted this study in the Thiruvarur District
of Tamil Nadu in southern India (Figure 2). Tamil Nadu
is one of the highest populated states in India
(approximately 72 million people), and around half of
the population resides in rural areas (Government of
Tamil Nadu, 2017). Furthermore, more than 70% of the
total workforce in the Thiruvarur District depends upon
agriculture for livelihood purposes, where paddy is the
main crop (Paramasivan & Pasupathi, 2016). The area
comprises multiple ethnic groups, with most people
practicing Hinduism (Waring, 2012). Poverty is preva-
lent in rural communities in part owing to limited agri-
cultural development (World Bank Group, 2017).
Around 6%-10% of Thiruvarur's population live in
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absolute poverty, with annual per capita income
amounting to 27,408 INR (299 GBP) (Government of
Tamil Nadu, 2017).

Tamil Nadu has frequently been identified as a high
snakebite risk state in southern India (Salve et al., 2020;
Suraweera et al., 2020). Representing just 5% of India's
population, Tamil Nadu has been estimated to contribute
around 20% of the official national snakebite mortality
cases (Samuel et al., 2020). This has been suggested to
be a product of high agricultural reliance, a rural
population living in poverty, and a high abundance of
India's four medically significant venomous snakes
(Samuel et al., 2020); the spectacled cobra (Naja naja),
the Russell's viper (Daboia russelii), the saw-scaled viper
(Echis carinatus), and the common krait (Bungarus caer-
uleus) (Whitaker & Whitaker, 2012). Bites are most likely
to occur at lower altitudes, specifically less than 500 m
above sea level, in correlation with rainfall and crop har-
vesting (April-June and September—October) (Suraweera
et al., 2020; Vaiyapuri et al., 2013). The four medically
significant species are terrestrial but vary in nocturnal
and diurnal activity patterns, causing a consistent risk for
agricultural workers (Whitaker & Whitaker, 2012). While
currently listed as “least concern” on the ITUCN's Red List
(TUCN, 2022) and protected under The Wildlife Protec-
tion Act (1972) of India, conflict with humans and land
use change threaten these species’ persistence in India
(Janani et al., 2016). This is especially true for wet agricul-
tural environments, which, in comparison to forested areas,
are thought to provide a preferable habitat for medical spe-
cies such as D. russelii and N. naja that heightens the
potential for negative interactions with local farmers
(Whitaker & Martin, 2015). These species not only pro-
vide crucial ecosystem services such as seed dispersal
and pest control in Tamil Nadu, but hold deep cultural
value for neighboring communities (Narayanan &
Bindumadhav, 2019). In particular, the Indian cobra
(N. naja) is generally worshiped in southern India and
is often pictured in Hindu imagery (Lange, 2019). It is
believed that worshiping N. naja can enhance fertility
for women, where women are reported to bring milk or
eggs as offerings to the local temple for prayer
(Allocco, 2013). However, it is believed that killing or
otherwise disturbing a mating pair of snakes can place
a curse on the family, limiting fertility and otherwise
causing marital harm (Allocco, 2013). While N. naja
appears to carry cultural values that support coexis-
tence, either through fear or hope, other species may be
perceived differently. For example, fear also drives the
killing of many snakes in the region, especially snakes
identified as venomous that carry a higher perceived
risk to human life (Landry Yuan et al., 2020). Russell's
vipers (D. russelii) are generally more feared, and many

Ajournal of the Society for Conservation Biclogy

other species carry harmful myths about them, but with
less cultural/religious value compared to N. naja are
more likely to be killed. Effective conflict management
is urgently needed to reduce snakebite events and
support valuable coexistence for snake species over-
all, despite observed tolerance toward the N. naja
(Chowdhury et al., 2021).

