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Abstract

Effectively communicating risk is critical to reducing conflict in human-wildlife interactions.

Using a survey experiment fielded in the midst of contentious public debate over flying fox

management in urban and suburban areas of Australia, we find that stories with characters

(i.e., narratives) are more effective than descriptive information at mobilizing support for

different forms of bat management, including legal protection, relocation, and habitat resto-

ration. We use conditional process analysis to show that narratives, particularly with accom-

panying images, are effective because they cause emotional reactions that influence risk

perception, which in turn drives public opinion about strategies for risk mitigation. We find

that prior attitudes towards bats matter in how narrative messages are received, in particular

in how strongly they generate shifts in affective response, risk perception, and public opin-

ion. Our results suggest that those with warm prior attitudes towards bats report greater sup-

port for bat dispersal when they perceive impacts from bats to be more likely, while those

with cool priors report greater support for bat protection when they perceive impacts from

bats to be more positive, revealing 1) potential opportunities for targeted messaging to

boost public buy-in of proposals to manage risks associated with human-wildlife interac-

tions, and 2) potential vulnerabilities to disinformation regarding risk.

Introduction

The present fallout from the global COVID-19 pandemic is a poignant reminder of how seri-

ous the consequences of human-wildlife interaction can be. Most emerging infectious diseases,

such as the novel coronavirus, are the result of transmission of a pathogen from animals to

humans that can result in human illness and death [1, 2]; other negative impacts of wildlife on

humans range from destruction of property to general nuisance [3, 4]. Degradation of natural

habitat and displacement of wildlife toward more urban areas not only increases the frequency

of human-wildlife interactions, but also poses threats to wildlife health [5, 6]. These risks exac-

erbate human-wildlife conflict (HWC) and easily permeate already contentious political arenas

and polarized debates among those seeking to prioritize the protection of wildlife and those

PLOS ONE

PLOS ONE | https://doi.org/10.1371/journal.pone.0244440 December 28, 2020 1 / 17

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Guenther SK, Shanahan EA (2020)

Communicating risk in human-wildlife interactions:

How stories and images move minds. PLoS ONE

15(12): e0244440. https://doi.org/10.1371/journal.

pone.0244440

Editor: Christian Vincenot, Kyoto University, JAPAN

Received: September 4, 2020

Accepted: December 9, 2020

Published: December 28, 2020

Peer Review History: PLOS recognizes the

benefits of transparency in the peer review

process; therefore, we enable the publication of

all of the content of peer review and author

responses alongside final, published articles. The

editorial history of this article is available here:

https://doi.org/10.1371/journal.pone.0244440

Copyright: © 2020 Guenther, Shanahan. This is an

open access article distributed under the terms of

the Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: The data underlying

the results presented in the study have been

deposited to Dryad and may be accessed at https://

doi.org/10.5061/dryad.v6wwpzgtr.

Funding: EAS awarded and SKG funded through

National Science Foundation CNH-L grant number

https://orcid.org/0000-0002-9964-5823
https://doi.org/10.1371/journal.pone.0244440
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0244440&domain=pdf&date_stamp=2020-12-28
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0244440&domain=pdf&date_stamp=2020-12-28
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0244440&domain=pdf&date_stamp=2020-12-28
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0244440&domain=pdf&date_stamp=2020-12-28
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0244440&domain=pdf&date_stamp=2020-12-28
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0244440&domain=pdf&date_stamp=2020-12-28
https://doi.org/10.1371/journal.pone.0244440
https://doi.org/10.1371/journal.pone.0244440
https://doi.org/10.1371/journal.pone.0244440
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.5061/dryad.v6wwpzgtr
https://doi.org/10.5061/dryad.v6wwpzgtr


seeking to prioritize the protection of humans and property [7]. Therefore, solutions to HWCs

not only require scientific insights from biology, ecology and epidemiology, but also from the

social sciences to best understand drivers of policy support aimed to reduce both risk and con-

flict [8–11]. In this study, we develop an inclusive, social science model by incorporating four

theoretically-based concepts in the realm of risk communication: risk perception, affect heu-

ristic, narratives, and prior beliefs.

Many studies of HWC policy and management are premised on a model of risk, whereby

support for policies is mediated through the perception of wildlife risk to humans [12].

Because the long-standing definition of risk entails measures of adverse effects (severity of

impact x likelihood of impact; the dread and uncertainty factors) [13, 14], the majority of

HWC studies assess risk solely on negative anthropocentric outcomes [15]. However, wildlife

provide a range of benefits in the form of ecosystem services and, in some cases, contributions

to human health and well-being [16]. More recently, the concept of coexistence has broadened

HWCs (now called HWCCs) to include the dual role of risk with wildlife: a purveyor of harm

to humans and a positive source of benefits for the environment [16, 17]. While there have

been advances in conceptualizing the interplay between negative harm and positive benefits

through the coexistence scholarship, there remains a need for more precise modeling that

accounts for the polarity inherent in risk perception for HWCCs [18].

When judging the risks and benefits of interacting with nature, including wildlife, people

rely on an intuitive affective assessment of the risk [19]. This ‘affect heuristic’ has been found

to be influential in the cognitive process of risk perception [20, 21], with the strength of the

positive-negative valence of affect largely predicting the intensity of positive benefits and nega-

tive impacts of risk [22]. Yet, the typical emotions accounted for in studies of risk perception

are negative, such as afraid, worried, concerned, and angry [23, 24]. Additionally, the import

of affect in communication rests on the concept of transporting the audience through an affec-

tive experience [25]. Indeed, modeling both positive and negative affect, as well as perceived

benefits and risks, has deepened our understanding of information-seeking behavior in other

areas of environmental communication [26]. Therefore, to advance a more complete represen-

tation of the HWCC system, the range of positive to negative affect needs to be recognized and

operationalized in tandem with the polarity of benefits and harm in risk perception. Public

opinion about HWCC management may be more clearly understood through this valance

approach to the critical mediating factors, affect and risk perception.

