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Abstract 
Human-wildlife conflict creates negative outcomes for both people and wildlife by threatening human safety and 
property and leading to the persecution of wildlife.  Conflict with large carnivores results in real and perceived threats 
to human interests and safety, and thus a range of management tools is necessary to mitigate conflict and facilitate 
coexistence between humans and carnivores.  We investigated hazing with trained hounds (Canis familiaris) as an 
aversive conditioning tool to affect mountain lion (Puma concolor) behaviour.  We conducted repeated human 
approach trials with GPS-collared mountain lions divided into treatment (n = 39) and control groups (n = 12).  Trials 
consisted of approaching mountain lions while broadcasting human voices over a speaker, and then measuring the 
flight initiation distance (FID), defined as the distance between the approaching researcher and the mountain lion when 
the mountain lion began to move, and the distance moved by mountain lions in response to the approach.  Immediately 
after the approach trial was completed, we hazed treatment mountain lions through pursuit with trained hounds, while 
control animals received no hazing.  The mean ± SE FID of treatment animals increased from 75 ± 16 m during trial 
1 to 128 ± 12 m during trial 4.  The mean total distance moved doubled from 278 ± 39 m to 582 ± 68 m from trials 1 
to 4, indicating that pursuit with hounds can alter mountain lion response to a benign stimulus.  In contrast, control 
animals displayed a habituation response, allowing humans to approach closer during subsequent trials (trial 1 mean: 
68 ± 16 m; trial 4 mean 35 ± 12 m).  However, control animals showed high variability in distance moved with no 
significant change from trial 1 (297 ± 60 m) to trial 4 (442 ± 135 m).  These results suggest that hazing with trained 
hounds can be used to displace mountain lions and perhaps increase their sensitivity to human approach.  Habituated 
animals in other carnivore species (e.g., coyote (Canis latrans)) are often more prone to conflict, and thus limiting 
habituation may help reduce conflict, especially in areas where mountain lions frequently encounter humans such as 
the wildland-urban interface. 
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Introduction 
Human-wildlife conflict is a major impediment to the 
conservation of large predators (White and Gehrt 2009; 
Barlow et al. 2010; van Eeden et al. 2018).  There are 
increasing efforts to minimize conflict and increase 
coexistence because of the negative effects of conflict on 
wildlife and people (Oriol-Cotterill et al. 2015; Nyhus 2016; 
Morehouse et al. 2020).   Lethal removal is the most common 
response to conflict with carnivores globally (Lorand et al. 
2022), including historical efforts to eradicate predator 
populations (Ripple et al. 2014; Martínez‐Abraín et al. 2019). 
Shifts in public values and opinions have led to reduced 
support for lethal management and increasing pressure to 
develop nonlethal tools (Reiter et al. 1999).  Lethal removal 
still occurs, but often targets individuals that have a known 
history of conflict (Nyhus 2016), whereas a suite of nonlethal 
tools has been developed to prevent negative interactions 
between humans and wildlife (Bonnell and Breck 2017; 
Young et al. 2019; Gaynor et al. 2021).  Conflict is often 
facilitated by increased food availability in anthropogenic 
landscapes, and many non-lethal tools seek to reduce the 
availability or accessibility of food on anthropogenic 
landscapes (Patterson et al. 2004; Kolowski and Holekamp 
2006).  This variety of tools is necessary because the 
effectiveness of any tool is context dependent, and predators 
may habituate to nonlethal tools over time (Shivik 2006; 
Wilkinson et al. 2020; Schell et al. 2021).     
   Habituation is defined as a reduced response to a specific 
stimulus through repeated exposure (Blumstein 2016). 
Habituation of predators can increase the likelihood of 
negative interactions with humans and decrease the 
effectiveness of management techniques (Schell et al. 2018; 
Breck et al. 2019).  Managing human-wildlife conflict 
becomes more challenging once wildlife have habituated or 
associated a positive outcome with proximity to humans 
(Much et al. 2018; Petracca et al. 2019).  These challenges 
have led to an interest in strategies that manipulate 
carnivore’s fear of humans to manage human-wildlife 
conflicts (Martínez‐Abraín et al. 2019; Gaynor et al. 2021). 
Fear of humans often affects predator behaviour similarly to 
their fear of other predators (Oriol-Cotterill et al. 2015; 
Smith et al. 2015; Suraci et al. 2019), but reduced fear of 
humans can result in negative outcomes for humans and 
wildlife (White and Gehrt 2009; Bonnell and Breck 2017). 
One appealing approach to manage predators in conflict-
prone areas is using aversive conditioning to increase fear of 
humans (e.g., Beckmann et al. 2004 – black bears Ursus 

