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Abstract 

Elk (Cervus canadensis) are a charismatic species in Minnesota that provide 

ecological, social, cultural, and economic benefits, though conflict occurs with 

landowners due to damage to agriculture and private property. My research goals were to 

understand the impact of psychological factors on tolerance of elk populations and 

acceptability of management actions in northwest Minnesota among farming and non-

farming landowners, and the impact of psychological factors on support for restoring an 

elk population in northeast Minnesota. To fulfill these objectives, I conducted two 

surveys of landowners in Minnesota using mail-based questionnaires. I surveyed 3,000 

landowners within my study area in northwest Minnesota, with a 41% response rate. 

First, I used a structural equation model to assess the impact of attitudes toward elk and 

wildlife acceptance capacity (WAC) on tolerance of elk. The results indicate that 

attitudes toward elk and WAC significantly influenced tolerance of elk, though attitudes 

had a larger effect on tolerance than WAC. Non-farmers were more tolerant of elk and 

had more positive attitudes toward elk than farmers. Second, I used ANOVA tests to 

examine the acceptability of nine proposed elk management actions among farming and 

non-farming landowners across four scenarios with increasing elk-related damage. 

Recreational hunting and food plots on public lands were most acceptable among 

landowners, though farmers were more accepting of damage payment and depredation 

permits than non-farmers. Whether landowners receive an income from farming had a 

larger effect on acceptability of management actions than elk-related damage. Third, I 

used data from a survey of 4,500 landowners within 5-miles of three proposed elk 
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restoration areas in northeast Minnesota (60% response rate) and a structural equation 

model to examine the effects of social trust, personal control, perceived risk, and attitudes 

on support for restoring an elk population in northeast Minnesota. My model explained 

66% of the variance in support for restoring an elk population. Attitudes toward elk had a 

significant, direct effect on support for restoring elk, and perceived risk had a significant, 

indirect effect on support. Overall, these findings can help inform management of elk in 

Minnesota to avoid conflict and increase long-term support. 
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CHAPTER 1: Introduction  

 



 

2 

 

 

Elk (Cervus canadensis) are a charismatic species that provide social, cultural, and 

economic benefits to many Minnesotans (Minnesota Department of Natural Resources 

[MNDNR], 2017). Elk occupied most of Minnesota prior to the early 20th century when 

the population was extirpated due to over hunting and habitat loss, though the population 

was restored to northwest Minnesota in the 1930s (MNDNR, 2017). Elk populations in 

northwest Minnesota are currently managed at low population sizes to reduce the 

potential for human-wildlife conflict, particularly with landowners that are 

disproportionately impacted by elk-related conflict such as damage to agriculture and 

private property (e.g., fences). Media reports and wildlife managers have identified 

agricultural production as a source of conflict with elk due to concerns about elk herds 

damaging fences and crops (Albert, 2015; Orrick, 2016), resulting in the creation of 

legislation placing restrictions on elk management in northwest Minnesota (Minnesota 

Statutes 2023, section 97B.516). 

Past research has examined wildlife acceptability using two methods:  

(1) evaluating acceptability of wildlife management actions, and (2) determining 

acceptance or tolerance for a wildlife species within a geographic or political unit 

(Bruskotter et al., 2009; Zajac et al., 2012). Tolerance is an ambiguous, complex concept 

defined as ñpassive acceptance of a wildlife populationò and encompasses attitudes, 

beliefs, and behaviors (Brenner & Metcalf, 2020; Bruskotter & Fulton, 2012). I 

operationalized tolerance as a behavior using two measures: (1) past participation in 

actions to support or oppose an elk population, and (2) intentions to participate in actions 

to support or oppose an elk population. Few studies have examined the relationship 

between tolerance and psychological constructs (e.g., attitudes, normative beliefs, 
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behavioral intentions) (Brenner & Metcalf, 2020; Bruskotter et al., 2015; Knox et al., 

2021) and most studies examining tolerance of wildlife have typically focused on 

predators (e.g., wolves (Canis lupus], black bears [Ursus americanus]) (Bruskotter & 

Wilson, 2014; Delie, Edwards, et al., 2023; Slagle et al., 2022). My research will provide 

a valuable addition to the literature by examining the impact of psychological factors on 

tolerance for elk. 

Wildlife management agencies use a variety of strategies to reduce human-elk 

conflict and move elk populations toward desired goals. Different groups of stakeholders 

may evaluate the acceptability of these actions differently as a function of internal 

(psychological) and external (contextual) factors (Gigliotti et al., 2000; Liordos et al., 

2017). Some management actions may elicit an emotional response from stakeholders 

depending on the salience of the issue given diverse values and identities. Acceptability is 

defined as ña judgement or decision regarding the appropriateness of a particular action 

or policyò (Bruskotter et al., 2009). Individuals determine acceptability of a management 

action by comparing that action against all perceived alternatives, including taking no 

action (Bruskotter et al., 2009). Lethal management actions (e.g., depredation permits) 

are typically less acceptable than non-lethal actions (e.g., non-lethal hazing, fencing 

stored forage) for managing wildlife populations (Bruskotter et al., 2009; Fix et al., 2010; 

Metcalf et al., 2017), though opposition to lethal management actions has been found to 

decline with increased wildlife conflict severity (Liordos et al., 2017; Sponarski et al., 

2015). Normative beliefs are shared beliefs about whether actions are appropriate in a 

specific situation and influenced by situational variables and human values (Homans, 

1950; Jacobs et al., 2014; Schwartz, 1977; Zinn et al., 1998). Normative beliefs are 
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commonly used to assess acceptability of management actions, along with helping to 

explain why actions are judged to be unacceptable (Bright & Manfredo, 1996; Metcalf et 

al., 2017; Morzillo & Needham, 2015; Zinn et al., 1998). Managers can use indicators of 

acceptability to guide, endorse, or modify management strategies to make them more 

acceptable to the public (Jonker et al., 2009). 

The Fond du Lac Band of Lake Superior Chippewa have proposed reintroducing 

elk to northeast Minnesota. Elk are culturally significant species that may generate a 

variety of benefits to society if reestablished in the region. The Fond du Lac Band have 

proposed the elk reintroduction in part due to a decline in moose abundance in the region, 

and a desire to maintain a harvestable large ungulate population. With a warming climate, 

elk, which tolerate a wider range of climatic conditions, may find more suitable habitat 

long-term. Three potential sites for elk reintroduction were selected for further evaluation 

of social and ecological feasibility. Criteria for selection of restoration sites included a 

high proportion of public land, a low proportion of land uses likely to generate conflict 

(e.g., row crops), and abundant food for elk (e.g., aspen). It was also a requirement that 

restorations sites fell within the geographic boundaries of the 1854 treaty between the 

U.S. government and Fond du Lac Band of Lake Superior Chippewa. My research details 

an assessment of the social feasibility of elk restoration in northeast Minnesota that was 

conducted in parallel to a habitat suitability project to ensure there is sufficient public 

support and suitable habitat to successfully restore an elk population to northeast 

Minnesota. My research examined the impact of psychological factors on support for 

restoring an elk population in northeast Minnesota among landowners. Public support is 



 

5 

 

critical for successfully restoring a wildlife species though has often been ignored during 

past wildlife restoration projects (Brichieri-Colombi & Moehrenschlager, 2016).  

Study Overview and Purpose 

The purpose of my research was to understand the impact of social psychological 

factors on landowner tolerance of elk populations and acceptability of management 

actions in northwest Minnesota, and the impact of psychological factors on support for 

restoring an elk population in northeast Minnesota. Understanding factors that impact 

landownersô tolerance of elk and acceptability of elk management actions in northwest 

Minnesota can help inform elk restoration decisions in northeast Minnesota, implement 

education efforts, and avoid conflict. The specific objectives of the study were to: 

¶ Develop an approach for assessing landowner tolerance of the elk population 

in northwest Minnesota. 

¶ Examine normative beliefs about acceptability of nine potential elk 

management actions across four hypothetical scenarios with increasing 

severity of elk-related damage. 

¶ Evaluate a model of psychological factors that impact landowners' support for 

restoring an elk population in northeast Minnesota. 

My research will help inform management of the elk population in northwest 

Minnesota and the potential elk restoration in northeast Minnesota. First, I hypothesize 

that measuring wildlife acceptance capacity (WAC) and attitudes will provide a reliable 

and repeatable indicator of landowner tolerance of elk, allowing wildlife managers to 

design education programs with the goal of improving tolerance of elk by focusing on 

attitudes and acceptance of wildlife. Second, my research will assess acceptability of elk 
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management actions and whether acceptability is affected by severity of elk-related 

damage, allowing managers to utilize acceptable management actions to meet 

management objectives. Understanding tolerance of elk and acceptability of management 

actions among landowners will help inform management of restored elk populations in 

northeast Minnesota to reduce potential conflict and increase acceptability of 

management actions. Northeast Minnesota has less agricultural production, so focusing 

on results from non-farmers in northwest Minnesota would be more applicable in 

northeast Minnesota though some agricultural production does occur in this area. Third, I 

hypothesize that landowner support for restoring an elk population in northeast 

Minnesota will be directly affected by attitudes toward restoring an elk population and 

inversely affected by perceived risk of restoring an elk population. Understanding 

psychological factors that impact support for restoring an elk population would allow 

wildlife managers to communicate the benefits of the elk population while helping 

landowners cope with potential risk by taking appropriate actions when necessary.
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CHAPTER 2: Tolerance of Restored Wildlife: Landowner 

Behavior toward Elk in Northwest Minnesota
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Abstract 

Elk (Cervus canadensis) are an ecologically and culturally important species in North 

America, which contributes to positive impacts for some landowners (e.g., wildlife 

viewing) and negative impacts for others (e.g., crop depredation, fence destruction). 

Assessing landowner tolerance and support is important to successfully reestablish and/or 

manage elk populations. I used a structural equation model to assess the effects of 

attitudes and acceptability on tolerance of elk among farming and non-farming 

landowners in northwest Minnesota. My analysis suggests that attitudes toward elk and 

acceptability explained a significant amount of tolerance among farming and non-farming 

landowners. My findings underscore that attitudes and acceptability provide a simple, 

repeatable method of measuring tolerance of wildlife species among stakeholders.  

Keywords: elk, private landowners, tolerance, wildlife acceptance capacity 
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Introduction  

Despite elk (Cervus canadensis) being extirpated from Minnesota, USA at the turn of the 

20th century, a small population has since been reestablished in the northwest portion of 

the state. The presence of elk generates social, cultural, and economic benefits for 

Minnesotans (Minnesota Department of Natural Resources [MNDNR], 2017). However, 

damage caused by elk to agricultural crops, residential landscaping, and other property 

results in conflict. Local landownersô tolerance of elk has implications for management 

and the viability of the population. Landowners may take political action to change 

statutes regarding elk governance, illegally kill  elk they perceive as a threat to their 

livelihoods and exclude elk hunters from their land. Understanding landownersô tolerance 

for elk is important for developing strategies to anticipate and reduce conflict and ensure 

long-term population viability. Understanding psychological predictors of elk tolerance 

among farming and non-farming landowners in northwest Minnesota, including 

landownersô attitudes regarding the elk population and wildlife acceptance capacity, will 

help enhance elk management efforts in the region.  

Literature Review 

Usage of the terms tolerance and acceptance have increased since the 1980s due to 

increased demand for conservation solutions that include human behavior and needs, 

human dimensions research and publication, and interest in tolerance and acceptance 

(Knox et al., 2021). Literature focused on tolerance of wildlife has been plagued by 

several issues, including vague definitions of the concept and inconsistent measurement 

between studies (Brenner & Metcalf, 2020; Knox et al., 2021). For instance, the terms 

ñtoleranceò and ñacceptanceò are similar concepts used to measure peopleôs ability and 
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willingness to endure negative aspects of living with wildlife, and often treated as 

analogous in wildlife conservation despite nuanced differences (Knox et al., 2021). 

Tolerance has been used to encompass a broad range of attitudes, beliefs, and behaviors 

resulting in numerous definitions, including ñthe ability and willingness of an individual 

to absorb the extra potential or actual costs of living with wildlife,ò ñbeliefs, emotions, 

attitudes, and inclinations to act,ò ñaccepting wildlife and/or wildlife behaviors that one 

dislikesò and ñpassive acceptance of a wildlife populationò (Brenner & Metcalf, 2020; 

Bruskotter & Fulton, 2012; Kansky et al., 2016; Treves et al., 2013). In this study, oneôs 

behavior toward elk is hypothesized to be a function of their attitude toward elk and 

wildlife acceptance capacity (WAC) that is conditioned on their relative exposure to risks 

(i.e., agricultural production).  

Few studies have examined the relationship between tolerance and psychological 

constructs, such as attitudes, normative beliefs, and behavioral intentions (Brenner & 

Metcalf, 2020; Bruskotter et al., 2015; Knox et al., 2021). Tolerance has been 

operationalized in a variety of ways, including as an attitude (e.g., positive/negative 

evaluation of a species), a normative belief (e.g., acceptability of a species), and 

behavioral intention (e.g., political protests) (Brenner & Metcalf, 2020; Bruskotter & 

Wilson, 2014). In this study, I operationalize tolerance as a behavior using two measures 

based on Bruskotter et al. (2015): (1) past participation in actions to support or oppose the 

elk population, and (2) intentions to participate in actions to support or oppose an elk 

population. Additionally, studies examining tolerance of wildlife have typically focused 

on predators (e.g., wolves [Canus lupus], black bears [Ursus americanus]) (Bruskotter & 

Wilson, 2014; Delie, Edwards, et al., 2023; Slagle et al., 2022), with limited application 
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to other species involved in human-wildlife conflict (e.g., African elephant [Loxodonta 

africana], beaver [Castor canadensis]) (Morzillo & Needham, 2015; Virtanen et al., 

2021). My research provides empirical evidence on the impact of attitudes, normative 

beliefs, and behavioral intentions on landownersô tolerance of elk. 

Understanding landownersô tolerance of elk and factors affecting tolerance are 

important for successfully achieving elk population goals, and mitigating conflict 

(Kansky et al., 2016; Morzillo & Needham, 2015; Riley & Sandstrom, 2016; Treves & 

Bruskotter, 2014). Each encounter between humans and wildlife is different (time, 

location, frequency of encounters, etc.) though individualsô affective and cognitive 

responses are influenced by their preexisting values, attitudes, expectations, knowledge, 

and skills, along with the perceived impact of the encounter (Delie, Needham, et al., 

2023; Zinn et al., 2008). Judgements about the acceptability of wildlife are based on 

perceived risks and benefits associated with living alongside those species (Pooley et al., 

2020). For example, perceived threats from human-elk interactions that threaten human 

health and safety (e.g., elk-vehicle collisions) have the most impact on tolerance for these 

interactions, followed by threats to economic well-being (e.g., damage to agricultural 

crops) and aesthetic conditions (e.g., damage to household plantings) (Riley & 

Sandstrom, 2016).  

