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Persecution by humans is one of the most pressing threats to jaguars (Panthera onca)

throughout the Americas, yet few studies have examined the killing of jaguars outside

cattle-ranching communities. Although over one-third of the jaguar’s range is formally

protected, relatively little is known about human-jaguar relationships within protected

areas and indigenous territories. Protected land within the Bolivian Amazon, considered

a stronghold for the jaguar, contains communities who differ economically, legally, and

socially from previously-studied human populations living with jaguars. Using in-person

structured interviews, we investigated attitudes and norms related to jaguars and jaguar

killing, self-reported past killing of jaguars, and demographic variables in two protected

areas and an indigenous territory: Integrated Management Area (IMA) of Santa Rosa del

Abuná (Santa Rosa, n = 224), Indigenous Territory Tacana II (n = 137), and Manuripi

National Amazon Wildlife Reserve (MNAWR, n = 169). Overall, people disliked (48.9%)

or felt neutral (26.8%) toward jaguars. A relatively large number of people reported either

being attacked or knowing someone who had been attacked by a jaguar: 15.45% in

Santa Rosa, 14.20% in MNAWR, and 30.88% in Tacana II. Many respondents stated

to have killed a jaguar, although the proportion differed among study areas: 20.39% of

Santa Rosa, 55.47% of Tacana II, and 32.72% of MNAWR. People perceived jaguar

persecution as relatively common: 44.9% of Santa Rosa, 90.8% of Tacana II, and 65.8%

of MNAWR said their neighbors kill jaguars (i.e., descriptive norm). Also, 75.4% of Santa

Rosa, 89.1% of Tacana II, and 69.1% of MNAWR said that some of their family members

and neighbors thought jaguar killing was good (i.e., subjective norm). Descriptive and

subjective norms positively influenced both attitudes toward killing and past killing of

jaguars. This perception of jaguar killing being common and socially-accepted, combined

with high rates of past killing and a growing illegal trade of jaguar parts, may create

an atmosphere conducive to widespread jaguar persecution in the Bolivian Amazon.

We recommend management strategies that focus on preventing jaguar depredation of

small domestic animals, lessening the perception of carnivore encounters as dangerous

to decrease safety-related fears, and making large carnivore killing socially unacceptable

(e.g., through social marketing).

Keywords: jaguars, large carnivores, human dimensions, coexistence, protected areas, Bolivia, Amazon,

conservation psychology
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FIGURE 1 | Map of the study areas in Bolivia: Santa Rosa del Abuná (Santa Rosa), Tacana II, and Manuripi National Amazon Wildlife Reserve (MNAWR).

of the National Service for Protected Areas (SERNAP). MNAWR
is the best-conserved area of the Madre de Dios, Acre, and
Pando (MAP) region of Amazonian Forests containing Brazil
nut4 About 1,500 people live within the wildlife reserve, within 9
communities, 37 private properties, and 2 settlements. Residents
depend on Brazil Nut and Acaí collection as their primary source
of income and supplement with small agriculture and breeding of
domestic animals.

Data Collection and Questionnaire Design
Between April 2016 and July 2017, we used a mixed
questionnaire (i.e., containing close- and open- ended questions)
administered through personal-structured interviews in Santa
Rosa, Tacana II, and MNAWR. We used semi-random stratified
sampling to ensure maximum representation. We determined
the appropriate sample size for each community within each
study area based on the census information of adults (above
18 years old) available at the time, ensuring that sampling
was proportional to the target population (∼10% sampling

4https://wwf.panda.org/wwf_offices/bolivia/our_work/amazon_program/
pando_forests/

ratio). We stratified the sample by gender to ensure the
equal representation of male and female voices and, in
pursuit of this, attempted to interview both male and female
heads of households at each home. We randomly selected
respondents within each community and revisited them if
no head of the household was present during the first visit.
Most participants selected and interviewed were the first adult
contacted in the household. No incentives were offered to
those who agreed to be interviewed. Most interviews lasted
between 20 and 40min. The survey instrument was pre-
tested in each study area, and final adjustments were made
accordingly. The questionnaire was written and conducted in
Spanish and translated to English for analysis. Four of the
authors (NN, KB, GG, PB) conducted the interviews. We
excluded potential interviewer bias a posteriori by testing for
statistically significant differences in the data collected by the
four interviewers.

