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ABSTRACT 

A SPATIAL AND TEMPORAL ANALYSIS OF HUMAN-BLACK BEAR CONFLICT 

IN VIRGINIA 

Katherine C. Malpeli, M.S. 

George Mason University, 2017 

Thesis co-Directors: Dr. Larry Rockwood 

 

Black bear populations in Virginia have been recovering from near extirpation for 

the last century. The expansion of both human and bear populations has coincided with 

an increase in human-black bear conflicts. In developed areas, common complaints 

include damage to bird feeders, scavenging on garbage cans, and foraging at dumps. In 

rural areas, bears are known to damage agricultural commodities such as crops, and 

rarely, livestock. Mitigating human-black bear problems is one of six goals outlined in 

the Virginia Department of Game and Inland Fisheries’ (VDGIF) Black Bear 

Management Plan. Using the VDGIF’s database of reported black bear complaints, this 

study examines the spatial and temporal trends in human-black bear conflict in Virginia 

from 2008 to 2015. 

The first goal of this study was to assess trends in the types of conflicts that occur, 

the seasonality of these conflicts, and changes in the distribution of conflicts over time 
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across the state. This goal was achieved through a combination of statistical measures and 

spatial analyses exploring the magnitude of change in the number of conflicts over time, 

clusters of conflict increases and decreases, and the direction of change in the number of 

conflicts over time. The second goal was to assess the role of ecological and 

anthropogenic variables in explaining the spatial distribution of human development-

related and agriculture-related conflicts in the western half of the state, where conflict 

density was highest. Multiple logistic regression was used to test 27 a priori candidate 

models to achieve this goal. 

The results of the conflict type and seasonality analyses demonstrated that human 

development conflicts were the most common conflict type (66.7%), that the majority of 

reported conflicts involved damage (73.5%), and that most conflicts occurred in the 

summer and spring (81.3%). The results of the spatial analysis highlighted the 

widespread distribution and inconsistent nature of conflicts across much of Virginia 

during this period, though conflicts were somewhat concentrated in the western half of 

the state. The  clustering of increases in conflict during several annual intervals points to 

four western regions of the state that could be targeted for conflict prevention measures. 

However, given the widespread distribution of conflicts across the state, public education 

efforts would be beneficial in most counties. The results of the regression analysis 

demonstrate that areas of human development located near large forests are at the greatest 

risk of human-development related conflicts. Meanwhile, areas at greater risk of 

agricultural conflict are those that are close to large forests and minor roads, and are of 

lower slope and elevation.  
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The results of this study demonstrate the complexity of human-black bear 

conflicts in Virginia. Conflicts are widespread, as bear populations have expanded and 

adapted to living in a range of habitat conditions, including more developed areas. While 

conflicts have occurred in almost every county in the state, they are in general more 

concentrated in the western counties. For human development-related conflicts in 

particular, black bear managers can expect greater numbers of conflicts to occur at the 

interface of larger forest patches and human development. These results can be used to 

help target the strategic implementation of management actions aimed at reducing 

human-black bear conflicts in Virginia. 
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CHAPTER ONE: AN OVERVIEW OF HUMAN-BLACK BEAR CONFLICT 

Human-Carnivore Conflict 
Human-carnivore conflict poses a significant threat to carnivore conservation and 

challenges wildlife managers worldwide. With the growth of human populations, human 

activities have expanded further and further into carnivore habitat. This has resulted in a 

loss of habitat, wild prey depletion, and increased contact between people and carnivores, 

all of which contribute to an increased frequency of human-carnivore conflict in many 

areas (Treves & Karanth, 2003). Such conflicts often lead to the retaliatory killing of 

carnivores and resistance within local communities to conservation efforts. Of additional 

concern is the fact that many of the species involved in conflicts are in decline. Sixty-one 

percent of the world’s largest carnivore species are listed as threatened by the 

International Union for the Conservation of Nature (IUCN), while 77% are experiencing 

population decline. The ways in which human-carnivore conflicts are managed will have 

significant implications for carnivore conservation, as well as for the ecosystems they 

inhabit. Large carnivores play a critical ecological role, regulating prey species through 

predation and mesocarnivores through intraguild competition. The decline or absence of 

carnivores can therefore alter the structure and function of entire ecosystems (Ripple et 

al., 2014). 

Human-carnivore conflict falls under the broader category of human-wildlife 

conflict. Human-wildlife conflict has been defined as situations in which “the needs and 
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behavior of wildlife impact negatively on the goals of humans or when the goals of 

humans negatively impact the needs of wildlife” (Madden, 2004, p. 248). The most 

common examples of the first scenario involve wildlife damaging livestock or crops and 

lead to humans viewing wildlife as a threat to economic security. Occasionally, wildlife 

may also attack humans, in which case they threaten human safety. Likewise, humans can 

have a direct negative impact on wildlife when they kill wildlife due to a perceived threat 

or when they reject wildlife conservation efforts. While a wide-range of species are 

involved in conflicts, large mammals typically receive the most attention and are the 

most-well documented (Madden, 2004).  

It is also important to recognize that the issue of human-wildlife conflict is a 

biological, social, cultural, economic, and political one. A conflict occurrence can be 

intensified when local communities feel that the welfare of wildlife is given more priority 

than their own; when perceptions of the threat of conflict do not align with the actual 

threat; when vulnerable populations feel that their livelihoods are at risk due to wildlife; 

or when the species involved is threatened or endangered. The wide range of factors 

involved make human-wildlife conflict a challenging problem to predict, manage, and 

prevent, as each conflict situation may be unique (Graham, Beckerman, & Thirgood, 

2005; Madden, 2004).  

While the specific factors that lead to a conflict may differ situationally, it is 

generally agreed that the overall increase in the frequency and severity of conflicts can be 

directly attributed to increasing human populations. Global human population growth has 

been cited as one of the greatest threats to carnivore conservation for the foreseeable 
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future (Ripple et al., 2014). Humans have expanded into previously undeveloped areas, 

bringing people into closer contact with wildlife. This has resulted in increased 

competition between humans and wildlife for limited resources, such as space and food. 

As humans have converted land to agricultural plots and settlements, wildlife habitat has 

become smaller and more fragmented.  

The biology of many large carnivores can also predispose them to conflict with 

humans. Large carnivores have high food requirements and extensive home ranges which 

they roam in search of prey, increasing the likelihood that they will come in contact with 

humans or livestock (Ripple et al., 2014). Exacerbating the situation is the fact that large 

carnivores have slow life histories and low population densities, making it difficult for 

many species to recover in the face of the lethal management that may follow conflict 

(Ripple et al., 2014). 

Human-Black Bear Conflict 
Of the large carnivore species found in North America, black bears are implicated 

in a notable and increasing number of conflicts. Along with other large carnivore species 

in North America, the American black bear (Ursus americanus) was widely hunted 

throughout the 19th and early-20th centuries. While once common across the continent’s 

forested regions, black bears experienced a 39% reduction in range and some eastern 

populations were extirpated (Howe, Obbard, & Schaefer, 2007). However, by the mid-

20th century, a shift in values towards wildlife preservation resulted in laws and policies 

directed at conserving black bears and other species. At the same time, areas of suitable 

black bear habitat increased due to the ecological succession on abandoned farmland and 
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public land purchases. As a result, North America’s black bear population increased by 

13% from 1970 to the late-1980s (Hristienko & McDonald, 2007). Today, overall 

population estimates for the black bear range from approximately 750,000 to 918,000 

bears (Hristienko & McDonald, 2007). Bears are present in 40 U.S. states (with 

occasional sightings in six additional states), throughout Canada, and in parts of Mexico 

– a range equal to 50% of the North American continent (Scheick & McCown, 2014). 

Further, in most of these states and Canadian provinces, black bear populations are 

reported to be stable or increasing (Hristienko & McDonald, 2007). 

As human populations continue to grow and as the landscape becomes 

increasingly developed and fragmented, black bears and humans are being pushed into 

closer and closer proximity with each other. Black bears are generalist, opportunistic 

omnivores that have rapidly adapted to the altered landscapes created by human 

development, and like coyotes (Canis latrans), may even experience a commensal 

relationship with humans (Beckmann & Berger, 2003). As such, many black bear 

populations have continued to grow in the face of increasing human populations, 

resulting in a coincident increase in human-black bear conflict. Human-black bear 

conflict is defined here as “any situation where wild bears use (undesirably) or damage 

human property; where wild bears harm people; or where people perceive bears to be a 

direct threat to their property or safety” (WSPA, 2009).  

Of the three bear species that inhabit North America, black bears are found in 

greatest abundance and are implicated in the greatest number of conflicts (Gore, Knuth, 

Curtis, & Shanahan, 2006a). Most conflicts involve bears raiding anthropogenic food 
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sources such as garbage bins and birdfeeders, though more significant but much rarer 

conflicts also occur, such as damage to agriculture, livestock, and very rarely, injury to 

humans. As a result, black bear management in most states has shifted from a focus on 

increasing or recovering bear populations to resolving the conflict issues that have arisen 

due to their abundance (Organ & Ellingwood, 2000). According to Spencer et al. (2007), 

an estimated 43,000 complaints against black bears are made to state and provincial 

wildlife agencies annually in North America, and 82% of wildlife agencies indicate that 

black bear problems are common, increasingly common, or a serious problem. This is 

compared to a survey completed by Will (1980) nearly 30 years prior, in which states 

were reported to handle fewer than 50 black bear complaints per year.  

Several studies have shown that the public generally maintains a positive attitude 

toward black bears (Don Carlos, Bright, Teel, & Vaske, 2009; Lowery, Morse, & Steury, 

2012). However, wildlife agencies are concerned that a continued rise in conflicts may 

eventually dampen public tolerance for bears, threatening their long-term conservation 

(Siemer, Hart, Decker, & Shanahan, 2009).  

Types of Human-Black Bear Conflict 
 

Agricultural 
Black bear damage to agricultural products, such as livestock, corn crops, 

orchards, and apiaries, is relatively rare. However, some areas have reported increases in 

damage in recent decades as black bear populations have grown. Damage to agriculture 

by black bears, while not widespread, has the potential to be economically significant to 

individual stakeholders. The type and extent of damage varies geographically and 
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temporally, depending on factors such as the abundance of natural food, the types of 

agricultural products available, and the extent to which anti-predator methods are 

employed by producers (Witmer & Whittaker, 2001). 