Wildlife acceptance capacity represents the maximum acceptable wildlife 

population size to people in an area at a given time (Carpenter et al., 2000; Decker & 

Purdy, 1988). WAC provides a simple, repeatable measure of desired population sizes, 

though potentially lacks grounding in social psychology due to not encompassing all 

components of tolerance (i.e., attitudes, beliefs, cognitions, and emotions) (Brenner & 
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Metcalf, 2020; Delie, Needham, et al., 2023; Zajac et al., 2012; Zinn et al., 2000). WAC 

assumes people who desire an increased population size are tolerant of the wildlife 

population, whereas people who want to decrease the population are intolerant (Delie, 

Needham, et al., 2023). Acceptance of a wildlife species can vary between individuals 

and stakeholder groups with many factors influencing wildlife acceptance (e.g., perceived 

costs and benefits, social trust, situational differences) (Zajac et al., 2012; Zinn et al., 

2000). Regardless of population size, wildlife can impact stakeholder groups differently, 

benefiting some stakeholders and having negative consequences for others (Carpenter et 

al., 2000). 

Attitudes are defined by Eagly & Chaiken (1993a, p. 1) as ña psychological 

tendency that is expressed by evaluating a particular entity with some degree of favor or 

disfavor.ò Attitudes must have a bipolar, evaluative nature (e.g., positive/negative, 

favor/disfavor) and are manifest representations of a latent construct (Fishbein & Ajzen, 

2010, p. 76). Attitudes are important predictors of behaviors, although individuals may 

have negative attitudes toward a species and still not engage in behaviors that negatively 

impact the species (Ajzen & Fishbein, 2005; Bruskotter & Wilson, 2014). A personôs 

attitudes toward an object (e.g., wildlife species) influences their response to that object, 

though attitudes specific to an object at a given time and place are more effective at 

predicting specific behaviors than general attitudes (Ajzen & Fishbein, 1977). Attitudes 

are a necessary though insufficient antecedent to predict behaviors with many constructs 

hypothesized to affect behavior (e.g., norms, social trust, perceived risk) (Fulton et al., 

1996; Watkins et al., 2021). Attitudes are particularly important when reestablishing 

wildlife populations because of the assumed positive relationship between attitudes and 
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human behavior (Ajzen & Cote, 2008; Browne-Nunez & Taylor, 2002; Riley & 

Sandstrom, 2016; Vaske & Manfredo, 2012). 

Attitudes provide a measure of social acceptability but may be less reliable for the 

elk population in northwest Minnesota compared to other well-known species (i.e., white-

tailed deer) due to the small population size and fewer interactions with elk (Heberlein, 

2012; Riley & Sandstrom, 2016). Landownersô limited interaction with elk may result in 

attitudes and behaviors toward elk being influenced by the availability heuristic, a 

cognitive heuristic whereby people assess the potential risk of an event based on the 

ñease with which instances or occurrences can be brought to mindò (Siegrist & Árvai, 

2020; Tversky & Kahneman, 1974). For example, exposure to negative stories about elk 

from family and friends and/or the media may result in the development of negative 

attitudes toward elk.  

An individualôs past behaviors and intention to engage in a behavior toward a 

species (behavioral intention) are the most direct predictors of engaging in that behavior 

in the future (Ajzen & Fishbein, 1980; Fishbein & Ajzen, 1975). Past behaviors and 

behavioral intentions need to be discriminatory behaviors that are undertaken 

intentionally, volitionally, and directed at a particular outcome (i.e., negatively or 

positively impacting a species/population) to be indicative of an individualôs tolerance of 

a species (Bruskotter et al., 2015; Bruskotter & Fulton, 2012). For instance, 

unintentionally killing an animal in a motor vehicle collision would not represent an 

intolerant behavior. In some circumstances, passive restraint by landowners may not be 

indicative of tolerance since social and legal constraints limit actions taken by intolerant 

landowners (e.g., killing an elk). 
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Behaviors that positively impact (stewardship) or negatively impact (intolerance) 

a species can be represented as opposing poles on a continuum of behaviors with 

tolerance representing the passive acceptance of a wildlife population (Bruskotter et al., 

2015). Intolerance is a behavioral intention with the motivation of negatively impacting a 

species that occurs when a population is perceived to have exceeded an acceptable 

threshold, whereas stewardship is a behavioral intention with the motivation of benefiting 

a species or supporting their management (Bruskotter & Fulton, 2012; Lute & Gore, 

2014). Management recommendations can vary depending on whether conservation of a 

species requires active management, or merely tolerance (Bruskotter & Fulton, 2012). 

Tolerance of a species does not necessarily require involvement or action from an 

individual, though behaviors can indicate intolerance or stewardship by directly (e.g., 

harass an elk) or indirectly impacting (e.g., contacting an elected representative) the elk 

population (Bruskotter & Fulton, 2012). 

Hypotheses 

Landowner participation in policy-relevant behaviors for wildlife conservation and 

management, particularly participation in intolerant behaviors can regularly impact the 

elk population in northwest Minnesota. Monitoring stakeholdersô tolerance of wildlife 

allows learning by wildlife managers and adjustment of management techniques (Runge, 

2013). My analysis focused on tolerance of elk in northwest Minnesota among farming 

and non-farming landowners since local newspaper articles and wildlife managers 

identified farmers as a potential source of intolerance toward elk due to concerns about 

elk herds damaging fences and crops (Albert, 2015; Orrick, 2016). My goal was to 

develop a simple and reliable approach for assessing landowner tolerance of elk in 
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northwest Minnesota. Drawing on past research, I hypothesize that (1) WAC and 

attitudes will have a significant and positive impact on landownersô tolerance of elk in 

Minnesota, and (2) agricultural production will have a significant moderating effect on 

tolerance of the elk population with significantly lower tolerance, attitudes, and WAC 

among farmers compared to non-farmers. 

Methods 

Study Area 

I surveyed landowners in northwest Minnesota (Beltrami, Marshall, Kittson, Pennington, 

and Roseau counties) during 2016 to determine attitudes toward elk and elk management. 

I selected two strata within my study area: (1) current elk range in northwest Minnesota, 

and (2) potential elk range which has habitat suitable for sustaining current and future elk 

populations (Fig. 2-1). Landcover within my study area was characterized as row-crop 

agriculture (corn [Zae maize], wheat [Triticum spp.], and soybeans [Glycine max]; 

~45%), deciduous forest (~25%), wetland (~10%), and grassland (~5%).  

I delineated two elk ranges in northwest Minnesota using Global Positioning 

System (GPS) locations from radio-collared elk (Freeman et al., 2017), visual sightings 

by local MNDNR staff, and previous elk range estimates generated by aerial population 

surveys. I created Minimum Convex Polygons (MCPs) using ArcGIS 10.4.1 (ESRI, 

2016) and Geospatial Modeling Environment (GME Version 0.7.4.0; Beyer, 2015). The 

potential elk range strata was larger than the current elk range strata (9,482 sq. km vs 

1,339 sq. km). 
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Data Collection 

I sampled 3,000 landowners who own Ó0.5 acres within my study area, including 

all landowners within the elk range (N = 768) and a stratified random sample of 

landowners within the potential elk range (n = 2,232). I stratified landowners within the 

potential elk range equally between three strata based on the total number of acres owned 

within the potential elk range: (1) 0.5 to 10 acres, (2) >10 to 150 acres, and (3) >150 

acres. I obtained landowner data from publicly available property tax identification lists. I 

contacted survey recipients three times using a self-administered mail-based 

questionnaire based on an adapted Tailored Design Method (Dillman et al., 2014). Each 

mailing included a contact letter, questionnaire, and business-reply envelope. I included a 

$1-incentive with the third mailing to increase the likelihood of survey completion among 

non-respondents. All remaining non-respondents within elk range (n = 412) and a random 

sample within the potential elk range (n = 1,088) received an incentive. In February 2017, 

I mailed a shortened version of the questionnaire to remaining non-respondents  

(n = 1,687) to serve as a non-response check.  

Measures 

I operationalized two tolerance measures based on Bruskotter et al. (2015):  

(1) participation in actions to support or oppose increasing the elk population in 

Minnesota during the last 12 months, and (2) intention to participate in actions to support 

or oppose an elk population in Minnesota (Bruskotter et al., 2015). Past behaviors and 

behavioral intentions need to be intentional, volitional, and directed at a particular 

outcome to indicate an individualôs tolerance of a species (Bruskotter et al., 2015; 

Bruskotter & Fulton, 2012). Thus, only behaviors under landownersô control that were 
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purposefully directed to achieve an outcome (e.g., increase elk population) rather than 

avoid potential conflict (e.g., fencing around hay) were measured. I calculated a 

composite score for each respondents past participation in intolerant/stewardship actions 

by taking the number of actions the landowner participated in during the last 12 months 

that directly or indirectly support elk populations minus the number of actions in 

opposition to increasing elk populations (see T1 in Table 2-1 and Fig. 2-2). The 

questionnaire included five actions that support increasing elk populations and five 

actions that oppose increasing elk populations (see Table 2-2). I calculated a composite 

score for each landownersô intention to participate in actions to support or oppose an elk 

population in Minnesota by taking the number of stewardship actions the landowner is 

likely to perform in the future minus the number of intolerant actions the landowner is 

likely to perform in the future (see T2 in Table 2-1 and Fig. 2-2). The questionnaire 

included four potential actions that support an elk population and four actions in 

opposition (see Table 2-3). Landownersô intention to perform each behavior was 

operationalized using a 7-point scale (-3 = ñvery unlikelyò to +3 = ñvery likelyò) and 

responses were recoded as likely (>0) or unlikely (Ò0) to perform each behavior. 

I operationalized WAC using three items indicating a respondentôs perception of 

the current elk population near their own property and across northwest Minnesota, along 

with their preferred elk population size. Perceptions of the current elk population were 

measured using a reverse coded 7-point scale (-3 = ñmuch too highò to +3 = ñmuch too 

lowò). I measured respondentsô preference for elk population management over the next 

10 years using a 7-point scale (-3 = ñeliminate elkò to +3 = ñincrease population 100%ò). 

I operationalized attitudes toward the elk population using three items indicating their 
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feelings about elk in northwest Minnesota (7-point scale: -3 = ñvery unfavorableò to  

+3 = ñvery favorableò), support for elk living in northwest Minnesota (-3 = ñstrongly 

opposeò to +3 = ñstrongly supportò), and whether supporting the elk population in 

northwest Minnesota is a bad or good thing (-3 = ñvery badò to +3 = ñvery goodò).   

Analysis 

I used structural equation modeling to test the effects of attitudes and wildlife acceptance 

capacity on tolerance (Fig. 2-2). I analyzed tolerance of elk among farmers and non-

farmers using a two-step approach for latent variable modeling, including: (1) using 

confirmatory factor analysis (CFA) to test construct validity of my hypothesized factor 

structure, and (2) a test of hypothesized structural relationships (Anderson & Gerbing, 

1988). Respondents within the elk range and the potential elk range were classified as 

farmers or non-farmers based on whether a portion of their household income was 

derived from agricultural production. I combined respondents within elk range and the 

potential elk range for analysis. I used R statistical software (R Core Team, 2023) and the 

lavaan package (Rosseel, 2012) to descriptively analyze observed variables (Table 2-1) 

and estimate all models. I used descriptive statistics to summarize landownerôs past 

participation in actions to support or oppose increasing the elk population in northwest 

Minnesota (Table 2-2), along with landownersô intention to participate in actions to 

support or oppose an elk population in the future (Table 2-3).  

I assessed construct validity of my theoretical latent constructs based on 

convergent and predictive validity using a CFA model. My latent constructs had 

acceptable convergent validity if standardized factor loadings are significant and exceed 

.4, Composite Reliability values exceed .7, and Average Variance Explained (AVE) 
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values exceed .5 (Hair et al., 2010; Kyle et al., 2020; Netemeyer et al., 2012). I assessed 

discriminant validity as acceptable based on the Fornell-Larcker criterion (Fornell & 

Larcker, 1981) if AVE was greater than the squared correlation of the latent constructs in 

my model. Finally, I assessed predictive validity by testing the hypothesized relationships 

between constructs.  

I tested the moderating effect of agricultural production on the hypothesized 

structural relationships using a multigroup analysis. I established measurement invariance 

by comparing three CFA models: (1) same factor structure for both groups (configural 

invariance); (2) factor loadings constrained between groups (metric invariance); and  

(3) factor loadings and intercepts constrained between groups (scalar invariance;  

Table 2-4). Invariance was established if additional constraints did not substantially 

decrease model fit compared to the previous model (ɝ#&) Ȣπρ (Chen, 2007; Cheung 

& Rensvold, 2002).  

I used a multigroup structural equation model (SEM) to test the plausibility of the 

hypothesized relationships within my model to measure landowner tolerance of elk 

among farmers and non-farmers. Using my model, I examined the relationship between 

tolerance of elk and attitudes toward the elk population and landownerôs WAC (Fig. 2-2). 

I assessed the reliability of latent constructs within the SEM analysis using Cronbachôs Ŭ 

and inter-item correlation. I assessed data-model fit of the CFA and SEM analyses using 

Comparative Fit Index (CFI) > .95, Standardized Root Mean Square Residual (SRMR)  

< .08, and Root Mean Square Error of Approximation (RMSEA) < .06 (Hu & Bentler, 

1999). I tested the effects of attitudes and WAC on landowner tolerance of elk using 
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standardized beta coefficients (ɓ) and t-values. I used an Ŭ < .05 to assess the significance 

of hypothesized structural relationships. 

Results 

Of the 3,000 questionnaires mailed, 134 were undeliverable or otherwise invalid and 

1,178 questionnaires were returned (41% response rate). Among respondents, 579 (50%) 

indicated that a portion of their total household income was derived from farming 

(farmers) compared to 569 (50%) respondents who received none of their household 

income from farming (non-farmers). Responses to the non-response survey (n = 370) 

(i.e., non-respondents) were compared to the full-length survey (i.e., respondents). 

Respondents were slightly older (ὼӶ = 59.6 years vs 57.9 years, t = -2.07, p = .039) and 

more likely to be male (87% vs 75%, t = -4.50, p < .001) on average than  

non-respondents.  

On average, farming and non-farming landowners had positive attitudes toward 

the elk population in northwest Minnesota (Table 2-1). Non-farming landowners held 

significantly more favorable attitudes about elk in northwest Minnesota than farming 

landowners (farmers: ὼӶ = 0.90; non-farmers: ὼӶ = 1.72; t = 7.81, p < .001), along with 

being more supportive of elk living in northwest Minnesota (farmers: ὼӶ = 0.98;  

non-farmers: ὼӶ = 1.86; t = 8.82, p < .001) and believing that supporting the elk population 

was good (farmers: ὼӶ = 0.90; non-farmers: ὼӶ = 1.65; t = 7.76, p < .001). Landowners, on 

average, believed the elk population size was slightly too small in the surrounding area 

(farmers: ὼӶ = 0.48; non-farmers: ὼӶ = 1.27; t = 8.56, p < .001) and northwest Minnesota 

(farmers: ὼӶ = 0.41, non-farmers: ὼӶ = 1.21; t = 8.87, p < .001), and preferred the elk 
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population in northwest Minnesota increase slightly over the next 10 years (farmers:  

ὼӶ = 0.44; non-farmers: ὼӶ = 1.18; t = 8.55, p < .001).  