americanus; Bonnell an Breck 2017 – coyotes Canis latrans; 
Winter et al. 2024 – mountain lions Puma concolor). 
   Hazing is a form of aversive conditioning frequently used 
on wildlife to prevent undesirable behaviour (Brush 1971; 
Mazur 2010 – black bears; Bonnell and Breck 2017 – coyotes; 
Found et al. 2018 – elk Cervus canadensis).  Hazing seeks to 
create a negative association between a benign stimulus and 
a painful (e.g., paintballs) or stressful (e.g., pursuit with 
hounds) aversive stimulus so the benign stimulus initiates a 
fear response (Blumstein 2016).  Hazing is often reactively 
applied to animals with a history of conflict (Beckmann et al. 
2004; Alldredge et al. 2019; Petracca et al. 2019).  However, 
there is evidence that past experience alters the effectiveness 
of hazing, and individuals that have been involved in conflict 
and associated a positive outcome with the behaviour (e.g., 
access to livestock as prey) may be less responsive to hazing 
(Mazur 2010; Petracca et al. 2019; Young et al. 2019).  
Therefore, hazing individuals before they develop tendencies 
towards human-wildlife conflict could reduce conflict 
(Cromsigt et al. 2013; Martínez‐Abraín et al. 2019; Gaynor 
et al. 2021).  
   Mountain lions are involved in human-wildlife conflict 
throughout the Americas (Inskip and Zimmermann 2009; 
Mattson et al. 2011; Hiller et al. 2015; Guerisoli et al. 2020).  
There has been minimal assessment of nonlethal tools for 
management of conflict between mountain lions and humans 
(Zarco-González and Monroy-Vilchis 2014; Ohrens et al. 
2019; Lorand et al. 2022; Valderrama-Vasquez et al. 2024).  
Lethal removal and sport hunting remain the primary tools 
used by managers to reduce human-mountain lion conflicts, 
following the assumption that conflicts are proportional to 
mountain lion density; however, concerns have arisen that 
lethal removal can impact social structure, demography, 
genetics, and dispersal of mountain lions (Peebles et al. 2013; 
Teichman et al. 2016; Erwin et al. 2024).  Sport hunting may 
also fail to target the individuals most likely to cause conflict 
(Treves et al. 2010; Teichman et al. 2016; Northrup et al. 
2023), and it remains unclear if there is an association 
between mountain lion age and sex and the likelihood of 
conflict (Fairaizl and Stiver 1996; Linnell et al. 1999; 
Peebles et al. 2013; Teichman et al. 2013; 2016; Hiller et al. 
2015).  Sport hunting is also limited because most conflicts 
occurs along the wildland-urban interface (Kertson et al. 
2013; Maletzke et al. 2017) while hunting occurs in wildland 
areas.  Hazing with trained hounds has been proposed as a 
potential nonlethal tool because hounds initiate a stress 
response in mountain lions (Harlow et al. 1992), however, 
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previous assessments of the efficacy of hazing by hounds 
have been limited by small sample sizes and a lack of control 
treatments (McBride et al. 2005; Winter et al. 2024). 
Mountain lions are also known to tolerate human approach 
in the absence of an aversive stimulus (Sweanor et al. 2005). 
Therefore, combining human approach and hazing by 
hounds provides an opportunity to explore the potential of 
hounds to influence mountain lion behaviour. 
   We explored the efficacy of using trained hounds to haze 
mountain lions using a quasi-experimental approach.  We 
conducted repeated human-approach trials with collared 
mountain lions, measuring the flight initiation distance (FID; 
the distance between the approaching researcher and the 
mountain lion when the mountain lion began to move) and 
then the distance mountain lions moved away from 
researchers before stopping. After we completed each 
approach trial, we pursued mountain lions with hounds until 
the animal treed. We repeated these trials on the same 
individuals to determine if pursuit with hounds resulted in 
increased aversion to human approach.  We hypothesized 
that by associating human approach with pursuit by hounds, 
mountain lions would display increases in FID and distance 
moved in subsequent human approach trials.  Our study 
provides information on a proactive technique that could 
have applications for mitigating human-wildlife conflict. 