Black bear predation on livestock is overall a minor problem, though attacks 

resulting in severe injury or death of livestock do occur and can be locally significant. 

Black bears are known to attack cattle, sheep, swine, goats, and poultry. Such predation 

incidents have not been well-documented, as it is difficult to distinguish bear predation 

from scavenging behavior if the attack itself is not witnessed (Horstman & Gunson, 

1982). Black bears typically kill their prey with a bite through the nape of the neck or 

through the spine behind the shoulders. According to Davenport (1953), a bite through 

the nape of the neck is the only definitive evidence of a black bear kill, but even this 

requires examination of the carcass shortly after its death in order to identify bite marks.  

In a study of black bear predation on livestock in Alberta, Horstman & Gunson 

(1982) found that 81% of livestock predation involved bears attacking cattle, followed by 

sheep (9%) and swine (9%). When preying on cattle, bears targeted calves over yearlings 

and adults. When preying upon sheep there was no apparent preference for lambs or 

adults, and when attacking swine bears targeted the three to six month age group most 

heavily. When preying on sheep and swine, bears often killed multiple individuals during 

a single attack, leaving some carcasses unconsumed. Bears frequently killed two to three 

sheep at a time and one to four swine at a time. The authors found seven records of bears 

killing between six and 13 sheep or swine in a single attack. It is also important to note 

that livestock can be lost indirectly due to black bears. For example, sheep have been lost 
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due to stampedes, straying, or discontentment resulting from encounters with bears 

(Jorgensen, 1983). 

Rates of predation on livestock vary seasonally, with the vast majority of events 

occurring during the spring, summer, and fall months when bears are most active. In 

Alberta, predation on cattle and swine was greatest in June and July, while it was greatest 

for sheep in September (Horstman & Gunson, 1982). In Virginia, predation peaked in 

early spring, following hibernation. The majority of events occurred between March and 

November, which is also when livestock were left on mountain pastures in black bear 

habitat (Davenport, 1953). In Massachusetts, sheep predation occurred from May to 

October (Jonker, Parkhurst, Field, & Fuller, 1998). Black bears have been found to attack 

livestock during both day and night, which distinguishes them from brown bears (U. 

arctos), which typically only predate at night (Jorgensen, 1983). Finally, male black bears 

are implicated in the majority of attacks (Armistead, Mitchell, & Connolly, 1994; 

Davenport, 1953; Horstman & Gunson, 1982).  

Overall, predation on livestock by black bears is rare. In Alberta, black bear 

predation accounted for 0.02% of cattle losses, 0.11% of sheep losses, and 0.02% of 

swine losses (Horstman & Gunson, 1982). Similarly, in Virginia, black bears accounted 

for 0.09% of sheep losses, and in Oregon, black bears killed an estimated 400 sheep and 

lambs in 1990, for a total cost of $17,800 (Armistead et al., 1994; Davenport, 1953).  

Black bears will also occasionally damage corn crops. As bear populations 

expand, including into areas beyond their historical range, their populations are 

increasingly overlapping with areas of corn production. Crops represent a more densely 
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clustered and reliable food source for bears, compared to wild foods. However, there are 

also associated risks, such as an increased chance of encountering humans, vehicles, and 

other bears already using the crops (Ditmer, Garshelis, Noyce, Haveles, & Fieberg, 

2016). When bears visit cornfields they typically do so at night. They will move from one 

area to another within a field, damaging all stalks within a radius of up to five feet, and 

eating approximately one third of the corn that they destroy (Davenport, 1953). Bears are 

most attracted to corn when it is in its “milk stage” of growth, due to the corn’s high 

sugar content. In Wisconsin, corn reaches this stage in late July or early August, which is 

also the period when most damage to corn occurs (Stowell & Willging, 1991). Similarly, 

in Virginia, corn reaches this stage in mid-July to mid-August, which is also when most 

damage occurs (Davenport, 1953) and when most agriculture kill permits are written for 

corn damage (J. Sajecki, personal communication, March 5, 2017). Ditmer et al. (2016) 

examined the degree to which black bears utilize crops as a food source in northwestern 

Minnesota, a landscape comprised of 50% agriculture. The authors found that crops 

constituted an important seasonal dietary component (accounting for >30% of a bear’s 

diet) for one-third of the bears in their study, mostly adult males and females without 

cubs, and that crop-feeding bears were on average larger in size and had smaller home 

ranges than non-crop-feeding bears. Juveniles and females with cubs rarely used crops, 

possibly to avoid the risk of encountering adult males.  

As with damage to livestock, at the state or county scale damage to corn by bears 

appears to be economically insignificant. In Virginia, damage by black bears to corn and 

livestock in the 1980s was estimated to cost $5,470 per year in the seven most affected 
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counties, while the total value of corn was approximately $19.1 million and the total 

value of livestock was $2.5 million in these counties (Vaughan, Scanlon, Mersmann, & 

Martin, 1989). It is important to note, however, that much of the available literature on 

black bear damage to agricultural products is out of date, and it is possible that rates of 

damage have changed as black bear populations have increased in many areas. 

Finally, conflicts arise when black bears damage apiaries. High-quality bee range 

often coincides with black bear habitat, and black bears have been cited by states as being 

the most serious “vertebrate pests” that affect apiaries (Ripple et al., 2014). Bears will 

consume not only the honey itself but also the bee brood, and when preying on apiaries 

often break hive boxes beyond repair. Damage is typically greatest during peak honey 

flows, which occur in the spring and summer months (O’Brien & Marsh, 1990). The 

damage imposed by black bears to apiaries can be difficult to quantify, but is similar to 

agricultural damage in that while it is not prevalent, it has the potential to be locally 

significant (Clark et al., 2005). For example, one beekeeper in California reported an 

annual loss of $6,000 to black bears (O’Brien & Marsh, 1990).  

Human Safety 
The most serious type of human-black bear conflict involves black bears 

threatening human safety. Understanding and reducing these events is important not only 

to protect humans, but also for black bear conservation, as people exhibit more 

willingness for lethal control measures when dealing with aggressive bears (Don Carlos 

et al., 2009). Events in which black bears are perceived as threatening human safety can 

be separated into two categories: those in which bears exhibit defensive threat behavior 
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towards humans and those in which bears exhibit predatory behavior towards humans. In 

the first case, stressed bears will exhibit their nervousness by swatting at the ground, 

engaging in short charges, making slow and deliberate approaches toward the target, 

clacking teeth, or making huffing, snorting, gurgling, or growling sounds. Defensive or 

nervous behaviors, however, rarely result in an attack or any physical contact if the bear 

is given adequate space. Meanwhile, predatory behavior is characterized by stalking 

without vocalizations and an attack that may result in the consumption of human flesh, 

dragging, guarding, and/or burying the body (Herrero, Higgins, Cardoza, Hajduk, & 

Smith, 2011).  

People are injured in black bear attacks each year in North America and the 

number of attacks resulting in serious injury and fatality, while rare, are increasing. 

Herrero et al. (2011) analyzed records of fatal black bear attacks on humans from 1900 to 

2009. During that period, 63 people were killed in 59 separate incidents, 86% of which 

occurred after 1960. Of these, 49 incidents occurred in Canada and Alaska and 88% were 

deemed to be predatory attacks. A strong positive linear relationship (R2 = 0.92) was 

found between the number of fatal attacks per decade and human population size, while 

only a moderate positive relationship (rs = 0.56) was found between the number of fatal 

attacks and bear population size. This result suggests that human population growth is 

more likely to be the cause of the increase in fatal attacks than bear population growth. 

The study also revealed that 85% of fatal attacks occurred from May to September and 

attacks were most numerous in the month of August. The majority (61%) of attacks 

occurred in back country areas, and 70% of attacks occurred during the day. In 68% of 
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attacks, the bear involved appeared to be healthy. Males were implicated in 92% of fatal 

attacks, while adult females with young were implicated in the remaining 8%. There were 

no records of a single female engaging in a fatal attack. This may reflect the biological 

differences between males and females, such as the fact that female behavior supports 

security, while males are bolder and have larger home ranges, putting them at greater risk 

of coming into contact with humans. The authors also note that in Canada, bears face less 

hunting pressure, which may enable more bold males to survive.  

Herrero et al. (2011) also found several distinguishing features between black 

bear and brown bear attacks. In the latter, substantial proportions of serious and fatal 

attacks are defensive in nature and are carried out by females with young. In contrast, 

only 8% of fatal black bear attacks involved females with young. This demonstrates the 

difference in brown bear versus black bear responses to both real and perceived threats. 

For example, Herrero & Higgins (1999) found that in British Columbia, the population of 

black bears was 12 times that of grizzly bears, but grizzly bears were implicated in three 

times as many serious injuries and the same number of fatalities as black bears. Further, 

there were no instances of a black bear attack occurring near an animal carcass, whereas 

brown bears have been known to attack people to defend or claim a carcass (Herrero et 

al., 2011). 

Overall, the risk of black bear attacks is very low. While they are opportunistic 

predators, the majority of a black bear’s diet is comprised of plants and insects. Black 

bears are physically capable of killing a human by the age of two, yet each year there are 

millions of interactions between humans and black bears that do not result in injury. Most 
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altercations resulting in human injury occur during the summer months, when more 

people are engaging in outdoor activities in bear habitat and when bears are consuming a 

high-calorie diet in preparation for hibernation. As human and black bear populations 

both continue to grow, there will likely be more opportunities for such encounters 

(Herrero et al., 2011). Thus, educating the public on how to identify defensive versus 

predatory behavior and how to react in each situation is critically important. 

Causes of Human-Black Bear Conflict 
 

Natural Causes 
Human-black bear conflict may be attributed to multiple factors, both natural and 

anthropogenic. One potential natural cause of increased conflict is an increase in black 

bear population abundance. Not only are there more opportunities for bears to come into 

contact with humans as populations increase, but young males searching for new home 

ranges can result in movements that bring them closer to communities. The movement 

patterns of bears can also be altered as a result of natural food shortages, which are 

commonly cited as a major underlying cause of human-black bear conflict. Production of 

critical bear foods such as berries and nuts can vary widely from year to year, or can 

undergo a dramatic increase or decrease, the effects of which can last for several years 

(Noyce & Garshelis, 1997). During shortages, bears may expand their home ranges in 

search of food (Peine, 2001). The effects of a food shortage on bears are particularly 

severe in the summer and fall, when bears enter hyperphagia and must increase their food 

intake from about 8,000 kcal/day to 15,000-20,000 kcal/day. During this period, bears 

seek to obtain the most calories with the least amount of effort or calorie expenditure. If 
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natural foods are not available, black bears are known to readily turn to anthropogenic 

food sources, such as garbage, birdseed, or agricultural crops (Hristienko & McDonald, 

2007).  