2.2 | Survey design and administration
We used an in-person questionnaire combining closed-
and open-ended questions to gather information on the
current and potential future adoption of snakebite pre-
vention measures in rural agricultural communities. We
designed our questionnaire using the HBM framework
and incorporated feedback from local partners to ensure
relevance. Combining questions on demographic charac-
teristics (age, gender, education, and relative wealth),
current adoption of snakebite prevention measures, sense
of responsibility, perceived effectiveness of measures
alongside perceived self-efficacy, and perceived suscepti-
bility and severity of snakebite (Table 1), we investi-
gated which factors potentially affect adoption of
recognized snakebite prevention to inform the design of
conservation initiatives in situ. A standardized list of
12 recognized snakebite prevention measures was pro-
vided to each participant to explore underpinning
drivers of future adoption across each measure (see
Appendix SI), where open-ended questions were used to
understand current snakebite prevention behavior; pre-
vious knowledge of these prevention measures was not
assessed. We also assessed perceived barriers to the
adoption of snakebite prevention measures and explored
individual perceptions of snakes and snakebite (disgust,
pest control capability, cultural existence value, fear,
and protection through worship) (Fortin et al., 2020;
Narayanan & Bindumadhav, 2019; Radlova et al., 2019).
After survey development, we ran a pilot study with
47 people from a local rural community excluded from
the final survey. Their responses helped determine the
average completion time and ensure the questions were
easily understandable. Throughout the study, we used
the term snakebite to refer to the interaction between
venomous snakes and humans as opposed to snakebites
on livestock or other animals that may have indirect
impacts on human livelihoods. A copy of both English
and Tamil versions of the final questionnaire is avail-
able in Appendices SI and SII.

To administer the questionnaire, the MCBT helped
to identify 15 agricultural communities within the
Thiruvarur District willing to engage in research,
where environmental characteristics were
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representative of Tamil Nadu's snakebite risk. To reach
a wide range of participants within these communities,
we conducted in-person questionnaires between May
and June 2022, opportunistically approaching people
working in agricultural areas, homesteads, or village
communal areas. To capture enough intra-community
variation, we aimed to interview at least 25 participants
per community. While the likelihood of self-selection
bias of opportunistic sampling limits reliably broad
extrapolation (Robinson, 2014), results can highlight
issues worthy of further exploration. Questionnaires
took around 20 min to complete, and we collected data
on iPads using an offline version of Qualtrics data col-
lection software. Three Indian research assistants, who
received comprehensive in-situ training before data
collection, carried out questionnaires in local Tamil.
For open-ended questions, we audio-recorded partici-
pant responses for later translation from Tamil to
English and transcription for analysis. During an intro-
ductory statement, we informed participants about the
purpose of the project, the voluntary nature of their
participation (including audio recording), the anonym-
ity of data shared, and the right to terminate the ques-
tionnaire at any time. Data collection was approved by
the Ethics Committee at the University of Exeter
(Approval ID: 513153).

2.3 | Data analysis

We used ordinal logistic regressions to explore relation-
ships between the potential adoption of specific preven-
tion measures (participants’ self-reported willingness to
adopt future snakebite prevention measures: not willing;
a little willing; neutral; somewhat willing; extremely will-
ing) and potential predictors without making assump-
tions about interval distance or distribution. We used the
Akaike information criterion (AIC) as a means of model
selection, displaying and ranking all possible model com-
binations of log-likelihood while penalizing for the num-
ber of parameters (Wagenmakers & Farrell, 2004). Final
models were calculated as an average across models with
AIC <4 using the MuMIn package v.1.42.1 (Barton, 2018);
AIC >4 reflecting substantially less model support
(Anderson & Burnham, 2002). The relative importance of
predictor variables has been expressed as the sum of
Akaike weights for variables present in the final averaged
models. Uninformative parameters were identified using
an 85% confidence interval to avoid the removal of vari-
ables in best-performing models supported by lower AIC
values (Arnold, 2010). We conducted all statistical analyses
using R version 7.1.554 (RStudio Team, 2022).

Ajournal of the Society for Conservation Biclogy

To explore the potential future adoption of snake-
bite prevention measures, we included all relevant
sociodemographic (i.e., age, gender, education, and rel-
ative wealth) and perception variables (i.e., sense of
responsibility, perceived effectiveness, perceived self-
efficacy and perceived susceptibility, and severity of snake-
bite) alongside current adoption of snakebite prevention
measures together in the statistical models. We applied this
approach separately for each key target prevention measure
(sleep on a raised platform, wear protective clothing on dry
ground, and use a stick to check for snakes in areas of low
visibility). These three behaviors reflected the lowest poten-
tial adoption levels (see Section 3) and were deemed to rep-
resent measures that may be affected by different drivers or
unpredictable barrier types. Wearing protective clothing on
the wet ground was excluded from further analysis on
account of the invariability of barriers facing adoption,
where it became clear wet ground conditions directly
blocked adoption.

For open-ended questions (i.e., free-listing prevention
measures currently adopted and perceived barriers), we
subsequently categorized transcript data; inductively
compared thematic codes and ultimately grouped them
into overarching themes in line with the exploratory
nature of the study (Table S2; Terry et al., 2017).