Study area and methods   
Our study area was northeast Washington, USA, in Spokane, 
Pend Oreille, and Stevens counties.  Most of the study area 
is rugged and dominated by conifer forest and has low human 
population density (Maletzke et al. 2017; Figure 1).  The low 
elevation river valleys have been converted to residential and 
agricultural use, including a prevalence of hobby farms with 
small livestock.  The estimated density of independent age 
mountain lions is approximately 2 individuals per 100 km2 
(Beausoleil et al. 2021).  Native prey species include mule 
deer (Odocoileus hemionus), white-tailed deer (O. 
virginianus), and moose (Alces americanus).  Conflict with 
mountain lions is a chronic problem in this study area.  From 
2017–2023, the Washington Department of Fish and 
Wildlife reported 345 confirmed livestock depredations and 
human safety incidents including 111 incidents that resulted 
in lethal removal of mountain lions (Washington Department 
of Fish and Wildlife 2024).  Most of these conflicts involved 
depredation of small livestock (e.g., sheep Ovis aries, goats 
Capra hircus) in rural residential areas and the wildland-
urban interface. 
   We captured adult mountain lions (>2 years old) using 
trained hounds from November 2019 to March 2024. 
Because our goals relate to mitigating human-wildlife 
conflicts, we intentionally targeted mountain lions near 

anthropogenic landscapes and did not capture mountain lions 
in remote parts of the study area.  We immobilized mountain 
lions with a drug combination that included 1 ml BAM 
(butorphanol tartrate, azaperone tartrate, and medetomidine 
hydrochloride), and 0.3 ml of ketamine (100mg/ml) per 45 
kg body weight.  We deployed a collar with 2 GPS receivers 
on each mountain lion.  The primary collar was a Vectronic 
Vertex Lite satellite GPS collar (Vectronic Aerospace, Berlin, 
Germany).  We also affixed a Garmin T5 Mini GPS tracking 
device, compatible with Garmin Alpha series receivers 
(Garmin International Inc., Olathe, Kansas, USA).  The 
Vectronic collar was programmed to collect a GPS location 
every 4 h.  We could change the settings of the Garmin 
receiver remotely when within line-of-site of the animal.  
During hazing events, we programmed the receiver to collect 
and transmit locations every 2 sec, providing real time 
monitoring capability.  Between hazing events, we put the 
Garmin receiver in sleep mode to save battery.  We removed 
the collar and both GPS receivers from the mountain lion 
after the final human approach trial, within 3 mo of the initial 
capture.  We ear tagged all captured mountain lions to ensure 
we did not use the same animal multiple times during the 
study. 
   The captures and hazing for this project were completed by 
wildlife staff of the Kalispel Tribe of Indians as part of their 
ongoing wildlife-conflict management programs in 
collaboration with Washington Department of Fish and 
Wildlife Enforcement.  Our research was not reviewed by an 
Institutional Animal Care and Use Committee (IACUC), 
however, all capture and handling events were permitted 
under Washington State Department of Fish and Wildlife 
Scientific Collection Permits (GEORGE 20-261; GEORGE 
21-034; GEORGE 22-050; GEORGE 23-079).  All protocols 
were based on Alberta Wildlife Animal Care Committee
Class Protocol #012, the Alberta Ministry of Environment
and Protected Areas’ protocol for the capture, handling, and
immobilization of mountain lions using pursuit with hounds.