Black bears have proven to be particularly adept at learning where unnatural food 

sources are located and how to access them (Hristienko & McDonald, 2007). There is 

some debate as to whether bears acquire this behavior through social or asocial learning. 

For example, in the case of grizzly bears in Yellowstone National Park, Meagher and 

Fowler (1989) determined that feeding on anthropogenic food sources was a behavior 

passed from mother to offspring, as females that exhibited this behavior were from 

related lineages. However, Breck et al. (2008) did not find genetic linkages between 

food-conditioned black bears. Rather, the authors found that 56% of bears did not share 

the foraging behavior (food-conditioned or not food-conditioned) of their mothers. This 

result suggests that it is relatively easy for black bears to learn how to take advantage of 

unnatural food sources on their own.  

Black bears have, in general, adapted well to living in human-dominated 

landscapes, as is evidenced by their ability to take advantage of anthropogenic food 

sources and their expanding population sizes, even in the face of growing human 

populations. Black bears are capable of habituating to humans, meaning they ignore the 

presence of people within their range, or they can become attracted to human activities, if 

positive stimuli, such as food, is readily available (Whittaker & Knight, 1998). The 

ability of bears to adapt to human activities may be a function of their behavioral 

plasticity. For example, Baruch-Mordo et al. (2014) found that black bears increased their 
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use of urban environments during poor natural food years, then decreased their use of 

these areas in good natural food years. Further, when using urban areas, bears changed 

their behavior to forage nocturnally, whereas in wildland areas they foraged diurnally. 

Similarly, Ayers et al. (1986) found that black bears near campgrounds shifted from 

foraging diurnally to foraging nocturnally to avoid human activity.  

Anthropogenic Causes 
The behavioral plasticity of black bears enables them to readily take advantage of 

anthropogenic food sources. In a survey of wildlife management agencies in North 

America, Spencer et al. (2007) found that 69% of agencies ranked food and garbage 

attractants as the most common type of human-black bear conflict. When compared to 

natural food sources, garbage is continually available regardless of the season; it is 

predictable in time and space; it requires little energy to access; and it is always 

replenished after use. Developing feeding strategies that incorporate anthropogenic food 

can, therefore, be advantageous to black bears. Urban black bears, which have easy 

access to such food sources, have been shown to have 70-90% reductions in home range 

size, a 30% average increase in body mass, and a three-fold increase in densities when 

compared to wildland bears (Beckmann & Berger, 2003). Garbage and other 

anthropogenic attractants such as bird feeders, gardens, and chicken coops provide a 

positive stimuli for bears, and their response to humans can become one of attraction, 

thus increasing the risk of conflict (Whittaker & Knight, 1998). It is therefore critical for 

communities to reduce the presence of food attractants. However, during periods of 
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natural food shortages it is particularly challenging to prevent bears from entering 

communities in search of food (Hristienko & McDonald, 2007). 

Managing Human-Black Bear Conflict 
 

Lethal Control 
In their survey of wildlife management agencies in the United States and Canada, 

Spencer et al. (2007) found that approximately 43,000 complaints are made against black 

bears each year in North America. The majority of agencies (89%) had a standard 

operating procedure dictating how personnel are to respond to bear complaints. These 

response techniques can be separated into lethal and non-lethal management. The most 

commonly used techniques are non-lethal. Lethal techniques are generally less accepted 

by the public, though support for lethal control measures increases when more severe 

incidents occur, such as bear break-ins or the presence of an aggressive bear (Don Carlos 

et al., 2009).  

Euthanasia, also known as capture and kill, and the use of regulated hunting are 

two lethal control methods used to mitigate human-black bear conflict. Spencer et al. 

(2007) found that euthanasia was the third most commonly implemented control 

approach, following site visits and capture/relocation. Forty-one percent of agencies 

reported that euthanasia was used as part of a “two or three strike policy”, in which bears 

would be relocated following an initial complaint and would be euthanized if they 

became a second or third time offender. While destroying a nuisance individual is 

effective at preventing that individual from engaging in future conflicts, such reactive 

measures may not reduce conflict levels in the long-term. If the attractants that bring 



16 

 

bears into contact with humans are not removed, other individuals may move in to fill the 

vacancy (Treves, Kapp, & MacFarland, 2010).  

Regulated hunting is another lethal management technique. Hunting is used 

worldwide to control human-carnivore conflict, in attempts to reduce carnivore 

populations, remove problem individuals, or indirectly change the behavior of hunted 

populations (Treves et al., 2010). Hristienko & McDonald (2007) argue that harvest 

objectives may need to be increased in many jurisdictions that are experiencing increased 

levels of human-black bear conflict. This will require management agencies to change 

their approach from one of black bear restoration and conservation to one of black bear 

population control. In order for hunting to be effective at reducing conflict, the authors 

emphasize that hunters should target bears between the ages of one and five, as this 

cohort was found to be responsible for more than 70% of reported conflicts. Opponents to 

hunting argue that the activity does not reduce conflicts as there is a low probability that 

hunters will kill individuals responsible for conflict because hunters selectively target 

older, larger males. Multiple studies have examined the effects of hunting on human-

black bear conflict levels and the results appear to differ situationally. For example, in 

New Jersey, black bear complaints were reduced by 42% in 2004 following the initiation 

of the state’s first bear hunting season in 33 years (Hristienko & McDonald, 2007). The 

effect appears to have been short-lived, however, as complaints rose the following year 

and by 2008 had more than doubled (Vreeland, 2010). Meanwhile, Treves et al. (2010) 

found that the annual number of black bear complaints in Wisconsin did not decrease one 

to two years following an increase in hunter take. Because multiple factors can lead to 
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human-black bear conflict, it is difficult to establish a clear cause and effect relationship 

between the level of hunter offtake and the number of conflicts.   

Capture and Release 
In general, the public prefers non-lethal control methods over lethal methods 

(Duda et al., 2010). Commonly-used non-lethal control techniques include implementing 

public education programs to alter the behavior of humans, applying aversive 

conditioning methods to alter an individual bear’s behavior, and capturing and releasing 

individual animals involved in conflicts.  

Capture and release is the second most commonly used technique for addressing 

black bear complaints  (Spencer et al., 2007). The goal of this approach is to transport a 

bear from an area where conflicts are occurring to an area in which it will have a reduced 

chance of continuing to exhibit problematic behaviors. This technique is used by three-

quarters of management agencies in North America. Culvert traps are the most common 

method for capturing black bears, followed by leg-hold snares (Spencer et al., 2007).  

Despite its widespread use, many wildlife agencies view capture and release as an 

ineffective technique for reducing conflict. In fact, only 15% of agencies indicate that 

they believe this is the best management approach (Spencer et al., 2007). One problem 

lies in the difficulties of identifying suitable areas in which to release bears. Bears will 

bring their behavior with them to the new location, and if the bear is not located suitably 

far from humans it may become involved in conflicts near the release site. A second 

problem results from the homing behavior of black bears (Hopkins & Kalinowski, 2013). 

Studies show that bears must be relocated 60 to 80 kilometers from the capture site in 
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order to achieve an 80% likelihood that they will not return (Hristienko & McDonald, 

2007). Hopkins & Kalinowski (2013) found that 16 of 29 bears translocated from 

developed areas to undeveloped areas in Yosemite National Park returned to their capture 

site. All of these bears except one were food-conditioned. Fifteen out of 20 food-

conditioned bears returned, while only one out of nine non-food-conditioned bears 

returned. This study emphasizes the significant role of anthropogenic food sources in 

creating human-black bear conflict situations. Several studies also show that adult bears 

have a higher chance of returning than juveniles, who have less experience navigating 

their home range. Landriault et al. (2009) found that adult females were the most likely 

cohort to reengage in nuisance activities (48%), while juvenile males were the least likely 

(18%). Multiple factors, including age, sex, relocation distance, and conditioning to 

human food sources determine whether or not a bear will return to a site or continue the 

problematic behaviors, suggesting that the effectiveness of translocation is highly 

variable. Further, moving a bear does not address the conflict-causing behavior, or 

remove the root of the problem at the capture location, such as the presence of food 

attractants. Therefore, it is important that relocated bears are moved to areas where they 

cannot exhibit the same behavior, such as an area far from communities. 

Aversive Conditioning 
Numerous aversive conditioning techniques have been applied to black bears in 

an attempt to reduce conflict. Aversive conditioning is a technique in which a negative 

stimulus is applied to an animal that is engaging in an unwanted behavior. A range of 

techniques have been tested on black bears, and while some have been successful in 
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immediately stopping a behavior, identifying techniques that are successful long-term has 

remained a challenge. For example, illness-inducing chemicals that are meant to 

condition taste aversion have been successful in getting bears to stop eating specific 

foods in specific packaging, though only in the short-term. Electric-shock collars have 

been tested and will stop the undesired behavior, but only for as long as the shock lasts 

(Mazur, 2010). Electrifying concentrated supplies of food to deter bears has also been 

tested with some success, but some bears do not generalize the experience to non-

electrified food (Breck, Lance, & Callahan, 2006). Finally, some managers use culvert 

traps to hold bears in place in the hope that the bear will associate the area with the 

discomfort of being in the trap. Using a hard release that includes the use of dogs, 

noisemakers, or rubber slugs can further distress the bear. This technique causes some 

bears to avoid an area, and bears that do return are often more cautious of humans 

(Beckmann, Lackey, & Berger, 2004).  

