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ABSTRACT

HUMAN-CARNIVORE CONFLICT PREVENTION ON RANCHLANDS IN THE WESTERN

UNITED STATES AND EASTERN COLOMBIA

Conflict between large carnivores and ranching livelihoods is a persistent challenge for
carnivore conservation and management. Shifting societal views of large carnivore management
at the end of the 20™ century led to population recovery and, in some cases, reintroduction to their
former range. Working lands, productive areas encompassing a matrix of human land use and
natural land cover, are an important part of carnivore range as they provide vital habitat and
connectivity between protected areas. However, large carnivores can have direct and indirect
impacts to humans and human livelihoods on working lands through livestock depredation,
increased labor to mitigate depredations, and in some cases risk to human safety. In the Western
United States, the reintroduction of gray wolves (Canis lupus) and the recolonization of grizzly
bears (Ursus arctos) are hailed as species recovery success stories but have been met with
resistance from rural ranching communities. Wildlife managers, researchers, and other entities
throughout the region seek to reduce livestock producers’ burden of living with large carnivores
while ensuring sustainable populations. On the plains of Eastern Colombia, jaguars (Panthera
onca) are recolonizing former range after being nearly extirpated following centuries of conflict
over livestock and the pelt trade in the mid-20" century. In Colombia, jaguars depredate livestock,
but there is little government support for the implementation of prevention tools and no
compensation for losses, leaving non-governmental organizations as the sole implementers of

conflict mitigation. In both contexts, wildlife managers require tools and strategies to address
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livelihood impacts and incentivize human-carnivore coexistence. Development and evaluation of
these methods is important to ensure that limited resources are being utilized effectively. In this
dissertation, I examine human-carnivore conflict in the Western United States and Eastern
Colombia through three lenses: population trends related to conservation interventions for large
carnivores; evaluation of non-lethal conflict reduction tools; and the human dimensions of non-
lethal mitigation.

In Chapter 1, I examine jaguar population trends on a working ranch and wildlife tourism
destination in Casanare, Colombia. We integrated nine years of camera trap data and tourist photos
to estimate jaguar survival, abundance, and probability of tourist sightings through a Barker Robust
Design mark-recapture model. We then used spatially explicit capture-recapture to estimate jaguar
density and compare it to a 2014 estimate. We found that abundance increased from 5 + 0.26
individuals in 2014 to 28 + 2.7 in 2022, and density increased from 1.88 =0.87 per 100 km? in
2014 to 3.80 + 1.08 jaguars per 100 km? in 2022. We estimated survival rate of 78 + 0.08% for
males and 80 + 0.07% for females. The probability of a tourist viewing a jaguar increased from 0
+0.11% in 2014 to 40 + 0.18% in 2020 before the Covid-19 pandemic. We provide the first robust
estimates of jaguar survival and abundance on working lands. Our findings highlight the
importance of productive lands for jaguar conservation and suggest that a tourism destination and
working ranch can host an abundant population of jaguars when accompanied by conservation
agreements and conflict interventions. Our analytical model that combines conventional data
collection with tourist sightings can be applied to other species that are observed during tourism
activities.

In chapter 2, I evaluate the effectiveness of diversionary feeding—providing food caches

to divert predators away from preying on livestock—to reduce depredations by reintroduced
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Mexican wolves in the US states of New Mexico and Arizona. We used data from the Mexican
wolf recovery program from 2014-2021 in a Bayesian hierarchical model to evaluate whether
diversionary feeding reduced livestock depredations by wolf packs and what factors correlated
with depredations. Our model accounted for the non-detection of depredation events, given that
some depredations are unencountered or unreported on extensive rangelands. We found that
diversionary feeding reduced depredations on average by 0.78 + 0.03 depredations (43.9%) per
pack per year. Prey density was negatively correlated to depredations before diversionary feeding.
Minimum pack size and annual livestock density were negatively correlated with depredations
after diversionary feeding, while prey density was positively correlated. We estimated a mean of
63 £ 5.4% of depredations were detected with high variation between packs (40.4 = 7.9 % — 74.0
+ 5.3%). Because detections were only two-thirds of model-estimated depredations in our study,
our model could improve compensation and targeting of nonlethal tools to mitigate the financial
burden of co-occurrence with wolves by elucidating factors that lead to lower detection and
adjusting livestock loss compensation multipliers. Our results indicate diversionary feeding can
reduce livestock depredations by wolves on large landscapes in the Western United States but is
not a panacea for conflict reduction.

In chapter 3, I examine the context of human tolerance for large carnivores before and after
the implementation of electric fencing to reduce depredations by jaguars. Non-lethal mitigation is
often implemented under the premise that ranchers’ tolerance for large carnivores will increase
once losses or reduced or eliminated. However, deep-rooted psychological and cultural factors can
be equally, if not more, important for predicting tolerance. We conducted structured interviews in
four communities in the Colombian Llanos to characterize conflict, identify predictors of

retaliatory killings of jaguars, and evaluate the impact of a fencing intervention to increase

v



tolerance. The social psychological variables from the theory of planned behavior were a better
predictor of intention to kill a jaguar than past and expected livestock losses. The intervention did
not increase tolerance, likely because self-selection bias led to a treatment group that was tolerant
pre-intervention. Sixty percent of respondents reported moderate to severe livestock losses during
year 1, highlighting the urgent need to identify broader mitigation strategies for livestock
depredation. Positive attitudes and normative support in favor of retaliatory killings were
pervasive, while 24% of respondents were intolerant—having positive attitudes of and intent to
retaliate against a jaguar following the next livestock depredation. Our results suggest that a
strategy focused only on reducing depredation is unlikely to reduce retaliatory killings, as losses
are not the only driver of retaliation. The pervasiveness of livestock losses and support for
retaliatory killings demonstrate a need for immediate action to reduce livelihood impacts and
consider alternative, bottom-up approaches to conflict mitigation in the area.

My research indicates that wildlife tourism and diversionary feeding are two strategies that
can mitigate the livelihood impacts of large carnivore presence. Wildlife tourism on Colombian
ranchlands provides tangible economic benefits to landowners to conserve jaguars, other wildlife,
and their habitat. We observed an important population increase for the locally threatened jaguar,
and conserving jaguar habitat likely has reverberating benefits for ecosystem services and other
wildlife through prey hunting prohibitions. Further work is necessary, however, to understand the
distribution of costs and benefits from jaguar tourism and population growth in the surrounding
community to ensure equitable conservation outcomes. In addition, diversionary feeding proved
to be an effective tool to reduce depredations by Mexican wolves in the Southwestern U.S. The
integration of non-detection of depredation events in our analysis is an important contribution to

carnivore management because it can elucidate uncompensated livelihood impacts which



aggravate intolerance for carnivores. This tool could be applied to other populations of carnivores
to mitigate losses and may be more easily deployed than some deterrents. Findings from my third
chapter reinforce the importance of understanding the human dimensions of human-carnivore
conflict prior to implementing conflict reduction strategies. Interventions based solely on livestock
losses may be unsuccessful at reducing retaliatory killings if losses are not the only driver of
intolerance of carnivores. Ultimately, human-carnivore conflicts and interventions to prevent them
are nested with unique social, cultural, ecological, political, and economic context. The failure of
interventions to recognize how carnivore behavior interacts with local human contexts may

ultimately exacerbate conflict and lead to counterproductive mitigation strategies.
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Chapter 1 : Tourism-supported working lands sustain a growing jaguar population in the
Colombian Llanos!

Introduction

Large carnivores can play crucial regulatory roles in the ecosystems they inhabit, yet
populations of many species continue to decline despite conservation efforts (Ripple et al., 2014).
A key strategy for conserving large carnivores is reducing pressures in human-dominated
landscapes, given that most suitable habitat occurs outside of protected areas (Crooks et al., 2011;
di Minin et al., 2016). Working lands can provide vital, permeable habitat for carnivores (Devlin
et al., 2023). However, interactions between large carnivores and humans on private lands may be
negative, impacting both carnivores and people (Nyhus, 2016). Conservation scientists and
practitioners are interested in developing strategies to promote coexistence with large carnivores
(Lute et al., 2018), where carnivore populations are sustained and human livelihoods thrive with
minimal conflict (Venumicre-Lefebvre et al., 2022).

Whereas local support for carnivore presence on working lands tends to be low due to
livestock depredation and safety concerns, value for carnivores at the global scale, especially
felids, tends to be high (Macdonald et al., 2022). Successful coexistence with large carnivores
requires converting global existence value into tangible financial benefits for local communities
(Dickman et al., 2011). Conservationists have explored various funding mechanisms to create
value from the presence of large carnivores for rural communities (Dickman et al., 2011; Hyde,

Boron, et al., 2022). One such opportunity to promote coexistence locally and generate income for

! Adapted from Hyde, M., Payan, E., Barragan, J. et al. Tourism-supported working lands sustain a growing
jaguar population in the Colombian Llanos. Sci Rep 13, 10408 (2023). https://doi.org/10.1038/s41598-023-
36935-2



those living with carnivores is wildlife tourism, where tourists pay to observe fauna in their natural
habitats.

Because attitudes towards large carnivores are a strong predictor of human behavior
towards them (Hazzah et al., 2017; Marchini & Macdonald, 2012), proponents hope that tourism
income can sway local communities towards positive perceptions of carnivores while benefiting
wildlife populations (Macdonald et al., 2017). Income from wildlife tourism can offset the costs
of living with large carnivores, such as livestock depredation (Tortato et al., 2017). Furthermore,
wildlife tourism can contribute to conservation through funding anti-poaching patrols, livestock
compensation programs, and species recovery and restoration, as well as providing opportunities
for scientific research and wildlife monitoring (Buckley et al., 2016; Macdonald et al., 2017).
However, wildlife tourism initiatives can have both positive and negative outcomes for wildlife
populations (Bateman & Fleming, 2017; Broekhuis, 2018; Mossaz et al., 2015). The success of
coexistence strategies like tourism requires understanding and quantifying such impacts (Pereira
et al., 2022), and these strategies promote coexistence more effectively when accompanied by
efforts to reduce livestock losses and conservation agreements (Miller et al., 2016). Moreover, the
presence of tourists with high-quality photography capabilities can have important, albeit
underutilized, contributions to wildlife monitoring (Rafiq et al., 2019).

Developing effective coexistence strategies for jaguars is urgently needed. Jaguars are
among the most emblematic large carnivores (Thornton et al., 2016). Over half (55%) of remaining
populations exist outside of protected areas (Jedrzejewski et al., 2018), hence research and
conservation strategies on working lands are of critical importance (Boron et al., 2016). Jaguars

have lost nearly half their range in the last 50 years (Quigley et al., 2017). Major threats to their



persistence are habitat loss and fragmentation (Petracca et al., 2014), direct killings to prevent or
retaliate for livestock losses, and decline of prey (Quigley et al., 2017).

Understanding jaguar survival rates is critical to their conservation but acquiring accurate
population metrics can be difficult and costly (Harmsen et al., 2017). Jaguars are naturally elusive,
and densities are low (Jedrzejewski et al., 2018). Longitudinal studies of jaguars are therefore
challenging because of the financial and logistical difficulty of long-term monitoring. Across the
jaguar’s extensive range, only four long-term jaguar population studies have been published
(Fragoso et al., 2023; Gutiérrez-Gonzalez et al., 2015; Harmsen et al., 2017; Srbek-Araujo &
Chiarello, 2017). In addition, no published long-term study has addressed survival and abundance
on working lands, where densities tend to be lower (Jedrzejewski et al., 2018) and survival is likely
more challenging.

Hato La Aurora, a working cattle ranch and private reserve, is the only place in Colombia
where jaguar tourism is practiced in the species’ natural habitat. Hato La Aurora was formally
established as a reserve in 2008, and hunting was prohibited on the ranch since 1979. Because of
the killing of jaguars for their pelts (known locally as tigrilladas) in the mid-20™ century (Payan
& Trujillo, 2006), populations were decimated, and no jaguars were observed in Hato La Aurora
until 2002. In 2013, Hato La Aurora began working with Panthera Colombia, a felid conservation
organization, to monitor the jaguar population and reduce human-jaguar conflict in and around the
ranch. Panthera Colombia implemented conservation agreements and electric fences around
calving pastures to reduce livestock depredations from jaguars with 19 ranches neighboring Hato
La Aurora, totaling 8,558 hectares contiguous to Hato La Aurora and 19,326 hectares nearby

(Panthera Colombia, unpublished data).



Here, we present the first longitudinal study and demographic estimates for jaguars on
working lands and in Colombia. Our approach estimated survival rates, probability of observation
by tourists, and abundance of jaguar populations in Hato La Aurora. We used camera trap data and
tourist photos collected between 2014 and 2022 in a Barker Robust Design Model (Kendall et al.,
2013). We complemented the robust design analysis by comparing our results with spatially
explicit density estimates in 2014 and 2022 from the study area. We hypothesized that jaguar
abundance, survival, density, and observation by tourists increased over time as a result of recently
implemented conservation efforts.

Methods
Study area

Colombia is the most diverse country by land area (Clerici et al., 2019), harboring 1,941
species of birds (Vélez et al., 2021), 520 mammals (Sudrez-Castro et al., 2021), and the third
largest population of jaguars (Jedrzejewski et al., 2018). The department of Casanare, located in
the country’s eastern Llanos (plains), is part of the transition zone between the tropical rainforest
of the Amazon and the Eastern Andes. The landscape is dominated by seasonally flooded
savannahs of the Orinoco basin, which form the largest wetland complex in the country. Casanare
is a top destination for wildlife viewing due to open savannahs and abundant populations of
mammals and birds. The area has been dominated by extensive cattle ranches since bovine
introduction in the 1600s (Huertas-Ramirez & Huertas-Herrera, 2015). However, petroleum
exploitation, oil palm plantations, and rice cultivation have increased in the last few decades
(Romero-Ruiz et al., 2012).

Hato La Aurora (5° 57’ 18.8"N, 71° 29" 0.1"E to 6° 4’ 52.6"N, 71° 17" 51.4"E) is a private

reserve consisting of 15,000 hectares of tropical savannahs and gallery forests in the department



of Casanare (Figure 1.1). The area receives 1,000-3,000 mm of rainfall each year, with marked dry
(December-May) and wet (June-November) seasons (IDEAM, 2014). The principal land use and
economic activity is cattle ranching, with some introduced grasses for cattle forage. The
surrounding area is comprised principally of extensively managed cattle ranches with riparian

forest cover, though rice plantations are increasing in the region.

Camera trapping

We installed a total of 296 camera-traps (models Panthera V3, V4, V5, V7, and Cuddeback
1279 and G-5048) between 2014 and 2022 at a distance of 1.5 + 0.5 kilometers for the study of
medium and large vertebrates (Tobler & Powell, 2013) for a total of 16,790 trap-nights (Table 1.1).
Camera-trap grids used the same 24-hour configuration and a quiet period of (30 seconds) between
trigger events. No baits were used in any of the studies.

Camera trapping for density estimation (2014 and 2022 surveys) followed standardized
recommendations (Tobler & Powell, 2013) and complied with the capture-recapture model
assumptions: the population is closed, and all individuals have a possibility of being captured (Otis
et al., 1978; White, 1982). In April-May of 2014, we installed 52 double camera stations in a grid
covering 152 km? at an average distance of 1.6 + 0.2 kilometers (see Boron et al., 2016 for detailed
survey information). In March-May of 2022, we placed 32 single camera stations (Figure 1.2) in
a grid covering 102 km? (Minimum Convex Polygon). We installed Cuddeback models 1279 and
(G-5048, and Panthera series 6 and 7 cameras at a height of 35-40 centimeters. Cameras remained
active for 24 hours per day. We used single stations because long-term monitoring of individuals
provided photographic evidence of both sides of most jaguars, enabling individual identification
when only one side was photographed. Like in 2014, the average distance between stations was

1.6 £0.2. kilometers, which is consistent with recommendations for jaguar density studies (Tobler



& Powell, 2013) and is appropriate when considering jaguar home ranges estimates, since it
ensures all individuals can be photo-captured (Morato et al., 2016). According to Colombian
regulation, non-invasive camera trap studies do not require permits or approval from an
Institutional Animal Care and Use Committee or equivalent.
Auxiliary tourist photographs

Trained guides accompanied groups and ensured compliance with the regulations of the
reserve. Jaguar viewing occurred in open vehicles and tour guides were required to maintain a
minimum distance of 100 meters, avoid any noises, and not leave the vehicle. We collected tourist
photos of jaguars that were observed on an opportunistic basis during the study period. Tourists
and guides reported sightings and delivered photos to J. Barragan for identification. Jaguars were
uniquely identified by rosettes and spot patterns (Boron et al., 2016). Between 2014 and 2022, we
collected 79 direct observations where individuals were identifiable. These sightings occurred
primarily during the dry season (December-May) due to access issues in the rainy season and prey
species like capybaras (Hydrochoerus hydrochaeris) being constricted to available surface water.
However, a small number of sightings (n=9) occurred during the rainy season. Fifty-six additional
sightings were discarded due to a lack of distinguishable photographic evidence.
Barker/Robust Design

We used Barker/RD (Kendall et al., 2013) to estimate survival (.S), detection probability by
camera trap (p), availability to camera traps given previously in the study area (a ) and previously
outside the study area (a’), probability of observation by tourists given alive (R) and probability
of being dead but not recovered (R’), and abundance (N) of jaguars in Hato La Aurora. We
extracted nine annual primary periods from camera trapping studies, eight of which occurred

during the dry season and onset of the rainy season (between February-June) and one which



occurred during the rainy season (July-October). We shortened camera trap studies to four-month
secondary periods for closure (Gutiérrez-Gonzalez et al., 2015), as required by the model (Kendall
et al., 2013). Camera trap records from outside of the closed period were removed from analysis.
Details of the study periods can be found in Table 1.1.