As critical as affect and risk perception are in understanding policy support, they are not

stable or static concepts. Two forces carry the potential to profoundly shape these concepts: (i)

risk communication messaging [27] and (ii) prior attitudes and experiences (e.g., risk experi-

ence) [28, 29]. Regarding the former, HWCC management often includes educational messag-

ing [30] to encourage certain behaviors. Additionally, a vibrant area in risk communication

studies not only finds that narrative-based risk communication is generally persuasive [31],

but that stories influence affective responses and risk perceptions across multiple risk domains:

natural hazards [32], health [33], climate change [34], and HWCC [35, 36]. Furthermore,

explorations of risk communication in HWCC largely rely on printed communication materi-

als such as brochures, newsletters, and media accounts [37]. However, people are increasingly

using social media as a source of information [38], which includes affective portrayal through

emojis [39] and images [40]. A few prior studies suggest that the way wildlife is portrayed in

images influences support for wildlife conservation, without exploring the mediating mecha-

nisms involved [37, 41]. Advancing the efficacy of risk communication efforts for HWCCs

and other risk domains includes testing the power of educational information compared to

narrative-based communication, testing the power of images used in a simulated social media

venue, and examining the role of mediating and moderating variables.
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Priors are the values, knowledge, and experiences that serve as drivers in affective responses

and evaluations of information and risk. Prior attitudes determine how risk messages are

received and interpreted [42–44]. Risk messages may affirm prior strong beliefs, challenge

prior strong beliefs, or persuade an audience with neutral priors to adopt a particular belief.

Scholars have approached conceptualizing priors through studies of confirmation/disconfir-

mation bias [45, 46], congruence/incongruence between narratives and belief systems [46],

selective exposure [47, 48], and identity-protection cognition [49]. HWCC studies primarily

rely on prior experiences as the proxy for priors writ large. While important covariates, experi-

ences with and exposure to wildlife is insufficient as a measure for priors. Given the valanced

nature of affect and risk perception, a valanced measure of priors would logically be most

appropriate. The American Election Studies, for example, utilizes a thermometer for rating

attitudes towards a particular elected official or candidate for office on a scale of 0 to 100, cold

to hot [50]; such a valance measure of prior attitude toward the wildlife in the conflict is a criti-

cal moderating factor in both affective response and risk perception.

Understanding the principal mechanisms that exacerbate human-wildlife conflict is crucial

to the development of successful policies aimed at diminishing or eradicating risks associated

with the conflict, including public health risks. Our study contributes three innovations in

understanding and predicting support for wildlife management policies that would be of inter-

est to policy makers and activists seeking to redirect public discourse in human-wildlife con-

flict. First, we use the theoretical anchor of the Narrative Policy Framework (NPF) [51] to

inform the structure of the narrative risk message treatments. The NPF posits that narratives

are measurable across policy domains, because narratives themselves have a reliable structure

that includes elements such as characters, setting, and plot [52]. As such, we can isolate narra-

tive mechanisms (e.g., the casting and portrayal of characters) to more precisely and reliably

test their effects. In tandem, through simulated social media posts, we test the power of image

to intensify responses in comparison with the narrative text alone. Second, we stay true to risk

theory by assessing the mediating role of affect, but include the valance of affect (positive to

negative) in shaping the dual nature of impact associated with wildlife—benefits and costs.

Third, we consider how prior attitudes toward wildlife moderate these effects, making an ana-

lytical step toward better integrating prior experiences beyond a simple covariate and identify-

ing how risk messages are received across critical and distinct audiences.

We use a moderated multiple mediator model to test whether prior attitudes towards

wildlife moderate the mechanisms (affect and risk perception) through which narrative risk

communication influences public support for wildlife management strategies. Our model

simultaneously estimates three stages of the causal path between narrative communication and

public opinion: i) the effect of narrative and image treatments on affective response, ii) the

effect of affective response on risk perception (perceived positive or negative impact and per-

ceived likelihood of impact), and iii) the effect of risk perception on support for wildlife man-

agement proposals. The model also tests whether these effects vary based on prior attitudes

towards wildlife. We examine these dynamics in the context of on-going conflict between

humans and fruit bats, or flying foxes, in Australia. Fig 1 depicts our conceptual frame and

analytical design.

With respect to the first stage, we anticipate that narrative casting wildlife as villains results

in higher negative affective response (e.g., frustrated, upset, disgusted), while narrative casting

wildlife as victims results in higher positive affective response (e.g., hopeful, inspired, deter-

mined). We expect the addition of images alongside these narratives will intensify affective

response in the respective predicted directions. With respect to the second stage, we expect a

more negative affective response to engender more negative perceived impacts of wildlife on

humans, while a more positive affective response will engender more positive perceived
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impacts of wildlife on humans. We predict that the intensity of the affective response, as

opposed to the direction (positive or negative), will determine the perceived likelihood of

impacts on humans. With respect to the third stage, we expect negative and likely perceived

impacts of wildlife on humans to predict more support for wildlife relocation, and positive

and likely perceived impacts of wildlife on humans to predict more support for wildlife protec-

tion. As for moderating effects, we expect prior attitudes towards wildlife to condition the

strength of these relationships such that warm prior attitudes correspond with more favorable

responses and perceptions towards wildlife, while cool prior attitudes correspond with less

favorable responses and perceptions towards wildlife.

Case description

We chose to examine whether and how narrative risk communication shifts public opinion in

the context of human conflict and coexistence with flying foxes in urban and suburban areas

of Australia. Flying foxes, also known as Old World fruit bats (genus Pteropus), serve as critical

pollinators for Australia’s forests [53]. In the populated states of Queensland and New South

Wales, agricultural expansion and urban development has removed critical food sources and

habitat for flying foxes [54]. As such, contact between humans and bats has increased, intensi-

fying conflict [55, 56]. The loss of habitat has resulted in these animals exploiting resources in

human-dominated environments, such as fruit in orchards and urban gardens, contributing

to a new phenomenon of urban bats [54]. Aside from public health concerns (e.g., spread of

infectious disease), impacts to quality of life (e.g., noise and smell) and local economy (e.g.,

destruction of commercial food crops, destruction of property) have fueled regular coverage in

conventional and social media platforms. Similar strained relations between humans and fly-

ing foxes have been noted all over their range of distribution, contributing to individual and

collective management decisions that threaten the longevity of these species (e.g., mass culling,

destruction of roosts) [4, 6].