Ethical approval was obtained from Miami University Ohio
IRB for Human Subject Research, Protocol Number 03252e.
Based onMarchini andMacdonald (2012) questionnaire, specific
close-ended questions were designed to explore the various
components of the cognitive hierarchy, such as attitudes
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and norms (see Supplementary Data Sheet 1 for the complete
questionnaire). We also collected data on general demographics,
experiences with jaguars, and past jaguar killing. The questions
analyzed are as follows:

Background Factors
We obtained data on age, ethnic origin, gender, education, and
hunting habits. Age and ethnicity were open-ended questions;
education was categorical (four categories: incomplete and
complete primary and secondary schooling). We measured
gender with a binary question (male/female). We also asked
interviewees binary questions about whether they hunt (yes/no)
and whether they typically carry a gun while in the forest
(yes/no). We examined ethnic origin as a background variable
only in analyses of Santa Rosa because Tacana II and MNAWR
were ethnically homogenous. We examined two categories of
perceived impact of jaguars based on previous research in Brazil:
livestock loss and jaguar attacks on humans (Marchini and
Macdonald, 2012). To measure these two categories, we used
two binary (yes/no) questions: (1) Has a jaguar attacked your
domestic animals? (2) Have you ever been attacked, or do you
know someone who was attacked by a jaguar? In addition, we
asked respondents to estimate the number of jaguars within the
territory of their community (open-ended) to gauge perceptions
of local population size.

Attitudes
We assessed the affective and cognitive components of attitudes
toward both jaguars and jaguar killing, as well as beliefs
about jaguar attack prevalence and the risk of a jaguar attack
in the future. The affective component of attitudes toward
jaguars, “describe your feelings toward jaguars,” was measured
using a five-point Likert-type scale (from 1 to 5: “I don’t
like them at all” to “I like them a lot”). Attitudes toward
jaguar killing were measured using a three-point scale, with
lower values corresponding with negative evaluations of jaguar
killing. Specifically, interviewees were asked to complete the
following statement: in your opinion, killing a jaguar is: bad
(1), neither good nor bad (2), or good (3). We assessed the
cognitive component of attitudes by examining beliefs about
jaguar attack prevalence using a five-point Likert-type scale
[strongly disagree (1) to strongly agree (5)]. Agreement with
the following statement was measured: “Jaguars kill more people
every year in Bolivia than do domestic dogs5.” We measured
beliefs about risk from jaguars using a four-point scale [none
(1) to high (4)] with the following question: what is the risk
of you or your family being attacked by a jaguar in the
coming months?

Norms
We measured normative beliefs about preferred jaguar
population size in the next 5 years in the territory of their
community using a six-point scale [from disappear (1) to
strongly increase (6)]. Descriptive and subjective norms
regarding jaguar killing were measured using five-point scales

5ACEAA unpublished data

[none (1)–all (5)]. The questions were as follows: (1) How
many of your neighbors do you think kill jaguars? (descriptive);
(2) Among your neighbors, how many would agree that
killing a jaguar is a good thing? (subjective); (3) Within your
family, how many would agree that killing a jaguar is a good
thing? (subjective).

Past Jaguar Killing
We asked respondents whether they (if male) or their spouse
(if female) had ever killed a jaguar in the past. Responses
were coded as binary (yes/no). Concerning the most recent
instance of jaguar killing by them or their spouses, we asked
respondents to estimate how long ago the event occurred
and the reason for the killing. Length of time since the
last kill was recorded as an open-ended question and then
coded into four categories: 0–5, 5–10, 10–20, and 20 or more
years ago. Reasons for last kill were coded using descriptive
categories such as “fear or self-defense,” and “retaliation
for depredation.”

Emotions
We asked participants to imagine encountering a jaguar
alone while collecting Brazil nuts or walking in the forest
and asked them to describe their emotional response
in such a situation (open-ended). If the participants
were not answering, the interviewers prompted them
by asking if they would feel afraid. We coded the
open-ended answers into seven categories for analysis
(bravery, fear, nervousness, no fear, positive feelings,
and unsure).

Data Analysis
We accepted quantitative questionnaires for analysis if
the respondent completed the demographics section, but
respondents may not have answered every question. As
such, sample size differs among some questions analyzed,
reflecting the number of responses to that question. To
compare results among geographic areas, we calculated means,
medians, standard deviations, and frequency data for each
variable. To test for significant differences in responses among
areas, we used logistic regression for binary responses and
ordinal logistic regressions for responses on the Likert-type
scale. For all analyses, we set MNAWR as the reference
category and used Akaike’s Information Criterion (AIC) and
a likelihood ratio (LR) test to determine whether a variable
was significant.

We examined the relationship between several predictor
variables (background factors, attitudes, and norms) and
attitudes toward jaguars and toward killing jaguars using an
ordinal logistic regression. We used backward stepwise variable
selection based on AIC to find the most parsimonious model. We
also analyzed the effect of the same predictor variables on past
jaguar killing using a logistic regression and the same strategy
for variable selection.We considered results with 95% confidence
intervals (p < 0.05) significant. All analyses were carried out
in R 3.6.0 (R Development Core Team, 2019) using the ordinal
package (Christensen, 2019).
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RESULTS

Background Factors
Demographic Variables
We conducted interviews with a total of 533 people (response
rate = 99.81%), 224 in Santa Rosa, 137 in Tacana II, and 169 in
MNAWR. However, due to missing values in the data, the sample
size may be smaller for specific analyses outlined below. Mean
age (38.56, SD = 14.10) and gender distribution (55.43% male)
did not differ significantly among the three areas (Age: One-way
ANOVA F = 2.84, p= 0.059, η = 0.104; Gender:N = 531, LR X2

