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Abstract

Polar bears (Ursus maritimus) are sea ice-dependent marine mammals that, due to 

reductions in sea ice extent in the southern Beaufort Sea, are increasing their time spent on shore. 

Simultaneously, the anthropogenic footprint on the northern coast of Alaska is growing. As a result, 

human-polar bear interactions in this region are increasing. These interactions have the potential to 

be dangerous for humans, harmful to polar bears, and, therefore, require deliberate management. 

In this thesis, I examined two study systems that lacked the depth of knowledge necessary to craft 

defensible management plans. My research generated information regarding human-polar bear 

interactions that could be used to shape policy in the Arctic.

In Chapter 1, I explored a dataset that documented human-polar bear interactions at a 

popular polar bear viewing area in Kaktovik, Alaska. My objectives were to determine what factors 

influence 1) polar bear displacement (temporary or permanent) from the viewing area and 2) 

human response (assertive or neutral) to an approaching bear. Using logistic regression, I 

determined that permanent polar bear displacement was more likely later in the observation 

season and when the bear's initial reaction to a human approach occurred as a greater distance. I 

also found that humans were more likely to act assertively towards a bear when food resources 

(i.e., whale bone pile) in the area were depleted. These behavioral patterns indicate that human 

and bear tolerance change over time and in relation to resource availability.

In Chapter 2, I conducted the first systematic evaluation of polar bear behavioral response 

to overhead aircraft traffic. I conducted field sampling in a fixed-wing aircraft and observed polar 

bear response at varying altitudes. My goal was to intentionally elicit a behavioral response that, 

under the guidelines in the Marine Mammal Protection Act, would be considered biologically 

significant. My objectives were then to 1) predict when a polar bear would exhibit a biologically 

significant behavioral response and 2) estimate the probability of an aircraft eliciting a biologically 

significant response at different altitudes above the animal. Using linear regression and a 

hierarchical Bayesian approach, I found that bears were most likely to exhibit a biologically 
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significant response when they were active prior to sampling, located on the mainland coast, and 

the aircraft approach altitude was less than 457m (1500ft). Furthermore, I found that the probability 

of eliciting a biologically significant behavioral response at a flight altitude of 30m (100ft) was 

21.31% for an inactive bear on a barrier island and 61.46% for an active bear on the mainland 

coast.

Together, these research efforts address pressing knowledge gaps related to polar bear 

behavior on the northern coast of Alaska. Information generated from this project can be used to 

inform management and reduce disturbance for polar bears in a changing Arctic.
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Introduction

Arctic regions are experiencing impacts from climate change at disproportionate rates 

compared to lower latitudes (Cohen et al. 2014; Dai et al. 2019). On the northern coast of Alaska, 

rising global temperatures are resulting in notable changes to sea ice extent, reliability, and 

phenology (Stroeve et al. 2014). More specifically, the southern Beaufort Sea's September sea ice 

extent has declined by approximately 13.3% per decade since 1979 (Stroeve et al. 2012), and this 

region is forecasted to be seasonally ice-free in the summer months by the end of the 21st century 

(Serreze & Strove 2015). Therefore ice-dependent Arctic marine mammals, like the polar bear 

(Ursus maritimus), are adapting their life history strategies.

With the exception of denning, polar bears of the Southern Beaufort Sea subpopulation 

(SBS) have historically spent the entire year on the sea ice (Amstrup et al. 2000; Atwood et al. 

2016; Lillie et al. 2018). However, with current environmental conditions, SBS polar bears have 

decreased access to their preferred habitat located above the shallow, productive waters near the 

continental shelf (Schliebe et al. 2008; Atwood et al. 2016). As a result, recent studies have shown 

SBS polar bears are making the energetic choice to spend the fall open-water period onshore 

(Schliebe et al. 2008; Atwood et al. 2016). Radiocollar data demonstrate SBS polar bear land use 

and duration of stay have increased dramatically since the 1980s (Atwood et al. 2016).

Simultaneously, industrial development, anthropogenic expansion, and tourism have been 

steadily increasing in Arctic regions over the last several decades (Maher 2017; Saarinen & 

Varnajot 2019). Increased onshore polar bear presence, coupled with an expanding anthropogenic 

footprint, has facilitated an increase in human-polar bear interactions (Wilder et al. 2017). This is 

particularly important because, in response to rapid habitat changes, polar bears were listed as 

‘threatened' on the Endangered Species List (ESA) in 2008. Additionally, polar bears are protected 

by the Marine Mammal Protection Act (MMPA). Together, these pieces of legislation provide 

safeguards against intentional harassment and incidental disturbance (MMPA 1972). Managers in 

Arctic Alaska are tasked with the difficult and pressing challenge of balancing development and 
1



conservation with respect to human and polar bear safety in an incredibly dynamic environment. 

Managers have made decisions based on the available information regarding polar bear 

disturbance, but few data are available to address and inform pressing management concerns 

(DOI 2021). Our research aims to provide objective information to inform management of human

polar bear interactions in two different, but related, study systems on the northern coast of Alaska.

Tourism and aircraft activity are both increasing in Arctic regions, but the impacts of these 

activities on polar bears are understudied (Fay 2011; Jacobson et al. 2012; Maher 2017; 

Stinchcomb et al. 2019; Runge et al. 2020). Here, I examine how human presence affects polar 

bear behavior in a terrestrial tourism system and via aircraft traffic.

In my first chapter, I evaluated the outcomes of terrestrial human-polar bear interactions 

that resulted from land-based polar bear viewing in Kaktovik, Alaska. During the fall-open water 

period, polar bears reliably congregate near the Inupiat community of Kaktovik where traditional 

whale harvest practices result in supplemental feeding opportunities for onshore bears (Miller et al. 

2006; Bentzen et al. 2007; Schliebe et al. 2008; Herreman & Peacock 2013; Atwood et al. 2016). 

The ability to observe polar bears in such close proximity to Kaktovik gave rise to a popular polar 

bear viewing tourism industry (Miller et al. 2006). Managing this tourism system for human and 

bear safety became a top priority within the US Fish and Wildlife Service (USFWS). To gain a 

deeper understanding of how humans and polar bears were interacting in this system, I revisited a 

dataset that documented human-polar bear interactions at the Kaktovik viewing area from 2005

2007. My specific objectives were to determine 1) what factors influenced polar bear displacement 

from the viewing area and 2) how humans reacted to interactions initiated by polar bears at the 

viewing area. Results from this research effort reveal important patterns related to human-polar 

bear interaction and behavior that can be used to inform management of future tourism operations.

In my second chapter, I conducted a systematic evaluation of polar bear behavioral 

response to overhead aircraft traffic. Polar bears were intentionally exposed to aircraft activity, and 

guidelines established in the MMPA were used to identify when a polar bear exhibited a behavioral 
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response that had biologically significant implications. Specifically, we were looking for behavioral 

responses that qualified as Level B ‘take,' which is defined by the MMPA as “...disruption of 

behavioral patterns, including, but not limited to, migration, breathing, nursing, breeding, feeding, 

or sheltering” (MMPA 1972). My objectives were to 1) determine what factors influence when a 

polar bear will exhibit a ‘take' response and 2) estimate the probability of an aircraft eliciting a ‘take' 

response at different altitudes above the animal. Our findings from this effort may provide 

management agencies with necessary data to generate aircraft policies and regulations for user 

groups across the northern coast of Alaska.

Findings from both research efforts are directly applicable to my study system. My 

examination of human-polar bear interactions at a feeding site contributed necessary information to 

safely manage this viewing area. Additionally, the aircraft disturbance study generated the first 

systematically collected data on polar bear response to aircraft activity. Without objective and 

defensible management guidelines for minimizing polar bear disturbance, contention among 

different interest groups in Arctic Alaska (e.g., industry, rural communities, land managers) will 

likely continue. This work contributes important information regarding human-polar bear 

interactions to aid managers with finding the balance between human interests and animal 

conservation.
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Chapter 1: Outcomes of human-polar bear interactions in Kaktovik, Alaska1

1 Quigley G, Brinkman TJ, Wilson RR, Miller S (2022) Outcomes of human-polar bear interactions 
in Kaktovik, Alaska. In review with Polar Biology.

1.1 Abstract

Reduction of Arctic sea ice extent and growth of the polar bear (Ursus maritimus) viewing 

tourism industry has resulted in an increase in human-polar bear interactions. To better understand 

and inform management of these interactions, we revisited a dataset that documented human

polar bear interactions from 2005-2007 at a popular viewing area (i.e., whale bone pile) near 

Kaktovik, Alaska. Our objectives were to determine what factors influence: 1) displacement 

(permanent or temporary) of polar bears by humans and 2) human responses (assertive or neutral) 

to interactions initiated by polar bears. Using logistic regression models, we estimated that 

permanent displacement of bears was more likely to occur later in the viewing season and when 

the overt response of the bear occurred at a greater distance from the human. We estimated that 

the likelihood of observing an assertive human response to a bear-initiated interaction was greater 

as time passed since the last whale was harvested and deposited at Kaktovik's bone pile. Our 

findings indicate that behavioral patterns of both bears and humans change over time and in 

relation to food availability at Kaktovik's viewing area. We recommend that future tourism 

management strategies be adaptable within the viewing season to ensure that risks to human and 

bear safety are minimized.

