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ABSTRACT 
 
 
 

COMMUNITY INTERVENTIONS TO REDUCE HUMAN-BLACK BEAR CONFLICT IN 
 

COLORADO 
 
 
 

Human-wildlife conflict is a global conservation challenge and emerges when wildlife 

pose actual or perceived threat to human interests or needs, leading to disagreements between 

groups of people and negative impacts on people and/or wildlife. Human-wildlife conflict 

intersects other global change threats; land transformation for agriculture and urban development 

is expected to increase human-wildlife overlap in the 21st century and climate change can 

intensify conflict by exacerbating resource scarcity and forcing people and wildlife to share 

increasingly crowded spaces. Conflict also particularly affects vulnerable human communities, 

such as low-income rural communities, making it both a pressing conservation and a social 

justice issue.  

Among species affected by conflict with people, large carnivores are particularly 

vulnerable. Specifically, conflicts between people and American black bears (Ursus americanus, 

hereafter "black bears", or "bears") occur throughout their range and include threat to human 

safety, depredation by bears of pets or livestock, or damage to property or agricultural resources. 

Encounters also lead to bear mortality through management euthanizations and accidental 

collisions with vehicles, which can have demographic consequences on bear populations. A 

common driver of conflict is the greater availability of anthropogenic food sources at the 

urban-wildlife interface, particularly garbage. Another important factor mediating the probability  
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of conflict is the availability of natural foods, where late season frosts and drought can limit 

natural foraging options for black bears and exacerbate conflict. 

To mitigate the consequences of conflict on human endeavors and bear populations, 

solutions that foster coexistence are needed. Common management responses include capturing 

and relocating individual bears, euthanizing or permitting hunters to harvest individual bears, and 

education through site visits, brochures, media, and workshops. However, the effectiveness of 

these tools in reducing long-term risk of conflict is somewhat limited. Given the importance of 

anthropogenic food sources in driving conflict, and that the success of coexistence tools often 

hinges on the involvement of stakeholders, proactive approaches led with or by communities to 

remove anthropogenic attractants are promising.  

In Chapter 1, I evaluated the behavioral response of black bears to an experimental 

change in residential waste management in Durango, Colorado. Using location data from 

collared black bears, I modeled resource selection and movement in response to areas that had 

received bear-resistant garbage containers compared to those that did not. Over the four years 

following the distribution of bear-resistant garbage containers, the probability of use by a bear of 

the sites where containers had been distributed decreased from ~12% in 2013 to ~8% in 2016 (a 

decline of ~30%). In the same period, bear activity slightly increased where residents continued 

to use regular containers (11% in 2013 and 12% in 2016), suggesting bear-resistant garbage 

containers were effective at de-valuing trash as an attractant and at altering the economics of 

foraging decision-making. This avoidance response increased over subsequent years, potentially 

suggesting that bears were learning from the management intervention. Bear movement rates, 

however, were not notably affected by the garbage reduction. Our findings highlight the 

importance of reducing the availability of anthropogenic attractants for changing bear behavior  
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and reducing risk of urban human-bear conflict, and that these responses can strengthen over 

time as bears learn from the management intervention. 

In Chapter 2, I characterized spatio-temporal patterns in human-bear conflict in Colorado 

and quantitatively evaluated a statewide community program that provides Colorado 

communities with financial resources to support efforts to reduce human-bear conflicts and foster 

innovative solutions to human-bear conflict. I utilized a statewide database of citizen reports of 

human-bear conflict to Colorado Parks and Wildlife between 2019 and 2025. I identified patterns 

in conflict reports, including temporal trends, spatial hotspots, and sources of conflict. I also 

evaluated the program by assessing if it targeted areas with high levels of conflict risk and if 

interventions resulted in reductions in risk of conflict. Statewide human-bear conflict reports 

increased in the last 40 years but were similar to estimates from the early 2000s. They were 

primarily related to human development and caused by residential attractants such as garbage 

and other food sources (e.g., pet food, barbeque grills, bird feeders, freezers, ornamental fruit 

trees, and home gardens). Natural food conditions influenced rates of conflict at both statewide 

and local scales. The community program effectively targeted high-risk locations. 

Community-led interventions focused on securing garbage, outside food sources, and livestock 

in bear-resistant infrastructure or with electric fencing were effective at reducing the probability 

of conflict, especially garbage-related conflicts. However, the effectiveness of funding interacted 

with whether a project area had received large-scale bear-proofing efforts prior to the grant. 

Conflict risk decreased by 14.5% after treatment in communities implementing new 

conflict-reduction efforts, but increased by 15.2% in several communities that had previously 

deployed significant investment in reducing attractants, possibly due to a lessened effectiveness 

of continued actions relative to previous efforts, a failure of previously distributed cans, or an  
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increase in reporting rates. These findings support the continuation of attractant-reduction efforts 

led by communities and highlight the importance to maintain infrastructure and enforcement 

efforts over time. 

In Chapter 3, I adopted a complementary approach to learn from the statewide 

community program and investigated policy designs used by Colorado communities to address 

human-bear conflict. I catalogued policy tools used by communities; assessing the feasibility, 

effectiveness, fairness, and long-term effects of different tools and identifying conditions that 

facilitate or challenge their implementation and effectiveness, as perceived by those 

implementing policies. I followed a qualitative methodology based on a mix of document review, 

semi-structured interviews, and fieldwork observations to collect data, then used a modified 

grounded theory approach to inform emergent findings with theoretical concepts from policy 

design. Interviewees described how a combination of regularly updated ordinances, escalating 

fine structures, capacity for proactive enforcement and support for residents were the most 

effective way to address human-bear conflicts in communities in the long term. They also 

presented hortatory tools as a more feasible first step in addressing conflicts, despite its 

insufficiency as a sole tool and its short term effects. Learning tools were also common, 

especially when initiating efforts in a community. In addition, participants described conditions 

that could act as catalysts or barriers to tool implementation and effectiveness. High respect for 

government authority, strong sense of community engagement, and high economic resources in a 

community all facilitated the mode of action of ordinances, fines, and capacity. Avenues to trust 

and to collaboration between several actors also helped actions be successful. This work 

highlights the importance of designing synergic policy portfolios to address human-bear issues in 

communities and adapting them to local context. State and local policy could focus on more  
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clearly delineating roles between collaborating institutions and support boundary organizations 

(e.g., non-profit organizations, point-of-contact agency positions) that help ground policies in 

local contexts and support collaboration and learning.  

My research highlights the important role of reducing attractants in developed areas, 

specifically garbage, to foster human-bear coexistence in mountain communities. Garbage was 

the main cause of human-black bear conflicts in Colorado, and community-led policies that 

reduced the availability of anthropogenic attractants were effective at reducing the risk of 

conflict. Communities that successfully addressed conflict combined a mix of policies: they 

enacted, updated and proactively enforced ordinances to regulate behaviors leading to the 

availability of attractants, and they built capacity to populations with subsidies and loans 

programs for bear-resistant infrastructure. Policies were implemented by a network of local 

government bodies, non-profit organizations, and businesses. To continue to mitigate 

human-bear conflict in developed areas, solutions should continue to address common 

attractants, maintain efforts over time, and be sensitive to local contexts. 
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Chapter 1. Bears avoid residential neighborhoods in response to the experimental 

reduction of anthropogenic attractants1 

Introduction 

Urbanization is an extreme form of land use alteration, with human development driving 

changes in biogeochemical cycles, habitat, and biodiversity (Grimm et al., 2008), thus altering 

ecological patterns and processes (Schell et al., 2020). Specifically, urban development affects 

landscape heterogeneity, modifying the temporal and spatial distribution of resources for animals 

(Alberti, 2005). For wildlife, such alterations in the distribution of resources can result in 

changes in individual behavior, population dynamics, and community structure by favoring or 

disadvantaging particular species (Shochat et al., 2006). Some species actively avoid urban areas 

(i.e., “avoiders”), some species rely primarily on natural habitat but use some anthropogenic 

resources (i.e., “adapters”), and some species inhabit city environments and become dependent 

on anthropogenic food and shelter (i.e., “exploiters”) (McKinney, 2006). 

Certain large carnivores have learned to exploit anthropogenic food sources associated 

with urban development (Crooks, 2002; Bateman and Fleming, 2012), resulting in 

human-carnivore conflict that can have detrimental impacts on both people and carnivores 

(Soulsbury and White, 2015). Impacts to people include direct attacks on humans or their 

domestic animals. For example, injuries and fatalities have resulted from people being attacked 

by spotted hyenas (Crocuta crocuta) in Ethiopian suburbs (Abay et al., 2011), by leopards 

(Panthera pardus) in Mumbai, India (Landy, 2018), and by coyotes (Canis latrans), mountain 

lions (Puma concolor), and American black bears (Ursus americanus) in urban areas across 

North America (Bombieri et al., 2018). Other impacts to people include property damage, which 

1 Adapted from Venumière-Lefebvre, C. C., Johnson, H. E., Breck, S. W., Alldredge, M. W., & Crooks, K. 
R. (2025). Bears avoid residential neighborhoods in response to the experimental reduction of anthropogenic 
attractants. Frontiers in Ecology and Evolution, 13, 1657106. 
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can incur significant costs. For example, badger (Meles meles) burrows in England created 

damages amounting to approximately £250,000 per year (Davison et al., 2011), and damage to 

structures by brown bears (Ursus arctos) averaged 1,800€ per year in a single national park in 

Italy (Galluzzi et al., 2021). Impacts to carnivores include mortality from vehicle collisions, 

lethal removals, toxicity, and disease (Gehrt et al., 2010; Bateman and Fleming, 2012). For 

example, black bears that use urban areas in Colorado commonly died from vehicle collisions 

(Johnson et al., 2020), urban coyotes died frequently from ingestion of toxicants (Poessel et al., 

2015), and red fox (Vulpes vulpes) mortality in urban areas in Europe was due to lethal 

management control (Bateman and Fleming, 2012). To reduce the impacts of conflict for both 

people and carnivores, there is a need to identify and evaluate solutions that foster 

human-carnivore coexistence (Artelle et al., 2024), defined as the co-occurrence of sustainable 

carnivore populations and human endeavors with minimal human-carnivore and social conflict 

(Venumière-Lefebvre et al., 2022).  

One of the most common management strategies to reduce human-carnivore conflict is to 

restrict carnivores from accessing human food sources. For example, fenced corrals are used to 

prevent wolves (Canis lupus) and snow leopards (Panthera uncia) from predating on livestock at 

night in Mongolia, and electric fencing effectively reduced depredations from jaguars (Panthera 

onca) in livestock operations throughout Central and South America (Polisar et al., 2025). 

Attractant management assumes that target animals are capable of behavioral plasticity and will 

respond to an altered distribution of resources by modifying their behavior in a way that reduces 

conflict (Greggor et al., 2020; Artelle et al., 2024). Knowledge about animal behavior can inform 

the conservation and management of wildlife (Blumstein and Fernández‐Juricic, 2004, 2010), 

for instance by using behavioral responses as indicators of management success (Verzuh et al., 
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2024). In the approach-avoid framework (Greggor et al., 2020), the management goal is to attract 

or repel animals from specific locations or stimuli by altering the economics of foraging 

decision-making, for example by de-valuing an attractant. This is done either by increasing the 

perception of risk using something like repellents, or by decreasing the reward through reduced 

access. If animals are capable of associating spatial cues with the increased risk or decreased 

reward, the expected behavioral response is spatial avoidance (Greggor et al., 2020; Homstol et 

al., 2024). Animals also tend to increase their movement rates in response to decreased forage 

availability (Avgar et al., 2013). Thus, movement rates such as speed and path sinuosity can also 

be used as indicators of animal behavioral response. 

Black bears (hereafter bears) in North America are an excellent example of a large 

carnivore that can exploit human resources in urban areas, leading to increased conflict (Spencer 

et al., 2007; Klees Van Bommel et al., 2022). Black bears are opportunists and respond to 

scarcity of resources by expanding their home ranges and food sources, showing behavioral 

flexibility (Baruch-Mordo et al., 2014; Ditmer et al., 2018a; Garshelis et al., 2020). The greater 

availability of anthropogenic food in developed landscapes, particularly garbage, creates an 

environment that is highly attractive to bears and brings them into human settlements (Beckmann 

and Berger, 2003; Fusaro et al., 2017). Bears that enter developed areas have a higher probability 

of mortality due to vehicle collisions (Ditmer et al., 2018b; Gantchoff et al., 2020) and 

encounters that can lead to their lethal removal (Spencer et al., 2007; Beckmann and Lackey, 

2008). Human-bear conflict also impacts people, including threats to human safety (Herrero et 

al., 2011), damage to cars and property (Pelton et al., 1976; Baruch‐Mordo et al., 2008), and 

fostering negative attitudes toward wildlife management agencies (Lischka et al., 2019; Zajac et 

al., 2012). Human-bear conflicts are exacerbated during periods of drought or late spring freezes, 

3 



 

both of which can greatly limit natural forage (Baruch-Mordo et al., 2014). During these poor 

food years, bear physiological needs for resources often outweigh the risks of using developed 

areas (Johnson et al., 2015), and as bears use anthropogenic resources as food subsidy, rates of 

conflicts increase (Zack et al., 2003). Resulting bear mortality can be high, with significant 

demographic impacts on surrounding bear populations (Johnson et al., 2020). For example, 

during a year with poor natural food availability, collisions with vehicles, hunter harvests, and 

lethal removals by management agencies led to a 57% decline in the local female bear 

population (Laufenberg et al., 2018). 

The primary anthropogenic resource black bears access within developed landscapes is 

garbage (Lewis et al., 2015). As a result, wildlife agencies often advocate for the use of 

bear-resistant garbage containers and infrastructure to reduce bear access to this resource, and 

thus, decrease the reward of foraging within residential development. While studies have shown 

that bear-proofing infrastructure is generally effective at reducing bear access to human foods 

and decreasing conflicts (Johnson et al., 2018; Barrett et al., 2023), little is known about the 

actual behavioral responses of bears to this management action. If bears perceive the reduction in 

food rewards while risk on the landscape remains high, they should respond by spatially 

avoiding areas with bear-resistant containers, and potentially moving more quickly through those 

areas. Because bears are known to be highly adaptive learners (Mazur and Seher, 2008; Hopkins, 

2013), we may also expect that their behavioral responses to bear-proofing garbage may increase 

over time or change under different environmental conditions (e.g., decrease after natural food 

shortages). 

The goal of this study was to investigate the fine-scale behavioral response of black bears 

to the implementation of bear-resistant trash containers, one of the most commonly used 
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management strategies for reducing human-bear conflicts. We leveraged longitudinal data from a 

large-scale experiment that tested the effectiveness of bear-resistant garbage containers in 

Durango, Colorado, a mountain community that experiences high rates of conflicts with black 

bears (Johnson et al., 2015, 2018; Lischka et al., 2019). The experiment successfully reduced 

instances of bears accessing garbage (Johnson et al., 2018), but its impact on fine-scale bear 

behavior has not yet been investigated. To understand whether bears changed their behavior in 

residential areas in Durango in response to reduced access to human food, we used black bear 

GPS collar location data and modeled resource selection and movement as a function of the 

bear-proofing treatment. Specifically, our objectives were to evaluate: (1) whether the reduction 

in garbage availability in certain residential areas resulted in decreased bear selection for these 

areas; (2) whether the reduction in garbage availability resulted in increased bear movements in 

these areas; and (3) whether these responses shifted over time as bears learned about the 

management intervention or as natural food conditions varied. 

Materials and Methods 

Study system 

Our study took place in Durango, a city located in southwest Colorado, USA (37.2753°N, 

107.8801°W), on the Animas River near the San Juan National Forest. Elevation in the 

immediate vicinity of the study area ranges from 1,960 to 2,410 m (U.S. Geological Survey, 

2024). Between 2011 and 2016, temperatures in Durango averaged -1.9°C in the winter 

(Dec-Feb) and 21.2°C in the summer (Jun-Aug), and precipitation averaged 27.0 cm of rain and 

45.9 cm of snow annually (National Weather Service, 2024). Vegetation is dominated by 

ponderosa pine (Pinus ponderosa), pinyon pine (Pinus edulis), Gambel oak (Quercus gambelii), 

aspen (Populus tremuloides), juniper (Juniperus spp.), chokecherry (Prunus virginiana), 
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serviceberry (Amelanchier canadensis), and wild crab apple (Peraphyllum ramosissimum). Areas 

around the city are predominantly public lands, owned and managed by city, county, state, and 

federal entities. 

Durango has a land area of 38.1 km2 (U.S. Census Bureau, 2020) and has experienced 

high levels of human growth and activity. From 2010 to 2020, the city experienced an 18.3% 

increase in the resident population (16,887 residents in 2010 and 19,971 in 2020), increased rates 

of tourism, and increased urban development (U.S. Census Bureau, 2020). Black bears in the 

vicinity typically consume mast species such as Gambel oak, pinyon pine, chokecherry, and wild 

crab apple; but will also consume human food sources such as garbage and birdseed, 

contributing to human-bear interactions (Johnson et al., 2015). When natural foods are scarce, 

bears often increase their use of human foods in and around Durango, which is associated with 

higher bear mortality (Johnson et al., 2020). According to the Colorado Revised Statutes § 

33-4-101.3, bear baiting for hunting is illegal in Colorado.  

To reduce the risk of human-bear encounters, the City of Durango enacted an ordinance 

in 2010 requiring residents to secure garbage in buildings or in wildlife-resistant containers 

(Ordinance O-2018-6, 2018). At that time, approximately 10% of residents had voluntarily 

purchased bear-resistant containers. In 2011, Colorado Parks and Wildlife, the U.S. Department 

of Agriculture (USDA) National Wildlife Research Center, and the City of Durango partnered to 

conduct an experiment that used a longitudinal (2011-2016) before-after-control-impact design to 

determine whether widescale use of bear-resistant garbage containers was effective at reducing 

human-bear conflicts (Johnson et al., 2018). Within the residential core of Durango, they 

identified two treatment areas and two paired control areas. They randomly assigned a treatment 

and a control area in the northern part of the city (Figure 1.1C), which consisted mostly of larger  
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Figure 1.1. Location of the study area, at the national (A), state (B), and local (C) scale. In panels 
A and B, the current range of American black bears (Ursus americanus) is represented in orange 
(Garshelis et al., 2016; Colorado Parks and Wildlife, 2023). In panel C, treatment areas in 
Durango, Colorado, where bear-resistant garbage containers were distributed, are represented in 
green; control areas where non-bear-resistant garbage containers were predominantly used are 
represented in purple. Bear GPS locations are represented by colored dots; each color associated 
with one individual. The 1.5-km buffer around the experimental area was used to filter location 
data retained for the analysis and is represented as a white line. Base map source: Imagery © 
2025 Airbus, Landsat / Copernicus, Maxar Technologies, USDA/FPAC/GEO. 

single-family homes where garbage was likely to be secured in garages between pick up days. 

They similarly assigned a treatment and a control area in the southern part of the city, which 
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included smaller lots and more rental properties and where garbage was mostly stored in alleys. 

In 2011 and 2012, researchers monitored all four areas to collect pre-treatment data on 

human-bear garbage-related conflicts (i.e., instances of strewn trash showing evidence of bears 

having accessed garbage). They recorded similar baseline rates of garbage-related incidents in 

designated control and treatment areas (Johnson et al., 2018). In spring of 2013, each residence 

in the two treatment areas (n = 1,145 homes; shown in green in Figure 1.1C) received a 

bear-resistant garbage container (depicted in Supplementary Figure S1.1). Residences in the two 

control areas (n = 1,123; shown in purple in Figure 1.1C) continued to use the garbage containers 

they previously owned. Researchers continued to monitor post-treatment garbage-related conflict 

with bears for 4 years during the summers of 2013-2016. We used data collected from this 

experiment to address our questions about the effect of urban bear-proofing on bear resource 

selection and movement (additional details about the experiment are described in Johnson et al., 

2018). 

Because interannual availability of natural forage is an important predictor of bear use of 

developed areas (Baruch-Mordo et al., 2014) and of resulting human-bear conflicts (Zack et al., 

2003; Johnson et al., 2015), researchers also monitored natural food availability. They surveyed 

15 1-km vegetation transects within 10 km of Durango and estimated the annual availability of 

hard and soft mast from Gambel oak, chokecherry, and wild crabapple shrubs along each transect 

every two weeks during August and September. They used the average annual abundance of 

mast across the three shrub species to generate an annual index of natural forage conditions 

(Johnson et al., 2018).  
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Black bear data 

During 2011-2016, individual bears were captured with box traps in the vicinity of 

Durango each summer (Johnson et al., 2020). Traps were located within approximately 10 km of 

the Durango city limits to collar individuals that had access to both human-modified and natural 

habitats. Adult females estimated to be ≥3 years old were immobilized and fitted with Vectronic 

Globalstar GPS collars (Johnson et al., 2015). Collars were programmed to collect hourly 

locations, and dens were visited in the winter to download locations, replace collar batteries, and 

collect additional biometric data on collared bears and their cubs.  

To evaluate bear responses to the garbage reduction treatment, we used the GPS data to 

define bear “steps” in the immediate vicinity of the experimental area (i.e., treatment and control 

areas) during the late summer period when conflicts peak. A step was defined as the straight line 

distance between two consecutive locations with a time interval of 60 ± 10 min (following Fortin 

et al., 2005; Thurfjell et al., 2014). Temporally, we included steps associated with the 

hyperphagia season, between 1 July and 30 September (2011-2016), when bears increase their 

time spent foraging on both natural and human foods in preparation for hibernation (Nelson et 

al., 1983; Lewis et al., 2015). Spatially, we defined a 1.5-km buffer around the experimental area, 

covering an area of 30.7 km2 (Figure 1.1C). This distance was the near-maximum distance 

covered by bears in 1 h (i.e., 99% percentile length of steps); we included any step that started or 

ended within the buffer. We removed all steps shorter than 30 m to avoid non-movement periods 

(e.g., hours when bears were resting) and included only individual-year combinations with at 

least 10 steps to meet the computational demands of the subsequent analysis. 
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Habitat covariates 

We investigated black bear behavioral responses to the garbage-reduction treatment after 

accounting for other natural and anthropogenic habitat covariates expected to influence bear 

resource selection based on the literature. Following Signer et al. (2019), predictors of resource 

selection were attributed based on the location of the end of the step, and predictors of movement 

kernel were attributed based on the location at the start of the step. We expected bears to stay 

near riparian areas which offer water, cool habitats, and dense vegetative cover (Naiman and 

Rogers, 1997; Lyons et al., 2003). We used linear hydrography data (U.S. Census Bureau, 2013) 

and calculated the natural logarithm of the distance (m) from step end points to the closest river 

or stream (perennial and intermittent). We also expected bears to select areas with lower 

elevations and steeper slopes, which generally offered more vegetation cover and less human 

development, respectively (Johnson et al., 2015). We used data from the National Elevation 

Dataset (U.S. Geological Survey, 2024, 30-m resolution) and extracted elevation (m) and slope 

(°). We initially included elevation and slope as either linear or quadratic predictors of bear 

resource selection in univariate models; quadratic effects were more strongly supported based on 

the corrected Akaike Information Criterion (AICc, Akaike, 1974), and so we used them in our 

multivariate models (described below). We expected bears to use forested areas for cover as well 

as for food resources (Johnson et al., 2015; Laufenberg et al., 2018). We compared (1) 

deciduous, evergreen, and mixed forest land cover classes and (2) percent tree canopy 

(Multi-Resolution Land Characteristics consortium, 2011; 30-m resolution) as potential 

predictors of bear resource selection. We considered univariate models with these potential 

predictors and selected the one producing the lowest AICc. Based on AICc, percent tree canopy 

cover was the strongest predictor and was included in further analyses. We expected bear use of 
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developed areas to increase during years of poor natural food availability (Baruch-Mordo et al., 

2014) and therefore included the annual index of natural forage conditions from Johnson et al. 

(2018) as an additional predictor in our models.  

We also attributed bear steps with covariates related to human development because these 

areas represent both sources of food (e.g., garbage, birdseed, fruit trees) and increased risk (e.g., 

roads, human activity). We expected bears to select intermediate densities of development 

(Johnson et al., 2015; Evans et al., 2017; Laufenberg et al., 2018) because they have been 

observed to prefer areas with ample human food resources but to avoid dense development 

associated with greater human activity. We compared (1) percent imperviousness (i.e., proportion 

of area covered by surfaces that prevent water from infiltrating the ground such as roads, 

rooftops, and parking lots), included either as a linear or quadratic term, (2) categorical 

development land cover classes (open space, low, medium, and high intensity development 

where impervious surfaces account for 0-19%, 20-49%, 50-79%, and 80-100% of the total area, 

respectively), and (3) the log-distance (m) from the step end point to development 

(Multi-Resolution Land Characteristics consortium, 2011; 30-m resolution) as univariate 

predictors of bear resource selection. Based on AICc, percent urban imperviousness with a 

quadratic term was the strongest predictor and was included in further stages of analyses. We 

examined predictors for autocorrelation and no pair of variables had a Pearson’s correlation 

coefficient |r| > 0.7 (Dormann et al., 2013).  

Investigating bear behavioral responses to the experiment 

We jointly modeled the effect of the garbage-reduction treatment on bear resource 

selection and movement using an integrated step selection analysis (Avgar et al., 2016; Fieberg et 

al., 2021). This method reduces bias in estimating resource selection parameters (Forester et al., 
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2009) while simultaneously providing inference about animal movement. We adapted the 

framework of Dickie et al. (2020) and identified steps as belonging to one of four possible 

categories of behavioral response to habitat: (1) forage, (2) travel, (3) cautious, and (4) flee 

(Figure 1.2). We assumed that strong resource selection with slow and sinuous movement (i.e., 

short step lengths and high angular deviation) is a response to habitats providing food resources 

and protection, thus categorized as “forage.” We assumed that strong selection with fast and 

straight steps is a response to safe habitats facilitating movement, such as corridors (“travel”). 

We also assumed that weak selection with slow and sinuous movement is a behavioral response 

to novel or complex habitats that impede movement (“cautious”) and that weak selection with 

fast and straight movement is a behavioral response to risky habitats, where risks overcome 

elements impeding movement (“flee”) (Avgar et al., 2013) (Figure 1.2). We used this framework 

to test our hypotheses relating to the garbage-reduction treatment. We expected that, if the 

treatment was successful at limiting food resources, bears would reduce foraging in the treatment 

areas after the containers were distributed and would instead display fleeing behavior. Thus, we 

expected lower selection and faster and straighter movement in treatment conditions (i.e., 

post-implementation treatment areas) relative to control conditions (i.e., pre-implementation 

treatment areas and control areas). A shift in treatment conditions from “forage” to “flee” would 

be indicative of behavioral flexibility in bears and of success of the management action. To test 

our hypotheses regarding the effect of the garbage-reduction treatment on black bear selection 

and movement, we sampled 10 “available” steps for each observed step (Figure 1.3). Available 

step lengths were drawn from a gamma distribution with shape and scale parameters based on 

observed step lengths for the individual. Similarly, available turn angles were drawn from a Von  
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Figure 1.2. Animal behavioral responses to habitats that vary in resource availability and risk can 
be combined in four theoretical categories: forage (i.e., strong selection, slow and sinuous 
movement), travel (i.e., strong selection, fast and straight movement), cautious (i.e., weak 
selection, slow and sinuous movement), and flee (i.e., weak selection, fast and straight 
movement) (adapted from Dickie et al., 2020). We hypothesized that bears would display forage 
behavior in pre-implementation conditions and post-implementation control areas (purple arrow, 
“control”) (Johnson et al., 2020) and would shift to flee behavior in post-implementation 
treatment areas (green arrow, “treatment”). 