3 | RESULTS

A total of 535 people took our survey across the 15 rural
agricultural communities (range = 25-75 participants per
community) from the district of Thiruvarur in Tamil Nadu
(Table S3). Considering individual snake perceptions, while
participants generally acknowledged a fear of snakes, these
species were perceived to hold ecosystem service value in
the form of pest control (Figure S2). Participants were more
divided when considering feelings of disgust toward snakes,
their cultural existence value, and the perceived effectiveness
of worship as a form of snakebite prevention. Snakebites
themselves were generally considered to be rare or very rare.
Despite this rarity, participants acknowledged the high
impact of bite incidents on physical health, psychological
health, future job opportunities, family care burden, and
human life (Figure S3). Among the surveyed participants,
371 (69%) reported already adopting snakebite prevention
methods in their daily lives (hereby referred to as
“adopters”). The remaining 164 survey participants (31% of
respondents) refrained from snakebite prevention altogether
(hereby referred to as “non-adopters”), although 46% felt
they should on reflection. Specific sample sizes are reported
throughout the results as sections vary according to partici-
pants’ experiences.
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3.1 | What measures are currently
adopted to prevent snakebites?

Among the 371 current adopters, 217 (59%) exclusively
used snakebite prevention measures commonly recognized
in the literature (Figure 1). The remaining 41% either
exclusively used measures unrecognized in literature
(38%) or a mixture of both recognized and unrecognized
methods (62%). Overall, the median number of measures
used per participant was two (IQ range = 0-5), with 74%
of measures adopted exclusively at or around participant
homes.

When exploring specific measures adopted to prevent
snakebites, the intentional maintenance of clean floors
inside homes (clearing of cooking equipment and posses-
sions) and tidy backyards (clearing of debris and

Snakebite measures reported by respondents

vegetation) were the two most commonly recognized
snakebite prevention measures reported (Figure 3);
accounting for 22% and 19% of all measures, respectively.
Other recognized snakebite prevention measures were
also reportedly adopted, including the use of a torch at
night (7%), covering holes in the house (floor or wall)
through which a snake could enter (6%), and cautious
behavior walking and working (6%). However, unrec-
ognized snakebite prevention measures accounted for
25% of all responses. The most popular of which
include the spreading of salt around the four corners of
the home (25%), spraying or spreading turmeric and
garlic (25%), and the wearing of chappals (sandals)
around the home or field (9%). Other unrecognized
measures reported include spreading cow dung around
the home (6%), fencing the property (5%), and spraying

Clean and tidy house I EEEEEEE——
Tidy house surroundings FEEEEEEEEEEEEEEEEEEE—
Use torch at night
Cover holes in the house (wall / floor) B
Cautious behaviour (walking / working)

Sprinkle salt (around four corners of the house)

Waste management (community tip / burn) EET

Move away from sighted snake I
Carry / use sticks working in low visibility Fmmm
Spray turmeric (around the house / entrance)
Wear shappals / sandals s
Spray garlic & turmeric (around house / entrance)
Sprinkle bleach / kerosene / poison (entrance to house)
Sprinkle cow dung and water (outside of the house)
Spray Ayurvedic medicine (around the house)
Erect fence (around the property)
Spread garlic (around the house)
Spray insecticides (around the house)
Pray or worship
Plant Siriyananagai / green chiretta (in the garden)
Make noise when walking (beat floor / shout)
Other
Sleep under mosquito net [l
Use animal deterrent (cat / dog / peacock)
Sleep on a raised platform §

0 20

40 60 80 100 120 140 160 180

Number of respondents adopting the prevention measure

Il Recognised measures

FIGURE 3

Unrecognised measures

Types of snakebite prevention measures currently adopted within the Thiruvarur District and the number of participants

mentioning each type of concern. Recognized measures (shown by blue bars) refer to those reported by the WHO, Indian Ministry of Health
and Family Welfare alongside local conservationists and snakebite literature, whereas unrecognized measures (shown by orange bars) refer

to other approaches unreported from such sources.
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TABLE 3

Ajournal of the Society for Conservation Biclogy

Key perceived barriers to adopting recognized snakebite prevention measures (number of participants mentioning each type

of concern is reported below); overarching themes (n = 6) and subgroups (n = 34) with supporting quotes.