1.2 Introduction

Arctic sea ice provides critical habitat for many species, including polar bears (Ursus 

maritimus). Historically, the majority of polar bears of the Southern Beaufort Sea subpopulation 

(SBS) spent the entire year on the sea ice where they would hunt, breed, travel, and interact 

(Durner et al. 2009; Atwood et al. 2016). As sea ice in the southern Beaufort Sea retreated 

northward during the summer months, polar bears would move with the ice to maximize hunting 

opportunities above the productive waters over the continental shelf. Until recently, land-use for 
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this subpopulation was mostly limited to maternal denning (Amstrup et al. 1994; Atwood et al. 

2016). However, the Arctic is experiencing impacts from climate change at a disproportionate rate 

compared to lower latitudes (Cohen et al. 2014; Dai et al. 2019), and recent rises in global 

temperatures have resulted in changes to sea ice phenology, extent, and reliability (Stroeve et al. 

2014). More specifically, the extent of September Arctic sea ice (typically the period of the annual 

minimum sea ice extent) has decreased at a rate of ~13% per decade since 1979 (NSIDC 2012). 

Additionally, the fall open-water period in the southern Beaufort Sea has increased by 36 days 

since the late 1990s (Atwood et al. 2016). These changes are impacting polar bears' ability to 

access their preferred hunting habitat and prey. As a result, an increasing percentage of the SBS 

subpopulation comes to shore to use terrestrial habitat in later summer and autumn (Atwood et al. 

2016).

The move to shore is energetically expensive for polar bears that are already facing 

nutritional stress (Rode et al. 2015, 2018). Bears that swim to shore expend 22% more energy 

than their counterparts that remain on pack ice (Pagano 2020). However, once on land, some polar 

bears may have access to additional feeding opportunities created by human activities. Onshore 

polar bears in northern Alaska reliably congregate near Inupiat communities located along the 

coast (Atwood et al. 2016). Each fall, during the open-water period, these communities participate 

in the traditional harvest of bowhead whales (Balaena mysticetus). Local harvest practices result in 

community ‘bone piles,' which are comprised of unsalvageable scraps of meat and bones. These 

bone piles are highly attractive to polar bears and provide opportunities for supplemental feeding 

(Miller et al. 2006; Bentzen et al. 2007; Schliebe et al. 2008; Herreman & Peacock 2013). A recent 

study found that 64% of onshore polar bears were within 16 km of three Inupiat communities with 

bone piles. That number rose to 78% in the days after a whale harvest. Notably, 40% of those 

bears were recorded being near the village of Kaktovik, Alaska (Atwood et al. 2016).

The increased onshore presence of polar bears near the community of Kaktovik presents 

both challenges and opportunities for this small, remote community. Although Indigenous peoples 
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of the Arctic have a historic and cultural relationship with polar bears, the ability to observe this 

animal near their village is a relatively new phenomenon (Rode et al 2021). The reliable 

congregation of polar bears near Kaktovik has become a popular viewing destination, increasing 

safety concerns and the need for managing human-bear interactions. In the early 2000s, most 

polar bear viewing was land-based, in which participants would approach and observe bears at the 

bone pile in personal vehicles or on all-terrain vehicles (ATVs). As interest and participation 

increased, tour operators started offering boat-based viewing, which provided a unique, eye-level 

perspective of polar bears that utilize barrier islands surrounding Kaktovik. Since 2010, the 

Kaktovik polar bear viewing tourism system has experienced dramatic growth. Between 2011 and 

2016, the number of annual participants increased from 260 to 2,313 (USFWS 2017). The 

concurrent increase of polar bear presence and interest in polar bear viewing raised concerns with 

the US Fish and Wildlife Service (USFWS), the agency with primary oversight of polar bear 

management, because of the likelihood of increased human-polar bear interactions (Miller et al. 

2006). These interactions have the potential to be dangerous for both the humans and polar bears 

involved. Therefore, it is crucial to understand the nature of human-polar bear interactions to 

properly manage polar bear viewing for the safety of the community, visiting tourists, and polar 

bears.

Previous studies have quantified polar bear behavioral responses to tourism-related activity 

in Svalbard, Norway and Churchill, Canada (Dyck & Baydack 2004; Andersen & Aars 2008). Both 

studies found significant differences in behavioral responses between sex and age classes, with 

females having dependent young being more vigilant to snowmobile approaches and having longer 

flight initiation distances than males or non-maternal females (Andersen & Aars 2008). In Churchill, 

where tourism is largely vehicle-based, male polar bears were more vigilant when vehicles were 

present than females (Dyck & Baydack 2004). Additionally, neither study was able to determine 

how vigilance behaviors were affected by noise associated with approaching vehicles. However, 

speed of the approaching vehicle significantly increased the likelihood of seeing a polar bear 
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reaction (Eckhardt 2005). Finally, bears in Churchill were found to become habituated to vehicle 

presence over time (Dyck & Baydack 2004). When habituation (e.g., repeated, nonconsequential 

exposure to humans leading to decreased reactions from bears) is accompanied by human-food 

conditioning, (e.g., bears learning to associate humans or human artifact with a food reward) it can 

result in more intense subsequent interactions with humans (Watts & Ratson 1989, Herrero 2005, 

Hopkins et al., 2010).

To assess the behaviors of both humans and polar bears during interactions, we relied on 

data documenting daily human-polar bear interactions in Kaktovik during September 2005-2007. 

Although these data were collected over a decade ago, human-bear interactions persist today and 

continue to be relevant to contemporary management concerns. Our goals were to understand 

how polar bears responded to human-initiated interactions (i.e., a human approach that elicited an 

overt behavioral response; overt = physical displacement) and how humans responded to polar 

bear-initiated interactions (i.e., a polar bear intentionally approached a viewing vehicle). More 

specifically, we sought to determine what factors influence and can be used to predict: 1) human- 

related displacement of polar bears from the bone pile and, 2) human responses to polar bear 

behavior. Based on findings from previous behavioral work, we predicted that bear demographics 

and speed of vehicle approach would be significant predictors of bear displacement (Dyck & 

Baydack 2004; Eckhardt 2005; Andersen & Aars 2008). Additionally, we predicted that noise and 

type of vehicle (i.e., ATV vs car/truck) would not contribute significantly to explaining polar bear 

response (Eckhardt 2005). Finally, we predicted that assertive human responses, explained by 

escalating hazing tactics, would increase later in the observation season, and that polar bear 

demographics would be an important explanatory variable.

9



1.3 Methods

Study Area -

Figure 1.1 Map of project study area. Human-polar bear interactions were observed at the bone 
pile near the community of Kaktovik in Alaska.

Kaktovik is located on Barter Island (70°10'N, 143°40'W) off the northern coast of Alaska in 

the Beaufort Sea (Figure 1.1). The island habitat, comprised of Arctic tundra and coastal bluffs, is 

surrounded by barrier islands, which protect the northeastern shoreline of Barter Island. The local 

bone pile is located on the east end of the sandy spit connected to Barter Island, where vehicle

based tourism was popular in the early 2000s and human-bear interactions continue today. 

Bernard Spit is bordered by calm lagoon waters to the south and provides refuge for polar bears to 

rest and interact. Small boat operators use these protected waters between Barter Island and 

Bernard Spit to offer commercial polar bear viewing which has increased in recent years.

Kaktovik is an Inupiat village with a population of ~260, of which 88% are Inupiat Eskimo 

(NSB 2015). Each September, whaling crews from Kaktovik harvest 2 to 4 bowhead whales. This 
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annual harvest provides nutritionally and culturally significant food for the entire community (Koski 

et al. 2005). The annual bowhead whale harvest, and associated disposal practices, has been tied 

to an increased presence of bears near the village of Kaktovik (Atwood et al. 2016; Wilson et al. 

2017). Between 2000 and 2014, aerial surveys were conducted to estimate the number of polar 

bears present near Barter Island in the late summer. Based on data collected over that observation 

period, Barter Island had a daily average of 35.2 (SD=17.7) polar bears present, with a maximum 

of 80 polar bears present during a survey conducted in September of 2012 (Wilson et al. 2017).

Data Collection - Behavioral observations were conducted at the bone pile in Kaktovik during peak 

polar bear activity between dusk and dawn of September 2005-2007. The average length of 

observation season was approximately 18 days, with all observations occurring between 

September 6th - 28th. Researchers observed human-polar bear interactions from a pickup truck 

using a spotting scope (20-60× Leica APO Televid 77, Leica Camera Inc., Northvale, New Jersey), 

binoculars (Leitz 10×42, Leica Camera Inc.), and a high beam spotlight (Garrity Industries, Inc., 

Brampton, Ontario, Canada). Observations were conducted between 1800h and 0900h in 3-hour 

sampling blocks. The sampling window was selected because no bear activity was observed 

during day hours (or 09:00-18:00h) at the bone pile in previous years (Miller et al. 2006). Sampling 

blocks were systematically selected, with each block being sampled once every 2.5 days.

Bear and Human Use of Bone Pile - When possible, observers recorded information on polar bear 

demographics and categorized bears by age and sex class. Bears were placed into demographic 

categories based on body size and shape, genitalia, presence/absence of penile hairs, and 

urination. Initially, the demographic categories included adult male, subadult male, adult female, 

adult female with cubs, subadult female, adult unknown sex, subadult unknown sex, and unknown 

age unknown sex. However, to account for small sample sizes and a proportionally large number 

of unknowns, bears were later pooled into two demographic categories (family group or single 

bear) for analysis.
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Observers also recorded human activity near the bone pile. Their activity variables included 

the type of vehicle (i.e., car/truck or ATV), speed of vehicle approach (i.e., slow = 1 -24 kph, 

moderate = 24-48 kph, or fast = > 48 kph) to the bone pile, use of lights or noise (e.g., honking, 

revving engine), and the estimated distance between an observed bear and human vehicle at the 

time a bear response/interaction was elicited. Observers utilized pre-measured distance markers 

placed concentrically around the bone pile to estimate distance. All these variables were used as 

covariates and factors in our analyses.