= 2.84, p= 0.242). In Santa Rosa, nearly a third of the population
was Andean and the rest Amazonian. In Tacana II andMNAWR,
nearly all respondents were Amazonian. Most (95.59%) Tacana
II residents said they hunt, a significantly higher proportion than
in Santa Rosa (69.18%) and MNAWR (66.27%) (N = 461, LR X2

= 51.1, p < 0.001, | = 0.299). Also, significantly more people in
Tacana II (78.20%) reported carrying a gun when in the forest
than in Santa Rosa (47.80%) and MNAWR (37.31%) (N = 426,
LR X2

= 51.19, p < 0.001) (Table 1).

Experiences With Jaguars
Twice as many people reported experiencing or knowing
someone who had experienced a jaguar attack in Tacana II
(30.88%) as in Santa Rosa (15.45%) and MNAWR (14.20%) (N
= 525, X2

= 15.58, p < 0.001). About twice as many people
said jaguars had attacked their domestic animals in the past in
MNAWR (50.30%) as in Santa Rosa (24.43%) and Tacana II
(25.55%) (N = 527, LR X2

= 32.8, p < 0.001) (Table 1).

Perceptions of Jaguar Abundance
When asked to give an open-ended estimate of the number
of jaguars in the area, participants in Tacana II perceived a
population of 272 jaguars (SD = 233.5, range 20–2,000) on
average. This mean estimate was significantly higher than the
average perception in Santa Rosa (31.57 jaguars; SD = 58.53;
range 1–500; Tukey’s p < 0.001) and in MNAWR (81.42 jaguars;
SD = 176.7; range 1–1,000; Tukey’s p < 0.001). Although the
difference in the perceived number of jaguars was relatively
smaller between MNAWR and Santa Rosa, it was still statistically
significant (Tukey’s p= 0.0329) (Table 1).

Attitudes
Jaguars
Overall, nearly half (48.9%) of those interviewed strongly disliked
or disliked jaguars; almost a third (26.8%) felt neutral. Ordinal
logistic regression found no significant difference in feelings
toward jaguars among the three areas (N = 530, LR X2

= 1.95,
p= 0.377) (Table 1). However, a chi-square analysis of responses
revealed that the proportions of positive, negative, and neutral
feelings toward the species varied among regions. About a third of
residents in Santa Rosa (34.4%) andMNAWR (29.6%) felt neutral
about jaguars. In contrast, attitudes in Tacana II were significantly
more polarized (LR X2

= 58.891, p < 0.001), and only 10.9% felt
neutral toward jaguars.

Jaguar Killing
Ordinal logistic regression revealed significantly more positive
attitudes toward killing jaguars in Tacana II (β = 0.816, p <

0.001) and more negative attitudes in Santa Rosa (β = −0.690,

TABLE 1 | Descriptive statistics for background factors, attitudes, and norms in Santa Rosa del Abuná (Santa Rosa, n = 224), Tacana II (n = 137), and Manuripi National

Amazon Wildlife Reserve (MNAWR, n = 169); with significant results from ANOVA and ordinal linear regressions indicated.

Variable Santa Rosa Tacana II MNAWR

Background factors Demographics

Gender (% male) 58.93% 49.64% 54.44%

Mean age (years) 37.85 (SD = 13.26) 37.1333 (SD = 13.82) 40.65 (SD = 15.21)

Hunt 69.18% 95.59%*** 66.27%

Gun-carrying 47.80% 78.20%*** 37.31%

Experiences

Attacks on humans 15.45% 30.88%*** 14.20%

Attacks on domestic animals 24.43% 25.55% 50.30%***

Median perceived jaguar abundance (individuals) 10 (range: 1–500)*** 300 (range: 20–2,000)*** 20 (range: 1–1,000)*

Attitudes (General) Beliefs

Jaguar attacks 2.62 (SD = 1.17) 3.12 (SD = 1.27)* 2.80 (SD = 1.30)

Risk 2.17 (SD = 1.15) 2.12 (SD = 1.00) 1.97 (SD = 0.85)

Feelings

Jaguars 2.58 (SD = 0.91) 2.53 (SD = 1.31) 2.68 (SD = 1.14)

Norms Normative beliefs 2.99 (SD = 1.41) 2.95 (SD = 0.97) 3.10 (SD = 1.24)

Descriptive 1.57 (SD = 0.79)*** 2.05 (SD = 0.58)*** 1.77 (SD = 0.49)***

Subjective 2.71 (SD = 1.32)*** 3.19 (SD = 1.42)*** 1.99 (SD = 0.83)***

Attitudes (Specific) Jaguar killing 1.91 (SD = 0.76)** 2.25 (SD = 0.76)s*** 2.12 (SD = 0.76)**

Behavior Past killing 20.39%* 55.47%*** 32.72%*

*p <0.05, **p < 0.01, ***p < 0.001.
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p < 0.01) than in the reference category MNAWR (N = 533, LR
X2

= 56.10, p < 0.001) (Table 1; Figure 2).