Fig 1. Concept design of conditional process model. Bold arrows depict the path of interest. Numbers indicate stage

of mediation. Some arrows included in the model are excluded from the diagram for clarity: all paths depicted in the

diagram are tested for moderation by prior attitude towards bats (W), and covariates are included in the prediction of

all outcome variables (M1, M2, M3, Yj).

https://doi.org/10.1371/journal.pone.0244440.g001
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Urban flying foxes present an ideal case to model polarity in affective response and risk per-

ception. Flying foxes exemplify the duality of wildlife in that they provide critical ecosystem

services in the form of long distance pollination and cultural value, but are also a source of nui-

sance, loss of property, and infectious disease. Existing research highlights negative public per-

ception towards bats [10, 57, 58], but also suggests a correlation between education and more

positive attitudes towards bats [4, 59, 60]. Social media has offered an outlet for sharing infor-

mation, pictures, and commentary related to bats that reflect and proliferate both negative and

positive sentiments and appeals [59, 61]. Flying foxes are unlike microbats in that they are

comparatively larger, and have furry fox-like faces [9]. Our anecdotal observations suggest that

images of flying foxes engender either adoration and sympathy or vitriol and disgust. Non-

profit groups and government agencies have invested in public outreach and education cam-

paigns to shift public attitudes about bats via social media and other channels, while the effi-

cacy of different messaging techniques and the mechanisms involved in changing public

opinion in this context are still ripe for investigation [59] and serve as the motivation of this

study.

Research design

We fielded a survey experiment between May 2, 2019 and May 20, 2019 on a sample of 3,200

adult Australians in Queensland and New South Wales (see S1 Research design for survey

methodology). This study received approval from the Montana State University Institutional

Review Board, IRB approval number: ES111516. Consent to participate was obtained from

study participants in written/electronic form.

We randomly assigned participants to one of six conditions: non-narrative without an

image, non-narrative with an image, victim narrative without an image, victim narrative with

an image, villain narrative without an image, and villain narrative with an image (see S1 Table

for the number of respondents per condition). The non-narrative statement without an

accompanying image was used as the baseline to determine relative effects of narratives and

images.

Each condition was presented in the style of a Facebook post in which the identifying infor-

mation about the fictitious author was censored (Fig 2 depicts the victim and villain narrative

conditions with images; see S2 Fig for depictions of the non-narrative and non-image condi-

tions). The conditions were intentionally written to be approximately the same length, sen-

tence format, and grade school reading level. The villain narrative condition consists of a

narrative casting bats as deleterious to humans. The victim narrative condition casts bats

as suffering because of humans. Finally, unlike the narrative treatments, the non-narrative

condition contains objective information and does not characterize bats as having positive or

negative impacts on humans or the environment. The same image was used for all image

treatments.

Prior to exposure to treatment, we asked respondents to rate their attitude towards bats on

scale of 0 to 100, with lower numbers corresponding to a very cold or less favorable attitude

towards bats and higher numbers corresponding to a very warm or more favorable attitude

towards bats. The mean prior attitude towards bats was 52, which we interpret as neutral

towards bats. We subsequently interpret a rating one standard deviation (26.67) below the

mean with a cool attitude towards bats, and one standard deviation above the mean with a

warm attitude towards bats.

To measure affect we presented survey participants with a series of emojis labeled with cor-

responding emotions and ask respondents to rate the intensity with which they felt each emo-

tion upon reading the Facebook post (S3 Fig). We chose emojis/emotions based on emotions
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featured in the Positive and Negative Affect Schedule [62]. We used the intensity ratings to

generate a single affective score ranging from positive to negative (S3 Table).

We then asked survey participants whether they perceived the impacts of bats to be positive

or negative on three dimensions: i) economic, ii) quality of life, iii) health; respondents

assessed these impacts at both the personal and community levels. We then asked them to rate

their perception of the likelihood of each of these types of impacts occurring within the next

year. We consolidated these measures into two additive indices, one for overall perceived

impact and one for overall perceived likelihood of impacts occurring.

Finally, we measured respondents’ level of support for five possible approaches to bat man-

agement. We characterize these approaches as prioritizing protection for bats in the form of

state and federal regulations, prioritizing protection for humans in the form of dispersal of

bats from urban and suburban roosts, and a compromise between protection for bats and pro-

tection for humans in the form of habitat restoration away from urban areas. (Additional

details regarding operationalization and measurement, including covariates, can be found in

S1 Research design; see S3 Table for summary statistics, and S4 Table for means and standard

deviations of key variables across conditions).

Fig 2. Depiction of non-narrative (a), victim narrative (b), and villain narrative (c) conditions, with image treatment.

See S2 Fig for depictions of non-narrative, victim narrative, and villain narrative conditions without image treatment.

Survey participants were randomly assigned only one of the six conditions. Photo used with permission from Bruce

Thomson.

https://doi.org/10.1371/journal.pone.0244440.g002
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We built a custom conditional process model to quantify relative direct and indirect effects

using the PROCESS macro for SPSS [63]; a conceptual representation of the model is pre-

sented in Fig 1 (please refer to the S1 Research design for equations, and S4 Fig for a statistical

diagram of the model). Our objective is to test the mediating effects of affect and risk percep-

tion and the moderating effects of prior attitudes towards bats in shaping the impact of narra-

tives and images on support for bat management policies. Therefore, though we control for

other indirect effects in our model, we focus on the indirect effects depicted in Fig 1, which

consist of three stages. The first stage examines the relative effect of treatment conditions com-

pared with the baseline non-narrative message without an image on affective response. The

second stage of mediation examines the effect of affective response on two measures of risk

perception: perception of positive or negative impact of bats on individuals and their commu-

nity, and the likelihood that these impacts will occur in the next year. The final stage of media-

tion examines the effect of perceived impacts and perceived likelihood of impacts on support

for bat management policies.

Results

Overall, we find evidence to confirm our expectation that the effects of narrative and image on

support for bat management policies operate indirectly through affect and perceived risk per-

ception (see S5 Table for all relative indirect effect coefficients and bootstrapped standard

errors). The villain narrative, in particular, has the highest impact on support for bat policies

through affect and risk perception. We expected the addition of an image alongside narratives

to intensify affective response, but found that this was only true some of the time and not

always in the direction we anticipated. An image of flying foxes presented alongside a victim

narrative intensified a negative affective response; but an image presented alongside a villain

narrative dampened, or reduced, the negative affective response. This pattern is reflected in a

comparison of the means across conditions (S4 Table) and in the comparative magnitudes of

the indirect effects (S5 Table). Importantly, the addition of an image to the non-narrative mes-

sage does not appear to influence support for bat management policies through affect and risk

perception, suggesting that the combination of narrative and image is particularly important

in shifting public opinion through affective response and risk perception.

As S5 Table demonstrates, affective response to narratives and the perceived likelihood of

impacts are important mechanisms mediating the effect of victim and villain narratives on

support for all bat management policies (federal and state protection, roost dispersal from resi-

dential and public spaces, and habitat restoration), while affective response and the perception

of positive or negative impacts are important mediators in the effect of narratives on federal

and state protection, and roost dispersal from public spaces. The perception of positive or neg-

ative impacts appears to have a weaker role than the perceived likelihood of impacts in mediat-

ing the effects of narrative on support for roost dispersal from residential areas and for habitat

restoration.