Human-Polar Bear Interactions - An all-occurrence sampling method was used to record 1) all 

interactions where a vehicle approach elicited an overt behavioral response (e.g., a physical 

relocation) from a bear (i.e., human = initiator, bear = opponent); and 2) all interactions where 

bears deliberately approached a vehicle present at the bone pile (i.e., bear = initiator, human = 

opponent). Bear responses in which the bear did not respond to a vehicle, responded only by 

alerting (e.g., became vigilant), or changed body position (e.g., from sitting to standing) but did not 

move towards or away from an approaching vehicle, were not recorded.

Human-polar bear interactions were later classified by the reaction of the ‘opponent.' For 

the purposes of this study, when bears were the opponent, we defined their reaction in terms of 

displacement. Individual bears could either be permanently (i.e., bear did not return to bone pile 

within 3-hour sample block) or temporarily (i.e., bear moved but remained near or later returned to 

the bone pile within 3-hour sample block) displaced. Displacement was determined by observers 

continuing to watch the departing bear until it either walked, ran, or swam out of visible range. 

Observers used body/head shape and size, sex, presence of cubs, scars, collars, and ear tags to 

help determine if a newly arriving bear was the same as one that had been displaced. Observers 

found that permanently displaced bears would almost always enter the water in the direction of 

Bernard Spit (Figure 1.1). Bears that were temporarily displaced generally stayed onshore within 

visible range and, after 10-20 min, would re-emerge and circle back to the bone pile.
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When an interaction involved a human as the opponent, their reaction was classified as 

either submissive, neutral, or assertive. We defined a submissive human response as a vehicle 

moving away from the bear, a moderate human response as a vehicle remaining in place, and an 

assertive response as any form of hazing (i.e., yelling, honking, revving vehicle's engine, or moving 

towards the opponent bear to encourage the bear's relocation). Submissive and moderate human 

responses were later pooled for analysis. Observers only documented five cases in which bear 

behavior resulted in a vehicle moving away from the bear. Although the consequences of these 

interactions are noteworthy, the frequency of these interactions did not support an independent 

response category.

We included two temporal variables in our analysis. First, we considered ‘time in season,' 

which indicated the number of days since the beginning of each year's observation season. This 

variable was included to potentially address habituation of bears over time. Secondly, we included 

‘days since whale harvest' which indicated the number of days since a whale was last harvested. 

We included this variable because we assumed that abundance of food available to bears would 

decline over time after a whale carcass was placed at the bone pile, and that this may affect 

behavior. During our observation years, all whales were harvested on or before September 16th 

(Suydam et al. 2006, 2007, 2008).

Data Analysis - We analyzed data using SPSS statistical software (IBM, Armonk, USA). For both 

objectives, we chose to use binary logistic regression models to predict the outcome of interactions 

(objective 1 = permanent or temporary bear displacement, objective 2 = neutral or assertive human 

response). For objective 1, our full model included initiator vehicle type (car/truck vs ATV), vehicle 

speed, use of lights or noise, bear demographic class, time in season, days since whale harvest, 

and distance as possible explanatory variables. A total of 108 samples were included in the 

analysis. For objective 2, our full model included bear demographic class, distance, time in season, 

and days since whale harvest. A total of 61 samples were included in the analysis. It should be 

noted that days since whale was harvested and time in season were highly correlated (r = 0.797), 
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so only one variable was included in the model at a time to avoid problems associated with 

multicollinearity (Table 2).

For both objectives, we used all available combinations of predictor variables to explore 

model outcomes. Overall model significance was measured using an omnibus significance test 

which compared the selected model to the intercept model. For the omnibus test, a significance 

value of <0.05 indicates that the selected model outperforms the intercept model (IBM 2016). We 

then used the finite sample corrected Akaike's Information Criterion (AICc) and change in AICc 

scores to compare and select the top-performing models (Burnham & Anderson 2002). We used a 

Wald chi-square test to determine statistical significance of predictor variables and exponentiated 

beta coefficients strength and direction of the relationship between the predictor and explanatory 

variables.

1.4 Results

Over three years and 363 hours of observation, 169 human-polar bear interactions were 

documented and included in our analysis (Table 1.1). The majority (~64%) of documented 

interactions were initiated by humans, and assertive interactions were almost entirely a result of 

human behavioral response.

Table 1.1 Number of human-polar bear interactions and frequency of observed behavioral 
responses, Kaktovik, Alaska. In human-initiated interactions, bear displacement is the response 
variable. In bear-initiated interactions, human behavior is the response variable.

Human - Initiated Interaction Bear - Initiated Interaction
Year Permanent Temporary Moderate Assertive Total
2005 7 11 8 16 42
2006 13 20 0 5 38
2007 23 34 6 26 89
Total 43 65 14 47 169
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Table 1.2 Model iterations to examine displacement of polar bears (Objective 1, n = 108) and 
human responses (Objective 2; n = 61) and their respective Akaike's Information Criterion for small 
sizes (AICc) scores, change in AICc (ΔAICc), and Omnibus test scores, Kaktovik, Alaska, 2005
07. Final Models are in bold. For objective 1, our final model included distance and time in season.
For objective 2, our final model included days since last whale harvest.

Model AICc △AICc Omnibus
Test

Objective 1 - Polar Bear 
Displacement

150.11 11.2 0.144Vehicle Type + Speed + Lights 
+ Noise + Family Group + 
Distance + Days Since Whale 
Harvest
Vehicle Type + Family Group 
+ Distance + Days Since 
Whale Harvest

145.59 6.68 0.115

Family Group + Distance + 
Days Since Whale Harvest

143.56 4.65 0.064

Distance + Days Since Whale 
Harvest

141.46 2.55 0.027

Vehicle Type + Speed + Lights 
+ Noise + Bear Demographic 
Class + Distance + Time in 
Season

147.18 8.27 0.057

Vehicle Type + Family Group 
+ Distance + Time in Season

143.08 4.17 0.041

Family Group + Distance + 
Time in Season

140.90 1.99 0.019

Distance + Time in Season 138.91 0.00 0.008

Objective 2 - Human
Response
Family Group + Distance + 
Time in Season

59.43 9.93 0.442

Family Group + Time in 
Season

57.12 7.62 0.007

Time in Season 53.85 4.35 0.002
Distance + Days Since Whale 
Harvest

51.55 2.05 0.004

Days Since Whale Harvest 49.50 0.00 0.001

Objective 1. Polar bear displacement - Our best fitting model for predicting polar bear

displacement (permanent vs temporary) included time in season and distance as explanatory 

variables (Table 1.2).

The likelihood of permanent displacement increased by 0.5% per meter (Table 1.3). For

example, the chances of a bear being permanently displaced at an initial response distance of 150 
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m was 50% more likely than at 50m. We also found that with every day that passed in the 

observation season, the likelihood of seeing a permanent displacement increased by 8.9% (Table 

1.3).

Table 1.3 Output from binary logistic regression analysis of human-initiated interactions that 
resulted in permanent displacement (reference category = temporary) of polar bears from the 
bowhead whale bone pile near Kaktovik, Alaska (2005-07) indicated that time in season, and 
distance (m) between humans and bears during an interaction were variables that contributed to 
our best-fit model.

Parameter 95% C.I. Exp(β) P-value Wald df

Intercept
0.060 -
0.469 0.168 0.001 11.58 1

Distance
1.000 -
1.011 1.005 0.045 4.03 1

Time in season
1.017 -
1.166 1.089 0.015 5.96 1

Objective 2. Human Response - ‘Days since whale harvest' was the only predictor of a human 

response to a bear-initiated interaction that was retained in our best-fit model (Table 1.2). We 

found that with every day increase since the last whale was harvested, the likelihood of seeing an 

assertive human reaction to a bear-initiated interaction increased by 58.2% (Table 1.4).

Table 1.4 Output from binary logistic regression analysis of bear-initiated interactions that occurred 
at the bone pile in Kaktovik, Alaska (2005-07) indicated that days since whale harvest was the only 
variable that contributed significantly to our best-fit model.

Parameter 95% C.I. Exp(β) P-value Wald df

Intercept 0.117 - 1.781 0.456 0.259 1.276 1
Days Since 
Whale Harvest 1.161 - 2.157 1.582 0.004 8.427 1

1.5 Discussion

As sea ice extent in the southern Beaufort Sea continues to decline, managing the 

increasing human-polar bear interactions in Alaskan communities is a top priority for wildlife 

managers (Miller et al. 2006). Our results reveal important patterns related to human-polar bear 

interaction and behavior in Kaktovik, Alaska, as well as recommendations for future research. 