Theme

Practicality
(n = 306)

Financial
(n = 148)

Familiarity
(n = 130)

Physical
comfort
(n =128)

Groups

Difficulties of wearing boots in wet ground
conditions (n = 206)

Opportunity cost (time/burden) of using
products (boots/stick/gloves) (n = 28)

Ease of sleeping on the floor (n = 11)

Maintenance requirements of products
(boots/torch/raised bed) (n = 8)

Situational use of prevention products
(n=3)

Boot damage to crops (n = 7)

Forgetting to use prevention products
(torch/boot/stick) (n = 6)

Raised platform not fit for collaborative
family sleeping (n = 5)

Impracticality of wearing gloves in wet
ground conditions (n = 4)

Limited financial budget for prevention
products in general (n = 46)

Limited financial budget for boots (n = 46)

Limited financial budget for a raised bed
or home improvements (n = 35)

Deprioritisation of work equipment
purchases (n = 12)

Financial prioritization of day to day life
expenditure (n = 5)

Limited financial budget for mosquito net
(n=4

Wearing boots or shoes (n = 79)

Familiarity with sleeping on the floor
(n=24)

Wearing protective clothing in general
(n=14)

Perception of footwear (n = 13)

Comfortable to sleep on the floor (n = 44)

Supporting quotes

“In the wet area if we wear shoes then mud and water will enter into the
shoes. We cannot work by wearing this...we can wear shoes in the dry
area” [Adopter, Female, Agricultural worker].

“If we wear shoes then we cannot do work quickly. If we work slowly
then our owner will not call us for the next time. So, we think that
anything can bite us, but we need to have job for tomorrow and
because of this we won't wear shoes” [Adopter, Male, Agricultural
worker].

“Only pillow is needed to sleep on the floor” [Non-adopter, Male,
“Other” occupation].

“If we are working on wet lands, the shoes will get damaged. How long
will you keep changing it?” [Adopter, Female, Agricultural worker].

“While at home, we will clean the floor and sleep there. While in the
fields we will have cots and sleep on it” [Adopter, Female, Agricultural
worker].

“If we wear shoes and work, the crops will not grow properly” [Adopter,
Male, Agricultural worker].

“When we go out without torchlight in the dark, then we cannot do
anything. Sometimes I forget to take it with me” [Adopter, Male,
Agricultural worker].

“Cot is small. I have to make the kids sleep next to me...so floor is
better” [Adopter, Female, Agricultural worker].

“We cannot work properly. We cannot balance properly if we wear
gloves and pick up equipment's” [Non-adopter, Male, Agricultural
worker].

“We all have financial issue...we don't have anything and that is why we
are going to work” [Non-adopter, Female, Agricultural worker].

“We get some Rs. 600 per day... with that amount we cannot buy shoes”
[Non-adopter, Female, Agricultural worker].

“I cannot afford the get a cot” [Non-adopter, Female, Agricultural
worker].

“People who have to buy it will think twice about the cost, they prefer to
buy a 50/— slipper instead of a 200/— shoe for work™ [Adopter, Male,
“Other” occupation].

“I run the family with what little I get” [Adopter, Male, Agricultural
worker].

“We find it difficult to even buy a mosquito net” [Non-adopter, Female,
Agricultural worker].

“T am used to working without it. Since I was a child I used to go to the
fields” [Adopter, Male, Agricultural worker].

“From birth, we have been sleeping on the floor only. I will sleep on the
floor only” [Adopter, Male, Agricultural worker].

“In this area people are not habituated with such kind of things (boots/
gloves)” [Adopter, Male, Agricultural worker].

“We wear chappals, but not shoes” [Adopter, Male, Agricultural
worker].

“After working hard I feel happy to sleep on the floor. If we sleep on the
cot then we will have body pain” [Non-adopter, Female, Agricultural
worker].

(Continues)
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TABLE 3

Theme

Social
pressure
(n=093)

Cultural
beliefs
(n=173)

CARTER ET AL.
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(Continued)

Groups

Uncomfortable wearing boots (n = 42)

Health benefits of sleeping on the ground
(n=23)

Cooler to sleep on the floor (n = 9)

Cannot sleep under mosquito nets (n = 6)

Uncomfortable to sleep on a raised bed/cot
(n=4)

Concerns about community reaction to
protective clothing (n = 48)

Social embarrassment wearing protective
clothing (n = 18)

Concerns of employer reaction to
protective clothing, including (n = 12)

Concerns of being the first adopter
(n =10)

Cast based estrangement from shoe
wearing (n = 5)
Respect for agricultural land (n = 59)

Identify with barefoot walking (n = 8)

Uncourageous nature of prevention
measures (n = 6)

Supporting quotes

“You can't be in shoes for a long time, you can wear it only for a short
while, otherwise you will get pain” [Adopter, Male, Agricultural
worker].

“That is like yoga. It is good if you sleep on the floor. Better than a bed”
[Adopter, Female, Agricultural worker].

“Because of the heat, if we sleep on the floor, it will be cool” [Adopter,
Female, Agricultural worker].