The following sections describe each stage of the path of mediation in detail to provide

more context for interpretation of the indirect effects, including where prior attitudes matter.

First stage

The first stage of the conditional process model (Fig 1, path labeled“1”) quantifies the relative

effects of narrative and image treatments on affective response compared to the baseline non-

narrative message without an image (S6 Table). A significant increase in R-squared between

between a conditional versus unconditional first stage suggests these effects are moderated by

prior feelings towards bats (ΔR2 = 0.141, F(5, 3181) = 133.124, p = 0.001). Therefore, we
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present the estimated effects for participants at the mean (neutral towards bats), one standard

deviation above the mean (warm attitudes towards bats), and one standard deviation below

the mean (cool attitudes towards bats) (Fig 3).

Probing the interaction between treatment condition and affective response reveals the vic-

tim and villain narrative treatments prompt participants with neutral priors towards bats to

react more negatively than participants with neutral priors receiving the baseline message.

Reactions to the villain treatments are generally more negative than reactions to the victim

treatments. The addition of images to the narratives does not substantively impact these

effects.

With respect to participants with strong priors, we characterize narratives casting bats as

villains to be challenging participants with warm priors towards bats and affirming partici-

pants with cool priors, while narratives casting bats as victims are characterized as affirming

Fig 3. Moderation of the effect of treatment conditions on affective response by prior feelings towards bats.

https://doi.org/10.1371/journal.pone.0244440.g003
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participants with warm priors and challenging participants with cool priors. Among those

with warm prior attitudes towards bats, exposure to the villain (challenging) narrative results

in the most negative reaction. The addition of an image of bats appeared to slightly offset the

effect of the challenging narrative (Fig 3). On the other hand, exposure to the victim (affirm-

ing) narrative results in a neutral affective response among participants with warm priors—in

fact, a reflection of mixed positive and negative emotions (see S7 and S8 Tables). Among this

population, the addition of an image of bats to the victim (affirming) narrative increases nega-

tive affective response, generating more negative emotions (e.g., sad) or fewer positive emo-

tions (e.g., hopeful) than the victim narrative alone. Not surprisingly, the addition of an image

to the non-narrative message results in a more positive affective response among this popula-

tion compared to the non-narrative message without an image.

Among those with cool prior attitudes towards bats, both victim and villain narrative treat-

ments result in more negative affective responses compared with responses to the baseline

condition (Fig 3). The addition of an image to any message—narrative or non-narrative—

results in a slightly more negative affective response among these participants, suggesting that

images of bats intensify negative reactions among those with cool priors. On the whole, the

effect sizes of narratives and images one standard deviation below neutral are much smaller

than effect sizes one standard deviation above neutral, meaning that those with warm priors

towards bats react most divergently to different types of risk communication while those with

cool priors towards bats appear to react negatively to most risk communication with the excep-

tion of non-narrative message without an accompanying image.

Second stage

Affective response to stimuli is theorized to shape risk perception; therefore, the second stage

of the conditional process model quantifies the effect of affect on the two dimensions of risk

perception, impact and likelihood (Fig 1, paths labeled “2”).

We find a more positive affective response to treatment conditions induces more positive

perceived impacts of bats on respondents’ personal and community economics, quality of life,

and health (S6 Table). Conversely, a more negative affective response to treatment condition

corresponds to more negative perceived impacts of bats on the individual and the community.

This effect is not moderated by prior feelings towards bats (ΔR2 = 0.0001, F(1, 3179) = 0.612,

p = 0.434).

Affective response has an inverse relationship with perceived likelihood of impacts. In

general, a more negative (less positive) affective response to risk messages corresponds to the

perception that impacts are more likely to be felt in the next year, whereas a more positive

affective response to risk messages corresponds to the perception that impacts are less likely

to be felt in the next year. This effect is moderated by prior feelings towards bats (ΔR2 = 0.001,

F(1, 3179) = 5.370, p = 0.021), and is stronger among those with cool prior attitudes towards

bats (S6 Table, S5 Fig). In other words, those with cool priors towards bats are more sensitive

to affect when evaluating the likelihood of risk than those with warm priors.

Third stage

The third stage of the conditional process model quanitifies the effect of risk perception on

support for bat management policies: i) protection for bats at the federal and state levels, ii)

dispersal of bats from residential and public areas, and iii) habitat restoration aimed at attract-

ing bats to less populated areas (Fig 1, paths labeled “3”).

Bat protection. The perception of positive impacts from bats corresponds with more sup-

port for federal and state protection of bats (see S9 Table for coefficients corresponding to all
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outcome variables). Conversely, the perception of negative impacts from bats corresponds to

less support for bat protection. The effect on support for state protection is moderated by prior

attitudes towards bats (ΔR2 = .001, F(1, 3175) = 6.001, p = .014, S6 Fig) and the effect is slightly

larger for those participants with cool priors, meaning that support for state protection for bats

among people who generally dislike bats is more dependent on whether they perceive positive

or negative impacts of bats on themselves and their community.

The perception that impacts are more likely to occur in the next year corresponds with less

support for federal and state protection of bats. We do not find evidence that this effect is mod-

erated by prior attitudes towards bats (ΔR2 = .000, F(1, 3175) = .501, p = .479), meaning the

effect size is similar for those with warm, neutral, or cool attitudes towards bats prior to

treatment.

This result is consistent with the dual perception of hazards and benefits associated with

wildlife in human-wildlife interaction. If hazards associated with bats are perceived to be more

likely to occur, it is reasonable to be wary of regulations protecting bats; conversely, if hazards

associated with bats are perceived to be less likely to occur, then support for bat protection is

relatively harmless to the individual or the community. On the other hand, if benefits associ-

ated with bats are perceived to be less likely to occur, it is reasonable to be more supportive

of regulations protecting bats in order to potentially reap those benefits in the more distant

future. Conversely, if benefits associated with bats are perceived as more likely to occur, then

additional protections for bats could be perceived as less urgent.

Bat dispersal. The perception of positive impacts from bats on individual participants

and their community corresponds with less support for bat dispersal from residential areas

and public spaces. Conversely, the perception of negative impacts from bats corresponds with

more support for bat dispersal.