Human Casualties From Jaguar Attacks
Beliefs about the prevalence of human casualties from jaguar
attacks in Bolivia differed among the areas (N = 519, LR X2

= 13.14, p = 0.001). In Santa Rosa, people were more likely to
disagree with the incorrect statement “jaguars kill more people
than dogs kill in Bolivia each year,” than people in Tacana II
and MNAWR, although the effect of area on beliefs was not
significant (β= 0.237, p= 0.210). In contrast, residents of Tacana
II were less sure of the statement’s truth-value (β = −0.479, p =

0.026), and residents of MNAWR fell in the middle of the two
(Table 1).

Future Risk of Attack on Humans
In general, people believed the risk of a jaguar attack in the future
was low (Table 1). There were no statistical differences in beliefs
about risk among areas (N = 503, LR X2

= 1.39, p= 0.499).

Norms
Normative Beliefs
In all three areas, people thought jaguar populations should
decrease slightly (Table 1). There was no difference in normative
beliefs about jaguar population size among the three areas (N =

526, LR X2
= 3.76, p= 0.153).

Descriptive Norms
People in Tacana II thought a significantly higher proportion
of their neighbors kill jaguars than people in the other two
areas perceived in their respective communities (β = 0.945,
p < 0.001). In Santa Rosa, a significantly lower proportion
thought their neighbors kill jaguars (β = −1.014, p < 0.001)
while MNAWR was in the middle (N = 517, LR X2

= 69.61,
p < 0.001).

FIGURE 2 | Proportions of attitudes toward jaguar killing, by area.

Subjective Norms
Following the trend of descriptive norms, people in Tacana
II thought significantly more of their neighbors approved of
killing jaguars than people in the other two areas perceived in
their communities (β = 1.714, p < 0.001). However, although
descriptive norms indicated increased perceptions of jaguar
killing in MNAWR compared to Santa Rosa, subjective norms
about the behavior were flipped. Santa Rosa residents thought
more of their neighbors would approve of the behavior (β =

0.980, p < 0.001) than MNAWR residents (N = 501, LR X2
=

57.39, p < 0.001).

Jaguar Killing
There were significant differences in jaguar killings among
regions (N = 451, LR X2

= 39.75, p < 0.001). Over half
(55.47%) of Tacana II reported killing a jaguar in the past—
a proportion significantly higher (β = 0.941, p < 0.001) than
those of Santa Rosa and MNAWR. Nearly a third (32.72%) of
MNAWR described past killing, significantly more than Santa
Rosa, where about a fifth of interviewed residents (20.39%)
reported the behavior (β=−0.640, p= 0.014, Table 1; Figure 3).
More than half (63.4%) of the respondents (N = 142) who had
killed a jaguar in the past killed one within the last 5 years.
Fewer people most recently killed a jaguar between 5 and 10
years ago (12.7%), between 10 and 20 years ago (16.2%), or more
than 20 years ago (7.2%) (Supplementary Table F). When asked
why they most recently killed a jaguar, 65.5% mentioned fear,
17.9% retaliation, 6.9% trade, and 5.5% said it was accidental
(Supplementary Table G).

Emotions
The two most common emotions mentioned by participants
(N = 530) when asked how they would feel if they saw a
jaguar in the forest were fear (67.5%) and no fear (25.1%).
Respondents rarely mentioned positive feelings (0.8%), bravery

FIGURE 3 | Proportion of residents who reported killing a jaguar in the past,

by area.
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(2.3%), or nervousness (0.9%), and few people were unsure of
their emotions (3.4%) (Supplementary Table A). Given the low
number of responses for most categories, we only looked at fear
and no fear for further analyses. We used a logistic regression
model to look at differences in these two emotions across gender
and study areas. We used no fear as the reference category as it
was the most neutral response. Model selection indicated that
both gender and area were significant for explaining fear but
that there was no interaction. Women felt more frequently afraid
than men (β = 2.325, p < 0.001) and people in Santa Rosa
(β = 0.909, p < 0.001) and people in Tacana II (β = 0.784, p
< 0.010) were more afraid than people in MNAWR (Figure 4;
Supplementary Table B).

Factors Affecting Attitudes Toward
Jaguars
Three main factors were correlated with attitudes toward jaguars
(N = 355 interviews): gender, beliefs about the prevalence of
human casualties from jaguar attacks, and subjective norms
regarding jaguar killing. Gender correlated with attitudes such
that women hadmore negative attitudes toward jaguars thanmen
did (β =−0.682, p= 0.001). In addition, people who believe that
jaguars kill more people than dogs do were more negative toward
jaguars (β = 0.248, p = 0.003) than those who did not believe
this. People who perceived their family members as approving of
jaguar killing also had more negative attitudes toward jaguars (β
=−0.249, p < 0.001). Study area was not significant and did not
appear in the highest-ranking model (Supplementary Table C).