Measures 

 Prior stewardship and intolerance behaviors among landowners were not common during 

the 12 months prior to this study, although farmers and non-farmers were more likely to 

participate in actions that support increasing the elk population in Minnesota (farmers: 

21%; non-farmers: 18%) than actions that oppose increasing the elk population (farmers: 

12%; non-farmers: 3%) (Table 2-2). During the 12 months prior to this study, farmers 

and non-farmers were most likely to: make a public or private statement in support of 

increasing elk populations (farmers: 11%; non-farmers: 10%), donate to an organization 

in support of increasing elk populations (farmers: 10%; non-farmers: 8%), and manage 

habitat to support increasing elk populations (farmers: 9%; non-farmers: 8%). Based on 

the first tolerance measure, most farmers (87%) and non-farmers (98%) were tolerant of 

elk in Minnesota due to limited participation in intolerant behaviors during the past 12 

months (composite score Ó 0). 

Nearly half of non-farming landowners (49%) and one-third of farming 

landowners (32%) indicated they were likely to participate in actions to support an elk 

population in Minnesota, whereas landowners were less likely to participate in actions to 

oppose an elk population (farmers: 16%; non-farmers: 4%) (Table 2-3). Landownersô 

intention to participate in each stewardship behavior was higher among non-farmers than 

farmers. Farmers and non-farmers were most likely to manage habitat to support 

increasing elk populations (farmers: 38%; non-farmers: 53%). Less than 25% of farmers 

and non-farmers indicated they were likely to engage in each of the intolerant behaviors 
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that were evaluated. Most farmers (70%) and non-farmers (90%) were tolerant of elk in 

Minnesota due to limited intention to participate in intolerant behaviors. 

Structural Equation Models 

The measurement model had adequate convergent validity since standardized factor 

loadings for each variable were significant and greater than .4, composite reliability for 

each construct exceeded .7, and AVE exceeded .5 for each construct (Table 2-1). Results 

of the CFA model (… = 85.271, df = 40, p < .001, CFI = .994, RMSEA = .044,  

SRMR = .037) indicated that the data-model had acceptable predictive validity. 

Standardized factor loadings (ɚ) for each observed variable within the farmer and non-

farmer SEM models were .60 or higher. Some items were allowed to covary (W1 ź W2 

and A1 ź A2) to improve model fit based on modification indices. The baseline model 

without constraints established configural invariance between groups because it had a 

good multigroup model fit (Table 2-4). Metric invariance was established since the model 

with factor loadings constrained to be equal between groups did not substantially 

decrease in model fit compared to the baseline model (ɝ#&) Ȣππς. Scalar invariance 

was established since a model with factor loadings and intercepts constrained to be equal 

between groups compared to the model with factor loadings constrained did not 

substantially decrease (ɝ#&) Ȣππρ. Scalar measurement invariance allowed me to 

compare means of latent variables between groups (Chen, 2008). Factor loadings and 

intercepts were constrained to be equal between groups within my hypothesized model.  

Attitudes toward elk (ɓ = .58, p < .001, SE = .034) and WAC (ɓ = .29, p < .001,  

SE = .034) had significant effects on tolerance of elk among farming landowners  

(Fig. 2-3). Similarly, attitudes toward elk (ɓ = .55, p < .001, SE = .040) and WAC  
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(ɓ = .25, p < .001, SE = .036) had a significant effect on tolerance of elk among non-

farming landowners (Fig. 2-4). An invariance test of the structural coefficients found 

model fit indices were not substantially different between farmers (CFI = .999,  

RMSEA = .019, SRMR = .008) and non-farmers (CFI = .994, RMSEA = .045,  

SRMR = .019) in my multigroup SEM (ɝ#&) Ȣππυ. Landownersô tolerance of elk was 

impacted nearly twice as much by their attitudes toward elk than acceptance of the elk 

population. Overall, the final model for farmers explained more variance in landownersô 

tolerance of elk in northwest Minnesota than among non-farming landowners (67% vs 

59%). The SEM analysis of the tolerance model found that the model fits the data well 

and I was unable to reject the proposed model as a viable representation of the 

relationship underlying the data (… = 85.271, df = 40, p < .001, CFI = .994,  

SRMR = .037, RMSEA = .044).  

Discussion 

My data underscore the relationship between tolerance and socio-psychological 

constructs, specifically attitudes and WAC, that few studies have examined previously 

(Brenner & Metcalf, 2020; Bruskotter et al., 2015). Past behaviors and behavioral 

intentions indicate most landowners in northwest Minnesota were tolerant of the elk 

population. My findings support Bruskotter and Fultonôs (2012) suggestion that an 

individualôs ñnormalò state is passive restraint or inaction unless the individual perceives 

a wildlife population as unacceptable and is motivated to take action to reduce the 

population. Past participation in stewardship and intolerance behaviors was limited, likely 

due to the low elk population in northwest Minnesota (~150 elk) and infrequent 

interaction with elk. Most landowners (90%) indicated elk were either never present on 
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their property or only a few times per year. Similarly, more landowners indicated their 

intention to participate in behaviors supporting an elk population (farmers: 32%;  

non-farmers: 49%) and a limited number indicated their intention to participate in actions 

to oppose an elk population (farmers: 16%, non-farmers: 4%) (Table 2-3). Social 

desirability bias is a concern when respondents self-report behaviors and may have 

resulted in over-reporting socially desirable behaviors that support wildlife conservation 

and under-reporting socially undesirable behaviors.  

The proposed tolerance model suggests attitudes toward elk and WAC explains 

67% of farming landownersô tolerance of elk and 59% of tolerance for non-farming 

landowners (Figs. 3 and 4). I found attitudes toward the elk population and WAC had a 

significant, positive effect on tolerance among farming and non-farming landowners, 

though the effect of attitudes on tolerance was nearly twice as large as the effect of WAC. 

Similar to Bruskotter et al. (2015), I found that WAC and attitudes toward wildlife were 

effective measures of tolerance toward wildlife species and would provide a beneficial 

framework to use before and after implementing management strategies to determine 

their impact on tolerance of wildlife species (Brenner & Metcalf, 2020; Karlsson & 

Sjöström, 2011; Naughton-Treves et al., 2003). The similarity in SEM model results 

between farming and non-farming landowners suggests direct impacts from elk (e.g., 

crop damage) are not a determining factor of landownersô tolerance of elk. Similarly, 

Zimmermann (2014) found tolerance for damage-causing wildlife (e.g., jaguars) is 

typically influenced by sociocultural factors, such as norms and attitudes toward the 

species, and not directly influenced by economic damage or direct impacts to people.  
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Despite most landowners being tolerant of elk based on past behaviors and 

behavioral intentions, past studies have found true tolerance is relatively uncommon 

(Brenner & Metcalf, 2020; Sullivan et al., 1979; van Doorn, 2014). Brenner and Metcalf 

(2020) suggested a framework using attitudes and WAC provides a valuable conceptual 

aid that helps understand tolerance using relatively simple multi-item measures. My 

findings suggest this framework would be beneficial when measuring tolerance of 

wildlife species with small population sizes (e.g., rare, endangered, or recently restored 

wildlife species) without relying on self-reported behaviors which may be limited, 

including this study, or when repeated measurement is necessary to determine changes in 

tolerance over time. Limited interactions with elk may result in tolerance of elk and 

normative beliefs about population sizes being influenced by the availability heuristic 

through indirect experience communicated by media or personal networks (e.g., family, 

neighbors) that may be unrelated to the area that the landowner lives (Nesbitt et al., 2023; 

Tversky & Kahneman, 1973). Although attitudes toward elk had a greater impact on 

tolerance than WAC, Brenner and Metcalf (2020) suggested managers should utilize 

tolerance-boosting strategies targeting acceptability since some attitudes are relatively 

stable over time (Heberlein, 2012). 

 Acceptability of wildlife populations is impacted by perceived risks and benefits 

associated with the species (Bruskotter & Wilson, 2014; Siegrist, 2000; Siegrist et al., 

2000). In Georgia and Ohio, researchers found the publicôs acceptance of wildlife species 

(American alligators [Alligator mississippiensis] and black bears, respectively) could be 

improved through education programs that include information about the benefits of 

those species (Skupien et al., 2016; Slagle et al., 2013). Education programs resulted in 
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more positive beliefs and attitudes toward alligators, while reducing perceptions of costs 

from the alligator population (Skupien et al., 2016). Improving landownersô knowledge 

through education programs may improve acceptability of wildlife populations though 

will not result in behavior change, instead behavior change is driven by an individualsô 

motivations (McKenzie-Mohr et al., 2012; Schultz, 2011).  

Management Implications and Future Research 

The results of my research identified two main findings important for elk management, 

including: (1) non-farmers had significantly more positive attitudes toward elk and higher 

acceptance but the impact on tolerance was similar for both groups, and (2) attitudes 

toward wildlife and WAC were strong measures of tolerance. Using two behavioral 

measures of tolerance was important for reducing the potential of falsely classifying a 

landowner as tolerant or intolerant (Type II error; Bruskotter et al., 2015), though 

previous behaviors may not be an effective behavioral measure for wildlife species that 

are threatened/endangered, reintroduced, and/or have low population sizes. As a result, 

my findings support using attitudes and WAC as indicators of stakeholdersô tolerance of 

wildlife species, allowing researchers to reduce complexity of surveys and remove a 

source of burden for survey respondents (Dillman et al., 2014). For instance, my two 

behavioral measures of tolerance required complex matrix tables and multiple-choice 

questions, while a comparatively simple series of six questions with a 7-point scale were 

used to measure attitudes toward elk and WAC. Using two measures (attitudes and 

WAC) provides a repeatable measure of tolerance that is easily interpreted and does not 

require data about past behaviors that may be limited by small wildlife population sizes. 
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Future research on tolerance of wildlife species would benefit from understanding 

landownersô motivations for participating in stewardship or intolerant behaviors to allow 

managers to achieve behavior change in the future. As a result, managers would benefit 

from focusing communication on educating landowners about the benefits from wildlife 

species, while identifying ways to minimize perceived costs from species especially 

related to human health and safety, economic well-being, and aesthetic conditions. 

Education programs are particularly important when the public may rely on availability 

heuristics due to limited interactions with a wildlife population (e.g., rare, endangered, or 

recently restored wildlife species). In conclusion, I found that: (1) most farming and non-

farming landowners were tolerant of elk in northwest Minnesota, and (2) tolerance of elk 

may be improved by increasing landownerôs attitudes toward and acceptance of the elk 

population. 
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Table 2-1. Descriptive statistics and reliability of constructs within multi-group Confirmatory 

Factor Analysis (CFA) examining landowner tolerance of elk in northwest Minnesota among 

farming (n = 579) and non-farming landowners (n = 569). 

 Farmers Non-Farmers 

Item M (SD) ɚ (SE) M (SD) ɚ (SE) 

Attitudes toward elk population (Attitudes) 
Ŭ = .92, ɟ = .92,  

AVE = .75 

Ŭ = .87, ɟ = .88,  

AVE = .66 

A1: Feelings about elk in NW MNa 0.90(1.96)t .78(.02) 1.72(1.60)t .70(.02) 

A2: Support for elk living in NW MNa 0.98(1.91)t .90(.01) 1.86(1.41)t .87(.01) 

A3: Supporting elk population is bad/gooda 0.90(1.81)t .93(.01) 1.65(1.44)t .87(.01) 

Wildlife Acceptance Capacity (WAC) 
Ŭ = .95, ɟ = .95,  

AVE = .81 

Ŭ = .91, ɟ = .91,  

AVE = .76 

W1: Perceived elk population size near propertya 0.48(1.68)t .85(.01) 1.27(1.47)t .78(.02) 

W2: Perceived elk population size in NW MNa 0.41(1.63)t .91(.01) 1.21(1.40)t .86(.01) 

W3: Preferred elk population size in NW MNa 0.44(1.55)t .96(.01) 1.18(1.38)t .93(.01) 

Tolerance of elk population (Tolerance) r = .65 r = .49 

T1: Past actions supporting or opposing an 

increased elk population in MNb 0.09(1.22)t .64(.02) 0.34(.88)t .59(.03) 

T2: Intention to participate in actions supporting 

or opposing an elk population in MNc 0.96(4.41)t .97(.02) 1.47(1.74)t .86(.03) 

Ŭ = Cronbachôs alpha; ɟ = Composite Reliability; r = Pearson R correlation; ɚ = Standardized factor loading; SE = 

Standard error; M = Mean; SD = Standard deviation; all factor loadings significant at p<.001. a 7-point scale from -3  

to 3. b Composite score from -5 to 5. c Composite score from -4 to 4. t T-test comparison between farmers and non-

farmers significant (p < .05). 
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Table 2-2. Proportion of farming (n = 579) and non-farming landowners (n = 569) in northwest 

Minnesota that participated in stewardship and/or intolerant behaviors toward elk in northwest 

Minnesota in the past 12 months. 

Response Item 
Farmers Non-Farmers 

% Yes Mean (SD) % Yes Mean (SD) 

Prior stewardship behavior (past 12 months)a 21% 0.33 (0.83) 18% 0.37 (0.85) 

Public or private statement in support of increasing 

elk populations (e.g., social media, letter, 

conversation) 

11%  10%  

Donated to an organization in support of increasing 

elk populations 
10%  8%  

Contacted an elected representative in support of 

increasing elk populations 
3%  4%  

Managed habitat to support increasing elk 

populations 
9%  8%  

Other actions in support of increasing elk 

populations 
3%  3%  

     

Prior intolerant behavior (past 12 months)b 12% 0.22 (0.71) 3% 0.06 (0.40) 

Public or private statement in opposition of 

increasing elk populations (e.g., social media, letter, 

conversation) 

9%  2%  

Donated to an organization in opposition to 

increasing elk populations 
2%  1%  

Contacted an elected representative in opposition to 

increasing elk populations 
6%  1%  

Contacted an agricultural group like the Farm 

Bureau or Cattlemanôs Association 
4%  1%  

Other actions in opposition to increasing elk 

populations 
1%  1%  

a Prior stewardship ranged from 0 to 5 (behaviors in previous 12 months). 
b Prior intolerance ranged from 0 to 5 (behaviors in previous 12 months). 
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Table 2-3. Likelihood of farming (n = 579) and non-farming landowners (n = 569) in northwest 

Minnesota participating in stewardship and intolerant behaviors toward elk in northwest 

Minnesota. Behavioral intentions were measured on a scale ranging from very unlikely (-3) to 

very likely (3). 

Response item 
Farmers Non-Farmers 

% Likely  Mean (SD) % Likely  Mean (SD) 

Intention to engage in stewardship 

behaviora 
32% -2.88 (7.41) 49% 0.18 (6.92) 

Make a public or private statement in 

support of increasing elk populations (e.g., 

social media, letters, conservation) 

27% -0.85 (2.04) 42% -0.11 (2.03) 

Contribute to an organization that supports 

increasing elk populations 
29% -0.88 (2.01) 44% -0.03 (1.91) 

Contact an elected representative in support 

of increasing elk populations 
29% -0.82 (1.99) 40% -0.19 (1.94) 

Manage habitat to support increasing elk 

populations 
38% -0.36 (2.20) 53% 0.51 (1.99) 

     

Intention to engage in intolerant 

behaviora 
16% -5.20 (6.07) 4% -7.41 (4.75) 

Make a public or private statement in 

opposition to increasing elk populations 

(e.g., social media, letters, conservation) 

22% -1.05 (1.97) 8% -1.77 (1.55) 

Contribute to an organization that opposes 

increasing elk populations 
16% -1.35 (1.89) 4% -1.97 (1.45) 

Contact an elected representative in 

opposition to increasing elk populations 
22% -1.03 (2.03) 8% -1.73 (1.59) 

Shoot an elk if seen 9% -1.79 (1.77) 9% -1.95 (1.74) 
a Mean behavioral intention ranged from -12 to 12. 
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Table 2-4. Configural, metric, and scalar invariance in multi-group Confirmatory Factor 

Analysis (CFA) examining landowner tolerance of elk in northwest Minnesota among farming  

(n = 579) and non-farming landowners (n = 569). 