Detection histories were compiled for each individual. Camera trap data were used for the
secondary periods. Tourist photos, which could be collected at any time, were included as auxiliary
resightings of jaguars at the end of each primary period in the detection history. The inclusion of
tourist photos allowed for measurement of probability of viewing by tourists and increased the
precision of survival estimates. We then constructed models using the Barker/RD model in
Program Mark (White & Burnham, 1999), allowing for a mixture of detection probabilities
(Pledger, 2000) and conditioning on at least one capture (Huggins, 1991) for a primary period.
Dead recovery information was not available in our study. We therefore fixed parameters of the
probability of dead recoveries (r) to 0 and fidelity (F) to 1 since all observations were within the
study area. We also accounted for the variable time interval lengths between primary periods,
rescaling all survival parameters to an annual basis. Hypotheses and parameter definitions can be
found in Table S1.

We used a stepwise approach to model selection because of the large number of potential
models associated with Barker/RD (Doherty et al., 2012; Gutiérrez-Gonzdlez et al., 2015). We
began by fitting models of probability of detection (p) to test hypotheses of time and sex variation.
We did not test for trap response (c) because of the non-invasive nature of remote cameras and the
possibility of the model mistaking trap response for heterogeneity. We tested all models for
heterogeneity with two mixtures because of jaguars’ territorial nature and the assumption that some

individuals’ home ranges will only partially overlap with the study area, while others will be



completely within it. We hypothesized that p increased by primary periods because researchers
improved camera site identification and placement techniques, and that p varied by sex (Sollmann
et al., 2011). We tested for variation in p by primary period, secondary period, sex, and constant
detection.

We modeled the availability parameters, which describe whether a jaguar was previously
in the study area (a ") or previously outside the study area (a ). We hypothesized that the probability
of being previously outside the study area (a’) and inside the study area (a’) would be Markovian
and be the result of sex and time interactions, whereby males were more likely to emigrate and
immigrate than females because of dispersal and territoriality (Kantek et al., 2021). We compared
models with no movement, random movement, and Markovian movement.

The resighting parameter in this application of the Barker/RD calculates the probability
that each jaguar is observed directly by a tourist that year. We fit models to the probability of
resighting (R), testing sex, time, sex and time interaction, linear trend, and constant models. Given
the increase in jaguar sightings reported by tourists in the last five years, we hypothesized that
resightings increased with time since 2017 and varied by sex, given that males are more likely to
use higher risk areas (Conde et al., 2010). Resighting effort is an unaccounted covariate in our
study, since tour operators did not record the number of tours, hours of effort, or number of viewers.

Finally, we tested models for survival based on our hypothesis that survival would increase
with time. We evaluated models with time variation, time and sex interaction, sex, and constant
survival probabilities. Previous studies have applied prey density covariates to the survival
parameter of robust design frameworks (M’soka et al., 2016). However, prey data were not
available for all years of the study, thus could not be applied to survival. We selected the most

parsimonious models using Akaike Information Criterion adjusted for small sample sizes (AICc)



for each hypothesized model (Burnham & Anderson, 2002). We used model averaging for the
estimated parameters above and the derived parameter of abundance (N).
Derived parameters from the Delta method

We used the Delta method to calculate population changes over time (Harmsen et al., 2017;
Karanth et al., 2006) and identify the source of abundance increases. We used derived parameter
estimates of N to calculate the finite rate of change in abundance between sampling periods (L), as
Ni+1/ Ni. We calculated the number of new recruits in the population in Hato La Aurora as N;+;- N;
@ where ¢ is survival at time ¢+/ (Karanth et al., 2006).
Spatially explicit capture recapture

We ran density analysis with 2022 data to complement robust design estimates and
compare with a density survey in Hato La Aurora in 2014 (Boron et al., 2016). We conducted
density analysis fitting SECR models in a maximum likelihood framework (Borchers & Efford,
2008; Efford et al., 2009) in the R package “secr” (Efford, 2020). SECR models identify
individuals home range centers based on their spatial locations, then estimate density of these
centers across an area that includes the camera grid (Efford, 2004; Royle & Young, 2008). In
addition to the standard capture-recapture assumptions, SECR models assume circular and
constant home ranges during the survey, randomly distributed home range centers, and that the
encounter rate of an individual with a trap decreases with increasing distance from the home range
center following a predefined function (Efford, 2004). We used the half-normal detection function
where the probability of capture (p) of an individual (7) at a trap (j) decreases with distance (d)
from the activity center as: P; = go exp(-d;*/20°). The parameter gy is the probability of capture
when the trap is located exactly at the center of the home range, and sigma (o) is parameter of the

spatial scale over which detection declines away from the home range center (Efford, 2004). As



appropriate for camera trap data, we deployed the binomial encounter model (or Bernoulli model),
enabling individuals to be captured at different camera stations during one sampling occasion (i.e.,
24-hour period) but only once at each station (Noss et al., 2013; Royle et al., 2009). Like other
felids, jaguars have different behavior and home ranges between sexes, hence we allowed both
parameters go and ¢ to vary with sex of the individuals (Sollmann et al., 2011; Tobler & Powell,
2013) and compared four models using AICc: the null model (SECR.0), a model where go varies
between males and females (SECR. go), a model where o varies between males and females

(SECR.0), and a model where both g0 and ¢ vary between sexes (SECR.sex).

Results

We recorded 50 individual jaguars from 659 identifiable camera trap records and 79 tourist
sightings between 2014 and 2022. We detected 19 females and 31 males, although five individuals
(four of which were females) were removed from the analysis because they were not detected
within closed-capture time periods.

We ran 26 models in the Barker/RD to explore our hypotheses, three of which summed to
0.76 of model weight (Table 1.2). The most parsimonious model had an AICc weight of 0.32 and
constant survival rates for males and females, probability of observation by tourists variable by
time, and constant detection over the study period.

Our second most parsimonious model, with 0.24 model weight, differed only by constant
probability of observation by tourists. Our third model, with 0.21 model weight, demonstrated
evidence of transience, whereby a jaguar was detected once in the study area and never again.
Below we present estimates from the top model and model-averaged estimates for our parameters

of interest. Model-averaged estimates for all parameters can be found in Table S2.
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Survival estimates

Apparent survival was constant throughout the study period (Figure 1.3a), though the third
most parsimonious model suggested transience, where an individual was detected once and did
not return. Model-averaged estimates suggest a slight difference between males and females. The
average survival rate was 0.783 (SE 0.075, 95% CI: 0.603-0.896) for males and 0.798 (SE 0.068
95% CI: 0.633-0.900) for females. Survival rates given transience were lower, 0.706 (SE 0.199,

95% CI: 0.318-0.934) for males and 0.720 (SE 0.200, 95% CI: 0.322-0.941) for females.

Tourist observation estimates

The probability of observation by tourists varied over time (Figure 1.3D). From 2014-2017,
the probability of observation by tourists of both sexes was effectively zero. In 2018, the
probability of observation by tourists increased to 0.348 (SE 0.157, 95% CI: 0.121-0.674) for
females and 0.342 (SE 0.158, 95% CI: 0.116-0.674) for males. Observation by tourists peaked in
2020 at 0.409 (SE 0.181, 95% CI: 0.137-0.750) for females and 0.403 (SE 0.182, 95% CI: 0.133-
0.748) for males. The observation probability dropped to less than half of that value in 2021, at
0.186 (SE 0.083, 95% CI: 0.072-0.400) for males and 0.190 (SE 0.084, 95% CI: 0.074-0.407) for
females, before rebounding to 0.273 (SE 0.114, 95% CI: 0.108-0.537) for males and 0.279 (SE
0.115, 95% CI: 0.111-0.542) for females in 2022.
Abundance estimates

Abundance increased more than five-fold over the nine-year period in Hato La Aurora
(Figure 1.3B and 1.3C). In 2014, there were estimated 3.00 males (SE 0.017, 95% CI: 2.97-3.03)
and 2.63 females (SE 0.557, 95% CI: 0.12-3.36). The maximum estimated abundance in the nine-

year period was in 2022, when males reached 14.54 individuals (SE 1.392, 95% CI:11.81-17.27)
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and females reached 14.37 (SE 1.307, 95% CI: 11.81-16.93). The lowest recorded abundance was
in 2016, when abundance was only four—1.00 female and 3.41 males (SE 0.0105, 95% CI: 0.98-
1.02; SE 0.686, 95% CI: 0.2.06-4.74). Our derived abundance estimates differ from our raw
numbers of jaguars, which suggests that we did not observe all jaguars that were present in Hato
La Aurora (p*<1) most years, with the exception of 2018. However, detection was high during the
study period: 0.900 for mixture 1 of jaguars whose territory was mostly in the reserve and 0.412
for mixture 2 of jaguars whose territory partially overlapped in the top model.
Recruitment and population growth from derived parameters

The Delta method for estimating derived parameters revealed an increasing population
during the study; finite rate of change in abundance (L) averaged 1.389 for males and 1.822 for
females (Figure 1.3C). Notably, the female population had the highest growth between 2016-2017,
when it rose to 6.801 because of the arrival of five new females. Male population growth was
highest in the intervals of 2014-2015 (2.215) and 2016-2017 (2.000).

Recruitment of both male and female jaguars was highest from 2021-2022, when it was
6.253 for males and 6.699 for females (Figure 1.3C). The lowest recruitment for males (-2.184)
occurred between 2017-2018. The lowest recruitment for females (-1.714) occurred between 2015-
2016. Life histories of jaguars between 2014-2022 are shown in Figure 1.4.
SECR Density

Trapping effort for spatially explicit capture-recapture (SECR) density in 2022 totaled 1,985
camera trap nights. We recorded 17 individuals (99 capture events at 19 of 32 stations): nine females (49
capture events) and eight males (50 capture events). Seven females and seven males were captured at
different stations. The best model was SECR.o where ¢ varies between males and females (Table 1.3).

SECR.o produced a density estimate of 3.803 jaguars/100 km? (SE 1.048; 95% CI: 2.238-6.464). The go

parameter estimate was 0.018 (SE 0.003; 95% CI: 0.013-0.026). The o estimate was 2.321 km (SE 0.274;
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95% CI 1.842-2.924) for females and 5.091 (SE 1.031; 95% CI: 3.437-7.540) for males. Despite
overlapping estimates confidence intervals, the estimated density in 2022 was approximately twice that
from 2014 (1.88 £ 0.87 jaguars/100 km?; 95% CI: 0.79-4.48) (Boron et al., 2016). Estimates for o were also
similar for females (females 2014: 2.327, SE 0.693 95% CI 1.315-4.119) and higher for males (males 2014:
1.426, SE 0.129 95% CI 1.195-1.701) than 2014 estimates indicating that the smaller grid size in 2022 did
not bias density estimates.
Discussion

Conserving large carnivores requires strategies beyond protected areas (di Minin et al.,
2016). Working lands with adequate conservation measures can provide sufficient habitat to
sustain resident jaguar populations that are comparable to those of protected areas (Devlin et al.,
2023). Promoting coexistence can be facilitated by economic mechanisms like tourism that can
ease the livelihood impacts of living with large carnivores. To inform such initiatives, there is a
need for rigorous, long-term data collection to understand impacts to carnivore demography
(Balme et al., 2009). However, few long-term demographic studies exist for jaguars, hindering the
evaluation of conservation efforts (Fragoso et al., 2023). Where such studies exist, they tend to
focus on protected areas (Gutiérrez-Gonzélez et al., 2015; Harmsen et al., 2017; Srbek-Araujo &
Chiarello, 2017). Our longitudinal study of jaguars in Hato La Aurora, a working ranch and tourism
destination in the Colombian Llanos, suggests that private lands with low-intensity cattle ranching
and tourism can sustain an abundant jaguar population if combined with conservation actions such
as hunting prohibitions, abundant prey (Soofi et al., 2019), conservation agreements with adjacent
ranches (Gutiérrez-Gonzélez et al., 2015) and depredation reduction strategies in the form of
electric fencing of calving pastures.

Our application of the Barker/RD, which integrated tourist photos into nine years of camera

trapping data, provided much-needed demographic estimates for jaguars, including the first
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survival estimates for jaguars on working lands and in Colombia. The inclusion of tourist photos
increased the precision of survival estimates (Kendall et al., 2013) and also allowed for
quantification of jaguar sightings. Our estimates indicate that Hato La Aurora supported 28 +2.70
individual jaguars on the 15,000-hectare ranch in 2022, which is comparable to that of small
protected areas within their range. In the federally protected Cockscomb Basin Wildlife Sanctuary
in Belize, for example, estimated jaguar abundance peaked at 31 + 4.77 individuals in 49,000
hectares (Harmsen et al., 2017), an area more than three times the size of Hato La Aurora. Jaguars
in Hato La Aurora had a high survival rate (0.78 = 0.075), again similar to the highest estimated
survival rate from Cockscomb Basin Wildlife Sanctuary in Belize (0.78 = 0.05) (Harmsen et al.,
2017).

Our 2022 density estimate of 3.80 = 1.08 jaguars/100 km? at Hato La Aurora is consistent
with recent density studies of jaguars from other working lands. In the Brazilian Pantanal, Devlin
et al. (2023) estimated 4.08 £ 0.73 jaguars/100 km? on multi-use (ranching, conservation, and
tourism) landscapes. On a state-run cattle ranch in the Venezuelan Llanos with a long history of
conservation, Jedrzejewski et al. (2017) estimated a density of 7.67 jaguars/100 km?. The
ecological similarity of the Venezuelan Llanos with Hato La Aurora suggests that the Colombian
Llanos could host a higher density of jaguars if threats are sufficiently reduced.

The increase in density estimates from 1.88 + 0.87 in 2014 to 3.80 + 1.08 jaguars/100 km?
in 2022, and the concomitant increase in jaguar abundance from five to 28 individuals, is
encouraging for range-wide conservation efforts like the Jaguar Corridor Initiative, which seeks to
maintain genetic connectivity between source populations throughout Central and South America
(Rabinowitz & Zeller, 2010). This population increase was likely due to the high survival rate of

jaguars and the 1.82 annual population growth (A) of females, which is an important determinant
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of demography for long-lived species with low reproduction rates (Robinson et al., 2015).
However, the specific causal mechanisms driving the population increase require further
investigation. We speculate that the status of Hato La Aurora as a private reserve and the
conservation actions (e.g., electric fences for calving pastures and conservation agreements)
implemented by Panthera Colombia on smaller, nearby ranches enhanced habitat suitability for
jaguars, reduced human hunting of prey, and decreased livestock depredations and therefore
retaliatory killings. The distribution of land ownership in the Colombian Llanos, whereby large
ranches are often surrounded by smaller parcels, may necessitate a dual approach to coexistence
strategies. Actions like electric fencing to reduce depredations on larger ranches like Hato La
Aurora may be cost-prohibitive because of the extension of land and size of cattle herds. Similarly,
tourism on smaller ranches surrounding Hato La Aurora is challenging due to smaller plots of land
and limited infrastructure, but electric fencing of pastures is more feasible. In addition, it is possible
that jaguar populations are recovering throughout the region since hunting and pelt exports were
outlawed following the inclusion of jaguars in the CITES Appendix I in the 1970s (Payan &
Trujillo, 2006). Tourism is the economic mechanism that allows the ranch owners to coexist with
jaguars in Hato La Aurora, and therefore is of critical importance to jaguar persistence on the
landscape.

Sustaining large carnivores on ranchlands requires minimizing livelthood impacts
(Venumicere-Lefebvre et al., 2022). Tortato et al. (2017) found that in the Brazilian Pantanal income
was over 50 times higher from tourism than the estimated cost of livestock depredation on cattle
ranches. In Hato La Aurora, wildlife tourism is the economic vehicle that permits coexistence
between livestock systems and jaguars, though the differential between tourism and livestock

depredation is lower than that of the Brazilian Pantanal. Hato La Aurora loses on average 100 head
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of cattle, and a similar number of foals and pigs, to jaguars and pumas annually (pers.
communication). Accurate data on income from tourism and the number of tourists visiting Hato
La Aurora were unavailable, but ranch owners report that tourism income is crucial to offset the
cost of living with carnivores. The allure of observing a jaguar in the wild raises the attractiveness
of tourism in Hato La Aurora—further contributing to the viability of this coexistence strategy.

A challenge to large carnivore tourism, however, is reconciling their elusive nature with
tourists’ desire for predictable, high-quality sightings (Knight, 2009). Hunting prohibitions can
make it easier to see species in tourist areas (Eshoo et al., 2018), and savannahs are ideal
observation sites because of visibility (Griinewald et al., 2016). This appears to be the case in Hato
La Aurora where our models showed higher probability of observation by tourists in recent years
compared to 2014-2017. The probability peaked at 0.409 £+ 0.182 in 2020 in the dry season months
before the Covid-19 lockdown in March of 2020. The next year, in 2021, tourist sightings declined,
which we attribute to lingering Covid-19 travel restrictions. We posit that, since jaguars in Hato
La Aurora are not hunted or hazed, they may perceive a safer setting and be less likely to avoid
human activity. Alternatively, a contributing factor to increased sightings may also be the
knowledge of ranch owners and guides of daily patterns of jaguars. As tour guides came to
understand where jaguars may be at peak times, they may have frequented those sites, leading to
an increase in sighting probability.

Community science data collected by tourists, such as the photographs analyzed in our
study, can have important and low-cost contributions to wildlife monitoring efforts (Rafiq et al.,
2019). Our application of the Barker/RD using tourist photos as auxiliary data can be applied to
other monitoring programs of large, terrestrial mammals, especially to understand the probability

of tourists observing them in the wild. When using tourist data, it would be useful to collect
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information on “sampling effort” of tourists by recording the number of people in each tour and
the time spent observing wildlife and locations (Rafiq et al., 2019). If using camera traps for robust
design modeling, moving stations within and between survey periods may increase total detection
probability of individual animals and reduce sex-specific and individual heterogeneity (Gerber et
al., 2014; Harmsen et al., 2017).