The perception that positive or negative impacts from bats are more likely to occur in the

next year also corresponds with more support for bat dispersal. This effect is moderated by

prior attitudes towards bats (ΔR2 = 0.002, F(1, 3175) = 8.294, p = 0.004 dispersal from residen-

tial areas; ΔR2 = 0.002, F(1, 3175) = 7.331, p = 0.007 dispersal for public spaces; S9 Table and

S7 Fig). In general, the perception that impacts are more likely to occur in the next year corre-

sponds to more support for bat dispersal. However, this effect is stronger among participants

with warmer priors towards bats. This means the perceived likelihood of impacts associated

with bats occurring in the short term is more important in determining whether those with

warm priors towards bats are more or less supportive of bat dispersal, while those with cool

priors towards bats are more likely than those with warm priors to support bat dispersal either

way, and their support for bat dispersal is less dependent on their perception of the likelihood

of impacts (see S7 Fig).

Habitat restoration. The effects of risk perception (impact and likelihood) on support for

habitat restoration away from urban areas is similar to their effects on support for bat protec-

tion (see S9 Table). The perception that bats have more positive impacts on individuals and

their community corresponds with more support for habitat restoration, and the more likely

impacts are perceived to occur in the next year, the less support for habitat restoration.

Unlike support for bat protection, the effect of perceived likelihood on habitat restoration is

moderated by prior attitudes towards bats (ΔR2 = 0.002, F(1, 3175) = 5.881, p = 0.015); the

effect is stronger among those with warm priors and weaker among those with cool prior atti-

tudes towards bats (S8 Fig). This reveals that support for habitat restoration among those who

do not like bats prior to treatment is less sensitive to their perception of impact likelihood.

It is worth noting that the magnitude of the effects of the risk perception measures on habi-

tat restoration are lower than those for bat protection. This is not so surprising given that habi-

tat restoration is the compromise approach to mitigating human-bat conflict, aiming to
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protect both bats and humans. A closer examination of the means across experimental condi-

tions reveals that habitat restoration garners consistently higher support than state or federal

level bat protection across all groups (S4 Table). Though the directions of the effects are the

same between risk perception and support for bat protection and risk perception and support

for habitat restoration, the lower magnitudes of the effects of perceived impact and likelihood

on habitat restoration may simply reflect less variation in support for habitat restoration and

therefore less explanatory power. Thus, this result is consistent with the characterization of

habitat restoration away from urban areas as a potential opportunity for consensus.

Discussion

Our findings reveal that narrative risk communication in the context of human-wildlife con-

flict is more effective than non-narrative scientific communication in mobilizing support for

different approaches to conflict mitigation. We demonstrate that the effectiveness of narrative

risk communication in influencing public opinion is a product of changes in affective response

and risk perception. Thus, our results support theory-based expectations that persuasiveness is

dependent on the emotional transportation of narratives and images in risk messaging [25,

31]. Specifically, narratives casting wildlife as victims or as villains induce more negative affec-

tive responses than non-narrative messaging, and these effects are more pronounced among

those with warmer prior attitudes towards wildlife. Those with warm priors react positively to

non-narrative messaging, and comparatively react much more negatively to narratives casting

wildlife as victims or villains.

We find evidence to support our expectation that images intensify negative affective

responses in most cases, with the exception of affective responses from people with warm prior

attitudes towards bats. Those with warm priors reacted more positively to an image with a

non-narrative message, and their negative reaction to the villain narrative appeared marginally

softened by the presence of an image of bats.

Our results support our expectation that affect drives risk perception. Negative affect con-

tributes to the perception of more negative impacts of wildlife on individuals and their com-

munity, regardless of prior attitudes towards wildlife. We find that negative affect also drives

the perception that impacts are more likely to occur in the short term, and this effect is stron-

ger among those with cool prior attitudes towards wildlife.

Finally, the effects of risk perception on support for human-wildlife conflict management

approaches also conform to our expectations. The perception of more negative impacts of

wildlife on humans leads to less support for wildlife protection, more support for wildlife relo-

cation, and less support for habitat restoration, while the perception that impacts are more

likely to occur also leads to less support for wildlife protection, more support for wildlife relo-

cation, and less support for habitat restoration. Moreover, we find evidence that some of these

effects are conditional on prior attitudes towards wildlife, uncovering potential opportunities

for more effective targeted messaging.

Our results show that people with warmer prior attitudes towards wildlife demonstrate

more variation in affective response to risk communication, reacting more positively to non-

narrative messaging, reacting with mixed emotions to the victim narrative, and reacting nega-

tively to the villain narrative. Negative affect contributes to greater risk perception among this

population, and their support for some management approaches is linked to their perception

of whether or not impacts from wildlife are likely to occur in the short term. Notably, support

for wildlife relocation is strongly linked to perceived likelihood of impacts among those with

warm priors towards wildlife, but their support for wildlife protection and habitat restoration

is less sensitive to perceived likelihood of impacts. To summarize, those who like wildlife are
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inclined to support wildlife protection and habitat restoration regardless of risk perception,

but can be moved to support wildlife relocation from urban areas if perceived impacts of wild-

life are likely to occur.

People with cooler prior attitudes towards wildlife demonstrate more negative affective

response to narrative risk communication in comparison with non-narrative communication.

This negative affective response leads to more negative and more likely perceived impacts asso-

ciated with wildlife. Among this population, support for state protection of wildlife is more

dependent on perception of positive/negative impacts than it is for those with warm priors

towards wildlife. However, this population’s position on wildlife relocation and habitat resto-

ration away from urban areas is not dependent on perceived likelihood of impacts. To summa-

rize, those who dislike wildlife are inclined to support wildlife relocation and oppose habitat

restoration regardless of risk perception. However, this population can be moved in the direc-

tion of supporting wildlife protection if primed to perceive more positive impacts of wildlife.

Future research should attempt to target this population and explore the effectiveness of mech-

anisms priming positive impacts specifically, including casting wildlife as a hero in a narrative

risk message.

It is worth noting that survey participants’ prior attitudes towards bats had the largest effect

in the first stage, affective response to treatment conditions, compared to subsequent stages on

the path of mediation. We found the moderating effect of prior attitudes towards bats to be

comparatively smaller in predicting variation in risk perception and support for policies. This

suggests that prior attitudes influence initial receptivity and reactivity to certain types of mes-

saging more than influencing the way affective response translates to perceived risk, and the

way perceived risk translates to support for policies.