“You cannot sleep inside a mosquito net” [Adopter, Male, Agricultural
worker].

“I have a cot. But I cannot sleep on the cot. If I lie on the floor, I sleep
well” [Non-adopter, Male, “Other” occupation].

“They think that it is wrong to wear such things and so they won't allow
us to wear shoes and gloves while working in the agriculture field”
[Adopter, Male, Agricultural worker].

“T am embarrassed to wear shoes while going to the farms, hence we
cannot do it” [Adopter, Male, Agricultural worker].

“We think that we should not wear those things on the land. They scold
us if we wear and so we won't wear it” [Adopter, Female, Agricultural
worker].

“If you are the only wearing it, then it is embarrassing, they will make
fun of us. If everyone start wearing it, I can also do it” [Adopter,
Female, Agricultural worker].

“Those who go to the forest don't wear shoes. Those in the officer level
only wear shoes” [Adopter, Male, Agricultural worker].

“We consider the farming lands to be Godly, we don't wear shoes and
slippers... out of respect we don't do it” [Adopter, Male, Agricultural
worker].

“We cannot wear shoes, we just work barefooted. We do all work
barefooted” [Adopter, Male, Agricultural worker].

“If I go alone then I won't carry any stick. I go without any fear”
[Adopter, Female, Agricultural worker].

potentially dangerous chemicals (kerosene/bleach/ani-
mal poison) on the entrance to homes (6%). Variations
of specific prevention measures adopted were not
recorded across villages due to socioeconomic similar-
ity and the consistent nature of snakebite risk.

3.2 | What drives potential future
adoption of snakebite preventatives?

A total of 374 survey participants, including 262 adopters
and 112 non-adopters, responded to additional questions
about their future behavior regarding the adoption of
snakebite prevention measures. The remaining 161 partic-
ipants were unsure about their future snakebite preven-
tion behavior and were excluded from subsequent
analysis. A vast majority of 361 participants (97%)

reported never having attended a snakebite awareness
event before and were keen to utilize recognized snake-
bite preventatives in their day-to-day lives. This is
reflected in participants’ generally high willingness to
adopt numerous recognized measures either in the field
or at home (Figure S4). Over 96% of participants showed
an extreme willingness to maintain wide field paths, dis-
pose of waste away from their houses, store food off the
ground, repair holes in their homes where snakes can eas-
ily enter, use a torch in low light, and employ cautious
behavior when moving crops moving forward. These mea-
sures were considered to be very effective (Figure S5), and
participants were generally very confident in their ability
to use them in everyday life (Figure S6). In comparison,
participants were less willing to wear protective clothing,
especially in wet conditions, and reluctant to sleep on a
raised platform or use a stick to cautiously check for
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snakes in areas of low visibility; 22%—68% of respondents
expressed no or low willingness to comply with these rec-
ommendations. Factors affecting variation in these mea-
sures were explored further (apart from the use of
protective clothing in wet ground conditions, where it was
clear from participants that wet environmental conditions
blocked willingness of future adoption).

Focusing on protective clothing worn in dry condi-
tions (for which 23% of participants reported a no/low
willingness to comply), gender and perceived self-efficacy
were the most important variables to explain future adop-
tion willingness, and both included parameters with
model-averaged 85% confidence intervals (CIs) not cross-
ing zero (Table 2). Men were less willing to adopt this
measure than women, and people who perceived higher
levels of self-efficacy of this measure were more willing
to adopt it (Figure S7).

Further key variables were uncovered as important
predictors for sleeping on a raised platform or using a
stick to cautiously check for snakes in areas of low visibil-
ity with varying effects (Table 2; Figures S8 and S9). For
example, above-average relative wealth was an important
predictor of participants’ willingness to sleep on a raised
bed at night, where men were less willing to adopt this
measure than women. Participants currently not adopt-
ing prevention measures were less willing to use sticks
to check for snakes in low visibility moving forward,
although this was not an important predictor of future
use for other prevention measures. Considering the
effect of perceived snakebite severity statements on
future—psychological injury, physical injury, and
opportunities for future work—were also important and
informative, although their effects were not always con-
clusive. Critically, perceived self-efficacy was the only
important predictor present across all three behaviors,
unanimously reflecting a positive effect on adoption
(Table 2; Figures S7-S9).

3.3 | What barriers threaten the future
adoption of snakebite preventatives?