Replicable and landscape-scale coexistence strategies are necessary for large carnivore
conservation. In the case of jaguar tourism, understanding the causal mechanisms behind increased
sightings is important to strengthen tourism in Hato La Aurora and beyond. Accompanying studies
to assess tourism’s impact on attitudes and tolerance (Ohrens et al., 2021; Van Der Meer &
Dullemont, 2021) and local livelihoods (Salerno et al., 2016) are necessary for adaptive
management of the industry and to optimize long-term benefits for jaguars. For jaguars in
Colombia, prey depletion and the introduction of bovines into jaguar habitat are likely
exacerbating conflict. Studies on jaguar diets, quantifying retaliatory killings, evaluating nonlethal
strategies to reduce livestock depredation, and the human dimensions of living with jaguars are

needed to understand barriers and enablers for human-jaguar coexistence at scale.
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Figure 1.1. Study area map with location and intensity of camera trapping in Hato La Aurora

from 2014-2022.

Table 1.1. Camera trapping effort during the study period in Hato La Aurora from 2024-2022.

Survey periods

2014 2015 2016 2017 2018 2019 2020 2021 2022

Mar- July- | Feb- | Mar- | Feb- | Feb- | Feb- | Feb- | Feb-

Months Jun Oct May | Jun May |(May |(May |May | May
# secondary periods 4 4 4 4 4 4 4 4 4
# stations 53 21 30 20 49 20 21 41 41

Panther Panther

Camera models Pantheras Panther | Panther | Panther | Panther as, Cuddeb as, Cuddeb

as as as as Cuddeb ack Cuddeb ack

ack ack
# trap nights 2616 1401 1753 1489 2440 1210 1296 2106 2479
Total identifiable

detections* 76 18 13 26 55 42 95 159 175

*includes camera traps and

tourist sightings
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Table 1.2. Model results with the top 10 models from the Barker Robust Design Model.

AlICc Model
Rank Model AAIC Weight Likelihood K -2log(L)
1 | S() R(year) R'(sex) a"(year) a'(.) p(.) pi 0.00 0.32 1 25 754.35
2 | S() R() R'(sex*year) a"(year) a'(.) p(.) pi 0.54 0.24 0.76 21 764.67
S(.) R(year) R'(sex) a"(year) a'(.) p(.) pi
3 | TRANSIENCE 0.85 0.21 0.65 31 739.84
4 | S(.) R(year) R'(sex) a"(year) a'(.) p(.) pi 2.49 0.09 0.29 26 754.34
5 | S(sex) R(sex) R'(sex) a"(year) a'(.) p(.) pi 3.55 0.05 0.17 22 765.27
6 | S(.)R() R'(year) a"(year) a'(.) p(.) pi 4.15 0.04 0.13 22 765.87
S(.) R(sex*year) R'(sex) a"(year) a'(.) p(.)
pi 4.62 0.03 0.1 27 753.95
S(.) R(T) R'(sex) a"(year) a'(.) p(.) pi 7.92 0.01 0.02 20 774.45
9 | S()R() R'(sex) a"(year) a'(.) p(.) pi 9.03 0.00 0.01 29 753.23
S(.) R(.) R'(sex*year) a"(year) a'(.) p(.) pi
10 | TRANSIENCE 9.23 0.00 0.01 19 778.13

S=survival, R=observation by tourists, R’=dead but not recovered between primary periods,
a”’=inside the study area given previously in the study area, a’=previously outside the study area,
p=detection probability, pi= heterogeneity.. AICc = Akaike Information Criterion adjusted for
small sample sizes; AAICc = difference in AICc values between each model and the model with
the lowest AICc; K = number of model parameters;

Table 1.3. Model results from the spatially explicit capture-recapture density analysis.

Rank Model ‘V‘;ﬁZ AAIC Veellgﬁ . K
1 | SECR.c 490.509 0.00 0.9 5
2 | SECR.sex 495.114 4.61 0.09 6
3 | SECR.0 499.597 9.09 0.01 4
4 | SECR.g0 S501.519 11.01 0 5

AlICc = Akaike Information Criterion adjusted for small sample sizes; AAICc = difference in
AICc values between each model and the model with the lowest AICc; K = number of model
parameters; g0 = probability of capture at the home range centre, ¢ = spatial parameter related to
home range size; SECR.g0: g0 varies between males and females; SECR.c: ¢ varies between
males and females; SECR.sex: both g0 and ¢ vary between males and females; SECR.0: null

model.
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Figure 1.4. Life histories of jaguars detected in Hato La Aurora 2014-2022. Bolded names are
jaguars that were born in Hato La Aurora. Icons credit Gabriela Palomo-Muiioz.
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Chapter 2 : Food subsidies reduce livestock depredations by a recovering carnivore

Introduction

Anthropogenic activities have led to species extinction globally (Ceballos et al., 2017;
McCallum, 2015). Large terrestrial carnivores are particularly vulnerable to extinction due to their
large home ranges, low reproduction rate, and systematic persecution due to conflict with humans
(Nyhus, 2016; Ripple et al., 2014). Shifting societal values and attitudes towards carnivores away
from extirpation to conservation have led to new policies aimed at protecting remaining
populations and, in some cases, reintroducing locally extirpated species (Carver et al., 2021;
Manfredo et al., 2021; Seddon et al., 2014). Charismatic carnivores that were extirpated from
significant portions of their historical range are often the focus of reintroduction efforts (Corlett,
2016; Evans et al., 2022).

Once reintroduced, a primary hurdle for carnivore recovery can be conflict with human
livelihoods resulting from livestock depredations (Breck et al., 2012; Muhly & Musiani, 2009).
Consequently, an important management and conservation goal is to implement preventative
strategies to reduce livestock depredations, thereby minimizing livelihood impacts and lethal
removal of carnivores (Lute et al., 2018). Significant barriers exist, however, in the creation and
adoption of new conflict reduction strategies due to disparate desired outcomes between
conservationists and livestock producers (Lute & Carter, 2020) and limited practicality of many
tools designed without input from the agricultural community (Hyde, Breck, et al., 2022; Miller et
al., 2016). The development and evaluation of new techniques to reduce losses (van Eeden et al.,
2018), coupled with studies of underlying factors that influence depredation, are needed to reduce

human-carnivore conflict (Gervasi et al., 2021).
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Quantifying the temporal, spatial, and ecological dynamics that underpin livestock
depredation is critical to understand and mitigate such conflict. Many depredations, however, are
not encountered, especially on extensive rangelands that are remote and have limited human
oversight (Breck et al., 2011; Oakleaf et al., 2003). Furthermore, if detected, some conflict
incidents are not reported by producers to management agencies, even if compensation is available
for livestock losses (Bhushal et al., 2024; Marino et al., 2016; Nickerson, 2021). It is therefore
necessary to account for imperfect detection of depredation events in models to accurately
represent the frequency and distribution of conflict incidents. Failure to accurately estimate
conflicts may constrain efforts to reduce depredation rates and to mitigate illegal killings of
carnivores (Liberg et al., 2012) and livelihood impacts (Goswami et al., 2015).

The endangered Mexican wolf (Canis lupus baileyi) was extirpated from its range in the
Southwestern United States by the 1970s following decades of an extensive eradication program.
In 1998, 11 wolves were first reintroduced in Arizona (US Fish and Wildlife Service, 1999) and
recovery efforts are ongoing in Arizona, New Mexico, and Mexico. Restoring a viable population
of Mexican wolves is challenging because of extensive rangelands in the recovery area where
monitoring wolf-livestock conflict is difficult. Thus, there is a need to find effective methods for
reducing livestock depredations on large, rugged, open landscapes where some conflict reduction
tools, such as electric fencing, fladry and scare devices, are often impractical or ineffective. The
Interagency Field Team (IFT) conducts management of Mexican wolves in the field and is
composed of personnel from the Arizona Game and Fish Department, New Mexico Department
of Game and Fish, US Department of Agriculture-Animal and Plant Health Inspection Service-

Wildlife Services (herein Wildlife Services), US Department of Agriculture-Forest Service, United
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States Fish and Wildlife Service, and the White Mountain Apache Tribe. The IFT coordinates with
ranchers and conducts work to reduce conflict while promoting wolf recovery.

One method hypothesized to reduce conflict with Mexican wolves is diversionary feeding,
whereby managers provide food caches of carnivore logs (https://www.nebraskabrand.com/) or
ungulate roadkill to reduce the likelihood of livestock depredation (U.S. Fish and Wildlife Service,
2017). Diversionary feeding to divert animals from potential conflict has been attempted in other
systems with large carnivores (e.g., bears; Garshelis et al., 2017). Such anthropogenic subsidies
are known to alter carnivore diet, movement, and activities (Ciucci et al., 2020; Fritts et al., 2003;
Lischka et al., 2019; Newsome et al., 2015; Northrup & Boyce, 2012), maximizing energetic
returns while reducing costs, and in some cases, risks (Petroelje et al., 2019). The IFT began using
diversionary feeding in 2008, but despite the method’s 16-year history, its effectiveness at reducing
livestock depredation has not been evaluated.

In this study we tested the hypothesis that diversionary feeding reduces livestock
depredations by Mexican wolves. We developed a Bayesian hierarchical model to evaluate its
efficacy by estimating what biotic factors correlate with depredations and estimating the
probability of detection of livestock depredations within a wolf pack territory. In doing so, we
were able to estimate depredations as a factor of observed (i.e., reported and verified) depredations.
Our model can be used to estimate unobserved variables (i.e., those that cannot be directly
measured) for other cases of human-carnivore conflict, and we discuss the importance of
estimating depredations and probability of detections of depredation to promote shared landscapes

with carnivores.
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Materials and methods
Study area

The Mexican Wolf Experimental Population Area (MWEPA) includes parts of the US
states of Arizona and New Mexico, including the Fort Apache Indian Reservation, within historical
range, south to the US-Mexico border (Figure 2.1). The MWEPA consists of three zones with
differential management. All wolf packs in this study resided in zone 1 of the MWEPA (inclusive
of what was designated Blue Range Wolf Recovery Area), consisting of the Gila, Apache-
Sitgreaves, Tonto, and Cibola National Forests. The area consists of ~32,400 km?2 (8 million acres)
with primarily evergreen forest (57%), shrubland (36%), and grassland (6%) vegetation. Details
of the study area can be found in (Martinez-Meyer et al., 2021; U.S. Fish and Wildlife Service,
2014). Cattle ranching, and in particular cow-calf operations, is the principal land use activity
across the Mexican wolf recovery zone. Cattle are typically grazed on public land allotments
during the summer months (June-October) in Arizona and year-round in New Mexico.
Compensation for livestock losses is available in both states for confirmed wolf depredations (U.S.
Fish and Wildlife Service, 2022).
Data collection and processing

We collected data on pack size, diversionary feeding date, depredations, and locations for
wolf packs that received diversionary feeding between 2014-2021. Data prior to 2014 were not
used because GPS collars were not yet common in the program. Our unit of evaluation was the
pack-year, the calendar year for which pack data were obtained and analyzed by the program.
Minimum pack sizes were determined by IFT staff through annual counts which culminated with
helicopter operations (USFWS permit number: TE091551). GPS collars were placed on at least

one individual in each wolf pack each year. We selected one non-dispersing wolf per pack to
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represent the pack’s annual home range, with preference given to the breeding female. We thinned
points to have 2 or less points per day. We used the resulting GPS locations to calculate kernel
density estimators for each pack’s annual home range using a 95% extrapolated isopleth as the
home range contour and a smoothing factor of the reference bandwidth (Silverman, 1986) in the
terra package (Hijmans et al., 2023) in R version 4.1.1 (R Core Team, 2022). Two packs were
removed due to insufficient GPS locations to calculate annual home ranges. Single wolves,
depredations attributed to them, and unidentified wolves were excluded from the analysis (Figure
2.2A).

Diversionary feeding via food caches was applied by the IFT to packs that previously had
a series of depredations or that were suspected of depredations. The IFT collected dates, locations,
and target pack of all food caches. We excluded packs that received supplementary feeding, which
was implemented for packs with fostered pups to increase survival probability. Food caches were
in areas frequently used by wolves traveling to/from dens or rendezvous sites, where a wolf pack
rears pups after abandoning dens in late summer or fall (Mech & Boitani, 2003). One cache would
be placed at a time, and if a cache was not used or was intercepted by other species, an additional
cache would be placed. Most (76%) food caches were placed from 1 April to 31 October when
wolf movements are more predictable because of the utilization of dens and rendezvous sites
(Figure 2.2B).

Livestock depredations were located by producers or members of the IFT and reported to
Wildlife Services. A trained Wildlife Services employee inspected the carcass and surrounding
area and determined whether the depredation was by a wolf. We only used confirmed depredations
that were attributed to a specific pack by the USFWS. For the before-after comparison of

depredations, we used depredations that occurred three months before the food cache was placed
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and depredations that occurred three months after. When multiple caches were placed, we
considered the date of the first deployment to be the starting date for the three-month period.

We used a set of covariates from the literature that potentially affect depredation risk.
Annual livestock density is an important factor for assessing depredation risk (DeCesare et al.,
2018), but exact numbers of livestock are not available for the region. We used the linear regression
analysis of Animal Unit Month (AUM) data from lands managed by the US Forest Service and
Bureau of Land Management with a set of biologically relevant variables, such as land cover and
productivity. We extracted AUM data for each pack-year’s home range and divided by the 95%
KDE home range area to obtain density. Complete methods for the regression can be found in
supplementary information S2.1 and Goljani Amirkhiz et al. (2018). We predicted that higher
densities of cattle would be correlated with higher depredations before and after diversionary
feeding.

Elk (Cervus canadensis), mule (Odocoileus hemionus) and white-tailed (O. virginianus)
deer comprise the majority of Mexican wolves’ native prey biomass (Smith et al., 2023). Prey data
at the wolf home range scale were unavailable. We therefore used available occurrence data from
state management agencies and the Global Biodiversity Information Facility (gbif.org) to create
species distribution models for elk and both species of deer. The species distribution models were
created using machine learning methods in Maxent (Phillips et al., 2006). Species distribution
models are correlated with local abundances, and Maxent’s raw output can be directly interpreted
as a model of relative abundance (Phillips et al., 2017). Complete methods can be found in
supplementary information S2.2 and Goljani Amirkhiz et al. (2018). Though earlier studies
demonstrate that native prey density can be positively correlated with depredations (Bradley &

Pletscher, 2005; Treves et al., 2004), a recent systematic review of wolf diets found that
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depredations were negatively correlated with prey density (Janeiro-Otero et al., 2020). We
therefore predicted relative abundance of ungulates within a wolf pack’s home (herein prey
density) to be negatively correlated with depredations before and after diversionary feeding.

Pack size may be positively correlated with depredations, presumably because larger packs
have larger energy requirements and higher encounter rates with livestock when pack members
are dispersed (Bradley et al., 2015). We used a quadratic term for minimum pack size as a covariate
on depredations because pack size has a non-linear relationship with predation due to an increased
proportion of individuals in larger packs that utilize resources but contribute less to capturing prey
(MacNulty et al., 2012; Mech et al., 2015). We predicted that pack size would have a positive
relationship with depredations before the start of diversionary feeding because of larger energy
requirements for the pack. We did not expect pack size to be positively or negatively correlated
with depredations after diversionary feeding because diversionary feeding would presumably
satisfy the energetic needs of all pack members.

We used a zero-inflated model to assess the impact of the variables on observed
depredations and reduce incorrect findings caused by excessive zeros in the data (Martin et al.,
2005). Zeros can arise in a depredation dataset from missing detections, non-reporting of
depredation events and the absence of depredations (Soh et al., 2014). We used whether
depredations were discovered in the home range before and after diversionary feeding for zero-
inflation. We employed a logistic regression that models covariates associated with the human
accessibility of grazing allotments to estimate probability of detection as an unobserved variable.
We used each wolf pack’s annual home range to define the area where detections occurred. From
each home range we calculated percent road coverage, median slope, and forest cover and used

these variables as covariates to model detection of livestock carcasses. We predicted that
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increasing slope and forest cover would be negatively correlated with probability of detection and
that increasing road density would be positively correlated with probability of detection.

We extracted percent forest cover for each year using the most recent National Land Cover
Dataset (2013, 2016, 2019) for forests (Homer et al., 2012). We calculated median slope for each
pack’s yearly home range using U.S. Geological Survey elevation data 30-meter resolution from
the elevatr package (Earth Resources Observation and Science Center/U.S. Geological
Survey/U.S. Department of the Interior, 1997). We calculated road density (Boeing, 2017) as a
percent of each pack’s home range in the terra package (Hijmans et al., 2023). We tested covariates
for correlation, and no covariates had a correlation higher than 0.6.

A challenge in our study system was disentangling changes in depredations from seasonal
variation in native prey vulnerability, particularly if post-treatment reductions in depredation could
be attributable to increased predation on elk neonates in May and June. We therefore ran our model
with a subset of pack-years whose post-diversionary feeding period did not include elk calving
season to determine if depredation reduction rates were consistent between groups.

Deterministic & process model

We created a Bayesian hierarchical model to estimate depredations by Mexican wolf packs
before and after the treatment, given that not all are found or reported. We modeled our response
variable of observed depredations as the product of the latent variable estimated depredations and
the detection process. We modeled estimated depredations as a Poisson regression, where 4;; is a
function of minimum pack size, prey density, and annual livestock density. We modeled
probability of detection p;; in a logistic regression as the product of slope, forest cover, and road
coverage. We modeled the intercept as a fixed effect for each state in both the depredation and

detection process. Our dataset had a state-structure in the frequency and location of depredation
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events (Figure 2.2C and Figure 2.2D). This state-structure is due to year-round grazing of cattle
on public lands in New Mexico being more common, and wolves in areas with year-around grazing
consumed 21% more livestock in a study of summer diets (Merkle et al., 2009).