Model … ɝ…  Df (ȹDf) p (ȹp) CFI (ȹCFI) 

Configural invariance 50.014 30 .012 .997 

Metric invariance (19.653) (5) (.001) (.002) 

Scalar invariance (15.604) (5) (.008) (.001) 

 

 

 
Figure 2-1. Map of current elk range in northwest Minnesota and study area where 3,000 

landowners were surveyed. 
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Figure 2-2. Hypothesized model of relationship between wildlife acceptance capacity (WAC), 

attitudes toward elk, and tolerance of the elk population in northwest Minnesota. A box 

represents an observed factor, and an oval represents a latent factor. See Table 2-1 for a 

description of each factor in model. 
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Figure 2-3. Results from structural equation model (SEM) examining impact of wildlife 

acceptance capacity (WAC) and attitudes toward elk on tolerance of elk populations in northwest 

Minnesota among landowners with a household income from farming (farmers; n = 579). 

Analysis results standardized and significant results (p < .05) indicated by an asterisk (*).  

… = 85.271, df = 40, p < .001, RMSEA = .044, SRMR = .037, CFI = .994. 
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Figure 2-4. Results from structural equation model (SEM) examining impact of wildlife 

acceptance capacity (WAC) and attitudes toward elk on tolerance of elk populations in northwest 

Minnesota among landowners without a household income from farming (non-farmers; n = 569). 

Analysis results standardized and significant results (p < .05) indicated by an asterisk (*).  

… = 85.271, df = 40, p < .001, RMSEA = .044, SRMR = .037, CFI = .994. 
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CHAPTER 3: Northwest Minnesota Elk: Normative Approach 

to Management Acceptability
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Abstract 

Elk (Cervus canadensis) populations in northwest Minnesota have been managed at low 

population sizes to reduce human-wildlife conflict. Management actions (e.g., 

recreational hunting, consolidate forage) can reduce human-wildlife conflict, but 

acceptability of management actions varies between stakeholder groups. Normative 

beliefs were used to assess acceptability of management actions within four scenarios 

with increasing elk-related damage. Landowners in northwest Minnesota were surveyed 

(n = 3,000) using a mail-based questionnaire and I received a 41% response rate  

(n = 1,178). The most acceptable management actions were recreational hunting, food 

plots on publicly owned lands, and payments to landowners for elk-related damage. 

Taking no management action was unacceptable to respondents in all scenarios. 

Acceptability of most management actions was significantly different depending on 

whether landowners received an income from agricultural production on their property, 

though severity of elk-related damage had a negligible effect on acceptability of 

management actions. My findings suggest that landowners make a moral judgement 

about whether each management action is right or wrong rather than the utility of the 

action in a specific situation. I believe managers would benefit from managing elk 

population on public land through recreational hunting and food plots, while providing 

depredation permits and damage payments to agricultural producers when necessary to 

reduce the impact of elk-related damage. 

Keywords: elk, human-wildlife interaction, landowners, management acceptability, 

normative beliefs, wildlife restoration  
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Introduction  

A small population of elk (Cervus canadensis) exists in northwest Minnesota, USA. 

Minimizing conflicts with agricultural landowners is a primary objective for the 

Minnesota Department of Natural Resources (MNDNR) who manage the herd (MNDNR, 

2017). Tolerance and public support are critical to minimize human-wildlife conflict and 

ensure the long-term viability of the elk population (MNDNR, 2017). Landowners are 

disproportionately affected by elk-related conflicts (e.g., damage to agriculture, hay 

contamination) while others enjoy benefits from their presence (e.g., wildlife viewing, 

hunting). Wildlife managers use several strategies to manage elk populations such as 

recreational hunting and planting food plots on public and private land, though many 

potential elk management actions require landowner participation to be effective (e.g., 

consolidate forage, fence stored forage). My research goal was to determine the impact of 

elk-related damage and agricultural production on acceptability of elk management 

actions in northwest Minnesota.  

Literature Review 

Public acceptability of and reaction to management decisions has become increasingly 

important as the public has demanded more involvement in management decisions 

(Decker et al., 1996; Liordos et al., 2017; Zinn et al., 1998). Management actions are 

unlikely to have long-term public support if they are implemented to achieve managersô 

desired outcomes rather than the publicsô desired impact (Fulton et al., 2004). Past 

research has explored the publicsô beliefs about the acceptability of various strategies to 

manage wildlife, and the appropriate abundance and distribution of wildlife (Bruskotter et 

al., 2009; Zajac et al., 2012). For example, Sponarski et al. (2015) examined acceptability 
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of coyote (Canis latrans) management in Cape Breton Highlands National Park (NP), 

Nova Scotia, Canada among local residents, park staff, and visitors.  

Bruskotter et al. (2009) defines acceptability as ña judgement or decision 

regarding the appropriateness of a particular action or policy.ò Individuals determine 

acceptability of a management action in comparison against all perceived alternatives, 

including taking no action (Bruskotter et al., 2009). Acceptability of management actions 

varies between segments of the public, potentially resulting in conflict, especially if the 

wildlife species evokes highly emotional reactions among some people (Gigliotti et al., 

2000; Liordos et al., 2017). For example, Fix et al. (2010) found that acceptability of 

many elk management actions in Rocky Mountain National Park, Colorado, USA were 

significantly different between Colorado residents and visitors, nonresident visitors, and 

local residents. Non-lethal management actions were preferred by respondents, though 

some management actions were more controversial, such as temporary contraception 

which was significantly less acceptable to Colorado residents than other respondent 

groups (Fix et al., 2010).  

In several studies, lethal management actions were found to be less acceptable 

than non-lethal actions for managing wildlife populations (Bruskotter et al., 2009; Fix et 

al., 2010; Metcalf et al., 2017) and opposition to lethal management techniques appears 

to be increasing due to changing political attitudes and views of natures (Manfredo et al., 

2021; Treves & Karanth, 2003). Although, opposition to lethal management actions has 

been found to decrease as the severity of wildlife conflict increases, such as crop damage 

or elk-vehicle collisions (Liordos et al., 2017; Sponarski et al., 2015). Significant social 

conflict can result from opposition to lethal management actions and result in lengthy 
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decision-making processes regarding the use of lethal control (Fulton et al., 2004). 

Bruskotter et al. (2009) suggested that non-lethal management techniques (e.g., 

consolidating forage, non-lethal hazing; see Table 3-1) may be less controversial across 

stakeholder groups than lethal methods. 

Acceptability of management actions for wildlife species that depend on private 

land (e.g., elk) may differ among landowners and other stakeholders due to landowners 

experiencing damage to fences or other property, competition with livestock, and/or 

disease transmission to livestock (Metcalf et al., 2017). Hunting is commonly used to 

address conflicts associated with game species, but landowner tolerance of hunters may 

affect acceptability and effectiveness of hunting as a management action (Gigliotti et al., 

2000). Metcalf et al. (2017) examined acceptability of elk management actions in 

Montana and found that lethal management actions (i.e., hunting and damage permits) 

were more acceptable when the elk population was perceived to be too large, though  

non-lethal management actions (i.e., hazing and fencing) were not affected by the elk 

population size.  

Social trust in a state wildlife agency (e.g., MNDNR) is an important 

psychological predictor of perceived risk of wildlife populations and public acceptability 

of management actions, especially acceptability of lethal management actions (Agee & 

Miller, 2009; Smith et al., 2023; Vaske et al., 2007; Zajac et al., 2012). Siegrist et al. 

(2000) defines social trust as an individualôs willingness to rely on those responsible for 

decision making and actions related to environmental management. ñSocialò refers to 

individuals within an agency trusted to make decisions though may not be personally 

known to the stakeholder (Siegrist et al., 2000). Individuals base their trust judgements on 
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whether they believe that the agency shares similar goals, thoughts, values, and opinions 

to themselves, but individuals distrust those who are dissimilar to them (Earle & 

Cvetkovich, 1995; Sponarski et al., 2014). Trust in an agency can be built through 

positive interactions with the public, managers being receptive to public input, and the 

perceived effectiveness of the agency, but trust can be lost quickly and is slow to regain 

(Rothbart & Park, 1986; Slovic et al., 1991; Stern, 2008).  

Personal control is a counterpart of social trust since individuals either take 

personal responsibility to manage risk (personal control) or rely on others (social trust) 

(Clarke, 2009). Bruskotter & Wilson (2014) define personal control as an individualôs 

belief that they can avoid negative outcomes through their own actions. For example, 

landowners may attempt to reduce conflict with elk through their own actions by 

consolidating forage (personal control) or relying on wildlife managers creating food 

plots on public lands to attract elk away from agricultural crops (social trust). Personal 

control is demonstrated by an individualôs ability to achieve good outcomes and avoid 

bad outcomes through their actions, engage in these actions, and achieve the desired 

outcome (Bandura, 1977; Bruskotter & Wilson, 2014; Floyd et al., 2000), 

Normative beliefs are commonly used to assess acceptability of wildlife 

management actions, such as reintroducing species, trapping, or lethal control, along with 

helping to explain why actions are judged to be unacceptable (Bright & Manfredo, 1996; 

Metcalf et al., 2017; Morzillo & Needham, 2015; Zinn et al., 1998). Normative beliefs 

are shared beliefs about whether actions are appropriate in a specific situation and 

influenced by situational variables and human values (Homans, 1950; Jacobs et al., 2014; 

Schwartz, 1977; Zinn et al., 1998). The normative beliefs approach recognizes the duality 
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of attitudes toward the management action and attitudes toward the situation (i.e., elk-

related damage) (Triezenberg et al., 2014), whereby an individualsô beliefs about 

acceptability of a management action are affected by severity of elk-related damage. For 

example, Sponarski et al. (2015) found that acceptability of lethal and more invasive 

management options became more acceptable as severity of threats to human life from 

coyotes increased in Cape Breton Highlands NP. Normative beliefs help managers 

identify acceptability of and reaction to management actions within a given situation and 

the level of consensus among stakeholder groups (Fenichel et al., 2013; Jonker et al., 

2009; Zinn et al., 1998). Managers can use indicators of acceptability to guide, endorse, 

or modify management strategies to make them more acceptable to the public (Jonker et 

al., 2009).  

Normative beliefs provide valuable information to decision makers, though 

specificity is important during measurement given their situational nature (Zinn et al., 

1998). Attitude research has demonstrated the importance of specificity since the 

relationship between beliefs, attitudes, and behaviors are strongest when measured at 

ñcorresponding levels of specificityò (Ajzen & Fishbein, 1977; Eagly & Chaiken, 1993b; 

Fishbein & Manfredo, 1992). Four specificity variables (target, context, action, and time) 

should correspond when measuring attitudes and behaviors (Ajzen & Fishbein, 1980), 

though Zinn et al. (1998) suggests that a 5th specificity variable, location, is important for 

natural resource management. For instance, measuring acceptability of recreational 

hunting (action) for elk (target) next year (time) if elk are causing damage to fences or 

other items (context) on a landownerôs property (location) will provide more information 

to decision makers than a broad measure of acceptability of hunting for elk.  
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Determining acceptability of management actions will be important for future 

management of elk populations in northwest Minnesota. Landowners are directly 

impacted by the management of elk populations and many management actions are 

dependent on support and participation from landowners to be effective (e.g., consolidate 

forage, fence stored forage). I examined normative beliefs about acceptability of nine 

potential elk management actions (including taking no action) across four hypothetical 

scenarios with increasing severity of elk-related damage (incident severity). Landowners 

were grouped based on whether they earn a portion of their household income from 

agricultural production on their property (farmers and non-farmers). Based on past 

research findings, I hypothesized that: (1) acceptability of non-lethal management actions 

(e.g., non-lethal hazing, consolidate forage) will significantly decline as severity of elk-

related damage increases, and (2) management actions designed to alleviate the impacts 

of elk-related damage (e.g., damage payments, depredation permits) will be significantly 

more acceptable among farmers compared to non-farmers. 

Methods 

Study Area 

I surveyed landowners within the study area in northwest Minnesota (Beltrami, Marshall, 

Kittson, Pennington, and Roseau counties) to determine their attitudes toward elk and elk 

management. I selected two strata within my study area: (1) current elk range in 

Minnesota, and (2) potential elk range with habitat suitable for sustaining an elk 

population (Fig. 3-1). I delineated the elk range in northwest Minnesota using Global 

Positioning System (GPS) locations from radio-collared elk (Freeman et al., 2017), visual 

sightings by local MNDNR staff, and previous elk range estimates generated by aerial 
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population surveys. I created Minimum Convex Polygons (MCPs) ArcGIS 10.4.1 (ESRI, 

2016) and Geospatial Modeling Environment (GME Version 0.7.4.0; Beyer, 2015). The 

potential elk range strata was larger than the current elk range strata (9,482 sq. km vs 

1,339 sq. km). Landcover within my study area was characterized as row-crop agriculture 

(corn [Zae maize], wheat [Triticum spp.], and soybeans [Glycine max]), forest, wetland, 

and grassland. 

Data Collection 

I sampled 3,000 landowners who own Ó0.5 acres within my study area, including all 

landowners within elk range (N = 768) and a stratified random sample of landowners 

within the potential elk range (n = 2,232). I stratified landowners within the potential elk 

range by total number of acres owned within the potential elk range: (1) 0.5 to 10 acres, 

(2) >10 to 150 acres, and (3) >150 acres. I used publicly available property tax 

identification lists to obtain landowner data. I contacted survey recipients three times 

between October 2016 and January 2017 using a 12-page self-administered mail-back 

questionnaire based on an adapted Tailored Design Method (Dillman et al., 2014). Each 

mailing included a contact letter, questionnaire, and business-reply envelope. I included a 

$1-incentive with the third mailing for all non-respondents within elk range (n = 412) and 

a random sample within potential elk range (n = 1,088) to increase the likelihood of 

survey completion by non-respondents. In February 2017, I mailed a shortened version of 

the questionnaire to non-respondents to serve as a non-response check. 

Measures 

I operationalized normative beliefs about acceptability of elk management actions 

using two situational-specific variables, incident extremity (elk-related damage) and 
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response extremity (management action). I asked respondents to indicate the acceptability 

of nine potential management actions within four scenarios with increasing elk-related 

damage to private property. Potential management actions were outlined within the 

MNDNRôs (2017) Strategic Management Plan for Elk (Table 3-1). The four elk-damage 

scenarios were: Scenario 1 ï elk sighted, heard bugling, or leave hoof prints on a 

landownerôs property, Scenario 2 ï elk eat or damage hay/crops or disturb livestock on a 

landownerôs property, Scenario 3 ï elk damage fences or other items on a landownerôs 

property, and Scenario 4 ï elk cause risk of injury or death to human life (e.g., elk-

vehicle collisions). I asked respondents to use a 7-point affect coded scale (-3 = ñvery 

unacceptableò to +3 = ñvery acceptableò) to indicate their normative beliefs about 

acceptability of each management action within each elk-damage scenario.  