A total of 535 survey participants reported perceived dif-
ficulties when attempting to adopt the recognized pre-
vention measures explored in this study. Identified
barriers mostly related to (1) practicality (e.g., wearing
clothing in wet conditions); (2) financial (e.g., cost of a
bed and/or mosquito net); (3) unfamiliarity
(e.g., wearing boots or protective clothing in general);
(4) physical comfort (e.g., blisters in boots or poor sleep
on a raised platform or under mosquito net); (5) social
pressure (e.g., embarrassment or public scolding);
(6) cultural beliefs (e.g., only walk barefoot on the land)

Ajournal of the Society for Conservation Biclogy

(Table 3). Practicality was the most referenced barrier
for future adoption (n = 306), although results were
dominated by concerns relating to the impracticability
of boots when farming in paddy fields and the resultant
impact on working efficiency if adopted (n = 206).
Financial hurdles (n = 148), familiarity (n = 130), and
physical comfort (n = 128) of new measures to prevent
snakebites were frequently raised, where the adoption
of boots and a raised bed were the focus of concern.
Social pressure (n = 93) and cultural beliefs (n = 73)
were also seen as barriers to the future adoption of
snakebite prevention measures, where the use of pro-
tective clothing (mainly boots) represented the major-
ity of concerns. Agricultural fields were regarded by
some as holy areas that should only be entered barefoot
out of respect, where it was felt that social embarrass-
ment or even scolding from employers would await
members of the community who chose to wear protec-
tive clothing.

4 | DISCUSSION

Effective prevention of negative human-wildlife interac-
tions should pre-emptively examine factors affecting the
future adoption and effectiveness of mitigation measures,
with consideration for both biodiversity and human live-
lihoods (Carter et al., 2020; Travers et al., 2019). Based on
a district-wide sample of 535 respondents in 15 rural agri-
cultural communities within the Indian state of Tamil
Nadu, this study identified snakebite prevention mea-
sures currently employed, characterized adopters, and
utilized the HBM to explore factors influencing potential
future adoption.

Considering prevention measures employed at the
time of the study, the vast majority of participants
reported adopting multiple snakebite prevention mea-
sures, although many of these are not recognized by cur-
rent literature. With a focus on potential future adoption,
three key prevention measures were highlighted at the
time of study to represent lower levels of willingness for
potential future adoption: sleep on a raised platform,
wear protective clothing on dry ground, and use a stick to
check for snakes in areas of low visibility. These mea-
sures, protective clothing in particular, also produced the
majority of issues raised by participants when describing
their perceived barriers to adoption, including familiarity,
practicality, and physical comfort, alongside cultural and
social environmental conditions. Interestingly, a range of
factors were informative predictors of future adoption,
with just two variables highlighted as informative across
all three (perceived self-efficacy and perceived risk fre-
quency). These findings uncover key factors central to
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the future success of prevention measures, while drawing
attention to their context-specific nature.

4.1 | Currentsnakebite prevention
measures and their adopters

Current adopters report the use of both recognized and
unrecognized measures to mitigate the risk of snakebites,
which are most often used around the home. Frequently
adopted recognized measures include cleaning the house
to limit rodents that attract snakes, removing debris that
snakes may use as cover from surrounding areas, and the
use of torchlight to more easily spot snakes at night or in
areas of low light within the home where snakes may take
refuge from heat or rain. Use of these should be further
encouraged, especially in the general tidiness of homes and
garden areas, to reduce the presence of rodents that will
otherwise attract all four medically significant snake spe-
cies abundant within lowland agricultural communities of
Tamil Nadu (Samuel et al., 2020). This may carry particular
relevance to mitigate negative interactions with the Indian
cobra (N. naja), which are a presumably diurnal species
and more likely to actively hunt rodents at times when
people may be more active around their home (Alirol
et al., 2010). Torchlights, on the other hand, maybe more
valuable to avoid negative interactions with predominantly
nocturnal species such as Russell's viper (D. russelii),
saw-scaled viper (E. carinatus), and common krait
(B. caeruleus), which carry additional snakebite risk as their
relatively small size could make them harder to spot in
comparison with larger species (da Silva et al., 2019).

Prevention measures are found to be price-elastic pur-
chases. While the relatively frequent adoption of torches
observed in this study implies financial accessibility, rela-
tive wealth within low-income communities surveyed
remained an important predictor of adoption and further
reinforced the critical need for locally affordable solu-
tions (Malhotra et al., 2021; Rodrigo et al., 2017; Samuel
et al., 2020). Affordable solutions could take the form of
free preventative behaviors, such as checking for snakes
in areas of low visibility, where snakes can be easily
stepped on or touched during busy harvest periods
(Suraweera et al., 2020). Preventive behaviors can be
extremely effective for inciting human-snake coexistence
when grounded in cultural or religious contexts, for
example, N. naja are often considered sacred in Hindu
culture and communities have been observed to show
high degrees of tolerance in comparison to other species
(Narayanan & Bindumadhav, 2019).