Objective 1. Polar bear displacement - Our findings indicate that the distance between bears and 
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humans at initial bear response is a significant predictor of polar bear displacement. We found that 

as distance between humans and bears increases, the likelihood of permanent displacement also 

increases. We speculate that some bears are simply less tolerant of human interaction. Therefore, 

any interaction with a human, even at a great distance, would more likely result in permanent 

displacement from the area. Polar bear studies on response distance and duration of displacement 

are lacking, but ungulate research may provide an explanation. Caribou (Rangifer tarandus) that 

ran from a moving vehicle at greater distances, also ran for a longer duration of time (Horejsi 

1981). Although permanency of displacement and duration of flight are not the same metric, they 

may both be an indication level of tolerance to a perceived threat.

The timing of the interaction also contributed to our final model and the ‘time in season' 

predictor variable for displacement was highly significant. The ‘time in season' variable was 

included in our analysis to serve as a temporal variable that excludes the influence of food 

availability and, therefore, may explain patterns of bear-human habituation. However, our findings 

indicated that permanent displacement is more likely to occur later in the observation season. If 

bear-human habituation was present, we would expect to see the opposite pattern of temporary 

displacement increasing over time. Instead, we again look to the risk-reward tradeoff associated 

with a diminished food resource located in a human dominated area to explain our results (Laundre 

et al. 2010; Bleicher 2017; Gaynor et al. 2019; Zeller et al. 2019). With the diminished reward, 

some bears might be less willing to take risks around humans, specifically female bears with 

dependent young (Miller et al. 2015). This suggests that food availability influences polar bear 

displacement in Kaktovik. As previously mentioned, models for both objectives included either ‘time 

in season' or ‘days since whale' because of high collinearity between the two variables. Although 

we found that the ‘distance' and ‘time in season model' marginally outperformed the ‘distance' and 

‘days since whale' model (Table 2), our results provide strong evidence that polar bear behavior in 

Kaktovik is influenced by food availability and the changes in the risk-reward tradeoff that occur 

over time.
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Bear demographic group (Family group, Table 1.1) was not retained in our top performing 

model. Findings from previous behavioral work regarding the differences in single bears versus 

family groups' response to human activity are somewhat contradictory. In Churchill, most polar 

bear viewing is conducted via tundra vehicle and food is generally not available to bears where the 

viewing occurs. Here, males were more vigilant than females to human vehicle presence. Males 

were observed with their heads up to scan the surrounding area more frequently and for longer 

amounts of time than their female counter parts (Dyck & Baydack 2004). Researchers speculated 

that females, specifically females with young, were more comfortable around the tundra vehicles 

because their presence was viewed as a ‘safety buffer' from threatening males (Dyck & Baydack 

2004). These results were contradicted by a manipulation study conducted in Norway that 

measured behavioral response of polar bears to snowmobile activity. Here, they reported that 

females with cubs were significantly more sensitive to human disturbance and had longer flight 

initiation distances (Andersen & Aars 2008).

Surprisingly, speed of vehicle approach was not a significant predictor of displacement. We 

suspect speed was too difficult to accurately measure visually and could change throughout the 

vehicle's approach, which may have affected how speed was categorized. Previous studies have 

found that both the speed and angle of approach significantly influenced the likelihood of eliciting a 

polar bear response, with fast and direct approaches eliciting stronger responses than slow and/or 

indirect approaches (Eckhardt 2005). Additionally, we did not find that noise (i.e., honking or 

revving the engine) or type of vehicle (ATV vs car/truck) contributed significantly to the fit of our 

model. Although this finding is supported by previous studies which failed to see significant effects 

of human sound on polar bear behavior (Dyck & Baydack 2004; Eckhardt 2005), this result was 

particularly surprising to USFWS biologists with experience working in Kaktovik. Unpublished 

USFWS data show that ATVs are very effective in displacing bears compared to other vehicles, 

possibly because bears associate ATVs with being hunted (USFWS unpublished data). However, 
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we speculate that bears did not react differently to the type of vehicle because the need to feed 

outweighed the risk of an approaching vehicle.

Objective 2. Human response - For our second objective, our best fitting model included ‘days 

since whale harvest' as the only significant predictor. Our findings indicated that the likelihood of an 

assertive human response to a bear-initiated interaction was much greater after time had passed 

since the last whale was harvested. The risk-reward tradeoff may also provide an explanation for 

the increased assertive interactions (Laundre et al. 2010; Bleicher 2017; Gaynor et al. 2019; Zeller 

et al. 2019). We suspect that some bears that utilize the bone pile are more risk tolerant in order to 

obtain food and, therefore, less apprehensive around humans. These individuals that are more risk 

tolerant may require assertive reactions from humans, especially when food resources are 

depleted. Additionally, our second most supported model included time in season as the only 

significant predictor (Table 2). This model indicated that assertive human reactions were more 

likely later in the observation season. Also, in human-bear conflict management, it has been 

documented that bears will readily investigate human areas, especially when nutritionally stressed 

or food attractants are present (e.g., Lunn & Stirling 1985; Towns et al. 2009; Clark et al. 2012; 

Wilder et al. 2017; Atwood & Wilder 2021). Natural curiosity and inexperience of younger bears are 

also thought to be factors that contribute to emboldened behavior that can lead to human bear 

conflicts (e.g., Clark et al. 2012; Voorhees et al. 2014; Rode et al 2018; Atwood & Wilder 2021). 

The increased assertive human responses later in the observation season could, therefore, be 

attributed to humans needing to utilize more aggressive hazing tactics with bears that were either 

more risk tolerant, curious, hungry, food conditioned, or a combination of these factors. However, 

in assertive responses by humans, a small sample of incidents (n=5) involved hazing but were not 

successful and ultimately resulted in vehicles having to move or depart the viewing area. In other 

words, although humans behaved assertively, they didn't always “win” the interaction. Regardless, 

when food rewards are waning at the bone pile, bears spend more time roaming and therefore are 

more likely to encounter and investigate novel stimuli (vehicles) to seek additional foraging 
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opportunities. However, with our current study design and dataset, it is challenging to determine 

which of these factors is driving the assertive human responses.

Bear demographic class (Family group, Table 1.1) was not included in any top performing 

models for our second objective. A recent analysis which documented human-polar bear 

interactions from 1870-2014, found that nutritionally stressed adult male polar bears are most likely 

to threaten human safety (Wilder et al. 2017). Additionally, they found that attacks on humans were 

rarely instigated by females, unless they were defending dependent young (Wilder et al. 2017). We 

suspect that there are demographic patterns among bears that are more risk-tolerant, and 

therefore more likely to require an assertive human response. However, with current sample sizes, 

we can only speculate.

Our study did not include human-bear interactions in which bears did not respond to 

approaching vehicles. Documenting these interactions would likely reveal patterns relating to bear

human habituation in Kaktovik. Given that bear-human habituation can be beneficial in terms of 

bear viewing (Aumiller & Matt 1994), further research is needed to distinguish the effects of 

possible habituation and resource availability on polar bear behavior. Since the observational 

monitoring effort in 2005-07, many components of the tourism system in Kaktovik have changed. In 

2010, an official permitting system for polar bear viewing was implemented, and best practices 

were identified to optimize viewing opportunities and bear safety (USFWS 2015). Instead of mainly 

vehicle-based viewing at the bone pile, most visitors now utilize calm lagoon waters surrounding 

Barter Island to participate in locally guided, boat-based polar bear viewing; however, land-based 

viewing opportunities are still sought by commercial cinematographers and some visitors. 

Additionally, efforts to increase safety by minimizing whale attractants (e.g., pushing whale remains 

into the ocean) have been introduced in some years. Considering these changes, future studies 

could examine how polar bear behavior is affected by boat-based tourism with the absence of 

human-generated food attractants.
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We would encourage liberal sample sizes and more reliable marking of individual bears to 

reduce ‘unknown' demographics and help gain a better understanding of bear demographic 

differences in behavior.

1.6 Conclusion

We found that the bears that are most likely to be permanently displaced by a human- 

initiated interaction are initially at a greater distance from a human, and permanent displacement is 

more likely later in the observation season. We also found that an assertive human reaction to a 

bear-initiated interaction was greater as resources become depleted at the bone pile. Our findings 

indicated that behavior in both bears and humans changed as time passed within each observation 

season. This implies that tourism management strategies need to be adaptable and account for the 

duration of the viewing season on an annual basis to ensure human and bear safety. As more 

polar bears utilize terrestrial habitat, proper management of these shared landscapes can help to 

shape tourism that reduces additional stress on a vulnerable species while also ensuring risks to 

human safety are minimized.
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Chapter 2: Behavioral response of polar bears to aircraft activity on the northern coast 

of Alaska2

2 Quigley G, Brinkman TJ, Wilson RR (2022) Behavioral response of polar bears to aircraft activity on the 
northern coast of Alaska. Plan to submit article to Arctic in 2022.

2.1 Abstract

As land-use for polar bears (Ursus maritimus) of the Southern Beaufort Sea 

subpopulation increases, reducing anthropogenic disturbances is a top priority for wildlife 

managers. Under the Marine Mammal Protection Act, polar bears are protected from intentional 

harassment (Level A ‘take') and incidental disturbance (Level B ‘take'). For the remote and 

roadless areas of the northern coast of Alaska, effective management of aircraft activity is 

necessary to limit both Level A and Level B ‘take.' However, the behavioral impacts of 

overflights are unknown. Here, we conducted systematic sampling in a fixed-wing aircraft and 

intentionally exposed polar bears to aircraft activity until we observed a Level B ‘take' response. 