Analysis 

I used descriptive statistics to analyze normative beliefs about acceptability of 

management actions among farmers and non-farmers across four elk-damage scenarios 

(Fig. 3-2 and Tables 3-2 and 3-3). Respondents were classified as farmers or non-farmers 

based on whether a portion of their household income was derived from agricultural 

production on their property. I used post hoc paired t-tests to compare respondentsô 

acceptability of management actions across four elk-damage scenarios and between-

subjects t-tests comparing acceptability between farmers and non-farmers. I used the 

Bonferroni correction to account for multiple comparisons when conducting within-

subjects paired t-tests and alpha was set at .008 ( h= .05/6). I set alpha at 0.05 for 

between-subjects paired t-tests between farmers and non-farmers. I used a repeated 

measure ANOVA to test for differences in normative beliefs about acceptability of 
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management actions based on incident extremity and agricultural production (Table 3-4). 

I used partial – to determine effect size of variables within my ANOVA analysis and 

interpreted based on Vaskeôs (2008, p. 108) benchmarks for minimal (.010), typical 

(.059), and substantial (.138) relationships.  

Results 

I mailed 3,000 surveys to landowners; 1,178 usable surveys were returned and 134 were 

undeliverable or otherwise invalid for an adjusted response rate of 41%. Among 

respondents, 579 landowners (50%) indicated that a portion of their household income 

was from agricultural production on their property (farmers) and 569 landowners (50%) 

received none of their household income from agricultural production on their property 

(non-farmers). I found that respondents to the full-length survey (i.e., respondents) were 

slightly older (ὼӶ = 59.6 years vs 57.9 years, t = -2.07, p = .039) and more likely to be 

male (87% vs 75%, t = -4.50, p < .001) on average than respondents to the  

non-response survey (n = 370) (i.e., non-respondents). 

Mean acceptability of each management action across each hypothetical scenario 

was analyzed for farmers and non-farmers (Fig. 3-2 and Tables 3-2 and 3-3). Non-

farmers believed that recreational hunting, and food plots on public and private lands 

were the most acceptable management actions across all four hypothetical scenarios 

(Table 3-2 and Fig. 3-2). Farmers believed that damage payments were the most 

acceptable management actions during each hypothetical scenario followed by 

recreational hunting and food plots on public lands, except depredation permits were 

more acceptable than public land food plots in the most extreme elk-related damage 

scenario (1.17 vs 1.09; Table 3-3).  
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Taking no action was unacceptable during each hypothetical scenario, except  

non-farmers believed taking no action was slightly acceptable in the lowest elk-related 

damage scenario (.28; Fig. 3-2 and Tables 3-2 and 3-3). Acceptability of taking no action 

declined substantially among both groups when elk caused any damage or disturbance 

(Scenario 1 vs 2; Farmers: -.70 vs -1.77, F = 12.22, p < .001; Non-farmers: .28 vs -.86,  

F = 13.61, p < .001), though acceptability of taking no action did not substantially change 

with additional elk-related damage and/or disturbance (Scenarios 3 and/or 4). 

Acceptability of most management actions declined with additional elk-related damage, 

especially recreational hunting, and food plots on public and private land (Fig. 3-2 and 

Tables 3-2 and 3-3). Damage payments and depredation permits were more acceptable as 

elk-related damage increased (Scenarios 2 and 3), except acceptability of damage 

payments declined during Scenario 4.  

Acceptability of management actions was significantly different between farmers 

and non-farmers for each action, except non-lethal hazing and recreational hunting  

(Fig. 3-2 and Tables 3-2 and 3-3). Farmers were significantly less supportive of actions 

requiring their participation than non-farmers (e.g., consolidate forage, fence stored 

forage, private land food plots). Management actions provided to agricultural producers 

to mitigate elk-related damage (e.g., damage permits, depredation permits) were 

significantly more acceptable to farmers than non-farmers. 

I conducted a repeated measures ANOVA analysis for each management action to 

assess the impact of incident extremity and agricultural production on acceptability of 

management actions (Table 3-4). I found that incident extremity had a significant impact 

on most management actions, except consolidating forage (F = 1.90, p = .128,  
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partial – = .001), recreational hunting (F = 1.03, p = .380, partial – = .001), and private 

land food plots (F = 2.34, p = .071, partial – = .002). Partial – indicated that effect size 

of incident extremity was minimal for taking no action (partial – = .055) and negligible 

for other management actions (partial – Ò .005). Agricultural production had a minimal 

effect on taking no action (partial – = .045), consolidate forage (partial – = .017), 

damage payments (partial – = .054), and depredation permits (partial – = .032), and a 

negligible effect on other management actions (partial – Ò .006). Overall, agricultural 

production among respondents had a greater effect on acceptability of management 

actions than incident extremity, except for whether to take no action. 

Discussion 

My data underscore the relationship between landownersô beliefs about acceptability of 

elk management actions in northwest Minnesota, agricultural production, and elk-related 

damage. There was strong support for recreational hunting and food plots on public lands 

among landowners in northwest Minnesota, though acceptability of some management 

actions was significantly different between farmers and non-farmers (Fig. 3-2 and Tables 

3-2 and 3-3). Recreational hunting was the preferred management action to control elk 

populations in northwest Minnesota with at least 70% of respondents believing hunting 

was acceptable in each scenario. Similar to Liordos et al. (2017), I found that taking no 

management action was unacceptable in each scenario and acceptability declined 

substantially among both groups as elk-related damage increased.  

Acceptability of most management actions declined with additional elk-related 

damage, especially recreational hunting, and food plots on public and private lands, 

though acceptability of damage payments and depredation permits increased as  
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elk-related damage increased (Fig. 3-2 and Tables 3-2 and 3-3). My findings are similar 

to past studies that found wildlife-related damage significantly impacts acceptability of 

management actions (Liordos et al., 2017; Sponarski et al., 2015; Zinn et al., 1998), 

though as Vaske et al. (2013) found the effect size was limited for most management 

actions (Table 3-4). My results suggest that acceptability of management actions is not 

based on cognitive evaluations of the utility of each management action within each 

scenario, rather landowners make a moral judgement about whether each action is right 

or wrong. 

The negligible impact of increasing elk-related damage within the hypothetical 

scenarios may be explained by the relatively small elk population size in northwest 

Minnesota (~150 elk) and landowners limited interaction with elk. A large majority 

(90%) of landowners rarely or never see elk or elk sign on their property. Additionally, 

only 14% of landowners indicated that they had ever experienced elk-related damage to 

their agriculture or other personal property. An individualsô normative beliefs are 

influenced by perceptions of damage from a wildlife species through either personal or 

second-hand experience, along with preferences for future population changes (Jonker et 

al., 2009).  

Agricultural production had a significant impact on acceptability of most 

management actions, except food plots on public lands (F = .094, p = .759) and  

non-lethal hazing (F = .854, p = .356) (Table 3-4). Management actions designed to 

mitigate the impact of elk-related damage on agricultural producers (e.g., damage 

payments, depredation permits) were significantly more acceptable among farmers than 

non-farmers, though actions requiring their participation to address elk-related damage 
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(e.g., consolidate forage, fence stored forage, private land food plots) were significantly 

less acceptable to farmers than non-farmers (Fig. 3-2 and Tables 3-2 and 3-3). 

Agricultural production had a greater effect on acceptability of management actions than 

incident extremity, though effect sizes were minimal based on Vaskeôs (2008, p. 108) 

benchmarks for partial – (Table 3-4). My results suggest landowners evaluate 

acceptability of management actions based on the potential costs (e.g., time, fuel) and 

benefits (e.g., reduce crop damage) for themselves. For instance, consolidating forage 

potentially reduces loss and/or contamination of hay for livestock but requires 

landowners to expend valuable resources (e.g., time, fuel) and change their behaviors 

(e.g., store hay in a new location). 

Depredation permits are the only lethal management action available to 

landowners since recreational elk hunting is limited in Minnesota (typically Ò30 once-in-

a-lifetime licenses/year) and takes place on public and private lands, limiting direct 

benefits to landowners. Depredation permits are provided to agricultural producers to 

harvest elk on their property in response to elk-related damage. Lethal management 

actions (i.e., depredation permits) were significantly more acceptable to farmers than 

non-farmers and acceptability increased with increased elk-related damage (Fig. 3-2 and 

Tables 3-2 and 3-3). Past studies have also found that acceptability of lethal management 

actions increases as severity of wildlife-related damage increases (Liordos et al., 2017; 

Sponarski et al., 2015). Lethal management actions have been shown to be more 

acceptable to hunters and residents when wildlife populations exceed management goals 

for population size, but this pattern was not observed for non-lethal management actions 
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(i.e., hazing and fencing) suggesting that acceptability of non-lethal management actions 

was not related to wildlife population size (Metcalf et al., 2017).  

Management Implications 

The goal of my research was to help wildlife managers make decisions that achieve their 

management objectives while remaining acceptable to the public. Human-wildlife 

conflicts are inevitable and understanding acceptability of management actions based on 

wildlife damage severity will help identify the most acceptable management actions 

given the circumstances. Normative beliefs can guide wildlife management policies and 

programs by identifying publicly acceptable management policies and avoid potential 

conflict among stakeholders, along with helping wildlife managers direct education 

efforts to improve acceptability of management actions (Jonker et al., 2009; Teel et al., 

2002; Zinn et al., 1998).  

Based on my findings, I recommend wildlife managers focus on managing elk 

populations on public lands using recreational hunting and food plots, while using 

depredation permits and damage payments when necessary to reduce the impact of the 

elk population on farmers. This approach allows for continued use of the most acceptable 

management practices, while allowing managers to mitigate the impact of elk-related 

damage using actions that were significantly more acceptable to farmers. Wildlife 

managers may need to use different management actions if elk-related damage increases, 

though managers should not expect an appreciable change in acceptability of 

management actions as elk-related damage changes. Building trust with landowners will 

be important to increase acceptability of management actions through positive 

interactions with the public, receptiveness of managers to public input, and effective 
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management of elk populations, while ensuring the public believes that the agency shares 

similar goals and values as themselves (Earle & Cvetkovich, 1995; Rothbart & Park, 

1986; Slovic et al., 1991; Sponarski et al., 2014; Stern, 2008). 
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Figure 3-1. Map of current elk range in northwest Minnesota and study area where 3,000 

landowners were surveyed. 
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Figure  3-2. Acceptability of potential elk management actions in northwest Minnesota among farmers and non-farmers within four 

hypothetical scenarios with increasing elk-related damage. Acceptability of each management action measured with 7-point scale from 

-3 (very unacceptable) to +3 (very acceptable).  

Scenario 1: Elk sighted, heard bugling, or leave hoof prints on a landownerôs property. Scenario 2: Elk eat or damage hay/crops or disturb livestock on a 

landownerôs property. Scenario 3: Elk damage fences or other items on a landownerôs property. Scenario 4: Elk cause risk of injury or death to human life.
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Table 3-1. Management actions evaluated by landowners using normative beliefs about 

acceptability. Management actions outlined in the Minnesota Strategic Elk Management Plan 

(MNDNR, 2017). 

Management Action Description 

Do nothing Status quo. Take no management action. 

Consolidate forage 

Storing forage in locations near building sites and stacking bales in 

patterns to reduce occasional damage. 

Fence stored forage 

Temporary or permanent fences or panels around stored forage, 

provided at low or no cost by state agencies. 

Non-lethal hazing 

Using actions or loud noises to move an animal to a more desirable 

location to avoid damage to agriculture or private property. 

Recreational hunting Recreational hunting to reduce the elk population size in an area. 

Public land food plots 

Creating food plots on public land as an alternative food source for 

elk and encourage elk to remain on public lands where elk are 

acceptable. 

Private land food plots 

Creating food plots on private land as an alternative food source for 

elk and encourage elk to remain on private lands where elk are 

acceptable. 

Damage payments 

Damage payments from the Department of Agriculture to landowners 

that experience crop depredation and fence damage by elk. 

Depredation permits Elk depredation shooting permits to agricultural producers. 
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Table 3-2. Acceptability of potential elk management decisions in northwest Minnesota among 

respondents without an income from agricultural production on their property (n = 569). 

Acceptability of each management action within four hypothetical scenarios. 

 Item ● (SD) 

Action Scenario 1 Scenario 2 Scenario 3 Scenario 4 

Do nothing .28 (2.15) 
bcdt -.86 (1.92) 

at -.89 (1.87) 
at -.96 (2.03) 

at 

Consolidate forage .53 (1.68) 
t 

.55 (1.64) 
dt 

.46 (1.68) 
t 

.34 (1.78) 
bt 

Fence stored forage .50 (1.78) 
b 

.66 (1.70) 
acdt 

.57 (1.70) 
bt 

.45 (1.81) 
bt 

Non-lethal hazing -.18 (1.76) 
bcd 

.04 (1.73) 
a 

.02 (1.76) 
a 

.13 (1.89) 
a 

Recreational hunting 1.56 (1.71)  
c 

1.47 (1.69)  1.39 (1.76) 
a 

1.47 (1.81)  

Public land food plots 1.51 (1.56) 
d 

1.44 (1.54) 
dt 

1.34 (1.60) 
t 

1.22 (1.80) 
abt 

Private land food plots 1.10 (1.77) 
 

1.02 (1.73) 
t 

.99 (1.71) 
t 

.92 (1.85) 
t 

Damage payments .77 (1.76) 
bct 

.93 (1.67) 
at 

.96 (1.70) 
at 

.80 (1.93) 
t 

Depredation permits .19 (1.94) 
bcdt 

.43 (1.89) 
at 

.41 (1.94) 
at 

.55 (2.05) 
at 

Dependent variable: Acceptability of each management action measured with 7-point scale from -3 (very 

unacceptable) to 3 (very acceptable). Multiple comparisons of means between hypothetical scenarios for each 

management action. a Mean significantly different than scenario 1 at p < .008 based on Bonferroni correction for 

multiple paired t-test comparisons; b significantly different than scenario 2; c significantly different than scenario 3; 

and/or d significantly different than scenario 4. t Means significantly different than farmers within study area  

(p < .05). 

Scenario 1: Elk sighted, heard bugling, or leave hoof prints on a landownerôs property. 

Scenario 2: Elk eat or damage hay/crops or disturb livestock on a landownerôs property. 

Scenario 3: Elk damage fences or other items on a landownerôs property. 

Scenario 4: Elk cause risk of injury or death to human life.
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Table 3-3. Acceptability of potential elk management decisions in northwest Minnesota among 

respondents that receive an income from agricultural production on their property (n = 579). 

Acceptability of each management action within four hypothetical scenarios. 