Our experimental design features treatments intended to mimic narrative communication

style observed in the current social media environment, and test the effects of this type of

communication on affective response, risk perception, and public opinion. The connection

between narrative risk communication, affective response, risk perception, and support for

wildlife management policies may inform messaging strategies for campaigns aimed at com-

municating the risks and benefits associated with human interaction with wildlife, particularly

using social media platforms. Our findings that indirect effects of narratives and images on

support for wildlife management policies are moderated by prior attitudes towards wildlife

highlight the importance of matching narrative messages and images to audience, which may

be useful for targeted messaging in the social media environment.

However, since the effect of narrative on public opinion works through affective response

and risk perception, these conditional indirect effects also reveal a pathway for how some peo-

ple might be particularly vulnerable to disinformation regarding risks to humans or wildlife in

human-wildlife interaction. While our work may provide insight for communicators in the

sciences and across stakeholder groups, we urge careful consideration of the ethical questions

raised in the practice of narrative risk communication, including a thorough examination of

the goals (e.g., persuasion, comprehension) and attention to the level of accuracy maintained

[31]. Science communicators may want to pay special attention to issues of trust and credibil-

ity, and future work ought to evaluate the impacts of narrative risk communication on messen-

ger credibility. Reasonable hypotheses offer competing predictions: narrative communication

may increase trust in communicators through perceived authenticity and accessibility, or

decrease trust from perceived intention to manipulate [31, 34].

While this study explores the mechanisms through which narrative risk communication

influences public opinion about wildlife management in the context of human-wildlife con-

flict, there is room for broadening scope conditions. For example, this study tested the effect of

adding the same image across all narrative messages on support for policies through affect and
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risk perception. Future work may test the effect of adding images depicting wildlife in different

contexts alongside narrative messages. Furthermore, this study was limited to narratives cast-

ing wildlife as victims or villains; future studies ought to explore whether casting wildlife as

heroes in narrative risk communication elicits more positive affective response, works to

accentuate positive impacts of wildlife, and maximizes support for longer-term wildlife man-

agement, particularly when targeted towards populations with cool prior attitudes towards

wildlife.

Supporting information

S1 Research design.

(PDF)

S1 Results.

(PDF)

S1 Fig. Map of Queensland and New South Wales. Blue represents postcodes without known

bat roosts; pink represents postcodes with known bat roosts.

(TIF)

S2 Fig. Depiction of non-narrative (a), victim narrative (b), and villain narrative (c) condi-

tions, without image treatment.

(TIF)

S3 Fig. Emojis representing Positive and Negative Affect Schedule emotions comprising

affective response measure.

(TIF)

S4 Fig. Statistical diagram of conditional process model.

(TIF)

S5 Fig. Conditional effects of affective response on risk perception.

(TIF)

S6 Fig. Conditional effects of risk perception on support for state-level protection.

(TIF)

S7 Fig. Conditional effects of risk perception on support for dispersal of bats from urban

roosts.

(TIF)

S8 Fig. Conditional effects of risk perception on support for habitat restoration.

(TIF)

S1 Table. Number of respondents per treatment condition.

(TIF)

S2 Table. Block randomization and sample distribution.

(TIF)

S3 Table. Sample summary statistics.

(TIF)

S4 Table. Means and standard deviations across experimental conditions.

(TIF)

PLOS ONE Communicating risk in human-wildlife interactions: How stories and images move minds

PLOS ONE | https://doi.org/10.1371/journal.pone.0244440 December 28, 2020 13 / 17

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0244440.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0244440.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0244440.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0244440.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0244440.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0244440.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0244440.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0244440.s008
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0244440.s009
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0244440.s010
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0244440.s011
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0244440.s012
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0244440.s013
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0244440.s014
https://doi.org/10.1371/journal.pone.0244440


S5 Table. Relative indirect effects on outcome variables.

(TIF)

S6 Table. Relative effects of treatment conditions on mediating variables.

(TIF)

S7 Table. Means and standard deviations for survey participants with warm prior attitudes

towards bats.

(TIF)

S8 Table. Means and standard deviations for survey participants with cool prior attitudes

towards bats.

(TIF)

S9 Table. Relative direct effects of conditions, mediators, and moderator on outcomes of

interest.

(TIF)

Acknowledgments

The authors would like to thank Peggy Eby for providing bat roost location data, Nita Bharti,

Taylor Carlson, Alison Peel, and Raina Plowright for feedback on survey design, and two refer-

ees and the editor for their excellent comments and suggestions.

Author Contributions

Conceptualization: Sara K. Guenther, Elizabeth A. Shanahan.

Data curation: Sara K. Guenther, Elizabeth A. Shanahan.

Formal analysis: Sara K. Guenther, Elizabeth A. Shanahan.

Funding acquisition: Sara K. Guenther, Elizabeth A. Shanahan.

Investigation: Sara K. Guenther, Elizabeth A. Shanahan.

Methodology: Sara K. Guenther, Elizabeth A. Shanahan.

Project administration: Sara K. Guenther, Elizabeth A. Shanahan.

Resources: Sara K. Guenther, Elizabeth A. Shanahan.

Software: Sara K. Guenther, Elizabeth A. Shanahan.

Supervision: Sara K. Guenther, Elizabeth A. Shanahan.

Validation: Sara K. Guenther, Elizabeth A. Shanahan.

Visualization: Sara K. Guenther, Elizabeth A. Shanahan.

Writing – original draft: Sara K. Guenther, Elizabeth A. Shanahan.

Writing – review & editing: Sara K. Guenther, Elizabeth A. Shanahan.

References
1. Han BA, Kramer AM, Drake JM. Global patterns of zoonotic disease in mammals. Trends in Parasitol-

ogy. 2016; 32(7):565–577. https://doi.org/10.1016/j.pt.2016.04.007 PMID: 27316904

2. Plowright RK, Parrish CR, McCallum H, Hudson PJ, Ko AI, Graham AL, et al. Pathways to zoonotic spill-

over. Nature Reviews Microbiology. 2017; 15(8):502. https://doi.org/10.1038/nrmicro.2017.45 PMID:

28555073

PLOS ONE Communicating risk in human-wildlife interactions: How stories and images move minds

PLOS ONE | https://doi.org/10.1371/journal.pone.0244440 December 28, 2020 14 / 17

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0244440.s015
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0244440.s016
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0244440.s017
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0244440.s018
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0244440.s019
https://doi.org/10.1016/j.pt.2016.04.007
http://www.ncbi.nlm.nih.gov/pubmed/27316904
https://doi.org/10.1038/nrmicro.2017.45
http://www.ncbi.nlm.nih.gov/pubmed/28555073
https://doi.org/10.1371/journal.pone.0244440


3. Conover MR. Resolving human-wildlife conflicts: the science of wildlife damage management. CRC

Press; 2001.