 We divided collared mountain lions into treatment (n = 29) 
and control (n = 12) groups.  This project began as part of 
local conflict-management activities and was later developed 
into a research project.  Because of this, the assignment of 
animals to control groups followed a quasi-experimental 
design and is not balanced with respect to sex or year of the 
study.  Because of management goals, and to ensure that 
enough individuals received treatments to facilitate statistical 
analysis, the control group was smaller than the treatment 
group.  We also transitioned 10 individuals into the treatment 
group after control data had been collected.  We repeatedly 
exposed all individuals to human approach followed by 
either pursuit with hounds  (treatment),  or  no further action 
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(control).  Trials were conducted during all months.  Our goal 
was to conduct 4 approach trials with each individual over a 
4-wk period.  However, GPS batteries failed before all 4
trials could be completed in some cases.

 The approach trials consisted of 3 phases: approach, 
monitoring, and hazing (treatment only).  We began the 
approach phase when we were approximately 400 m from 
the target mountain lion and the mountain lion was not 
moving. We played a podcast with continuous human 
conversation through a portable speaker at ~80 dB while 
walking at a constant speed in the direction of the mountain 
lion.  Eighty dB is a typical volume for a group of people 
having a conversation while outdoors (Zeller et al. 2024) and 
has been used in previous playback experiments (Smith et al. 
2017).  This volume is likely not audible at the start distance 
of 400 m, allowing us to begin our approach before being 
audibly detected by the mountain lion.  During the approach, 
we monitored the mountain lion’s location with a handheld 
GPS receiver, and the approach phase ended when the 
mountain lion began moving.  We measured the distance 
between the observer and the mountain lion when the 
mountain lion began moving as the flight initiation distance 
(FID).  We recorded waypoints on the handheld GPS       
for  the  observer’s  and  mountain  lion’s  location  when the  

mountain lion began to move.  We matched the waypoint of 
the mountain lion’s location to the GPS collar data using the 
location and timestamp of the waypoint and the mountain 
lion’s track (e.g., clear resting location) to identify the 
mountain lions starting location.  We measured the distance  
between the observer location and the mountain lion’s 
starting location as the FID.  The mountain lion beginning to 
move initiated the monitoring phase.  During this phase, the 
human observer remained in the same location, kept the 
speaker playing, and monitored the mountain lion’s 
movement with the handheld GPS receiver. Once the 
mountain lion stopped moving for 30 sec, we recorded its 
final location.  We measured the distance the mountain lion 
traveled (measured as the path traveled) as the distance 
moved for the trial.  For control animals, this marked the end 
of the trial.  We turned off the speaker and left the area.  For 
treatment animals, this initiated the hazing phase of the trial. 
We brought in trained hounds promptly upon the mountain 
lion stopping and pursued the mountain lion until it was treed. 
During the first hazing event, we used a paintball gun as an 
additional painful stimulus.  Once the mountain lion was 
treed, the human observers arrived in the area as quickly as 
possible, called the hounds off the mountain lion (with 
leashes if needed), and left the area with the hounds. 