 Item ● (SD) 

Action Scenario 1 Scenario 2 Scenario 3 Scenario 4 

Do nothing -.70 (2.30) 
bcdt -1.77 (1.77) 

at -1.77 (1.77) 
at -1.62 (1.94) 

at 

Consolidate forage .06 (1.91) 
t 

.02 (1.96) 
t 

-.03 (1.96) 
t 

-.09 (2.08) 
t 

Fence stored forage .30 (1.99) 
d 

.37 (1.99) 
cdt 

.22 (2.05) 
bt 

.10 (2.11) 
abt 

Non-lethal hazing -.17 (1.91) 
 

-.01 (1.95) 
 

-.03 (2.05) 
 

-.01 (2.12) 
 

Recreational hunting 1.61 (1.66) 
 

1.65 (1.71)  1.57 (1.84) 
 

1.49 (1.98)  

Public land food plots 1.52 (1.80) 
d 

1.42 (1.91) 
dt 

1.40 (1.96) 
dt 

1.09 (2.15) 
abct 

Private land food plots .90 (2.06) 
cd 

.78 (2.12) 
t 

.75 (2.13) 
at 

.62 (2.23) 
at 

Damage payments 1.67 (1.76) 
bct 

1.85 (1.71) 
adt 

1.80 (1.77) 
adt 

1.56 (1.98) 
bct 

Depredation permits .97 (2.05) 
bcdt 

1.17 (2.02) 
at 

1.19 (2.04) 
at 

1.17 (2.12) 
at 

Dependent variable: Acceptability of each management action measured with 7-point scale from -3 (very 

unacceptable) to 3 (very acceptable). Multiple comparisons of means between hypothetical scenarios for each 

management action. a Mean significantly different than scenario 1 at p < .008 based on Bonferroni correction for 

multiple paired t-test comparisons; b significantly different than scenario 2; c significantly different than scenario 3; 

and/or d significantly different than scenario 4. t Means significantly different than non-farmers within study area  

(p < .05). 

Scenario 1: Elk sighted, heard bugling, or leave hoof prints on a landownerôs property. 

Scenario 2: Elk eat or damage hay/crops or disturb livestock on a landownerôs property. 

Scenario 3: Elk damage fences or other items on a landownerôs property. 

Scenario 4: Elk cause risk of injury or death to human life. 
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Table 3-4. Repeated measures ANOVA analysis assessing impact of incident extremity and 

agricultural production on acceptability of management actions. 

Management Action Incident Extremity  Agricultural Production  

 F p value Partial Ɫ F p value Partial Ɫ 

Do nothing 83.197 < .001 .055 200.532 < .001 .045 

Consolidate forage 1.898 .128 .001 69.780 < .001 .017 

Fence stored forage 2.651 .047 .002 25.714 < .001 .006 

Non-lethal hazing 3.130 .025 .002 .854 .356 .000 

Recreational hunting 1.025 .380 .001 3.867 .049 .001 

Public land food plots 7.514 < .001 .005 .094 .759 .000 

Private land food plots 2.340 .071 .002 16.179 < .001 .004 

Damage payments 4.092 .007 .003 243.206 < .001 .054 

Depredation permits 3.905 .008 .003 139.245 < .001 .032 
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CHAPTER 4: Restoring Elk in Minnesota: Landowner 

Support for Restoring an Elk Population 
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Abstract 

Public support is critical to successfully restore wildlife  populations and avoid future 

human-wildlife conflict. I examined psychological factors that influence landownersô 

support for restoring a wild, free-ranging elk population in northwest Minnesota. Data 

were obtained from a survey of Minnesota landowners in northeast Minnesota  

(n = 4,500). Social trust was a direct predictor of perceived risk, though personal control 

did not have a significant impact. Perceived risk, personal control, and social trust each 

had a direct, significant impact on attitudes toward elk. Attitudes toward elk had a 

significant, direct effect on support for restoring elk, and perceived risk had a significant, 

indirect effect on support.   

Keywords: Elk restoration, perceived risk, social trust, support 
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Introduction  

Elk (Cervus canadensis) were once abundant across Minnesota, though over hunting and 

habitat loss resulted in their extirpation by the early 1900s. Restoration of a wild, free-

ranging elk population to northeast Minnesota has been proposed to provide cultural, 

recreational, and ecological benefits, however an elk population poses potential risks 

including damage to agriculture and personal property, and impacts on other wildlife 

(disease, resource competition) and their habitat. Successful wildlife reintroductions 

depend on numerous factors including available source populations, number of animals 

released, and habitat quality at the site of restoration, among many others (Armstrong & 

Seddon, 2008; Fischer & Lindenmayer, 2000). Researchers can identify potential habitat 

for elk through past ecological research, though a priori research cannot determine 

whether wildlife will use habitat identified as suitable, and whether human-wildlife 

conflict will occur (Morzillo et al., 2007). Understanding psychological predictors of 

public support for restoring a wild, free-ranging elk population in northeast Minnesota 

will help avoid potential human-wildlife conflict and increase the likelihood of 

successfully restoring an elk population. 

Public support is a critical consideration that has often been ignored during past 

wildlife restoration projects though it is necessary to successfully restore a wildlife 

species and avoid human-wildlife conflict (Brichieri-Colombi & Moehrenschlager, 

2016). Identifying public beliefs about and attitudes toward a wildlife management action 

(e.g., restoring a wildlife species) is important to ensure that management outcomes are 

relevant to the public, otherwise management actions are unlikely to receive long-term 

support and achieve the desired outcomes (Fulton et al., 2004). Support for restoring a 
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wildlife species will be negatively impacted if the public perceives that there will be 

considerable risk to themselves or others (Williams et al., 2002). Understanding public 

views of risk to different entities affected by risk (e.g., self, others, domestic animals, 

wildlife) is important to promote public support and frame communication messages 

(Hanisch-Kirkbride et al., 2013).  

I used cognitive hierarchy theory as a theoretical framework for modeling the 

relationship between the perceived risks of elk, trust in the state wildlife agency, 

perceived personal control over elk-related hazards, attitudes toward elk, and support for 

restoring an elk population. Cognitive hierarchy (Schwartz, 1994; Schwartz & Bilsky, 

1987) is a theoretical approach used to examine humansô response to environmental 

stimuli and depicted as an inverted pyramid composed of multiple, interacting levels 

(values, value orientations, basic beliefs, attitudes and norms, behavioral intentions, and 

behaviors) that build upon one another (Fulton et al., 1996; Miller et al., 2018; Vaske & 

Donnelly, 1999). Values are general beliefs that an individual holds about desired goals 

(e.g., security, environmental protection) that are few in number and slow to change 

(Fulton et al., 1996; Vaske & Donnelly, 1999). An individualsô values influence 

behaviors (numerous, faster to change, and situationally specific) through value 

orientation (i.e., patterns of basic beliefs), basic beliefs, attitudes and norms, behavioral 

intentions, and behaviors with cognitions at each level becoming more numerous, more 

specific, and faster to change (Fulton et al., 1996; Vaske & Donnelly, 1999). For 

example, an individual has a limited number of values (dozens) though can have 

thousands of attitudes. Where values are acontextual, attributes of the attitude object and 
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its social, ecological, and relational context may shape oneôs evaluation in dynamic way 

(Eagly & Chaiken, 1993a).  

Risk perceptions and attitudes (tendency to evaluate an attitude object with some 

degree of favor or disfavor; Eagly & Chaiken, 1993) are higher-order cognitions that 

influence individualsô behavioral intentions (e.g., supporting restoration of an elk 

population) (Clarke, 2009; Fulton et al., 1996; Slovic, 1987), though the relationship 

between these cognitions is not well understood. For example, Watkins et al. (2021) used 

a model where attitudes toward elk influenced support for restoring an elk population in 

Tennessee with perceived risk influencing attitudes through mediators, trust in the state 

wildlife agency and confidence in the agency. In comparison, Landon et al. (2020) 

hypothesized that Illinois residents perceived risks from wolves was a function of their 

attitudes toward wolves, negative affect, and basic beliefs. Perceived risk was found to 

strongly influence attitudes toward wildlife and support for wildlife management 

practices, especially perceived risk to human health and safety (Dorn & Mertig, 2005; 

Fulton et al., 2004; Jonker et al., 2009; Peterson et al., 2006).  

Perceived risk is an individualôs subjective belief about exposure to a hazard 

either directly or indirectly to things that people value, such as their personal health and 

safety, the health and safety of others, and the welfare of other species and the 

environment (Sjöberg, 2000; Vaske & Miller, 2024). The subjective nature of perceived 

risks means that risk is different for everyone, though expert judgements of risk are 

highly correlated with technical estimates while risk judgements by lay people are 

typically related more to other hazard characteristics (e.g., threat to future generations, 

wildlife-vehicle collisions) (Gore et al., 2009; Slovic, 1987). Lay people may lack some 
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information about hazards, though their risk perceptions are often richer than those of 

experts and reflect legitimate concerns that expert risk assessments may omit (Slovic, 

1987).  

Slovicôs (1987) Psychometric Paradigm suggests that there are two fundamental 

dimensions of perceived risk: unknown and dread risk. Unknown risks are new, 

unobservable, unknown to those affected, or have a delayed impact, whereas dread risks 

are those with a perceived lack of control, catastrophic potential, and inequitable 

distribution of risks and benefits (Slovic, 1987). Perceived risks can change over time as 

exposure to the hazard is no longer new and individuals gain more knowledge. For 

example, Illinois huntersô perceived risk of chronic wasting disease (CWD) in white-

tailed deer (Odocoileus virginianus) declined significantly between 2004 and 2012 

(Vaske & Miller, 2019). Perceived risks never disappear and need to be taken seriously to 

mitigate negative impacts to attitudes (Watkins et al., 2021). Similarly, perceived risks 

can intensify due to media coverage, public reaction, and state wildlife agencies response 

to the hazard (Boyd & Jardine, 2011; Heberlein & Stedman, 2009). Perceptions of risk 

differ based on the entity affected by the hazard. Individuals often believe there is less 

risk to themselves from a hazard than to others in the community (Sjöberg, 2000; Slovic 

et al., 1981) or wildlife (Hanisch-Kirkbride et al., 2013). Restoring an elk population 

represents a potential source of unknown and dread risks to landowners since the impact 

of elk on humans and the ecosystem will be new and many unknowns exist related to 

interactions with the environment (e.g., wildlife disease, resource competition). 

Additionally, landowners are likely to disproportionately experience negative impacts 
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from elk (e.g., damage to agriculture and personal property) while others enjoy benefits 

from their restoration (e.g., wildlife viewing, hunting). 

Managers often consider the publicôs perceptions of risk stemming from a 

potential wildlife management action in their decision (Gore et al., 2009; Knuth et al., 

1992). Risk perceptions also impact human-wildlife interactions, public acceptability of 

management actions, and tolerance of species (Decker et al., 2002; Gore et al., 2009; 

Kellert, 1985). Restoration efforts for species perceived as a threat to human safety, 

economics, or way of life are more likely to experience resistance (Browne-Nunez & 

Taylor, 2002; Riley & Sandstrom, 2016). Past research has found risk perceptions are 

impacted by social trust, perceived control of risks, and knowledge of potential risks 

(Bruskotter & Wilson, 2014; Slovic, 1987; Zajac et al., 2012). 

Social trust is defined as ñthe willingness to rely on those who have the 

responsibility for making decisions and taking actions related to the management of 

technology, the environment, medicine, or other realms of health and safetyò (Siegrist et 

al., 2000). The term ñsocialò refers to people trusted within an organization (e.g., 

Minnesota Department of Natural Resources [MNDNR]) to make decisions, even though 

an individual may not personally know the person making the decision (Siegrist et al., 

2000). Public stakeholders have greater tolerance of a wildlife species if they perceive 

that the wildlife management organization is making decisions that are in their interest 

(Organ & Ellingwood, 2000). For example, Zajac et al. (2012) found that an individualôs 

social trust had a moderate positive impact on the acceptance of black bears in Ohio, 

while significantly impacting perceptions of risks and benefits. Trust in a state wildlife 

agency acts as a heuristic, or decision-making shortcut, which impacts perceptions of 
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information reliability and actions related to relevant recommendations (Griffin et al., 

1999). Trust in state wildlife agencies is an important determinant of perceived risk from 

wildlife populations (Smith et al., 2023) and acceptability of management actions (Zajac 

et al., 2012). Mistrust of decision-makers and the decision-making process increases risk 

perceptions among stakeholders (Slovic et al., 1991). Trust in state wildlife agencies can 

be lost quickly and it is regained slowly (Rothbart & Park, 1986; Slovic et al., 1991). 

Actions taken by state wildlife agencies to improve trust in the agency have the potential 

to impact perceptions of costs and benefits, and indirectly impact support (Bruskotter & 

Wilson, 2014). 

According to Clarke (2009), personal control and social trust can be viewed as 

counterparts since individuals either manage risk by taking personal responsibility 

(personal control) or relying on others (social trust). Perceived personal control is the 

belief that an individual can avoid negative outcomes through their own actions 

(Bruskotter & Wilson, 2014). For example, landowners may avoid conflict with elk by 

placing temporary fencing around hay bales to avoid contamination and loss. People 

demonstrate perceived personal control through their ability to achieve good outcomes 

and avoid bad outcomes through their actions (locus of control), their ability to engage in 

these actions (self-efficacy), and their actions result in the desire outcome (response 

efficacy) (Bandura, 1977; Bruskotter & Wilson, 2014; Floyd et al., 2000). Past research 

has frequently used personal control in conjunction with subjective norms and attitudes as 

part of the theory of planned behavior (TPB) to predict an individualôs intention to 

perform a given behavior (Ajzen, 1991; Ajzen & Fishbein, 1980; Fishbein & Ajzen, 

1975). Hazards that an individual does not view as under their volitional control tend to 
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elicit higher risk perceptions than hazards that are personally controllable (Slovic, 1987). 

Knowledge about wildlife species increases perceived personal control of potential 

negative impacts and decreases risk perceptions (Zajac et al., 2012). 

Understanding perceived risks allows managers to design messages that inform 

people about threats, motivate changes to attitudes and behaviors, and empower their 

participation in the management process (Clarke, 2009). Risk communication and risk 

management efforts will not be successful if managers do not respect the insights and 

intelligence provided by experts and the public (Slovic, 1987). Risk communication may 

emphasize the benefits of a species while allowing individuals to cope with potential 

risks by encouraging appropriate actions when necessary (Bruskotter & Wilson, 2014). 

Acceptance of a species is dependent on perceptions of benefits and their ability to take 

appropriate actions to reduce potential risks, though communication that focuses on 

avoiding or reducing risk may decrease tolerance of these species (Bruskotter & Wilson, 

2014; Slagle et al., 2013). 

I utilize a structural equation model (SEM) to test a model of the psychological 

factors that impact landownersô support for restoring an elk population in northeast 

Minnesota. Based on past research, I hypothesize that perceived control and social trust 

in the MNDNR will have a significant and negative impact on the perceived risk of 

restoring an elk population, whereby increased perceived control and/or social trust will 

result in a decrease in the perceived risk of restoring an elk population. Additionally, I 

hypothesize that perceived control and social trust have a significant and positive impact 

on attitudes toward elk, and perceived risk has a significant and negative impact on 

attitudes toward elk and, ultimately, attitudes toward elk will have a significant and 
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positive impact on support for restoring an elk population. Figure 4-2 contains a graphical 

depiction of these hypotheses, and their measurement components discussed in further 

detail in a section to follow.  

Methods 

Study Area 

A collaborative research effort between the Fond du Lac Band of Lake Superior 

Chippewa and University of Minnesota was implemented to determine the feasibility of 

restoring an elk population to northeast Minnesota with three research goals: (1) identify 

landscape-scale distribution of forage and cover suitable for restoring an elk population; 

(2) conduct surveys of landowners and local residents to identify support for restoring an 

elk population; and (3) create a map identifying overlapping areas of social support and 

high quality elk habitat (McCann et al., 2021). My research uses data from a survey of 

landowners in northeast Minnesota to determine their attitudes toward restoring an elk 

population to the area. The population of interest were private landowners within the 

study area that covered portions of Carlton, Pine, and St. Louis Counties. I used 

recommendations from local natural resource professionals to identify three potential 

restoration areas for elk. Potential restoration areas were selected to maximize 

recreational opportunities (e.g., public land) and minimize potential conflict from other 

land uses (e.g., agriculture). I used a five-mile buffer around each potential restoration 

area to create three study areas. The three study areas were (1) Cloquet Valley State 

Forest in St. Louis County, (2) Fond du Lac Indian Reservation in St. Louis and Carlton 

Counties, and (3) Nemadji State Forest in Pine County (Fig. 4-1). The primary land uses 
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within the three counties were deciduous forest, wetlands, and grassland. Less than 1% of 

the study area was used for cultivated farmland. 