Mises distribution with a concentration parameter based on observed turn angles for the 

individual (following Avgar et al., 2016; Prokopenko et al., 2017). We fit conditional logistic 

regression models that included the natural logarithm of step lengths and the cosine of step 

turning angles as fixed effects to model movement. We accounted for individual bear variation 

by using a mixed-model approach and included nested random intercepts for each step of each 

individual-year (Muff et al., 2020).  

First, we identified a base model (m0) by modeling the steps as a function of all possible 

combinations of five habitat predictors of the selection function , including log-distance to  𝑤()
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Figure 1.3. Examples of used (i.e., observed; red lines) and available (i.e., simulated; white lines) 
steps for two black bears (B27 and B51) in Durango, Colorado in 2013. (A) B27 extensively 
used the experimental area (i.e., control and treatment areas). (B) B51 had access to the 
experimental area but seldom used it. Base map source: Imagery © 2025 Airbus, Landsat / 
Copernicus, Maxar Technologies, USDA/FPAC/GEO. 

rivers, elevation, slope, canopy cover, and urban imperviousness as fixed effects. All models 

were fit assuming a constant movement kernel,  to limit the candidate model set. Covariates ϕ()
were standardized and included as linear predictors, except elevation, slope, and imperviousness 

for which a quadratic effect was included. We identified the best model based on the lowest 

AICc value. The most supported combination of predictors became the structure of our base 

model, m0. 

We used the base model (m0) as a null hypothesis that bears did not respond to the 

garbage-reduction treatment and tested several alternative hypotheses (models) against it. If the 

garbage-reduction treatment was successful at altering bear perceptions about reward and risk, 

we expected that after bear-resistant cans were distributed, bears would abandon “forage” 

behavior in treatment areas by: (1) avoiding treatment areas (m1); (2) displaying faster and 

straighter movements in treatment areas relative to pre-implementation conditions and to the 
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control areas (m2); or (3) both avoiding treatment areas and increasing movement (i.e., “fleeing”; 

m3; Table 1.1). We expected that these responses could vary with time since implementation if 

repeated exposure to the bear-resistant garbage containers contributed to bear learning and 

strengthened their response. Therefore, we fit models with an interactive effect of treatment and 

“time since implementation” (m4, m5, and m6). Alternatively, bears’ responses to the treatment 

could be influenced by the availability of natural foods each year, where elevated urban activity 

would result from poor natural food conditions and would be biased towards control areas 

compared to treatment sites. Therefore, we fit models with an interactive effect of treatment and 

annual natural food availability (m7, m8, and m9). Finally, we also modeled the possibility that 

both time since implementation and annual natural food availability affected response to the 

treatment in m10, m11, and m12. For each effect tested (i.e., treatment, interaction with time since 

implementation and/or natural food availability), we tested whether the effect influenced: (1) 

bear selection, by including it as a predictor of the selection function  (m1, m4, m7, and m10); 𝑤()
(2) bear movement, by including it as a predictor of the movement function  (m2, m5, m8, and ϕ()
m11); or (3) bear selection and movement, by including it as a predictor in both functions (m3, m6, 

m9, and m12) (Table 1.1). We identified the best supported hypothesis based on the lowest AICc 

value (Akaike, 1974). 

To evaluate the predictive ability of our best supported model, we used a five-fold 

cross-validation procedure (Boyce et al., 2002). For each individual-year, we randomly selected 

80% of steps to estimate model parameters while holding out 20% of steps for validation. We 

predicted the probability of use of the used steps retained for validation and divided these 

predicted values in 10 equal area bins. Each bin was characterized by a bin score, which was the 

central value of the bin (i.e., 0.05, 0.15, 0.25, 0.35, 0.45, 0.55, 0.65, 0.75, 0.85, 0.95) and by a  
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Table 1.1. Model structures used to test hypotheses regarding the effect of the garbage-reduction 
treatment (i.e., “treatment”) on black bear selection and movement . The null hypothesis 𝑤() ϕ()
includes the best supported combination of landscape predictors of black bear movement and 
selection (termed “base” structures) without any treatment effect. Alternative hypotheses include 
treatment effects alone or interacting with effects of time since implementation of bear-resistant 
garbage cans (i.e., “time”) and/or natural food availability (i.e., “food”).  

Name Selection and movement  𝑤() ϕ()
structure 

Hypothesis 

Null hypothesis 
m0  𝑤 𝑏𝑎𝑠𝑒( ) ϕ(𝑏𝑎𝑠𝑒) Bears did not respond to treatment. 

Response to the garbage-reduction treatment 
m1  𝑤 𝑏𝑎𝑠𝑒 +  𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡( ) ϕ(𝑏𝑎𝑠𝑒) Bears avoided treatment areas. 

m2  𝑤 𝑏𝑎𝑠𝑒( )  ϕ(𝑏𝑎𝑠𝑒 + 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡) Bears had faster and straighter movement in treatment areas. 

m3  𝑤 𝑏𝑎𝑠𝑒 +  𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡( ) ϕ(𝑏𝑎𝑠𝑒 + 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡) Bears avoided and had faster and straighter movement in 
treatment areas. 

Response to the garbage-reduction treatment over time 
m4  𝑤 𝑏𝑎𝑠𝑒 +  𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡: 𝑡𝑖𝑚𝑒( ) ϕ(𝑏𝑎𝑠𝑒) Bears avoided treatment areas over time. 

m5  𝑤 𝑏𝑎𝑠𝑒( )  ϕ(𝑏𝑎𝑠𝑒 +  𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡: 𝑡𝑖𝑚𝑒) Bears had faster and straighter movement in treatment areas 
over time. 

m6  𝑤 𝑏𝑎𝑠𝑒 +  𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡: 𝑡𝑖𝑚𝑒( ) ϕ(𝑏𝑎𝑠𝑒 +  𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡: 𝑡𝑖𝑚𝑒) Bears avoided and had faster and straighter movement in 
treatment areas over time. 

Response to the garbage-reduction treatment, depending on natural food availability 
m7  𝑤 𝑏𝑎𝑠𝑒 +  𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡: 𝑓𝑜𝑜𝑑( ) ϕ(𝑏𝑎𝑠𝑒) Bears avoided treatment areas, depending on natural food 

availability. 
m8  𝑤 𝑏𝑎𝑠𝑒( )  ϕ(𝑏𝑎𝑠𝑒 +  𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡: 𝑓𝑜𝑜𝑑) Bears had faster and straighter movement in treatment areas, 

depending on natural food availability. 
m9  𝑤 𝑏𝑎𝑠𝑒 +  𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡: 𝑓𝑜𝑜𝑑( ) ϕ(𝑏𝑎𝑠𝑒 +  𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡: 𝑓𝑜𝑜𝑑) Bears avoided and had faster and straighter movement in 

treatment areas, depending on natural food availability. 
Response to the garbage-reduction treatment over time and depending on natural food availability 
m10  𝑤 𝑏𝑎𝑠𝑒 +  𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡: 𝑡𝑖𝑚𝑒: 𝑓𝑜𝑜𝑑( ) ϕ(𝑏𝑎𝑠𝑒) Bears avoided treatment areas over time and depending on 

natural food availability. 
m11  𝑤 𝑏𝑎𝑠𝑒( )  ϕ(𝑏𝑎𝑠𝑒 +  𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡: 𝑡𝑖𝑚𝑒: 𝑓𝑜𝑜𝑑) Bears had faster and straighter movement in treatment areas 

over time and depending on natural food availability. 
m12  𝑤 𝑏𝑎𝑠𝑒 +  𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡: 𝑡𝑖𝑚𝑒: 𝑓𝑜𝑜𝑑( ) ϕ(𝑏𝑎𝑠𝑒 +  𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡: 𝑡𝑖𝑚𝑒: 𝑓𝑜𝑜𝑑) Bears avoided and had faster and straighter movement in 

treatment areas over time and depending on natural food 
availability. 

 

bin frequency, which was the number of used steps for which the predicted probability of use fell 

into that bin. We adjusted bin frequencies by dividing them by the number of available steps 

(from validation data) for which the predicted probability of use fell into that bin. We calculated 

the Spearman rank correlation (rs) between the bin scores and the bin adjusted frequencies. High 
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predictive performance is indicated by strong positive correlations because more used locations 

are within higher predicted use bins (Boyce et al., 2002). We rotated data held for validation and 

iteratively estimated Spearman rank correlations for each validation fold (k). 

To report effect size predicted under our best model, we predicted the relative probability 

of use at all available locations, where we used the observed value for the covariate of interest 

while maintaining all other predictors at their mean, following (Avgar et al., 2017). We did so at 

the population level (i.e., across all individual-years) and, to further investigate the effect of 

treatment over time, we also predicted use at the individual level, only retaining individuals with 

data available at least one year before and two years or more after implementation. To report 

effects on movement rates, we predicted speed by multiplying the shape and scale parameters of 

the gamma distribution and straightness by reporting the concentration parameter of the Von 

Mises distribution (Avgar et al., 2016; Prokopenko et al., 2017).  

Analyses were completed using R version 4.4.0 (R Core Team, 2024) and the packages 

‘Animal Movement Tools’ (amt, version 0.2.2.0) (Signer et al., 2019) and ‘Generalized Linear 

Mixed Models using Template Model Builder’ (glmmTMB, version. 1.1.10.) (Brooks et al., 

2017). 

Results 

Black bear data 

During summers 2011-2016, GPS collar locations were collected from 76 adult female 

black bears across 2,546 km2; all individuals ranged far beyond the Durango city limits. Of these 

bears, 16 individuals had steps intersecting our study area (i.e., 1.5 km buffer around the 

experimental area) and period of interest (i.e., July-September). We analyzed a total of 4,198 

used steps from these 16 bears across 6 years. Of these individuals, 6 had steps collected 
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exclusively before the treatment was implemented (i.e., 2011-2012), 5 had steps collected 

exclusively after the treatment was implemented (i.e., 2013-2016), and 5 had steps collected both 

before and after the treatment was implemented (Supplementary Table S1.1). Of the 5 bears with 

steps before and after treatment implementation, 3 had steps collected both before and multiple 

years after the treatment was implemented and were used to investigate the effect of treatment 

over time. In the post-treatment years, 3 other individuals were active only at the edge of the 

buffer and were far away enough from the experimental area that neither their used nor their 

available steps overlapped the treatment area. However, all these individuals were included 

because they informed the effect of the other habitat covariates evaluated as predictors of bear 

selection. In total, the effect of the treatment on selection and movement was informed by 15 

individual-years (i.e., 7 individuals across 2013-2016) (Supplementary Table S1.2). 

Effect of habitat covariates on bear selection and movement 

Baseline habitat covariates that predicted bear resource selection included percent canopy 

cover, elevation, distance to rivers, slope, and percent urban imperviousness (Figure 1.4; refer to 

Supplementary Table S1.3 for model selection results and to Supplementary Table S1.4 for 

model coefficients). These five habitat variables were included in our base model (m0) 

representing the null hypothesis. As predicted, collared bears selected areas with higher canopy 

cover, lower elevation, closer to rivers and streams, steeper slopes, and intermediate levels of 

imperviousness, which corresponded to residential neighborhoods with larger backyards and 

some impervious surfaces. Within our study area, undeveloped areas (i.e., open space natural 

areas) and areas with higher imperviousness (i.e., apartment complexes, commercial and 

industrial areas) had lower predicted probabilities of use.  
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Figure 1.4. Estimated effects of percent canopy cover, elevation, and distance to rivers, slope, 
and imperviousness on the relative probability of use by black bears in Durango, Colorado 
(2011-2016), included in the base model (m0). Each colored line represents a unique 
individual-year, with one color for each bear individual (i.e., some colors appear 2-3 times to 
represent the same bear in different years). Thicker black lines show the population average 
response. 

Effect of garbage reduction on bear selection and movement 

After accounting for important habitat covariates, we tested multiple hypotheses 

regarding the effect of the garbage-reduction treatment on bear resource selection and movement, 

including the interacting effects of time since implementation and annual natural food 

availability. Of these hypotheses, the best supported model was m4 (AICc weight = 0.91), which 

included the interactive effects of the garbage-reduction treatment and time since implementation 

on resource selection but no effect of treatment on movement (Table 1.2). Model m4 

demonstrated a significant cross-validated Spearman-rank correlation (rs = 0.77; p = 0.01), 

indicating good model performance (Boyce et al., 2002; refer to Supplementary Table S1.5 for  

19 



 

Table 1.2. AICc-based model selection results for generalized linear mixed models of black bear 
selection  and movement testing the effect of the garbage-reduction treatment (i.e., 𝑤() ϕ() 
“treatment”), including interacting effects of time since implementation (i.e., “time”) and natural 
food availability (i.e., “food”) in Durango, Colorado, 2011-2016. K is the number of fixed effect 
model parameters; AICc is Akaike’s information criterion corrected for small samples. 

Fixed effects model structure K AICc ∆AICc AICc 
weight Log-Likelihood 

m4 
 𝑤 𝑏𝑎𝑠𝑒 +  𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡: 𝑡𝑖𝑚𝑒( ) ϕ(𝑏𝑎𝑠𝑒) 15 28005.88 0.00 0.91 -13987.93 

m6 
 𝑤 𝑏𝑎𝑠𝑒 +  𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡: 𝑡𝑖𝑚𝑒( ) ϕ(𝑏𝑎𝑠𝑒 +  𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡: 𝑡𝑖𝑚𝑒) 21 28010.66 4.78 0.08 -13984.32 

m10 
𝑤 𝑏𝑎𝑠𝑒 +  𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡: 𝑡𝑖𝑚𝑒: 𝑓𝑜𝑜𝑑( ) ϕ(𝑏𝑎𝑠𝑒) 16 28015.92 10.04 0.01 -13991.95 

m12 
𝑤 𝑏𝑎𝑠𝑒 +  𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡: 𝑡𝑖𝑚𝑒: 𝑓𝑜𝑜𝑑( ) ϕ(𝑏𝑎𝑠𝑒 +  𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡: 𝑡𝑖𝑚𝑒: 𝑓𝑜𝑜𝑑) 24 28028.67 22.79 0.00 -13990.32 

m7 
 𝑤 𝑏𝑎𝑠𝑒 +  𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡: 𝑓𝑜𝑜𝑑( ) ϕ(𝑏𝑎𝑠𝑒) 15 28031.70 25.82 0.00 -14000.84 

m0 
 𝑤 𝑏𝑎𝑠𝑒( ) ϕ(𝑏𝑎𝑠𝑒) 12 28031.95 26.07 0.00 -14003.97 

m1 
 𝑤 𝑏𝑎𝑠𝑒 +  𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡( ) ϕ(𝑏𝑎𝑠𝑒) 13 28032.09 26.21 0.00 -14003.04 

m2 
 𝑤 𝑏𝑎𝑠𝑒( )  ϕ(𝑏𝑎𝑠𝑒 + 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡) 14 28033.23 27.35 0.00 -14002.61 

m9 
 𝑤 𝑏𝑎𝑠𝑒 +  𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡: 𝑓𝑜𝑜𝑑( ) ϕ(𝑏𝑎𝑠𝑒 +  𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡: 𝑓𝑜𝑜𝑑) 21 28038.30 32.43 0.00 -13998.14 

m3 
 𝑤 𝑏𝑎𝑠𝑒 +  𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡( ) ϕ(𝑏𝑎𝑠𝑒 + 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡) 15 28033.92 28.04 0.00 -14001.95 

m5 
 𝑤 𝑏𝑎𝑠𝑒( )  ϕ(𝑏𝑎𝑠𝑒 +  𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡: 𝑡𝑖𝑚𝑒) 18 28040.24 34.36 0.00 -14002.11 

m8 
 𝑤 𝑏𝑎𝑠𝑒( )  ϕ(𝑏𝑎𝑠𝑒 +  𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡: 𝑓𝑜𝑜𝑑) 18 28040.34 34.46 0.00 -14002.16 

m11 
 𝑤 𝑏𝑎𝑠𝑒( )  ϕ(𝑏𝑎𝑠𝑒 +  𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡: 𝑡𝑖𝑚𝑒: 𝑓𝑜𝑜𝑑) 20 28042.61 36.74 0.00 -14001.30 

 

Spearman-rank correlations of each validation fold). Importantly, under m4, the predicted relative 

probability of use for collared bears slightly increased in control areas over the years following 

implementation (i.e., 2013-2016) but decreased over the same years in treatment areas (Table 

1.3, Figure 1.5). Between 2013 and 2016, the average probability of use increased 10% in control 

areas (2013: probability = 0.107, sd = 0.006; 2016: probability = 0.117, sd = 0.016) and 

decreased 30% in treatment areas (2013: probability = 0.119, sd = 0.004; 2016: probability = 

0.084, sd = 0.010). Individual predictions of use under m4 for the three bears with data available  
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Table 1.3. Standardized coefficients from the best supported model of black bear selection and 
movement (m4) in Durango, Colorado. (sl = step length, ta = turn angle). 

 ß coefficient Standard error 95% confidence 
interval 

Movement parameters 

log(sl) 0.060 0.017 [0.027; 0.092] 
cos(ta) -0.046 0.022 [-0.09; -0.002] 
Resource selection (covariates extracted at the end point of the step) 

canopy 0.170 0.018 [0.135; 0.205] 
elevation -0.386 0.042 [-0.468; -0.304] 
elevation2 0.102 0.011 [0.08; 0.124] 
distance to rivers -0.082 0.018 [-0.117; -0.048] 
slope 0.328 0.034 [0.261; 0.395] 
slope2 -0.038 0.013 [-0.064; -0.012] 
imperviousness 0.147 0.026 [0.096; 0.198] 
imperviousness2 -0.387 0.023 [-0.432; -0.341] 
treatment 0.298 0.132 [0.04; 0.556] 
time -0.904 0.174 [-1.245; -0.563] 
treatment:time -0.189 0.061 [-0.308; -0.069] 

 

both before and multiple years after implementation (i.e., B27, B7, and B125) showed that each 

bear reduced her relative use of treatment areas compared to control areas post-treatment (Figure 

1.6). Notably, all 3 bears showed a slightly stronger selection for treatment areas in 2013, but 

they all reduced their use of treatment areas across the study period and instead selected for 

control areas. 

To address our questions related to the effect of treatment on movement, we investigated 

the results of the next best supported hypothesis (m6, ∆AICc = 4.78, AICc weight = 0.08, 

coefficient estimates available in Supplementary Table S1.6). This hypothesis included an 

interactive effect of the garbage-reduction treatment and time since implementation on both 

resource selection and movement. This second-best model (m6) included estimating six 

additional parameters in comparison to the best hypothesis m4. The effect of treatment on the  
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Figure 1.5. Estimated effect of the garbage-reduction treatment on the relative probability of use 
of black bears, predicted under the best supported model m4, over the years before and after 
implementation in Durango, Colorado. Boxplots represent the distribution of values for 
individual-years (1) before treatment implementation (grey) and (2) after treatment in control 
(purple) and treatment areas (green). The vertical dashed line shows the year of implementation 
of the treatment. 

speed of collared bear movements was small and its direction varied over the years after 

implementation (Figure 1.7), thus not clearly confirming or refuting our hypotheses. The 

predicted straightness of steps remained constant in control areas but slightly increased in 

treatment areas over the years since implementation (Figure 1.7), supporting our hypotheses. 

However, the coefficients representing effects on straightness had 95% confidence intervals 

overlapping 0 (Supplementary Table S1.6). Overall, effects on movement were poorly supported 

(Table 1.2). Other hypotheses including effects of natural food availability received little support 

relative to m4 and m6 (AICc weights ≤ 0.01). 
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Figure 1.6. Estimated effect of the garbage-reduction treatment on the relative probability of use 
of black bears, predicted under the best supported model m4, over the years before and after 
implementation, for individuals with data available both before and more than 2 years after the 
treatment: B27 (top), B7 (center), and B125 (bottom). Predicted use is represented (1) before 
treatment implementation (grey) and (2) after treatment in control (purple) and treatment areas 
(green). Error bars show the 95% confidence intervals. The vertical dashed line shows the year 
of implementation of treatment. 
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Figure 1.7. Estimated effect of the garbage-reduction treatment on the movement rates of black 
bears, including speed and straightness, predicted under the second-best supported model m6, 
over the years before and after implementation in Durango, Colorado. Boxplots represent the 
distribution of values for individual-years (1) before treatment implementation (grey) and (2) 
after treatment in control (purple) and treatment areas (green). The vertical dashed line shows the 
year of implementation of the treatment. 

Discussion 

Our study provided insight into the fine-scale behavioral responses of black bears to 

wide-scale urban bear-proofing, suggesting bears perceived and reacted to this management 

intervention. Knowledge about the behavioral responses of animals, including resource selection 

(Greggor et al., 2020), movement (Avgar et al., 2013), and learning (Verzuh et al., 2024), can be 

indicators of success of management actions and can help advance wildlife conservation 

(Blumstein and Fernández‐Juricic, 2004, 2010). In the case of the garbage-reduction experiment 

in Durango, we expected black bears to avoid treatment areas and increase movement rates, 

including speed and straightness, compared to control areas and to pre-implementation 

conditions (Dickie et al., 2020). Consistent with these predictions, bears avoided residential areas 

where garbage availability had been reduced and this avoidance response increased over time, 

suggesting learning. However, bear movement rates were not notably affected by the garbage 

reduction. While our inferences were based on a small number of collared female bears, they 
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demonstrate the effectiveness of bear-resistant garbage containers in modifying black bear 

behavior in a way that reduces the risk of urban human-bear conflict. 

Over the four years following the distribution of bear-resistant garbage containers in the 

treatment areas, the probability of use of the treatment sites by a bear slightly decreased from 

~12% in 2013 to ~8% in 2016 (a decline of ~30%). In the same period, bear activity slightly 

increased in control areas (11% in 2013 and 12% in 2016). Following the approach-avoid 

framework (Greggor et al., 2020), bear-resistant garbage containers were effective at de-valuing 

trash as an attractant and at altering the economics of foraging decision-making. This is 

consistent with previous findings that the garbage reduction in Durango was effective at reducing 

the number of events of bears eating garbage (Johnson et al., 2018), and with previous studies 

that established that bear-proofing efforts helped reduce self-reported human-bear conflicts 

(Barrett et al., 2023) and the amount of human foods in bear diets (Hopkins et al., 2014). 

Importantly, our study suggests the mechanism driving these reductions in conflicts, i.e., the 

decline in bear use of bear-proofed areas due to a direct change in bear behavior. In addition, 

reduced bear activity in residential areas due to bear-resistant containers also likely alleviated 

non-garbage-related risks, including risks to people, domestic pets, and property as well as risks 

to bears via lethal control or vehicle collisions.  

Containers employed in this study used a manual locking mechanism (refer to 

Supplementary Figure S1.1); therefore, effectiveness was dependent on resident compliance. 

During the post-treatment years (2013-2016), the average annual compliance rate in treatment 

areas was 71% (Johnson et al., 2018), which meant that some garbage was still available to 

bears. Currently, bear-resistant containers in Durango use an automatic locking mechanism that 

increases compliance rates (e.g., resident compliance when using automatically locking 
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containers was 92% in Durango in 2021; C. Venumière-Lefebvre, Colorado State University, 

unpublished data, 2021). As a result, we expect the behavioral responses of bears to these new 

containers is likely stronger than those we estimated in our study. 

Previous studies have determined that scarce natural food is an important driver of urban 

bear activity (Baruch-Mordo et al., 2014; Johnson et al., 2015) and conflicts (Zack et al., 2003; 

Laufenberg et al., 2018). Our results indicated that the effect of treatment was strongly 

influenced by time since implementation but not by interannual variations in the availability of 

natural foods. The four post-implementation years (i.e., 2013-2016) had variable mast 

availability (high: 2014, index = 25.4; low: 2015, index = 17.5) but were all moderate or good 

food years compared to a complete food failure year like 2012 (index = 5.6) (Johnson et al., 

2018). Our finding that bear-resistant containers were effective even in years of lower food 

availability is encouraging. However, more research evaluating the effectiveness of these 

containers during food failure years is warranted considering their frequency is expected to 

increase with changes in global climate (Ummenhofer and Meehl, 2017; Li et al., 2025). 

The time dependence of the selection response we observed is likely due to two factors: 

(1) a change in the individuals composing the population and (2) individual bear behavior 

change, suggesting learning or behavioral plasticity (Lee and Thornton, 2021). The composition 

of collared individual bears that used the study area shifted during the study period. For example, 

B51 used the study area only during the year prior to the implementation of garbage-reduction 

efforts (i.e., 2012) and the year just following it (i.e., 2013). In contrast, B124 and B480 used the 

study area only during the later years, after the treatment was implemented (i.e., 2015 and 2016, 

respectively) (Supplementary Table S1.1). However, black bears are also highly intelligent and 

capable of using spatial memory (Zamisch and Vonk, 2012) and learning foraging behavior 
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(Mazur and Seher, 2008). When we plotted model predictions for three individuals with data 

both before and after implementation of the treatments (Figure 1.6), we observed that each bear 

reduced her activity in treatment areas over time; in contrast, no such decline was evident in the 

control areas. Despite the small sample size, this result potentially suggests individual learning, 

defined as the modification of an animal’s behavior in response to repeated positive or negative 

exposure (Shettleworth, 2010; Barrett et al., 2019). Indeed, Lewis et al. (2021) reflected on the 

challenge of measuring spatial learning in natural environments and suggested that it can be 

measured by improved performance (i.e., a change in behavior) as a function of time in the 

environment, such as in our study. Time indicates repeated exposure to the stimulus and the 

opportunity for bears to associate this stimulus (i.e., bear-resistant garbage containers) with the 

outcomes of behavior (i.e., lack of reward) (Sol et al., 2020; Lee and Thornton, 2021) likely 

driving our observed outcome.  

Contrary to expectations, we did not find clear evidence that bears altered their 

movement rates (i.e., speed and straightness) in response to garbage-reduction efforts. Our 

results regarding the speed of individuals were inconclusive and straightness of bear steps 

increased in treatment areas, following our hypothesis, but not significantly. In reference to the 

four theoretical categories of behavioral responses outlined in Figure 1.2, our results suggest that 

bears might have responded to reduced garbage availability by altering their behavior along one 

dimension of our framework (i.e., resource selection) but not clearly along the other (i.e., 

movement rates). Results also suggest a shift in behavior away from the “forage” model, likely 

toward a “flee” response, but further analyses with more data could help clarify the movement 

response to treatment. Although animals are expected to increase their movement rates in 

response to reduced forage availability (Avgar et al., 2013), movement can be constrained by 
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other factors, including energetic costs (Nevin and Gilbert, 2005), physical barriers impeding 

movement (e.g., roads, buildings, fences; Dickie et al., 2020), and unpredictable anthropogenic 

activities (Frid and Dill, 2002; Collins et al., 2022). As a result, multiple factors are likely 

operating simultaneously in complex urban landscapes, contributing to the lack of a clear and 

consistent movement response to the garbage-reduction experiment. Given that effects on 

movement rates are modeled in integrated step selection functions by interacting covariates with 

two movement parameters (i.e., log-step length and cosine of turn angles) (Avgar et al., 2016), 

and given our relatively restricted dataset, models testing hypotheses relating to movement were 

easily over-parameterized. Therefore, a larger dataset might be necessary to model the complex 

relationships driving bear movement responses. 