Factors Affecting Attitude Toward Killing
Jaguars
The highest-ranking predictive model included three factors that
correlate with a person’s attitude toward killing jaguars (N =

355 interviews). The first factor, was having been attacked by
a jaguar or knowing someone who has been attacked by a
jaguar, was a strong determinant of positive feelings about killing

jaguars (β = 1.036, p < 0.001). Two measures of subjective
norms regarding jaguar killing, family members’ (β = 0.235, p
= 0.007) and neighbors’ approval (β = 0.310, p = 0.004) of
the action, were also strong determinants of positive attitudes
toward killing jaguars. There was a significant difference in
attitude toward killing jaguars among the three study areas, with
people in Santa Rosa more likely to evaluate killing jaguars as
bad (β = −1.424, p < 0.001) compared to the other two areas
(Supplementary Table D).

Factors Affecting Past Jaguar Killings
Several factors were correlated with whether a person had killed
a jaguar in the past (N = 355 interviews). Older people were
more likely to have killed a jaguar in the past (β = 0.7711, p <

0.001), and so were people who regularly hunt (β = 0.485, p =

0.153). People who had experienced a jaguar attack (β = 0.597,
p < 0.072) or had their domestic animals attacked by a jaguar (β
= 0.858, p < 0.001) were also more likely to have killed a jaguar,
as were people who perceived their families as feeling favorably
toward jaguar killing (β = 0.338, p < 0.001). The proportion of
respondents who had killed a jaguar in the past was different
among study areas, with Tacana II being higher (β = −1.424, p
< 0.001) and Santa Rosa lower (β = −1.424, p < 0.001) than the
reference category MNAWR (Supplementary Table E).

DISCUSSION

Attitudes Toward Jaguars and Jaguar
Killing
Our results revealed negative perceptions of jaguars in the context
where cattle depredation by jaguars in not an issue. Overall,
people in the protected territories addressed in this study either
disliked or felt neutral toward jaguars. Negative attitudes toward
jaguars are not uncommon (Zimmermann et al., 2005; Cavalcanti
et al., 2010; Castaño-Uribe et al., 2016; Porfirio et al., 2016), but
are often attributed to livestock loss and resulting economic cost
(Rosas-Rosas and Valdez, 2010; Parker et al., 2014; Amit and

FIGURE 4 | Proportion of men and women fear to encounter jaguars, by area.
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Jacobson, 2017). However, fear and opportunistic encounters,
as reported by participants in this study, can also increase
negative attitudes (Cavalcanti et al., 2010; Castaño-Uribe et al.,
2016). Perceptions of jaguars in indigenous communities vary
across studies. For instance, Steinberg (2016) reported negative
perceptions of jaguars inMayan hunters in Belize while Figel et al.
(2011) described positive attitudes toward the large carnivore in
indigenous/community-conserved areas ofMexico. Finally, Kelly
(2019) conveyed that Cabécar fromCosta Rica hadmore conflicts
with felines than the Ticos (non-indigenous counterparts).

Despite legal restrictions on jaguar killing across the species’
range, persecution by humans is a significant threat to the species
(Zeller, 2007; Galetti et al., 2013). Our results indicate that jaguar
killing is relatively common in northern Bolivia. In Tacana II,
over half of interviewees said either they or their spouse had killed
at least one jaguar. Similar to other studies (Carvalho and Pezzuti,
2010; Carvalho, 2019), people talked about this behavior openly.
This willingness to share this information may account for the
higher descriptive and subjective norms concerning jaguar killing
in the Tacana II study area. Fewer people said they had killed a
jaguar in the past in Santa Rosa (20.39%) andMNAWR (32.72%),
but respondents in both areas still perceived jaguar killing as
relatively common, and people made little attempt to keep it
secret. Overall, people who had killed jaguars had last done so
relatively recently; withmore than half saying, they killed a jaguar
within the last 5 years. Jaguar persecution without cattle loss
has been reported elsewhere (Jȩdrzejewski et al., 2017; Bredin
et al., 2018), indicating that killing is not solely retaliatory.
Considering the recent reports of trafficking of jaguar parts in
Bolivia (Nuñez and Aliaga-Rossel, 2017) and the relatively high
levels of jaguar killing reported in our interviews, persecution of
jaguars likely represents a significant threat to jaguar survival in
northern Bolivia.