We used linear regression and a hierarchical Bayesian approach to 1) determine what factors 

influence and can be used to predict when a polar bear will exhibit a behavioral response 

classified as Level B ‘take' and 2) estimate the probability of an aircraft eliciting a Level B ‘take' 

response at different altitudes above the animal. We found that the likelihood observing a Level 

B ‘take' was greater when polar bears were active (compared to inactive) prior to sampling and 

located on the mainland coast (compared to a barrier island). We also found that the probability 

of observing a take is greater when the initial approach altitude of the aircraft is below 457m 

(1500ft). Furthermore, we found that the probability of eliciting a biologically significant 

behavioral response at a flight altitude of 30m (100ft) was 21.31% for an inactive bear on a 

barrier island and 61.46% for an active bear on the mainland coast. Our results provide the first 

systematic evaluation of polar bear response to aircraft activity and can be used to generate 

defensible management plans in the Arctic.
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2.2 Introduction

Anthropogenic expansion into the Arctic has steadily increased over the last several 

decades and, the trajectory of industrial activity is forecasted to surge in this region as Arctic 

sea ice continues to diminish (Van Hemert et al. 2015; Nevalainen et al. 2017; Owen et al. 

2021). Species that rely on sea ice are adjusting their life history strategies to accommodate for 

unreliable sea ice conditions (Atwood et al. 2016a&b). For polar bears (Ursus maritimus) of the 

Southern Beaufort Sea subpopulation (SBS), this means that many bears are forced between 

choosing to spend more time on shore (Amstrup et al. 2006; Gautier et al. 2009; Smith & 

Stephenson 2013; Stephenson et al. 2013; Atwood et al. 2016b) or more time on sea ice over 

unproductive water where food availability is scarce. While on shore, the increased availability 

of human-provisioned food resources (e.g., food waste, hunting scraps, etc.) may concentrate 

bears near human settlements, which includes industrialized portions of the Alaskan Coastline 

(Atwood et al. 2016a). The majority of this region lacks a road network, so rural residents, 

researchers, land managers, tourists, and industry rely extensively on aircraft for access, as well 

as survey efforts associated with monitoring industrial infrastructure (Stinchcomb et al. 2019). 

This means that onshore polar bears may be exposed to increasing levels of aircraft activity.

The potential negative impact of aircraft disturbance to wildlife has been a pressing and 

unresolved issue in Arctic Alaska for decades (Stinchcomb et al. 2019). Information on the 

effects of aircraft on polar bears is particularly important because of current conservation 

concerns and legal stipulations. The polar bear is protected under the Marine Mammal 

Protection Act (MMPA), and in 2008, the species was listed as threatened under the 

Endangered Species Act (ESA). Together, these pieces of legislation are intended to protect 

polar bears from harassment which, under MMPA, is commonly referred to as ‘take.' The 

MMPA defines two levels of ‘take' - Level A and Level B. Level A ‘take' is considered intentional 

harassment and includes “any act of pursuit, torment, or annoyance which has the potential to 

injure a marine mammal or marine mammal stock in the wild...” (MMPA 1972). This excludes 
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military readiness activities, traditional harvest practices, or preapproved research conducted by 

or on behalf of the federal government. Level B ‘take' is viewed as unintentional or incidental 

disturbance and includes activities that “have the potential to disturb a marine mammal or 

marine mammal stock in the wild by causing disruption of behavioral patterns, including, but not 

limited to, migration, breathing, nursing, breeding, feeding, or sheltering” (MMPA 1972). Limited 

amounts of Level B ‘take' can occur on an annual basis, but approval must be obtained through 

the US Fish and Wildlife Service (USFWS). The USFWS carefully monitors the amount of ‘take' 

occurring on the northern coast of Alaska because even incidental changes in polar bear 

behavior may have biologically relevant effects on individual health (e.g., energetic costs, 

displacement from preferable habitat) and demography (e.g., reproductive success, recruitment, 

population size).

Currently, industrial operators (e.g., pipeline surveys, forward-looking infrared flights) 

must ensure that their flight patterns, altitudes, and approach distances comply with regulations 

to avoid unauthorized ‘take' of polar bears. Current guidelines suggest that pilots should 

maintain a minimum of 457m (1,500ft) flight altitude and 804m (½ mile) horizontal distance from 

polar bears. These guidelines are largely based on observations of a bear's ability to detect the 

anthropogenic stimuli (sight, sound) (DOI 2021); however, detection doesn't necessarily equate 

to disturbance. Improved understanding of polar bear response to aircraft activity is necessary 

to advance knowledge on what current practices may result in ‘take' and, potentially, help to 

inform decision-making and regulations. Policies need to protect polar bears but also ensure 

that current regulations are not arbitrary and too restrictive. Management guidelines and 

regulatory decisions for minimizing disturbance will likely continue to lead to contention among 

different interest groups (e.g., industry, rural communities, land managers) without objective and 

defensible information on the association between aircraft stimuli and the responses of polar 

bears.
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Most research on the association between aircraft activity and polar bear behavior has 

focused on denned bears. Findings from these studies indicated that disturbance from aircraft 

traffic was the most likely to increase vigilance, elicit rapid movement, and trigger den 

abandonment compared to stimulus from large machinery, vehicles, and humans on foot 

(Amstrup 1993; Larson et al. 2020). Although behavioral response data of surface bears have 

been collected opportunistically during aerial surveys along the coast (2000-2014) conducted by 

USFWS and USGS (Atwood et al. 2015; Wilson et al. 2017), limited data are available on the 

effects of aircraft activity on polar bear behavior outside of the denning season (DOI 2021) and 

important information gaps remain. Specifically, a systematic evaluation of onshore polar bear 

behavioral response to aircraft activity during the non-denning season is necessary to inform 

decisions for both development and conservation in the Arctic.

Therefore, our objectives were to 1) determine what factors influence and can be used to 

predict when a polar bear will exhibit a behavioral response classified as Level B ‘take' and 2) 

estimate the probability of an aircraft eliciting a ‘take' response at different altitudes above the 

animal. Here, we present findings from a field study in which we intentionally exposed polar 

bears to aircraft activity to explore effects on Level B ‘take' responses. Our findings from this 

novel effort may provide government agencies with the objective data necessary to generate 

defensible aircraft policies and regulations for user groups across the northern coast of Alaska.

29



2.3 Methods

Study Area -

Figure 2.1 Map of project study area. Red brackets encompass the surveyed coastline (Point 
Barrow to USA-Canadian border). Point Barrow, Nuiqsut, Prudhoe Bay, and Kaktovik are 
human settlements located within the bounds of our study area. We did not survey within 10
15km of the Inupiaq communities (Utqiagvik, Nuiqsut, and Kaktovik), and we started our surveys 
after whaling ended for the year.

We conducted aerial searches for polar bear along the northern coast of Alaska between

Point Barrow (71°23'N, 156°28'W) and the western Canadian border (69°38'N, 140°57'W) 

(Figure 2.1). We used spatial distribution data from previous aerial surveys of abundance of 

polar bears to focus our search on coastlines and barrier islands with high relative densities of

polar bears (Wilson et al. 2017). We conducted our sample flights September 23rd-26th of 2021 

because of the reliable onshore presence of polar bear, as demonstrated in previous aerial 

surveys (Atwood et al. 2016a, Wilson et al. 2017). Much of the high concentrations of onshore 

polar bear can be explained by the human generated food attractants that occur as a result of 

the traditional Inupiat whale harvest that occur during August and September (Bentzen et al., 
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2007; Herreman & Peacock, 2013; Atwood et al. 2016a; Wilson et al. 2017). Our late 

September field efforts were scheduled to avoid overlap with fall whaling activities by local 

Indigenous communities. Our flights began after communities had reached their seasonal 

whaling quota, and we continued to give a wide berth (~10-15 km) to communities, occupied 

camps, and boats to avoid disruptions to rural community activities (Figure 2.1; North Slope 

Borough 2021).

Data Collection - All sampling flights departed from the Deadhorse Airport in Prudhoe Bay, 

Alaska (Figure 2.1) and were conducted in a single-engine, Cessna 206 aircraft. Ground-level 

noise (maximum sound level: dB) generated by a level-flying Cessna 206 were at the upper 

noise range (but within ~10 dB) when compared to 13 other fix-wing aircraft (non-jet) when 

tested at above ground level (AGL) from 152m (500ft) to 1,067m (3,500ft) (DOT 2021).

Four observers, including the pilot, were on board each flight and were responsible for 

scanning the coastline and barrier islands for polar bears. After a polar bear was detected, each 

of the three non-pilot observers independently recorded observations. This approach allowed us 

to carefully review any discrepancies in observer records and reach a consensus on the final 

dataset. While searching, the pilot flew transects parallel to the coastline or a barrier island, at a 

horizontal distance of ~500m (1640ft) from the coast to provide observers with an adequate 

angle of view for detection. Three observers, situated opposite the pilot, used the naked eye 

and binoculars to scan the habitat below. To optimize bear detection, avoid disturbance to bears 

during the search, and randomize approach altitudes, the pilot flew at altitudes between 244m 

(800ft) and 457m (1,500ft) at speeds between 70 and 90 knots.

Upon bear detection, observers notified the pilot of the general location using landmarks 

and notable features. If the bear did not elicit a ‘take' response to the aircraft at detection, the 

pilot immediately redirected the aircraft away from the target bear and increased the aircraft's 

altitude to 610m (2000ft) or to the altitude of the cloud layer, whichever came first. After the 

aircraft was approximately 2km from the target bear, the pilot circled back and oriented the 
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aircraft so that the target bear would be on the observers' side of the plane during the sampling 

flight. The sampling flight began when the aircraft was approximately 1.5km from the bear at a 

randomly chosen altitude between 244m (800ft) and 457m (1,500ft). The pilot flew toward the 

bear at a slow, constant cruising speed (70-90 knots). The line of flight was slightly offset to 

create a viewing angle that facilitated direct and continuous observation of the bear by 

observers from the aircraft window.