The adoption of unrecognized prevention measures
included the spreading of readily accessible products in
the home, such as turmeric or garlic water, salt, and cow

dung, as well as potentially dangerous substances
(e.g., kerosene), and the erection of fencing around the
property. Many of these unrecognized measures differ
from those recommended by the national government
(Ministry of Health & Family Welfare Government of
India, 2016), WHO (WHO, 2019), and notable nongo-
vernment organizations (MCBT, 2022), heightening calls
for further research to explore the snake-deterrent effi-
cacy of these approaches and negative ecological impacts
of their potential implementation (Wood et al., 2022).
Furthermore, it also identifies the importance of govern-
ing bodies’ engagement and transparent communication
with affected communities to mutually develop a coher-
ent view of how to prevent snakebites (Wood
et al., 2022).

4.2 | Future adoption of recognized
snakebite prevention measures and the
influence of social factors

A range of factors affected participants’ future willingness
to sleep on a raised platform, wear protective clothing on
dry ground, or use a stick to check for snakes in areas of
low visibility. Gender, relative wealth, and current adop-
tion status alongside variations of perceived risk severity
were all relatively important and informative predictors
of future adoption willingness for specific measures.
However, perceived self-efficacy and risk frequency were
informative across all three behaviors and highlighted
the essential need to understand context-specific idiosyn-
crasies before implementation to improve prevention effi-
cacy and mitigate negative wildlife interactions (Travers
et al., 2019).

Studies exploring factors that affect future adoption are
limited within conservation science (Nuno et al., 2022),
emphasizing the need to consider interdisciplinary insight
in conservation science and practice. For example, per-
ceived self-efficacy has also been reported in health litera-
ture as a strong driver of future adoption for disease
preventative products, including the UK's CV-19 tracking
app and self-testing CV-19 kits in Spain (Hernandez-
Padilla et al., 2020; Walrave et al., 2020). Perceived risk fre-
quency was also an informative driver of future use, sup-
porting conceptual models (Denninger Snyder &
Rentsch, 2020) and empirical studies within coexistence
literature (Noga et al., 2015). However, health literature
shows men have lower levels of risk aversion and are less
likely to take action to prevent disease than women
(Galasso et al., 2020). Wealth is also found to negatively
affect the adoption of disease prevention in lower-income
nations (Ahmad et al., 2021). This is especially concerning
in the case of snakebites, where we find men are less likely
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to wear protective clothing and purchase a raised bed,
despite being the most likely to suffer a venomous snake-
bite in rural agricultural areas of India (Suraweera
et al.,, 2020). This elevates calls for affordable snakebite
prevention in high-bite-risk areas (Malhotra et al., 2021;
Rodrigo et al.,, 2017; Samuel et al., 2020), with a focus on
individuals who perceive snakebite risk to be low.

A range of barriers affected the future adoption of
snakebite prevention measures, highlighting the need for
more considered prevention support to support harmoni-
ous coexistence. Practicality, financial limitations, famil-
iarity, physical comfort, social pressure, and cultural
beliefs are all key barriers reported for specific prevention
measures. This is especially true for the implementation
of protective clothing (boots/gloves), while commonly
recommended for use within snakebite literature
(Malhotra et al., 2021), where our findings show these
measures carried the greatest number of barriers for
implementation and reinforce the negative influence of
physical discomfort alongside impracticality for future
adoption (Ayode et al., 2013; D'Aoft et al., 2009). It is
possible that such barriers are use-case specific, and it will
be important to consider these factors in relation to the
nature of local agricultural practice employed by affected
communities as dry ground conditions may improve adop-
tion feasibility. For example, observed resistance to the
future adoption of protective clothing was largely under-
pinned by the nature of agricultural work in the study site
(i.e., paddy fields), where participants rightly challenged
the sustainable practicality and comfort of this measure in
wet conditions. Participants reported fewer barriers for use
in dry agricultural environments and perceived protective
clothing (boots/gloves) as highly effective snakebite pre-
vention measures.