In addition to quantifying the effect of the garbage reduction, we identified habitat 

covariates that were most predictive of bear activity in a developed landscape. As predicted, 

bears selected areas of high canopy cover, steep slopes, close to rivers and streams, and low 

elevations. Those areas were often vegetated and less developed and thus provided protection 

and food resources (Naiman and Rogers, 1997; Lyons et al., 2003; Johnson et al., 2015; 

Laufenberg et al., 2018). This selection for cover demonstrates the documented use of edges in 

heterogeneous anthropogenic landscapes by urban carnivores (Gehrt et al., 2010; Ordeñana et al., 

2010; Leighton et al., 2022). In addition, bears selected areas of intermediate densities of 

development, following the urban intermediate disturbance hypothesis (Crooks, 2002; Gehrt et 

al., 2010). Specifically, bear activity peaked in residential neighborhoods with backyards, which 

offer a balance between anthropogenic food (e.g., garbage, birdseed, fruit trees) and risk (e.g., 

lower human activity than in commercial areas, smaller and quieter roads, and presence of 

vegetation cover in backyards) (Johnson et al., 2015; Evans et al., 2017; Laufenberg et al., 2018). 
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This result supports the importance of targeting residential attractants in management actions to 

mitigate urban conflicts. 

It is important to recognize that our dataset was limited to 16 adult female black bears, 

with seven of these collared individuals contributing to the reported effect of reduced garbage 

availability on resource selection. The focus on adult females was due to constraints inherent to 

our existing dataset, where adult females were initially targeted to estimate population dynamics 

of bears in the vicinity of Durango (Johnson et al., 2020). Further investigating effects of 

reducing anthropogenic attractants on bear resource selection using larger sample sizes or in 

different communities would help generalize our findings. In particular, evaluating the 

behavioral responses of male black bears to such alterations of anthropogenic resources 

availability would be insightful because males tend to have larger home ranges (Karelus et al., 

2016) and longer activity periods (Lindzey and Meslow, 1976) than females. Although our 

behavioral results were restricted to adult female bears, notably, they closely aligned with trends 

of reduced conflicts during the same period, which were caused by bears of all sex and stage 

classes in the study system (Johnson et al., 2018), suggesting that our findings may be relevant to 

these other segments of the bear population.  

Evidence-based solutions to reduce human-carnivore conflicts are needed (Artelle et al., 

2024), but it is often challenging to evaluate the effectiveness of different management actions. 

Experimental designs, which offer the most robust results, are difficult to conduct at the scales on 

which large carnivores operate. For example, the home range of an individual female black bear 

can average 20 km2 in size (Price et al., 2024); the total collar locations of the 16 bears included 

in our study from hyperphagia months covered 24 km2 (estimated from the median 95% 

minimum convex hull) or about five times the size of the control and treatment areas of our 
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study. As a consequence, matching the scale of management actions to the behaviors of 

carnivores is often logistically and financially difficult. The experimental manipulation of 

attractants in Durango and the concurrent monitoring of black bear movement via GPS telemetry 

enabled a rare opportunity to evaluate the behavioral responses of bears to the garbage-reduction 

intervention.  

Overall, our findings demonstrate that changes in residential garbage practices can be an 

effective management lever for reducing anthropogenic attractants in communities experiencing 

conflicts with bears. Although bear-resistant containers are expensive, our results indicate that 

they can measurably change the behavior of individual bears and that effectiveness is expected to 

increase over time, making it a strategic investment for communities, particularly if using 

automatically locking containers. In addition, human development-related mortality can cause 

population sinks or ecological traps for bears (Hostetler et al., 2009; Lamb et al., 2017; Johnson 

et al., 2020). Attractant management strategies such as the one implemented in Durango can help 

reduce bear use of developed areas and are likely to better maintain bear populations over time, 

especially considering likely increases in urbanization in the future. 
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Chapter 2. Predicting human-bear conflict and evaluating community-based coexistence 
strategies 

Introduction 

Human-wildlife conflict is a global conservation challenge and emerges when wildlife 

pose actual or perceived threat to human interests or needs, leading to disagreements between 

groups of people and negative impacts on people and/or wildlife (IUCN, 2023). Human-wildlife 

conflict intersects other global change threats; land transformation for agriculture and 

development is expected to increase human-wildlife overlap in the 21st century (Ma et al., 2024) 

and climate change can intensify conflict by exacerbating resource scarcity and forcing people 

and wildlife to share increasingly crowded spaces, (Abrahms, 2021). Conflict also particularly 

affects vulnerable human communities, such as low-income rural communities (Braczkowski et 

al., 2023), making it both a pressing conservation and social justice issue.  

Among species affected by conflict with people, large carnivores are particularly 

vulnerable (Fernández-Sepúlveda and Martín, 2022; Ripple et al., 2014). Specifically, conflicts 

between people and American black bears (Ursus americanus, hereafter "black bears", or 

"bears") occur throughout their range (Hristienko and McDonald, 2007) and include threat to 

human safety (Herrero et al., 2011), depredation of pets or livestock, or damage to property or 

agricultural resources (Lackey et al., 2018). Encounters also lead to bear mortality through 

euthanizations by management agencies and accidental collisions with vehicles, which can have 

demographic consequences on bear populations (Hostetler et al., 2009; Laufenberg et al., 2018). 

A common driver of conflict is the greater availability of anthropogenic food sources at the 

urban-wildlife interface (Klees Van Bommel et al., 2022), particularly garbage (Lewis et al., 

2015). Another important factor mediating the probability of conflict is the availability of natural 
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foods (Obbard et al., 2014), where late season frosts and drought can limit natural foraging 

options for black bears and exacerbate conflict (Calhoun et al., 2025; Shoemaker et al., 2025). 

To mitigate the consequences of conflict on human endeavors and bear populations, 

solutions that foster coexistence are needed (Artelle et al., 2024; Venumière-Lefebvre et al., 

2022). Common management responses include capturing and relocating individual bears, 

euthanizing or permitting hunters to harvest individual bears, and education through site visits, 

brochures, media, and workshops (Spencer et al., 2007). However, the effectiveness of these 

tools in reducing long-term risk of conflict is somewhat limited (Alldredge et al., 2015; 

Baruch-Mordo et al., 2011; Lewis et al., 2019). Given the importance of anthropogenic food 

sources in driving conflict, and that the success of coexistence tools often hinges on the 

involvement of stakeholders (Hyde et al., 2022), proactive approaches led with or by 

communities to remove anthropogenic attractants are promising (Johnson et al., 2018; Makkay et 

al., 2010; Venumière-Lefebvre et al., 2025).  

Recognizing this need, the state of Colorado, where human-bear conflicts are common 

(Baruch‐Mordo et al., 2008), implemented a new program to foster collaboration between the 

state agency and local communities to help address human-bear conflict. In 2022, Colorado's 

Governor’s Office and Colorado Parks and Wildlife launched the annual Human-Bear Conflict 

Reduction Community Grant Program (hereafter "community program") to provide Colorado 

communities with financial resources to support efforts to reduce human-bear conflicts and foster 

innovative solutions to human-bear conflict. In the first year of its implementation, the program 

awarded a total of $1 million to 11 community projects throughout the state (Figure 2.1). Projects 

focused on funding bear-proof garbage infrastructure, electric fencing, fruit removals, and 

influencing public behavior through education, community engagement programs, and increased  
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Figure 2.1. Distribution of human-bear conflicts reported to Colorado Parks and Wildlife in 
Colorado (2019-2025) and 11 community projects participating in the 2022 Human-Bear 
Conflict Reduction Community Grant Program. (A) Locations of conflict reports (red dots). The 
grey area is the range of black bears in Colorado (Colorado Parks and Wildlife, 2023). (B) 
Spatial intensity of conflict reports plotted using kernel density with a smoothing bandwidth 
corresponding to a spatial radius of 80 km (Silverman, 1986). 
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enforcement of local regulations. The program was subsequently renewed and funded additional 

projects between 2023 and 2025. We focused on the first year of this statewide effort to reduce 

attractants and used it as a natural experiment to compare the effectiveness of diverse 

conflict-reduction strategies.  

In this research, we aimed to learn from this community program by first characterizing 

patterns of human-bear conflict across Colorado and then evaluating the effectiveness of the 

funded interventions in reducing conflict risk. Specifically, our objectives were to: (1) identify 

patterns in human-bear conflict in Colorado, including temporal trends, spatial hotspots, and 

sources of conflict, and compare those to past estimates of conflict, (2) predict the spatial risk of 

human-bear conflict, based on the relative influence of various natural and anthropogenic 

landscape features to help identify priority areas for conflict management, and (3) evaluate the 

effectiveness of the community program by assessing if it targeted areas with high levels of 

conflict risk and if interventions resulted in reductions in risk. 

Methods 

Study area 

This study focused on human-bear conflicts in the state of Colorado in the western United 

States (37°N to 41°N and 102°W to 109°W). The western two-thirds of Colorado are composed 

of the southern Rocky Mountains, dominated by mixed coniferous and deciduous forests, and 

high elevation plains and plateaus, dominated by sagebrush steppe and pinyon-juniper 

woodlands (Omernik, 1987). This region offers high habitat quality for bears (Colorado Parks 

and Wildlife, 2023) and is home to a bear population of an estimated 17,000 to 20,000 

individuals, based on hair snag samples and genetic analyses (Apker et al., 2016). The Front 

Range (i.e., eastern foothills of the Rockies) is highly developed and hosts most of Colorado's 

growing human population (U.S. Census Bureau, 2020). The eastern part of the state is 
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composed of lower elevation plains and plateaus dominated by grasslands, largely cultivated and 

grazed (Omernik, 1987) and has minimal bear activity. Agricultural operations in the state, 

including sheep, cattle, poultry, and bees (U.S. Department of Agriculture, National Agricultural 

Statistics Service, 2023), contribute to conflicts with bears (Colorado Parks and Wildlife, 2015). 

Between 1986 and 2003, the Colorado Division of Wildlife (now Colorado Parks and 

Wildlife) recorded 2,405 events of human-bear conflict, which were most commonly related to 

agriculture operations (i.e., sheep, poultry), vehicle collisions on highways, and property damage 

in developed areas, including residence break-ins and damage to vehicles and campers 

(Baruch‐Mordo et al., 2008). Colorado Parks and Wildlife’s management of bears is focused on 

mitigating human-bear conflicts to protect human health and safety while maintaining a 

sustainable black bear population in the state. These goals are pursued through the management 

of bear populations via a regulated fall harvest season, a game damage program (up to $5,000 

can be compensated to landowners per head of livestock and to personal property used for the 

production of raw agricultural products; Colorado Revised Statutes § 33-3-103.5-104), and by 

responding to reported conflicts (Colorado Parks and Wildlife, 2015). Responses to conflicts 

follow the 2-strike directive (Colorado Division of Wildlife, 2007). Under this directive, black 

bears reported for nuisance and depredation behavior are captured, ear-tagged, and translocated, 

or euthanized if they posed an immediate threat to human safety by displaying aggressive 

behavior. Tagged bears reported for nuisance behavior and captured a second time are euthanized 

(Lewis et al., 2019). To limit the risks associated with human-bear encounters, baiting or 

intentional feeding of bears is illegal in the state (Colorado Revised Statutes § 33-4-101.3). Since 

2026, it is also illegal to negligently lure bears in the state by knowingly placing food or edible 

waste in the open in circumstances where there is a reasonable probability of luring a wild bear 
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(Colorado HB26-1342, leg.colorado.gov/bills/HB26-1342). Laws specifically related to the 

storage of garbage are governed by municipalities and counties. 

Identifying patterns in human-bear conflict 

To help wildlife managers track and quantify bear activity and conflicts across the state, 

Colorado Parks and Wildlife implemented a standardized online reporting system in April 2019 

that records citizen reports to the agency of incidents involving black bears. For each incident, 

responding officers recorded: incident type (i.e., unsubstantiated report, sighting, food and 

non-food related property damage, aggressive behavior, attack); location, date, and time; bear 

physical characteristics (i.e., sex, age, color); type of attractant involved (i.e., trash, vehicle, 

outside food source, beehive, pet, livestock, orchards and growing crops, other); and their 

management response (i.e., no action, advice, site inspection, trap set, hazed, relocated, 

education materials, pyrotechnics, euthanized, rehabilitation) (see Supplementary Tables 

S2.1-S2.3 for full definitions). We used this database from 2019 to 2025 to address our 

objectives. Notably, a key limitation of this dataset is that conflict reports reflect not just conflict 

but also reporting rates, which may vary over time and space (Howe et al., 2010). We return to 

this point in the discussion.  

We first filtered out non-conflict incidents (i.e., unsubstantiated reports and sightings) and 

summarized conflict records (i.e., reports of food and non-food property damage, aggressive 

behavior, and attacks) by type of conflict, type of attractant, year, and location. We plotted the 

spatial intensity of conflict reports, using kernel density with a smoothing bandwidth 

corresponding to a spatial radius of 80 km (Silverman, 1986; Figure 2.1B). We also tested the 

influence of natural food availability on conflict by calculating Pearson's correlation between the 

annual count of conflict reports and a natural food index based on statewide data collected 

annually by Colorado Parks and Wildlife. Each year, managers assessed a mast production score 
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in each of their data analysis units based on their visual observations (1: mast failure; 2: poor; 3: 

moderate; 4: good; 5: bumper crop) for each of four mast-producing species utilized by black 

bears: Gambel oak (Quercus gambelii), juniper (Juniperus spp.), chokecherry (Prunus 

virginiana), and serviceberry (Amelanchier canadensis). For each year, we calculated the 

average mast production score assessed across species and used this annual index as our measure 

of natural food availability. 

We also compared current patterns in conflict reports (2019-2025) to past patterns 

(1986-2003) previously reported (Baruch‐Mordo et al., 2008). To match our records, we filtered 

our conflict data to only events in which bears were trapped or euthanized, following the 

Baruch-Mordo et al. (2008) definition of conflict: any bear-human encounter that prompted 

action to either trap or kill bears by Colorado Division of Wildlife (now Colorado Parks and 

Wildlife), affiliated entities such as United States Department of Agriculture-Wildlife Services, 

or landowners. We provide summaries of this subset of conflict records (i.e., 2019-2025 conflict 

reports in which bears were trapped or killed) by type of conflict, type of attractant, year, and 

location. 

Predicting the distribution of risk of human-bear conflict in Colorado 

We built a maximum entropy (Maxent) model to assess the relative influence of natural 

and anthropogenic spatiotemporal drivers on relative risk of human-bear conflict in Colorado, to 

produce a predictive tool of relative risk of conflict, and to evaluate whether the community 

program directed efforts towards locations with high relative risk of conflict. Maxent is a 

modeling technique adapted to spatially explicit presence-only data and was initially developed 

to estimate species distributions from scarce occurrence records (Phillips et al., 2006). Maxent 

models the environmental requirements of a species from a set of occurrence localities and a set 

of environmental variables that represent the suitability of the environment for that species 
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(Phillips et al., 2006). Maxent is a flexible framework (Elith et al., 2011) that can be applied to 

human-wildlife conflict, where the occurrence localities are the conflict records, the 

environmental variables are potential spatiotemporal drivers of conflict, and the suitability of the 

environment is the relative risk of conflict for specific environmental conditions. Maxent is 

particularly useful for modeling conflict (Masseloux et al., 2025; Wu et al., 2024) because it does 

not require absence data and does not assume that background points (i.e., locations where no 

conflict was reported) are absences (i.e., that no conflict occurred where no conflict was 

reported), which suits our dataset as not all conflicts are reported to Colorado Parks and Wildlife. 

In our model, we included spatial predictors of bear activity and anthropogenic attractants. 

To predict relative risk of conflict where bears and humans co-occur, we limited our 

analysis to the established black bear range in Colorado (Colorado Parks and Wildlife, 2023). We 

did not include any locations (reports or background points) outside of this range. We also 

assigned a score to each Colorado Parks and Wildlife management unit (n = 186 game 

management units in Colorado) to represent habitat quality. The score was the sum of a habitat 

quality index (3: primary habitat; 2: secondary habitat; 1: edge habitat) multiplied by the 

proportion of each habitat in the management unit, based on a habitat study conducted internally 

by Colorado Parks and Wildlife (Apker et al., 2016). This habitat quality score was used to bias 

the sampling of background points for our model, with higher quality habitat creating larger 

background samples (see below). 

We used the following variables related to bear activity to include in our modeling effort. 

We included elevation (m) as a potential predictor variable, using the digital elevation model for 

Colorado (30-m resolution; U.S. Geological Survey, 2024) because we expected that the overlap 

between bear activity and human development would occur at intermediate elevations in the 
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state. From elevation, we also derived the slope (º) and ruggedness (terrain ruggedness index; 

(Riley et al., 1999). Bears rely on shrubs and forests for cover and food resources (Johnson et al., 

2015; Laufenberg et al., 2018). Therefore, we included the Annual National Land Cover 

Database classes of shrubs and deciduous, evergreen, and mixed forest (30-m resolution; 

(Multi-Resolution Land Characteristics consortium, 2019-2024). In contrast, we expected bears 

to avoid open habitat that does not provide food resources or cover, so we included an "open" 

class combining the Annual National Land Cover Database classes of barren land and grasslands 

(Multi-Resolution Land Characteristics consortium, 2019-2024). Bears also use riparian habitat 

to rest, drink, and for cover (Lyons et al., 2003; Naiman and Rogers, 1997), so we included the 

distance (m) between any location to the nearest river or stream (permanent or intermittent) (U.S. 

Census Bureau, 2013).  

We also included measures of anthropogenic attractants to predict human-bear conflict. 

To model intensity of urban development, we used the Microsoft Maps open building footprints 

dataset and calculated the density of buildings (building/km2) at a 1-km resolution (Microsoft, 

2018). To model spatial variation in human activity, we included the total population recorded by 

the American Community Survey at the census tract level and calculated the human density 

(resident/km2) in each census tract (U.S. Census Bureau, 2026). To represent the distribution of 

livestock and orchards, both attractants to bears, we used the 2022 Census of Agriculture count 

of farms producing cattle and calves, sheep and lambs, poultry, honey bees, and orchards per 

county and calculated a density of farms (farm/km2) (U.S. Department of Agriculture, National 

Agricultural Statistics Service, 2023). 

Following the Maxent approach, to compare the set of conflict reports to the set of 

conditions available, we sampled background points throughout the Colorado black bear range. 
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Targeted background sampling, where background points are proportionately sampled following 

a bias layer, can improve Maxent predictions (Phillips et al., 2009). Although usually used to 

account for bias in reporting, we used this technique to account for differences in bear densities 

across their range. Thus, we sampled 10 background locations across the Colorado black bear 

range for each reported conflict, using habitat quality scores as probability weights so that higher 

quality habitat had a higher probability of being sampled for background locations. 

The Maxent method uses a regularization parameter that optimizes parsimony of the 

model, which is a common modern approach to model selection and which works best without 

preselecting variables (Elith et al., 2011; Phillips and Dudík, 2008). Notably, this approach 

makes stable predictions in the face of correlated variables, but the weight (i.e., coefficient that 

weights the contribution of each predictor to the model) of two correlated variables is then 

shared between them (Elith et al., 2011). Therefore, we included in our model all the predictors 

described above, averaged at a 1-km2 cell resolution, and extracted the predictors at 

conflict-recorded and background locations. 

We built a Maxent model in R version 4.5.1 (R Core Team, 2025) using package dismo 

version 1.3-16 (Hijmans et al., 2010). We validated our model by using a 10-fold cross validation 

method, where we trained our model on 90% of conflict reports data, holding 10% for validation, 

and rotating the data until each of the 10% bins had been used for validation. On each subset, we 

evaluated the Area Under the Receiver Operating Characteristic Curve (ROC AUC) (Metz, 

1978), which is the probability that a randomly chosen conflict report occurrence site is ranked 

above a random background site. We also evaluated COR, the correlation between the model’s 

predictions and presence/absence records in testing data (Phillips and Dudík, 2008). 
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To examine the relative influence of various spatiotemporal factors on the risk of 

human-bear conflict, we assessed the variable contributions to the model (Phillips et al., 2006). 

We generated partial dependence plots that show the marginal response of conflict reports to 

variables that contributed most to the prediction while holding other variables constant at their 

median (Elith et al., 2011). To produce our predictive tool of conflict risk, we predicted the 

relative risk of conflict across Colorado's black bear range under our model using the Maxent 

logistic output (Phillips and Dudík, 2008). 

Evaluating the human-bear conflict reduction program 

To obtain information on the different interventions funded by the 2022 community 

program, we worked with the Colorado Parks and Wildlife grant manager and with community 

project leaders to record the specific locations targeted by the project (e.g., town, county, park), 

the amount of funding granted, specific actions funded, and the timeline of implementation (e.g., 

month and year of distribution of tools) (Supplementary Table S2.4). We also collected 

information on whether residential bear-proofing had occurred in the community prior to the 

grant; we expected the impact of the grant to be lower in communities that had already 

implemented bear-proofing compared to communities that had not. For each community project, 

we also determined the spatial polygon that encompassed all actions for each project (Figure 2.1) 

and a before/after implementation timeline. To investigate whether interventions reduced the 

number of human-bear conflict reports in the years following implementation, we summarized 

the percent change in conflicts reported within each community boundary for 4 years before 

action implementation (i.e., 2019-2022) and 3 years after action implementation (i.e., 

2023-2025). 

We also tested the effect of interventions on the relative probability of conflict while 

accounting for variations in natural forage in each project area and for history of previous efforts 
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in addressing human-bear conflict. To do so, we built a generalized linear mixed model to test 

the effect of interventions on the relative probability of conflict. We used the same conflict and 

background points in our Maxent model but excluded all points outside of community 

boundaries. At each conflict and background point, in addition to spatial predictors of bear 

activity and anthropogenic attractants previously described, we extracted "treatment" (i.e., 0 

before implementation, 1 after implementation), "previous efforts" (i.e., 1 in communities with 

previous efforts, 0 in communities implementing actions for the first time), "food" (i.e., the 

annual standard deviation from its local baseline [-1.96,1.96]), and "project ID" (i.e., a unique 

identifier for each community project [1-11]). To calculate the annual standard deviation in 

natural food availability from its local baseline, we calculated the average mast production score 

across species assessed by Colorado Parks and Wildlife and across years (2019-2025) for each 

data analysis unit, then calculated the annual standard deviation from this baseline in each unit 

(2019-2025). We modeled whether a location was a conflict report or background (1/0) as a 

response to the following predictors: 1) treatment, 2) previous efforts, 3) the interaction between 

treatment and previous efforts; 4) food; and 5) the top predictors of relative risk as selected by 

the Maxent model in the prior analyses. We also included project ID as a random effect. The 

generalized linear mixed model was built in the R stats package version 4.5.1 (R Core Team, 

2025). We ran models that include all possible combinations of those predictors and reported the 

effects of the most parsimonious model, based on the Akaike Information Criterion (Akaike, 

1974).  

Finally, we also assessed if the 2022 community program targeted areas with high risk. 

We used the relative risk of conflict predicted by our Maxent model across the black bear range 

in Colorado (1km-resolution) and compared these risk prediction values (in each 1km2 cell of our 
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surface) within the boundaries of participating communities to values across the Colorado black 

bear range using a t-test (Student, 1908). We also report the mean predicted risk within the 

boundaries of each participating community. 

Results 

Summary of human-bear conflict reports in Colorado 

Between 2019 and 2025, Colorado Parks and Wildlife received a total of 17,052 reports 

of human-bear conflict (Figure 2.1), averaging 2,436 conflicts reported annually (Supplementary 

Table S2.5). During this period, the lowest number of reports was recorded in 2023 (n = 1,789 

reports) and the highest number of reports was recorded in 2019 (n = 3,088) (Figure 2.2A). Most 

conflicts reported involved property damage (95.1%), with rare reports of aggressive behavior 

(4.6%) and even rarer reports of bear attacks on people (0.2%) (Supplementary Table S2.5). The 

main source of conflict was trash (38.8%), followed by livestock (13.5%), outside food sources 

(7.4%), vehicles (3.3%), crops (2.5%), beehives (1.5%), pets (0.6%), and compost (0.02%). Of 

the reports, 7.9% had multiple sources of conflict and 24.5% had an unknown source of conflict 

(Figure 2.2A and 2.2B, Supplementary Table S2.6). Among the conflict reports with multiple 

sources, 30.8% combined trash and an outside food source, 12.3% combined trash and vehicles, 

and 8.3% combined trash and livestock (see Supplementary Table S2.7 for all combinations of 

sources of conflicts) (Figure 2.2A). The annual count of conflict reports was negatively 

correlated with the availability of natural foods (r = -0.759, t = -2.608, df = 5, p-value = 0.048; 

Figure 2.3). 

Of the 17,052 conflict reports, 1,578 (9.3%) resulted in the capture of the bear and 515 

(3.0%) resulted in the death of the bear, averaging 225.4 bear captures and 73.6 bear deaths 

annually. Conflicts that resulted in the capture of the bear mostly involved property damage 

(87.9%), followed by aggressive behavior (11.4%) and bear attacks on people (0.7%). These  
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Figure 2.2. Human-bear conflicts reported to Colorado Parks and Wildlife between 2019 and 
2025 by source of conflict, including trash, livestock, outside food source, vehicles, crops, 
beehives, pets, compost, multiple, and unknown. (A) Annual number of reports. (B) Percentage 
of reports by source of conflict. (C) Mean annual reports in the 10 communities experiencing the 
highest rates of reported conflict. 

conflicts were most often caused by unknown sources of conflict (39.8%), followed by trash 

(20.3%), livestock (15.3%), multiple sources (12.4%), outside food source (4.8%), 

crops/orchards (2.3%), vehicles (2.3%), beehives (2.0%), and pets (0.8%). Conflicts that resulted 

in the death of the bear mostly involved property damage (79.4.8%), followed by aggressive 

behavior (17.5%) and bear attacks on people (3.1%). These conflicts were most often caused by 

unknown sources of conflict (40.8%), followed by livestock (22.7%), trash (15.9%), multiple 

sources (12.2%), outside food source (2.7%), crops/orchards (1.7%), beehives (1.6%), vehicles 

(1.4%), and pets (1.0%). Of the conflicts that led to either the capture or the death of the bear and 

that had a unique and known source of conflict, 51.2% were related to human development (i.e., 

caused by trash, outside food sources, or pets), 44.4% were agricultural conflicts (i.e., caused by 

livestock, crops/orchards, or beehives), and 4.4% were caused by vehicles (although descriptions 

did not permit to identify whether those were vehicle collisions or vehicle break-ins). 
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Figure 2.3. Availability of natural food between 2019 and 2025, based on the natural food index 
assessed by Colorado Parks and Wildlife for four mast-producing species. (A) Statewide average 
natural food index (green line; 1: mast failure; 2: poor; 3: moderate; 4: good; 5: bumper crop) 
overlaid on annual conflict reports (grey bars). (B) Annual standard deviation from the local 
average natural food index, assessed in 18 bear management units. Negative values represent 
relatively scarce food conditions and positive values represent relatively abundant food 
conditions. 
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Aspen, Durango, and Colorado Springs experienced over 100 annual conflict reports, 

more than most other communities (Figure 2.2C). Detailed information by community can be 

found in Supplementary Table S2.9.  

Predicting human-bear conflict risk in Colorado 

Our Maxent model of the spatiotemporal predictors of human-bear conflict demonstrated 

high predictive accuracy (ROC AUC = 0.951, sd = 0.003; COR = 0.697, sd = 0.008). Spatial 

landscape predictors related to the urban footprint contributed most strongly to the predicted 

relative risk of conflict, with building density explaining 93.2% of the spatial variation between 

conflict reports and background locations. The predicted relative risk of conflict increased with 

building density to an asymptote of around 200 buildings/km2 (Figure 2.4A). Percent deciduous 

forest explained 1.7% of the variation and predicted relative risk increased with deciduous forest 

coverage (Figure 2.4B). Slope explained 1.3% of the variation and risk was low in flat terrain, 

high at low slope terrain, then slightly decreased in steeper terrain (Figure 2.4C). Other spatial 

predictors (i.e., elevation, ruggedness, distance to rivers, proportion of open lands, shrubland, 

evergreen forest, mixed forest, and water, human density, density of orchards, density of sheep 

farms, apiaries, poultry farms, and cattle farms) each contributed less than 1% to predicted 

relative risk of conflict.  