Attacks on Humans: Beliefs, Fear, and Risk
Evaluations
Jaguar attacks on humans are remarkably rare compared to
other large felids (Marchini and Luciano, 2009; Neto et al.,
2011). Nevertheless, significant proportions of interviewees in
each area said they had experienced or knew someone who
had experienced a jaguar attack (Santa Rosa: 15.45%, MNAWR:
14.20%, Tacana II: 30.88%). This finding is not unheard of: in
the Pantanal, nearly a third (29.5%) of interviewees said they
had heard of a jaguar attack (Santos et al., 2008) despite the
only documented, fatal attack by a jaguar on a human in Brazil
occurring later that year (June 24, 2008). In southwestern Bolivia,
nearly half of ranchers interviewed in 2011 considered large
felids a threat to human safety (Conforti and De Azevedo, 2003;
Porfirio et al., 2016; Villalva and Palomares, 2019). Given the
discrepancy between evidence of jaguar attacks on humans and
the proportion of interviewees who reported experiencing or
knowing someone who had experienced a jaguar attack, non-
confrontational encounters with the species may incite enough
fear in residents to be described as attacks. It is also possible
that our results reflect a common story about a notable past
attack in the region. During interviews, respondents mentioned

a story about a young man who was attacked by a jaguar while
collecting Brazil Nuts. However, the origin of the story was
unclear since, in the different areas, people claimed the attack
occurred in their region. Stories, or myths, are intertwined with
our beliefs, values, actions (Gottschall, 2012; Fort et al., 2018).
Hearing stories about a jaguar attackmay influence jaguar killing,
as fear of large carnivores can be incited through knowledge of
an attack (Dickman, 2010; Kelly, 2019) and the perception of
the jaguar as threatening to humans is associated with attitudes
toward jaguar killing in the Amazon (Carvalho, 2019).

In any case, the relatively large number of interviewees who
reported a supposed attack on themselves or someone they know
is concerning for jaguar survival in northern Bolivia. Similarly
to other studies (Kellert and Berry, 1987; Røskaft et al., 2003;
Johansson et al., 2012), female respondents reported more fear
of the large carnivore than male respondents reported. Fear
has been shown to affect intention to kill jaguars (Marchini
and Macdonald, 2012; Engel et al., 2016) and other large
carnivores (Flykt et al., 2013), and our findings support this
association. Most respondents who had killed a jaguar in the
past said they did so out of fear or self-defense. Fear is the
most relevant emotion toward large carnivores (Johansson et al.,
2012; Jacobs and Vaske, 2019) and has negatively affected the
way people experience wildlife (Engel et al., 2016; Kelly, 2019).
Reported jaguar attacks on humans were related to both attitudes
toward killing and killing behavior, although the nature of that
relationship differed by region and type of experience. In Santa
Rosa and Tacana II, respondents who reported a supposed
jaguar attack on themselves or someone they know were more
supportive of killing and more likely to have killed jaguar in
the past. The similar influence of attack experiences on jaguar
killing between Santa Rosa and Tacana II is interesting, given
their differing numbers of attack experiences and past jaguar
killing. Twice as many people in Tacana II reported past attack
experiences compared to reports in Santa Rosa. In addition, far
more respondents in Tacana II said they had killed a jaguar than
in Santa Rosa. An association between experiencing a wildlife
attack and low tolerance of the species responsible has been
shown with other large carnivores, like tigers (Inskip et al., 2016).

Despite the significant number of interviewees that reported
experiencing or knowing someone who had experienced
an attack, people in all three areas believed the risk of a
future jaguar attack was low (Table 1). This discrepancy between
reported attack experiences and perceptions of future risk
contradicts the logical association between risk perception and
past experience, which has been shown in relation to carnivores
(Lute and Gore, 2019). However, a similar discrepancy between
negative experiences with jaguars and the perceived impact of
jaguars on human safety was noted by Marchini and Macdonald
(2018) in Amazonia and in the Pantanal. We hypothesize
that this discrepancy could be due to the way in which we
assessed perceived risk. Of the two constructs of risk perception,
we examined the cognitive one by measuring the perceived
probability of future jaguar attacks, which can only partially
explain human behavior toward large carnivores (Sjöberg, 1998;
Lute and Gore, 2019). The relationship we found between
experiencing or hearing about a jaguar attack on humans and
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past jaguar persecution, despite low cognitive risk perceptions
in all three areas, is indicative of this. Thus, our results support
the need to include measurements of the affective component of
risk perception (e.g., dread, worry) in studies of the relationship
between perceived risk and behavior toward large carnivores.

Drivers of Jaguar Persecution
In our study, predictors of jaguar killing and attitudes toward
this behavior differed in character and effect size among
the three study areas. Our findings, like previous studies on
regional diversity in determinants of intention to kill jaguars
(Marchini and Macdonald, 2012) and perceptions of jaguars
(Santos et al., 2008), highlight the need for regionalized
conservation interventions.

The Importance of Stakeholder Characteristics
In general, more demographic variables were related to attitudes
toward jaguar killing than were associated with the behavior
itself. The effect of demographics varied by region: for example,
only gender was related to behavior in Tacana II and MNAWR.
In all three-study areas, however, women were less positive
about jaguars than men and evaluated jaguar persecution more
favorably. Previous studies have indicated a similar gender
difference in tolerance of large carnivores (Kellert and Berry,
1987; Campbell and Alvarado, 2011; Harvey et al., 2017; Mkonyi
et al., 2017). Age was a significant predictor of past jaguar killing
in MNAWR, but not in the other two areas. It might be that older
people were more likely to have killed a jaguar in the past than
younger people were, given that they have lived with jaguars for
longer. However, it is also possible that this relationship reflects
changing behavior toward jaguars. Some studies have indicated
that attitudes toward wildlife are becoming more positive in
some segments of the populations, possibly due to societal shifts
such as urbanization and education (Manfredo et al., 2003, 2009;
Sponarski et al., 2013).