Figure 1. Map of the study area showing human population density, U.S. Forest Service boundaries (USFS), and the 
location of each mountain lion’s (Puma concolor) first approach trial (black dots). The black dashed line indicates the 
border between Washington, USA and British Columbia, Canada (top) and Washington, USA and Idaho, USA (right). 
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   To account for potential effects of habitat conditions on 
mountain lion behaviour, we extracted 2 landscape 
covariates along mountain lion movement routes. We 
derived terrain ruggedness index (TRI) from the United 
States Geological Survey 1 arc second digital elevation 
model and used percent canopy cover from the 2021 
National Landcover Database (Multi-Resolution Land 
Characteristics Consortium 2024; United States Geological 
Survey 2024).  We extracted the values for each point along 
a mountain lion’s movement path and calculated the mean 
for each event.  Rough terrain or thick vegetation could 
reduce the range of the speaker (Morton 1975), limiting the 
mountain lion’s perception of human voices. These 
conditions could also affect the mountain lion’s perceived 
risk (Oriol-Cotterill et al. 2015; Breck et al. 2019), limiting 
its response to the speaker. 
   We used linear mixed-effects models to evaluate trends in 
both FID and the distance the mountain lion moved as the 
number of hazing trials increased.  We log transformed both 
responses to create approximately normally distributed data 
and facilitate model convergence.  In the models, we include 
fixed effects for the trial number, treatment, TRI/canopy 
cover, and an interaction between trial number and treatment. 
We also included a quadratic term for trial number to 
evaluate non-linear responses.  We included TRI and canopy 
cover in separate models because limited sample sizes 
prevented more complex models.  We included a random 
intercept and slope for trial number for each mountain lion 
individual to account for repeated measures.  The interaction 
between trial number and control/treatment is the variable of 
focus, as a significant interaction would suggest that the 
effect of trial number is dependent on whether an animal is 
in the treatment or control group.  We used control animals 
as the reference category.  Because of a limited number of 
control females, we were unable to evaluate if the responses 
differed by sex.   To account for  the possibility  that  the  10 

control animals that we transitioned to treatment animals 
may respond differently to hazing, we repeated the analysis 
only using the control datasets from these individuals.  We 
completed all analyses in R 4.3.1 using the ‘lme4,’ ‘terra,’ 
and ‘amt’ packages (Bates et al. 2015; Signer et al. 2019; 
Hijmans 2023; R Core Team 2023). 

Results
We conducted 188 approach trials on 41 individual mountain 
lions, 24 males and 17 females.  We used 10 mountain lions 
twice, first as control animals and subsequently as treatment 
animals, giving us a total of 51 mountain lion-treatment 
combinations: 39 treatment datasets (22 males, 17 females) 
and 12 control datasets (11 males, 1 female).  There was an 
average of 7 days (range: 2–21) between approach trials.  All 
mountain lions were independent adults >2 years old and no 
animals dispersed during monitoring.  We were unable to 
determine residency status due to the short monitoring time. 
   The mean ± SE FID across all trials for females was 49.7 
± 18.2 m for control and 105.7 ± 9.8 m for treatment animals. 
Males were similar with means of 51.6 ±7.5 m for control 
and 103.3 ± 7.9 m for treatment animals.  The mean distance 
moved was 160.2 ± 74.1 m for control females, 524.2 ± 42.0 
m for treatment females, 359.3 ± 54.1m for control males, 
and 467.8 ± 41.0 m for treatment males. 
   Hazing treatments increased both FID and distance moved 
for treated animals (Table 1).  FID decreased as the number 
of trials increased for control animals (linear term: β = 0.17, 
t = 0.73, quadratic term: β = -0.08, t = -2.06) and increased 
for treatment animals (interaction term: β = 0.48, t = -4.66; 
Figure 2a).  This relationship was nonlinear, and the FID 
appears to reach an asymptote between trials 3 and 4. 
Distance moved remained similar as the number of 
trials increased for control animals (linear term: β = 0.65, t = 
2.40, quadratic term: β = -0.14, t = 2.97) and increased 
for treatment animals  (interaction  term:  β =  0.38,   t =  2.95; 

Table 1. Mean (standard error) flight initiation distance and distance moved across trials for mountain lions (Puma 
concolor) exposed to hazing (Treatment) or no hazing (Control). 

Response Group Trial 1 Trial 2 Trial 3 Trial 4 

FID Control 68.1 (16.2) 65.1 (17.5) 37.7 (6.8) 34.5 (11.9) 
Treatment 74.8 (9.6) 94.2 (9.2) 134.0 (16.1) 128.1 (11.7) 