We specified flat priors for all intercepts and covariates and used normally distributed
priors for the Poisson regression of depredation. We considered covariates to be strongly
meaningful if the 95% credible intervals did not overlap zero and moderately meaningful if their
75% credible intervals did not overlap zero.

The posterior distribution of the model is expressed as follows:

73 2
[Aij'pij'zij'ﬂra | J’ij,lijxpij»zij] x nn[yijl Aijrpijrzijrﬁ' “] (1)
i=1j=1
[zi; | pij @ |[pij | a][4i;|B]IB][a]
Where:
Yij {Poisson(/ll-j) ifz;; =1 (2)

The distributions for the likelihoods and priors are modeled by:

yij ~ Poisson(y;j|4;; X z;;) )
Bernoulli(z;; | p;;)

The detection process (p;;) is modeled by:
Dij = logit‘l(aoj toayr tays; +asf;) (4)
a ~ logistic(0,1)

Parameters for the Poisson regression of the depredation process are:

POiSSOH(AU X Zij) (5)
= eBojt Biw? 2+ B wa i+ B3 ws i+ Baway)

B ~ normal(0,1000)

We then estimated the percent reduction and mean reduction in depredations before and after

diversionary feeding within the model.
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Estimation
We estimated the marginal posterior distribution of the parameters using Markov chain
Monte Carlo (MCMC) methods in JAGS 4.3.1 (Plummer, 2022a) in R (R Core Team, 2022)
through the rjags package (Plummer, 2022b). We ran each of four chains for 250,000 iterations,
used a 100,000-iteration burn-in, and thinned samples by 5. We inspected trace plots and Gelman-
Rubin diagnostics for convergence (Gelman et al., 1995), ensuring that all R-hat values were <
1.01.
Model evaluation
We conducted posterior predictive checks to evaluate the fit of the data. We simulated
data based on our dataset, where observed data, 7°%, and simulated data, 7%, are:
I I
o = E(J’i‘}bs — y) T = z O™~ 24)° (©)
i=1 i=1
and y;; is the mean of draw from the posterior distribution of the simulated data and A;; is the model

prediction for mean depredations of each pack per year. We then calculated a Bayesian p-value using the

following equation, where lack of fit occurs when Py, is close to 0 or 1 (Gelman et al., 2014):

Py = Pr[T*™(y;i™, 0) 2 TP (5, 0)]vy] (7)

Results

We evaluated the use of diversionary feeding for 73 pack-years from 2014 -2021 in the
full model. Bayesian p-values were 0.50 for depredations before, 0.50 for depredations after, and
0.54 for detection, indicating adequate model fit. The R-hat values of the Gelman-Rubin

diagnostics for all parameters were < 1.01.
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Depredation

From 2014-2021 the IFT verified 79 confirmed depredations in the three months before
diversionary feeding began and 44 in the three months after for the pack-years included in this
study. Model estimates for the total number of depredations from 2014-2021 were 127 (SE: 1.71;
95% CI: 100.06 — 157.16) depredations before and 70 (SE: 1.31; 95% Cls: 50.29 — 94.16)
depredations after diversionary feeding. Of the 127 estimated depredations before diversionary
feeding, 36 (SE: 4.51; 95% CI: 17.46 — 63.65) were in Arizona and 91 (SE: 7.58; 95% CI: 57.46
— 135.55) were in New Mexico. After diversionary feeding, 21 (SE: 3.30; 95% CI: 8.59 —42.10)
depredations were in Arizona and 49 (SE: 6.12; 95% CI: 24.51 — 87.04) were in New Mexico.

The mean of estimated depredations per pack-year before diversionary feeding was 1.74
(SE: 0.02, 95% CI: 1.37 — 2.15), and the mean of estimated depredations per pack-year after
diversionary feeding was 0.96 (SE: 0.02, 95% CI: 0.68 — 1.29; Figure 2.3). Of the 73 pack-years
evaluated, 62 (85%) had fewer depredations after diversionary feeding. Eleven pack-years (15%)
had more depredations after diversionary feeding than before. The overall reduction in
depredations after diversionary feeding was 43.9 + 0.01% or 0.78 + 0.03 depredations per pack-
year.

The model of the subset of pack-years (n = 47) whose post-diversionary period did not
include elk calving season had a higher overall reduction in depredations of 53.6 + 0.02% or 1.14
+ (.05 depredations per pack-year. The comparable estimate indicates that elk calving season did
not account for the depredation reduction in the full model.

Before diversionary feeding, prey density was negatively correlated with depredations and
moderately meaningful (f =-0.23, 75% CI: -0.44 — -0.03; Figure 2.4A). Minimum pack size (f =

0.00, 95% CI: -0.26 — 0.23) was not correlated to depredations, nor was annual livestock density
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(B =-0.06, 95% CI: -0.32 — 0.20). The intercept for New Mexico was 3 = 0.61 (95% CI: 0.23 —
0.97) with a back-transformed value of 1.84. The intercept for Arizona was § = 0.23 (95% CI: -
0.29 — 0.71) with a back-transformed value of 1.26.

After diversionary feeding, minimum pack size (B = -0.53, 95% CI: -1.10 — -0.06; Figure
2.5B) was negatively correlated with depredations and strongly meaningful. Prey density (p=0.43,
75% CI: 0.16 — 0.69) was positively correlated and moderately meaningful, and annual livestock
density (B =-0.23, 75% CI: -0.43 — -0.04) was negatively correlated and moderately meaningful.
The intercept for New Mexico was B = 0.53 (95% CI: 0.03 — 1.00) with a back-transformed value
of 1.70. The intercept for Arizona was B = -3.1 (95% CI: -1.02 — 0.34) with a back-transformed

value of 0.73.

Detection

The detection of livestock depredations varied by year (Figure 2.5A). The mean probability
of detection before diversionary feeding over the eight-year period was 0.63 (SE 0.04, 95% CI:
0.39 — 0.84). The highest recorded annual probability of detection of 0.67 (SE 0.04, 95% CI: 0.42
—0.86) was in 2019. The lowest probability of detection of 0.57 (SE 0.05, 95% CI: 0.31 — 0.82)
was in 2021. Detection of depredation events also varied by pack.

No covariate of detection of depredations events was meaningful (Figure 2.5B). Median
slope had a B coefficient of -0.13 (95% CI: -0.72 — 0.47), forest had a B coefficient of 0.16 (95%

CI: -0.36 — 0.69), and road coverage had a 3 coefficient of 0.29 (95% CI: -0.58 — 1.18).

Discussion
We evaluated the effectiveness of diversionary feeding to reduce livestock depredations by

Mexican wolves. We found that depredations were reduced by 43.9% after diversionary feeding
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began, a mean decrease of 0.78 depredations per pack-year. This reduction is important for meeting
Mexican wolf recovery goals of conflict prevention to support population growth (Breck et al.,
2023). Our results suggest that the practice is effective across a range of ecological conditions.
Eighty-five percent of pack-years had fewer depredations after diversionary feeding, despite
differences in pack size, prey density, and annual livestock density within their range.

Our model elucidated the predictors of depredations before and after diversionary feeding.
Contrary to our prediction, pack size was negatively correlated with depredations and strongly
meaningful after diversionary feeding and had no correlation before diversionary feeding. The
factors that influence wolf pack size have received much attention in the literature (Barber-Meyer
et al., 2016; Cassidy et al., 2015; Fuller et al., 2003; MacNulty et al., 2014; Sells et al., 2022),
though the relationship between pack size and depredations is yet to be established. We put forward
two hypotheses for the negative correlation between pack size and depredations. First, smaller
packs of Mexican wolves having longer handling times and losing more kills to scavengers
(Peterson & Ciucci, 2003), which in turn leads small packs to have higher kill rates (Smith et al.,
2023). Alternatively, larger packs may locate diversionary caches more quickly, while smaller
packs may have more difficulty locating the cache and their cache may be more likely to be
consumed by scavengers. Future research could evaluate wolves’ ability to find the cache and
interspecific competition with the local scavenging community to disentangle the relationship
between pack size and diversionary feeding effectiveness.

Our prediction that prey density would be negatively correlated to depredations was only
supported before diversionary feeding. We found moderate support that prey density was
negatively correlated before but positively correlated after diversionary feeding. The positive

correlation between prey density and depredations after diversionary feeding may be spurious, as
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prey vulnerability was generally higher in the period following diversionary feeding. Alternatively,
cattle may occupy flatter grasslands that prey vacate to avoid predation by wolves (Goljani
Amirkhiz et al., 2018). Similarly, we found moderate support for a negative correlation for annual
livestock density and depredations. The negative relationship between annual livestock density
and depredations may be driven in part because unattended and freely grazing livestock, which are
potentially more vulnerable to depredation, tend to occur at low densities (Janeiro-Otero et al.,
2020). In our study, annual livestock density was modeled through regression methods and prey
density through machine learning due to the unavailability of free-ranging livestock and prey data
at the desired spatial scale. Finer scale data may be necessary to distinguish the relative influence
of cattle and prey density and vulnerability on depredation rates by wolves.

A novel contribution of our assessment of this conflict prevention tool is the estimation of
probability of detection, based on our collective experience and supporting literature that not all
depredations are found or reported (Oakleaf, Mack & Murray 2003, Breck et al., 2011; Nickerson,
2021). The inclusion of detection probability of conflict events is an important step to address the
livelihood impacts of human-wildlife conflict (Goswami et al., 2015). The probability of detection
in our model is intended to represent an interaction between accessibility and human behavior in
the process of finding and reporting a depredation. We chose three factors—slope, road coverage,
and forest cover—that we hypothesized to be related to human behaviors of accessibility to
pastures.

Over the eight years of our study, we estimated that 63% of depredations were reported
and verified. Our model estimated more than triple the detection probability that is officially
recognized by the Mexican Wolf Recovery Program, that estimates that one in five depredations

will be found, reported, and verified (U.S. Fish and Wildlife Service 2014). In a study that
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compared depredations on two ranches in the Mexican Wolf recovery area, Breck et al. (2011)
found that the detection probability was 77.5% on one ranch and 33.0% on a second, concluding
that search time was the primary driver behind the difference. This may explain some of the
variation of detection probability between packs in our study, though we were unable to model
search time or labor inputs because of the large number of operations and limited data availability.

While diversionary feeding was impactful for reducing depredations by Mexican wolves,
the success of diversionary feeding as a conflict reduction tool depends on management goals and
the target species’ ecology. Species that are dietary generalists are more likely to accept
diversionary feeding, but managers should have an effective distribution method and target
individuals most likely to cause conflict rather than the population as a whole (Kubasiewicz et al.,
2016). A consequence of diversionary feeding is that it may lead to increased survival and
abundance of the target species (Miller, 2017), possibly exacerbating interactions between
carnivores and livestock (Conover & Conover, 2021; Morehouse & Boyce, 2017). While
increasing wolf abundance is an explicit goal for Mexican wolf population recovery (U.S. Fish
and Wildlife Service, 2017), it may not be for other carnivore populations and should thus be
monitored in conjunction with diversionary feeding.

Findings from other studies provide additional insight on when and where diversionary
feeding is effective. Quasi-experimental studies in 1987-1991 in Alaska revealed that diversionary
feeding of wolves and brown bears (Ursus arctos) enhanced survival of moose calves (Boertje et
al., 1995). Similarly, diversionary feeding of red foxes (Vulpes vulpes) using moose remains
decreased nest predation and increased breeding success by 43% and 57% in two locations in
Norway (Finne et al., 2019). In contrast, Lewis et al. (2017) found that diversionary feeding of

coyotes (Canis latrans) and black bears using beaver (Castor canadensis) carcasses and bakery
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waste provided nearly no improvement of calf survival of caribou (Rangifer tarandus) in
Newfoundland, Canada. This may have been due to effectively treating only black bears, since
coyotes did not use bait stations. Similarly, studies from Europe and North America on
diversionary feeding of brown and black bears found mixed results. Where unsuccessful, the
quality of provided foods and the ease of access were similar to other anthropogenic sources where
conflict occurred (Garshelis et al., 2017). Intraspecific competition may also be a factor hindering
effectiveness of diversionary feeding for bears (Garshelis et al., 2017; Morehouse & Boyce, 2017).

Diversionary feeding as a depredation prevention strategy presents two main benefits to
wildlife managers. First, it does not initially depend on producer adoption like other practices since
it is implemented directly by the management agency. Second, many other nonlethal tools for
wolves focus on fear conditioning in small areas to repel animals from a particular operation, as is
the case with electric fences (Bruns, Waltert, & Khorozyan, 2020), fladry (Iliopoulos et al., 2019),
and in some instances range riding (Parks & Messmer, 2016). The perceived risk-benefit tradeoff
of the deterrent for the carnivore, frequency of its application, and long-term maintenance of the
fear stimulus is necessary for these practices to be effective (Mumby & Plotnik, 2018). Unlike
other conflict mitigation tools, diversionary feeding alters predators’ feeding ecology voluntarily
by offering low-risk and high reward food sources (Conover & Conover, 2021) during periods of
higher caloric requirements and localized movements (i.e., denning and rendezvous season). This
practice may be especially useful for small, highly monitored populations such as reintroduced or
recovering populations. We suggest using diversionary feeding as a stop-gap method when
vulnerable domestic calves and lambs are on the ground at the beginning of wolf denning season.
It is likely best served to alleviate depredation problems of an individual pack rather than a

widespread population management tool.
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Diversionary feeding has limitations and requires careful assessment of management goals
and resources prior to implementation. In the Mexican Wolf recovery program, continued funding
and stable human resources facilitate intensive monitoring of wolf movements and behavior.
Managers are therefore able to quickly and effectively deploy and maintain food caches.
Diversionary feeding may be challenging for programs with limited human resources and
monitoring capabilities. Additionally, caution is needed when moving ungulate carcasses between
areas. In the study area, for example, ungulate roadkill is not moved between New Mexico and
Arizona to prevent the transmission of chronic wasting disease. Like all conflict prevention tools,
diversionary feeding should be implemented in conjunction with a suite of tools. In New Mexico
and Arizona, diversionary feeding is used alongside range riding, turbo-fladry, and hazing.
Ultimately, successful implementation of diversionary feeding and other conflict mitigation tools

hinges on collaborative efforts between producers, wildlife managers, and other interest groups.
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Tables and Figures

Figure 2.1. Study area of the Mexican Wolf Recovery Area Zone 1 in the US states of Arizona
and New Mexico. Sources: US Fish and Wildlife Service, Mapbox.

46



(a)

20

a A
[ N
-
]

Packs receiving treatment

"]
Q
=
8
. . 10
N
6 2
5
‘ S s
2 I-.
SIS N 4
PP o 10 1 12
Year Month
(c) New Mexico (d) Arizona
25 25
20 N 20
> >,
£ £
@15 @15
s s
: e
310 3 10
13 o
g &
* I II II . I I
. l- i l.l.il .--
10 11 12 10 11 12
Month Month

Land ownership of depredation site [J BLM [ Forest Service [l Private [l State

Figure 2.2. a) Mexican wolf packs receiving diversionary feeding by year. b) Month of food
cache deployment between 2014-2021. c) The number of depredations from 2014-2014 in New
Mexico by month by packs included in this study and land ownership. d) The number of
depredations from 2014-2021 in Arizona by month by packs included in this study and land
ownership. BLM = Bureau of Land Management, Forest Service = US Forest Service.
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Figure 2.3. a) Posterior density of model estimated mean depredations per pack-
year before (brown) and after (blue/green) diversionary feeding. b) Yearly
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Figure 2.5. B coefficients for depredation before and after diversionary feeding.
Points represent mean estimates, thick lines represent 75% credible intervals and
thin lines represent 95% credible intervals. State differences of Arizona and New
Mexico are modeled due to differences in grazing regimes.
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Figure 2.4. a) Probability of detections of livestock depredations from 2014-2021.
The dashed red line represents the 2014-2021 mean probability of detection. b)
Beta coefficients of detection covariates in the model. Thick lines represent 75%
CIs and thin lines represent 95% Cls.
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Chapter 3 Tolerance for and retaliation against jaguars in the Colombian Llanos
Introduction

The persistence of large carnivores in ever-expanding shared landscapes largely depends
on human willingness to coexist with them (Carter & Linnell, 2016). This willingness, termed
tolerance, is often described as one’s acceptance of wildlife behaviors that one dislikes (Brenner
& Metcalf, 2020; Kansky et al., 2016; Lischka et al., 2019), whereas intolerance is described as
attitudes or behaviors that negatively affect wildlife (Bruskotter & Wilson, 2014; Jordan et al.,
2020). Although tolerance is widely recognized as essential for large carnivore conservation, the
definition and measurement of tolerance remain variable across the literature (Brenner & Metcalf,
2020; Bruskotter et al., 2015; Frank, 2016; Knox et al., 2021). The variability of terminology and
inconsistent measurement create challenges for practitioners who implement strategies to increase
tolerance for large carnivores.

Conservation practitioners often attempt to increase tolerance for large carnivores to
change illicit human behaviors (e.g., killing of carnivores) that drive population declines.
Measuring such behaviors is difficult because of its sensitive and often illegal nature (Solomon et
al., 2015; St. John et al.,, 2011). Many tolerance studies therefore measure psychological
constructs, such as attitudes, as proxies for behavior or behavioral intention (Brenner & Metcalf,
2020). Attitudes are positive or negative evaluations of an object (Manfredo, 2008), and often are
situational and incorporate an action (e.g., is it justified to kill a carnivore following a livestock
depredation). While some studies demonstrate a high correlation between attitudes and behavioral
intention (Bruskotter et al., 2015) or behavior (Hazzah et al., 2017), few demonstrate consistency

between attitudes and behaviors (St. John et al., 2011). For practitioners, providing guidance to
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measure behavioral underpinnings of tolerance will improve measurement of management actions
to improve social support for large carnivores (Lischka et al., 2019).