Social and cultural barriers were less frequently
reported by participants. For example, barefoot tradition
in agricultural fields and feelings of embarrassment to
wear shoes or protective gear. However, it is possible
these factors have a disproportionate effect on the use of
protective clothing and other snakebite prevention mea-
sures. This is partially because participants are less likely
to raise sociocultural barriers in individual interview set-
tings (Guest et al., 2017). Given empirical studies from
sustainable management literature show these factors
underpin the adoption of new farming practices within
rural tropical communities (Curry et al., 2021; Dessart
et al., 2019), our findings support their consideration in
future related studies and reinforce the need to consider
cross-disciplinary approaches for conservation challenges
(Struebig et al., 2018).

It is important to note that self-reported adoption or
willingness to potentially adopt mitigation measures can
fall victim to social desirability bias (Nuno & John, 2015)
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and may not accurately reflect current or future behavior.
As such, reportedly high levels of current adoption and
future willingness to undertake snakebite prevention
measures should be viewed with caution, especially con-
sidering the opportunistic sampling approach employed
within selected agricultural communities. Regardless, to
the best of our knowledge, social factors related to the
current and potential future adoption of prevention mea-
sures for venomous snakebites have never been explored
so extensively. Specifically, this was enabled through the
use of an integrated framework (e.g., HBM), with limited
prior application in conservation (Crockford et al., 2018;
Nuno et al., 2022). Tools and frameworks from social sci-
ence are well placed to consistently identify and prioritize
key behaviors, where such are likely to vary across social
or cultural contexts (Nielsen et al., 2021). The use of solid
systematic frameworks, such as the HBM, should be fur-
ther employed to improve the effectiveness of conflict
prevention for both biodiversity and human livelihoods.
This will be particularly important to achieve WHO
ambitions to half snakebite deaths by 2030 and Target
4 of the Convention for Biological Diversity, where fur-
ther adoption of preventatives can prevent snakebite
events, promote snake conservation, and enhance more
harmonious coexistence moving forward.

5 | RECOMMENDATIONS

While academic attention and organizational support for
snakebite prevention has increased in recent years, a
generic distribution of prevention measures will not pre-
vent snakebites or provide capacity for snake conservation.
Instead, an understanding of the factors that underpin
adoption within affected communities is critical, consider-
ing the context-specific relevance of specific measures.
Minimizing snakebites has important repercussions for
human health and snake conservation, this study lists key
recommendations to support this ambition:

1. Apply the use of the HBM, or other relevant frame-
works from social science, to assess context-specific
barriers and enablers for adoption before implement-
ing snakebite prevention measures. It is likely that fac-
tors underpinning adoption may vary among
communities facing similar levels of perceived snake-
bite risk on account of belief systems and livelihoods
(i.e., agricultural practices). Understanding factors that
drive adoption at more granular levels will require
greater engagement between research fields, the WHO,
nongovernment organizations, and governments across
the tropics, alongside the use of a single holistic plan to
approach such work in a complimentary fashion;
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2. Rapidly assess the costs and benefits of unrecognized
snakebite prevention measures. These measures are
likely to be adopted more readily across communities
given their bottom-up generation and support overall
coexistence objectives, assuming they do not nega-
tively interact with wildlife or natural resources
required;

3. Enhance the awareness of recognized snakebite pre-
vention measures for at-risk communities. Awareness
materials should be specific to local farming and envi-
ronmental conditions, building on factors that pro-
mote adoption (i.e., risk likelihood, self-efficacy, and
practicality) and integrated within employee on-
boarding processes where applicable. As a call to
action, we suggest the WHO prioritize support for
snakebite prevention in tropical climates, considering
current adoption frequency and future adoption will-
ingness for recognized prevention measures compared
to challenges facing the implementation of antivenom
treatments (i.e., access and understanding).

4. Employ trial periods and engage local non-government
organization support when or if implementing new
prevention measures for adoption in affected com-
munities. Such initiatives are likely to enhance in-
habitants’ confidence to wuse proposed measures
independently and promote adoption;

5. Expand research exploring the behavioral ecology of
medically significant venomous snake species at rele-
vant spatial and temporal scales. A better understand-
ing of venomous snake ecology in bite-risk regions
could support the development of educational mate-
rial and prevention strategies to avoid human-snake
conflict (i.e., bite-risk areas and months).

6. Expand the provision of snake education for commu-
nities living in bite-risk areas. A better understanding
of ecosystem services provided by snakes and support
to distinguish between venomous or non-venomous
species may reduce fear alongside blanket killing of
all sighted species.

7. Finally, research the role of cues to action in the adop-
tion of snakebite prevention measures. Where per-
ceived snakebite likelihood is low in comparison to
actual snakebite risk, cues to action may positively
influence the adoption of snakebite prevention during
priority seasons (rainy season) following periods of
non-adoption.
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