Data Collection 

I conducted a stratified random sample of landowners within five miles of the restoration 

areas (n = 4,500). I used county tax records to obtain parcel ownership information. 

Landowners were stratified by the total number of acres that they owned within the study 

area: (1) 10 to 40 acres, and (2) >40 acres (Table 4-1). I contacted survey recipients three 

times between February and June 2018 using a self-administered mail-back questionnaire 

based on an adapted Tailored Design Method (Dillman et al., 2014). Each mailing 

included a contact letter, questionnaire, and business-reply envelope. An incentive was 

included with the 1st and 3rd mailings ($2 and $1, respectively) to increase the likelihood 

of survey completion. A shortened version of the questionnaire was mailed to non-

respondents in June 2018 to serve as a non-responses check. Survey data were weighted 

to accurately reflect actual population proportions based on acres owned and landowner 

populations across the three study areas (Table 4-1; Vaske, 2008) 

Measures 

Responses to the survey were used to measure five latent variables, including: (1) support 

for restoring an elk population to northeast Minnesota, (2) attitudes toward elk,  

(3) perceived risk from a restoring elk population, (4) social trust of wildlife managers, 

and (5) perceived personal control to limit impacts from elk (Table 4-2). Support for 

restoring an elk population was operationalized using four statements with a recoded  

7-point bipolar scale (-3 = ñvery unlikelyò to 3 = ñvery likelyò) to measure the likelihood 

of landownersô supporting restoration of wild, free-ranging elk based on location, 
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including: (1) Minnesota in general, (2) study areas in Minnesota, (3) within five miles of 

their property, and (4) on their property. Landownersô attitudes toward restoring a wild,  

free-ranging elk population within the study areas in northeast Minnesota were measured 

based on three affective evaluations (negative/positive, harmful/beneficial, bad/good) 

with a recoded 7-point semantic differential scale (-3 to 3). 

Perceived risks from restoring elk to northeast Minnesota were operationalized 

using six statements with a unipolar 7-point scale (1 = ñno threatò to 7 = ñextreme 

threatò) to measure risk to landowners, the local community, and the environment, 

including: (1) their own economic well-being (agriculture, personal property); (2) their 

own health/safety (vehicle collisions, etc.); (3) economic well-being of individuals in the 

local community (agriculture, personal property); (4) health/safety of individuals in the 

local community (vehicle collisions, etc.); (5) other wildlife in area (disease, etc.); and (6) 

trees and forest vegetation. Risk statements were partially based on those used by 

Triezenberg et al. (2014) to measure perceptions of risk from bovine tuberculosis to deer 

hunters in Michigan based on the threat to health, economic livelihood, hunting in 

northeast Michigan, and deer hunting culture in northeast Michigan. 

Social trust of wildlife managers to restore elk to northeast Minnesota was 

operationalized using three items and measured with a recoded 5-point bipolar scale  

(-2 = ñstrongly disagreeò to 2 = ñstrongly agreeò). Landowners were asked to indicate 

their agreement to three statements related to the MNDNRôs management of the elk 

population: (1) ñWhen deciding about elk management, wildlife managers would be open 

and honest in the things they do and say,ò (2) managers can be trusted to make decisions 

about elk management that are good for the resource,ò and (3) ñWildlife managers will 
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make decisions about elk management in a way that is fair.ò Personal control to limit 

impacts from elk was operationalized using four items and measured with a 7-point 

unipolar scale (1 = ñno controlò to 7 = ñcomplete controlò). Landowners were asked to 

indicate how much control they would have to limit elk damage to agricultural and 

personal property, trees and forest vegetation, deer and other wildlife, and influencing elk 

management decisions.  

Analysis 

I used structural equation modeling to test the effects of perceived control, social trust, 

perceived risk from elk, and attitudes toward elk on landownersô support for restoring an 

elk population in northeast Minnesota (Fig. 4-2). I analyzed support for restoring an elk 

population using a two-step approach for latent variable modeling, including: (1) using 

confirmatory factor analysis (CFA) to test construct validity of my hypothesized factor 

structure, and (2) a test of the hypothesize structural relationships (Anderson & Gerbing, 

1988; Kyle et al., 2020; Landon et al., 2018). I used R statistical software (R Core Team, 

2023) and the lavaan package (Rosseel, 2012) to conduct a descriptive analysis of 

observed variables (Tables 4-2) and estimate all models (Fig. 4-3).  

I conducted a CFA model to evaluate construct validity, including convergent and 

discriminant validity. I assessed latent constructs as having acceptable convergent 

validity if standardized factor loadings were significant and exceeded .4, Composite 

Reliability values exceeded .7, and Average Variance Explained (AVE) values exceeded 

.5 (Hair et al., 2010; Kyle et al., 2020; Netemeyer et al., 2012). I assessed discriminant 

validity as acceptable based on the Fornell-Larcker criterion (Fornell & Larcker, 1981) if  

AVE was greater than the squared correlation of the latent constructs in my model. 
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Finally, I tested the hypothesized relationship between constructs to assess predictive 

validity. 

I used a SEM to test the plausibility of the hypothesized relationships within my 

model. I assessed the reliability of latent constructs within the SEM analysis using 

Cronbachôs Ŭ and inter-item correlation. I considered estimated models an acceptable fit 

to the data if Comparative Fit Index (CFI) > .95, Standardized Root Mean Square 

Residual (SRMR) < .08, and Root Mean Square Error of Approximation (RMSEA) < .06 

(Hu & Bentler, 1999). I used standardized Beta values and t-values to test the effects of 

latent variables within my model. I assessed the significance of hypothesized structural 

relationships using an h<.05. 

Results 

Of the 4,500 questionnaires mailed, 221 were undeliverable or otherwise invalid and 

2,550 were returned (59.6% adjusted response rate; Table 4-1). Responses to the non-

response survey (n = 338) (i.e., non-respondents) were compared to the full-length survey 

(i.e., respondents). I did not find a significant difference between respondents to the 

questionnaire and non-respondents based on age (60.3 years vs 60.3 years, t = 0.01,  

p = .993) and length of residence in Minnesota (54.4 years vs 54.1 years, t = 0.22,  

p = .823). I calculated weights to accurately reflect actual population proportions within 

the study area by correcting for stratification of owned acres and difference in landowner 

populations (Table 1; Vaske, 2008).  

Most landowners were likely to support restoring an elk population to northeast 

Minnesota, though landowners were significantly more supportive of restoring elk to the 

study areas in Minnesota (79%) than within five miles of their property (76%;  
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… = 7,344.14, p < .001) or on their property (70%, … = 4,810.94, p < .001; Table 4-2). 

On average, landowners had positive attitudes toward restoring a wild, free-ranging elk 

population within the study areas in Minnesota, believing that supporting an elk 

restoration would be positive (ὼӶ = 1.4), beneficial (ὼӶ = 1.1), and good (ὼӶ = 1.3). 

Additionally, landowners believed that restoring an elk population would provide 

benefits such as increasing youth involvement and interest in outdoors (ὼӶ = 2.8), increase 

economic opportunities through elk-related tourism (ὼӶ = 3.0), provide opportunities to 

hunt elk (ὼӶ = 3.7), provide opportunities to view elk (ὼӶ = 3.7), and restore a native 

wildlife species (ὼӶ = 4.3). 

Landowners believed that they would have limited personal control to limit 

impacts from a wild, free-ranging elk population, including limiting impact of elk to deer 

and other wildlife in the study area (ὼӶ = 2.1), limiting damage to trees and forest 

vegetation (ὼӶ = 2.4), influence elk management decisions in the study area (ὼӶ = 2.5), and 

limiting damage to agricultural and personal property (ὼӶ = 2.6). Landowners slightly 

trusted wildlife managersô ability to make elk management decisions that are fair, open 

and honest, and are good for the resource, including ñwhen deciding about elk 

management, wildlife managers would be open and honest in the things they do and sayò 

(ὼӶ = 0.5), ñwildlife managers can be trusted to make decisions about elk management that 

are good for the resourceò (ὼӶ = 0.4), and ñwildlife managers will make decisions about 

elk management in a way that is fairò (ὼӶ = 0.3).  

Most respondents believed that having an elk population in northwest Minnesota 

would pose little to no threat to their own economic well-being (79%), their own 

health/safety (69%), the economic well-being of individuals in the local community 
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(72%), the health/safety of individuals in the local community (65%), wildlife in the area 

(64%), and trees and forest vegetation (65%) (Tables 4-2). Landowners believed that an 

elk population posed the most threat to other wildlife in the area by direct and indirect 

impacts such as disease and resource competition, and believed that elk posed the least 

threat to their own economic well-being such as agriculture and personal property.  

I found that convergent validity was adequate within the measurement model 

since standardized factor loadings for each variable were significant and greater than .4, 

composite reliability for each construct exceeded .7, and AVE exceeded .5 for each 

construct (Table 4-2). Results of the CFA model (… = 1,139.861, df = 156, p < .001,  

CFI = .978, RMSEA = .054, SRMR = .041) indicated that the data-model fit satisfied Hu 

and Bentler (1999) criteria and had acceptable predictive validity. I allowed four pairs of 

indicator error terms to covary based on modification indices (A2 ź A3, R2 ź R3,  

R5 ź R6, and S3 ź S4). 

I tested the hypothesized structural model after establishing construct validity 

(Fig. 4-3). Results indicate that the model fit was acceptable for the data (CFI = .978, 

RMSEA = .054, SRMR = .041, … = 1,139.861, p < .001, df = 156). Standardized factor 

loadings (ɚ) for each observed variable within the model were .6 or higher. As 

hypothesized, social trust of wildlife managers (ɓ = -.44, p < .001) had a significant, 

negative effect on perceived risks of an elk population, though perceived personal control 

(ɓ = -.02, p = .432) did not have a statistically significant effect on risk. Social trust and 

personal control explained 20% of the variability in perceived risk. As hypothesized, 

perceived risk (ɓ = -.46, p < .001) was found to have a significant, negative relationship 

with attitudes toward elk, while perceived personal control (ɓ = .15, p < .001) and social 



 

74 

 

trust (ɓ = .31, p < .001) had significant, positive relationships with landownersô attitudes 

toward elk. Perceived risk, personal control, and social trust explained 50% of variability 

in attitudes toward elk. As hypothesized, attitudes toward elk had a significant, positive 

influence on support for restoring a wild, free-ranging elk population in northeast 

Minnesota (ɓ = .69, p < .001). 

The effect of perceived personal control, social trust, and perceived risk on 

support for restoring an elk population was mediated by attitudes toward elk. Perceived 

personal control (ɓ = .03, p = .035) and social trust (ɓ = .04, p = .022) had a positive 

indirect effect on support for restoring elk, though their effect on support was small. 

Perceived risk of restoring an elk population had a negative indirect effect on support  

(ɓ = -.13, p < .001). Direct and indirect effects explained 66% of the variability in support 

for restoring an elk population. 

Discussion 

Wildlife restorations may have greater success with support from landowners who will 

coexist with restored populations. Understanding psychological factors that influence 

landownersô support may inform the design of communication and outreach strategies to 

increase support. I tested a model where landownersô support for the restoration of elk in 

northeast Minnesota was a function of their attitudes toward the restoration, perceived 

risks from elk, perceived control to mitigate potential risks, and trust in the state wildlife 

agency. My hypothetical model fit my data well, explaining 66% of variability in support 

for restoring an elk population while past studies utilizing cognitive variables (attitudes 

and/or norms) from the cognitive hierarchy typically explain about 50% of the variability 

when examining individualôs intentions to support a wildlife management action (Jacobs 
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et al., 2012; Vaske et al., 2013). I found that perceived risks, perceived personal control, 

and social trust explained 50% of the variability in attitudes toward elk, although 

perceived risk exhibited a stronger relationship with attitudes than social trust or 

perceived personal control. These results are similar to past studies on wildlife 

restorations that found that perceived risks have a significant negative impact on attitudes 

towards restoring a wildlife species, including panthers in Florida, cougars in Montana, 

grey wolves in Minnesota, and elk in Tennessee (Chavez et al., 2005; Langin & 

Jacobson, 2012; Riley & Decker, 2000; Watkins et al., 2021). Despite risk perceptions 

being low within my study, the impact of risk perceptions on attitudes toward elk and 

indirectly to support for restoring an elk population suggest that even low perceptions of 

risk among stakeholders can potentially negatively impact support for restoring a wildlife 

species.  

Social trust had a significant direct effect on perceived risk and attitudes toward 

elk, and significant indirect effect on support for restoring an elk population. My findings 

suggest that improving trust in a state wildlife agency (e.g., MNDNR) can reduce 

perceived risk and improve landownersô attitudes toward elk and indirectly increase 

support for restoring elk. These results are supported by past studies (Bruskotter & 

Wilson, 2014; Zajac et al., 2012) that found social trust has a significant positive effect 

on risk perceptions, though those studies examined tolerance of wildlife species. 

Improving social trust will be important for state wildlife agencies to garner support for 

wildlife restoration efforts through perceptions of costs and benefits, especially 

considering that social trust can be lost quickly and is slow to regain (Bruskotter & 

Wilson, 2014; Rothbart & Park, 1986; Slovic et al., 1991). Past research has shown a 
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strong relationship between social trust and perceptions of risks and benefits when 

stakeholders lack knowledge about a hazard (i.e., elk), though this relationship is less 

important when stakeholders are knowledgeable about the hazard (Siegrist et al., 2000; 

Siegrist & Cvetkovich, 2000). Stakeholders rely on experts and their experience when 

they lack knowledge about a hazard but are less reliant on experts as they gain knowledge 

(Needham & Vaske, 2008; Siegrist et al., 2000). Interventions focused on building trust 

through increased knowledge may be more beneficial among rural populations where 

trust is typically lower, while interventions focused on increasing personal control may 

be more beneficial for urban populations where perceived control is typically lower 

(Zajac et al., 2012). 

 In my model, personal control had a direct significant impact on attitudes toward 

elk and significant indirect effect on support for restoring an elk population, though the 

effect size was small. The inclusion of both social trust and personal control in my model 

was valuable since these constructs are viewed as counterparts due to individuals either 

taking personal responsibility (personal control) or relying on others (social trust) to 

manage risks (Clarke, 2009). Social trust and personal control only explained 20% of the 

variability in perceived risk of an elk population suggesting that variables were omitted 

that may explain more variability in perceived risk, such as affect or risk sensitivity. 