The theory of planned behavior (TPB) is a common method in conservation psychology
literature (Wallen & Landon, 2020) to predict behavioral intentions and behavior (Ajzen, 1991;
Fishbein & Ajzen, 2010). TPB posits that attitudes, subjective norms, and perceived behavioral
control are important predictors of behavior. Subjective norms are informal rules that define
acceptable actions for a person (Cialdini & Trost, 1998), and perceived behavioral control is one’s
belief of their ability and resources to carry out an action (Ajzen, 1991). In the context of retaliatory
killing of carnivores, TPB supposes that people who have positive attitudes toward lethal removal
believe there is normative support for it and perceive that they or someone paid by them could kill
a carnivore, and thus have an intention to do so (Marchini & Macdonald, 2012).

One strategy hypothesized to increase tolerance is the prevention of livestock losses under
the premise that ranchers will accept large carnivore presence and be less likely to kill them if
livestock loss is reduced or eliminated (Dickman, 2010; Pooley et al., 2017; Treves & Bruskotter,
2014). The prevention or reduction of livestock losses is critical to mitigating impacts to ranching
livelihoods such as lost income (Jordan et al., 2020), food insecurity (Braczkowski et al., 2023),
labor requirements, and emotional suffering (Barua et al., 2013). However, deep-rooted
psychological and cultural factors can be equally, if not more, important for predicting tolerance
(Dickman, 2010; Inskip & Zimmermann, 2009; Kansky & Knight, 2014).

Quantifying the psychological and cultural factors that predict tolerance has far-reaching
implications for interventions, given that such efforts can have variable impacts. In Sweden,
subsidies for tools to reduce depredations led to more positive attitudes toward wolves (Canis

lupus) (Karlsson & Sjostrom, 2011). Similarly, farmers in Northern Zimbabwe had more positive
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attitudes towards lions (Panthera leo) after participating in a community program to reduce
livestock depredation (Sibanda et al., 2021). On the contrary, in the Western United States, using
livestock guardian dogs did not lead to more positive attitudes towards wolves and grizzly bears
(Ursus arctos) (Kinka & Young, 2019). In China’s Sanjiangyuan Region, conservation
interventions to increase tolerance for snow leopards (Panthera uncia) were overshadowed by the
strong disapproval by community and religious leaders of retaliatory killings (Piaopiao et al.,
2023). Importantly, identifying trends of psychological and cultural factors broadly across a
species’ range is unlikely because of strong variation in intra- and intercommunity perspectives,
necessitating local studies to understand the context-specific drivers of tolerance for carnivores
(Zimmermann et al., 2021).

In this study, we sought to quantify conflict between humans and jaguars (Panthera onca)
and identify drivers of tolerance—specifically attitudes and behavioral intentions for retaliatory
killing—of jaguars on rangelands in Colombia. We conducted interview-assisted surveys before
and after the implementation of mitigation strategies (i.e., electric fencing) to reduce livestock loss.
We sought to answer three questions: 1) What are the characteristics of human-jaguar conflict (i.e.,
livestock losses and perception of mitigation tools)? 2) What are the drivers of intolerance of
jaguars in the system, specifically behavioral intention to kill jaguars? 3) Did implementing the
conflict reduction strategy affect tolerance? We hypothesized that social psychological variables
from TPB better predicted retaliation than livestock losses and that the intervention would improve
tolerance for the treatment group of those who implemented electric fencing. Our study provides
insight into human-jaguar conflict mitigation and predictors of retaliatory killings in the
Colombian Llanos and a roadmap for measuring tolerance related to management interventions to

reduce retaliatory killings.
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Methods
Theoretical background

In this study, we seek to explicitly link human-carnivore conflict interventions to theories
and developments in conservation psychology and tolerance literature. Human-wildlife
interactions are the result of the juxtaposition of wildlife and human activities where humans,
wildlife, or both are affected (Lischka et al. 2018). Human and animal behaviors, the proximate
drivers of human-wildlife interactions, are shaped by nested levels of external factors within
ecological and human social systems (Jochum et al., 2014; Lischka et al., 2018) (Figure 3.1). In
addition to societal, institutional, and in-group dynamics, an individual’s unique attributes also
shape their behavior (Lischka et al., 2018). For humans, these individual attributes include socio-
demographic characteristics such as livelihood and income, as well as psychological factors such
as values, attitudes, norms, and emotions. Similarly, animal behavior, including that of predation
on livestock, is nested within a larger context of ecosystem, community, and population-level
processes. Examples of such processes include land use change due to the introduction of livestock
(ecosystems), prey depletion from over-hunting (communities), and density-dependent use of
resources (populations) (Wilkinson et al., 2020).

The nexus of behavioral responses of humans and animals leads to conflict, namely
negative impacts to human lives and livelihoods from wildlife behaviors and the killing of large
carnivores by humans. We therefore employ the definition of tolerance as “accepting wildlife
and/or wildlife behaviors that one dislikes (Brenner & Metcalf, 2020, pg. 262).” The human
behavior of interest in this study is retaliatory killing, given that it is the behavior that most directly

affects large carnivore survival.
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We derive our understanding of illegal killings from rational actor models. The cognitive
hierarchy (Manfredo, 2008), also known as the value-attitude-behavior framework (Homer &
Kahle, 1988), emerged from this theoretical tradition. In this theory, behaviors are related by
hierarchical and interrelated cognitions that begin with values, then proceed to value orientations,
attitudes, norms, and behavioral intentions (Table 3.1: The cognitive hierarchy and
contextualization in human-carnivore conflict). TPB is derived from the same tradition of rational
actor models, and posits that attitudes, subjective norms, and perceived behavioral control predict
behavioral intentions, and that behavioral intentions with perceived behavioral control predict
behavior (Ajzen, 1991; Fishbein & Ajzen, 2010).

Study area

The Colombian Llanos are a tropical savannah landscape in the Orinoquia region (Figure
3.2) in Eastern Colombia. The principal land use in the Llanos region is extensive cattle ranching,
though rice monocultures and oil palm are increasing. Ranching there consists of privately
managed herds of predominantly zebu cattle grazed on private land with limited human
supervision. Approximately 29% of the region is protected under National Natural Parks, regional
integrated management districts, and private reserves where productive activities such as cattle
ranching are permitted (reservas naturales de la sociedad civil; Parques Nacionales Naturales de
Colombia, 2024).

Jaguars are protected in Colombia under Decree 1076 of 2015 and are listed nationally as
vulnerable (Ministerio de Ambiente y Desarrollo Sostenible, 2024). The Llanos is a critical
corridor within the country (Machado-Aguilera et al., 2024), though population estimates are
sparse regionally and nationally (Hyde et al., 2023). Conflict between ranchers and carnivores is
known to occur and has been documented throughout the Llanos region (Garrote, 2012; Garrote

et al., 2018; Payan & Diaz-Pulido, 2016). Retaliatory killings of large felids are thought to be
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common and a major cause of mortality (Boron et al., 2016; Garrote, 2012; Payan et al., 2009) but
remain unstudied in the country. At the time of data collection, there was no official reporting
system of conflict events. Local conservation organizations implement conflict prevention
strategies (e.g., electric fences, integrating criollo cattle to defend livestock herds, night penning)
to reduce livestock loss on farms (i.e., Botero-Cruz et al., 2018; Valderrama-Vdasquez et al., 2016).
There is no compensation for livestock losses and no legal lethal removal of large carnivores.

A nonprofit conservation organization implements livestock protection strategies in
priority areas for jaguar conservation. The purpose of the strategies is three-fold: reducing
livestock losses for ranches in the area; demonstrating to the community that non-lethal tools are
effective to reduce losses; and building tolerance for the presence of large carnivores. The
organization was interested in evaluating the effectiveness of strategies to prioritize conservation
strategies. Funding is limited; thus, ranches are prioritized based on livestock losses and
willingness to implement tools. In 2022, select ranches received electric fencing to protect calving
pastures in four communities in the Llanos region. Electric fences, consisting of four hot wires and
one barbed wire at the bottom, were installed and monitored continuously through the end of the
study in December 2023.

Data collection methods

We developed a 27-question interview-assisted survey to answer our research questions.
The survey was pre-tested with conservation practitioners who worked in the region. The
Institutional Review Board for the protection of human participants at Colorado State University
approved the survey for distribution (Protocol #2787). Surveys consisted of six sections: self-
reported losses and wildlife acceptance capacity; past and future harm to oneself and neighbors

from felids; attitudes towards nonlethal tools; attitudes towards hunting of jaguars; personal and
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subjective norms of nonlethal tools and retaliatory killing; and perceived behavioral control of
nonlethal tools and hunting (S3 for English and Spanish interview questions). Questions were
Likert scale responses consisting of 1-5 and 1-7-point scales.

We conducted in-person interviews in the four communities before and after the
implementation of electric fences. First year interviews (pre-treatment) were conducted in May
2022, while second year interviews (post-treatment) were conducted in May and June of 2023. We
sought to have a complete census of ranches in the four communities. We visited all ranches in the
communities (n = 91). Community names are kept confidential given the nature of the behavior
analyzed. At each ranch, we interviewed the most senior person involved in livestock husbandry,
starting with ranch owners. When owners were unavailable, we interviewed ranch administrators.
Informed verbal consent was solicited from all participants. In the case that no one was home,
researchers made one attempt to return on a different day at a different time. All interviews were
conducted in Spanish, the native language of all participants.

Measure of human-jaguar conflict

There was no centralized reporting of depredations at the time of our study. We therefore
quantified conflict through self-reported losses to jaguars. We asked respondents how much
damage jaguars had caused them in the past 12 months, how much they caused neighbors, and
how likely it would be that they and their neighbors would have damage from jaguars in the
following 12 months. We asked respondents about the effectiveness of the three most common
mitigation tools proposed used in the region (electric fence, night penning, and criollo cattle), and
whether they planned to implement those in the next 12 months. We additionally asked whether

they believed lethal management or electric fence was more effective to prevent damage.
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Measurement of tolerance and predictor models

The tolerance definition that we adapted requires both attitudinal and behavioral
measurement (Brenner & Metcalf, 2020). We selected two attitudinal measures: 1) desired future
population size (Bruskotter et al., 2015; Carpenter et al., 2000; Lischka et al., 2019) as an
attitudinal measure of accepting wildlife, and 2) attitudes towards retaliatory killings to understand
acceptability of a management action (Brenner & Metcalf, 2020; Bruskotter & Wilson, 2014). For
desired future population size, we assessed whether respondents wanted jaguar populations to
increase, stay the same, or decrease. For attitudes towards retaliatory killings, we assessed whether
respondents believed that killing a jaguar after one depredation was justified through a Likert-scale
question where 1-very unjustified and 7-very justified.

Human behavior has direct implications on wildlife survival, thus we sought to identify
behavioral intention as a proxy for behavior, given that actual behavior may be underreported
because of its illegality. We therefore assessed behavioral intention to retaliate against a jaguar for
the next depredation through a Likert-scale question of 1-very unlikely to 7-very likely.
Retaliation predictor models

We constructed a model set to test which model best predicts intention to kill a jaguar
following the next depredation. We generated five hypotheses to test empirical approaches
(hypotheses 1, 2, and 5) and social psychological approaches (3 and 4) for predicting intent to kill
a jaguar (Table 3.2): 1) past and expected losses to jaguars, number of cattle, and gender; 2) past
and expected losses to jaguar, attitudes towards retaliation, number of cattle, and gender; 3)
attitudes towards retaliation, subjective norms of killing jaguars, behavioral control of killing a
jaguar (variables from theory of planned behavior), number of cattle, and gender; 4) past and

expected losses to jaguars, attitudes towards retaliation, subjective norms of killing jaguars, and
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behavioral control of killing a jaguar. (losses + variables from theory of planned behavior) and 5)
perceived effectiveness of electric fences and behavioral control to implement them, number of
cattle, and gender. The number of cattle was classified in groups (0, 1-50, 51-150, 151-300, 301-
1000, 1000+) due to the sensitivity of reporting exact numbers in the region.

Data analysis for predictors of tolerance

We analyzed interview data through a Bayesian ordinal regression using the cumulative
approach described by Burkner & Vuorre (2019). This methodology accounts for the unequal
mental distance between neighboring Likert responses. For example, if asking a rancher how much
harm a jaguar has caused them, the mental distance between severe damage, moderate damage,
and little damage is unlikely to be equivalent for the respondent. The Bayesian ordinal approach
reduces Type I (false-positive) error and yields more accurate effect size estimates (Biirkner &
Vuorre, 2019; Liddell & Kruschke, 2018).

In this model, observed Likert response for a given response variable Y is the result of a
continuous, unobserved variable Y, which is predicted by n + &, where n is the predictor term for
n = bix; + baxz + ¢ and ¢ is the unexplained variation (Biirkner & Vuorre, 2019). For example, the
reported intention to kill a jaguar, rated from 1-7, with 7 very likely to kill a jaguar and 1 very
unlikely, is a categorization of a continuous, unobservable intention to kill a jaguar. Predictors, in
the form of multiple Likert items such as perceived severity of harm from jaguars to cattle or
personal norms around wildlife protection, are then incorporated into the model (i.e., xi, X2...).
Many of these predictors were monotonic in that they have a unidirectional nature (e.g., reported
damages from jaguars) and thus were incorporated as such in the model. We modeled a random

effect for each community to account for differing levels of exposure to jaguars.
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We fit all models in the brms package (Biirkner, 2017) in program R (R Core Team, 2022).
We used four Markov chain Monte Carlo chains with 10,000 iterations each and a 5,000-iteration
burn-in thinned by 5 for a total of 1,000 samples per chain. We used weakly informative priors for
all parameters (prior ~ normal(0,5)). We inspected traceplots for convergence (Gelman et al.,
2014) and ensured that all parameters had an effective number of samples > 1,000 and an R-hat <
1.01. We conducted posterior predictive checks for all models in the bayesplot package (Gabry &
Mahr, 2017) by inspecting bar plots and rootograms with 1,000 simulated draws. We used Pareto-
smoothed importance sampling leave-one-out (PSIS-LOO) cross validation in the loo package
(Vehtari et al., 2021) to ensure that all Pareto-K estimates were under 0.7 (Vehtari et al., 2017).
We estimated goodness of fit via McKelvey-Zavoina R*> (McKelvey & Zavoina, 1975) to describe
how much variance was explained by each model.

We used Leave-one-out cross-validation (loo-cv) model selection to identify which model
best predicted our data. Loo-cv can perform better than other Bayesian information criterion when
priors are weak or certain observations (i.e., polarized responses towards jaguars) are influential
(Vehtari et al., 2017). We identified the most parsimonious model by selecting the model with the
lowest looic (Leave one-out information criteria) value and expected log predictive density
difference (elpd_diff) in the loo package (Vehtari et al., 2021). We considered a predictor to be
meaningful if the 90% BCI of the posterior density estimates did not cross zero and moderately
meaningful if the 75% BCI of the posterior density estimates did not cross zero.

Data analysis for changes in tolerance

We sought to evaluate the intervention’s impact on our three measures of tolerance—

desired future population size, attitudes towards retaliatory killings, and behavioral intention to

retaliate—in a quasi-experimental study design. We interviewed participants in the treatment and
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control groups before and after implementation of electric fencing. We had unequal group sizes
because of limited funds to implement fences (i.e., a pretest-posttest nonequivalent group design).
The conservation organization selected ranches by prioritizing higher reported losses and
willingness to implement an electric fence and were therefore self-selected to the treatment group
through willingness to implement. We were unable to compare desired future population size
across years because no respondent desired a larger jaguar population in the second year of the
study. Therefore, we had three response categories for year 1 and only two categories for year 2,
thus data were no longer comparable through an ordinal regression. Consequently, to allow
comparisons across years, our analyses included only two tolerance variables—attitudes towards
retaliatory killings and behavioral intention to retaliate.

We evaluated whether the implementation of electric fencing was successful through a
cumulative probit model for each of the two tolerance variables (attitudes and behavioral
intentions) with year, group, an interaction between year and group, and a random effect for
respondent. We interpreted the interaction term as whether the intervention changed the tolerance
variable in year 2, while the treatment variable indicated the effect of the treatment group at year
1. We again treated the response variables as latent outcomes because we assume that the variable
of interest is a continuous quantity represented by the observation in our dataset (Biirkner &
Vuorre, 2019). All models were fit in the brms packages (Biirkner, 2017) in R (R Core Team,
2022) and posterior predictive checks were carried out as described above. We considered there to
be a meaningful change if the 90% BCI of the posterior density estimates did not cross zero and

moderately meaningful if the 75% BCI of the posterior density estimates did not cross zero.
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Results
Year 1 summary of human-jaguar conflict

We interviewed 70 ranchers in the four communities in year 1. Seventy-seven percent of
respondents were male and 23% were female. All but two respondents owned cattle (97%, n = 68),
and all respondents owned small livestock. Of the 70 respondents, 65% of respondents (n = 46)
reported that they would like to see the population of jaguars reduced, 29% (n = 20) would like
the population to stay the same, and 6% (n = 4) wanted the population to increase (median (M) =
be reduced; Figure 3.3A). Seventy-one percent of respondents (n = 50) reported having livestock
losses to jaguars in the past year (Figure 3.3B; categories 2-5 of 5), and 60% (n = 42) had suffered
moderate to very significant losses (M = moderate loss). Importantly, losses varied by community.
All respondents in community 1 (n = 13) experienced losses, and all but one respondent had losses
in community 4 (n = 12). In community 2, 62% of respondents (n = 18) had experienced losses in
the past year, and 50% (n = 8) had experienced losses in community 3 in the past year. When asked
about how likely it was that they would have losses over the next 12 months, 67% of respondents
(n =47) stated that it was more likely than not that they would lose livestock to jaguars, while 23%
stated 1t was unlikely (M = moderately likely; Figure 3.3C).