In Santa Rosa, ethnic origin influenced attitudes toward killing
and past behavior. Contrary to Tacana II and MNAWR, the
sample population in Santa Rosa included two different ethnic
origins: Amazonian (like Tacana II and MNAWR) and Andean.
Andean participants held more positive attitudes toward jaguars
than Amazonian residents did. The influence of ethnic origin on
tolerance may be due to less experience with the predator. The
people of Andean origin in Santa Rosa come from a different
socio-ecological context, and more are farmers. They began
coexisting with jaguars relatively recently when they arrived in
Santa Rosa less than a decade ago. The Andean population
in Santa Rosa may explain the lower rates of perceived attack
experience and reported jaguar killing in Santa Rosa compared
to Tacana II and MNAWR, as they have lived with jaguars for
far less time than the Amazonian population. However, our
findings contradict those of previous studies that have found
long-term exposure to large carnivore-related risks leads to
more positive attitudes toward the species (Røskaft et al., 2003;
Mkonyi et al., 2017; Glikman et al., 2019). Cultural differences
between Amazonian and Andean social groups may also play
a role. Sociocultural influences can be significant determinants
of attitudes toward carnivore management (Lute et al., 2014)

and norms regarding livestock protection (Hazzah et al., 2009).
Studies have also indicated that sociocultural factors can affect
behavior toward large carnivores, including intention to kill wild
cats (Harvey et al., 2017), intention to kill jaguars (Marchini and
Macdonald, 2012), retaliatory killing of wolves (Mishra, 1997),
and retaliatory killing of bears (Liu et al., 2011).

Experiences: Perceived Attacks and Depredation
The effect of livestock loss on attitudes toward carnivores varies
between studies and contexts, with some reporting a strong
relationship (Dickman, 2008; Kissui, 2008) and others no direct
relationship at all (Conforti and De Azevedo, 2003; Mkonyi et al.,
2017). Experiencing or knowing someone who experienced a
perceived jaguar attack on humans predicted jaguar killing in
Santa Rosa and Tacana II. Jaguar attacks on domestic animals
were also related to persecution in all three areas. However,
the effect of depredation on killing was minimal, and only
Tacana II was the experience a significant predictor of jaguar
persecution. Jaguars represent a significant and well-documented
threat to livestock throughout their range (Crawshaw, 2004;
Zimmermann et al., 2005; Cavalcanti et al., 2010; Marchini
and Macdonald, 2012; Amit et al., 2013; Amit and Jacobson,
2017), and perceived impact on livestock is a predictor of
intent to kill jaguars for cattle ranchers in Brazil (Marchini
and Macdonald, 2012). Our results show a smaller relationship
between domestic animal loss and persecution than that shown in
the Brazilian Amazonia and Pantanal (Marchini and Macdonald,
2012) and other cattle-ranching populations (Jȩdrzejewski et al.,
2017). This difference in magnitude may be because domestic
animals are not the primary livelihood for people living in and
around the northwestern Bolivian Amazon. Our findings show
transcendence of the effect of depredation on killing behavior
beyond livestock-reliant populations, albeit to a smaller degree.

Attitudes
In all three-study areas, attitudes toward jaguars were generally
unrelated to past jaguar killing. More surprisingly, attitude
toward jaguar killing was also unrelated to killing jaguars in the
past, in contrast to research indicating attitude toward jaguar
persecution as a predictor of intention to kill jaguars (which
has been empirically linked to the action of killing jaguars;
Marchini and Macdonald, 2012). Currently, our results indicate
that conservation strategies focused on changing attitudes toward
jaguars and jaguar persecution may not be effective in this region
of Bolivia. However, considering that attitudes toward large
carnivores can change over time (Majić and Bath, 2010; Majić
et al., 2011), continued monitoring of the relationship between
attitudes and jaguar killing would be prudent.

Norms
Norms regarding acceptable behavior in a social group can
govern actions toward wildlife independently of legal restrictions
(Gore et al., 2013; Hazzah et al., 2014). In Brazil’s Pantanal
region, for example, the Pantaneiro identity is linked to jaguar
persecution because of the normative belief that the behavior
is common and acceptable within the social group (Marchini
and Macdonald, 2012). Social motivations were important
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determinants of attitudes toward persecution in all study areas
and past killing of jaguars in different proportions among study
areas. Especially in Tacana II, the proportion of people who
thought their neighbors felt favorable about killing jaguars (i.e.,
descriptive norms) also felt favorable about this behavior and
were more likely to have killed one in the past. Furthermore,
the perception that jaguar killing is common and acceptable may
cause more jaguars to be killed, especially if hunting stories are
remembered and repeated, creating a vicious circle (Marchini and
Macdonald, 2012). In addition, effect of subjective norms (i.e.,
perception of others approving killing jaguars) did vary by area. It
had a larger influence on attitudes toward jaguar killing in Tacana
II than in Santa Rosa and MNAWR.