If there was more than one bear at the location of detection, observers randomly picked 

one bear for sampling. If the bear exhibited a ‘take' behavioral response to the aircraft prior to 

sampling flight or as a result of our search flight, observers documented the altitude of the 

aircraft at the time of the response, included the flight as a ‘take' response, and quickly left the 

area to reduce further disturbance. We focused our sampling on bears that were not running or 

swimming upon approach because of the difficulty in classifying a change in bear behavior that 

qualified as a ‘take'.

During each sampling flight, observers coded behavioral responses as no observed 

response, activity change (bedded to standing, standing to walking, abrupt change in direction, 

abandoning a feeding site, cessation of nursing), or flee (running, flushing into water). If a bear 

response did not meet the criteria of an MMPA Level B ‘take' or greater, the sampling flight was 

repeated at incrementally lower altitudes until a ‘take' response was observed or the aircraft 

reached our lowest altitude treatment level of 30m (100ft). Any behavior classified as an MMPA 

Level B ‘take' ended the sampling flight. After a ‘take' response was observed or we reached 

30m without a ‘take', the pilot would ascend back to 457m (1,500ft), fly directly over the location 

of the bear at initial detection to record GPS coordinates of the bear at detection. GPS 

coordinates, coupled with daily flight tracks provided by the pilot, were used to verify habitat 

type (mainland coast, barrier island) occupied by the bear at detection, and provide spatial data.

Observers also documented environmental (e.g., habitat, weather conditions, food 

availability), demographic (e.g., # of bears, presence of cubs), and pre-sampling behavioral 
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(e.g., bedded, standing, walking) information of the bear or bears at the location. Pre-sampling, 

or initial, polar bear behavior was pooled into two categories: active (e.g., standing, walking, 

feeding, or running) or inactive (e.g., bedded or sitting). When family groups were observed, we 

treated the group as one sampling unit. For example, if a sow and two cubs were sampled, a 

‘take' response from any one of the three bears would end the sampling flight and the family 

group would be assigned a ‘take' response. Additionally, we collected information on bear's 

body composition using Polar Bears International's Standardized Fatness Index Score Card for 

assessing body condition (Stirling et al. 2008). The Fatness Index ranges from one to five, with 

skinny, thin, average, fat and obese as possible classifications. We did not observe any bears 

below average on the Fatness Index. Since it was a challenge for observers to distinguish 

between fat and obese at high altitudes, we created a binary variable for body condition with 

either average or fat as our possible categories.

On consecutive sampling days, we alternated the direction of travel (East - Day 1, West 

- Day 2, etc.) from Prudhoe Bay to avoid resampling the same individual. We recorded flight 

tracks of the aircraft each day to identify and avoid areas that were already surveyed, especially 

the previous day. Location and demographic information also helped observers determine the 

likelihood that sampled individuals were unique. Our authorized research permit allows up to 

four ‘takes' of the same individual (USFWS MA82088B-1) and a total of 50 takes during our field 

study. Our study design was approved by the University of Alaska Fairbanks' Institutional 

Animal Care and Use Committee (IACUC: Permit #1780623).

Data Analysis - We organized and analyzed data using SPSS (IBM, Armonk, USA) and 

Program R (R Development Core Team, Vienna, Austria) statistical software. For our first 

objective, we used a generalized linear model to estimate the main effects of the factors that 

influence and can be used to predict at what flight altitude a polar bear will exhibit a behavioral 

response classified as Level B ‘take.' We did not violate any assumptions of linear regression 

and found that our residuals were normally distributed. For this analysis, we used ‘take' altitude 
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as our response variable and only included flights that resulted in a ‘take' response (n=38). Our 

full model included approach altitude, initial behavior, habitat type, food availability, body 

condition, group size, and whether the bear belonged to a family group as explanatory 

variables. We used all available combinations to explore model outcomes. Overall model fit and 

significance were quantified using an omnibus significance test which compared the selected 

model to the intercept model. For the omnibus test, a significance value of <0.05 indicates that 

the selected model outperforms the intercept model (IBM 2016). We then used the finite sample 

corrected Akaike's Information Criterion (AICc) and change in AICc scores to compare and 

select the top-performing models (Anderson & Burnham 2002). We used a Wald chi-square test 

to determine statistical significance of predictor variables and exponentiated beta coefficients to 

determine strength and direction of the relationship between the predictor and explanatory 

variables.

For our second objective, we analyzed our data using a hierarchical Bayesian approach 

(Royle & Dorazio 2008) to estimate the probability of observing a ‘take' response at each flight 

altitude. We included all sampled altitudes for each flight in this analysis (288 data points from 

57 independent flights). Initially, we attempted to analyze our data using a non-Bayesian 

repeated measures logistic regression, but this approach had difficulty estimating the random 

effects component of the model due to small numbers of repeated measures for some 

individuals. We therefore used the Bayesian approach to account for the non-independence of 

repeated measures obtained for individual bears. Furthermore, the hierarchical Bayesian 

models allow parameter estimates to “borrow strength” from individuals that have larger sample 

sizes (Hobbs & Hooten 2015).

We modeled the observed behavioral response, bi,t, outcome of an overflight on 

individual i during overflight t as: bi,t~Bernouli(pi,t) where pi,t is the probability of an individual 

bear (or family group) exhibiting ‘take' behavior. We modeled pi,t as: logit(pi,t) = β0,i + βxl,t, 
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where β is a vector of regression coefficients that correspond to a vector of attributes, xi,t, 

associated with the conditions present during the observation (e.g., aircraft altitude), and β0,i is 

the intercept coefficient for individual i. We modeled β0,i as: β0,i~Normal(a, σ). The 

population-level intercept term, α, was given a vague prior of a~Normal(0,1.5), where the 

standard deviation was set to 1.5 to allow for a nearly uniform distribution on the logit scale 

(Hooten & Hefley 2019). We also gave the inter-individual standard deviation for the intercept 

term, σ, a vague prior of σ~Uniform(0,3). All regression coefficients were given vague priors: 

β~Normal(0,1.5).

Our full model included approach altitude, initial behavior, habitat type, body condition, 

group size, and whether the bear belonged to a family group as explanatory variables. We ran 

all subsets of the full model and used Watanabe-Akaike Information Criterion (WAIC; Hobbs & 

Hooten 2015) scores to compare model fit. Models with a ΔWAIC ≤ 2 from the top performing 

model were considered competing models. We then selected the most parsimonious model 

from the set of competing models as our final model.

We estimated the posterior distributions for each parameter in the models with Monte 

Carlo Markov Chains using the package ‘runjags' (Denwood 2016) to run the program JAGS 

(Plummer 2003) from R (R Development Core Team 2021). We allowed 5,000 iterations to be 

used for the adaptation phase of the model, with a burn in of 50,000 iterations. We then 

obtained 100,000 samples from the posterior distribution which were thinned by 100 to obtain 

1,000 samples from the posterior distribution for model inference. We visually assessed each 

parameter's posterior distribution for convergence. We performed posterior predictive checks 

(Chambert et al. 2014) to determine how well the model fit our observed take data. We 

calculated Bayesian P values for two test statistics (mean and standard deviation) and 

considered P values for test statistics between 0.1 and 0.9 to indicate a good fit for a given test 

statistic (Hobbs & Hooten 2015).
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2.4 Results

Over four days (Sept. 23-26) and approximately 20 hours of flight time, we conducted 57 

sample flights to document the behavioral responses of polar bears to overhead aircraft activity. 

Behavioral responses that qualified as Level B ‘take' responses were observed in 38 (66.6%) of 

the sample flights. Mean and median take altitude was 142.65 m (468.42 ft) and 121.92 m (400 

ft), respectively. The majority of our samples were conducted over barrier islands (73.6%) and 

involved bears that were active upon our approach (59.6%) (Table 2.1). We rarely sampled 

bears that were near feeding sites (12.3%) and the majority of our sampled bears had average 

body condition (71.9%), according to the Standardized Fatness Index (Table 2.1; Stirling et al. 

2008). Polar bear group sizes ranged from one to seven, with an average group size of 1.39 

bears (Table 2.1). We also encountered 15 family groups and they represented 26.3% of our 

sample population (Table 2.1).
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o predict and estimate the probability of observing a Level B ‘take' response.
Table 2.1. Descriptive results from aircraft sampling effort (N=57). Variables included in the table were later used in modeling efforts

Variable Approach

Altitude (m)

Take

Alt. (m)

Initial Behavior Habitat Type Feed Site

Present

Body Condition Family Group

Category Mean (SD) Mean (SD) Active Inactive Main

land

Barrier

Island

Yes No Average Fat Yes No

355.60 142.65 34 23 15 42 7 50 41 16 15 42

(102.77) (110.94)
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Objective 1.

Table 2.2. Model iterations from generalized linear regression used to examine the likelihood of 
observing a behavioral response that qualifies as a Level B ‘take' (n = 38) and their respective 
Akaike's Information Criterion for small sizes (AICc) scores, change in AICc (ΔAICc), and 
Omnibus test scores. Final Model is in bold.