When surveyed in year 1 about the most effective intervention proposed by conservation
organizations (Figure 3.4A), 64% of respondents (n = 45) thought night penning to be somewhat
to very effective in reducing livestock loss (M = somewhat effective). Similarly, 62% of
respondents (n = 43) believed electric fencing to be somewhat to very effective in reducing
livestock losses (M = moderately effective). The use of criollo cattle breeds to defend livestock
was perceived to be somewhat to very effective by 51% of respondents (n = 36, M = somewhat

effective).
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In year 1, reported intent to use any of the three mitigation tools in the future was low
(Figure 3.4B). Electric fencing and night penning were the most likely to be implemented, with
34% stating they were somewhat to very likely to implement these in the future (electric fence M
= moderately unlikely; night penning M = very unlikely). Ranchers were unlikely to purchase and
integrate criollo cattle into their herd (M = very unlikely); only 14% of ranchers said they are more
likely than not to integrate criollo cattle into their operation.

Year 2 summary of human-jaguar conflict

We interviewed 63 ranchers in the four communities in year 2, 56 of whom had been
interviewed in year 1. Three of the ranches interviewed in year 1 were abandoned. Four other
participants were unreachable or did not consent to a second interview. All respondents in year 2
owned cattle. Eighty-one percent of respondents were male (n = 51) and 19% were female (n =
12). Of the 63 respondents, 63% (n = 40) reported that they would like to see the population of
jaguars reduced, 37% would like the population to stay the same, and no respondents wanted the
population to increase (M = be reduced; Figure 3.3D). Sixty-six percent of respondents (n = 42)
reported having livestock losses to jaguars in the past year (Figure 3.3E; categories 2-5 of 5), and
54% (n = 34) had suffered moderate to very significant losses (M = moderate loss). As in year 1,
losses varied by community. All respondents in community 1 (n = 11) experienced some losses,
and all but one respondent (n = 13) had losses in community 4. In community 2, 54% of
respondents (n = 13) reported losses to jaguars, and 36% (n = 5) reported losses to jaguars in
community 3. When asked about how likely it was that they would have losses over the next 12
months, 65% of respondents (n = 41) stated that it was more likely than not that they would lose

livestock to jaguars, while 32% stated it was unlikely (M = moderately likely; Figure 3.3F).
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The perceived effectiveness of mitigation tools was similar in year 2 compared to year 1.
Night penning was perceived to be the most effective conflict mitigation strategy (Figure 3.4A).
Seventy-eight percent of respondents (n = 49) thought it to be somewhat to very effective in
reducing livestock loss (M = somewhat effective). Sixty percent of respondents (n = 38) believed
electric fencing to be somewhat to very effective in reducing livestock losses (M = moderately
effective). The use of criollo cattle breeds to defend livestock was perceived to be somewhat to
very effective by 52% of respondents (n = 32, M = neither effective nor ineffective).

Reported intent to use any of the three mitigation tools in the future was higher in year 2
than year 1 (Figure 3.4B). Electric fencing was the tool that ranchers most reported intention to
implement (M = moderately likely); 81% of respondents (n = 50) said they are somewhat likely to
very likely to implement an electric fence in the future. Respondents were similarly likely to
implement night penning in the future, with 78% of respondents (n = 49) stating they are more
likely than not to implement it in the future (M = moderately likely). Ranchers were more likely
to purchase and integrate criollo cattle into their herd (M = somewhat likely) in year 2, with 52%
(n = 33) more likely than not to use criollo cattle.

Predictors of tolerance for jaguars

The top predictor model of behavioral intentions of retaliatory killing of jaguars was that
of the social psychological variables of theory of planned behavior (Table 3.3). Attitudes towards
retaliatory killings (f = 0.62, 90% BCls: 0.34, 0.94), subjective norms of retaliatory killings (B =
0.48, 90% BCls: 0.28, 0.68), and behavioral control of killing jaguars ( = 0.34, 90% BCls: 0.07,
0.61) were meaningful and positive predictors of retaliation (Figure 3.5B). Number of cattle (f =
-0.07, 90% BClIs: -0.26, 0.12) and gender ( = 0.05, 90% BCls: -0.55, 0.65) were not meaningful

predictors of tolerance. The top model had an R? value of 0.79 + 0.06. The model of social

70



psychological variables from theory of planned behavior and losses (hypothesis 4) had slightly
more predictive power (R? = 0.83 + 0.05) than the top model, and a Alooic of 1.51. In the model
of theory of planned behavior and losses, past losses were a moderately meaningful and positive
predictor of intent to retaliate (f = 0.26, 75% BClIs 0.07, 0.45). The models of past and expected
damages from jaguars (hypothesis 1) and the perceived effectiveness of reducing depredations via
electric fences (hypothesis 5) explained little variation in intention to retaliate and had high Alooic
values. All model results are available in Table S5.

Seventy-four percent of respondents (n = 50) believed retaliatory killings of jaguars to be
justified (M = moderately justified; Figure 3.5A). Moreover, 41.1% (n = 29) of participants
believed retaliatory killings of jaguars were highly justified. Most respondents (53%, n = 37)
thought the people important to them would admire them if they killed a jaguar (M = somewhat
agree). Behavioral control of killing jaguars was low, with 93% of respondents (n = 65) stating
that it was somewhat to very difficult to kill a jaguar. Reported intention to retaliate against jaguars
after the next depredation was low. Only 17.1% (n=12) were more likely than not to retaliate
against a jaguar. Notably, all respondents that said they were very likely (n = 4) to retaliate were
in community 1.

Impact of fencing on tolerance

We interviewed 56 respondents both years, eight of whom implemented fences (treatment)
and 48 who did not implement fences (control). Empirical data and model results indicate that
before the intervention, the treatment group was less likely to retaliate against jaguars following
the next depredation and more likely to have negative attitudes towards retaliatory killing than the
control group. In year 1, 75% of respondents in the control group believed retaliatory killings were

justified, while 50% of the treatment group believed they were justified (Figure 3.6). For
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behavioral intention, 17% of the control group in year 1 intended to kill a jaguar following the next
depredation, while 12% of the treatment group intended to kill a jaguar after the next depredation.
In year 2, 69% of respondents in the control group believed retaliatory killings were justified, while
50% of the treatment group believed they were justified (Figure 3.6). For behavioral intention,
12% of the control group in year 2 intended to kill a jaguar following the next depredation, while
25% of the treatment group intended to kill a jaguar after the next depredation.

In year 1, there was a meaningful negative correlation between the treatment group and
behavioral intentions to retaliate (B = -2.43, 90% BCls: -4.72, -0.31); thus, the treatment group
was less likely to have intentions to kill a jaguar than the control group. The moderately meaningful
negative correlation between the treatment group and attitudes towards retaliatory killing (B = -
1.15, 75% BCls: -2.27, -0.03) indicates that the treatment group was less likely to believe that
retaliatory killings were justified than the control group in year 1.

The fence intervention was unsuccessful at increasing tolerance for jaguars in the treatment
group. Attitudes (f = 0.15, 90% BCls: -0.83, 1.11) did not change as a result of the intervention.
Moreover, behavioral intention to retaliate meaningfully increased after the intervention for the
treatment group (B = 1.50, 90% BCls: 0.26, 2.76), indicating that the treatment group had higher
intentions of killing a jaguar after receiving electric fencing.

Discussion

We assessed human-jaguar conflict, predictors of tolerance for jaguars, and the
effectiveness of an intervention to increase tolerance in the Colombian Llanos. We found that an
approach focused only on reducing depredations is unlikely to improve tolerance of jaguars, as
losses are not the only driver of intentions to retaliate against jaguars and treatment participants

were already largely tolerant before the intervention. The ubiquity of depredations, high social
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acceptance of retaliatory killings, and number of intolerant community members suggest the need
for alternative conflict approaches—such as community-wide tolerance surveys and focus groups
to understand community needs—to prioritize interventions that reduce livelihood impacts and
conserve sustainable jaguar populations in the region.

Robust evaluations of carnivore conflict interventions are essential to prioritize scarce
resources (van Eeden et al., 2018), and interdisciplinary approaches are necessary to mitigate
conflicts (Baynham-Herd et al., 2018). In this study we demonstrate how psychological factors
can improve our understanding of a human-carnivore conflict intervention’s effectiveness. We
found that the intervention of electric fencing did not increase tolerance in the treatment group —
behavioral intention to retaliate was higher for the treatment group after the installation of fencing
and attitudes were unchanged. However, our statistical analysis identified the treatment group as
unlikely to kill jaguars before the intervention of electric fencing. Self-selection bias led to a
treatment group of ranchers who were predisposed to tolerant attitudes and behaviors before
conflict mitigation was implemented. This is corroborated by meaningful negative correlations
between attitudes towards retaliatory killings of jaguars and behavioral intentions to retaliate
against jaguars in the treatment group in year 1. Though our sample size of fence implementers
was small due to funding limitations, our study provides insight for practitioners to understand
how group selection may affect the outcome of interventions. Community members’ engagement
with conservation organizations is likely influenced by a combination of their tolerance for jaguars
and their disposition to work with the conservation organization (i.e., the liking principle;
Abrahamse & Steg, 2013; Cialdini & Goldstein, 2004). It is therefore crucial to assess community
engagement strategies to understand how to reach intolerant community members. We recommend

that future initiatives collect baseline information on individual ranchers’ and the community’s
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tolerance for carnivores prior to interventions. This will enable organizations to understand the
scale of attitudes and behavioral intentions that can affect carnivore populations, ensure that
interventions are adequately addressing target individuals, and provide a reference point to
evaluate effectiveness.

Social psychological variables from the theory of planned behavior are a better predictor
of retaliation against jaguars than past or expected depredations. This finding contributes to a
growing body of literature that demonstrates that the level of livestock losses and lethal removal
of carnivores are seldom proportional (Dickman, 2010; Inskip & Zimmermann, 2009; Kansky &
Knight, 2014; Pooley et al., 2017; Redpath et al., 2013). In the Brazilian Pantanal, for example,
intention to kill jaguars was predicted by personal and social motivations along with perceived
impact on livestock (Marchini & Macdonald, 2012). Similarly, jaguar persecution in the Bolivian
Amazon is common and socially accepted where cattle depredation is not a concern (Knox et al.,
2019). Attitudes, which are a strong predictor of behavioral intention (Manfredo, 2008; St. John et
al., 2010), were not correlated with livestock losses in a series of range-wide case studies of jaguars
(Zimmermann et al., 2021). We recommend that future conflict mitigation approaches that seek to
increase tolerance go beyond livestock losses and measure attitudes and behavioral intentions to
design interventions that target the desired behavioral outcome (Nilsson et al., 2020).

Positive attitudes towards retaliation, held by nearly three-quarters of respondents, were
the strongest predictor of retaliation. The pervasiveness of attitudes and normative support in favor
of retaliation are a concern for the persistence of jaguars. Coupled with the number of respondents
with intent to retaliate, these results demonstrate that actions are needed to reduce intent to retaliate
against jaguars if the goal is to sustain or increase jaguar populations. We did, however, find that

behavioral control to kill a jaguar was low; only 7% of respondents believed it to be easier than
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difficult. We attribute this to the nocturnality and elusive nature of jaguars, as well as many
respondents’ admission that they did not have proper firearms or hunting dogs to pursue jaguars.
Because of the illegal nature of killing jaguars and owning firearms in Colombia, both actions are
likely underreported. In addition to technical fixes like fences, organizations could implement
financial incentives that dissuade hunting jaguars (Baynham-Herd et al., 2018), such as carbon
credits for habitat conservation (Hyde, Boron, et al., 2022) and alternative livelihood training.
Increasing tolerance, however, to maximize carnivore populations should not be the sole purpose
of conservation initiatives, as it perpetuates the disproportionate burden of living with carnivores
felt by rural and Global South communities (Harris et al., 2023; Jordan et al., 2020). Conservation
programs could mitigate lost income and food insecurity from livestock depredations to foster
equity and justice for rural communities (Barua et al., 2013; Harris et al., 2023; Jordan et al., 2020).

The prevalence of livestock losses to jaguars underscores the urgent need for a systematic
response to address the disproportionate impacts of carnivores in these communities. Seventy-one
percent of respondents reported losses in the past year, with 60% experiencing moderate to severe
losses. Current human-jaguar conflict approaches in Colombia are limited in scale and lack
evaluation (Pineda, 2023). Electric fences are the most common solution but only reduce
depredations in a small area (0.7 - 7%) of each ranch in the Llanos region (Valderrama-Vasquez
et al., 2023), indicating that this strategy is impractical for extensive rangelands with low forage
quality. At the regional scale, environmental authorities lack personnel, training, and financial
resources to address livestock losses and illegal killings. Authorities commission descriptive
reports of human-carnivore conflict in their jurisdiction. These reports are often unavailable to the
scientific community, focus on ecological and basic economic impacts (Aconcha-Abril et al.,

2016), and present one-size-fits-all solutions to a complex issue. It is therefore important that
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national authorities implement a nationwide assessment of human-jaguar conflict, put forth
stronger reporting systems for jaguar conflicts, and convene experts to develop and evaluate a suite
of conflict mitigation tools that are adapted to local conditions. National authorities could then
fortify local governance structures of regional authorities to respond to human-jaguar conflicts
within their jurisdictions.

Facilitating community-based approaches to designing and evaluating depredation
mitigation programs would benefit Colombian carnivore management by creating locally
grounded solutions. Government agencies and non-governmental organizations should first work
with communities to co-identify the drivers of human-carnivore conflict and social and
biodiversity outcomes (Mishra et al., 2017). A bottom-up approach may garner local ownership,
encourage participation, and balance power dynamics between outsiders and community members
(Bijoor et al., 2021; Redpath et al., 2017; Young et al., 2021). Interventions could then be designed
in conjunction with local stakeholders, who can provide practical knowledge about local ecological
and production systems that can improve the suitability of strategies (Hyde, Breck, et al., 2022;
Mishra et al., 2017). Regional authorities, private donors, and international development programs
could foster on-the-ground partnerships through flexible funding that allows organizations to
ensure continued presence in the area and operate according to the community’s timeline. Ideally,
future conflict mitigation initiatives should integrate social science research methods from the
onset and facilitate community-driven approaches to mediate livelihood impacts and the unequal

burden endured by rural communities in the Global South that live with carnivores.
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Tables and Figures

Human social system Ecological system

Human-
Society Institutions Groups wildlife Populations Communities Ecosystems

interaction

Humans Carnivores

Human-

wildlife
interaction

Figure 3.1. The socio-ecological system of human-wildlife interactions, adapted from Lischka et
al. 2018.
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Table 3.1. The cognitive hierarchy, definitions of its concepts, and examples in human-carnivore

conflict.

The cognitive hierarchy and contextualization in human-carnivore conflict

Concept Definition Example in Human-carnivore conflict
Example of the 10 broad values that
could be relevant to conflict:

Motivational goals that influence Power: Control over people or
thought and ultimately behavior @ces, such as control of wildlife.
(Schwartz, 1992). These are
Values ordered according to 1rpportance for Tradition: Commitment to acceptance
oneself. Values are typically few in of customs of one’s culture. like
number and are unlikely to change historic killing of jaguars 0;
after childhood (Manfredo et al., maintaining ranching customs
2017). & & :
Universalism: Appreciation for the
welfare of all people and nature.
Examples of the four orientations:
Mutualism: Jaguars are worthy of care
and compassion—i.e., we invaded their
territory, and we should safeguard
them.
Basic beliefs that give contextual Domination: Human endeavors should
Value meaning to values in relation to a be prioritized over jaguar wellbeing,
orientations certain domain (Manfredo et al., and jaguars should be managed for
2009; Teel & Manfredo, 2010). human benefit.
Pluralism: We should find a balance
between human endeavors and jaguar
welfare.
Distanced: Little interest or value in
jaguars or the value of wildlife.
Positive or negative evaluation of
an object which are formed based
. on yalues (Manfredo, 2008). Whether retaliatory killing of a jaguar
Attitudes Attitudes can change are commonly followine a livestock depredation is
a target of conservation initiatives stifie dg P
(Wallen & Landon, 2020). ] ’
Informal rules that define
acceptable actions for a person or , . L
s Whether one’s family or social circle
Norms group (Cialdini & Trost, 1998). o .
Personal and descriptive norms would approve of them killing a jaguar.
may be of particular importance for
intention (Niemiec et al., 2020).
].Sehav.l oral Intention to retaliate against a jaguar
intentions

for livestock loss
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Intention to carry out an action,
informed by one’s belief of their
ability and resources (Ajzen, 1985).

Behavior

One’s action or conduct

Retaliation against a jaguar for
livestock loss
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Figure 3.2. Map of the Colombian Orinoquia Region where the study was conducted.
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Table 3.2. Hypotheses of predictor models for tolerance (intent to kill a jaguar).

Predictor models for tolerance

# Hypothesis
1 Past and expected losses to jaguars, number of cattle, and gender.
) Past and expected losses to jaguars, attitudes towards retaliation, number of cattle,

and gender.

Attitudes towards retaliation, subjective norms of killing jaguars, behavioral
3 control of killing a jaguar (variables from theory of planned behavior), number of
cattle, and gender.

Past and expected losses to jaguars, attitudes towards retaliation, subjective norms
4 of killing jaguars, and behavioral control of killing a jaguar. (losses + variables
from theory of planned behavior + losses).