4. Musila S, Prokop P, Gichuki N. Knowledge and perceptions of, and attitudes to, bats by people living

around Arabuko-Sokoke Forest, Malindi-Kenya. Anthrozoös. 2018; 31(2):247–262.

5. Plowright RK, Foley P, Field HE, Dobson AP, Foley JE, Eby P, et al. Urban habituation, ecological con-

nectivity and epidemic dampening: the emergence of Hendra virus from flying foxes (Pteropus spp.).

Proceedings of the Royal Society B: Biological Sciences. 2011; 278(1725):3703–3712. https://doi.org/

10.1098/rspb.2011.0522 PMID: 21561971

6. Vincenot CE, Florens FV, Kingston T. Can we protect island flying foxes? Science. 2017; 355

(6332):1368–1370. https://doi.org/10.1126/science.aam7582 PMID: 28360279

7. Roh S, McComas KA, Rickard LN, Decker DJ. How motivated reasoning and temporal frames may

polarize opinions about wildlife disease risk. Science Communication. 2015; 37(3):340–370. https://doi.

org/10.1177/1075547015575181

8. Baruch-Mordo S, Breck SW, Wilson KR, Broderick J. A tool box half full: how social science can help

solve human–wildlife conflict. Human Dimensions of Wildlife. 2009; 14(3):219–223. https://doi.org/10.

1080/10871200902839324

9. Vincenot CE, Collazo AM, Wallmo K, Koyama L. Public awareness and perceptual factors in the conser-

vation of elusive species: The case of the endangered Ryukyu flying fox. Global Ecology and Conserva-

tion. 2015; 3:526–540. https://doi.org/10.1016/j.gecco.2015.02.005

10. Aziz SA, Clements GR, Giam X, Forget PM, Campos-Arceiz A. Coexistence and conflict between

the island flying fox (Pteropus hypomelanus) and humans on Tioman Island, Peninsular Malaysia.

Human Ecology. 2017; 45(3):377–389. https://doi.org/10.1007/s10745-017-9905-6 PMID:

28680192

11. Florens FV, Vincenot CE. Broader conservation strategies needed. Science. 2018; 362(6413):409.

PMID: 30361363

12. Lu H, McComas KA, Buttke DE, Roh S, Wild MA. A one health message about bats increases intentions

to follow public health guidance on bat rabies. PlOS ONE. 2016; 11(5). https://doi.org/10.1371/journal.

pone.0156205 PMID: 27224252

13. Kaplan S, Garrick BJ. On the quantitative definition of risk. Risk Analysis. 1981; 1(1):11–27. https://doi.

org/10.1111/j.1539-6924.1981.tb01350.x

14. Slovic P. Perception of risk. Science. 1987; 236(4799):280–285. https://doi.org/10.1126/science.

3563507 PMID: 3563507

15. Woodroffe R, Thirgood S, Rabinowitz A. People and wildlife, conflict or co-existence? Cambridge Uni-

versity Press; 2005.

16. Soulsbury CD, White PC. Human–wildlife interactions in urban areas: a review of conflicts, benefits and

opportunities. Wildlife Research. 2016; 42(7):541–553.

17. König HJ, Kiffner C, Kramer-Schadt S, Fürst C, Keuling O, Ford AT. Human–wildlife coexistence in a

changing world. Conservation Biology. 2020. PMID: 32406977

18. Nyhus PJ. Human–wildlife conflict and coexistence. Annual Review of Environment and Resources.

2016; 41:143–171. https://doi.org/10.1146/annurev-environ-110615-085634

19. Finucane ML, Alhakami A, Slovic P, Johnson SM. The affect heuristic in judgments of risks and benefits.

Journal of Behavioral Decision Making. 2000; 13(1):1–17. https://doi.org/10.1002/(SICI)1099-0771

(200001/03)13:1%3C1::AID-BDM333%3E3.0.CO;2-S

20. Slovic P, Finucane ML, Peters E, MacGregor DG. Risk as analysis and risk as feelings: Some thoughts

about affect, reason, risk, and rationality. Risk Analysis. 2004; 24(2):311–322. https://doi.org/10.1111/j.

0272-4332.2004.00433.x PMID: 15078302

21. Loewenstein GF, Weber EU, Hsee CK, Welch N. Risk as feelings. Psychological Bulletin. 2001; 127

(2):267. https://doi.org/10.1037/0033-2909.127.2.267 PMID: 11316014

22. Alhakami AS, Slovic P. A psychological study of the inverse relationship between perceived risk and

perceived benefit. Risk Analysis. 1994; 14(6):1085–1096. https://doi.org/10.1111/j.1539-6924.1994.

tb00080.x PMID: 7846317

23. Peters EM, Burraston B, Mertz C. An emotion-based model of risk perception and stigma susceptibility:

Cognitive appraisals of emotion, affective reactivity, worldviews, and risk perceptions in the generation

of technological stigma. Risk Analysis. 2004; 24(5):1349–1367. https://doi.org/10.1111/j.0272-4332.

2004.00531.x PMID: 15563300

24. Wilson RS, Walpole H, Zwickle A. Developing a Broadly Applicable Measure of Risk Perception. Risk

Analysis. 2019; 39(4):777–791. https://doi.org/10.1111/risa.13207 PMID: 30278115

PLOS ONE Communicating risk in human-wildlife interactions: How stories and images move minds

PLOS ONE | https://doi.org/10.1371/journal.pone.0244440 December 28, 2020 15 / 17