Distance 
moved 

Control 296.7 (60.6) 334.9 (68.3) 305.8 (140.4) 442.1 (135.1) 
Treatment 278.3 (39.1) 537.8 (65.0) 619.0 (53.0) 582.3 (67.8) 
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Figure 2b).  This relationship was also non-linear and 
reached an asymptote between trials 3 and 4.  There were no 
significant effects of TRI or canopy cover in any model, and 
the reported results are from the model with canopy cover 
included (Tables 2 and 3).  We also observed a positive 
correlation between FID and distance moved (r = 0.32, t = 
4.68, P < 0.001).  
   From trial 1 to 4, predicted FID (95% CI) increased from 
55.6 (44 – 68) m to 109.2 (87 – 134) m for treatment animals 
and decreased from 49 (35 – 71) m to 23 (16 – 33) m for 
treatment animals.  Predicted distance moved increased from 
204 (160 – 277) m to 524 (384 – 694) m for treatment 
animals and decreased from 211 (138 – 321) m to 176 (110– 
265) m for control animals (Table 4).  Both relationships had
a significant quadratic effect, and the effect of hazing appears 
to peak after the third event for FID and distance moved
(Table 4).

 We observed no significant effect of the 10 mountain lions 
used both as treatment and control animals.  The direction 
and significance of parameter estimates from analyzing this 
reduced dataset did not differ from the original analysis. 
Data exploration indicated that these animals had similar FID 
(64 ± 16 m vs 79 ± 12 m) and a shorter distance moved (180 
± 54 m vs 313 ± 48 m) during the first treatment approach. 
There was no difference in FID (128 ± 13 m vs 129 ± 33 m) 
or distance moved (610 ± 80 vs 467 ± 109) by the final trial. 

Discussion
Mountain lions displayed increasing aversion to human 
approach  trials  following  pursuit   by  hounds,   with   FID 

approximately doubling from trial 1 to trial 4.  These results 
demonstrate that pursuit with hounds is enough of a negative 
experience to change the response of mountain lions to a 
benign stimulus. In the absence of pursuit by hounds, 
mountain lions habituated to approach by the researchers, 
reducing FID by nearly half.  This supports the hypothesis 
that, without an aversive stimulus, mountain lions may 
habituate to frequent human approach as conducted in this 
study.  Both the raw data and statistical analysis indicate that 
the response of treatment mountain lions reached a threshold 
after 3 events, suggesting that additional hazing events may 
not lead to stronger responses.  Where this threshold occurs 
likely depends on the frequency of hazing events (Blumstein 
2016).  Our results show promise that pursuit by hounds 
could be an effective tool for managing mountain lions. 
   The predicted distance moved after 4 hazing events was 
524 m (95% CI: 384 – 694), 2.5 times larger than the initial 
value. In Stevens and Pend Orielle Counties, the typical 
parcel size in rural areas is 4–8 ha (Pend Oreille County 2021; 
Stevens County 2024). A mountain lion moving 500 m 
means traversing multiple parcels and exiting the area of the 
initial stimulus.  In contrast, we observed that the FID of 
control mountain lions halved after 4 approach events  
(23 m, 95% CI: 16 – 33 m) and their distance moved did not  
change (176 m, 110 – 265 m). Therefore, animals repeatedly 
exposed to human approach without aversive conditioning 
may be less likely to flee and perhaps more likely to stay on 
the same parcel.  Allowing people to approach within 30 m 
is more likely to result in a visual encounter that the public 
may perceive as a safety risk. 

Figure 2. Expected (A) flight initiation distances and (B) movement distances of GPS-collared mountain lions (Puma 
concolor) in eastern Washington, USA, exposed to repeated human-approach trials based on linear mixed-effects models. 
Blue lines represent control mountain lions, which received no hazing after approach trials. Tan lines represent treatment 
mountain lions, which were hazed with hounds after each human approach event. Dashed lines represent 95% confidence 
intervals of the predictions. 
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Parameter Estimate 
Standard 
error t value 

Lower 
95% CI 

Upper 
95% CI 

Intercept 3.951 0.37 10.672 3.210 4.674 
Event 0.166 0.227 0.729 -0.289 0.630 
Event (quadratic) -0.083 0.04 -2.063 -0.167 -0.003
Treatment -0.371 0.281 -1.323 -0.928 0.186
canopy cover -0.247 0.344 -0.716 -0.928 0.428
Event x Treatment 0.483 0.104 4.656 0.278 0.689

Table 2. Parameter estimates from a linear mixed-effects model for flight initiation distance of mountain lions (Puma 
concolor).  Parameters with 95% confidence intervals (95% CI) that do not overlap 0 are bolded. 