One factor that appears to be particularly important in determining the 

effectiveness of aversive conditioning is whether or not the bear is already food-

conditioned. Mazur (2010) tested the effectiveness of projectiles, pepper spray, and 

chasing on food-conditioned and not food-conditioned black bears. Of the techniques 

used, rubber slugs shot from shotguns caused bears to flee in 92% of cases, whereas 

chasing and pepper spray caused bears to retreat less than 50% of the time. The author 

found that these aversive conditioning techniques were most effective if the bear had 

never, or only rarely, obtained human food. There was only limited success in 

conditioning food-conditioned bears and the cubs of food-conditioned females.   
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Public Education 
No matter which technique is applied, aversive conditioning, translocation, and 

lethal removal will never be completely effective if anthropogenic food sources remain 

available to bears. Public education initiatives aimed at altering human behavior are 

therefore a critical component of efforts to reduce conflict. The majority of stakeholders 

involved in bear management, from state and federal governments to non-governmental 

organizations, recognize the value of education in reducing human-bear conflict (Gore, 

Knuth, Curtis, & Shanahan, 2006b). Spencer et al. (2007) state that education should be 

the underlying foundation of black bear management plans. Education should be used to 

inform the public about the habituation of bears to unnatural food sources and proper 

garbage sanitation methods, as well as to correct false perceptions regarding the threat 

posed by bears and how to act if a bear is encountered. Establishing public awareness of 

the causes of conflict is essential if communities are to take the necessary steps to prevent 

conflict. For example, Peine (2001) examined four cases in which communities facing 

high levels of human-black bear conflict were unable to successfully mitigate conflict 

until the public recognized the need to alter their own behavior to prevent bears from 

accessing garbage. As anthropogenic food sources are consistently cited as the principle 

cause of conflict, educating people on how to remove food attractants is perhaps the 

single most important preventative measure that can be taken.  

Conclusion 
Wildlife managers worldwide are increasingly being faced with the challenging 

task of balancing the needs of humans with the needs of wildlife. As human populations 

have increased, so too have the number of negative interactions between humans and 
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wildlife. Spencer et al. (2007) state that managing human-black bear conflict is one of the 

most challenging priorities facing wildlife management agencies in North America today, 

due to the abundance of black bears, their habituation to human activities, and their 

attraction to anthropogenic food sources. Incidents of human-black bear conflict have 

been increasing over the past several decades and as black bear and human populations 

continue to grow and human values about wildlife and nature change, the risk of conflict 

will continue to increase. According to Don Carlos et al. (2009), effective management of 

human-black bear conflicts will require addressing both the biological and social factors 

that lead to conflict. It is critical that preventative measures are taken to address the 

human causes of conflict, such as unsecured garbage, so that the need for costly 

interventions such as lethal control or translocation can be reduced. Such reactive 

measures only represent a short-term solution at best. As long as the attractant remains, 

other bears will move in to fill the vacancy left by a removed bear.  

The alteration of human behavior can be achieved through widespread public 

education initiatives that teach people how to avoid attracting bears. It would also be 

useful for management agencies to educate the public on the most effective solutions for 

resolving conflict. Several studies note the knowledge gap that exists between the public 

and wildlife agencies regarding the appropriateness of different management techniques. 

For example, as of 2007, 75% of agencies relocated problem bears, though only 15% 

believed that this is the best management solution. Nearly half of the agencies that used 

this approach did so as a result of public pressure (Spencer et al., 2007). The public 

generally prefers a non-lethal approach to conflict resolution and as a result favors 
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translocation, even though the technique is often ineffective at eliminating conflict. The 

public should therefore be educated as to which techniques work best, so that wildlife 

agencies are not pressured into using ineffective techniques. Exclusionary or preventative 

and proactive measures, such as requiring the use of bear-resistant garbage containers, 

will be more successful in the long-term than invasive techniques such as translocation. 

Even with the implementation of preventative measures, conflicts between 

humans and black bears will likely continue to occur. Some causes of conflict, such as 

poor natural food years, are unpredictable and unavoidable. It becomes the responsibility 

of the public in such situations to ensure that every preventative measure has been taken 

to reduce the risk of conflict. If bears continue to become food-conditioned, the risk of 

human-black bear conflict will increase and public tolerance for bears may decrease. This 

could result in an increased demand to reduce black bear populations, potentially posing a 

threat to their conservation.  

The future of black bear conservation hinges on the ability of humans and bears to 

coexist. In order for coexistence to be successful, wildlife managers need an effective 

means of identifying areas with the greatest risk of conflict and a capacity to proactively 

take steps to avoid future conflict. Combining an analysis of the spatial distribution of 

conflicts and the natural and anthropogenic variables that influence the location of 

conflict could help achieve this goal. Locating clusters of conflict can help managers 

target mitigation efforts to more effectively reduce conflicts. Similarly, identifying the 

variables that make a location prone to conflict can help managers prioritize preventative 

and proactive management actions in areas that meet these conditions. As black bear and 
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human populations continue to grow, wildlife managers will be increasingly challenged 

by human-black bear conflicts. Understanding why conflicts occur where they do could 

prove vital in achieving long-term coexistence. 
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CHAPTER TWO: SPATIAL AND TEMPORAL PATTERNS IN HUMAN-BLACK 

BEAR CONFLICT IN VIRGINIA 

Human-Black Bear Conflict in Virginia 
Records of human-black bear conflict in Virginia date back to the colonial period. 

When English settlers arrived in Jamestown in 1607, black bears were abundant and were 

found in all regions of the state. Yet the growth in the human population that came with 

colonization had a significant impact on bear populations, and by 1739 they were found 

only in the western mountains and southeastern swamp areas (VDGIF, 2012). This 

decline was due to a combination of habitat loss and unregulated killing of bears for their 

skin and meat, which were sold commercially. Bounties provided further incentive to 

hunt bears. By 1900, populations could only be found in select areas of some western 

counties and in the Great Dismal Swamp in southeastern Virginia. It’s likely that the 

pressures on bear populations were exacerbated by the loss of the American chestnut, a 

major mast producing species that had disappeared from eastern forests by 1950 due to a 

fungal disease (VDGIF, 2012). 

By 1974, stricter harvest regulations, reforestation, public land purchases, and 

bear restoration efforts enabled bear populations to recover from near extirpation, and led 

to a gradual yet significant rise in black bear populations. Based on harvest data and 

computer modeling, Virginia’s bear population is thought to have risen from an estimated 

1,100 bears in 1957 to an estimated 16,000 to 17,000 today. The state’s largest bear 
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populations are found in the Blue Ridge and Allegheny mountains and in the Great 

Dismal Swamp National Wildlife Refuge, though bears may occasionally be seen in 

almost every county. It is also estimated that from 2001 to 2009, bear populations in the 

state increased at a rate of 9% per year. Since 2009, bear populations in areas of the state 

with the highest bear densities have stabilized, including nearly all populations in the 

western mountains and Great Dismal Swamp (VDGIF, 2012). 

An increase in bear-related calls and complaints throughout the state has 

coincided with this increase in bear numbers. These complaints, hereafter referred to as 

“conflicts”, range from bear sightings – which are often perceived by the public as threats 

to human safety – to property damage. In developed areas of the state, common problems 

include damage to bird feeders, bears scavenging on garbage cans and foraging at dumps, 

vehicle collisions, and sightings. In rural areas, bears are also known to damage 

agricultural commodities, such as apiaries, corn crops, orchards, and livestock. In 

general, male bears are more likely to be implicated in conflicts than females. Males 

travel greater distances, making them more likely to encounter humans, and they may 

displace females from human related-food sources, which can prove to be prime feeding 

sites (Herrero et al., 2011). It is important to note, however, that despite the increase in 

conflicts, no bear-inflicted human fatality has to date been documented in Virginia 

(VDGIF, 2012). 

The Virginia Department of Game and Inland Fisheries (VDGIF) is charged with 

managing Virginia’s wildlife resources. Part of the VDGIF’s mission is “to manage 

Virginia’s wildlife and inland fish to maintain optimum populations of all species to 



26 

 

serve the needs of the Commonwealth” (VDGIF, 2012, p. 1). Given this mandate, 

VDGIF has primary responsibility for managing Virginia’s black bear population and its 

impacts. VDGIF also has the challenging task of balancing positive demands for black 

bears, like hunting and wildlife watching, with negative demands such as conflicts. This 

balance represents a bear population that is managed based on cultural carrying capacity 

(how many bears people can tolerate) versus biological carrying capacity (how many 

bears the habitat can sustain). Several studies have shown that the public generally 

maintains a positive attitude toward black bears (Don Carlos et al., 2009; Lowery et al., 

2012). A survey of Virginia residents’ opinions of black bears found that 82% support 

having black bears in the state, 85% agree that black bears are an important part of the 

state’s ecosystem, and 93% believe it is important to protect black bear habitat (Duda et 

al., 2010). However, it is possible that a continued rise in conflicts may eventually 

dampen public tolerance for bears, which could threaten their long-term conservation 

(Siemer et al., 2009). 

While it is known that the number of human-black bear conflicts in Virginia has 

increased in recent decades, the actual spatial distribution of these conflicts, and how 

their distribution may have changed over time, has not been analyzed. This study seeks to 

address this gap by identifying spatial and temporal trends in human-black bear conflict 

across Virginia from 2008 to 2015. By assessing the locations of conflict over time, this 

analysis will: (1) identify whether there are trends in the location of conflict across the 

state, and (2) identify areas in which the number of conflicts increased, decreased, or 

stabilized during the 2008 to 2015 period. This study also examines trends in conflict 
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type and the seasonality of conflicts. The analysis could help inform managers seeking to 

efficiently allocate resources and spatially and temporally target conflict prevention 

measures on areas exhibiting the greatest risk for conflict, during the time of year when 

this risk is greatest. Ultimately, the results could assist VDGIF in achieving their goal of 

“minimizing negative interactions by fostering sound, proactive management practices 

that keep bears wild” (VDGIF, 2012, p. 83). In light of VDGIF’s emphasis on mitigating 

human-black bear conflict in Virginia, an examination of trends in conflicts across the 

state is warranted and could be used to inform a proactive black bear management 

strategy.  

Data 
The analysis was completed using VDGIF’s Black Bear Event Complaint and 

Capture dataset. Since the 1970s, VDGIF has been recording calls and complaints made 

about black bears in Virginia (VDGIF, 2012). For each complaint, information is 

collected on the location of the conflict (street address, town, and/or county), whether the 

incident was a sighting only or whether damage occurred, and the type of conflict (bird 

feeders, trash, bees or apiaries, corn or grain, orchards, property damage, livestock or 

poultry, livestock feed, public safety, or other).  

The full database contains more than 15,000 events and dates back to 1970. 