Our Maxent model predicted that mountain communities such as Steamboat Springs, 

Estes Park, Meeker, Vail, Glenwood Springs, Aspen, Telluride, Durango, and Pagosa Springs had 

the highest predicted relative risk of conflict (Figure 2.5). In addition, several communities along 

the Front Range, such as Boulder in the north, Colorado Springs in the center, and Trinidad in the 

south, also had a high predicted relative risk of conflict. 
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Figure 2.4. Partial dependence plots: predicted relative risk of human-bear conflict (p) in 
Colorado in 2019-2025 in relation to its three most important predictors in our Maxent model: 
(A) building density, (B) percent deciduous forest, and (C) slope. Shaded areas show the 95% 
confidence interval around the mean across the 10-fold runs of the model. 

 

 

Figure 2.5. Relative risk of conflict in Colorado, as predicted by our Maxent model using 
human-bear conflicts reported to Colorado Parks and Wildlife in 2019-2025, labeled with 
communities with the highest predicted risk of conflict.  

Evaluation of community projects 

In communities that received funding from the 2022 Community Program (Figure 2.1), 

differences in rates of conflicts reported before (2019-2022) and after (2023-2025) 
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implementation of funded actions varied across communities. Frisco observed the largest 

decrease in conflict reports (-76.9% before vs. after implementation), followed by: Jamestown 

and Lyons (-74.2%); the Trinidad region (Las Animas County: -57.8%); Green Mountain Falls 

(-57.8%); Evergreen, Genesee, and Kittredge (-46.8%); Mineral and Hinsdale Counties (-40.6%); 

bear management unit known as "B-11", including Aspen, Glenwood Springs, and Vail (-37.3%); 

and Boulder and Longmont (-10.9%). A few communities observed an increase in reports, 

including: La Plata County (+78.7%); Dolores, Cortez, and Rico (+89.5%); and Lake City 

(+150.0%) (Figure 2.6, Supplementary Table S2.10).  

Specifically, conflict reports related to trash, which was the main source of conflict in 

most communities and the main attractant targeted by projects, decreased on average by 37.9% 

across all community projects. The project in Boulder & Longmont targeted only fruit trees 

(categorized as either orchards or outside food sources in our database). In this project area, 

reports related to crops and orchards decreased (-20.0%), but reports related to outside food 

sources increased (+20.0%). The project in La Plata County also targeted orchards, outside food 

sources, beehives, and livestock. Conflict reports related to each of these sources increased in the 

project area (orchards/crops: +226.3%, outside food sources: +16.7%, beehives: +400.0%, 

livestock: +233.3%). The project in Las Animas County also targeted outside food sources, 

beehives, and livestock. Conflict reports related to each of these sources decreased in the project 

area (outside food sources: -90.0%, beehives: -100.0%, livestock: -6.7%).  

Our most supported generalized linear mixed model (AICc weight = 0.997) showed that 

the predicted relative probability of conflict decreased after treatment across the 11 project 

locations (𝛽 = -0.466, p = 0.002) (Table 2.1, Figure 2.7A). The effect of treatment interacted with 

whether a project area had received large-scale bear-proofing efforts prior to the 2022  
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Figure 2.6. Number of human-bear conflicts reported to Colorado Parks and Wildlife from 2019 
to 2025 in the 11 communities that participated in the 2022 Community Program, by source of 
conflict, including trash, livestock, outside food source, vehicles, crops, beehives, pets, compost, 
multiple, and unknown. The vertical dashed line shows when the projects were implemented. 

Table 2.1. Coefficients from our generalized linear mixed model testing the effect of the three top 
predictors of risk (building density, percent deciduous forest, and slope), natural food, treatment, 
previous efforts, and their interaction on the relative probability of conflict. 

 Estimate Std. Error p 
Intercept -2.863 1.543 0.063 
building_density 0.050 0.001 <0.001 
deciduous 0.712 0.103 <0.001 
slope -0.056 0.004 <0.001 
natural_food -0.098 0.026 <0.001 
treatment -0.466 0.148 0.002 
previous_efforts -1.405 2.546 0.581 
treatment:previous_efforts 0.707 0.156 <0.001 
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Figure 2.7. Estimated effects on the relative probability of conflict (p) as predicted by our 
generalized linear mixed model. (A) Effect of treatment of community-led interventions; 
boxplots represent the distribution of response values for 11 projects before (clear) and after 
(shaded) treatment implementation. (B) Effect of treatment of community-led interventions 
depended on whether large-scale bear-proofing efforts preceded current treatments; boxplots 
represent the distribution of response values for 7 projects implementing new efforts (yellow) 
and 4 projects continuing efforts (brown) before (clear) and after (shaded) treatment 
implementation. (C) Effect of natural food availability; the gray area shows the standard error 
around the average response across 11 projects. 

community grant. The predicted relative probability of conflict decreased by 14.5% after 

treatment when projects implemented efforts for the first time but increased by 15.2% after 

treatment when projects merely continued efforts (Figure 2.7B). As we expected, the predicted 

relative probability of conflict also decreased with natural food availability (𝛽 = -0.098, p 

<0.001, Table 2.1, Figure 2.7C).  

Finally, we investigated whether the community program directed efforts towards 

locations with high relative risk of conflict as predicted by our Maxent model. We found that 

communities selected for funding by the 2022 community program overlapped with some of the 

highest risk locations, including Aspen, Glenwood Springs and Vail (collectively labeled as the 
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"B-11" management unit), Boulder, Durango, and Trinidad (Figure 2.8). Other communities 

selected for funding also had a high risk of conflict, such as Lake City and Evergreen (Table 2.2). 

Almost all funded communities had a higher relative risk of conflict than the average risk across 

the Colorado bear range, except for Mineral and Hinsdale Counties and Las Animas County, 

which had a lower predicted relative risk than the Colorado average (Table 2.2). Overall, the 

average relative predicted risk within the boundaries of participating communities was 0.085 (SD 

= 0.179), which is 3.7% higher than the average relative predicted risk across the Colorado black 

bear range (0.083, SD = 0.160; t = -2.349, df = 51073, p-value = 0.019). 

Figure 2.8. Relative risk of conflict in Colorado, as predicted by our Maxent model using 
human-bear conflicts reported to Colorado Parks and Wildlife in 2019-2025, labeled with 
locations with the 11 projects funded by the 2022 community program.  

Discussion 

We found that reports of human-bear conflicts in Colorado are primarily related to human 

development, caused by residential attractants such as trash and other food sources (e.g., pet 

food, barbeque grills, bird feeders, freezers, ornamental fruit trees, and home gardens). Natural  
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Table 2.2. Average relative risk in 11 project locations, based on predicted values in each 1km2 

cell by our Maxent model, difference between this average and the average relative predicted risk 
across the Colorado black bear range (0.083, SD = 0.160), and t-test results of the difference 
between the risk in the project and the risk across the range. 

ID Project mean difference t df p 
1 Bear management unit B11 0.099 0.014 -9.400 13427 <0.001 
2 Jamestown & Lyons 0.545 0.460 -7.441 27 <0.001 
3 Boulder & Longmont 0.556 0.471 -32.924 357 <0.001 
4 Dolores, Cortez, Rico 0.577 0.492 -13.946 65 <0.001 
5 Evergreen, Genesee, Kittredge 0.700 0.615 -30.328 136 <0.001 
6 Frisco 0.575 0.490 -7.210 21 <0.001 
7 La Plata County 0.159 0.074 -27.124 7123 <0.001 
8 Green Mountain Falls 0.570 0.485 -4.141 9 0.003 
9 Lake City 0.815 0.730 -25.328 8 <0.001 
10 Mineral & Hinsdale Counties 0.030 -0.055 58.414 10836 <0.001 
11 Las Animas County 0.039 -0.046 52.446 16189 <0.001 

food conditions influenced rates of conflict reports at both statewide and local scales, consistent 

with prior research (Baruch-Mordo et al., 2014; Johnson et al., 2015; Obbard et al., 2014).  

Hotspots of conflict reports varied temporally but tended to be consistent spatially. Our results 

also suggest that community-led interventions focused on securing garbage, outside food 

sources, and livestock in bear-resistant infrastructure or with electric fencing can reduce the 

probability of conflict. The Colorado Human-Bear Conflict Reduction Grant Program supported 

those efforts by channeling resources towards high-risk locations and conflict report data suggest 

that conflict might have decreased in most areas where it was implemented. We provide greater 

detail of these points below. 

Spatiotemporal patterns in human-bear conflict 

A primary research goal was to assess spatiotemporal patterns of human-bear conflict 

reports across the range of black bears in Colorado. A past characterization of statewide conflict 

reports documented a total 2,405 bear-human conflict reports from 1986 to 2003, an analysis 

focused specifically on reports resulting in the capture or death of the bear (Baruch‐Mordo et al., 
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2008). Reports increased over the 18 years of their study, likely following the recovery of black 

bear populations in Colorado (Baruch‐Mordo et al., 2008; Miller, 1990). The last years of their 

study (2000-2003) recorded an average of 312.5 reports annually. In comparison, between 2019 

and 2025, Colorado Parks and Wildlife received on average 299.0 annual conflict reports 

resulting in bear capture or death. Thus, reports of human-bear conflicts are still more common 

than they were during black bear recovery in the 1980-1990s and are similar to the early 2000s. 

Continued tracking of conflict reports would provide valuable insight into long-term trends in 

conflict with black bears in Colorado.  

This previous research also found that conflict reports from 1986-2003 were related 

primarily to agriculture (32%), followed by road kills (27%) and human development (24%) 

(Baruch‐Mordo et al., 2008). In comparison, our 2019-2025 database indicated that 51% of 

conflict reports resulting in bear capture or death were related to human development (i.e., 

caused by trash, outside food sources, or pets) and 44% were agricultural conflicts (i.e., caused 

by livestock, crops/orchards, or beehives). We could not easily distinguish vehicle collisions 

from vehicle break-ins in our database and therefore cannot compare the importance of road kills 

between studies. However, these temporal differences in conflict reports suggest that human-bear 

conflicts in urban areas might have increased over the past 20 years relative to agricultural 

conflicts. Colorado's agricultural production has continuously decreased since the 1990s 

(Environment Colorado Research And Policy Center, 2006), while human population and 

residential development have increased (U.S. Census Bureau, 2020). This changing landscape 

might have contributed to the temporal shift in the relative importance of attractants in developed 

versus agricultural areas in driving human-bear conflicts in the state.  
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When investigating the specific sources of conflict, we found that trash was the main 

attractant statewide, causing about 39% of conflict reports, followed by livestock (14%) and 

outside food sources (7%). This confirms previous research identifying trash as one of the main 

drivers of conflict in residential areas (Lewis et al., 2015). Notably, agricultural conflicts played 

a disproportionate role in bear mortality, with livestock cited as the source of 23% of conflict 

reports resulting in the death of the bear, followed by trash (16%) and multiple sources (12%); 

41% of conflict reports, however, had an unknown source of conflict. These results suggest that 

to effectively reduce conflict with bears, communities should continue to secure residential and 

commercial garbage through proven methods such as the enforcement of ordinances that 

mandate securing garbage in buildings or in approved bear-resistant containers (Barrett et al., 

2023; Johnson et al., 2018). In addition, strategies that effectively protect livestock (e.g., sheep, 

goats, poultry, beehives) and other outside sources (e.g., pet food, barbeque grills, bird feeders, 

freezers, ornamental fruit trees, and home gardens) are also needed, for instance electric fencing 

(Smith et al., 2018; Storer et al., 1938). 

Over the seven years of our study, the number of conflict reports varied between years. 

Annual fluctuations in conflict reports were related to variations in natural food availability, 

specifically the abundance of fruit and mast-producing species; reports were higher in years with 

lower natural food availability. This supports evidence from previous research that natural food 

failure is a major driver of human-bear conflict (Obbard et al., 2014). Specifically, late spring 

freezes and summer drought cause natural food failures in the western United States (Calhoun et 

al., 2025; Shoemaker et al., 2025), and both types of events are expected to become more 

frequent with global climate change (Li et al., 2025; Ummenhofer and Meehl, 2017). 
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We also predicted the relative risk of human-bear conflict across their Colorado range to 

identify areas to prioritize efforts to reduce conflict. We found that, within high quality bear 

habitat, the most important predictor of risk was the density of buildings, with high risk of 

conflict for areas with over 200 buildings/km2. This finding confirms residential development as 

an important source of conflict (Klees Van Bommel et al., 2022). Both conflict report counts and 

our Maxent modeling approach identified Aspen, Durango, Colorado Springs, Steamboat 

Springs, Boulder, Meeker, Pagosa Springs, Glenwood Springs, Estes Park, and Vail as high-risk 

communities. In addition, Evergreen, Gunnison, Craig, and Woodland Parks experienced over 50 

annual conflict reports. These locations should be prioritized in directing conflict-reduction 

management efforts.  

Evaluation of community-grant program 

Another primary research goal was to evaluate the first round of the Human-Bear 

Conflict Reduction Community Grant Program. We evaluated whether the program selected 

areas of high risk for funding. We found that the average relative risk of conflict, as predicted by 

our Maxent model, was 3.7% higher in communities selected for funding than across the 

Colorado black bear range. The first round of the program also successfully targeted some of the 

highest risk locations, including Aspen, Glenwood Springs, Vail, Boulder, Durango, Trinidad, 

Lake City, and Evergreen. Two of the eleven projects selected for funding in 2022 had a lower 

predicted relative risk than the Colorado average. However, both projects addressed issues at 

larger scales than others, thus including both low and high risk areas. Notably, site selection 

depended on proposals submission and was not decided entirely by Colorado Parks and Wildlife. 

In addition, being a high-risk community was only one of 11 criteria of the program; for 

example, other criteria focused on feasibility and predicted effectiveness of actions proposed. 
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We also investigated differences in the types of conflicts reported in communities before 

and after funding. Trash was the main attractant targeted by the projects: every project but one 

included strategies to reduce the availability of garbage to bears, including the construction of 

bear-resistant enclosures for communal trash disposal, the distribution of bear-resistant trash cans 

for residential trash disposal, as well as staff positions focused on enforcing garbage-containment 

ordinances and assisting residents and local businesses in properly securing garbage. On average, 

reports of garbage-related conflicts in participant communities decreased by 38% between the 

2019-2022 and 2023-2025 periods, suggesting success of the interventions. Before-after 

comparisons of conflict reports provided inconclusive evidence regarding the effectiveness of 

projects in decreasing conflict related to other attractants. For example, the project in Boulder & 

Longmont targeted only fruit trees (categorized as either orchards or outside food sources); 

reports in the area related to crops and orchards decreased but reports related to outside food 

sources increased. The projects in La Plata County and in Las Animas County also targeted 

outside food sources, beehives, and livestock. Reports related to each respective attractant 

increased in La Plata County and decreased in Las Animas County.  

We also found evidence for reduced conflict reports after the Community Program was 

implemented. Most communities experienced lower rates of conflict reports after program 

implementation, although reports increased in several project locations. To better distinguish the 

multiple factors that might influence predicted probability of conflict reports, we applied a 

generalized linear model testing the effects of the treatments funded by the community program, 

natural food availability, and history of efforts in addressing human-bear issues. This analysis 

demonstrated the importance of accounting for local natural food availability conditions and 

previous history of conflict mitigation when evaluating the effect of project interventions. As 
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predicted by our model, the relative probability of conflict reports decreased when natural foods 

were abundant, supporting previous evidence of the importance of local natural food availability 

(Johnson et al., 2015). Conflict probability, as predicted by our model, was lower post-treatment, 

but the effect of treatment interacted with whether a project area had received large-scale 

bear-proofing efforts prior to the 2022 community grant. The predicted relative probability of 

conflict decreased by 14.5% after treatment in communities implementing new 

conflict-reduction efforts (i.e., 7 out of the 11 projects), but increased by 15.2% after treatment in 

the four community projects that had deployed significant previous investment in reducing 

attractants prior to the grant.  

Importantly, all the communities that experienced an increase in conflict reports after 

implementation of the grant program were in the southwest region of Colorado, which 

experienced conditions of extremely poor natural food availability in the post-implementation 

period. In addition, projects differed in the relative importance of interventions funded by the 

2022 grant compared to previous conflict mitigation efforts. For instance, the city of Durango 

and Lake City, two of the three communities with increases in their conflict reports after funding, 

had distributed bear-resistant trash cans to a large portion of their residents prior to the grant. We 

suspect that increases in reported conflicts in these specific communities were mostly driven by 

local natural food conditions and not reflective of the overall effectiveness of community efforts. 

Overall, these results suggest that financially supporting communities initiating efforts may be 

more impactful in reducing conflict than supporting continuing efforts; the community program 

could seek to prioritize the former. However, the Durango example also demonstrates the 

importance of continued support to maintain successes over time. We recommend considering 
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previous history of conflict reduction efforts in selecting communities for funding, balancing 

support for both new and continued efforts. 

Notably, the increase in probability of conflict after treatment when previous efforts had 

been deployed was largely driven by the project in La Plata County, where the majority of 

conflict reports were located in the city of Durango. Prior efforts to reduce the availability of 

trash to bears facilitated the large-scale distribution of thousands of bear-resistant containers to 

residents of Durango from 2013 to 2019 (Johnson et al., 2018; www.durangogov.org/wildlife). In 

2026, the city of Durango serviced 5,381 residential cans, 4,203 of which were bear-resistant (B. 

Peterson, personal communication). Of these 4,203 bear-resistant cans, approximately 500 

(~12%) were funded by the 2022 grant, representing a small change relative to previous efforts. 

Moreover, to be effective, bear-resistant trash cans must be properly used (Johnson et al., 2018), 

maintained, and replaced when broken. Local partners have reported that many of the previously 

distributed bear-resistant trash cans no longer worked properly (B. Peterson, personal 

communication). Specifically, a 2026 volunteer-led survey found that 35 out of 185 residential 

bear-resistant cans (19%) were not working properly due to lack of maintenance or intentional 

tampering. 

Importantly, our study relied on reports of conflicts by citizens to Colorado Parks and 

Wildlife. The number of complaints received by management agencies is a function of both the 

frequency and reporting rate of conflicts, and the reporting rate may change over time or across 

communities (Howe et al., 2010). For example, in 2022, local partners in Durango implemented 

the La Plata County Bear Hotline to facilitate reporting bear activity and accessing resources. It 

is possible, if not likely, that this system could have increased reporting rates, thus inflating 

conflict reports in our database after 2022. In addition, Colorado Parks and Wildlife's 
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implementation of the standardized reporting system in 2019 facilitated conflict reporting, 

potentially complicating comparisons to prior characterizations of statewide conflict reports. To 

minimize the impact of possible reporting biases on our comparison between past (1986-2003) 

and current (2019-2025) conflict reports, we focused on reports involving bear deaths or 

captures, which were likely consistently recorded by the agency. We have also adapted our 

methodological approach to account for incomplete data by modeling spatial risk with Maxent, a 

method that does not assume that background points are absences. Future research should help 

determine the extent of possible reporting biases by citizens across the state. 

We were able to successfully capture sufficient detail about community projects (i.e., 

locations, timelines, and specific actions funded) for only the first round of this program. 

However, after its initial round in 2022, the community program continued to fund communities 

annually between 2022 and 2025. Over four years, the community program funded 62 

community projects (2022: 11 projects; 2023: 14 projects; 2024: 15 projects; 2025: 22 projects) 

for a total of $3,992,481. Some of the communities that received funding in 2022 also received 

subsequent funding, including Jamestown, Boulder, Snowmass Village, Frisco, La Plata County, 

Mineral and Hinsdale Counties, Las Animas County, Jefferson County (where Evergreen is 

located), and Basalt, Aspen, Vail, Gypsum, and Pitkin County (located in the B-11 management 

unit). Continuing to monitor conflicts over time and conducting a more thorough evaluation of 

the program that includes all the 2022-2025 projects would be valuable to clearly identify the 

relative influence of the program from variations in natural conditions and specifics of the 

projects. Responses to management interventions can also develop over time, as people and 

bears learn to change their behavior (Lischka et al., 2019; Venumière-Lefebvre et al., 2025). 

Continued longitudinal evaluation of the community program would help capture such 
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time-dependent effects. Overall, as human-induced environmental change continues, climate 

change and increased development are expected to exacerbate human-wildlife conflict 

(Abrahms, 2021; Ma et al., 2024). Strategies similar to the community program evaluated in this 

research, which support local human behavior change towards attractants that exacerbate 

human-wildlife conflict, are increasingly needed to foster coexistence in developed areas in the 

face of ongoing environmental changes. 
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Chapter 3. Policy tools to address human-bear conflict in communities 

Introduction 

Identifying policy designs that effectively address human-carnivore conflict, one of the 

primary threats to carnivores worldwide (Fernández-Sepúlveda and Martín, 2022; Ripple et al., 

2014), is urgently needed. Human-carnivore conflicts are expected to intensify with global 

change, as urban development and climate-induced resource scarcity increasingly bring people 

and wildlife into shared spaces (Abrahms, 2021; Ma et al., 2024). Wherever people and large 

carnivores share landscapes, there is a need for communities to learn to coexist with wildlife 

(IUCN, 2023). Managing human-wildlife conflict is part of Target 4 of the Kunming-Montreal 

Global Biodiversity Framework for 2030 (cbd.int/gbf/targets/4), in which policymakers are 

called to mitigate the consequences of conflict and to foster solutions for coexistence (Artelle et 

al., 2024; Venumière-Lefebvre et al., 2022).  

Specifically, American black bears (Ursus americanus) have learned to use 

anthropogenic resources available in developed areas, where they pose a risk to human safety 

and face increased mortality rates (Hristienko and McDonald, 2007). Conflicts between people 

and black bears involve bears damaging property and, more rarely, attacking people (Herrero et 

al., 2011; Lackey et al., 2018). Bear mortality increases in developed areas primarily due to 

euthanizations by management agencies and accidental collisions with vehicles (Hostetler et al., 

2009; Laufenberg et al., 2018). Importantly, most conflicts are driven by anthropogenic food 

sources available in developed areas (i.e., attractants) (Lewis et al., 2015), especially in years 

when the availability of natural foods is low (Johnson et al., 2015; Obbard et al., 2014). 

Attractants include garbage and other sources of food, including fruit trees, in-home foods, 

barbecue grills, pet food, and bird feeders (Lewis et al., 2015).  
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Commonly, federal, state, and local wildlife agencies respond to conflicts by visiting 

complaint sites, providing educational materials, relocating bears, or euthanasing individual 

bears, but often lack the legal authority to regulate wildlife feeding or behaviors otherwise 

leading to attractants being available to bears (Spencer et al., 2007). For example, policies 

regulating the storage of garbage often fall under the jurisdiction of municipal and county 

governments. Given the importance of attractants in driving human-bear conflicts and an 

inability of wildlife agencies to manage attractants, there is a need for other actors to 

intentionally govern attractants in developed areas. 

To support policies that reduce anthropogenic attractants, Colorado Parks and Wildlife 

(CPW), a state-level agency, created the Human-Bear Conflict Reduction Community Grant 

Program (cpw.state.co.us/human-bear-conflict-reduction-grants). The program provides local 

Colorado communities with financial resources to support efforts to reduce human-bear conflicts 

in the state. With this program, CPW sought to encourage various institutions (e.g., municipal 

and county governments, non-profit conservation organizations, businesses) as stakeholders in 

human-bear conflict to encourage new partnerships, promote context-tailored solutions, and 

facilitate the emergence of new tools to address human-bear conflict. We utilized this program as 

a natural experiment to examine policies used to address human-bear conflict in Colorado and 

inform the broader conversation of policy design for coexisting with bears and other large 

carnivores. We built a policy portfolio by specifically investigating the following questions: (1) 

What policy tools and policy mixes are used by communities to reduce human-bear conflict? (2) 

What conditions challenge or catalyze the feasibility, effectiveness, fairness, and future 

implications of these tools, as perceived by those involved in their implementation? In the 

sections that follow, we provide background on human-bear conflict, review existing 
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management approaches that address human-bear conflict, and then specifically detail the 

policies used in Colorado. We then draw from policy design literature to define the conceptual 

framework we used to address our specific research questions, including the concepts of policy 

tools, policy portfolios, and feasibility, effectiveness, fairness, and implications for the future. 

Human-bear conflict 

American black bears are endemic to North America. They are culturally and spiritually 

important to indigenous peoples and provided them with food, fat, hides, and tools (Clark et al., 

2020). Their populations drastically declined after European colonization in the 18th and 19th 

centuries due to direct persecution (including market hunting, poaching, and predator control 

programs) and habitat loss for agricultural purposes (Clark et al., 2020). In the early 20th century, 

the establishment of national parks, forests, and refuges by Canadian and U.S. governments, and 

the enactment of regulations to manage wildlife by state and provincial agencies, resulted in 

significant increases in black bear populations in the United States (U.S.) and Canada (Miller, 

1990). Black bears are now estimated to occur in 65-75% of their historical range throughout 

Canada, the U.S., and Mexico (Scheick and McCown, 2014), although predator control, habitat 

loss, fragmentation, and excessive hunting are still threats to the recovery of black bears in 

Mexico (Delfín-Alfonso et al., 2012).  

Where bears have recovered, overlap of human and bear activity has led to new forms of 

human-bear conflict, primarily via bears habituating to anthropogenic food attractants and 

causing concerns for public safety or damage to property. In addition, climate change is 

increasingly exacerbating conflict, especially in the arid U.S. West (Abrahms, 2021), where late 

season frosts and drought can limit natural foraging options for bears (Calhoun et al., 2025; 

Shoemaker et al., 2025). Most states and provinces have abandoned previously accepted 
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practices such as public feeding and viewing of garbage-habituated bears in national parks and 

enacted statutes, policies, or laws to manage conflict with bears. 

Management approaches for managing conflict 

Today, common policy approaches to address human-bear conflict include capturing and 

relocating bears, euthanizing or permitting hunters to harvest individual bears, and education 

efforts to help limit anthropogenic resources through site visits, brochures, media, and 

workshops (Spencer et al., 2007). Relocations entail management agencies trapping bears 

involved in conflict and transporting and releasing them further from areas of high human 

activity into high quality bear habitat. Relocations can help mitigate conflict (Lewis et al., 2019). 

However, in addition to high costs and personnel time, relocations present some risk, as relocated 

bears can return to their original capture location, cause conflict near their release site, or have 

higher mortality rates as they are released in an unfamiliar environment (Alldredge et al., 2015; 

Botzet et al., 2026; Schaefer et al., 2021). Only 15% of North American bear managers believed 

in the effectiveness of relocations to mitigate human-bear conflict (Spencer et al., 2007). 

Nonetheless, among available intensive actions used by agencies to respond to conflict, 

relocations remain the most acceptable tool to the public (Don Carlos et al., 2009; Heneghan and 

Morse, 2019). 

Lethal removals involve the capture and euthanasia by management agencies of bears 

reported for nuisance. Removals are often used in conjunction with relocation in a "two or 

three-strike policy", where individual bears involved in conflict are first relocated and, if they 

return to conflict sites or conflict-producing behaviors, they are then euthanized (Spencer et al., 

2007). Evidence regarding the effectiveness of lethal removals in reducing nuisance behavior and 

cost associated with conflicts in the long term is mixed (Huygens et al., 2004; Pretis et al., 2024; 
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Raithel et al., 2017). Lethal removals are also potentially harmful to carnivore populations, do 

not necessarily foster successful long-term coexistence (Lorand et al., 2022), and tend to be 

unpopular with the general public (Don Carlos et al., 2009; Heneghan and Morse, 2019). 