Model AICc △AICc Omnibus
Test

Approach Altitude + Initial Behavior + 
Habitat Type + Food Availability + Body 
Condition + Group Size + Family Group

217.51 12.71 0.103

Initial Behavior + Habitat Type + Food 
Availability + Body Condition + Group 
Size + Family Group

214.06 9.26 0.064

Initial Behavior + Habitat Type + Food 
Availability + Body Condition + Group 
Size

210.86 6.06 0.036

Initial Behavior + Habitat Type + Food 
Availability + Body Condition

207.90 3.10 0.019

Initial Behavior + Habitat Type + Body 
Condition

206.58 1.78 0.016

Initial Behavior + Habitat Type 204.80 0.00 0.009

Our best fitting main effects model for predicting when a polar bear will exhibit a 

behavioral response classified as Level B ‘take' included initial behavior and habitat type as 

significant predictor variables (Table 2.2). Active bears exhibited a take response at a higher 

altitude than inactive bears. We found that for every 30m (100ft) increase in altitude, the 

likelihood of ‘taking' an active bear, compared to an inactive bear, increased by 3.04 times 

(Table 2.3). Bears on barrier islands exhibited a take response at a higher altitude than bears on 

the mainland. We found that for every 30m (100ft) increase in altitude, the likelihood of ‘taking' a 

bear on a barrier island, compared to a bear on the mainland coast, decreased by 2.24 times 

(Table 2.3).
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Table 2.3. Output from generalized linear regression analysis of the likelihood of an aircraft 
eliciting a Level B ‘take' response in a polar bear. Our top preforming model indicated that Initial 
Behavior and Habitat Type were variables that contributed to our best-fit model.

95% Confidence
Parameter Interval β

P-value Wald df

Intercept 1.663 - 6.680 4.172 0.001 10.625 1
Initial 
Behavior 0.816 - 5.265 3.040 0.007 7.175 1
Habitat Type -4.527 - 0.055 -2.236 0.056 3.660 1

Objective 2.

Table 2.4. Top performing model iterations of the logistic regression used to estimate the 
probability of a polar bear exhibiting a Level B ‘take' response at each flight altitude (n=288). 
Watanabe-Akaike Information Criterion (WAIC) scores were used to compare model fit and 
change in WAIC (△WAIC) was used to rank competing models. Competing models had a 
ΔWAIC ≤ 2. We selected the most parsimonious model from the competing models as our final 
model. Our final model is in bold.

Model WAIC △WAIC

Approach Altitude + Initial Behavior + Habitat Type + Body 
Condition + Group Size + Family Group

188.57 0.00

Approach Altitude + Initial Behavior + Body Condition + 
Group Size + Family Group

188.70 0.13

Approach Altitude + Initial Behavior + Habitat Type + Body 
Condition + Group Size

189.43 0.86

Approach Altitude + Initial Behavior + Habitat Type 190.25 1.68

Approach Altitude + Initial Behavior + Body Condition 190.49 1.92

Approach Altitude + Initial Behavior + Body Condition + 
Group Size

190.56 1.99

Our top-performing model for estimating the probability of ‘take' was our full model and 

included all of our measured variables as explanatory variables. However, many of the 95% 

Credible Intervals overlapped zero indicating there was not sufficient information contained in 

those variables to draw conclusions with confidence. We, therefore, chose to select the most 

parsimonious model from the list of competing models, which were all ΔWAIC ≤ 2 from our top 

performing model. Our final model had 95% Credible Intervals that were reliable and supported 

the significant relationships identified by our linear regression.
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Our final, and most parsimonious, model for estimating the probability of ‘take' included 

approach altitude, initial behavior, and habitat type as significant predictor variables (Table 2.4). 

We found no evidence of lack of convergence for our model and Bayesian P-values indicated 

good model fit (mean P = 0.46, SD P = 0.46). Our results indicate that approach altitude and 

probability of take are inversely related, meaning when the aircraft approached from a higher 

altitude the likelihood of eliciting a ‘take' response was lower. We used our estimate of the 

parameter mean to calculate odds ratios for each significant variable. Bears that were active 

upon approach and on the mainland were more likely to exhibit a take response than inactive 

bears and those observed on the barrier islands (Table 2.4). We found that bears were 2.62 

times more likely to exhibit a Level B ‘take' response when active compared to when inactive 

(Table 2.4). We also found that bears were 1.36 times more likely to exhibit a Level B ‘take' 

response when on the mainland coast than on the barrier islands (Table 2.4).

Table 2.5. Output from logistic regression analysis used to estimate the probability of a polar 
bear exhibiting a Level B ‘take' response. Our final model included Approach Altitude, Initial 
Behavior and Habitat Type.

95% Credible 
Parameter Mean Interval
Intercept -3.31 -4.52 - -2.35
Approach 
Altitude -1.37 -2.36 - -0.59
Initial Behavior 1.62 0.55 - 2.77
Habitat Type 0.36 -1.01 - 1.85

We calculated the mean predicted probability of ‘take' using our logistic regression 

equation and included the probability curves for the circumstances most likely (active bear on 

the mainland coast, Figure 2.2) and least likely (inactive bear on barrier island, Figure 2.2) to 

lead to a ‘take' response.
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Figure 2.2. Probability of observing a behavioral response that qualifies as a Level B ‘take'. The 
black line indicates ‘take' probability for an active polar bear on the mainland coast. The grey 
line indicates ‘take' probability for an inactive polar bear on a barrier island.

2.5 Discussion

Anthropogenic expansion in the Arctic, coupled with increased land use by Southern 

Beaufort Sea polar bears, has increased human-bear interactions and conflict. For the remote 

and roadless areas of the northern coast of Alaska, many human-polar bear interactions will 

occur via aircraft. Results from our systematic evaluation of polar bear response to aircraft 

activity reveal important behavioral patterns that can be used to inform policy and regulations 

that balance human interests and polar bear conservation. More specifically, we generated 

quantitative data on the likelihood of bears exhibiting a take response to aircraft and provided 
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modeling results that explain how different variables influence the occurrence and altitude of 

take.

For both of our research objectives, our final selected models indicated that initial polar 

bear behavior was an important variable for predicting ‘take' responses. For the purposes of 

our study, we included walking, standing, running, and feeding as active initial behavior and 

sitting and laying/bedded as inactive behavior. We found that bears were more likely to exhibit a 

Level B ‘take' behavioral response when the bear was active prior to sampling. We also found 

that the probability of ‘taking' an active bear was greater at higher altitudes compared to inactive 

bears. For example, our model predicted that there is 21.31% chance that an inactive bear 

located on a barrier island will exhibit a ‘take' response at 30m (100ft), while there is a 61.46% 

chance that an active bear located on the mainland will exhibit a ‘take' response at 30m (100ft) 

(Figure 2.2). We are not aware of any previous efforts that systematically examined the 

relationship between aircraft activity and polar bear behavior, but findings from studies involving 

other species provide support for our results. When assessing ungulate response to aircraft 

activity, researchers saw that activity prior to sampling influenced disturbance responses 

(National Park Service 1994). More specifically, barren-ground caribou (Rangifer tarandus) that 

were initially resting were the least reactive to overflights compared to animals that were moving 

or feeding (Calef et al. 1976; Efroymson et al. 2001). Woodland caribou also exhibited more 

intense behavioral responses to aircraft presence if they were initially walking compared to 

resting animals (Harrington & Veitch 1991; Efroymson et al. 2001). These behavioral patterns 

suggest that disturbance of polar bears on the northern coast of Alaska may be further reduced 

if regulations are designed to limit flights near active bears.

The polar bear's location, or habitat type, was also an important predictor of bear 

behavior in both of our models. Habitat type was a dichotomous variable and included mainland 

coast or barrier island as response categories. We found that polar bears appeared to be more 

tolerant of overhead aircraft traffic when located on barrier islands, and their predicted ‘take' 

42



altitudes were higher when samples were conducted over the mainland coast. We believe the 

observed behavioral differences speak to how polar bears are using habitat on the northern 

coast of Alaska. Although the majority of our sampled bears were located on barrier islands 

(73.7%), there were proportionally more active bears on the mainland coast compared to barrier 

islands. Barrier islands are considered critical habitat and provide important areas for resting, 

seeking refuge from human disturbance, feeding, and travel (DOI 2021). This marine mammal 

may feel less threatened by aircraft activity when on a barrier island because of the proximity to 

water, which can act as an escape cover. Conversely, polar bears may be more vulnerable to 

disturbance on the mainland coast because it is shared with human settlements, industrial 

development, and other bear species, like the grizzly bear (Ursus arctos). We speculate that 

bears on the mainland coast may be more vigilant and flighty because of the increased 

likelihood of human interactions and/or interspecific competition with grizzly bears (Miller et al. 

2015).

Initial approach altitude was a significant predictor in our logistic regression model. We 

intentionally randomized aircraft approach altitude which ranged from 182.88m (600ft) to 457m 

(1500ft) with a mean of 355.60m (1166.67ft). We found that approach altitude and probability of 

‘take' had an inverse relationship, regardless of initial polar bear behavior or sample location 

(Figure 2.2). We believe this can be explained by the possible acclimation to the presence of an 

aircraft. Bears have demonstrated the ability to become habituated to novel, overhead stimulus 

relatively quickly (Ditmer et al. 2019). For example, McLellan (1990) reported that grizzly bears 

that were not previously immobilized by aircraft became accustomed to the stimulus and 

occasionally did not display any vigilance behavior to their presence (McLellan 1990). 