However, reported conflicts were not consistently recorded prior to 2007, and events 

were not consistently attributed with location information until 2008. Further, beginning 

in late 2013 all bear calls were streamlined through a centralized location, the Virginia 

Wildlife Conflict Helpline, rather than being inconsistently received by various 
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administrative regions, divisions, and VDGIF personnel. This helpline was developed as 

a partnership between the U.S. Department of Agriculture’s Animal and Plant Health 

Inspection Service – Wildlife Services (APHIS-WS) and VDGIF, in response to a 

growing demand to assist the public with a variety of wildlife conflicts in a consistent and 

effective manner. Due to the addition of this resource, focused solely on collecting 

information on human-wildlife conflict, it is likely that the 2014 to 2015 human-black 

bear events were recorded with greater consistency than those in years prior (J. Sajecki, 

personal communication, January 6, 2016). 

This study used conflicts that occurred from 2008 to 2015 to complete the 

analysis, as 2008 was the first year in which events were recorded with high consistency 

and were consistently attributed with location information. A total of 6,849 conflicts were 

recorded during this time period and were used to assess trends in the types of conflicts 

and the seasonality of conflicts. Of these, 71.5% (4,899) had sufficient location 

information that enabled geocoding, and were used to assess spatial trends in conflicts.  

Study Area 
 

The analysis was completed for the entire state of Virginia (Figure 1). Current 

black bear range encompasses almost all of the state, with the exception of approximately 

20 eastern counties and independent cities. However, bears have occasionally been 

sighted in all counties except Northampton, on the southern end of Virginia’s Eastern 

Shore. From 2008 to 2015, human-black bear conflicts were reported in 106 out of 133 

counties and independent cities.  
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Virginia’s land area is comprised of 62% of forest and 32% agriculture, meaning 

much of the state is potential bear habitat. While typically associated with forested areas, 

ideal black bear habitat includes combinations of mast producing trees, early successional 

habitats, edges of various successional stages, riparian corridors, and wildlife clearings. 

Bears can also thrive in habitats of mixed land use, such as forest patches interspersed 

with agriculture. Only areas with little forest cover, very intensive agriculture, or 

extensive urbanization are unsuitable for bears (VDGIF, 2012). 

VDGIF has aggregated the state’s counties and independent cities into 22 Bear 

Management Zones, based on physiographic characteristics, bear population dynamics 

and biology, land use, and resources available to manage bears. Further, each zone has 

been assigned a population objective for black bears (i.e. increase, decrease, or stabilize), 

through stakeholder, public, and VDGIF input in the Black Bear Management Plan. In 

order to ensure that the results of this study can be easily utilized by VDGIF, the Bear 

Management Zones were used as a unit of analysis. 
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Figure 1. The location of human-black bear conflicts in Virginia from 2008 to 2015 and conflict density by bear 

management zone.  

 

 

Methods 

Identifying Trends in Conflict Type and Season 
All conflicts that occurred from 2008 to 2015 (n = 6,849) were used in this 

portion of the analysis. The analysis of trends in conflict type and season was not spatial 

in nature; therefore, conflicts without detailed geographic location information were 

included. 

In order to analyze trends in conflict type and season, information in the VDGIF 

dataset was aggregated into several new categories. Conflict events were categorized into 

one of four new “Conflict Type 1” categories: human development-related conflicts, 

agriculture-related conflicts, other, or not specified. Conflicts were assigned to these 

categories based on the type of conflict listed in the original dataset. Conflicts related to 
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bird feeders, trash, property damage, and public safety were categorized as human 

development, while those related to bees or apiaries, corn or grain, orchards, livestock or 

poultry, and livestock feed were categorized as agricultural. These categories were 

chosen based on a review of common categories for classifying human-carnivore conflict 

data in the literature. The chosen categories are similar to those used by Baruch-Mordo et 

al. (2008) and Lukasik & Alexander (2011). It is important to note that the human 

development and agricultural categories are not mutually exclusive, as a number of 

conflicts were attributed to multiple conflict types in the VDGIF database. For example, 

an incident in which a bear kills chickens and damages a garbage can would be classified 

as both an agricultural conflict and a human development conflict. It is also important to 

note that there was no defining information regarding whether chickens, livestock feed, 

or apiaries were hobby commodities or commercial commodities. For example, a single 

backyard beehive or a commercial hive operation could not be distinguished or separated 

in the analysis. 

Conflicts were then assigned to a broader conflict type category, “Conflict Type 

2”, detailing whether or not the event was a sighting only, damage only, or both (the bear 

was both seen and damage occurred). This information was already detailed in the 

VDGIF database but was represented across multiple fields. To facilitate analysis, this 

information was combined into a single field.  

Finally, each event was categorized into one of four seasons, based on the date on 

which the conflict occurred. Months were categorized into seasons as follows: winter 
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(December-February), spring (March-May), summer (June-August), and fall (September-

November). 

For each year, the number of conflicts that occurred during each season, the 

number of Conflict Type 1’s, and the number of Conflict Type 2’s were calculated. 

Measures of central tendency were calculated to quantify the location of the data, and 

measures of dispersion were calculated to quantify the distribution of the data. 

Geocoding Conflicts for the Spatial Analysis 
In order to complete the spatial analysis component of this study, the VDGIF 

dataset was geocoded based on the street address attribute information. Conflicts were 

geocoded using the ArcGIS World Geocode Service and were assigned coordinates based 

on point address, street address, or street name. Conflicts that could only be geocoded to 

the zip code, city, or state level were removed (n=441). Following the removal of these 

conflicts, all remaining conflicts had a match score ≥ 85%. The location of conflicts with 

a match score <90% were manually located using GoogleEarth (n=108). Once in a GIS, 

the data were re-projected from a geographic coordinate system into the North American 

Datum (NAD) 1983 (2011) Virginia Lambert coordinate system. The final geocoded 

dataset contained 4,899 conflicts, occurring from 2008 to 2015. 

Determining Grid Cell Size 
The spatial analysis of conflicts was completed based on a grid. Therefore, the 

first step of the analysis involved determining an appropriate grid cell shape and size. A 

hexagonal grid was chosen over a rectangular grid in order to minimize ambiguity in 

defining nearest neighbors. Each hexagon has six adjacent neighbors, whereas the 
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neighbors of a rectangular cell can be defined by cells with which it shares an edge 

(orthogonal neighbors) or cells with which it shares a corner (diagonal neighbors). This 

approach has also been identified as providing greater clarity for visualizations (Birch, 

Oom, & Beecham, 2007).  

In recognition of the modifiable areal unit problem (MAUP), in which grid cell 

size can result in statistical bias when point features are aggregated into artificial districts 

(Dark & Bram, 2007), a sensitivity analysis was completed on two different grid cell 

sizes. The cell sizes tested had side lengths of 5 kilometers (km) (area = 65 km2) and 7 

km (area = 127 km2), respectively. These cell sizes were chosen based on the fact that 

more than 50% of the cells contained a conflict. A local measure of spatial 

autocorrelation, Getis-Ord Gi*, was then run on the 5 km and 7 km grids. The Getis-Ord 

Gi* statistic is one of the most commonly used measures of local association for incident 

data, and identifies spatial clusters of high values relative to the mean (hot spots) and 

spatial clusters of low values relative to the mean (cold spots) (Nelson & Boots, 2008). 

The Gi* analysis identified hot spots and cold spots in the same locations for both the 5 

km and 7 km grid cells, demonstrating that the use of either grid cell size did not bias the 

results. The 5 km grid cell size was selected to use for the final spatial analysis, as its 

smaller size allows for the retention of greater spatial detail.  

Each year of data from 2008 to 2015 was then aggregated separately based on the 

5 km hexagonal grid. This was done to enable year-to-year comparisons to identify 

changes in the number and location of conflicts over time. 
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Magnitude of Change Analysis 
Rather than examine raw change in the number of conflicts per grid cell over 

time, the magnitude of change was analyzed. To do this, it was first necessary to calculate 

raw change in the number of conflicts per cell, from one year to the next. For example, to 

determine the change in conflicts from 2008 to 2009, the 2009 conflicts were subtracted 

from the 2008 conflicts (i.e. change = 2008 - 2009). Using this method, a negative 

number indicated an increase in the number of conflicts, while a positive number 

indicated a decrease. To make this relationship more intuitive, the results were multiplied 

by -1 (i.e. change = (2008 - 2009) * -1), so that a negative number would indicate a 

decrease in the number of conflicts and a positive number indicated an increase. Raw 

change was calculated for each annual interval from 2008 to 2015, as well as for the 

comprehensive 2008 to 2015 interval, and each grid cell was attributed with a raw change 

value for each interval. 

Nine qualitative change classes were then identified, ranging from “very high 

decrease” to “very high increase”.  For each annual interval, each cell was attributed with 

a change class based on the change in the number of conflicts. For example, if two fewer 

conflicts occurred in a cell in 2009 than in 2008, then that cell was labeled as 

experiencing a “low decrease” in the number of conflicts. It is important to note that these 

magnitude of change classes were subjectively defined, though the cell size on which the 

analysis was run was considered when defining what a low magnitude increase was 

compared to medium or high magnitude increase. For example, an increase of three 

conflicts in a 10 km2  cell would likely be considered a high magnitude increase. 

However, an increase of three conflicts in a 65 km 2 cell, which was the size used in this 
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study, was considered to be a low magnitude increase. The nine magnitude of change 

classes are defined in Figure 6.  

Clusters of Change Analysis 
The next phase of the analysis involved identifying clusters of cells that 

experienced an increase or decrease in the number of conflicts, using Getis-Ord Gi*. 

Because the focus of this study is to identify how conflict locations are changing over 

time, the Gi* statistic was used to identify clusters of change for each temporal interval, 

rather than to identify clusters of conflict locations for each year. This was done by 

running the Gi* statistic on the results of the magnitude of change analysis for each 

interval. Following completion of the magnitude of change analysis, each cell was 

assigned a magnitude of change class to represent the change in the number of conflicts 

that occurred during each annual interval and during the 2008 to 2015 interval. In order to 

use these results to identify clusters of change, the nine qualitative magnitude of change 

classes were each assigned a quantitative value ranging from -4 (very high decrease) to 

+4 (very high increase). Cells which experienced no change were assigned a value of 0.  

It is important to note that defining the neighborhood is an important step when 

using the Gi* statistic, and is one that can influence the results of the clustering analysis. 

In this study, cell neighborhoods were defined based on adjacency (i.e. cells which share 

a corner and edge were considered neighbors), as opposed to using a distance-based 

neighborhood definition. When using a distance-based approach, it is possible to select a 

distance that is too small, which could result in an inability to detect spatial clustering in 

the data, or one that is too large, which could result in the overestimation of cluster sizes. 
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Defining neighborhoods based on cell adjacency assumes that cells which share a 

boundary have increased spatial interaction. This relationship makes sense when 

considering human-black bear conflicts. If a cell borders another cell which has a high 

number of conflicts, it could be expected that the bordering cell will have a greater 

chance of experiencing conflicts, compared to a cell that does not share a border with the 

high conflict cell. 