Across North America, harvest (i.e., hunting) is also a widely used approach to manage 

black bear populations and conflict. The manner of take (i.e., spot-and-stalk, bait, hounds, traps), 

season (i.e., spring and/or fall) and the number, sex, and age of bears permitted to harvest have 

changed as different states and provinces update management plans to set new population targets 

and harvest objectives (Hristienko and McDonald, 2007). Harvest to manage human-bear 

conflicts has two potential mechanisms: (1) targeting individual bears prone to conflict-causing 

behavior; and (2) reducing bear populations sufficiently such that overall conflict rates decrease. 

Harvest can be potentially effective in targeting bears previously designated as a nuisance or 

threat (Raithel et al., 2017) but in general was found to be ineffective at reducing subsequent 

human-bear conflicts (Northrup et al., 2023; Obbard et al., 2014; Treves et al., 2010), unless 

implemented at unsustainable levels of take (Garshelis et al., 2020). Despite the mixed evidence 

regarding the effectiveness of harvest, it was a more acceptable intensive management tool to the 

general public compared to lethal removals and relocations (Liu and Sharp, 2018). 

Non-lethal management efforts to manage bears are also common. Aversive conditioning 

or hazing is a technique that uses a negative stimulus to cause pain, avoidance, or irritation in an 

animal engaged in an unwanted behavior (Mazur, 2010). For example, conditioning can employ 

chemical deterrents (e.g., bleach, ammonia), sounds (e.g., horns, pyrotechnics), electricity (e.g., 

electric fencing and mats), non-lethal projectiles (e.g., rubber bullets), or dogs. Most common 

nonlethal deterrents were found to be somewhat ineffective at altering bear behavior in the long 

term (Beckmann et al., 2004; Smith et al., 2012) unless applied to bears that were not yet 
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food-conditioned (Mazur, 2010) or strategically placed to proactively secure attractants (Smith et 

al., 2018). It is generally believed that these non-lethal management efforts are not effective if 

anthropogenic food attractants remain on the landscape (Baruch-Mordo et al., 2013; Treves and 

Karanth, 2003). 

Given the high cost and mixed effectiveness of reactive management (i.e., response to 

conflicts during or after human-bear encounters) and the primary role of attractants as drivers of 

human-bear conflict, proactive approaches that can help reduce the causes of conflict before they 

occur are often used in conjunction with reactive management. Such approaches include 

education to increase awareness of the role of attractants in conflict, capacity-building to secure 

attractants from bears, and laws and enforcement to change human behavior to reduce 

availability of attractants. Educational campaigns alone can have limited success in changing 

human behavior (Baruch-Mordo et al., 2011; Gore et al., 2008), thus a combination of strategies 

beyond education is needed (Dietsch et al., 2018). Capacity-building tools that support the public 

in reducing the availability of attractants, specifically garbage, have shown promise recently. For 

example, use of bear-resistant trash containers in residential neighborhoods can decrease 

trash-related conflicts (Barrett et al., 2023; Johnson et al., 2018). They also help reduce bear 

presence in developed areas (Venumière-Lefebvre et al., 2025) and other development-related 

conflicts, such as incidents of bears in yards and in buildings, property damage, eating pet food 

or wild feed, and injuring pets (Barrett et al., 2023). However, improper use of bear-resistant 

infrastructure remains a challenge and hinders effectiveness (Johnson et al., 2018; Makkay et al., 

2010). Education and proactive enforcement can be used in addition to deploying bear-resistant 

containers to change human behavior to properly secure garbage and ultimately reduce 

human-bear conflict (Lewis et al., 2015). Management agencies across North America favored 
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responding to conflict through garbage management and fines (Spencer et al., 2007), but 

communities face major political and economic barriers when implementing garbage 

management practices (Noel and Pienaar, 2017). 

Overall, evidence regarding the effectiveness of management to address human-bear 

conflict is mixed, with interventions yielding varying success depending on ecological context 

(e.g., age, sex, and history of food conditioning of individual bears), social context (e.g., public 

attitudes), specific conditions of interventions (e.g., intensity, timing and duration of the 

intervention) and the combination of a tool with others (e.g., capacity-building tools with or 

without education and enforcement measures). More broadly, interventions to reduce damage 

and foster human-wildlife coexistence do not necessarily transfer well from one case to another 

(IUCN, 2023) and, consequently, approaches that benefit from a case-by-case understanding of 

social and ecological context are more likely to succeed (Göttert and Starik, 2022; Pooley et al., 

2021). 

Human-bear conflict in Colorado 

In Colorado, human-bear conflicts are common in the mountainous western half of the 

State (Baruch‐Mordo et al., 2008; Colorado Parks and Wildlife, 2015), where an estimated 

population of 17,000 to 20,000 black bears resides (Apker et al., 2016; Colorado Parks and 

Wildlife, 2023). Conflicts are commonly related to agriculture (e.g., depredation of sheep and 

poultry), development (e.g., residence break-ins and damage to property), as well as vehicle 

collisions on highways (Baruch‐Mordo et al., 2008). Black bears are managed as a big game 

species by CPW via a regulated Fall harvest season. Harvest limits are established in 10-year 

population management plans in 18 management units to offer recreational opportunities while 

maintaining a sustainable black bear population in the state. CPW mitigates agriculture-related 
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conflicts with a game damage program; up to $5,000 can be compensated to landowners for 

losses of livestock and personal property used to produce raw agricultural products (Colorado 

Revised Statutes § 33-3-103.5-104). 

Bear baiting was banned in a public ballot measure (Colorado Amendment 10) passed in 

1992. Baiting or intentional feeding of bears is now illegal in the state (Colorado Revised 

Statutes § 33-4-101.3). CPW also has a conflict response program following the two-strike 

directive (Administrative directive W-2; Colorado Division of Wildlife, 2007; Colorado Parks 

and Wildlife, 2015). Black bears reported for nuisance and depredation behavior are captured, 

ear-tagged, and relocated, or euthanized if they displayed aggressive behavior and posed an 

immediate threat to human safety. Individual bears are euthanized when reported a second time 

(Lewis et al., 2019).  

The Human-Bear Conflict Reduction Community Grant Program provides Colorado 

communities with financial resources to support efforts to reduce human-bear conflicts by 

focusing on reducing availability of anthropogenic resources. In the first four years of its 

implementation (2022-2025), the program awarded a total of $3.9 million to 62 community 

projects throughout the state. Proposals were led by local non-profit conservation organizations, 

governments (e.g., municipalities, counties) and businesses (e.g., trash hauling companies). 

Projects focused on funding bear-proof garbage infrastructure, electric fencing, and fruit 

removals, as well as influencing public behavior through increased enforcement of local 

regulations, education, and community engagement programs. In 2025, the State also became a 

member of BearWise, a program of the Association of Fish & Wildlife Agencies that provides 

resources to help homeowners, businesses, and communities coexist with bears (bearwise.org).  
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Policy tools as conceptual framework 

Policy tools, or policy instruments, are identifiable methods through which collective 

action is structured by government to address a public problem (Salamon, 2011). Without the use 

of certain influencing, coercing, or enabling tools, citizens would not engage in certain socially 

desirable behaviors (Schneider and Ingram, 1990) for reasons such as: (1) belief that they are not 

allowed or supposed to; (2) lack of motivation; (3) lack of capacity; (4) values in opposition with 

the behavior; or (5) uncertainty of the nature of the issue and its solutions (Schneider and 

Ingram, 1990). Using the example of securing garbage as the desirable behavior, one could 

hypothesize that individuals who do not secure their garbage: (1) believe that they are not 

supposed to tamper with garbage infrastructure; (2) forget to secure the wildlife-resistant garbage 

container; (3) do not own wildlife-resistant garbage containers; (4) find attracting wildlife 

acceptable; or (5) are not aware of bears living in their area or not aware of the importance of 

securing garbage in limiting conflict. When policymakers choose one policy tool over another, it 

may be because certain tools are more politically acceptable or based on assumptions about the 

reasons that a target population does not behave as desired. To address the five types of 

behavioral assumptions listed above, Schneider and Ingram (1990) classified policy tools into 

five categories: (1) authority (e.g., attractant regulations); (2) incentive-based (e.g., fines or tax 

relief measures); (3) capacity-building (e.g., providing bear-resistant infrastructure); (4) symbolic 

and hortatory (e.g., bear aware messaging); and (5) learning (e.g., monitoring efforts, exchange 

of knowledge between communities). 

Policy tools are a useful way to examine policy in a context where the government 

utilizes a dense mosaic of actions to achieve goals. The combination (or mix) of policy tools to 

reach different policy targets can be referred to as policy design or a policy portfolio. Public 

agencies act in complex, interdependent relationships across governance levels with a host of 
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third-party partners to achieve those goals (Howlett and Rayner, 2007; Salamon, 2011). For 

instance, CPW uses a variety of management actions (e.g., lethal tools, hazing, education, 

capacity-building tools) and, for some of those tools, relies on partnerships with third parties for 

delivering those tools (e.g., ordinances regulating attractants are enacted and enforced by city or 

county governments sometimes with community-group support). As multiple tools are used 

together in policy mixes, synergies and trade-offs can emerge (Howlett and Rayner, 2007). 

Efforts to ensure policy integration (i.e., that policy goals and tools are both well matched to 

specific contexts) and coherence across multiple levels of governance (Howlett, 2009) are 

critical to ensure that policy tools and mixes achieve the desired outcomes. 

In this context, considering policy design and portfolios is an appropriate approach to 

identify existing policy tools to address a specific issue and how they work together; this can be 

useful for biodiversity conservation, which requires targeting diverse actors and contexts across 

space and time (Doremus, 2003). Benefits include addressing multiple goals, fostering 

synergistic effects, and reducing risk and uncertainty (Doremus, 2003; Howlett and Rayner, 

2007). Policy portfolios can also help ensure that a variety of tools reach different actors 

(Schneider and Ingram, 1990). Although evaluation goes beyond the scope of this paper, we note 

that evaluating policy portfolios by identifying availability (which tools exist), feasibility (how 

these strategies can be implemented, depending on context), effectiveness (outcomes of these 

strategies when implemented), fairness (distribution of costs and benefits), and implications for 

the future (temporal durability) can help guide policy decision-making (Doremus, 2003; 

Salamon, 2011). In this research, we focused on identifying the availability and use of policy 

tools to mitigate  human-bear conflict  and on the perceptions, by those implementing those 
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policies, of tool feasibility, effectiveness, fairness, and future implications for policy designers, 

targets, and human-bear conflict. 

Methods 

To answer our research questions, we adopted a qualitative methodology based on a 

combination of document review, semi-structured interviews, and fieldwork observations. 

Document analysis allows researchers to gain a deeper understanding of human experiences, 

organizational structures, and policy development and are useful to complement other data 

collection methods (Chand, 2025). Semi-structured interviews are widely employed in social 

science research and use interview questions to guide the conversation in a direction relevant to 

research interests, with participants free to provide open-ended responses and to raise points they 

deem relevant (McIntosh and Morse, 2015). Observations can be helpful to uncover contextual 

factors that shape behaviors and interactions (Chand, 2025; Glesne, 2011; Seim, 2024). 

Integrating complementary data collection methods such as document reviews, interviews and 

participant observation allows researchers to triangulate information and construct a more 

nuanced and multidimensional understanding of complex social phenomena (Chand, 2025; 

Stake, 1995). 

We initially reviewed the 11 proposals submitted and selected for funding in the 2022 

round of the community grant program. We then systematically analyzed the content of the 

proposals by categorizing policy tools proposed for implementation and elements of context, for 

example history of previous conflict-reduction efforts, socio-economic characterization of target 

populations, and ecological context.  

Between 2022 and 2024, we conducted semi-structured interviews with persons who 

were knowledgeable about human-bear conflict reduction efforts. Our goal was to obtain a broad 

understanding of the use of policy tools and mixes across communities and to identify 
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context-driven differences in perceived feasibility, effectiveness, fairness, and implications for 

the future. Our approach was to conduct both: (1) high-level interviews with key knowledgeable 

interviewees active at the state level or with experience spanning multiple communities; and (2) 

local interviews with knowledgeable community members in select communities to gain a depth 

of understanding across contexts. To identify these prospective study participants, we used 

purposeful and snowball sampling (Bernard, 2017). For high-level interviews, we contacted key 

persons involved in the creation, administration, or evaluation of the grant program and asked 

them to identify other knowledgeable persons. High-level interviewees included researchers, 

state agency program managers, and non-profit organization representatives. For local 

interviews, we selected three communities that we believed together would offer the most 

information (i.e., maximum variation sampling; Patton, 2002; Stake, 1995).  

Specifically, our strategy for sampling communities was to select locations that: (1) 

offered relevant content and opportunity for tool evaluation, based on high rates of human-bear 

conflict and the existence of identified stakeholders interested and able to implement tools to 

reduce conflict; (2) presented an opportunity for tool diversity and study richness, based on the 

variety of tool uses, targets, and social and ecological contexts; and (3) were likely to allow for 

successful completion of interviews, based on the interest of grant proposal leads to participate in 

our study (Table 3.1). Based on our review of proposals and on advice from grant program 

managers, we determined that conducting local interviews in Aspen, Snowmass Village, and 

Evergreen would best meet our criteria (see Figure 3.1 and Box 3.1 for locations and descriptions 

of the three communities). In these three communities, we first contacted the proposal awardee 

listed on proposals (usually one to three names). We then continued to identify prospective study 

participants by asking interviewees to name other relevant stakeholders in their communities or 
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by identifying who would likely oversee implementation of tools mentioned by interviewees. 

Local interviewees included city and county government staff, wildlife managers, grassroot 

organizations leaders and volunteers, business managers, and community members. In each 

community, we found there were small numbers of individuals with deep knowledge of local 

policy to manage human-bear conflict. 

Table 3.1. Criteria for the selection of communities (adapted from Mackenzie et al. [2012]). 

Selection criteria category Applied criteria 
Relevant content and opportunity for tool evaluation 
• History of human-bear conflict 
• Identified stakeholders 
• Capacity to implement tools 

• 2022 community grant program awardee 

Content richness 

• Opportunity for tool diversity and study 
richness 

• Variety of policy tool uses 
• Variety of tool targets 
• Variety of social and ecological contexts 

Pragmatic issues 
• Practicality of successfully completing 
interviews 

•  Interest, willingness, and availability from proposal lead to 
participate in the study 

Interviews followed an interview guide (Supplementary material S3.1) designed to elicit 

responses related to concepts of policy tools and policy portfolios (Doremus, 2003; Howlett, 

2019; Schneider and Ingram, 1990). The interview started with questions aiming to identify the 

range of tools and mixes used and important elements of context. For each tool mentioned by 

participants, we then asked questions related to the tool mechanism of action, target, and 

perceived feasibility, effectiveness, fairness, and implications for the future. Our research 

protocol followed ethical standards for research on human subjects and was approved by the 

Colorado State University Institutional Review Board (protocol #3580).  
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Figure 3.1. Map of Colorado with locations of communities funded by the CPW Human-Bear 
Conflict Reduction Community Grant Program where data were derived from proposals (black 
dots) or from a combination of proposals, interviews, and field observations (red dots). The 
shaded area is the range of black bears in Colorado (Colorado Parks and Wildlife, 2023). 

Interviews were voluntary, were conducted either online or, when possible, in person, and 

were between 20 and 145 minutes, lasting about one hour on average. We interviewed a total of 

20 participants, including five high-level interviewees, six in Aspen, three in Snowmass Village, 

and six in Evergreen. Interviews included 14 one-on-one interviews and two group interviews 

(with two participants in Snowmass Village and four participants in Aspen). We determined that 

we had reached a sufficient number of interviews when new interviews no longer contained new 

themes from previous interviews for high-level interviews (Guest et al., 2006). For local 

interviews, given our focus on implementers and designers of policies, we reached a stopping 

point when all key personnel and persons identified by participants as knowledgeable had been 

contacted. Following Brod et al. (2009), we also assessed content validity by triangulating data 

sources and tracking whether different themes important to our research questions were 

discussed by different groups of participants. Specifically, we tracked whether each tool 

mentioned in proposals or interviews had been discussed at multiple levels (Aspen, Snowmass 

Village, Evergreen, or high-level) and by multiple groups of participants (i.e., local government,  
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Box 3.1. Local context, stakeholders leading conflict-reduction efforts, policy targets and policy 
tools used in Aspen, Snowmass Village, and Evergreen, based on proposal review, local 
interviews, and field observations. 

Aspen 
Context: Aspen is the most populous community of Pitkin County, near the Roaring Fork River, in 

Western Colorado (population: 7,004 residents; U.S. Census Bureau, 2020). Many residents are second 
homeowners and Aspen is a place of high tourism activity. Aspen had been the location of extensive human-bear 
conflict research. It was described by participants as one of the most challenging locations in Colorado to address 
human-bear conflict. Interviewees shared that bears near Aspen displayed increased levels of habituation and 
persistence, leading to elevated levels of conflicts. 

Stakeholders: Stakeholders involved in conflict-reduction efforts included CPW, the City of Aspen, 
Aspen Police, Aspen Parks and Recreation, Pitkin County Sheriff, and two non-profit organizations: Aspen Bear 
Alliance and Roaring Fork Valley Bear Coalition. 

Policy targets: Efforts targeted single-family and shared housing units, businesses (e.g., downtown area 
restaurants), short-term rentals (e.g., hotels, Airbnb and Vrbo listings), and visitors. 

Policy tools: Conflict-reduction actions included an ordinance regulating the availability of garbage and 
other attractants (authority), an escalating fine structure and proactive enforcement by a wildlife response officer 
(incentive), assistance with attractant mitigation management by a wildlife response officer (capacity-building), 
signs and Bear Aware messaging (hortatory), and monitoring of wildlife and conflict trends (learning). 

Snowmass Village 
Context: The town of Snowmass Village (population: 3,096 residents) is located in close proximity to 

Aspen. Snowmass Village was one the communities with the oldest ordinances with regard to attractants and 
bears. The enforcement strategy implemented in Snowmass was regarded as highly successful across the state. 

Stakeholders: Stakeholders involved in conflict-reduction efforts included the City of Snowmass and 
Snowmass Police. 

Targets: Efforts targeted single-family and shared housing units, affordable housing sites, construction 
sites, short-term rentals (e.g., hotels, Airbnbs, Vrbos), visitors, and special events vendors (e.g., art and music 
festivals, bike races).  

Policy tools: Conflict-reduction actions included an ordinance regulating the availability of garbage and 
other attractants (authority), an escalating fine structure and proactive enforcement by enforcement officers 
(incentive - sanction), an incentive program for ornamental fruit tree removals (incentive - inducements), 
assistance with attractant mitigation management by enforcement officers and subsidies for bear-resistant trash 
cans (capacity-building), signs and Bear Aware messaging (hortatory). 

Evergreen 
Context: Evergreen (population: 9,307) is located in the eastern foothills, 23 miles west of Denver, in 

unincorporated Jefferson County, with 150,000 estimated annual visitors. Lands surrounding Evergreen are 
managed by Evergreen Park and Recreation District, the City and County of Denver, Jefferson County, Colorado 
State Parks, and the U.S. Forest Service. Participants reported that conflicts in Evergreen had recently started to 
escalate to more severe instances, with bears becoming bolder, and felt an urgent need to start implementing 
community-led efforts. 

Stakeholders: Stakeholders involved in conflict-reduction efforts included Evergreen Park and 
Recreation District and two grassroot organizations, Jeffco Bear Coalition and Wild Aware. 

Targets: Efforts targeted residents and visitors. 

Policy tools: Conflict-reduction actions included the creation of a grassroot organization focused on 
bears (capacity), education events and visual messaging about bear presence, installation of bear-resistant 
containers in local parks (hortatory), and training of a community organizer to later jumpstart a comprehensive, 
community-driven response to extreme conflicts (learning). 
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wildlife agency, researcher or non-profit/community member) (Supplementary material 

S3.2-3.3). 

With participants' consent, all interviews were recorded, transcribed, and then analyzed 

using a modified grounded theory approach that prioritizes emergent coding, where concepts are 

derived and developed from the interview data (Corbin and Strauss, 2008); this maintains theory 

sensitivity by using theory as sensitizing concepts and by later linking emergent findings to such 

theory (Mills et al., 2006; Thornberg, 2012). The lead author developed codes using Dedoose, a 

software assisting with qualitative analysis. To ensure the clarity and consistency of the coding 

process, codes were then tested by a second coder through an intercoder agreement process 

(Campbell et al., 2013). The coding guide can be found in Supplementary material S3.4. We then 

summarized excerpts by code and community in analytical memos. Memos are personal notes 

written by the researcher that constitute the first step of the analysis (Corbin and Strauss, 2008). 

In addition to reviewing proposals and conducting interviews, we conducted observation 

fieldwork and visited communities (i.e., Aspen, Snowmass Village, and Evergreen) to better 

grasp important elements of context and the specifics of tools implemented. In each of the 

communities, the grant awardee guided the first author through their community and specifically 

showed them locations of high concern (e.g., where frequent conflicts were recorded or 

suspected), locations of tool implementation (e.g., where bear-resistant infrastructure had been 

built or distributed), and/or demonstrated actions (e.g., enforcement of ordinances). We observed 

and wrote descriptive and analytical memos from these observations. 

Based on these modified grounded theory approaches, we present our results based on the 

analytical memos resulting from our document review, interview codes, and field observations. 

We return to policy design theory in the discussion. 
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Results 

Below, we address our first research question by presenting a catalog of policy tools and 

mixes used. We also discuss conditions positively and negatively affecting tool feasibility, 

effectiveness, fairness, and long-term effects as perceived and discussed by participants. Next, 

we return to overarching catalysts and barriers to answer our second research question. 

Catalog of policy tools and mixes 

A variety of policy tools and mixes were used in communities, as reviewed in documents, 

described by participants, and observed in the field. We describe these tools, starting with those 

perceived as the most common and most effective. These included proactively enforced and 

regularly updated ordinances, financial and material support, hortatory messaging, strategies 

facilitating learning, and finally lethal removals and relocations of bears. Tools, along with 

conditions facilitating feasibility, effectiveness, fairness, and long-term effects, are summarized 

in Table 3.2.  

The most common policy tool mentioned by participants to address human-bear conflict 

was the enactment of an ordinance, at the city or county level, that mandates the use of 

bear-resistant containers to secure attractants, particularly garbage. The feasibility of ordinances 

depended on the support of policymakers (i.e., city council or county commissioners). 

Participants had attempted to gain such support by collecting and showing evidence of 

human-bear conflict as an issue in their community (e.g., pictures of garbage scattered and of 

property damage) and by demonstrating solutions to reduce those issues (e.g., purchasing models 

of bear-resistant trash cans). To be effective, ordinances needed to be specific — for example by 

listing approved models of bear-resistant trash cans. Ordinances also needed to be regularly 

updated, for example as bears learned to bite through previously approved materials (e.g., from 

reinforced plastic to steel and cinder blocks) or learned to feed on new sources of food as  
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Table 3.2. Policy tools used in Colorado communities to address human-bear conflict, their 
targets, and conditions that were reported in proposals or interviews to affect tool feasibility, 
effectiveness, fairness, and long-term effects. 

Policy tool Target Conditions perceived to positively (+) or negatively (-) affect tool… 
Feasibility Effectiveness Fairness Long-term effects 

Authority 
Ordinance • residents 

• businesses 
• visitors 

+ support from 
policy-makers 
+ legal authority 
(incorporated 
territory) 

+ specific 
+ paired with 
incentives 

+ paired with 
capacity tools 

+ regularly 
updated 

Incentives (sanctions) 
Fines • residents 

• businesses 
• visitors 

+ financial 
resources for 
patrols 
+ legal authority  

+ proactively 
enforced 
+ escalating 
structure 

+ paired with 
capacity tools 

 

Permit rescinds • short-term rentals + financial 
resources for 
patrols 

+ proactively 
enforced 
+ escalating 
structure 

+ paired with 
capacity tools 

 

Capacity 
Subsidy programs 
for bear-resistant 
materials 

• residents + financial 
resources for 
materials 

+ paired with 
authority and 
incentives 

+ when targets 
low-income 
communities 

+ appropriately 
maintained and 
updated 

Loan programs for 
bear-resistant 
materials 

• residents  + financial 
resources for 
materials 

+ paired with 
authority and 
incentives 

 (temporary) 

Volunteer time • residents  + strong 
community 
engagement 

+ risk-based 
criteria for priority 

+ income or 
ability-based 
criteria for priority 

 

Hortatory 
Signs, stickers, 
banners, fliers 

• residents  
• visitors  

 + strong 
community 
engagement 
+ consistency 
+ language 
accessibility 
+ trusted source 

 - community 
transience 

Bear-resource 
containers in 
public spaces 

• residents  
• visitors  

+ financial 
resources for 
materials 

   

Learning 
Conversations, 
trainings, 
conferences 

• city staff  
• non-profit 
leaders and 
volunteers 

    

Pilot studies, 
surveys, 
monitoring 

• effort leaders    (effort initiation) 
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previously preferred attractants became unavailable (e.g., from residential trash to recycling and 

compost). One participant described:  

[What is important is] being able to track the data of what we're seeing and use 
that to support ordinance changes that might need to happen, because what was 
going on when we first had bears here and what's going on now is very different. 
As humans, we need to evolve, and we need to modify and change our behaviors 
where we can. (#13, city employee) 

Importantly, participants shared that the effectiveness of ordinances hinged on pairing 

them with sanctions to ensure compliance. The most common strategy was to embed an 

escalating fine structure in the ordinance. For example, in Snowmass Village, a first violation 

was issued a $100 fine, a second violation was issued a $250 fine, and a third violation was 

issued a summons to court. Communities with a high volume of visitors used a similar system to 

sanction owners of short-term rentals, such as hotels and Airbnb or Vrbo listings, who received 

complaints regarding wildlife, noise, or improper parking. In Snowmass Village, a second 

violation at a short-term rental address resulted in the loss of their short-term rental permit for 

two years, a third violation resulted in the loss of their permit for five years. 

Participants found that communities most successful in ensuring compliance were those 

able to conduct proactive, rather than reactive, enforcement (Table 3.2). Proactive enforcement 

relied on officers conducting regular patrols and verifying the proper functioning and securing of 

bear-resistant containers. A proactive approach also entailed issuing citations to violators of 

ordinances, regardless of whether a bear-related incident had been reported. Enforcement officers 

also often supported compliance by increasing capacity through education and materials. They 

informed violators of the role of various sources of food found on properties as attractants to 

bears and sources of conflict and discussed available solutions to remove or protect them, such as 

specific models of bear-resistant trash cans or of electric fencing. In Aspen and Snowmass 
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Village, enforcement officers used the fine structure as leverage for behavioral change and 

sometimes pardoned violators if they promptly took action to resolve the violation (e.g., fine 

lifted if the homeowner showed proof of purchasing a bear-resistant container). One interviewee 

said: 

When we initially started writing tickets, what we would say - and we had support 
of the council and our Chief of Police - is, "We are writing you a ticket unless you 
solve this and you show us that you've solved it in the next week. Then we'll take 
your ticket back, and we'll call it a warning." It was leverage. Sometimes, that 
wasn't the case, and we just were able to write the ticket. It got a lot of pushback, 
but then years later, it's paid off. (#9, city employee) 

This strategy for enforcement was considered highly effective by participants. However, 

the time necessary to perform regular patrols and to follow up with violators was significant. To 

meet this need, communities created "community response officer" or "wildlife resource officer" 

positions housed in police, animal services, parks and recreation, or sheriff departments. Funding 

for these positions came from city or county budgets when resources were available or was 

temporarily provided by grants. 

In addition to ordinances and proactive enforcement via fines and informational 

resources, communities provided financial and material resources to increase residents' capacity 

to purchase or install materials to secure or protect attractants. These efforts included subsidies, 

loan programs, and volunteer time (Table 3.2). For example, in Durango, Lake City, Jamestown, 

and Lyons, city or county departments and trash hauler businesses offered reduced prices for 

residential bear-resistant trash cans. In Boulder, Snowmass Village, Durango, and Trinidad, cities 

and non-profit organizations also lent electric fencing kits and electric bear mats to homeowners 

for a short duration (e.g., between 48h and 2 weeks) until homeowners could purchase their own. 