Therefore, we think that an initial approach at a high altitude may be less alarming, and the 

gradual drop in altitude may ease the bear to the aircraft's presence. Whereas an initial 

approach at lower altitude may be a greater and more abrupt stimulus. Thus, an initial approach 
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at 243.84m (800ft) is perceived differently than a 243.84m (800ft) sample after the aircraft has 

circled the bear a few times at a higher altitude.

Family group was not retained in either of our final models. When a family group was 

sampled, we observed that all bears in the group exhibited the same reaction. Therefore, for our 

analysis, we treated a family group as one sampling unit. Although this is a valid approach, this 

may have impacted our results. For example, when a female with two cubs exhibited a ‘take' 

response, this was only considered one ‘take' instead of three. We did not include vigilant 

behavioral reactions in our analysis, but it should be noted that many family groups were quick 

to become vigilant. Nonetheless, family groups did not exhibit ‘take' responses at greater rates 

compared to lone bears. Results from previous studies investigating ungulate response to 

aircraft activity are mixed. Both Cote (1996) and Goldstein et al. (2005) found no relationship 

between family groups and behavioral response in mountain goats (Oreamnos americanus), 

while Ballard (1975) found female mountain goats with young were the most sensitive to aircraft 

disturbance (Goldstein et al. 2005). Additionally, the behavioral responses of polar bears to 

approaching snowmobiles were examined in Svalbard. They found that females with cubs were 

the most sensitive to disturbance, had the longest flight initiation distances, and the furthest 

displacement rates (Andersen & Aars 2008). Of course, overhead aircraft traffic and 

snowmobile approaches are not the same stimulus, but additional data collection may be 

necessary to ensure that family groups are appropriately protected from disturbance.

Neither of our final models included body condition as a significant predictor of polar 

bear behavior. It should be noted that descriptive statistics regarding body condition indicated 

that a lower proportion of fat bears exhibited a take response compared to average bears. We 

calculated that 56.3% of fat bears did not exhibit ‘take' responses before we reached our 

minimum flight altitude of 30.48m (100ft) while 75.6% of average bears demonstrated ‘take' 

behavior by 30.48m (100ft). However, we speculate the relationship was not statistically 

significant because of relatively small sample sizes (n=16 fat bears).
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Group size or food availability/presence of a feed site were also not retained in any final 

models. However, we anticipate that this may be linked to our study area and design. Polar 

bears on the northern coast reliably congregate near Inupiat communities that participate in the 

traditional harvest of bowhead whale (Balaena mysticetus). Local harvest and disposal practices 

result in community ‘bone piles' which act as highly attractive supplemental feed sites (Miller et 

al. 2015; Bentzen et al. 2007; Schliebe et al. 2008; Herreman & Peacock 2013). Recently, a 

study found that 64% of onshore polar bears were within 16 km of Utqiagvik (near Point 

Barrow), Kaktovik, and Cross Island (Nuiqsuit's whale haul out location) (Figure 1.2). That 

number rose to 78% in the days after a whale harvest, and 40% of those bears were near 

Kaktovik (Atwood et al. 2016a). Since we conducted our aerial surveys after whaling season 

and gave 10-15km buffers to Utqiagvik and Kaktovik, we suspect that large groups of bears with 

access to feed sites may have been on shore, but unavailable for sampling. Therefore, 

variability in group size was lacking and we had very few observations where bears were near a 

feed site (n=7). In a study measuring the behavioral reactions of humpback whales (Megaptera 

novaeangliae), results indicated that group size was a strong predictor of disturbance (Cantor et 

al. 2010). Here, whales that were in larger groups were less likely to react to boat presence 

compared to whales in smaller groups. Further research is necessary to determine exactly how 

group size impacts polar bear reaction to aircraft presence.

We acknowledge that small sample sizes for some variables and a short sampling 

window are limitations of our study. We suggest this study be repeated at varying times 

throughout the year to consider the possible relationship between aircraft disturbance and 

seasonality. For example, after the whaling season, the physiological condition of polar bears 

may be better than before the whaling season (McKinney et al. 2017). The reduced access to 

food prior to whaling may change the bear's behavior and their response to human activity. 

Additionally, we recommend conducting aerial sampling with a variety of different aircraft 

including helicopter, as helicopter traffic has shown to be more disruptive than fixed-wing aircraft 

45



(Bleich et al. 1994; National Park Service 1994; Born et al. 1999; Ward et al. 1999; Frid 2003; 

Goldstein et al. 2005).

2.6 Conclusion

Findings from our effort show that Level B ‘takes' did occur at the current suggested 

altitude buffer (457m; DOI 2021) but were rare. As expected, the probability of observing a 

Level B ‘take' response increased as altitude decreased. We found that polar bear sensitivity to 

disturbance was significantly related to their initial behavior, where they were located, and the 

aircraft's approach altitude. This information provides USFWS and commercial aircraft operators 

with quantitative data that can be used to inform decision-making and policy related to 

interactions between fixed-wing aircraft and polar bear along the northern coast of Alaska.
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Conclusion

The combined effects of 1) reduced sea ice in the Beaufort Sea (Stroeve et al. 2012; 

Stroeve et al. 2014; Serreze & Strove 2015) 2) increased polar bear presence on shore 

(Schliebe et al. 2008; Atwood et al. 2016), and 3) anthropogenic expansion in the Arctic (Maher 

2017; Saarinen & Varnajot 2019) have resulted in an increase in human-polar bear interactions 

on the northern coast of Alaska (Wilder et al. 2017). Considering current climate projections and 

information regarding the spatial distribution of on shore polar bears (Serreze & Strove 2015; 

Atwood et al. 2016), it is very likely that the frequency of these interactions will continue to 

increase in the years to come. Managing these interactions for human and bear safety is 

challenging without systematic, objective data to inform regulations. Through the objectives in 

this thesis, I addressed knowledge gaps related to the behavioral impacts of 1) land-based polar 

bear viewing and 2) overhead aircraft traffic.

The results from my assessment of human and polar bear behavior at Kaktovik's bone

pile tell an interesting story about human-polar bear interactions near a provisioned food 

resource. My results show that polar bear response to human presence is strongly influenced by 

resource availability. However, there also seems to be a spectrum of tolerance for individual 

bears, which is likely informed by previous life experience. Bears that were the least tolerant of 

human presence were permanently displaced from Kaktovik's bone pile at greater interaction 

distances. Conversely, bears that were the most tolerant of humans were not displaced and 

were involved in assertive human interactions, especially later in the season when food 

availability was low. Managers need to be aware of the threat that conditioned bears can pose 

to human safety (Hopkins et al. 2010), while also recognizing access to feed sites, like 

Kaktovik's bone pile, is beneficial for this vulnerable species (McKinney et al. 2017).

The tourism industry in Kaktovik has undergone many changes since the time my 

human-polar bear interaction data were collected. Kaktovik's land-based viewing system rapidly 
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transitioned into a boat-based viewing industry that offered thousands of annual visitors the 

unique opportunity to observe polar bears from the water (USFWS, 2017). Boat-based viewing 

was perceived to be less risky for human participants, and viewers were often formally briefed 

by USFWS personnel about appropriate behavior around bears. Studies were conducted to 

gather information on participant motivation and satisfaction (Miller et al. 2020), but no research 

had been done to determine how boat-based tourism may be affecting polar bear behavior. In 

2019, I was recruited as the graduate research assistant responsible for conducting the first 

behavioral impact study on the boat-based tourism industry but, in 2020, the COVID-19 global 

pandemic shut down tourism in Kaktovik. Still, in 2022, it is unclear if boat or land-based viewing 

will ever resume in the community of Kaktovik. Regardless, whether in Kaktovik or in a different 

Arctic community, boat-based polar bear viewing will likely be offered in the future, and the 

impacts of this activity are still unknown. My research offers some insight to how humans and 

polar bears interact in a tourism setting, but a systematic study is necessary for the future of 

boat-based tourism.

The evaluation of polar bear response to aircraft activity was a novel effort and 

advanced knowledge regarding polar bear behavior in a changing Arctic. My results showed 

that polar bear reactivity to aircraft presence is dependent on prior behavior, location, and the 

initial approach altitude of the aircraft. I found the most sensitive bears to aircraft traffic were 

active bears located on the mainland coast, and the most tolerant bears were inactive bears on 

barrier islands. Unsurprisingly, polar bears were more likely to exhibit a Level B ‘take' response 

if the aircraft approached at an altitude lower than 457m (1500ft). Again, these findings 

exemplify that polar bear tolerance of human activity exists on a spectrum. Regulations for 

aircraft traffic should be tailored to the reactions of the most sensitive bears to minimize 

disturbance. Since Level B ‘takes' did occur at 457m (1500ft) while following the current aircraft 

guidelines, raising the minimum flight altitude and directing aircraft traffic away from the 

immediate coastline may alleviate most potential disturbance on the northern coast of Alaska.
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Together, these chapters add information to the limited body of behavioral research on 

polar bears of the Southern Beaufort Sea subpopulation. Managers and policymakers can use 

these findings to inform defensible management plans and regulations for current and future 

developments. It is important to acknowledge the incredibly dynamic nature of this region when 

considering management decisions, and we should be prepared to adapt accordingly in order to 

balance responsible development and conservation in the Alaskan Arctic.
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