https://doi.org/10.1098/rspb.2011.0522
https://doi.org/10.1098/rspb.2011.0522
http://www.ncbi.nlm.nih.gov/pubmed/21561971
https://doi.org/10.1126/science.aam7582
http://www.ncbi.nlm.nih.gov/pubmed/28360279
https://doi.org/10.1177/1075547015575181
https://doi.org/10.1177/1075547015575181
https://doi.org/10.1080/10871200902839324
https://doi.org/10.1080/10871200902839324
https://doi.org/10.1016/j.gecco.2015.02.005
https://doi.org/10.1007/s10745-017-9905-6
http://www.ncbi.nlm.nih.gov/pubmed/28680192
http://www.ncbi.nlm.nih.gov/pubmed/30361363
https://doi.org/10.1371/journal.pone.0156205
https://doi.org/10.1371/journal.pone.0156205
http://www.ncbi.nlm.nih.gov/pubmed/27224252
https://doi.org/10.1111/j.1539-6924.1981.tb01350.x
https://doi.org/10.1111/j.1539-6924.1981.tb01350.x
https://doi.org/10.1126/science.3563507
https://doi.org/10.1126/science.3563507
http://www.ncbi.nlm.nih.gov/pubmed/3563507
http://www.ncbi.nlm.nih.gov/pubmed/32406977
https://doi.org/10.1146/annurev-environ-110615-085634
https://doi.org/10.1002/(SICI)1099-0771(200001/03)13:1%3C1::AID-BDM333%3E3.0.CO;2-S
https://doi.org/10.1002/(SICI)1099-0771(200001/03)13:1%3C1::AID-BDM333%3E3.0.CO;2-S
https://doi.org/10.1111/j.0272-4332.2004.00433.x
https://doi.org/10.1111/j.0272-4332.2004.00433.x
http://www.ncbi.nlm.nih.gov/pubmed/15078302
https://doi.org/10.1037/0033-2909.127.2.267
http://www.ncbi.nlm.nih.gov/pubmed/11316014
https://doi.org/10.1111/j.1539-6924.1994.tb00080.x
https://doi.org/10.1111/j.1539-6924.1994.tb00080.x
http://www.ncbi.nlm.nih.gov/pubmed/7846317
https://doi.org/10.1111/j.0272-4332.2004.00531.x
https://doi.org/10.1111/j.0272-4332.2004.00531.x
http://www.ncbi.nlm.nih.gov/pubmed/15563300
https://doi.org/10.1111/risa.13207
http://www.ncbi.nlm.nih.gov/pubmed/30278115
https://doi.org/10.1371/journal.pone.0244440


25. Green MC, Brock TC. The role of transportation in the persuasiveness of public narratives. Journal of

Personality and Social Psychology. 2000; 79(5):701. https://doi.org/10.1037/0022-3514.79.5.701

PMID: 11079236

26. Kahlor LA, Yang J, Li X, Wang W, Olson HC, Atkinson L. Environmental risk (and benefit) information

seeking intentions: The case of carbon capture and storage in southeast Texas. Environmental Com-

munication. 2020; 14(4):555–572. https://doi.org/10.1080/17524032.2019.1699136

27. Fischhoff B, Scheufele DA. The Science of Science Communication III. Proceedings of the National

Academy of Sciences. 2019; 116(16):7632–7633. https://doi.org/10.1073/pnas.1902256116 PMID:

30988208

28. Lujala P, Lein H, Rød JK. Climate change, natural hazards, and risk perception: the role of proximity

and personal experience. Local Environment. 2015; 20(4):489–509. https://doi.org/10.1080/13549839.

2014.887666

29. Wachinger G, Renn O, Begg C, Kuhlicke C. The risk perception paradox—implications for governance

and communication of natural hazards. Risk Analysis. 2013; 33(6):1049–1065. https://doi.org/10.1111/

j.1539-6924.2012.01942.x PMID: 23278120

30. Espinosa S, Jacobson SK. Human-wildlife conflict and environmental education: Evaluating a commu-

nity program to protect the Andean bear in Ecuador. The Journal of Environmental Education. 2012; 43

(1):55–65. https://doi.org/10.1080/00958964.2011.579642

31. Dahlstrom MF. Using narratives and storytelling to communicate science with nonexpert audiences.

Proceedings of the National Academy of Sciences. 2014; 111(Supplement 4):13614–13620. https://doi.

org/10.1073/pnas.1320645111 PMID: 25225368

32. Shanahan EA, Reinhold AM, Raile ED, Poole GC, Ready RC, Izurieta C, et al. Characters matter: How

narratives shape affective responses to risk communication. PLOS ONE. 2019; 14(12). https://doi.org/

10.1371/journal.pone.0225968 PMID: 31815957

33. Hinyard LJ, Kreuter MW. Using narrative communication as a tool for health behavior change: a con-

ceptual, theoretical, and empirical overview. Health Education & Behavior. 2007; 34(5):777–792.

https://doi.org/10.1177/1090198106291963 PMID: 17200094

34. Dahlstrom MF, Rosenthal S. Third-person perception of science narratives: The case of climate change

denial. Science Communication. 2018; 40(3):340–365. https://doi.org/10.1177/1075547018766556

35. Lu H, Siemer WF, Baumer MS, Decker DJ. Exploring the role of gain versus loss framing and point of

reference in messages to reduce human–bear conflicts. The Social Science Journal. 2018; 55(2):182–

192. https://doi.org/10.1016/j.soscij.2017.05.002

36. Muter BA, Gore ML, Riley SJ. From victim to perpetrator: evolution of risk frames related to human–cor-

morant conflict in the Great Lakes. Human Dimensions of Wildlife. 2009; 14(5):366–379. https://doi.org/

10.1080/10871200903045210

37. Gunnthorsdottir A. Physical attractiveness of an animal species as a decision factor for its preservation.

Anthrozoös. 2001; 14(4):204–215.

38. Shearer E. Social media outpaces print newspapers in the US as a news source. Pew Research Center.

2018; 10.

39. Ge J, Gretzel U. Emoji rhetoric: a social media influencer perspective. Journal of Marketing Manage-

ment. 2018; 34(15-16):1272–1295. https://doi.org/10.1080/0267257X.2018.1483960

40. Joo J, Li W, Steen FF, Zhu SC. Visual persuasion: Inferring communicative intents of images. In: Pro-

ceedings of the IEEE Conference on Computer Vision and Pattern Recognition; 2014. p. 216–223.
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57. Prokop P, Fančovičová J, Kubiatko M. Vampires are still alive: Slovakian students’ attitudes toward

bats. Anthrozoös. 2009; 22(1):19–30.

58. Shapiro HG, Willcox AS, Tate M, Willcox EV. Can farmers and bats co-exist? Farmer attitudes, knowl-

edge, and experiences with bats in Belize. Human–Wildlife Interactions. 2020; 14(1):6.

59. Fagan KE, Willcox EV, Willcox AS. Public attitudes toward the presence and management of bats roost-

ing in buildings in Great Smoky Mountains National Park, Southeastern United States. Biological Con-

servation. 2018; 220:132–139. https://doi.org/10.1016/j.biocon.2018.02.004

60. Castilla MC, Campos C, Colantonio S, Dı́az M. Perceptions and attitudes of the local people towards

bats in the surroundings of the Escaba dam (Tucumán, Argentina). Ethnobiology and Conservation.

2020; 9.
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