This temporary solution was used when a location was determined to be at high risk of an 

imminent bear visit (e.g., a bear had just depredated chickens and was likely to return in the next 
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few days). Non-profit organizations also had volunteer programs focused on the collection of 

fruits from trees on private properties and sometimes loaned materials for homeowners to collect 

fruits themselves (e.g., ladders, fruit pickers), such as in Boulder and Durango. Similar to 

enforcement positions, these resources were funded by city or county budgets when possible, or 

provided by grants and donations. Participants believed that when effectively directed towards 

locations of high need (e.g., low income communities with high risk of human-bear interactions), 

these efforts could increase the fairness of ordinances and enforcement by supporting those least 

able to bear the financial and time burden of coexisting with bears. 

Several communities also used hortatory messaging. This included traffic signs exhorting 

drivers to slow down on roadways likely to be crossed by bears in Evergreen, stickers on trash 

cans reminding residents of the necessity to properly lock containers, cutout cardboard signs and 

banners in areas highly frequented by residents and temporary visitors (e.g., in the Aspen 

downtown area and airport) and fliers distributed by realtors to newcomers alerting them of bear 

presence in the area and of the need to secure attractants (Table 3.2). Participants shared that to 

be effective, messages needed to be available in English and Spanish, delivered consistently over 

long periods of time, and show coherence between different locations within the bear range. To 

increase coherence, participants recommended aligning their language on BearWise templates 

(bearwise.org/bearwise-store). Participants also believed that hortatory messages were more 

likely to induce behavior change if they came from a trusted source (e.g., community member, 

neighbor) and if they coincided with a direct or indirect experience of conflict (e.g., after having 

seen a bear in the neighborhood or after a neighbor experienced a conflict). Another hortatory 

strategy used in Evergreen was to replace bear-resistant trash containers in public places (e.g., 

downtown area, public parks) and to organize an associated communication event (e.g., ribbon 
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cutting with public speeches). Participants hoped that such events would alert residents of 

human-bear issues and incite them to adopt similar efforts, while also directly addressing 

garbage as an attractant in public spaces. In general, hortatory efforts were considered necessary, 

but not sufficiently effective on their own.  

Participants also mentioned utilizing conferences, pilot studies, surveys, trainings, and 

conversations with experienced individuals to learn how to best use ordinances, enforcement, 

resources, and messaging. One specific conference, the International Human-Bear Conflict 

Workshop, was mentioned by high-level and Snowmass Village participants as a learning 

resource to gain or update knowledge on effective tools. In Jamestown and Lyons, effort leaders 

sent a questionnaire to residents to assess barriers to securing garbage and interest in 

bear-resistant trash cans prior to providing cans at a reduced price in their community. In 

Evergreen, they distributed cans in a small area and planned to monitor subsequent conflicts 

before addressing issues at a larger scale. Participants also mentioned modeling efforts based on 

success found in other communities and directly reaching out to the leaders of those successful 

efforts to help them reproduce or adapt strategies to their location.  

Lastly, several management actions were used to target bears, rather than people, but had 

a secondary effect on individual or community behavior. Bears involved in conflict could be 

relocated by wildlife officers (e.g., captured, anesthetized, transported and released away from 

human development) or lethally removed (e.g., captured and euthanized by wildlife officers or 

shot by homeowners on their property). Both actions were taken to protect human safety but 

were considered by high-level interview participants as somewhat ineffective in the long term, as 

bears returned or were replaced by others. Lethal removals also generated high social conflict, 

leading to community uproar and hindering trust for wildlife agencies in charge of removals. 
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Participants regretted that such intensive management interventions were sometimes perceived 

by homeowners as a reason not to change their own behavior, thus conflicting with all other tools 

mentioned above. One participant said:  

[By relocating bears], we were also giving people an out. They would be like, 
"Instead of me cleaning up my garbage, why don't you relocate the bear?" It's 
much more common, now, for us to be, like, "We're not going to relocate the bear. 
You need to clean up your garbage." (#3, state employee) 

In general, participants shared the hope that future strategies would rely less on those 

management tools targeting bears and more on policy tools focused on changing human 

behavior.  

Catalysts and barriers to tool implementation and efficacy 

Several conditions facilitated or challenged the implementation and the effectiveness of 

the list of tools discussed above. Below, we discuss how local values towards government 

authority and community engagement, income level, trust, and collaboration affected tool 

implementation and efficacy. 

Local values towards government authority and community engagement largely 

influenced the feasibility and efficacy of actions (Table 3.2). In communities where local 

government authority was respected, such as Aspen and Snowmass Village, ordinances and 

sanctions were more likely to be enacted and effective, whereas other communities lacked the 

legal authority to enact or enforce any ordinance regulating attractants. This was identified as a 

major challenge by participants active in unincorporated areas, such as Evergreen, where no city 

government could enact the ordinance or provide financial resources to address human-bear 

issues. Locals in this community valued their freedom from authority and were not likely to 

support regulatory changes constraining their actions. One interviewee said:  
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Unfortunately, not only do we not have a bear trash ordinance, we do not even 
have a trash confinement law. Our obstacles are huge here because we can't even 
get officers to yell at people for having trash all over their property. What can we 
do? It [is] a big hurdle. You can't enforce anything, literally. (# 4, non-profit) 

Participants mentioned the need to implement ordinances at larger geographical scales (i.e., 

county-level) to circumvent this challenge.  

In communities with a strong sense of community engagement, cities, agencies, and local 

non-profit organizations were more likely to find volunteers to support their efforts. This was the 

case, for example, in Evergreen, where residents regularly participated in community events such 

as park clean ups. Participants from communities with strong community engagement also 

believed that residents were more likely to respond to hortatory tools, especially when they came 

from a local trusted source (Table 3.2). In contrast, communities where the population was more 

transient, with many temporary visitors or short-term residents, struggled to self organize. 

Participants from those transient communities also shared that education efforts were 

shorter-lived and the message needed to be repeated more regularly as residents moved in and 

out of the community, hindering long-term effects of hortatory tools. One participant from Aspen 

shared that their community was composed of many second homeowners, who did not directly 

experience human-bear conflicts due to their absence from the community during the 

hyperphagia season. This lack of direct experience hindered communication and enforcement 

efforts. This participant said: 

A lot of times we would get that phone call from a property management 
company, from the gardener, or from anybody but the homeowner. And in talking 
with whoever called it in, we'd learn that the actual owner of the house - the 
person that could make decisions on how they did their trash, if they built a shed 
or whatever - didn't live anywhere around here. They were here for maybe a 
month of the year. A lot of times that was in the winter ski season, so they didn't 
even know that they had a bear problem. That problem wasn't something they had 
experienced. That wasn't a part of their lives, so the property manager was caught 
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in this weird position of having to try to address the problem but not really having 
any authority to say, "Yeah, we're going to spend $5,000 to build a trash 
enclosure." (#17, state employee) 

Income and resources available to a community as whole or to its members affected the 

accessibility of many tools. In high-income communities, tools that were critical to effectiveness 

(e.g., enforcement and resource positions) were funded by the city government as part of their 

budget. This increased the longevity of these positions and the consistency of their efforts over 

time (Table 3.2). Participants from high income communities such as Aspen and Snowmass 

Village shared that receiving funding from grants supported their efforts, but believed they likely 

could have addressed identified needs through other funding avenues. In addition, participants 

felt that it was more acceptable to ask residents to financially invest in expensive bear-resistant 

materials in high income communities. In contrast, in low income communities, participants 

thought that strategies that increased capacity (e.g., loans, subsidies) were fairer than sanctions. 

This included lower income neighborhoods in Pitkin County surrounding Snowmass Village and 

Aspen and also in Kittredge, a community adjacent to Evergreen. Thus, capacity tools funded by 

grants and donations were often directed towards those low income communities and 

neighborhoods. 

Throughout our interviews, participants discussed that they had to establish their role as a 

trusted resource to community members. For example, enforcement and resource officers needed 

residents to trust them enough to report issues to them and follow their recommendations. Due to 

their role in enforcing the two-strike policy, CPW managers often lacked the trust of the 

community. This challenge was discussed by agency employees operating at the state level and 

by high-level and local non-profit organizations participants, who reported that residents feared 

causing bears to be euthanized by reporting conflicts to the agency. Clearly separating the roles 

of enforcement officers, who provide resources and issue citations to enforce attractant 
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ordinances, and wildlife managers, who can haze, relocate or euthanize bears to ensure human 

safety, was perceived to foster trust. Other avenues to trust mentioned by interviewees included 

delivering the same message consistently over long periods of time, and being a member of the 

local community. One interviewee said:  

I think for the most part that - it's taken a while - they realize, and we've really 
pushed this message, that calling us is not dooming the bear; not calling us is. If 
you're not reporting this stuff, and you're responsible, then that bear's probably 
going to die. If you call us and call us quickly, we could get on it and try to deter 
the behavior and find out what's drawing it in. Then we can not ever have to call 
CPW. (#9, city employee) 

Finally, we observed that communities that reported the most success had systems in 

place to foster effective collaboration between different city departments, wildlife agencies, and 

local non-profit organizations. For example, police departments could provide capacity for 

enforcement; city planning could ensure construction projects included space for bear-resistant 

enclosures; business licensing could include respecting wildlife laws as a criterion for restaurant 

and short-term rental permits; wildlife agencies could help identify high priority areas; and 

non-profit organizations could help mobilize volunteers, help deliver educational and material 

resources, and ground efforts in community values. In one community, multiple participants 

explained that several grassroot organizations and the wildlife agency pursued similar efforts but 

had conflicting visions regarding who should deliver resources to communities. Participants 

regretted that, by failing to involve each other, they missed the opportunity to combine actions. 

This resulted in redundant and potentially confusing resources and a public disagreement 

between several organizations that participants feared hindered the public trust for all 

organizations present. Similarly, participants felt undermined after a lack of involvement of city 

staff in the design and later the communication of a research study on the effectiveness of 

management actions on reducing human-bear conflicts in Aspen. In contrast, interviewees 
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believed that successful collaborations stemmed from focusing on shared goals, outlining clear 

role delimitations, and consistent communication. Participants from non-profit organizations and 

from agencies described their role as a bridge between different partners and focused on 

information sharing. In Aspen, a specific position was created to coordinate actions across city 

departments and facilitate collaboration with other organizations. A local participant explained: 

It's at the coordination level. Right now, I'm coordinating it, but I think that's the 
challenge, because there's so many people and moving parts, and then you've got 
the internal and external coordination. We want to be engaging trash haulers, and 
there's so many stakeholders in this problem. So, one of the areas [that] we hope 
to address in the future is being able to provide that higher-level coordination to 
the level that it deserves. For me and [in] my role, I'm still trying to take care of 
my team and also respond to the police calls that we're getting in. So, sometimes, 
I don't get the depth that I would like. [...] It's time consuming. (#13, city 
employee) 

Discussion 

We investigated the range of policy tools and mixes used to address human-bear conflict 

in Colorado. Interviewees described how a combination of regularly updated ordinances, 

escalating fine structures, capacity for proactive enforcement and support for residents were the 

most effective approach to address human-bear conflicts in the long term. They also identified 

hortatory tools as a more feasible first step in addressing conflicts, despite their short-term effect 

and insufficiency as a sole tool. Learning tools were also common, especially when initiating 

efforts in a community. In addition, participants described conditions that could act as catalysts 

or barriers to tool implementation and effectiveness. Respect for government authority, strong 

sense of community engagement, and high levels of economic resources in a community all 

facilitated the mode of action of ordinances, fines, and capacity. Avenues to trust and 

collaboration between actors also helped actions be successful. Below, we first explore how 

relevant concepts of policy design literature appeared in our study. We then discuss the 

100 



 

implications for policy and practice and finally reflect on our research process and offer 

suggestions for further work. 

Alignment of findings with principles of policy portfolios 

To address challenges of biodiversity conservation, policy must be designed to target 

diverse actors and spatiotemporal contexts (Doremus, 2003; Howlett and Rayner, 2007). Policy 

portfolios that combine multiple tools and ways of influencing human behavior are important in 

contexts where no single tool is likely to be fully effective. When mitigating human-bear conflict 

in communities, targets included homeowners, residents, business owners and staff, and visitors, 

who must all modify their behavior to effectively secure attractants in communities. Our study 

revealed that all communities concerned with human-bear conflicts already adopted a policy 

portfolio approach and combined multiple tools to reach this goal. Communities commonly 

implemented a combination of: (1) authority tools, such as ordinances; (2) incentives, including 

fines and permit rescinds; (3) a variety of capacity-building tools, including subsidies, loans, and 

volunteer programs; (4) hortatory tools, such as signs, fliers, events; and (5) learning tools, such 

as pilot studies and trainings (Schneider and Ingram, 1990).  

A primary advantage of policy portfolios is to leverage the strengths and balance the 

weaknesses of individual tools and to foster synergistic effects (Doremus, 2003). In our study, we 

observed many such synergies in the use of tool mixes. Authority tools such as ordinances had 

potential for effectiveness only when communities had the capacity to enforce them. In addition, 

using capacity-building tools (e.g., subsidies, loans, education) to support low-income or 

high-risk communities increased the fairness of authority and incentive tools, for instance the 

enforcement of ordinances). Using incentives in conjunction with capacity-building tools was 

more effective than individual tool use. For example, in Snowmass Village and Aspen, 

enforcement and resource officers used fines as incentive for homeowners and businesses to 
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purchase and properly use bear-resistant containers. To build capacity, they also provided 

resources such as information on specific brands of approved containers and effective ad-hoc 

solutions, for example offering key locks for alley dumpsters owned by restaurants to ensure they 

remain locked. All participants regarded this combination of authority, incentive, and capacity as 

highly effective in the long term. 

In addition to synergies, trade-offs can emerge when multiple tools are used together in 

policy mixes (Howlett and Rayner, 2007). Identifying trade-offs and lack of coherence (i.e., 

misalignment of policy ends and means) across multiple levels of governance is often another 

important goal of policy portfolios (Howlett, 2009). The objectives of policies discussed by our 

participants were generally aligned in pursuing the reduction of human-bear conflicts to maintain 

human safety and sustainable bear populations. However, although lethal removals of bears and 

capacity to remove attractants pursued the same goal of reducing conflicts, we found that 

combining those approaches presented some contradictions. Participants shared that reporting 

parties could feel disempowered from their role in human-bear conflicts when the bear could be 

killed by the wildlife agency, thus lessening incentives to secure attractants and decreasing the 

effectiveness of capacity-building efforts. Alternatively, community members sometimes cared 

for individual bears, for example named bears seen frequently in neighborhoods or posted on 

social media about particular bear cubs. When this was the case, euthanizations hindered trust for 

the wildlife agency and sparked social conflict over management decisions. Participants 

expressed that community members were less likely to report conflicts to the wildlife agency 

after bears were lethally removed in the community. A clear separation of roles in responding to 

conflicts could help resolve this contradiction, such as response officers with legal authority to 

euthanize bears working for different institutions than enforcement and resource officers. Our 
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study also identified potential for redundancy in local policies when multiple actors 

simultaneously pursued similar goals without proper collaboration or communication. For 

example, local groups producing education materials with dissimilar language, or exhorting 

residents to report conflicts to different entities, could be detrimental to the clarity and 

effectiveness of the overall strategy in the area. Again, a clear delineation of the roles of different 

institutions was important. 

Portfolios can also help ensure a variety of tools reach different actors. Our study showed 

the importance of adapting policy portfolios to local contexts, echoing broader recommendations 

for human-wildlife coexistence solutions (IUCN, 2023; Pooley et al., 2021). Communities 

adapted their strategies to the different targets that were important in their community (e.g., 

second homeowners, temporary visitors, restaurants). For example, in Aspen, a major concern 

was the downtown area that concentrated a high density of restaurant food waste, and where 

multiple users of garbage containers (e.g., staff from multiple restaurants sharing a dumpster, 

passerby visitors) decreased compliance with the local ordinance. Enforcement officers found 

that focusing their time on building a shared database of dumpster ownership, establishing direct 

communication with all users, and recommending dumpster key locks was the most effective 

response. In other areas where conflicts occurred at addresses where homeowners were difficult 

to access due to remoteness or second home ownership, enforcement officers found that fines 

were more effective. Whether communities were low or high income, or had transient or 

long-established populations, also affected the feasibility and effectiveness of diverse tools. For 

example, capacity-building tools were more needed in low-income communities, and hortatory 

messages or tools relying on volunteer engagement were more adapted to long-established 

communities. 
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Governance in our current society has been characterized as a complex network of 

political actors and third parties, including public actors, private for-profit, and non-profit 

organizations, all involved in using policy tools to influence public action (Howlett and Rayner, 

2007; Salamon, 2011). Relationships between these different actors do not necessarily rely on 

command-and-control approaches but also negotiation, persuasion, and enablement (Salamon, 

2011). We observed this in our research. The tools we identified were implemented by local 

governments, local businesses, and grassroot non-profit organizations often working in 

partnership. For example, city councils and county commissioners voted to enact 

attractant-reduction ordinances. Capacity for enforcement and education came from resources 

and staff time provided through a variety of public government bodies, including animal 

services, city police, county sheriff, and parks, recreation, and open space departments. Subsidies 

on bear-resistant materials were offered by local businesses. Hortatory tools, such as signs, fliers, 

and events, were often designed or organized by non-profit organizations. We also noted 

strategies of influence between this network of actors. The state community program was 

designed to provide capacity to communities and influence new actors to implement their own 

tools to reduce attractants. A panel formed by the agency selected proposals and therefore 

influenced which tools to fund. For example, the program specified that projects focused only on 

education or research would not be funded by the program, thus limiting resources for strategies 

solely based on hortatory tools or learning. The program also required proposals to show support 

from the community and from local wildlife managers through letters of support or matching 

funds, thus encouraging communication and collaboration between different local actors. Such 

network governance or polycentric governance (Ostrom, 2010) is becoming more common for 

natural resource conservation, for instance for issues of water management, biodiversity 
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protection, and climate adaptation, as it allows managers and policymakers to transcend a single 

institution, organization, resource, or landscape to better respond to diverse ecological, social, 

and political challenges (Bixler et al., 2016) and to resolve cross-boundary issues (Scarlett and 

McKinney, 2016). 

Some individuals and organizations were instrumental in facilitating coordination 

between different roles within their organizations or collaboration across groups. This role was 

often filled by non-profit organizations or by specific positions within institutions focused on 

supporting horizontal and vertical exchanges of information. Such roles have been described as 

boundary organizations, or mediators who exist on the frontier of two relatively distinct social 

worlds with definite lines of responsibility and accountability to each (Guston, 1999). Boundary 

organizations establish relationships across stakeholder groups and jurisdictions, bridge scale 

mismatches between issues and policies, identify local needs, and facilitate collective learning 

(Buettner and Schultz, 2024; Cash et al., 2006; Parker and Crona, 2012). For example, non-profit 

organizations had volunteered for other institutions to learn their perspective on human-bear 

issues, organized community meetings gathering different stakeholders to facilitate dialogue and 

catalyze community action, formed coalitions to learn from successes in other communities, 

applied for funding on behalf of other groups, and partnered with academic researchers to 

monitor efforts. They also helped grounding policies in the local social context. One participant 

from a non-profit organization shared their belief that their role was to ensure community 

integrity by ensuring local laws reflected community values. Importantly, boundary 

organizations needed legal and financial support to operate and often sought legitimacy by 

partnering with government and academic institutions. 
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Recommendations for future policy and practice 

We found that the community grant program effectively encouraged collaborations across 

groups and jurisdictions and fostered local-based solutions. By channeling funding towards 

communities to implement the variety of tools described above, the program built capacity at the 

state level to better address human-bear conflict. Support from higher levels of government with 

ability to tailor to local contexts is an important institutional design principle that can support 

adaptive environmental governance (DeCaro et al., 2017). Adaptive governance, as a concept, 

focuses on increasing the resilience and flexibility of ecological and social systems (Gunderson, 

1999) by integrating learning and scientific knowledge into policies (Dietz et al., 2003). 

Adaptive governance is fostered by open decision-making structures championed by 

community-based initiatives (Brunner et al., 2005), such as the community program. We 

recommend high-level capacity-building programs continue to enable local-based policies. We 

also encourage communities to be sensitive to local context when designing policies. Avenues to 

ground strategies in community needs should be supported. This can be done, for instance, 

through the involvement of grassroot organizations, the organization of local forums, local 

democratic process, and assessing interest via surveys. Communication with local wildlife 

managers is also essential to identify locations in need of most immediate action, due to 

proximity to bear habitat or to high availability of specific attractants. Such efforts would be 

instrumental in adapting human-wildlife coexistence solutions to context (IUCN, 2023; Pooley et 

al., 2021). 

In low-income communities, funding from the community program created windows of 

opportunity to address conflict. It enabled communities to prioritize actions targeting human-bear 

conflict that otherwise would have ranked lower than the other governance needs of the 

community. More broadly, economic programs providing incentives or capacity for conservation 
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generally can benefit from an equitable and fair distribution (Albers et al., 2017; Sommerville et 

al., 2010). We encourage such programs to specifically target areas of high need, based on high 

risk of conflict and on economic need.  

Learning from past efforts to reduce attractants can also help adapt existing tools to local 

contexts. Participants initiating efforts in their communities were eager for support from 

communities that had met success in the past. Communities experienced in addressing 

human-bear conflict also expressed the need to regularly update policies to adapt to changing 

bear behavior. We encourage communities to learn from their local system, for instance by 

monitoring the outcomes of local efforts (e.g., surveys of resident attitudes, of intensity and 

sources of conflicts) and across geographies. Boundary organizations and positions who can 

facilitate collective learning by communicating across communities and institutions could be 

supported or created. This might include legal recognition and financial support of non-profit 

organizations who play this role, and funding of point-of-contact positions focused on 

information flow and community support in agencies and local governments. Cross-community 

information exchange could also be supported with funding or through the organization of an 

annual forum to share lessons learned. Such efforts would also facilitate the integration of new 

knowledge into policies and increase adaptation capacity (Dietz et al., 2003). 

Finally, we recommend long-term planning in community-led efforts. Communities with 

a long history of human-bear conflicts shared that conflicts could shift in nature, location, or 

severity. For example, after resolving garbage-related issues, some communities found that 

vehicles or ornamental trees emerged as an issue. To be successful, efforts need long-term 

support. The annual community grant program is one avenue to fund efforts; however, 

communities will need to find additional funding sources or more permanent capacity through 
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local government support, when possible. In unincorporated areas, long-term support may be 

provided at a higher level (e.g., county-level). 

Conclusion 

As human populations continue to expand, managing human-bear interactions and 

conflict, and human-wildlife conflict more broadly, will only grow in importance for 

communities and policy makers. Our study revealed lessons learned about the policy tools in 

place that are supporting human-bear coexistence in Colorado. We included variation in local 

context and in perspectives by recruiting participants of several communities and of varying 

institutions (local government, research, non-profit, agency). Our research provides an 

understanding of how local context affects policy design and implementation. Our research, 

however, was not designed to formally evaluate principles of policy portfolios and is not 

representative of all Colorado communities. Specifically, we focused on key knowledgeable 

persons involved in policy implementation rather than the general public or targets of policy 

tools. Future research efforts could test the generalizability of our findings and formally evaluate 

the fairness, effectiveness, and future implications of these policy tools through quantitative 

methods. For example, extended cost effectiveness analyses (Verguet et al., 2016) focused on 

policy targets such as residents, tourists, and businesses could be used to formally evaluate 

fairness of policy tools. Studies could also measure policy targets' knowledge and attitudes by 

sending questionnaire surveys to residents, tourists, and businesses to assess trust for 

management agencies or awareness of the existence of human-bear conflicts (e.g., Lischka et al., 

2019). Researchers could also measure human behavior, for instance by conducting field surveys 

to measure compliance with ordinances (e.g., Johnson et al., 2018) or bear behavior, for instance 

by monitoring bear behavioral responses to policies (e.g., Venumière-Lefebvre et al., 2025). In 

addition, researchers could monitor the effects of policy tools on human-bear incidents (e.g., 
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Northrup et al., 2023). To consider longer term effects, researchers could also measure 

demographic impacts on bear populations (e.g., Laufenberg et al., 2018). Longitudinal studies 

that examine participant perspectives over time would also be helpful to fully understand 

implications for the future of various policy designs, in terms of relations between policy actors, 

targets, and effects on human-bear conflict and bear populations.  
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Supplementary Figure S1.1. Residential bear-resistant garbage containers used in 
treatment areas in Durango, Colorado (2013-2016) as part of the bear-proofing experiment. (A) 
Unlocked container. (B) Locked container secured with two manual carabiners. Photographs 
used with the permission of Colorado Parks and Wildlife.  
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Supplementary Table S1.1. Number of adult female black bear (Ursus americanus) steps 
included in the analysis by individual and year, Durango, Colorado (2011-2016). NA = bear was 
not collared that year. 0 = bear was collared that year, but no locations were within the buffer 
area. 

Bear ID 
Pre-treatment  Post-treatment    
2011 2012 2013 2014 2015 2016 

B124 NA 0 0 0 20 0 
B125 NA 277 12 64 173 NA 
B127 NA 61 0 11 0 NA 
B141 NA 11 0 0 0 NA 
B161 NA 0 0 15 NA NA 
B213 NA 201 0 0 0 NA 
B24 32 183 NA NA NA NA 
B245 NA NA 8 0 0 0 
B25 0 210 0 NA NA NA 
B27 274 225 266 206 262 105 
B40 0 22 NA NA NA NA 
B480 NA NA NA NA 0 57 
B49 8 NA NA NA NA NA 
B51 0 52 48 0 NA NA 
B52 0 0 0 28 174 NA 
B7 0 370 403 320 100 NA 
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Supplementary Table S1.2. Summary statistics for adult female black bear steps included in the 
analysis, by individuals and year, including movement parameters and covariates included in the 
best model (m4). Movement parameters include step length (sl in m) and turn angle (ta in º) of 
used steps. Covariates include canopy cover (%), elevation (m), log-distance to rivers (m), slope 
(º), urban imperviousness (%), and treatment, extracted at the end of steps. The horizontal dashed 
line separates pre (i.e., 2011-2012) and post-treatment (i.e., 2013-2016) years. 