Once the method of neighborhood selection was chosen, the Gi* statistic was run 

on each temporal interval (e.g. the 2008-2009 change dataset, the 2009-2010 change 

dataset, etc.). Hot spots were defined as clusters of cells that experienced a significant 

positive magnitude of change, while cold spots were defined as clusters of cells that 

experienced a significant negative magnitude of change. Hot spots and cold spots were 

identified at the 90%, 95%, and 99% confidence intervals. 

Although the focus of this analysis was on identifying changes in the magnitude 

of conflicts from year to year, the Gi* statistic was also run on the raw change values for 

each annual interval. The purpose of this additional analysis was to determine whether 

classifying the change in conflict number values into the nine magnitude of change 

classes affected the results of the clustering analysis. The process of grouping changes in 

conflict number into these classes resulted in the loss of some detail (i.e. the exact change 

value), so this additional clustering analysis was run to determine how the loss of detail 

may have impacted the clustering analysis results. 
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Consistency of Change Analysis 
The final phase of the analysis involved identifying whether any cells consistently 

experienced an increase or decrease in conflicts from 2008 to 2015. To complete this 

analysis, cells were placed into one of four categories, based on the direction(s) of change 

during the eight year period: (1) increase or no change, (2) decrease or no change, (3) 

inconsistent change, and (4) no conflict. Because no cell consistently experienced an 

increase in conflicts during each interval from 2008 to 2015, and no cell experienced a 

decrease in conflicts during each interval from 2008 to 2015, the “increase or no change” 

and “decrease or no change” categories were created, as opposed to “increase only” and 

“decrease only” categories. In order for a cell to be labeled as “increase or no change” 

(category 1), the number of conflicts must have either increased or remained consistent 

during each interval from 2008 to 2015. The number of conflicts must not have decreased 

at any point during that period. For example, a cell which experienced no conflicts from 

2008 to 2011, then one conflict a year from 2012 to 2015 would be labeled as category 1, 

since the number of conflicts either increased or remained the same during the eight year 

period. Meanwhile, cells which only experienced a decrease in the number of conflicts or 

no change at all were placed in the “decrease or no change” category (category 2). For 

example, a cell which experienced two conflicts per year from 2008 to 2010 and one 

conflict per year from 2011 to 2015 would be labeled as category 2. Meanwhile, cells 

which experienced both increases and decreases in the number of conflicts throughout the 

period were classified as category 3. Finally, cells which never experienced a conflict 

were labeled as category 4. 
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Results 
Figure 2 shows the number of conflicts that occurred each year from 2008 to 

2015, and demonstrates that there was no consistent upward or downward trend in the 

number of conflicts during this period. From calendar year 2008 to 2010, the number of 

conflicts decreased by 43.6%. The number of conflicts then increased by 260% from 

2010 to 2013, and decreased by 42% from 2013 to 2015. 

The measures of central tendency and dispersion show that the data have a large 

distribution. The average number of conflicts during the eight year period is 856 and the 

median is 800. The minimum number of conflicts is 390 (in 2010), while the maximum is 

1,407 (in 2013), giving the data a range of 1,017. The standard deviation of the data is 

313, which further indicates the large spread of the data, and also shows that the mean is 

less typical. 

 

Figure 2. The number of human-black bear conflicts that occurred in Virginia each year, from 2008 to 2015. 
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Trends in Season and Conflict Type 
Overall, 44.9% of the conflicts occurred during summer, 36.4% in spring, 16.2% 

in fall, and 2.5% in winter. On average, 384 conflicts occurred during the summer, 311 in 

the spring, 139 in the fall, and 21 in winter. Summer was the season with the greatest 

number of conflicts from 2009-2011, 2013, and 2015. Spring was the season with the 

greatest number of conflicts in 2008, 2012, and 2014. In all years, winter was the season 

with the fewest number of conflicts.  

 

 

 

Table 1. The number and percentage of conflicts that occurred each season, each year, from 2008 to 2015. 

  Winter Spring Summer Fall Total 

Year Count % Count % Count % Count % Count 

2008 11 1.6 359 52.0 270 39.1 51 7.4 691 

2009 16 2.6 232 37.6 263 42.6 106 17.2 617 

2010 8 2.1 171 43.8 175 44.9 36 9.2 390 

2011 9 1.1 192 24.4 405 51.5 180 22.9 786 

2012 19 2.2 397 45.7 371 42.7 82 9.4 869 

2013 41 2.9 302 21.5 640 45.5 424 30.1 1407 

2014 54 4.2 573 45.0 563 44.2 84 6.6 1274 

2015 14 1.7 265 32.5 388 47.6 148 18.2 815 

Total 172 2.5 2491 36.4 3075 44.9 1111 16.2 6849 
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Figure 3. The number of conflicts that occurred each season, each year, from 2008 to 2015. 

 

 

 

The analysis of conflict type demonstrated that the average number of human 

development conflicts that occurred from 2008 to 2015 (μ = 571) is more than four times 

the average number of agricultural conflicts that occurred during the same period (μ 

=138). Similarly, the maximum (1,015) and minimum (273) number of human 

development conflicts are both nearly five times larger than the maximum (210) and 

minimum (56) number of agricultural conflicts.  

The maximum number of human development conflicts occurred in 2013, the 

year with the highest number of total conflicts, while the maximum number of the 

remaining three conflict types all occurred in 2014, the year with the second highest 

number of total conflicts. Human development conflicts made up the majority of conflicts 

(> 57%) each year. Meanwhile, agricultural, other, and “not specified” conflicts each 

never made up more than 21% of conflicts in any given year. 
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The human development category showed the greatest amount of dispersion 

within values among the four categories (range = 742, σ = 234), while “other” has the 

least amount of dispersion (range = 121, σ = 39). 

 

Table 2. The number and percentage of human development, agricultural, other, and not specified conflict types 

(Conflict Type 1) that occurred each year, from 2008 to 2015. 

  
Human 

Development Agricultural Other Not Specified Total 

Year Count % Count % Count % Count % Count 

2008 421 60.9 99 14.3 93 13.5 163 23.6 691 

2009 353 57.2 115 18.6 74 12.0 130 21.1 617 

2010 273 70.0 56 14.4 52 13.3 63 16.2 390 

2011 498 63.4 123 15.6 90 11.5 154 19.6 786 

2012 573 65.9 166 19.1 95 10.9 129 14.8 869 

2013 1015 72.1 162 11.5 162 11.5 200 14.2 1407 

2014 848 66.6 210 16.5 173 13.6 217 17.0 1274 

2015 585 71.8 171 21.0 101 12.4 110 13.5 815 

Total 4566 66.7 1102 16.1 840 12.3 1166 17.0 6849 

 

 

 

 
Figure 4. The number of human development (HD), agricultural (AG), other, and not specified (NS) conflict 

types (Conflict Type 1) that occurred each year, from 2008 to 2015. 
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For Conflict Type 2,  “damage only” was the most common type of conflict (45% 

of all conflicts), followed by conflicts reported as “both” (28.5%), and conflicts reported 

as “sightings only” (22.8%). An average of 387 “damage only” conflicts occurred each 

year, followed by 244 sighting and damage conflicts, and 195 “sighting only” conflicts. 

In any given year, “damage only” conflicts made up a minimum of 36% of conflicts, 

sighting and damage conflicts made up a minimum of 20% of conflicts, and “sightings 

only” made up a minimum of 12.5% of conflicts. “Damage only” was the most common 

conflict type in all years and “both” was the second most common type in all years except 

2008 and 2011, when “sighting only” was most common. 

“Damage only” showed the greatest amount of dispersion within the values 

among the four categories, though it was closely followed by the “both” category. For 

example, the range of the “damage only” category is 454 as compared to 339 for “both” 

and 288 for “sighting only”. Further, the standard deviation for “damage only” is 143, 

compared to 108 for “both” and 85 for “sighting only” – highlighting the fact that 

“damage only” showed the greatest amount of dispersion. 

 

Table 3. The number and percentage of sighting only, damage only, both, and not available conflict types 

(Conflict Type 2) that occurred each year, from 2008 to 2015. 

  Sighting Only Damage Only Both Not Available Total 

Year Count % Count % Count % Count % Count 

2008 177 25.6 301 43.6 173 25.0 40 5.8 691 

2009 164 26.6 221 35.8 200 32.4 32 5.2 617 

2010 87 22.3 170 43.6 113 29.0 20 5.1 390 

2011 227 28.9 377 48.0 156 19.8 26 3.3 786 

2012 185 21.3 445 51.2 205 23.6 34 3.9 869 

2013 375 26.7 533 37.9 452 32.1 47 3.3 1407 

2014 242 19.0 624 49.0 370 29.0 38 3.0 1274 

2015 102 12.5 421 51.7 284 34.8 8 1.0 815 
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Total 1559 22.8 3092 45.1 1953 28.5 245 3.6 6849 

 

 

 

 

 
Figure 5. The number of sighting only, damage only, both, and not available conflict types (Conflict Type 2) that 

occurred each year, from 2008 to 2015. 

 

Magnitude of Change Patterns 
The annual magnitude of change analysis highlighted several trends. First, for all 

intervals, the majority of increases and decreases in the number of conflicts were of a low 

magnitude (increasing or decreasing by 1-3 conflicts). For the seven annual intervals 

examined, the percentage of cells that experienced a low increase in conflict ranged from 

6.8% to 14.2% and the percentage of cells that experienced a low decrease in conflicts 

ranged from 6.2% to 18% (Table 4). By comparison, the percentage of cells that 

experienced a medium to very high increase in conflicts was never greater than 3.1%, 

while the percentage of cells that experienced a medium to very high decrease in conflicts 

never surpassed 2.6%.  
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Table 4. The percentage of cells categorized within each magnitude of change category, for each annual interval 

from 2008 to 2015.  