Table 3. Parameter estimates from a linear mixed-effects model for the distance moved by mountain lions (Puma concolor) 
after the flight initiation began.  Parameters with 95% confidence intervals (95% CI) that do not overlap 0 are bolded. 

Table 4. Mean predicted flight initiation distance (FID) and distance moved for mountain lions (Puma concolor) exposed 
different numbers of hazing (Treatment) or no hazing (Control) trials. 

Trial Group FID 
Lower 
95% CI 

Upper 
95% CI 

Distance 
moved 

Lower 
95% CI 

Upper 
95% CI 

1 Control 48.8 35.2 70.6 211.3 138.1 321.4 
2 Control 44.8 34.9 57.9 264.7 194.3 358 
3 Control 34.8 27.1 46 248.6 178.8 338.5 
4 Control 23.0 15.6 32.7 175.8 109.6 264.8 

1 Treatment 54.6 44 67.9 203.5 160.2 277.3 
2 Treatment 81.4 68.4 94.9 372 308.8 447.7 
3 Treatment 102.5 84.5 123.8 509.5 414.2 626.6 
4 Treatment 109.2 87 134 523.7 384.1 693.8 

Parameter Estimate 
Standard 

Error t value 
Lower 

95% CI 
Upper 

95% CI 

Intercept 4.957 0.444 11.165 4.04 5.845 
Event 0.655 0.273 2.397 0.123 1.198 
Event (quadratic) -0.143 0.048 -2.97 -0.238 -0.049
Treatment -0.414 0.337 -1.229 -1.108 0.301
canopy cover -0.196 0.414 -0.474 -1.008 0.62
Event x Treatment 0.376 0.128 2.949 0.108 0.64
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   Previous research has observed mountain lions allowing 
close approach by researchers over repeated trials and 
minimal response of mountain lions to recreational noise 
(Sweanor et al. 2005; Zeller et al. 2024).  These results 
support our findings that mountain lions are generally 
tolerant of human approach in the absence of an associated 
negative stimulus.  In contrast, mountain lions have also been 
observed to decrease feeding time in response to human 
playbacks (Smith et al. 2017). These discrepancies in 
response to human stimuli may result from differences in 
techniques.  While in both studies human voices were set to 
80 dB, our approach was on foot and the sound was likely 
gradually heard whereas previous research has used remote 
speakers that more suddenly emit noise.  Research on the 
response of mountain lions to hounds is also challenging to 
compare directly because of different hypotheses and 
methodologies.  McBride et al. (2005) conducted aversive 
conditioning of 4 mountain lions in Florida and reported that 
“some degree of avoidance and fear of humans can be 
instilled.” Winter et al. (2024) compared space use of 
mountain lions captured with hounds versus cage traps and 
observed no differences in the tendency of animals to return 
to the capture location.  Randolph et al. (2024) evaluated 
habitat selection of dispersing mountain lions in areas with 
and without hound pursuit and observed increased avoidance 
of anthropogenic landscapes in areas with hound pursuit.  
Our work adds to this body of literature by providing 
experimental support that mountain lion behaviour and 
response to a human approach stimulus can change based on 
previous experiences with humans and hounds.  Further, the 
combination of our results and those of Randolph et al. (2024) 
suggests pursuit with hounds may impact both short- and 
long-term responses of mountain lions to human stimuli that 
could have applications for mountain lion management.  
However, our human-approach trials do not mimic typical 
hound hunting. We approached mountain lions while 
broadcasting human voices and without hounds.  With 
typical hound hunting, mountain lions encounter the hounds 
before humans.  These differences would likely affect the 
response of mountain lions to hound pursuit under different 
conditions. 
   Outside of the research context, consistently hazing 
mountain lions will be challenging, especially where mixed 
public and private land prevent access and continuous pursuit. 
Local management agencies could conduct hazing of 
mountain lions, but this may be unfeasible given limited 
resources.  To address these limitations, many state wildlife 
agencies currently partner with trained hound handlers to 
respond to wildlife conflict when it occurs.  One possibility 
for implementing a hazing program could be expanding these 
partnerships to include hazing of mountain lions where 