Bear ID Year sl ta canopy elev. rivers slope imper. treatment total steps 
  mean mean mean mean mean mean mean count count 
B24 2011 412.28 -0.07 25.77 2028.34 3.78 6.69 23.34 0 32 
B27 2011 343.41 -0.11 21.71 2003.32 4.40 5.13 34.54 0 274 
B49 2011 294.97 0.47 7.70 2154.71 6.60 13.52 0.00 0 8 
B125 2012 250.97 -0.14 18.11 2007.72 5.05 5.18 27.82 0 277 
B127 2012 319.29 -0.08 19.39 2162.27 6.65 17.15 0.62 0 61 
B141 2012 851.43 0.37 25.07 2137.24 6.34 19.93 2.36 0 11 
B213 2012 237.20 -0.10 18.42 2011.20 5.13 3.09 41.87 0 201 
B24 2012 359.03 0.08 25.72 2051.22 5.13 8.84 26.28 0 183 
B25 2012 227.21 0.04 20.90 1999.26 4.68 5.27 35.60 0 210 
B27 2012 320.32 -0.01 21.19 2000.97 4.37 5.33 32.38 0 225 
B40 2012 483.12 -0.24 25.02 2032.52 5.68 9.62 26.28 0 22 
B51 2012 303.96 0.19 27.05 2069.99 4.68 20.06 2.74 0 52 
B7 2012 320.96 0.07 22.31 2056.41 5.47 11.82 22.14 0 370 
B125 2013 638.05 0.77 24.54 2040.13 5.26 9.92 17.24 7 12 
B245 2013 523.11 -0.60 15.53 2047.57 6.48 13.05 8.67 0 8 
B27 2013 331.62 -0.09 21.00 2005.64 4.53 6.65 30.31 40 266 
B51 2013 277.40 -0.64 28.20 2013.56 4.71 10.72 11.09 4 48 
B7 2013 385.06 -0.10 20.73 2023.87 5.14 6.95 29.39 117 403 
B125 2014 322.92 0.21 17.79 2034.98 5.42 11.72 22.90 39 64 
B127 2014 217.72 -1.37 26.53 2217.01 6.33 16.70 0.00 0 11 
B161 2014 171.11 -0.21 28.33 2133.04 5.25 20.35 0.00 0 15 
B27 2014 360.67 -0.21 22.95 2006.51 4.55 6.26 30.06 12 206 
B52 2014 273.88 0.09 20.12 2107.27 5.97 18.28 14.46 0 28 
B7 2014 431.76 0.03 23.40 2061.18 5.43 11.71 19.07 65 320 
B124 2015 367.09 0.31 26.85 2101.26 5.56 22.38 2.30 0 20 
B125 2015 246.36 -0.04 20.85 2043.95 4.87 10.20 21.00 49 173 
B27 2015 281.89 0.08 19.86 2005.67 4.45 4.83 35.18 5 262 
B52 2015 332.16 -0.26 17.80 2080.61 5.87 14.71 22.88 37 174 
B7 2015 377.36 0.04 23.19 2092.82 5.93 17.03 8.75 6 100 
B27 2016 338.41 -0.24 22.15 2006.84 4.75 8.48 26.13 5 105 
B480 2016 256.84 -0.04 18.14 2062.20 3.86 13.87 10.74 14 57 
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Supplementary Table S1.3. Model selection results for generalized linear mixed models of 
black bear selection  (.) for percent canopy cover (canopy), elevation (elev.), distance to rivers 𝑤
(rivers), slope, and percent urban imperviousness (imper.). The structure retained is highlighted 
in bold. K, number of fixed effect model parameters; AICc = Akaike’s information criterion 
corrected for small samples, AICcWt = AICc weight, LL = log likelihood. 

Fixed effects model structure K AICc ∆AICc AICcW
t LL 

 (canopy + elev. + elev.2 + rivers + slope + slope2 + imper. 𝑤
+ imper.2)  (.) ϕ 12 28031.95 0.00 1.00 -14003.97 

 (canopy + elev. + elev.2 + slope + slope2 + imper. +  𝑤
imper. 2)  (.) ϕ 11 28051.25 19.30 0.00 -14014.62 

 (canopy + rivers + slope + slope2 + imper. + imper. 2)  (.) 𝑤 ϕ 10 28116.79 84.84 0.00 -14048.39 
 (elev. + elev. 2 + rivers + slope + slope2 + imper. +  𝑤

imper. 2)  (.) ϕ 11 28121.04 89.09 0.00 -14049.52 

 (elev. + elev. 2 + slope + slope2 + imper. + imper. 2)  (.) 𝑤 ϕ 10 28139.34 107.39 0.00 -14059.67 
 (canopy + elev. + elev. 2 + rivers + imper. + imper. 2)  (.) 𝑤 ϕ 10 28159.10 127.15 0.00 -14069.55 
 (canopy + elev. + elev. 2 + imper. + imper. 2)  (.) 𝑤 ϕ 9 28165.86 133.91 0.00 -14073.93 
 (canopy + slope + slope2 + imper. + imper. 2)  (.) 𝑤 ϕ 9 28173.56 141.61 0.00 -14077.78 
 (canopy + rivers + imper. + imper. 2)  (.) 𝑤 ϕ 8 28185.96 154.01 0.00 -14084.98 
 (rivers + slope + slope2 + imper. + imper. 2)  (.) 𝑤 ϕ 9 28198.60 166.65 0.00 -14090.30 
 (canopy + imper. + imper. 2)  (.) 𝑤 ϕ 7 28212.77 180.82 0.00 -14099.38 
 (slope + slope2 + imper. + imper. 2)  (.) 𝑤 ϕ 8 28253.99 222.04 0.00 -14118.99 
 (elev. + elev. 2 + rivers + imper. + imper. 2)  (.) 𝑤 ϕ 9 28298.99 267.04 0.00 -14140.49 
 (elev. + elev. 2 + imper. + imper. 2)  (.) 𝑤 ϕ 8 28303.49 271.54 0.00 -14143.74 
 (rivers + imper. + imper. 2)  (.) 𝑤 ϕ 7 28311.63 279.68 0.00 -14148.82 
 (imper. + imper.2)  (.) 𝑤 ϕ 6 28328.97 297.02 0.00 -14158.48 
 (canopy + elev. + elev. 2 + rivers + slope + slope2)  (.) 𝑤 ϕ 10 28354.48 322.53 0.00 -14167.24 
 (canopy + elev. + elev. 2 + slope + slope2)  (.) 𝑤 ϕ 9 28357.41 325.46 0.00 -14169.70 
 (canopy + elev. + elev. 2 + rivers)  (.) 𝑤 ϕ 8 28451.57 419.62 0.00 -14217.78 
 (canopy + elev. + elev. 2)  (.) 𝑤 ϕ 7 28453.79 421.84 0.00 -14219.89 
 (elev. + elev. 2 + rivers + slope + slope2)  (.) 𝑤 ϕ 9 28506.08 474.13 0.00 -14244.04 
 (elev. + elev. 2 + slope + slope2)  (.) 𝑤 ϕ 8 28508.83 476.88 0.00 -14246.41 
 (canopy + rivers + slope + slope2)  (.) 𝑤 ϕ 8 28522.51 490.56 0.00 -14253.25 
 (canopy + rivers)  (.) 𝑤 ϕ 6 28534.13 502.18 0.00 -14261.06 
 (canopy + slope + slope2)  (.) 𝑤 ϕ 7 28562.34 530.39 0.00 -14274.17 
 (canopy)  (.) 𝑤 ϕ 5 28565.51 533.56 0.00 -14277.75 
 (rivers + slope + slope2)  (.) 𝑤 ϕ 7 28658.66 626.71 0.00 -14322.33 
 (slope + slope2)  (.) 𝑤 ϕ 6 28697.25 665.30 0.00 -14342.62 
 (elev. + elev. 2 + rivers)  (.) 𝑤 ϕ 7 28702.26 670.31 0.00 -14344.13 
 (elev. + elev. 2)  (.) 𝑤 ϕ 6 28704.96 673.01 0.00 -14346.48 
 (rivers)  (.) 𝑤 ϕ 5 28730.92 698.97 0.00 -14360.46 
 (.)  (.) 𝑤 ϕ 4 28749.91 717.96 0.00 -14370.96 
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Supplementary Table S1.4. Standardized coefficients from the base model of black bear 
selection and movement (m0) in Durango, Colorado. (sl = step length, ta = turn angle). 

Parameter ß coefficient Standard error 95% confidence 
interval 

Movement parameters 

log(sl) 0.058 0.017 [0.026; 0.091] 
cos(ta) -0.046 0.022 [-0.090; -0.002] 
Resource selection  

canopy 0.169 0.018 [0.134; 0.204] 
elevation -0.385 0.042 [-0.466; -0.303] 
elevation2 0.103 0.011 [0.081; 0.125] 
distance to rivers -0.083 0.018 [-0.117; -0.048] 
slope 0.325 0.034 [0.258; 0.392] 
slope2 -0.037 0.013 [-0.063; -0.011] 
imperviousness 0.143 0.026 [0.093; 0.194] 
imperviousness2 -0.384 0.023 [-0.429; -0.339] 
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Supplementary Table S1.5. Cross-validated Spearman-rank correlations (rs) and associated 
p-values between area-adjusted frequencies and predicted use bin ranks under the best model of 
black bear resource selection and movement in Durango, Colorado (m4) for each fold (k). 

k rs p-value 

1 0.753 0.012 
2 0.768 0.009 
3 0.768 0.009 
4 0.753 0.012 
5 0.792 0.006 

Average 0.767 0.010 
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Supplementary Table S6. Fixed-effect coefficients from the second-best supported model of 
black bear selection and movement (m6) in Durango, Colorado. (sl = step length, ta = turn angle). 

Parameter ß coefficient Standard error 95% confidence interval 

Movement parameters 

log(sl) 0.056 0.023 [0.011; 0.101] 
cos(ta) -0.051 0.030 [-0.111; 0.008] 
log(sl):treatment -0.063 0.030 [-0.122; -0.004] 
log(sl):time 0.003 0.013 [-0.022; 0.029] 
cos(ta):treatment 0.059 0.175 [-0.283; 0.401] 
cos(ta):time -0.005 0.018 [-0.041; 0.031] 
log(sl):time:treatment 0.028 0.014 [0.001; 0.055] 
cos(ta):time:treatment 0.029 0.083 [-0.133; 0.191] 
Resource selection 

canopy 0.170 0.018 [0.135; 0.205] 
elevation -0.384 0.042 [-0.466; -0.302] 
elevation2 0.102 0.011 [0.08; 0.124] 
distance to rivers -0.084 0.018 [-0.118; -0.049] 
slope 0.328 0.034 [0.261; 0.395] 
slope2 -0.038 0.013 [-0.064; -0.012] 
imperviousness 0.148 0.026 [0.097; 0.199] 
imperviousness2 -0.387 0.023 [-0.433; -0.342] 
treatment 0.471 0.157 [0.163; 0.779] 
time -0.915 0.176 [-1.259; -0.57] 
treatment:time -0.269 0.071 [-0.409; -0.129] 
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Chapter 2 

S2.1. Types of incidents recorded in the 2019-2025 Colorado Parks and Wildlife Incident 
Database and their definitions. 

Incident type Definition Conflict 
Unsubstantiated report Reports that are not credible or cannot be confirmed upon investigation. No 

Sighting Firsthand visual observations of a bear, of tracks, or of other signs of bear 
activity. No 

Food source property 
damage 

Damages to real or personal property that occurred as a direct result of a food 
source or attractant, including livestock and pets. Yes 

Non-food property 
damage 

Damages to real or personal property that occurred with no direct food 
source or attractant, such as hot tub covers, windows, or garage doors. Yes 

Aggressive behavior Serious conflicts between a human and a bear, such as a bear that was forced 
to back away by actions taken by the person. Yes 

Attacks Human-bear encounters that resulted in a person bodily injured or killed. Yes 
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S2.2. Types of attractants recorded in the 2019-2025 Colorado Parks and Wildlife Incident 
Database and their definitions. 

Attractant type Definition 
Trash Waste materials or matter that are no longer wanted or needed. 
Vehicle Conveyance used for transporting people or goods on land or air or water. 

Outside food source Food source or attractant that is not in a dwelling or structure, such as pet food, barbeque 
grills, bird feeders, freezers, ornamental fruit trees, home gardens. 

Beehive Structure in which bees are kept. 
Pet Domestic animals other than livestock such as dogs and cats. 

Livestock 
Domesticated animals such as cattle, sheep, goats, bison, swine, mules, poultry, horses, or 
alternative livestock. 

Orchards or growing crops Piece of land that is used to grow multiple fruit trees or an agricultural crop. 
Other Food source other than those specifically listed. 
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S2.3. Types of responses recorded in the 2019-2025 Colorado Parks and Wildlife Incident 
Database and their definitions. 

Response Definition 
No action No direct communication was given to a reporting party or person. 
Advice / Phone Call An action in which there was direct communication given to a reporting party or person. 
Site Inspection A physical visit by CPW staff/volunteer or other delegate of CPW to a specific location. 
Trap Set A trap is set by CPW personnel. 
Hazed An action using non-lethal methods to change an animal’s behavior by CPW personnel. 
Relocated A relocation of an animal by CPW personnel. 

Education Materials Any written information provided to the public by CPW personnel to minimize conflicts with 
wildlife. 

Pyrotechnics Non-lethal materials provided to homeowners / landowners. 
Euthanized An animal is killed by CPW staff. 
Rehabilitation An animal is taken to a licensed rehabilitator. 
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S2.4. Detailed information regarding actions implemented by the 11 community projects funded 
as part of the 2022 Colorado Parks and Wildlife Human-Bear Conflict Community program, 
including the specific locations (e.g., towns, counties, parks) where interventions occurred, 
estimated time of implementation (e.g., when infrastructure was deployed or when events 
occurred), a description of specific actions funded and implemented, estimated funding per 
action or area, and whether widescale residential bear-proofing had occurred before the grant, 
based on communications with grant managers and awardees. 

Project locations Time of 
implementation Actions implemented Funding ($) Previous 

efforts 
1 - Bear management unit B-11  225,000  

Aspen June 2023 

wildlife response ranger (education, outreach, 
preventive patrols, enforcement, assistance with 
attractant mitigation management, monitoring of 

wildlife trends) 

15,000 Yes 

Snowmass Village June 2023 bear-resistant containers 22,500 Yes 
Pitkin County June 2023 bear-resistant containers 30,000 ? 
Glenwood Springs ? ? 5,000 ? 
Avon ? ? 7,500 ? 
Eagle County June 2023 bear-resistant containers and enclosures 7,500 ? 
Eagle June 2023 bear-resistant containers 37,500 ? 
Gypsum June 2023 bear-resistant containers 18,750 ? 

Vail June 2023 update code, stickers, education and outreach 
campaign 22,500 ? 

Minturn ? ? 5,000 ? 
Entire B-11 area June 2023 marketing campaign for information materials 50,000  
2 - Jamestown & Lyons 100,500  
Jamestown, Lyons April 2023 200 bear-resistant containers 100,500 No 
3 - Boulder & Longmont 45,000  
Boulder, Longmont August 2023 ~200 fruit harvests 45,000 Yes 
4 - Dolores, Cortez, Rico 27,078  
Dolores, Cortez, 
Rico ? 26 bear-resistant containers 27,078 No 

5 - Evergreen, Genesee, Kittredge 67,921  
Evergreen, 
Genesee, Kittredge May 2023 30 bear-resistant containers 67,921 No 

6 - Frisco 50,000  
Frisco Spring 2023 1 dumpster enclosure 50,000 No 
7 - La Plata County 206,539  

La Plata County Apr.-Nov. 2023 

bear resource officer (education, outreach, 
preventive patrols, enforcement, assistance with 
attractant mitigation management, monitoring of 

wildlife trends) 
conflict mitigation materials (unwelcome mats, 

loaner bear cans, electric fence kits) 

55,995 No 

Durango June 2023 474 bear-resistant trash containers 60,000 Yes 
Campgrounds in 
San Juan NF June 2023 20 bear-resistant food storage lockers 27,040 No 
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Durango School 
District 9R, 
Southern Ute 
Indian Tribe, 
Vallecito, Lake 
Nighthorse 

June 2023 37 bear-resistant enclosures 48,504 No 

Durango, Hermosa, 
Animas City June 2023 fruit gleaning program $15,000 Yes 

8 - Green Mountain Falls 56,500  
Green Mountain 
Falls June 2024 1 dumpster enclosure 56,500 No 

9 - Lake City 45,000  
Lake City April 2023 18 bear-resistant dumpsters 45,000 Yes 
10 - Mineral & Hinsdale Counties 73,600  
Mineral & Hinsdale 
Counties May 2023 bear-resistant dumpsters 73,600 No 

11 - Las Animas County 100,000  

Trinidad and 
surroundings Summer 2023 

Community innovation and individualized support 
project, bear makeover site visits, bear straps, 

electric fencing 
~35,275 No 

Trinidad, 
Courthouse Park, 
Fairgrounds Park 

? 25 bear-resistant trash cans ~55,000 No 

Trinidad Lake State 
Park, Fishers Peak 
State Park 

Summer 2023 stickers ~525 No 

Trinidad and 
surroundings April-June 2023 community outreach events ~9,200 No 
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S2.5. Number of human-bear conflict reports (i.e., substantiated reports that involve a bear 
attack, aggressive behavior, or property damage) reported to Colorado Parks and Wildlife 
annually from 2019 to 2025 by type of conflict, bear attacks ("attacks"), aggressive behavior 
("aggressive"), and property damage ("property"). The annual mast production rate was assessed 
by Colorado Parks and Wildlife in 18 data analysis units and was averaged across the state. The 
community program was implemented in 2022. 

Year Attack Aggressive Property Total Mast production rate Community program 
2019 10 163 2,915 3,078 2.93 before 
2020 10 135 2,532 2,667 2.76 before 
2021 4 85 1,785 1,870 3.68 before 
2022 3 106 2,213 2,319 2.66 before 
2023 5 75 1,709 1,784 3.78 after 
2024 1 122 2,445 2,567 3.25 after 
2025 3 105 2,626 2,731 2.73 after 
Mean 5.1 113.0 2,317.9 2,430.9 3.11  
SD 3.5 30.0 443.3 470.6 0.46  
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S2.6. Number of human-bear conflict reports (i.e., substantiated reports that involve a bear 
attack, aggressive behavior, or property damage) reported to Colorado Parks and Wildlife 
annually from 2019 to 2025 by type of attractant, including trash, livestock, outside food source 
("outside"), vehicles, crops, beehives, pets, compost, multiple, and unknown. 

Year Trash Livestock Outside Vehicles Crops Beehives Pets Compost Multiple Unknown Total 
2019 1,195 371 198 127 78 52 18 3 207 839 3,088 
2020 1,007 418 232 66 31 38 10 0 225 650 2,677 
2021 708 285 138 76 40 22 12 0 138 455 1,874 
2022 903 319 157 62 76 42 25 0 222 516 2,322 
2023 689 277 123 67 23 18 6 0 129 457 1,789 
2024 968 340 203 82 111 44 20 0 179 621 2,568 
2025 1,156 293 220 79 75 48 15 0 245 603 2,734 
Mean 946.6 329.0 181.6 79.9 62.0 37.7 15.1 0.4 192.1 591.6 2,436.0 
SD 197.8 51.4 42.2 22.1 31.6 12.9 6.4 1.1 44.9 134.2 472.0 
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S2.7. Source of conflict for conflict reports with multiple sources of conflicts, as reported to 
Colorado Parks and Wildlife (2019-2025). N = number of conflicts reports, Percentage = 
percentage of conflict reports with multiple sources 

Source of conflict N Percentage 
Trash , Outside Food Source 414 30.8 
Trash , Vehicles 165 12.3 
Trash , Livestock 111 8.3 
Outside Food Source , Livestock 66 4.9 
Trash , Outside Food Source , Other 63 4.7 
Trash , Orchards/Growing Crops 53 3.9 
Vehicles , Outside Food Source 49 3.6 
Trash , Vehicles , Outside Food Source 43 3.2 
Outside Food Source , Orchards/Growing Crops 34 2.5 
Trash , Beehives 33 2.5 
Trash , Outside Food Source , Livestock 30 2.2 
Trash , Pets 29 2.2 
Pets , Livestock 25 1.9 
Trash , Vehicles , Other 23 1.7 
Beehives , Livestock 22 1.6 
Outside Food Source , Pets 20 1.5 
Livestock , Orchards/Growing Crops 14 1.0 
Trash , Vehicles , Outside Food Source , Other 13 1.0 
Outside Food Source , Beehives 12 0.9 
Trash , Outside Food Source , Pets 10 0.7 
Trash , Livestock , Other 10 0.7 
Trash , Beehives , Livestock 7 0.5 
Other , Trash , Outside Food Source 7 0.5 
Trash , Outside Food Source , Orchards/Growing Crops 6 0.4 
Beehives , Orchards/Growing Crops 6 0.4 
Trash , Outside Food Source , Beehives 5 0.4 
Trash , Pets , Other 5 0.4 
Outside Food Source , Livestock , Other 4 0.3 
Trash , Pets , Livestock 4 0.3 
Vehicles , Pets 4 0.3 
Vehicles , Outside Food Source , Other 3 0.2 
Trash , Vehicles , Beehives 3 0.2 
Trash , Orchards/Growing Crops , Other 3 0.2 
Outside Food Source , Pets , Other 3 0.2 
Trash , Vehicles , Livestock 3 0.2 
Other , Trash , Vehicles 3 0.2 
Vehicles , Outside Food Source , Livestock 2 0.1 
Trash , Outside Food Source , Livestock , Orchards/Growing Crops 2 0.1 
Outside Food Source , Pets , Livestock 2 0.1 
Outside Food Source , Livestock , Orchards/Growing Crops 2 0.1 
Trash , Outside Food Source , Livestock , Other 2 0.1 
Outside Food Source , Orchards/Growing Crops , Other 2 0.1 
Trash , Livestock , Orchards/Growing Crops 2 0.1 
Pets , Orchards/Growing Crops 1 0.1 
Vehicles , Outside Food Source , Orchards/Growing Crops 1 0.1 
Trash , Outside Food Source , Beehives , Orchards/Growing Crops 1 0.1 
Beehives , Livestock , Orchards/Growing Crops 1 0.1 
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Vehicles , Livestock , Other 1 0.1 
Vehicles , Pets , Livestock 1 0.1 
Trash , Vehicles , Outside Food Source , Pets 1 0.1 
Trash , Beehives , Livestock , Orchards/Growing Crops 1 0.1 
Outside Food Source , Livestock , Orchards/Growing Crops , Other 1 0.1 
Trash , Beehives , Pets , Orchards/Growing Crops 1 0.1 
Trash , Beehives , Orchards/Growing Crops 1 0.1 
Beehives , Livestock , Other 1 0.1 
Trash , Beehives , Livestock , Other 1 0.1 
Other , Trash , Vehicles , Outside Food Source 1 0.1 
Outside Food Source , Compost 1 0.1 
Vehicles , Outside Food Source , Compost 1 0.1 
Trash , Mulch , Compost 1 0.1 
Other , Trash , Livestock , Compost 1 0.1 
Trash , Outside Food Source , Compost 1 0.1 
Trash , Vehicles , Outside Food Source , Livestock 1 0.1 
Trash , Outside Food Source , Pets , Livestock 1 0.1 
Outside Food Source , Orchards , Compost 1 0.1 
Other , Pets , Livestock 1 0.1 
Other , Vehicles , Outside Food Source 1 0.1 
Vehicles , Livestock 1 0.1 
Trash , Outside Food Source , Pets , Other 1 0.1 
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S2.8. Number of human-bear conflict reports that led to the capture or the death of the bear 
reported to Colorado Parks and Wildlife annually from 2019 to 2025 by type of attractant, 
including trash, livestock, outside food source ("outside"), vehicles, crops, beehives, pets, 
compost, multiple, and unknown. 

Year Trash Livestock Outside Vehicles Crops Beehives Pets Multiple Unknown Total 
2019 54 61 11 5 6 10 4 30 126 307 
2020 77 46 28 15 4 7 0 58 150 385 
2021 59 33 11 6 6 2 1 22 92 232 
2022 54 55 8 4 9 6 4 46 122 308 
2023 42 37 6 2 4 5 1 29 96 222 
2024 55 68 12 5 13 3 3 30 143 332 
2025 61 58 14 7 3 6 5 44 109 307 
Total 402 358 90 44 45 39 18 259 838 2,093 

% 19.2 17.1 4.3 2.1 2.2 1.9 0.9 12.4 40.0  
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S2.9. Average annual human-bear conflicts reported to Colorado Parks and Wildlife between 
2019 and 2025 by municipality, with population size (pop; U.S. Census Bureau, 2020) and 
percentage of conflict reports in the municipality caused by each source of conflict, including 
trash, livestock (live.), outside food source (out.), vehicles (veh.), crops/orchards (crops), 
beehives (bees), pets, compost (comp.), multiple (mul.), and unknown (unk.). 