Perceived effectiveness of electric fences and behavioral control of implementing
them, number of cattle, and gender.
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Year 1

(a) Desired jaguar pop. status (b) Losses in the past year (c) Likelihood of future losses

€50 30 30

40

30 20 20

20

: L
Decrease  Slay  Increase 0 j— [ - 0 --_---
the same 1 2 3 4 5 1 3 4
Wildlife acceptance cacpacity 1-none, 5-very significant damage 1 -very unhkely, 7- very Ilkely
Year 2
(d) Desired jaguar pop. status (e) Losses in the past year (f) Likelihood of future losses

€ 50 30 30

40

30 20 20

20

E ) . . ) l

: N =
Decrease Stay Increase 0 — - - 0 — —
the same 1 2 3 4 5 1 2 3 4
Wildlife acceptance cacpacity 1-none, 5-very significant damage 1-very unlikely, 7-very likely

Community 1 2H3MW4

Figure 3.3. Summaries of interview results on losses and wildlife acceptance
capacity. a & d) wildlife acceptance capacity; b & e) Self-reported losses in the past
12 months; ¢ & f) reported likelihood of losses in the next 12 months.
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(a) Perceived effectiveness

qur 1 Year 2

o, Electric fence 33% I i . 61% 38% i - 60%
=] ! !
2 | E
£ | i
» : :
g Night penning 30% : 64% 22% :
b= ! :
i} / ;
2 ; :
= ! :
= : i
Criollo cattle 29% : 51% : 48%
100 50 0 50 100 100 50 0 50 100

Year 1 Year 2

5, Electric fence| 60% i . 34% 17% I § -81%
=1} i !
2 | S
i | i
7] : :
g Night penning| 63% : 34% 19% : 78%
= i !
© ! ;
2 ; H
= ! :
= : i

Criolle cattle] 77% ! 14% 38% 52%

100 50 0 50 100 100 50 0 50 100

Percent respondents

(b) Likelihood of future use

Percent respondents

Response

M Very Ineffective
Moderately Ineffective
Somewhat Ineffective
Neither Effective nor Ineffective
Somewhat Effective

I Moderately Effective

M Very Effective

Response

M Very Ineffective
Moderately Ineffective
Somewhat Ineffective
Neither Effective nor Ineffective
Somewhat Effective

I Moderately Effective

M Very Effective

Figure 3.4. A) Perceived effectiveness of conflict mitigation strategies in the Colombian Llanos.
b) reported intention to implement conflict mitigation strategies in the future.
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Table 3.3. Tolerance model selection in year 1.

Tolerance model selection results

Model Hypothesis Alooic elpd_diff p_loo R?
Attitudes towards retaliation, subjective
norms of killing jaguars, behavioral control 0.79
of killing a jaguar (variables from theory of 3 0 0 14.36 id 06
planned behavior), number of cattle, and '
gender predict intention to kill a jaguar.
Past and expected losses to jaguars,
attitudes towards retaliation, subjective
norms of killing jaguars, and behavioral 0.83
control of killing a jaguar. (losses + 4 1.45 -0.73 17.53 +0.05
variables from theory of planned behavior +
losses) predict intention to kill a jaguar.
Past and expected losses to jaguars,
attitudes towards retaliation, number of 0.76
cattle, and gender predict intention to kill a 2 13.09 -6.55 15.17 +0.07
jaguar.
Past and expected losses to jaguars, number 0.33
of cattle, and gender predict intention to kill 1 39.57 -19.79 13.10 i(; 09
a jaguar. '
Perceived effectiveness of electric fences
and behavioral control of implementing 0.28
them, number of cattle, and gender predict > 48.53 -24.26 | 1459711 +0.09
intention to kill a jaguar.

Alooic = Leave-one-out cross-validation information criterion, elpd_diff = expected log predictive density difference. p_loo
= effective number of parameters. The variables of number of cattle and gender were included on all models but were not
meaningful predictors.
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(a) Psychological factors from (b) Posterior densities of predictors
the top model

Attitudes 3
in favor of :
retaliation i
Behavioral
intention ! 17% Behavioral control
to retaliate !
— Cattle
Subjective norms I
in favor of { 53%
retaliation i
Gender
Behavioral control %
of killing jaguars ; °
: Subjective norms
100 50 0 50

100

T4%

Attitudes

Psychological variable
Predictor

Percent respondents

I
|
\
M Strongly oppose Neither oppose Somewhat support -1 1] 1

Response | Moderately oppose nor support 1 Moderately support Estimate
Somewhat oppose M Strongly support

Support ltails [l130% C region

Figure 3.5. a) Reported intent to kill a jaguar following the next depredation in year 1. The
scale is modified to show support and opposition for each psychological variable due to
differing original scales. b) Predictors and posterior density estimates from the top retaliation
model. Orange represents the 90% Bayesian credible intervals, and red is the tails of the
posterior densities (5%, 95%). Predictors were considered meaningful if the 90% BCI did not
Cross Zero.
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5]
Control ” Treatment 1

Attitudes in favor
of retaliation
‘: 23% 5% 38% 50%
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Figure 3.6. Comparison of the control group (n = 48 ranches) and treatment group (n = 8
ranches) in year 1. The scale is modified to show support and opposition for each psychological
variable due to differing original scales. The treatment group disapproved of retaliatory killings
and had lower intention to kill a jaguar than the control group. Icon credit: Andi Nur Abdillah
(fence) and Mozillian (cattle).
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Chapter 1

Supplementary information

Table S1. Hypotheses are parameters of the application of the Barker Robust Design

methodology for jaguars in Hato La Aurora, Colombia.

Variable in

Parameter Parameter description models Model description
S() Constant apparent
survival
i S(sex) Apparent survival based
Probability that on sex
g individual i in primary
sampling period ¢ S(sex*time) Apparent survival
survives to period 7 + 1. depends on sex and time
Interactions
S(time) Survival depends on
time
Probability that an p(.) Constant detection
individual i is detected I%rotba:’.lhty o
. . . ion probabili
% in primary period ¢, p (year) ctection probabrity
p . SO changes with session
given that 1_t is alive, in p (sex) Sex specific detection
the Populatlon, and‘ p (year* sex) Time and sex differences
available for detection. in detection
Mixture 1 Group of individuals
L whose home range
Heterogeneity in mostly occurs outside of
] recapture probabilities the reserve
g based on individual Mixture 2 Group of individuals
characteristics whose home range
mostly falls within the
core of the reserve
R() Constant resighting
probability
Probability that an R(time) Resighting probability
individual i is detected changes over time
alive and reported R(sex) Resighting probability is
R* . . different based on sex
between primary periods R(sex*time) Resighting probability
tand ¢ + I, given it depends on sex and time
survives to period ¢ + 1. interactions
R(T) Resighting probability
fitted with a linear trend
Probability that R'() anstant probability of
R individual i is detected beling een thoudgh dead
. and not reporte
alive and reported R (time) Time dependent

between primary periods

probability
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tand r + 1, given that it R’(sex) Sex dependent
dies in that interval but probability :
is not recovered and R’(sex*time) Sex and time interaction
for the probability
reported.
Probability individual i a'() Random movement
is available for detection a’(time) Markovian movement
in primary period ¢ + 1, a’(sex*t) Markovian movement
given it was unavailable based on sex and time
a'* in period t, and survived - ll\r/}zfgsi(:r‘lsmovemem
and remained faithful to a’(sex) based on sex
the population from ¢ to ¢
+ 1.
Probability individual i a"(=1) No movement
is available for detection a"(time) Time varying movement
in primary period ¢ + 1, (Markovian)
given it was available in a"(sex) ls\gc):vement varying by
a’* period ¢, gnd surylved 2" (sex*time) Movement varying by
and remained faithful to sex and time interactions
the population from
periodttot + 1.
The size of the subset of
the population that is
N* available in the study Derived parameter

area during primary
period .

! All models included heterogeneity in detection probably because of the selected data type
(Huggins with heterogeneity and p).

* Parameter descriptions from Kendall et al. 2013
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Table S2. Model averaged estimates for the Barker Robust Design model for jaguars in Hato La

Aurora.
Sex Year Estimate SE LCI UCI

2014 3.0003 0.01726 2.96647 3.03412

2015 6.64823 0.88181 4.91987 8.37658

2016 3.40103 0.68572 2.05702 4.74504

" 2017 6.80206 0.98567 4.87016 8.73397

;; 2018 3.14794 0.41412 2.33626 3.95962

2019 5.47555 0.75336 3.99896 6.95213

Z 2020 6.54166 0.80274 4.9683 8.11503
§ 2021 10.5697 0.83708 8.92906 12.2104
_CE 2022 14.5394 1.3924 11.8103 17.2685
E 2014 2.26735 0.55679 1.17604 3.35866
< 2015 3.40103 0.68572 2.05702 4.74504
2016 1.00011 0.01056 0.97942 1.0208

2 2017 6.80206 0.98567 4.87016 8.73397

Té 2018 8.85966 1.02311 6.85437 10.8649

i 2019 6.80206 0.98567 4.87016 8.73397

2020 6.6945 0.91365 4.90374 8.48526

2021 9.60783 0.85582 7.93044 11.2852

2022 14.3691 1.30716 11.8071 16.9312

Sex Year Estimate SE LCI UCI

2014 0.78075 0.09547 0.54411 0.91398

2015 0.78387 0.07321 0.60858 0.89429

2016 0.78372 0.07267 0.60997 0.89357

% 2017 0.78362 0.07309 0.60874 0.89395

2 § 2018 0.78383 0.07253 0.61044 0.8935
= 2019 0.78386 0.07244 0.6107 0.89343
E 2020 0.78376 0.07246 0.61057 0.89338
2 2021 0.78386 0.0723 0.61109 0.89328
‘g 2022 0.78396 0.07239 0.61092 0.89347
5 2014 0.79519 0.0908 0.56557 0.9205
§ 2015 0.79831 0.06547 0.6408 0.89777
8 2016 0.79825 0.06541 0.6409 0.89766

g 2017 0.79818 0.06543 0.6408 0.89762

= 2018 0.79829 0.06541 0.64095 0.89769

2019 0.7983 0.06542 0.64092 0.89772

2020 0.79827 0.06538 0.64102 0.89763
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2021 0.7983 0.0654 0.64097 0.89769
2022 0.79833 0.06546 0.64083 0.89778
Sex Year Estimate SE LCI UCI

2014 0.07789 0.11029 0.00415 0.63149

2015 0.07789 0.11029 0.00415 0.63149

2016 0.07789 0.11029 0.00415 0.63149

- 2017 0.07789 0.11029 0.00415 0.63149

;cé 2018 0.34233 0.15846 0.11584 0.67406

2019 0.32112 0.14718 0.11186 0.63983

~) 2020 0.40318 0.18169 0.1333 0.74795
o6 2021 0.18585 0.08291 0.07234 0.40054
= 2022 0.27305 0.11419 0.10844 0.53702
';7; 2014 0.08048 0.1138 0.00428 0.64064
= 2015 0.08048 0.1138 0.00428 0.64064
2016 0.08048 0.1138 0.00428 0.64064

2 2017 0.08048 0.1138 0.00428 0.64064

Té 2018 0.34764 0.15704 0.12062 0.67432

i 2019 0.32632 0.14575 0.11667 0.63982

2020 0.40862 0.18083 0.13748 0.74971

2021 0.19 0.08444 0.0741 0.40742

2022 0.27816 0.11515 0.11129 0.54251

Sex Year Estimate SE LCI UCI

2014 0.02091 0.05608 9.9E-05 0.82097

2015 0.02091 0.05608 9.9E-05 0.82097

g 2016 0.02091 0.05608 9.9E-05 0.82097
'q:, 7 2017 0.02091 0.05608 9.9E-05 0.82097
% § 2018 0.03832 0.13127 3.7E-05 0.97723
§ 2019 0.02091 0.05608 9.9E-05 0.82097
é 2020 0.16459 0.29501 0.00293 0.92961
e 2021 0.02091 0.05608 9.9E-05 0.82097
?c: 2022 0.17236 0.3663 0.00136 0.96964
< 2014 0.26681 0.35745 0.01003 0.92894
§ 2015 0.26681 0.28807 0.0199 0.86709
E’) ® 2016 0.26681 0.28379 0.02075 0.86206
é Té 2017 0.26681 0.28361 0.02079 0.86185
e 2018 0.40193 0.32797 0.0443 0.90693

2019 0.26681 0.28361 0.02079 0.86185

2020 0.53903 0.35789 0.06497 0.95164




2021 0.26681 0.28361 0.02079 0.86185
2022 0.52979 0.36082 0.06183 0.95065
Sex Year Estimate SE LCI UCI

2015 0.99998 0.00179 0.99647 1.00349
12 2016 0.44208 0.20665 0.13298 0.80367
E 2017 0.99305 0.16537 0.66893 1.31718
% LE 2018 0.97367 0.20234 7.1E-06 1
E = 2019 0.95994 0.11625 0.06017 0.99989
= 2020 0.75397 0.16543 0.34795 0.94623
'_% 2021 0.95055 0.10091 0.22242 0.99923
_5 2022 0.99998 0.0018 0.99645 1.00351
E 2015 0.99999 0.00147 0.9971 1.00287
g 2016 0.43978 0.20474 0.13345 0.80007
'E,) . 2017 0.99306 0.16527 0.66913 1.31698
% = 2018 0.9758 0.19814 2.9E-06 1
-c‘c:: E.) 2019 0.95952 0.11675 0.06147 0.99988
< 2020 0.75508 0.16452 0.35031 0.94632

2021 0.95055 0.10083 0.22296 0.99922

2022 0.99998 0.00149 0.99707 1.0029
o Sex Year Estimate SE LCI UCI
};: 2015 0.38845 0.21003 0.00158 0.99608
§ 2016 0.38846 0.21005 0.00158 0.99608
% % 2017 0.38845 0.21003 0.00158 0.99608
§ § 2018 0.38845 0.21003 0.00158 0.99608
-:% 2019 0.38845 0.21003 0.00158 0.99608
2 2020 0.38846 0.21005 0.00158 0.99608
g 2021 0.38846 0.21005 0.00158 0.99608
-E 2015 0.38844 0.21003 0.00158 0.99608
E 2016 0.38845 0.21004 0.00158 0.99608
§ 38 2017 0.38844 0.21003 0.00158 0.99608
:g” % 2018 0.38844 0.21003 0.00158 0.99608
§ - 2019 0.38844 0.21003 0.00158 0.99608
'§ 2020 0.38845 0.21004 0.00158 0.99608
< 2021 0.38845 0.21005 0.00158 0.99608

SE = standard error, LCI = lower 95% confidence interval, UCI = upper 95% confidence

interval.
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Chapter 2

Description of livestock data

Spatial data on the abundance of livestock is unavailable for the study area. We therefore
used the annual livestock density data developed by Goljani Amirkhiz et al. (2018). The
authors obtained Animal Unit Month (AUM) data from 3876 allotments of the US Forest
Service and Bureau of Land Management in the study area. AUM is the restriction placed on
public grazing allotments for the number of livestock that can be grazed on the allotment,
which is based on an estimate for the amount of available forage (Holechek, 1988; Sprinkle &
Bailey, 2004). Therefore, annual AUM density is based on the carrying capacity for livestock
based on spatial variables such as precipitation, elevation, and others. The authors summed
across the year to get an annual abundance for each allotment. They then used a generalized
linear model to model annual AUM density. Using a set of 37 ecological, bioclimatic, and
topographic covariates, the authors compared 108 models and ranked models using Akaike
Information Criterion adjusted for small sample sizes (AICc). The top model consisted of the
following variables:

Table S3. Variables included in the annual livestock density top model.

Variable name Description

Arc GIS 10.3 Zonal Statistics tool to identify the
major

land cover category within each allotment.

We reduced the number of land cover categories from
50

to 19 by combining similar land cover types (e.g.,
Land cover Madrean Pine-Oak Forest and Woodland and Southern
Rocky Mountain Ponderosa Pine Woodland were
considered pine woodland).

Southwest Regional Gap

Analysis land cover map

(USGS 2007,

http://swregap.nmsu.edu/)

Considering the middle range of tree cover categories
to

obtain a continuous raster

LANDFIRE canopy cover

(USGS 2013,

http://www.landfire.gov/)

Canopy cover

Canopy cover squared Quadratic term of canopy cover

Arc GIS 10.3 Raster Calculator tool to calculate the
average absolute difference between each pixel
elevation

value and each of its eight neighbors

Terrain ruggedness index

CV of vertical distance to water resources ArcGIS 10.3 Cost Path tool by using the variation of
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slope as a cost layer.

Precipitation in the warmest quarter

Sum of mean precipitation for three consecutive
months
with highest mean precipitation

Precipitation in the warmest quarter squared

Quadratic term of precipitation in the warmest quarter

Temperature seasonality

Standard deviation of the 12 mean monthly
temperature
values multiplied by 100

Temperature seasonality squared

Quadratic term of temperature seasonality

Precipitation seasonality

Standard deviation of the means of monthly
precipitation

Precipitation seasonality squared

Quadratic term of precipitation seasonality

Precipitation seasonality CV

Coefficient of variation (CV) of precipitation
seasonality

Precipitation of driest quarter

Sum of mean precipitation for three consecutive
months
with lowest mean precipitation

Precipitation of driest quarter squared

Quadratic term of precipitation of driest quarter

Precipitation of driest quarter CV

Coefficient of variation (CV) of precipitation of the
driest month

Full details of the methodology are available in Goljani Amirkhiz et al. (2018).
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Description of native ungulate data

Again, spatial data on the abundance or density of native ungulates (elk, Cervus canadensis,
mule deer Odocoileus hemionus, and white-tailed deer Odocoileus virginiana) were
unavailable for the study area at the resolution of the analysis. We therefore used relative
abundance estimates from Goljani Amirkhiz et al. (2018). The authors obtained presence
points for each of the three prey species (elk n = 1775, mule deer n = 1120, white-tailed deer
n = 367) from the Global Biodiversity Information Facility, Arizona Game and Fish
Department, and New Mexico Department of Game and Fish. These data were then used in a
Maxent model with 19 bioclimatic, 7 biotic, and 8 landscape and human variables. Models
were evaluated with k-fold cross validation, then the authors evaluated model prediction’s
accuracy based on expert knowledge of the species distribution across the study area and
prey occurrence in Arizona and New Mexico’s game management units. When experts
selected more than one model, model estimates were averaged for the prediction map to
enhance accuracy. When the model predicted the presence of a species, but it was known to
not inhabit that area, the values of those areas were changed to zero. The models selected by
experts for each species are as follows:

Table S4. Top models for native ungulate density data. Table adapted from Goljani Amirkhiz et
al. (2018).