conflict is a chronic problem.  Such an approach could avoid 
the limitations of public hunting seasons, specifically that 
public hunting often occurs on large tracts of public land and 
in remote areas, while conflict occurs in proximity to human 
residences (Kertson et al. 2011, 2013). Implementing 
targeted and repeated hazing is also challenging without 
GPS-collared animals.  Management efforts would likely 
rely on targeting localized areas where conflict is a concern 
rather than individual mountain lions.  Alternatively, if 
potential problem animals are identified (e.g., repeated 
human encounters, first-time livestock depredation), those 
individuals could be individually marked or collared and 
hazed.  An approach focused on problem individuals could 
also be beneficial because of the substantial individual 
variation among how mountain lions use anthropogenic 
landscapes (Kertson et al. 2011). 
   Our approach was not designed to test for reductions in 
livestock depredation or other conflict, and future research 
should investigate depredation behaviour and space use 
patterns to determine if mountain lions exposed to hounds 
are less prone to depredation or avoid anthropogenic 
landscapes (Randolph et al. 2024).  Livestock depredation is 
a complex behaviour that depends on an individual 
carnivore’s access to native prey and livestock, hunger, and 
past experience (Linnell et al. 1999; Kolowski and 
Holekamp 2006) and we cannot draw conclusions regarding 
the effects of our aversive conditioning on depredation 
behaviour.  
   Experimental research on large carnivores is challenging 
and there are limitations to our quasi-experimental approach. 
We did not randomly assign individuals to control/treatment 
groups and lacked a balance of sexes between these groups. 
We limited our research to adult (>2 years) mountain lions 
but did not know residency status given the short monitoring 
time.  Mountain lions display individual and sexual variation 
in behaviour (Sweanor et al. 2005; Teichman et al. 2013; 
Lowrey et al. 2016), and therefore this non-random 
assignment could bias our results if animals with different 
tolerance of humans or hounds were disproportionately 
assigned to either group.  The non-significant main effect of 
treatment in both models (Tables 2 and 3) indicates that there 
was no difference in behaviour of control and treatment 
animals during the first approach, suggesting that both 
groups were similar.  We also conducted a post hoc analysis 
of only male mountain lions which showed similar trends as 
the overall data, but we could not conduct this same analysis 
for females given the limited number of control females. 
Therefore, our results may be more representative of male 
than female mountain lions.  
   Pursuit with hounds is a controversial approach in 
mountain lion management because of animal welfare 
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concerns (Elbroch et al. 2013; Dellinger et al. 2023).  Any 
use of hounds for hazing should be regulated and focused in 
areas where mountain lions are most likely to cause conflicts. 
Pursuit by hounds can be an energetically taxing event for 
mountain lions (Bryce et al. 2017), result in injuries (Elbroch 
et al. 2013), and affect physiological stress responses 
(Harlow et al. 1992).  Acknowledging the challenges of 
hound pursuit, the use of hounds may still be a viable 
alternative to current management approaches where lethal 
removal is a common response.  Providing viable conflict 
mitigation programs can help to reduce conflict and 
retaliatory killings when conflicts occur (Barlow et al. 2010; 
Petracca et al. 2021).  We demonstrate that pursuit with 
hounds increased the response of mountain lions to human 
voices, defined as greater FID and distance moved.  Our 
research had both a quasi-experimental design and adequate 
sample sizes that are often lacking from evaluations of 
conflict mitigation tools (Miller et al. 2016; Eklund et al. 
2017; Human-Cougar Interactions Science Review Team 
2022), giving us high confidence that repeated hazing can 
effectively alter mountain lion behaviour.  We encourage 
continued critical evaluation of this tool to better understand 
the contexts where it is effective and best practices for 
implementation to minimize conflict and adverse impacts on 
mountain lions and other wildlife. 
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