 

Percent of Cells 

Category 

2008-

2009 

2009-

2010 

2010-

2011 

2011-

2012 

2012-

2013 

2013-

2014 

2014-

2015 

Very High Increase 0.0 0.0 0.0 0.0 0.2 0.0 0.0 

High Increase 0.1 0.0 0.2 0.1 0.6 0.2 0.0 

Medium Increase 0.4 0.2 0.7 1.4 2.3 1.9 1.2 

Low Increase 9.5 6.8 11.3 12.0 14.2 13.6 9.6 

Total Increase 10.0 7.0 12.2 13.6 17.2 15.8 10.8 

Very High Decrease 0.0 0.0 0.0 0.0 0.0 0.3 0.1 

High Decrease 0.0 0.3 0.0 0.2 0.0 0.3 0.2 

Medium Decrease 0.4 0.4 0.2 0.9 0.6 1.8 2.3 

Low Decrease 10.1 10.6 6.0 9.4 9.8 11.7 15.4 

Total Decrease 10.5 11.3 6.2 10.4 10.3 14.1 18.0 

No Change 79.5 81.7 81.6 76.0 72.5 70.1 71.2 

 

 

The percentage of cells that experienced a positive magnitude of change increased 

during the following intervals: 2010-2011 (12.2% of cells), 2011-2012 (13.6%), and 

2012-2013 (17.2%). The percentage of cells with a positive magnitude of change then 

decreased from 2013-2014 (15.8% of cells) and 2014-2015 (10.8%). This pattern mimics 

the trend in conflict numbers during the same eight year period, in which the total number 

of conflicts increased from 2010 to 2013, then decreased from 2013 to 2015 (Figure 2). 

The percentage of cells with a negative magnitude of change, however, did not 

necessarily follow the same pattern. For example, the percentage of cells experiencing a 

decrease in conflicts increased to 10.4% during the 2011-2012 interval (compared to 

6.2% during the previous interval), even though the total number of conflicts increased 

from 2010-2012. 
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The 2012-2013 interval had the greatest percentage of cells with a positive 

magnitude of change (17%). The majority of these increases were of low magnitude. 

However, this interval also had the highest percentage of cells with a medium magnitude 

increase (2.3%), high magnitude increase (0.6%, 10 cells), and very high magnitude 

increase (0.2%, 3 cells). The total number of conflicts increased by 62% during this same 

interval, which was the largest percent increase for any annual interval during the study 

period. During this interval, the zones with the highest percentage of cells with a positive 

magnitude change were zone 6 (43% of cells), followed by zone 1 (34.8%), zone 3 

(31.9%), zones 4 and 9 (30.3% each), zone 8 (27.7%), and zone 2 (25%). All of these 

zones are located in the western half of the state (Figure 6A-G). Interestingly, zone 9 also 

had the highest percentage of cells with a negative magnitude of change during this 

interval (32.3%). However, the majority of cells that experienced a decrease in the 

number of conflicts were located in the northern half of the zone, while the majority of 

cells that experienced an increase were located in the southern half. 

Meanwhile, the 2014-2015 interval had the highest percentage of cells with a 

negative magnitude of change (18%). During this interval, zone 9 had the highest 

percentage of cells with a negative magnitude of change (57.6%). Zones 8, 11, 10, and 1 

also had a high percentage of cells with a negative magnitude of change, ranging from 

28.8 – 34.7%. The majority of decreases during this period were of a low magnitude, 

though this interval also had the greatest percentage of cells with a medium decrease in 

conflicts (2.3%). 
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Figure 6A-G demonstrates the variation in the spatial distribution of cells that 

experience changes in conflict magnitude from year to year, particularly in terms of 

changes that are medium to very high in magnitude. For example, the location of cells 

with a medium to very high magnitude of conflict varies from interval to interval. One 

pattern that can be observed, however, is that the majority of increases and decreases in 

conflict of any magnitude are concentrated in the western half of the state, approximately 

west of zones 11-15. 
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Figure 6. The magnitude of change in the number of conflicts per cell during annual intervals from 2008 to 2015 

(A-G), and during the overall 2008-2015 interval (H). Bear management zones are numbered. 
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The magnitude of change analysis was also run on the 2008-2015 interval (Figure 

6H). Overall, 14% of cells experienced an increase in the number of conflicts from 2008-

2015, while 10% of cells experienced a decrease. The majority of increases were of a low 

magnitude, with only 25 cells experiencing a medium magnitude increase and just two 

cells experiencing a high magnitude increase. Similarly, the majority of decreases were of 

a low magnitude, with just eight cells experiencing a decrease of medium or greater 

magnitude. These increases were fairly well distributed across the western two-thirds of 

the state. Zone 1 had the highest percentage of its cells experience a positive magnitude 

of change (34.6%), 80% of which were of a low magnitude. In zones 2, 5, 6, 7, 9, and 15, 

more than 21% of cells experienced an increase in the number of conflicts. Meanwhile, 

zone 9 was the zone with the greatest percentage of cells that decreased in the number of 

conflicts (29.3%). Zones 10 and 4 also had a high percentage of cells that experienced a 

decrease in the number of conflicts, at 25.8% and 19.4%, respectively. 

Clusters of Change 
The clusters of change analysis was used to identify adjacent cells that 

experienced a significant positive (hot spot) or negative (cold spot) magnitude of change 

during each annual interval. The results show that the 2010-2011, 2011-2012, and 2012-

2013 intervals had the greatest percentage of cells identified as hot spots (8 -10.4%) 

(Table 5). Of these, the 2012-2013 interval had the greatest percentage of cells classified 

as hot spots (10.4%). During this interval, zone 6 and zone 1 had the highest percentage 

of cells that were identified as hot spots (36.5% and 31.8%, respectively). Zones 3, 4, 8, 
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and 9 also had a high percentage of cells identified as hot spots, ranging from 18.8 to 

26.6% of cells. 

 

Table 5. The percentage of cells categorized within each conflict cluster category, for each annual interval from 

2008 to 2015. 

 

Percent of Cells 

Category 

2008-

2009 

2009-

2010 

2010-

2011 

2011-

2012 

2012-

2013 

2013-

2014 

2014-

2015 

Hot Spot (99% confidence) 1.7 1.8 5.0 2.2 3.5 3.4 1.7 

Hot Spot (95% confidence) 3.0 0.4 2.9 2.4 2.7 2.8 2.2 

Hot Spot (90% confidence) 0.3 2.8 0.0 3.8 4.1 0.2 0.4 

Total Hot Spots 5.0 5.0 8.0 8.4 10.4 6.3 4.3 

Cold Spot (99% confidence) 1.8 2.9 1.6 2.2 1.9 3.5 3.2 

Cold Spot (95% confidence) 2.5 3.6 3.3 2.7 1.9 2.5 5.7 

Cold Spot (90% confidence) 0.1 0.2 0.0 0.1 0.3 0.1 0.1 

Total Cold Spots 4.4 6.7 4.9 5.0 4.0 6.2 9.0 

No Clusters 90.5 88.3 87.1 86.6 85.6 87.5 86.8 

 

 

Meanwhile, 2014-2015 was the interval with the highest percentage of cells 

classified as cold spots (clusters of cells with a decrease in conflicts), at 9%. During this 

interval, zone 9 was the zone with the highest percentage of cells identified as cold spots 

(49.5%). Zones 3, 5, 8, 10, and 20 also had high percentages of cells that were cold spots, 

ranging from 16 to 23.9%. 

In general, the location and size of hot spots and cold spots varied from interval to 

interval, though some trends can be identified (Figure 7A-G). First, the majority of hot 

spots and cold spots are located in the western half of the state, which is to be expected as 

this analysis was based on the results of the magnitude of change analysis. Occasionally, 

a hot spot or cold spot also appears in the southeastern corner of the state, in zone 20.  
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Figure 7. Clusters of positive magnitude change (hot spots) and negative magnitude change (cold spots) during 

annual intervals from 2008 to 2015 (A-G) and during the overall 2008-2015 interval (H). Bear management 

zones are numbered. 
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There are also several cases in which a hot spot became a cold spot in the 

proceeding interval. For example, the area in the southern part of zone 5 was identified as 

a hot spot in the 2008-2009 interval, then a cold spot in the 2009-2010 interval. During 

the 2010-2011 interval, the southeastern edge of this hot spot becomes the northwestern 

edge of a large hot spot that extends across zone 9. Similarly, zone 1 in the southwest had 

a hot spot in the 2011-2012 and 2012-2013 intervals, which then became a cold spot in 

the 2013-2014 interval. This is also true of the hot spot in the southern part of zone 9 

during the 2013-2014, which became a cold spot in the 2014-2015 interval.  

The clustering analysis was also run on the overall 2008-2015 interval (Figure 

7H). Overall, 9% of cells were identified as hot spots and 4.5% of cells were identified as 

cold spots for this interval. Notable hot spots were identified in zones 1, 5, 6, 7, and 20 

and notable cold spots were identified in zones 4, 6, and 14. Zone 1 had the greatest 

percentage of cells classified as part of a hot spot (42.4%), and zone 4 had the greatest 

percentage of cells classified as part of a cold spot (16.1%). Again, the majority of hot 

spots and colds spots were located in the western half of the state, with the exception of 

the hot spot in zone 20. 

Meanwhile, the second clustering analysis, run on the raw change values to 

determine whether grouping values into the magnitude of change classes affected the 

results, identified hot spots and cold spots in similar locations and of similar sizes for the 

majority of annual intervals. The main difference between the results of the two 

clustering analyses is that the raw change clustering analysis generally identified fewer 
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cells as clusters, particularly in terms of cold spots. However, these differences were 

minor overall. 

Examining the results of the clustering of change analysis in conjunction with the 

magnitude of change analysis helps to identify where increases and decreases in conflict 

are happening from year to year. For example, we know that the total number of conflicts 

increased by 63% from 2012 to 2013. The hot spot analysis demonstrates that there was 

an increase in the number of cells experiencing a positive magnitude change in conflicts 

in the southwestern part of the state. The number of conflicts then decreased from 2013-

2014, and part of this decrease occurred in the zone 6 and 4 border, as evidenced by the 

large cold spot. 

Consistency of Change Patterns 
The consistency of change analysis demonstrated that no cells experienced an 

increase in the number of conflicts every year from 2008 to 2015, and no cells 

experienced a decrease in the number of conflicts every year. The majority of cells fell 

within the “no conflict” (49.2%) and “inconsistent change” (44.6%) categories. Only 4% 

of cells fell into the “increase or no change” category, and just 2.3% of cells fell into the 

“decrease or no change” category.  