Future Jaguar Conservation Strategies
In northwest Bolivia, local indigenous people are living and
working close to jaguars. This proximity is both a risk and
an opportunity for jaguar conservation. On the one hand, if
conservation efforts do not succeed, the close relationship local
people have with jaguars could be a considerable threat to the
species’ survival. On the other hand, the support and involvement
of local communities can aid conservation interventions, and
their presence sometimes protects wildlife populations. In this
study, we generally show negative attitudes toward jaguars in
northwest Bolivia and rates of self-reporting past jaguar killing
that raise concern. Given the increased jaguar trafficking in
Bolivia over the past few years (Nuñez and Aliaga-Rossel,
2017), these results corroborate an urgent need for jaguar
conservation in Bolivia. The current lack of tolerance for
jaguars, combined with increasing pressure from development,
a burgeoning jaguar trade, and Chinese immigration into
the area, can create an atmosphere conducive to widespread
jaguar killing.

The jaguar is important to Bolivia, culturally, symbolically,
and economically (through tourism dollars). Furthermore, the
relationship between subjective norms and both attitudes toward
killing and past killing of jaguars found in this study shows
the power of social influence. People who felt their neighbors
disapproved of killing jaguars felt worse about the action
themselves and were less likely to have killed a jaguar in the past.
As such, the importance of attitudes toward wildlife, although
often characterized as essential to wildlife conservation success
(Wang et al., 2006; Palmeira et al., 2008; Ogra, 2009; Hariohay
et al., 2018), may not apply to communities in northern Bolivia.

In all three study areas, attitudes toward jaguars and
killing jaguars were both unrelated to whether an individual
killed a jaguar in the past. Thus, how people perceive their
communities feel about killing jaguars may be more important
as a conservation target than how individuals themselves
evaluate the behavior. This finding is significant to conservation
because social norms can be changed. For example, conservation
efforts targeting well-respected individuals or institutions in a
community can influence the social acceptability of specific
behaviors (Veríssimo, 2013; Veríssimo and McKinley, 2016;
Jones et al., 2019; Marchini and Macdonald, 2019). Furthermore,
measurements of conservation success may need to include levels
of persecution, rather than solely attitudes and beliefs, even

though the behavior can be a more sensitive topic given legal
regulations and potential consequences.

Further Research
This study should be seen as an exploration of human-jaguar
relationships in a little-studied setting—non-cattle ranching
communities in legally-protected territories of the northern
Bolivian Amazon. Our findings, especially those indicating high
levels of jaguar killing and perceived jaguar attacks on humans,
support the urgent need for further research in this area to better
understand why people kill jaguars and how to prevent killing
effectively. In particular, a predictive model of intention to kill
jaguars would be useful for conservation efforts. One possible
tool for further investigation is the Theory of Planned Behavior,
which examines how attitudes, norms, and perceived behavior
controls influence behavior intentions and has been used in the
context of jaguar persecution in cattle-ranching communities
(Marchini and Macdonald, 2012, 2018). Also, research should
focus on ways to cause changes in the killing by looking at the
efficacy of alternative interventions to change human behavior in
human-wildlife conflict situations.

CONCLUSIONS

A combination of demographic variables, experiences, and
psychological and social motivations influences attitude toward
jaguars and jaguar persecution. Furthermore, their relative
importance in determining attitudes and past behavior differs
between areas of northern Bolivia. Our findings indicate the
prevalence of jaguar persecution in northern Bolivia and
highlight the need for conservation interventions. Our findings
also show how specific the determinants of attitude and behavior
can be to a community, how influential negative experiences
with jaguars can be in determining jaguar persecution, and the
power of social norms on both attitudes toward killing and the
behavior itself. It would be impossible to construct an effective
jaguar conservation strategy in any of our study areas based on
one category of influence.

We suggest strategies to prevent jaguar killing in northern
Bolivia should focus on changing social norms related to
persecution and lessening negative experiences—both tangible
and intangible—with the species. Lastly, this study highlights
how specific the determinants of attitude and behavior can
be to a population. Such variation underlines the importance
of understanding the communities in which conservation
interventions are employed. Therefore, a multi-stakeholder
approach to conservation that includes local people in decision-
making is essential. As the pressure of jaguars in Bolivia
increases, indigenous and other communities living with jaguars
in protected areas will be essential to the species survival.
There is an urgent need to find ways to limit conflict
surrounding jaguar conservation, change social norms toward
jaguar killing, and find ways to mitigate jaguar persecution in
the northwestern Bolivian Amazon so that they may continue to
inhabit this area.
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