Affect (an individualôs instinctual and emotive response to a species) and risk sensitivity 

(an individualôs predisposition to rate risks from hazards as high or low) have been found 

to significantly impact perceived risk (Landon et al., 2020; Needham et al., 2017; 

Sjöberg, 2000). The concept of risk sensitivity was developed in part due to other risk 

theories and approaches (e.g., cultural theory of risk, social amplification of risk, 
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psychometric paradigm) limited ability to explain variability in individualsô perceptions 

of risks (Needham et al., 2017; Sjöberg, 2000). Individuals are predisposed to rate most 

hazards as being a moderate risk, so identifying specific hazards to manage can be 

difficult and communication campaigns may not be able to successfully educate risk-

sensitive hunters (Sjöberg, 2000; Vaske & Miller, 2019). Future research should examine 

the impact of affect and risk sensitivity on landownersô perceptions of risk from restoring 

an elk population, along with examining the effectiveness of interventions with the goal 

of increasing knowledge among stakeholders and social trust. 

Perceived benefits have been found to have a significant effect on support for 

wildlife management in some studies (Schroeder et al., 2018), though I focused on 

perceived risks because benefits would be similar for all residents in northeast Minnesota 

(e.g., wildlife viewing, hunting) though landowners may be disproportionately impacted 

by threats from restoring an elk population in northeast Minnesota. Landownersô in 

northeast Minnesota believed that the most important considerations when restoring an 

elk population was minimizing potential negative impacts, especially minimizing 

negative impacts on existing wildlife populations, restoration of a native species, and 

minimizing impacts to deer populations and deer hunting, while potential benefits were 

less important to landowners (e.g., elk viewing opportunities, maximizing economic 

opportunities through elk-related tourism and recreation; Smith et al., 2024). In 

Michigan, threats to hunting and deer hunting culture had the greatest impact on the 

perceived risk of disease (Triezenberg et al., 2014). Similarly, Hanisch-Kirkbride et al. 

(2013) found that the public were more concerned about the impact of wildlife disease on 

wildlife than to humans. Any potential threat to the deer population and deer hunting in 
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Minnesota (e.g., wildlife disease, resource competition) would be concerning to 

landowners given the cultural and economic importance of deer hunting.   

Management Implications 

There was abundant support among landowners to restore a wild, free-ranging elk 

population in northeast Minnesota but continued efforts will be necessary to maintain 

support if elk restoration occurs. Currently, landownersô limited experience with elk 

means that their attitudes and risk perceptions toward elk are likely influenced by an 

availability heuristic, a cognitive heuristic where the ñease with which instances or 

occurrences can be brought to mindò are used to assess the potential risk of an event 

(Siegrist & Árvai, 2020; Tversky & Kahneman, 1974). Few landowners have likely had 

experience with elk, so social interactions or media reports serve as a heuristic that would 

negatively or positively impact attitudes and risk perceptions, including media reports 

about landownersô negative experiences with elk in northwest Minnesota and legislation 

placing restrictions on elk management (Minnesota Statutes 2023, section 97B.516). 

Communicating with the public about the benefits of an elk population while encouraging 

appropriate actions when necessary (e.g., place fencing around hay bales) will help 

landowners cope with potential risks without impacting their tolerance for the species 

(Bruskotter & Wilson, 2014; Slagle et al., 2013). 
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Table 4-1. Estimate weights for landowners with Ó10 acres within study area in northeast 

Minnesota. Data weighted to reflect actual population proportions based on acres owned and 

landowner populations across three study areas (Vaske, 2008). 

 Population Returned Surveys Estimate Weights 

 
N 

Ò40 

acres 

>40 

acres 

Total 

Surveys 

Ò40 

acres 

>40 

acres 

Ò40 

acres 

>40 

acres 

Landowners 9,284 5,119 4,165 2,550 1,197 1,353   

Cloquet Valley 3,205 1,838 1,367 841 404 437 1.250 0.859 

Fond du Lac 3,271 1,808 1,463 796 436 436 1.379 0.922 

Nemadji 2,808 1,473 1,335 913 480 480 0.934 0.764 
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Table 4-2. Reliability of constructs within model examining landowner support for restoring an 

elk population to northeast Minnesota. 

 M SD ɚ SE 

Likelihood of supporting restoration of wild, free-ranging elké 

(Support for Elk Restoration) 
Ŭ = .96, ɟ = .97, AVE = .86 

S1: To Minnesota in general 1.6a 1.7 .91 .01 

S2: To the study areas in Minnesota 1.6a 1.8 .98 .00 

S3: Within five miles of your property 1.5a 1.9 .95 .01 

S4: On your property 1.3a 2.1 .87 .01 

Supporting restoration of a wild, free-ranging elk population 

within the study areas in Minnesota isé (Attitudes Toward Elk) 
Ŭ = .95, ɟ = .95, AVE = .81 

A1: Negative/Positive 1.4b 1.7 .96 .01 

A2: Harmful/Beneficial 1.1b 1.8 .85 .01 

A3: Bad/Good 1.3b 1.8 .89 .01 

Perceived personal control to limit impacts from elk  

(Personal Control) 
Ŭ = .89, ɟ = .89, AVE = .68 

C1: Limit elk damage to agricultural and personal property 2.6c 1.7 .88 .01 

C2: Limit elk damage to trees and forest vegetation 2.4c 1.6 .95 .01 

C3: Limit impact of elk to deer and other wildlife in the study areas 2.1c 1.4 .77 .02 

C4: Influence elk management decisions in study areas 2.5c 1.5 .64 .02 

Trust in wildlife managers (Social Trust) Ŭ = .92, ɟ = .93, AVE = .80 

T1: Wildlife managers open and honest in the things they do and say 0.5d 1.2 .81 .01 

T2: Wildlife managers can be trusted to make decisions about elk 

management that are good for the resource 
0.4d 1.1 .94 .01 

T3: Wildlife managers will make decisions about elk management in a 

way that is fair 
0.3d 1.1 .94 .01 

Perceived threat from having elk in northeast Minnesota 

(Perceived Risk) 
Ŭ = .93, ɟ = .93, AVE = .65 

R1: Own economic well-being (agriculture, personal property) 2.2e 1.6 .85 .01 

R2: Own health/safety (vehicle collisions, etc.) 2.8e 1.6 .76 .01 

R3: Economic well-being of individuals in the local community 

(agriculture, personal property) 
2.7e 1.5 .89 .01 

R4: Health/safety of individuals in the local community (vehicle 

collisions, etc.) 
3.0e 1.6 .79 .01 

R5: Other wildlife in area (disease, etc.) 3.0e 1.6 .76 .01 

R6: Trees and forest vegetation 3.0e 1.6 .78 .01 

Ŭ = Cronbachôs alpha; ɟ = Composite Reliability; AVE = Average Variance Explained; ɚ = Standardized factor loading; SE = 

Standard error; M = Mean; SD = Standard deviation; all factor loadings significant at p<.001. a 7-point scale from -3 (very 

unlikely) to 3 (very likely). b 7-point scale from -3 to 3. c 7-point scale from 1 (no control) to 7 (complete control). d 5-point scale 

from -2 (strongly disagree) to 2 (strongly agree). e 7-point scale from 1 (no threat) to 7 (extreme threat). 
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Figure 4-1. Map of study area in northeast Minnesota where 4,500 landowners were surveyed. 

 

 
Figure 4-2. Hypothesized relationship between risk perceptions, social trust, perceived personal 

control, attitudes toward elk, and support for restoring an elk population in northeast Minnesota.  
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Figure 4-3. Full structural model showing the relationship between risk perceptions, social trust, personal control, attitudes toward 

elk, and support for restoring an elk population in northeast Minnesota. Solid lines indicate direct effects, and dashed lines indicate 

indirect effects. Analysis results were standardized and all effects were significant (p < .05), except for the effect of personal control 

on perceived risk (p = . 432). RMSEA = .054, CFI = .978, SRMR = .041, … = 1,139.861, p < .001, df = 156. 
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CHAPTER 5: Conclusion 
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My research helps understand the impact of social psychological factors on landowner 

tolerance of elk and acceptability of elk management actions in northwest Minnesota, and 

the role of psychological factors on support for restoring an elk population in northeast 

Minnesota. The objectives of my research were to: (1) develop an approach for assessing 

landowner tolerance for an elk population in northwest Minnesota, (2) examine 

normative beliefs about acceptability of potential elk management actions across 

hypothetical scenarios with increasing severity of elk-related damage, and (3) evaluate a 

model of psychological factors that impact landowners' support for restoring an elk 

population in northeast Minnesota. I used data from two surveys to accomplish these 

objectives: (1) a survey of 3,000 landowners within elk range or potential elk range in 

northwest Minnesota, and (2) a survey of 4,500 landowners within five miles of three 

proposed elk restoration areas in northeast Minnesota. 

Tolerance of Elk Populations 

My research examined the relationship between tolerance and socio-psychological 

constructs, specifically attitudes and wildlife acceptance capacity (WAC), that few 

studies have previously examined (Brenner & Metcalf, 2020; Bruskotter et al., 2015). 

The results of my research identified two main findings that are important for elk 

management in Minnesota, including (1) most farming and non-farming landowners were 

tolerant of elk in northwest Minnesota, though non-farmers had significantly more 

positive attitudes toward elk and higher acceptance, and (2) attitudes toward wildlife and 

WAC were strong measures of tolerance. Most landowners in northwest Minnesota were 

tolerant of the elk population based on past behaviors and behavioral intentions. Past 
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participation in stewardship and intolerant behaviors was limited, though more 

landowners indicated their intention to participate in actions to support an elk population 

in the future with a limited number indicating their intention to participate in actions to 

oppose an elk population. Past participation in behaviors impacting elk was likely limited 

due to the low elk population in northwest Minnesota (~150 elk) and infrequent 

interaction with elk.  

My proposed tolerance model with attitudes toward elk and WAC explained most 

of the variance in tolerance (farmers: 67%, non-farmers: 59%). Similar to Bruskotter et 

al. (2015), I found that WAC and attitudes were simple, effective measures of tolerance. 

Attitudes and WAC can be used to assess the impact of management strategies on 

tolerance of a wildlife species over time without requiring self-reported data about 

behaviors that may be affected by social desirability bias and limited by small wildlife 

population sizes. My findings suggest that attitudes had a greater impact on tolerance 

than WAC, though past research suggests that managers would benefit from using 

strategies to improve acceptability of wildlife as a means to improve tolerance since 

attitudes are relatively stable over time (Brenner & Metcalf, 2020; Heberlein, 2012). 

Future research on tolerance of elk and other wildlife species would benefit from 

understanding landownersô motivations for participating in behaviors that impact wildlife 

(i.e., stewardship or intolerant behaviors), allowing managers to achieve behavior change 

in the future. Wildlife managers should focus communication with landowners on the 

benefits of wildlife species while identifying ways to minimize perceived costs to human 

health and safety, economic well-being, and aesthetic conditions. Education programs are 

particularly important when the public may rely on availability heuristics due to limited 
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interactions with a wildlife population (e.g., rare, endangered, or recently restored 

wildlife species). 

Elk Management Acceptability 

My research examined relationships between landownersô beliefs about 

acceptability of elk management actions in northwest Minnesota, agricultural production, 

and elk-related damage. Results of my research identified two main findings:  

(1) recreational hunting and food plots on public lands were the most acceptable 

management actions, though acceptability of some management actions was significantly 

different between farmers and non-farmers, and (2) elk-related damage had a negligible 

effect on acceptability of most management actions. Management actions designed to 

mitigate elk-related damage on agricultural producers (e.g., damage payments, 

depredation permits) were significantly more acceptable to farmers than non-farmers, 

though actions requiring landowner participation to address elk-related damage  

(e.g., consolidate forage, fence stored forage, private land food plots) were significantly 

less acceptable to farmers than non-farmers.  

Acceptability of most management actions declined with additional elk-related 

damage, except acceptability of damage payments and depredation permits increased as 

elk-related damage increased. My findings are similar to past studies since wildlife-

related damage had a significant effect on acceptability of management actions (Liordos 

et al., 2017; Sponarski et al., 2015; Zinn et al., 1998), though similar to Vaske et al. 

(2013) effect size was limited for most management actions. The negligible impact of 

increasing elk-related damage may be explained by the relatively small elk population in 
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northwest Minnesota (~150 elk) and minimal interactions with elk. Normative beliefs are 

influenced by perceptions of damage from a wildlife species through personal or second-

hand experience, along with preferences for future population changes (Jonker et al., 

2009). My results suggest that acceptability of management actions is based on moral 

judgements about each action rather than cognitive evaluations of the utility of each 

management action based on elk-related damage.  

Normative beliefs can guide wildlife management policies and programs by 

identifying publicly acceptable management policies and avoid potential conflict among 

stakeholders, along with helping wildlife managers direct education efforts to improve 

acceptability of management actions (Jonker et al., 2009; Teel et al., 2002; Zinn et al., 

1998). Based on my findings, I recommend wildlife managers focus on managing elk 

populations on public lands using recreational hunting and food plots while using 

depredation permits and damage permits when necessary to reduce the impact of elk-

related damage on farmers. This approach allows wildlife managers to use the most 

acceptable management practices, while allowing managers to mitigate the impact of elk-

related damage using actions that were significantly more acceptable to farmers. Building 

trust with landowners will be important to increase acceptability of management actions 

through positive interactions with public stakeholders, receptiveness of managers to 

public input, and effective management of elk populations, while ensuring the public 

believes that the agency shares similar goals and values as themselves (Earle & 

Cvetkovich, 1995; Rothbart & Park, 1986; Slovic et al., 1991; Sponarski et al., 2014; 

Stern, 2008). 
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Support for Restoring Elk 

My research tested a model wherein landownersô support for the restoration of elk 

in northeast Minnesota was a function of their attitudes toward elk, perceived risks from 

elk, perceived control to mitigate potential risks, and trust in the state wildlife agency. 

The model explained two-thirds (66%) of the variance in support for restoring an elk 

population, surpassing the 50% of variance that is typically explained by cognitive 

variables (attitudes and/or norms) from the cognitive hierarchy when examining 

intentions to support a wildlife management action (Jacobs et al., 2012; Vaske et al., 

2013). Perceived risks, personal control, and social trust explained 50% variance in 

attitudes toward elk, although perceived risk exhibited a stronger relationship with 

attitudes than social trust or perceived personal control. Perceptions of risk to economic 

well-being, health and safety, and wildlife and vegetation were low in this study, though 

the significant impact of risk perceptions on attitudes toward elk and indirectly on 

support for restoring an elk population suggests that even low perceptions of risk among 

stakeholders can potentially negatively impact support for restoring a wildlife species. 

Additionally, social trust and personal control had a significant effect on attitudes toward 

elk and support for restoring an elk population. The inclusion of both social trust and 

personal control in my model was valuable since these constructs are viewed as 

counterparts due to individuals either taking personal responsibility (personal control) or 

relying on others (social trust) to manage risks (Clarke, 2009).  

Future research should examine the impact of affect and risk sensitivity on 

landownersô perceptions of risk from restoring an elk population, along with examining 

the effectiveness of interventions with the goal of increasing knowledge among 
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stakeholders and social trust. My findings suggest that improving trust in a state wildlife 

agency (e.g., MNDNR) can reduce perceived risk and improve landowners' attitudes 

toward elk and increase support for restoring elk. Improving social trust will be important 

for state wildlife agencies to garner support for wildlife restoration efforts through 

perceptions of costs and benefits, especially considering that social trust can be lost 

quickly and is slow to regain (Bruskotter & Wilson, 2014; Rothbart & Park, 1986; Slovic 

et al., 1991). 
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Appendix A: 2016 survey of landownersô attitudes toward elk and elk 

population management in northwest Minnesota. 
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