Municipality mean sd Pop. Trash Live. Out. Veh. Crops Bees Pets Comp. Mul. Unk. 
Aspen 269.3 102.5 7004 49.9 0.8 3.4 7.5 0.5 0.1 0.5 0.0 1.8 35.6 
Durango 181.6 152.5 19071 51.8 5.8 11.2 0.6 6.0 0.7 0.6 0.0 7.3 15.9 
Colorado Springs 135.0 63.9 478961 50.7 7.3 7.6 1.7 1.3 2.9 0.7 0.1 4.2 23.5 
Steamboat Springs 84.7 35.7 13224 36.9 4.2 5.9 5.2 0.7 1.0 0.7 0.0 6.4 39.0 
Boulder 74.3 28.9 108250 39.6 2.9 11.2 3.3 2.1 2.5 0.2 0.2 8.3 29.8 
Meeker 67.3 31.2 2374 1.7 93.0 0.2 0.0 0.8 0.2 0.2 0.0 0.8 3.0 
Pagosa Springs 63.6 27.4 1571 46.7 9.9 14.4 0.4 2.5 1.6 1.3 0.0 7.6 15.5 
Evergreen 58.6 32.6 9307 34.6 16.3 5.4 2.9 0.0 0.5 0.2 0.0 9.3 30.7 
Gunnison 58.4 48.3 6560 68.2 2.4 3.7 0.7 0.0 0.2 0.2 0.0 6.8 17.6 
Craig 53.9 16.7 9060 0.8 96.6 0.3 0.3 0.3 0.3 0.0 0.0 0.3 1.3 
Glenwood Springs 53.7 43.3 9963 62.0 2.7 4.0 1.1 8.0 0.5 1.6 0.0 4.0 16.2 
Woodland Park 50.4 15.7 7920 37.4 14.4 4.2 2.5 0.3 0.6 0.6 0.0 7.6 32.3 
Ridgway 49.6 38.5 1183 38.3 8.1 7.2 6.3 2.9 1.7 0.9 0.0 4.9 29.7 
Breckenridge 49.0 21.1 5078 67.3 1.5 3.5 3.2 0.0 0.0 0.0 0.0 9.0 15.5 
Bayfield 46.4 36.7 2838 32.0 15.1 13.5 1.8 3.1 1.8 0.6 0.0 12.3 19.7 
Estes Park 46.3 34.3 5904 25.3 2.5 3.4 13.6 0.3 0.3 0.0 0.0 6.8 47.8 
Granby 42.4 17.3 2079 47.5 1.0 9.1 8.8 0.0 0.0 0.0 0.0 12.1 21.5 
Carbondale 40.6 24.4 6434 40.1 4.9 6.7 4.6 6.0 0.7 1.8 0.0 9.2 26.1 
Eagle 39.0 22.6 7511 57.9 4.8 9.5 1.8 1.1 1.5 0.7 0.0 7.0 15.8 
Longmont 37.7 21.6 98885 37.1 4.9 6.1 4.5 1.1 5.7 0.0 0.0 12.1 28.4 
Basalt 37.4 14.5 3984 36.6 7.6 8.4 3.8 3.8 0.0 0.8 0.0 7.3 31.7 
Idaho Springs 36.9 20.1 1782 32.6 3.1 5.0 3.1 0.4 0.0 0.0 0.0 9.3 46.5 
Cortez 36.7 22.3 8766 41.2 21.0 7.0 0.4 3.5 1.9 1.6 0.0 14.8 8.6 
Vail 34.1 27.4 4835 72.0 0.4 3.3 2.1 0.4 0.0 0.4 0.0 3.3 18.0 
Canon City 31.0 23.8 17141 28.6 13.4 12.4 0.9 0.5 0.9 0.0 0.0 29.0 14.3 
Norwood 30.7 18.8 535 38.1 19.5 8.8 1.4 1.4 1.4 1.9 0.0 6.5 20.9 
Rifle 30.3 20.3 10437 34.0 13.2 9.9 0.5 12.3 4.2 0.0 0.0 11.8 14.2 
Fort Collins 29.0 12.2 169810 26.6 8.4 8.9 5.4 1.0 3.0 1.0 0.0 10.8 35.0 
Loveland 28.7 18.6 76378 38.8 11.4 10.0 0.5 3.0 2.5 1.0 0.0 7.5 25.4 
Paonia 27.1 16.4 1447 3.2 84.7 1.1 0.0 3.2 1.1 0.0 0.0 4.2 2.6 
Castle Rock 26.7 15.7 73158 35.3 4.8 11.2 8.0 0.5 1.1 0.5 0.0 13.9 24.6 
Blackhawk 26.4 9.1 127 24.9 10.3 8.1 6.5 0.5 0.0 0.5 0.0 13.0 36.2 
Trinidad 25.4 10.5 8329 14.0 16.3 6.2 3.9 3.9 0.6 3.4 0.0 27.5 24.2 
Montrose 25.0 15.5 20291 18.3 18.3 8.0 0.6 13.1 9.1 0.0 0.0 8.6 24.0 
Conifer 24.9 6.3 NA 30.5 16.7 5.7 5.2 0.0 1.7 0.0 0.0 10.3 29.9 
Fairplay 22.0 8.6 724 28.6 4.5 6.5 10.4 0.0 0.0 0.6 0.0 11.7 37.7 
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Sedalia 21.6 6.8 177 46.4 9.9 8.6 0.7 2.6 2.0 1.3 0.0 6.6 21.9 
Parker 21.3 10.9 58512 30.9 18.1 14.8 1.3 0.7 7.4 0.0 0.0 10.1 16.8 
Salida 20.1 13.7 5666 34.8 14.9 11.3 1.4 1.4 0.7 0.7 0.0 9.9 24.8 
Lakewood 19.7 18.3 155984 47.8 3.6 7.2 1.4 2.9 2.2 0.0 0.0 7.2 27.5 
Dolores 19.7 10.7 885 29.7 21.0 8.7 3.6 2.2 4.3 0.0 0.0 13.8 16.7 
Chimney Rock 17.1 29.4 NA 36.7 18.3 5.8 0.8 3.3 5.0 0.0 0.0 8.3 21.7 
Rye 16.6 9.3 206 19.8 19.8 12.9 4.3 0.0 4.3 0.9 0.0 20.7 17.2 
Bailey 16.3 11.2 NA 25.4 17.5 12.3 2.6 0.0 0.9 0.9 0.0 9.6 30.7 
Parachute 15.3 10.2 1390 35.5 25.2 3.7 0.0 9.3 0.9 0.0 0.0 5.6 19.6 
Collbran 14.7 5.5 369 27.2 20.4 6.8 0.0 5.8 3.9 0.0 0.0 12.6 23.3 
Palisade 14.4 13.6 2565 14.9 28.7 4.0 0.0 15.8 5.0 1.0 0.0 13.9 16.8 
Walsenburg 14.3 10.1 3049 14.0 14.0 17.0 2.0 4.0 4.0 1.0 0.0 12.0 32.0 
Westcliffe 13.4 8.1 435 10.6 23.4 27.7 0.0 0.0 0.0 2.1 0.0 21.3 14.9 
Cripple Creek 13.1 15.2 1155 39.1 14.1 4.3 2.2 0.0 2.2 0.0 0.0 8.7 29.3 
Littleton 12.9 3.0 45652 58.9 2.2 13.3 0.0 2.2 2.2 1.1 1.1 6.7 12.2 
Cedaredge 12.4 6.4 2279 13.8 25.3 6.9 0.0 9.2 4.6 1.1 0.0 14.9 24.1 
Laporte 12.0 6.2 2409 29.8 8.3 16.7 2.4 2.4 4.8 0.0 0.0 8.3 27.4 
Livermore 11.1 8.3 4514 10.3 14.1 19.2 7.7 1.3 1.3 0.0 0.0 7.7 38.5 
Nucla 11.1 5.8 585 48.7 15.4 3.8 0.0 10.3 2.6 0.0 0.0 5.1 14.1 
Lake George 10.4 6.1 2483 32.9 8.2 15.1 0.0 0.0 1.4 0.0 0.0 9.6 32.9 
South Fork/Del 
Norte 10.3 6.7 1968 51.4 4.2 20.8 0.0 0.0 0.0 2.8 0.0 11.1 9.7 

Yampa 8.7 7.0 399 27.9 29.5 11.5 8.2 0.0 1.6 0.0 0.0 6.6 14.8 
Grand Lake 8.7 23.1 410 47.5 0.0 6.6 9.8 0.0 0.0 0.0 0.0 9.8 26.2 
Alamosa 8.4 8.8 9806 3.4 8.5 3.4 3.4 6.8 0.0 1.7 0.0 11.9 61.0 
Pueblo 8.0 8.4 111876 37.5 17.9 5.4 0.0 1.8 3.6 1.8 0.0 7.1 25.0 
Kremmling 7.9 7.5 1509 41.8 3.6 12.7 3.6 0.0 0.0 1.8 0.0 14.5 21.8 
Buena Vista 7.6 3.1 2855 18.9 17.0 9.4 7.5 1.9 0.0 0.0 0.0 7.5 37.7 
Lake City 7.4 5.7 432 5.8 1.9 5.8 19.2 0.0 0.0 3.8 0.0 3.8 59.6 
Creede 7.1 4.8 257 32.0 0.0 20.0 8.0 0.0 0.0 4.0 0.0 28.0 8.0 
Delta 7.1 5.5 9035 2.0 14.0 6.0 0.0 56.0 4.0 0.0 0.0 8.0 10.0 
Hotchkiss 6.9 5.0 875 20.8 27.1 2.1 0.0 2.1 6.2 2.1 0.0 12.5 27.1 
Fruita 6.9 7.2 13395 14.6 8.3 6.2 0.0 33.3 14.6 0.0 0.0 12.5 10.4 
Berthoud 6.9 7.4 10332 10.4 18.8 12.5 4.2 2.1 2.1 0.0 0.0 12.5 37.5 
Westminster 6.9 4.7 116317 72.9 4.2 6.2 0.0 0.0 8.3 0.0 0.0 4.2 4.2 
Leadville 5.3 3.4 2633 32.4 8.1 13.5 2.7 0.0 0.0 0.0 0.0 13.5 29.7 
Walden 4.6 4.4 606 25.0 12.5 9.4 3.1 0.0 0.0 0.0 0.0 3.1 46.9 
Glade Park 4.1 3.1 2267 34.5 17.2 20.7 3.4 3.4 0.0 0.0 0.0 13.8 6.9 
De Beque 3.9 1.9 493 16.9 10.9 2.2 0.0 2.2 4.4 0.0 0.0 16.9 46.8 
Wellington 3.1 3.0 11047 22.7 0.0 9.1 0.0 9.1 31.8 0.0 0.0 13.6 13.6 
Hot Sulphur Springs 3.1 2.0 687 45.5 13.6 13.6 4.5 0.0 9.1 0.0 0.0 4.5 9.1 
Conejos 2.9 2.9 46 30.0 10.0 20.0 5.0 0.0 0.0 0.0 0.0 15.0 20.0 
Dove Creek 2.7 2.8 635 31.6 21.1 15.8 0.0 0.0 0.0 0.0 0.0 15.8 15.8 
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Saguache 2.3 1.5 539 31.2 6.2 12.5 0.0 0.0 6.2 0.0 0.0 6.2 37.5 
Rangely 2.1 1.9 2299 0.0 60.0 0.0 0.0 0.0 0.0 6.7 0.0 6.7 26.7 
Maybell 2.1 1.6 76 33.3 53.3 0.0 0.0 6.7 0.0 0.0 0.0 6.7 0.0 
Gateway 1.7 2.8 2267 25.0 8.3 0.0 0.0 16.7 0.0 0.0 0.0 33.3 16.7 
Elizabeth 1.6 1.7 1675 72.7 0.0 9.1 0.0 0.0 9.1 0.0 0.0 0.0 9.1 
Erie 1.3 1.4 30038 55.6 0.0 11.1 0.0 0.0 33.3 0.0 0.0 0.0 0.0 
Hayden 1.1 2.3 1941 0.0 25.0 12.5 0.0 0.0 0.0 0.0 0.0 12.5 50.0 
Monte Vista 0.9 2.3 4247 66.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 16.7 16.7 
La Jara 0.6 0.8 730 50.0 0.0 0.0 25.0 0.0 0.0 0.0 0.0 0.0 25.0 
Pritchett/Kim 0.4 0.5 175 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0 
La Junta 0.4 0.8 7322 0.0 33.3 0.0 0.0 0.0 33.3 33.3 0.0 0.0 0.0 
Fort Lupton 0.4 0.8 7955 0.0 33.3 66.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Winter Park 0.3 0.8 1033 50.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 50.0 
Aurora 0.1 0.4 386261 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Denver 0.1 0.4 715522 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0 
Limon 0.1 0.4 2043 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0 
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S2.10. Number of human-bear conflict reports (i.e., substantiated reports that involve a bear 
attack, aggressive behavior, or property damage) reported to Colorado Parks and Wildlife 
annually from 2019 to 2025 in the 11 communities participating in the 2022 Community 
Program 

ID Project 2019 2020 2021 2022 2023 2024 2025 Before After % Change 
1 Bear management unit B-11 605 377 475 510 315 482 436 1967 1233 -37.3 
2 Jamestown & Lyons 17 10 2 2 1 5 2 31 8 -74.2 
3 Boulder & Longmont 49 38 5 9 51 19 20 101 90 -10.9 
4 Dolores, Cortez, Rico 1 9 4 5 13 9 14 19 36 89.5 
5 Evergreen, Genesee, Kittredge 13 26 22 18 23 9 10 79 42 -46.8 
6 Frisco 5 3 2 3 0 0 3 13 3 -76.9 
7 Durango Region 210 117 113 115 101 276 615 555 992 78.7 
8 Green Mountain Falls 4 5 1 4 0 4 2 14 6 -57.1 
9 Lake City 0 4 0 0 1 6 3 4 10 150.0 
10 Mineral & Hinsdale Counties 20 29 5 10 8 19 11 64 38 -40.6 
11 Trinidad Region 20 27 39 42 21 18 15 128 54 -57.8 
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Chapter 3 

S3.1. Interview guide 

Introduction 

Hi, thank you for taking the time to talk to me today. This interview with you is part of 
our study called Informing human-black bear coexistence through a policy tools portfolio. The 
purpose of the study is to learn from communities implementing conflict-reduction efforts and 
find combinations of policy tools that can be used elsewhere in Colorado. We think of policy 
tools as anything the government is supporting or funding, from the local, state, or federal 
government, including education programs, outreach campaigns, funding or incentive programs, 
hunting quotas or bear removal, etc. In this interview, I will ask you about the human-bear issues 
experienced by your community, and about the variety of approaches (or policy tools) that can be 
used to address these issues. If this makes sense and it sounds good to you, I will start by reading 
you a description of the risks and benefits associated with your participation in the study, ask you 
consent to participate, and we will start the interview. 

[Verbal Consent] 

To start, could you please tell me briefly about your current position? 

Could you tell me about your professional experience working on human-bear issues or 
interactions? 

Defining "conflict" 

How would you define "human-bear conflict"? Prompt: Specifically, what issues are included in 
"human-bear conflict" for you? 

Identifying existing conflict-reduction policy tools 

What issues related to human-bear conflict is [your community] experiencing? 

What has been done to address these issues in the past? 

What is being planned in the future to address these issues? Who will be responsible? 

Which ones of these conflict-reduction actions are you personally involved in? 

What about approaches that are more citizen-led or community-led but without any government 
involvement? 

Need identification and assumptions 

[Focus on one conflict-reduction tool at a time] 

Can you describe to me how [planned action to address conflict] is meant to work? 

What kinds of capacities will be needed to make that successful? 

Who do you think is likely to respond to and be affected by that approach? 
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Can you discuss where this idea originated? 

Who was involved in it, whether it was proposing it, providing funds for it, implementing it… ? 

Have you encountered or do you think you will encounter any challenges when implementing 
this approach? 

What do you think would be useful to address these challenges? 

[After covering all tools mentioned] 

How are these to work together? 

Anything specific about why this approach works in this community? 

How effective do you think these policies will be? 

How might success be measured or compared to past metrics? 

Are there other things that should be done? 

Are there any groups of people or parts of the community that will be more or less involved or 
affected by these approaches? 

Overall, what kind of change do you expect to see? Or, what would be different without these 
policies? 

Do you think other communities could benefit from adopting the approaches you’re using, and 
are there things other communities that might work in your community? 

[If needed] Is this [not mentioned strategy] implemented or being considered in [your 
community]? If not, can you think of any reason why not? Do you think this would work in your 
community? Why/why not? 

Laying foundations for case-study evaluation project 

What impacts do you think participating in the CPW Community Program is likely to have on 
your community, if any? 

What are you hoping the funds will change in your community? 

Any concerns about the new funding or approaches? 

Conclusion 

Is there anything else that you would like to talk about? 

Do you have recommendations for people you think we should talk to in [your community], as 
part of this study?  
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S3.2. Saturation grid to assess content validity, adapted from (Brod et al., 2009). Number of 
interviewees that discussed each code, based on their group, including academic researchers, 
local government (i.e., city and county government), non-profit organizations, and Colorado 
Parks and Wildlife. 

 Stakeholder group 
Code Researchers Local government Non-profit org. Colorado Parks and Wildlife 
Bear management 
Hunting 2 0 0 1 
Lethal removals 1 1 1 1 
Translocations 0 0 0 2 
Aversive conditioning 2 3 2 0 
Attractant management 
Bear-resistant infrastructure 0 4 2 1 
Food collection 0 1 2 0 
Landscape management 
Wildlife crossings 0 0 2 0 
Buffer zones 0 3 1 0 
Human management 
Regulation 2 4 2 1 
Enforcement 1 3 2 0 
Education 2 4 2 2 
Compensation 0 0 0 1 
Adaptive strategy 
Organizational structure 1 4 3 2 
Collaboration 0 4 3 2 
Learning 2 3 3 2 
Social context 1 4 3 2 
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S3.3. Saturation grid to assess content validity, adapted from (Brod et al., 2009). Number of 
interviewees that discussed each code, based on their community, including high-level interviews 
(Colorado) and case-study interviews (i.e., Aspen, Snowmass Village, Evergreen). 

 Community 
Code Colorado Aspen Evergreen Snowmass Village 
Bear management 
Hunting 3 0 0 0 
Lethal removals 1 1 2 0 
Translocations 1 1 0 0 
Aversive conditioning 2 2 1 2 
Attractant management 
Bear-resistant infrastructure 1 2 2 2 
Food collection 1 1 0 1 
Landscape management 
Wildlife crossings 0 1 1 0 
Buffer zones 1 1 1 1 
Human management 
Regulation 2 3 2 2 
Enforcement 1 2 1 2 
Education 3 3 2 2 
Compensation 1 0 0 0 
Adaptive strategy 
Organizational structure 3 3 2 2 
Collaboration 2 3 2 2 
Learning 4 3 2 1 
Social context 3 3 2 2 
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S3.4. Coding guide. 

Coding tree 

1. Bear management 

a. Hunting 

Definition: Regulation of black bear populations, with the objective to increase, maintain or 
decrease bear numbers, via adjustment of license allocations (i.e., number of hunting licenses 
available to different categories of hunters in different geographic units), season length (e.g., Sep 
2 – Nov 23), season timing (e.g., Fall or Spring), bag limits (i.e., number of bears one hunter may 
harvest), and harvest method (e.g., archery, rifle, hounds, baiting). 

Includes: Efforts to target specific bear individuals (sometimes referred to as “nuisance bears” or 
“problem bears”) through local, specific hunting targets (sometimes referred to as “special 
management zones” on private lands). 

Excludes: Specific capture and euthanasia of “nuisance” or “problem” bears by CPW or Wildlife 
Services to protect human safety ( Lethal removals). 

Example key terms: “hunting”, “harvest”, “take”. 

b. Lethal removals 

Definition: Intentional killing of a specific bear individual involved in conflict, performed by 
landowners, Colorado Parks and Wildlife or USDA-Wildlife Services, to protect human safety. 
This can happen via shooting by the landowner if the bear is present on their property or via 
euthanasia following search and/or trapping on location by CPW/WS when an individual bear is 
either posing an immediate threat to human health and safety (i.e., “dangerous bear”) or has 
repeatedly been involved in conflicts (i.e., “nuisance bear”, under the informally called 
“two-strike policy”). 

Excludes: Harvest of individual bears believed to repeatedly cause conflicts by hunters under a 
specific hunting target ( Hunting). 

Example key terms: “destroyed bears”, “removals”, “euthanasia”, “two-strike”. 

c. Translocations 

Definition: Capture, transportation, and release of individual bears from one location where they 
caused conflicts to another favorable location, where conflict risk is deemed lower. This is done 
by Colorado Parks and Wildlife (and Wildlife Services?) 

Example key terms: “translocations”, “moved”, “captured”. 

d. Aversive conditioning 

Definition: Use of devices to produce negative experiences (including fear and pain) and 
associated sensory signals (including visual, auditory, olfactory, gustatory, and tactile) to disrupt 
or discourage immediate bear behaviors (such as foraging through a human area or attractant). 
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Includes: Hazing with dogs (e.g., K-9, Karelian bear dogs), “unwelcome mats” (i.e., mats made 
of plywood with nails or electrically charged, placed under windows and doors), electric fencing 
(often used around beehives, chicken coops, livestock, landfills), deterrents (e.g., bear repellent 
sprays, ammonia, bleach, car alarms, horns, motion-sensing light and sound devices), chemical 
repellents, less-than-lethal rounds (e.g., pyrotechnics, bean bag rounds, rubber buckshot, rubber 
slugs, TASER). 

Excludes: Devices that make attractants inaccessible to bears without providing a negative 
experience (e.g., unelectrified fences, enclosures, bear-resistant infrastructure) ( Bear-resistant 
infrastructure). 

Example key terms: “hazing”, “deterrents”, “repellents”, “non-lethals”. 

2. Attractant management 

a. Bear-resistant infrastructure 

Definition: Exclusion infrastructure that is built to protect attractants (e.g., trash, food) from 
bears (and other wildlife). 

Includes: Bear-resistant residential trash cans (including commercially produced and manually 
retrofitted), bear-resistant commercial dumpsters, built enclosures, food lockers. 

Excludes: Electric fencing and other devices producing pain, fear, or other negative experiences ( 
Aversive conditioning). 

Example key terms: “Kodiak”, “Otter” (i.e., brands of bear-resistant trash cans), “enclosures”, 
“bear-proof”. 

b. Food collection 

Definition: Efforts to collect ripe fruits and vegetables from private and public lands (e.g., 
orchards, gardens, ornamental trees and bushes in backyards, farms, ranches, and city streets). 
These efforts are usually led by local non-profit organizations, with the double objective to (1) 
collect unused agricultural produce and donate it to food access sites and (2) remove attractants 
to bears from developed areas. 

Excludes: “bear harvests” ( Hunting) 

Example key terms: “fruit harvest”, “fruit collection”, “food rescue”. 

3. Landscape management 

a. Wildlife crossings 

Definition: Structures facilitating the passage of wildlife animals across human roads (e.g., 
underpasses, overpasses) to reduce vehicle collisions and associated animal mortality. 

Example key words: “overpass”. 

b. Buffer zones 
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Definition: Planting of fruit- and mast-producing species of trees and shrubs favored by bears as 
a source of food (e.g., crab apple, service berry, chokecherry, oak) at the urban-wildland interface 
with the goal of subsidizing natural food sources in landscapes where they are scarce for bears, 
and therefore attract bears to these “buffer zones” rather than to areas of high human activities 
with anthropogenic food sources. 

Excludes: Diversionary feeding (i.e., intentional feeding of wildlife by bringing corn, seeds, meat 
and other food sources to attract wildlife for hunting or recreational viewing), which is illegal in 
Colorado. 

Example key words: “buffer zone”, “fruit zone”, “habitat management”, “manipulating natural 
food resources” 

4. Human management 

a. Regulation 

Definition: Democratic passing of a rule that prohibits the unintentional feeding of wildlife or 
mandates the use of wildlife-resistant infrastructure to secure attractants. 

Includes: Laws, rules, ordinances, and other regulatory policies, passed at the neighborhood, 
municipal, county, state, federal or any other administrative level to limit unintentional feeding 
of wildlife. Ordinances can target citizens (e.g., residents, visitors) or businesses (e.g., 
restaurants, trash collection businesses, guest ranches, short-term rental businesses such as 
Airbnb or VRBO). 

Excludes: Regulations not passed through democratic process, such as adjustments of quotas or 
numeric objectives by organizations with authority to do so (e.g., CPW adjusting number of 
hunting licenses). 

Example key words: “trash ordinance”, “limiting feeding of wildlife”, “regulation”, “code”. 

b. Enforcement 

Definition: Enforcement of ordinances by police, sheriff, or any other group with enforcement 
power, via negative incentives or legal punitive actions. 

Includes: Warnings, citations, fines, removal of construction permits, revocation of business 
license, interruption of service by police departments, sheriff departments, animal control 
departments, Open Park and Space departments, or other institutions and groups with legal 
authority. Includes preventive enforcement (e.g., patrolling alleys and fining any address not 
using a bear-resistant container) and reactive enforcement (e.g., citing residents where wildlife 
accessed garbage). Could also include revoking an Airbnb business license after numerous 
offenses. 

Example key words: “community officer”, “resource officer”, “enforcement officer”. 

c. Education 
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Definition: Efforts to disseminate information relative to human-bear conflict and coexistence, 
with the objective to increase awareness and/or competence in order to change the audience’s 
behaviors. 

Includes: Large-scale efforts (e.g., website information, signage, flyers, stickers) as well as 
targeted messaging (e.g., press releases, media outreach, community meetings, one-on-one 
interactions) to provide guidance on how to minimize attractants, use specific tools or reduce 
conflict (e.g., how to build an electric fence or how to properly lock a container). 

Excludes: Community meetings and one-on-one conversations that foster horizontal, 2-way 
communication where ideas can be exchanged and both parties can be influenced. ( 
Collaboration). 

Example key words: “education”, “messaging”, “information”. 

d. Compensation 

Definition: Monetary compensation to homeowners or businesses for damage caused by bears to 
their activities, yield, or infrastructure. 

Example key words: “compensation”, “pay for”. 

5. Adaptive strategy 

a. Organizational structure 

Definition: Roles of different stakeholders and stakeholder groups (e.g., personnel, 
organizations) in strategies to reduce human-bear conflict. 

Includes: Discussions of how the mission/role of each stakeholder/stakeholder group fits in an 
overall strategy. Can be roles of providing information, support, funding, staffing, power, or 
accountability by one stakeholder/stakeholder group to others (e.g., employees, volunteers, 
members, partners). 

Example key words: “my role is…”, “our mission is…”, “I manage…”, “we are organized…”. 

b. Collaboration 

Definition: Efforts and strategies to work with other stakeholders to structure efforts to reduce 
human-bear conflict. 

Includes: Collaborations with stakeholders internal and external to one’s organization., 
discussions of collaborations, partnerships with other organizations, organizations and 
stakeholder groups, efforts to understand other’s perspectives, or to include other groups’ 
opinions, experiences or objectives in one’s mission. Public outreach and engagement to include 
the public’s input in management decisions. 

Excludes: Out-of-group discussions that are not meant to be a two-way exchange (e.g., press 
conference) ( Education) or input from other groups coming in the form of data informing a 
learning strategy ( Learning). 
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Example key words: “diplomacy”, “align efforts”, “outreach”, “public input”, “partner with”, 
“relationships”. 

c. Learning 

Definition: Efforts to document, monitor, evaluate or learn from human-bear conflict reduction 
actions (for “societal” learning). 

Includes: Monitoring of bear populations (e.g., via population or habitat models), of individual 
bears involved in conflict (e.g., via PIT tags, ear tags, lip tattoos), of attractant management 
efforts (e.g., via direct observation or social surveys), of public or partner’s attitudes and 
behaviors (e.g., via surveys, interviews, or informal exchanges). Includes partnering with people 
involved in research (e.g., students, volunteers, researchers at academic institutions and in 
agencies). Includes efforts to spread lessons learned to other communities, agencies, or states. 

Excludes: Large-scale educational efforts aiming to promote awareness regarding human-bear 
issues, or training of staff on human-bear issues (individual learning) ( Education) and input from 
the public or other stakeholders not bringing new data or knowledge but directly supporting or 
opposing decisions ( Collaboration). 

Example key words: “monitoring”, “research”, “student”, “adapt”, “learn”. 

d. Social context 

Definition: Norms, values and attitudes of the general public relating to larger issues (e.g., 
political alignment, values towards governance, power, nature), but affecting public support 
and/or feasibility of different types of policies and practices for human-bear coexistence (e.g., 
lethal versus non-lethal management). 

Includes: Discussions of swinging of attitudes, of dominance of values (e.g., 
traditional/progressive, utilitarian/relational, democrat/republican), of cultural differences or of 
socio-economic background of folks and how those affect composition of committees, 
commissioners’ boards, governance priorities, governor’s office, ballot initiatives, or overall 
support for different policies and practices for human-bear coexistence. 

Example key words: “socio-political context”, “public attitudes”, “change”, “acceptable”.
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S.3.5. Select quotes on successful tool mixes used to address human-bear conflict in Colorado 
communities 

Successful mixes 
Authority, incentives, capacity 
"I think that to help resolve this issue, it's going to take a multi-pronged approach that not just focuses on bears but 
focuses, importantly, on people. It's at every stage of the human behavior chain. It's education. It's supplying 
infrastructure, which is so critical. If that happens, it can't be just an ordinance. It can't just be the cities - the trash 
haulers have to be involved as well. There has to be ordinances, and then there has to be enforcement of those 
ordinances, and all of that is what will be necessary to start to reduce conflict. The answer can't be that we're just 
gonna kill more bears to resolve this conflict, so it's gonna take a lot. It's gonna take some institutional change. It's 
gonna take a lot of money and resources" (#1, researcher) 

Incentive, capacity 
We've been issuing the property manager citations on those violations and then holding their feet to the fire with, 
"Okay, you need to work with the tenants to figure out how this isn't going to continue to happen." We try to support 
them in that. It's not just, "Here's a ticket, press firmly." We try to provide and offer up ideas, and we've had a couple 
problem alleys where we've actually gotten all the stakeholders of the alley - including the waste managers - and the 
Task Force comes in, and then the owners and the managers all come out, and we talk about the issues. We've 
actually found on the alleys where we've done that that it's made a huge difference, just engaging everyone. (#13, 
city employee) 

Hortatory, capacity 
"We really had never addressed so much, chicken coops and apiaries and that kind. It's just not somewhere 

we had really gone other than, "Hey, you should have electrification." It's that whole thing of "you should" right? 
"You should." [...] But what I like is it is a direct action, right? So it's not like, "Hey, you should electrify your 
chicken coop", it's "Hey, we're going to come do it for you. We're going to give it to you for free. We're providing it 
for free. And all we need you to do is agree." (#19, non-profit) 

Catalysts 
Bridging roles 

"For me to achieve those kinds of fundamental changes… The way I do that is not by dragging people 
along; that's not how I do my job best. It's more through influence, communication, relationships, and discussion." 
(#20, state employee) 

Collaboration 
"One of the difficult parts but also necessary aspects to it is the consistency. We meet every month, and I 

think in the wintertime, it goes to every other month. But it's something that needs to continually be talked about 
because everyone has all these other jobs that are very important and really take up a lot of time. So, it's easy for 
this issue to continue to get pushed to the back of people's minds, I think. Having it come forward each month and 
stay with it allows that progress to continually be moved forward to the point that we will see some real change that 
will compound upon itself. Now, but also in the future, I think we'll look back on days before the collaboration and 
be, like, "Wow, that was a lot different. What was going on in the town then, and what's now?" It's small changes, 
and they're hard-fought victories. The problems are tricky." (#15, city employee) 
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