Background Presence Uncorrelated variables w/

extent? pm:ct:lie‘il}ter contribution > 5%

Species

No MHRS (14 Mean temperature

km) of warmest quarter (59%),
Elk Precipitation of

coldest quarter (24%),
Isothermality (17%)

No MHRS (6.6 Temperature

km) annual range (34%), Slope
(28%), Temperature
seasonality (17%),
Precipitation of

coldest quarter (7%),
Vegetation Height (8),
Mule deer Canopy Cover

Majority (6%)

MHRS (6.6 1 km Slope (60%), Canopy Cover
km) Majority (40%)

MHRS (6.6 AHRS (4.7km) Vegetation Height (35%),
km) Slope (18%), Land Cover
Majority (17%), Canopy
Cover
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Majority (14%), Distance to
Roads (10%), Heat Load
Index (6%)

MHRS (6.6
km)

MHRS (6.6
km)

Canopy Cover

Majority (26%), Slope
(23%), Soil Suborder
Majority (14%), Tree Canopy
Cover (13%), Heat Load
Index (13%), Distance to
Water

Resources

(11%)

White-
tailed deer

MDD (224
km)

1 km

Annual

precipitation (31%),
Precipitation of

wettest month (19%),
Temperature

seasonality (17%), Minimum
Temperature of

coldest month (12%), Soil
Suborder

Majority (11%),

Land Cover

Majority Variation (5%),
Precipitation of

coldest quarter (5%)

MHRS (3.1
km)

AHRS (2.2
km)

Soil Suborder

Majority (35%), Vegetation
Height (33%), Canopy Cover
Majority (32%)

a Extent in which random background points are selected: No = no background limitation,
MDD = maximum dispersal distance, MHRS = maximum home range size.

b Scale in which all presence points but one are randomly removed: AHRS = average home
range size, MHRS = maximum home range size.

Full details of the methodology are available in Goljani Amirkhiz et al. (2018).
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Chapter 3
Interview questions in English

Ranch ID:
Gender:
Approximate area:
Number of cattle:

e 0

e 1-50

e 51-150

e 151-300
e 301-1000
e 1000+

General questions:

1. Do you think the population of jaguars should:
a. Increase
b. Stay the same
c. Decrease

2. How much damage have jaguars caused to your livestock in the past?
None

A slight amount

A moderate amount

Alot

. Agreat deal

3. How much damage have jaguars caused to your neighbors in the past?
None

A slight amount

A moderate amount

Alot

A great deal

Unsure

A great deal

. Unsure

o a0 o

SRmoe a0 o

4. How likely is it that jaguars will cause damage to you in the next 12 months?

Very unlikely

Moderately unlikely
Somewhat unlikely
Neither likely nor unlikely
Somewhat likely
Moderately likely

. Very likely

N

5. How likely is it that jaguars will cause damage to your neighbors in the next 12 months?

Very unlikely
Moderately unlikely
Somewhat unlikely

/e o

Neither likely nor unlikely
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PR oo

Somewhat likely
Moderately likely
Very likely
Unsure

Willingness to implement/perception of preventative strategies

1. How effective do you think an electric fence to protect cattle would be on your ranch?

e

Very ineffective

Moderately ineffective
Somewhat ineffective

Neither effective nor ineffective
Somewhat effective
Moderately effective

Very effective

2. How effectlve do you think moving cattle nightly to a pen or corral near the house would be to
protect cattle?

a.

e ™o a6 o

Very ineffective

Moderately ineffective
Somewhat ineffective

Neither effective nor ineffective
Somewhat effective
Moderately effective

Very effective

3. How effective do you think integrating criollo cattle into your herd would be to protect against
depredations?

a.

e a0 T

Very ineffective

Moderately ineffective
Somewhat ineffective

Neither effective nor ineffective
Somewhat effective
Moderately effective

Very effective

4. How 11ke1y are you to implement an electric fence on your ranch to protect cattle?

R

Very unlikely

Moderately unlikely
Somewhat unlikely
Neither likely nor unlikely
Somewhat likely
Moderately likely

Very likely

5. How hkely are you to move cattle nightly to a pen or corral on your ranch?

a.
b.
C.

Very unlikely
Moderately unlikely
Somewhat unlikely
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d. Neither likely nor unlikely
e. Somewhat likely

f.  Moderately likely

g. Very likely

6. How likely are you to integrate criollo cattle into your herd on your ranch?
a. Very unlikely

b. Moderately unlikely

c. Somewhat unlikely

d. Neither likely nor unlikely
e. Somewhat likely

f.  Moderately likely

g. Very likely

Personal norms

1. Do you think protecting, rather than killing, wildlife on your property would be:
a. Very harmful

Moderately harmful

Somewhat harmful

Neither harmful nor beneficial

Somewhat beneficial

Moderately beneficial
g. Very beneficial

2. Do you think protecting habitat on your property that native animals use would be:
a. Very harmful

mo oo o

Moderately harmful
Somewhat harmful

Neither harmful nor beneficial
Somewhat beneficial
Moderately beneficial

e a0 o

g. Very beneficial
3. How effective is killing a jaguar compared to implementing a nonlethal strategy at reducing your
losses?
a. Very ineffective
Moderately ineffective
Somewhat ineffective
Neither effective nor ineffective
Somewhat effective
Moderately effective
Very effective

@ mo Ao o
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Attitudes and intent to retaliate

1. How many of your neighbors do you think kill jaguars?

All

Most

Some

Few

None

ou think killing a jaguar if it has killed multiple calves or foals is justified?
Very justified

Moderately justified

Somewhat justified

Neither justified nor unjustified

Somewhat unjustified

Moderately unjustified

Very unjustified

ou think killing a jaguar to prevent it killing calves or foals is justified?
Very justified

Moderately justified

Somewhat justified

Neither justified nor unjustified

Somewhat unjustified

Moderately unjustified

Very unjustified

ou think killing the next jaguar the appears in your property after livestock losses would be:
Very harmful

Moderately harmful

Somewhat harmful

Neither harmful nor beneficial

Somewhat beneficial

Moderately beneficial

. Very beneficial

5. How likely are you to kill the next jaguar you see on your ranch after a depredation?
Very unlikely

Moderately unlikely

Somewhat unlikely

Neither likely nor unlikely

Somewhat likely

Moderately likely

Very likely

00%999?P%mrw°99¢s<mrwvgocv<rvgocs

Qe e s

Measuring subjective norms around lethal and non-lethal control

1. How many of the people important to you would disapprove of you killing big cats on your
ranch?
a. All would disapprove
b. Most would disapprove
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c. Some would disapprove
d. Few would disapprove
e. None would disapprove
2. Most people important to me think that killing big cats is admirable.
a. Strongly agree

b. Moderately agree

c. Slightly agree

d. Neither agree nor disagree
e. Slightly disagree

f.  Moderately disagree

g. Strongly disagree

3. Most people important to me think that implementing a nonlethal strategy is admirable.

a. Strongly agree

b. Moderately agree

c. Slightly agree

d. Neither agree nor disagree
e. Slightly disagree

f.  Moderately disagree

g. Strongly disagree

Measuring behavioral control for lethal and non-lethal control

1. For me, killing the next jaguar that appears on my property would be...
a. Very difficult
b. Moderately difficult
c. Somewhat difficult
d. Somewhat easy
e. Moderately easy
f.  Very easy

2. For me, implementing a nonlethal strategy (define) on my property would be...

a. Very difficult

b. Moderately difficult
c. Somewhat difficult
d. Somewhat easy

e. Moderately easy

f.  Very easy
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Interview questions in Spanish

ID de la finca:

Género:

Area aproximada de la finca:
Numero de ganado bovino:

e 0

e 1-50

e 51-150

e 151-300
e 301-1000
e 1000+

Preguntas generales:

6. (Cree que la poblacion de jaguares deberia aumentar, mantenerse, y reducirse?:
a. Aumentarse
b. Mantenerse
c. Reducirse
7. ¢Cuanto dafio le han hecho los jaguares en el Gltimo afio?
a. Nada
b. Muy poco daiio
c. Dafio moderado
d. Bastante dafio
e. Mucho daiio
8. ¢ Cuanto dafio les han hecho los jaguares a sus vecinos en el ultimo afio?
a. Nada
b. Muy poco dafio
c. Dafio moderado
d. Bastante dafio
e. Mucho dafio
9. (Qué tan probable es que un jaguar le causa dafio en los préximos 12 meses?
a. Muy improbable

Bastante improbable
Moderadamente improbable
Ni probable ni improbable
Poco probable

™o o o

Moderadamente probable
g. Muy probable

10. ;{Qué tan probable es que un jaguar causa dafio a sus vecinos en los proximos 12 meses?
a. Muy improbable

Bastante improbable

Moderadamente improbable

Ni probable ni improbable

Poco probable

Moderadamente probable

@™o o o

Muy probable
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Voluntad de implementar y percepcion de estrategias

7. (Qué tan efectivo cree usted que seria una cerca eléctrica para proteger su ganado?
a. Muy inefectivo

Bastante inefectivo

Moderadamente inefectivo

Ni efectivo ni inefectivo

Poco efectivo

Moderadamente efectivo
g. Muy efectivo

8. (Qué tan efectivo cree que seria mover el ganado cada noche a un corral o potrero nocturno cerca

de la casa para proteger el ganado?

a. Muy inefectivo

o oo o

Bastante inefectivo
Moderadamente inefectivo
Ni efectivo ni inefectivo
Poco efectivo

-0 a0 o

Moderadamente efectivo
g. Muy efectivo
9. (Qué tan efectivo cree que seria integrar ganado criollo a su rebafio para evitar eventos de
depredacion?
a. Muy inefectivo
Bastante inefectivo
Moderadamente inefectivo
Ni efectivo ni inefectivo
Poco efectivo

e oo o

Moderadamente efectivo
g. Muy efectivo
10. ;Qué tan probable es que usted implemente una cerca eléctrica en su finca para proteger el
ganado?
a. Muy improbable
Bastante improbable
Moderadamente improbable
Ni probable ni improbable
Poco probable
Moderadamente probable

o a6 o

g. Muy probable
11. ;Qué tan probable es que usted moviera su ganado cada noche a un corral o potrero nocturno para
reducir la depredacion?
a. Muy improbable
Bastante improbable
Moderadamente improbable
Ni probable ni improbable
Poco probable
Moderadamente probable

e a0 o
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g. Muy probable

12. ;Qué tan probable es que usted integrara ganado criollo al rebafio para reducir la depredacion?
a. Muy improbable

Bastante improbable

Moderadamente improbable

Ni probable ni improbable

Poco probable

Moderadamente probable

@ e an o

Muy probable

Normas personales

1. (Cree que proteger, en vez de matar, a los animales nativos silvestres en su predio seria:
a. Muy dafiino

Moderadamente daiiino

Bastante dafiino

Ni dafiino ni beneficioso

Poco beneficioso

Moderadamente beneficioso

Muy beneficioso

2. (Cree que proteger el habitat de los animales silvestres nativos en su predio seria:

@ Ao o

a. Muy dafiino

b. Moderadamente dafiino

c. Bastante dafiino

d. Ni danino ni beneficioso

e. Poco beneficioso

f. Moderadamente beneficioso
g. Muy beneficioso

3. (Qué tan efectivo es matar un jaguar o un puma comparado con implementar una estrategia no
letal para reducir las pérdidas?

Muy inefectivo

Moderadamente inefectivo

Bastante inefectivo

Ni efectivo ni inefectivo

Poco efectivo

Moderadamente efectivo

N A

Muy efectivo

Actitudes e intencion de retaliacion

4. ;Cuantos vecinos suyos cree que han matado jaguares o pumas?

a. Todos

b. Lamayoria
c. Algunos

d. Pocos
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c.

Ninguno

5. (Cree qué seria justificable matar un jaguar si ha matado varios becerros o potros?
a.

@ e oo o

Muy justificado
Moderadamente justificado
Poco justificado

Ni justificado ni injustificado
Poco injustificado
Moderadamente injustificado
Muy injustificado

6. (Cree qué seria justificable matar un jaguar para prevenir que mate becerros o potros?

e e o

Muy daiiino
Moderadamente dafiino
Bastante dafino

Ni dafiino ni beneficioso
Poco beneficioso
Moderadamente beneficioso
Muy beneficioso

7. (Cree que matar el siguiente jaguar que aparece en su predio seria:

mo a0 o

g

Muy daiiino
Moderadamente dafiino
Bastante dafiino

Ni dafiino ni beneficioso
Poco beneficioso
Moderadamente beneficioso
Muy beneficioso

8. ¢ Qué tan probable es que usted mata el siguiente jaguar o que usted ve en su predio?
a.

@ o Ao o

Muy poco probable
Moderadamente probable
Bastante improbable

Ni probable ni improbable
Poco probable
Moderadamente probable
Muy probable

Normas sujetivas

1. ¢Cuantas personas importantes para usted no aprobarian de que ha matado un grande felino?

a. Todos no aprobarian
b. La mayoria no aprobarian
c. Algunos no aprobarian
d. Pocos no aprobarian
e. Nadie aprobaria
2. Lamayoria de la gente importante en mi vida cree que matar un felino es admirable
a. Muy de acuerdo
b. Moderadamente de acuerdo
c. Poco de acuerdo
d. Ni de acuerdo ni desacuerdo
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e. Poco desacuerdo

f. Moderadamente desacuerdo

g. Muy desacuerdo
3. Lamayoria de gente importante en mi vida cree que implementar una estrategia no letal como la

cerca eléctrica es admirable

a. Muy de acuerdo
Moderadamente de acuerdo
Poco de acuerdo
Ni de acuerdo ni desacuerdo
Poco desacuerdo
Moderadamente desacuerdo
Muy desacuerdo

@ ™Soe o o

Control de comportamiento para intervenciones letales y no letales

3. Para mi, matar al siguiente jaguar en mi predio seria:

a. Muy dificil
b. Moderadamente dificil
c. Poco dificil
d. Ni dificil ni facil
e. Algo facil
f. Moderadamente facil
g. Muy facil

4. Para mi, implementar una cerca eléctrica en mi predio seria:
a. Muy dificil
b. Moderadamente dificil
c. Poco dificil
d. Ni dificil ni facil
e. Algo facil
f. Moderadamente facil
g. Muy facil
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Table SS. Results for predictive models of retaliation.

90% CI/75%

Model Variable Estimate Cl
Past damages 0.25 (())?(3) i (())1(6)3 /
Past and expected g e 20.07-0.87-0.01
losses to jaguars, 0.12
damages -0.23
number of cattle, 025-008/
and gender Number of cattle -0.08 PO
- . 0.202 - 0.03
predict intention Gond
to kill a jaguar. (ﬁmf - 0.52 -1.09 - 0.08 / -
eference = -0.
male) 0.93 - -0.09
Past damages 0.32 0.09 - 0.58 /0.16
-0.50
Past and expected
losses to jaguars, Expected 0.01 -0.18-0.20/ -
attitudes towards damages 0.12-0.14
retaliation, Attitudes towards 0.79 0.50-1.11/0.59
number of cattle retaliation - 1.00
and gender -0.15 -0.37-0.04/ -
predict intention Number of catle 0.29 - -0.01
to kill a j .
0 KTl a Jaguar %:fiince ) 0.17 0.79-0.48 /-
male) 0.61 -0.30
Attitudes towards Attitudes towards 0.34-0.94/0.42
. . 0.62
retaliation, retaliation -0.83
subjective norms Subjective norms 0.48 0.28-0.68/0.34
of killing jaguars, of retaliation -0.62
behavioral Behavioral
control of killing control of killing 0.34 0'875 3 0.6170.16
a jaguar, number a jaguar e
of cattle, and -0.26 -0.12/ -
gender predict Number of cattle -0.07 020 - 0.06
intention to kill a Gend
jaguar. (Theory Renf . 3 0.05 -0.55-0.65/-
of Planned ( clorence = ' 0.35 - 0.47
Behavior). male)
Past losses to Past damages 0.01-0.54/
jaguars, attitudes 0.26 0.07 - 0.45
towards ' '
retaliation, Expected 0.00 -0.21-0.227/ -
subjective norms damages ) 0.14 - 0.15
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of killing jaguars,

Attitudes towards

0.39-1.03/0.47

and behavioral retaliation 0.69 -0.92
control of killing Subjective norms 0.47 0.27-0.68/0.33
a jaguar predict of retaliation ' -0.61
intention to kill i
[ention o A @ | Behavioral 0.01-0.55/
Jaguar. (Theory control of killing 0.26 0.07 - 046
of Planned a jaguar ST
Behavior + -0.33-0.07/ -
Josses). Number of cattle -0.13 097 —0.01
?l:élfiince = -0.13 “0.85-0.59/-
B ’ 0.64 - 0.37
male)
Hltectiveness of 0.02 0.16-0.12/ -
. fencing vs killing -0. 0.12-0.07
Perceived jaguars
effectiveness of Effectiveness of 0.03 -0.16 - 0.10/ -
conflict electric fence ’ 0.12 - 0.06
mitigation tools Behavioral
and behavioral control to 0.20 -0.35--0.05/-
control of implement an ' 0.30 - -0.09
implementing electric fence
them predicts -0.19-0.16/ -
intention to killa | umber of cattle 0.02 0.14 - 0.10
R %:fierince = -0.30 ~0.86-0.26/-
B ’ 0.696 - 0.096
male)
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