The only clear pattern that is evident in the distribution of these four categories of 

cells is that the majority of “no conflict” cells are located in the eastern half of the state 

(Figure 8). The western half of the state largely belongs to the “inconsistent change” 

category, demonstrating that the number of conflicts in each cell in this region varies 

from year to year. 
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Figure 8. The consistency of change in the number of conflicts per cell from 2008 to 2015. Cells are categorized 

as either experiencing an increase or no change in the number of conflicts during the study period (“Increase or 

No Change”), a decrease or no change in the number of conflicts during the period (“Decrease or No Change”), 

or experiencing both increases and decreases in the number of conflicts (“Inconsistent Change”). Bear 

management zones are numbered. 

 

Discussion 
 

Seasonal Trends 
The number of conflicts varied substantially from year to year during the study 

period, with a low of 390 conflicts in 2010 and a high of 1,407 conflicts in 2013. As 

noted by Peine (2001), one cause for increases in human-black bear conflicts are natural 

food shortages. Similarly, Ryan et al. (2007) found an inverse correlation between black 

bear non-hunting mortalities (i.e. vehicle collisions, depredation permits, etc.) and oak 

mast. In the southern Appalachians, oak are a key driver of black bear population 

dynamics and movements (Pelton, 1989). When compared to the results of Virginia’s 

annual mast survey, trends in conflict number appear to follow trends in mast production 

in some years. The annual mast survey examines the percentage of white oak and red oak 

crown with acorns. In 2010, the year with the lowest number of conflicts, both white oak 
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and red oak production were high. Meanwhile, in 2013, the year with the highest number 

of conflicts, both white oak and red oak production were recorded as historically low. 

However, this relationship does not hold true in all years. In 2012, white oak and red oak 

production were both high and the number of conflicts increased, though only by 10% 

(Martin & Norman, 2015). 

A seasonal trend in conflict numbers was also observed. The majority of conflicts 

in Virginia from 2008 to 2015 occurred in the summer (44.9%), followed by the spring 

(36.4%). This result is similar to what has been reported by wildlife management 

agencies across the continent, including in the Southeast. Spencer et al. (2007) found that 

52% of wildlife agencies reported summer as being the season with the most black bear 

complaints, while spring was the peak for 29% of agencies. Summer and spring were also 

found to be the peak seasons for complaints in southeastern states. This result is 

unsurprising as bears are most active during these seasons and least active in winter. In 

the summer and fall bears increase their time spent foraging in preparation for winter 

dormancy, seeking to obtain the most calories with the least amount of effort (Hristienko 

& McDonald, 2007). When bears emerge from their dens in early spring, they are 

nutritionally stressed, particularly nursing females, and may have lost up to 25-30% of 

their body weight. Further, food is more scarce in early spring and what is available may 

be of low nutritional value (VDGIF, 2012). Therefore, spring, summer, and fall are 

periods when bears are most active, which could increase the potential for encounters 

with humans and also the temptation of easily accessible anthropogenic food sources. 
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Further, other studies have documented that several conflict types are seasonal. 

For example in Virginia, damage to  livestock mostly involves sheep and lambs and are 

most frequent in early spring, following hibernation (Davenport, 1953; VDGIF, 2012). In 

Massachusetts, sheep predation occurs mostly from May to October (Jonker et al., 1998), 

and in Alberta, predation on cattle and swine is most common in summer (Horstman & 

Gunson, 1982). Meanwhile, damage to corn occurs most frequently in the summer to 

early fall, when corn reaches its “milk stage” of growth and has the highest sugar content, 

making it particularly attractive to bears (Stowell & Willging, 1991). Similarly, damage 

to apiaries is most frequent during the spring and summer, which is when peak honey 

flows occur (O’Brien & Marsh, 1990; Vaughan et al., 1989). Therefore, at the same time 

as attractants such as corn and apiaries are becoming most attractive to bears and the 

opportunities for human-black bear interactions are increasing, bears are either beginning 

to increase caloric intake in preparation for winter dormancy, or are in search of more 

nutritious foods as they emerge from dens. While fall is also an important period for 

bears in terms of food intake, certain key attractants such as livestock, corn, and apiaries 

are less available, which could explain why fewer conflicts occur during this season. Fall 

is also the season when more hard mast is available, a main food source for bears.  

These findings suggest that education initiatives aimed at reducing human-black 

bear conflicts should not only be spatially targeted, but should be temporally targeted as 

well. For example, managers could spend the fall and winter months educating 

communities on how to proactively remove or secure attractants and prevent conflicts, so 

that communities will be better prepared during the following spring and summer. 
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Trends in Conflict Type 
Of the Conflict Type 1 categories, human development conflicts are by far the 

most common. This category includes conflicts related to property damage, human 

safety, bird feeders, and trash. From 2008 to 2015, human development conflicts made up 

between 57.2% and 71.8% of all conflicts. Agriculture-related conflicts, meanwhile, 

made up between 11.5% and 21% of conflicts each year. This finding is unsurprising, 

given that the human development category includes conflicts related to trash. Spencer et 

al. (2007) found that 69% of wildlife management agencies ranked food and garbage 

attractants as the most common type of human-black bear conflict. When compared to 

natural food sources, garbage is continually available regardless of the season, it is 

predictable in time and space, it requires little energy to access, and it is always 

replenished after use (Beckmann & Berger, 2003). Trash and other unnatural food 

sources can provide a positive stimuli for bears and they can easily become food 

conditioned (Hristienko & McDonald, 2007).  

Of the Conflict Type 2 categories (sighting only, damage only, or both), “damage 

only” was the most common type of conflict (45%). Conflicts that included both a 

sighting and damage were the second most common (28.5%), followed by conflicts that 

were “sightings only” (22.8%). This means that the majority of conflicts reported 

involved damage of some type (73.5%) – though it is important to note that a bear 

knocking over a trash can or smashing a birdfeeder most often was classified in the 

dataset as damage.  

This finding is unsurprising, as people are probably more likely to report a 

conflict if damage occurs. Some people may be inclined to consider a bear sighting as 
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threatening or a public safety concern, while others are less concerned about a sighting if 

no damage occurs. A person’s concept of risk and their reactions to it are shaped by 

numerous external factors, and therefore a person’s perception of risk may differ from the 

actual degree of risk (Dickman, 2010). Therefore, whether or not a “sighting only” 

situation is viewed as a threat can be situationally-dependent. For example, a bear 

sighting in a more developed residential area may be more likely to be reported, 

particularly if residents are not used to the presence of bears, as they may perceive the 

bear to be more of a threat than it actually is. Meanwhile, a bear spotted in a rural area is 

probably less likely to be reported. As noted by Røskaft et al. (2003), people who have a 

history of coexisting with wildlife tend to be less fearful of them. Alternatively, a person 

who spots a bear near livestock or an apiary may be more likely to report the sighting due 

to the potential damage that the bear could inflict on valued property. 

It is also important to keep in mind that the analysis of the Conflict Type 1 and 

Conflict Type 2 categories reflects which types of categories are reported more than 

others, which does not necessarily equate to which conflict types occur most frequently in 

reality. For example, it is likely that more sightings occur than are actually reported, 

whereas it is more likely that a high proportion of conflicts involving damage are 

reported. Therefore, the true ratio of “sighting only” to “damage only” or “both” conflict 

types cannot be interpreted from this analysis. 

Finally, a study by Vaughn (1989) on bear damage on National Park Service 

(NPS) and non-NPS lands in Virginia from 1973-1988 provides an interesting historical 

example against which to compare the results of this study. The author found that on non-
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NPS lands, an average of 31 damage incidents occurred each year, with damage to corn 

crops accounting for 31% of these incidents and damage to apiaries accounting for 22%. 

Other damage incidents such as damage to trash cans and screen doors accounted for 

24% of incidents. One notable difference is the low number of reported damage incidents 

that occurred during this period, compared to the average of 387 “damage only” conflicts 

reported annually from 2008 to 2015. Additionally, on non-NPS lands, agricultural 

conflicts were the most common conflict type, which contrasts the results of this study. 

One possible explanation for these differences is that prior to 2000, most bear complaints 

represented significant problems that required management action, such as relocation, 

rather than minor issues such as damage to garbage cans and sightings. Further, during 

the 1970s and 1980s, the majority of bears were found in the state’s western counties and 

the Great Dismal Swamp, limiting the number of conflicts that could occur elsewhere in 

the state (VDGIF, 2012).  

Spatial and Temporal Analysis 
The results of the magnitude of change, clustering of change, and consistency of 

change analyses all point to the variability in the location of conflicts in Virginia from 

year to year. With the exception of the fact that more conflicts consistently occurred in 

the western half of the state, no clear spatial trends emerged during the eight-year period.  

For example, although there were periods in which the total number of conflicts 

increased, these increases do not appear to have been restricted to any particular cells or 

bear zones. For instance, the number of conflicts increased by 260% from 2010 to 2013. 

Yet the magnitude of change analysis results demonstrate that the majority of this 
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increase was of a low magnitude, indicating that an increase in conflict numbers 

translated into a broader spatial distribution of these conflicts, rather than a high 

concentration of conflicts in a few locations. It is important to recognize, however, that 

this result was determined in part by the way in which the low, medium, high, and very 

high magnitude increase categories were defined. It is possible that when using a cell size 

65km2, as was done in this study, that an increase of three conflicts in one year should be 

considered a medium or even high increase in conflict magnitude. There was no clear 

means by which to define the conflict magnitude categories, so it was decided that given 

the average annual number of conflicts in the state (856), an increase of one to three 

conflicts within a 65km2 cell could be considered a low magnitude increase. 

Further, when examining the results of the clustering analysis for this same 

period, several hot spots representing clusters of conflict increases were identified. 

However, the locations of these hot spots changed from 2010-2011 to 2011-2012 to 

2012-2013, again demonstrating that the location of cells experiencing an increase in 

conflicts varies from interval to interval. In fact, throughout the 2008 to 2015 period, the 

percentage of cells experiencing an increase in conflict mimicked the trend in the total 

number of conflicts during the study period. When the total number of conflicts 

increased, the percentage of cells experiencing a positive magnitude of change also 

increased, further demonstrating that an increase in conflict numbers coincided with an 

increased spatial distribution of conflicts. It is important to keep in mind when assessing 

the results of the cluster analysis, however, that the method by which neighborhoods 

were defined likely affected the location and size hot spots and cold spots. Future 



60 

 

research could include a clustering analysis run using a distance-based neighborhood, 

rather than a neighborhood defined by cell adjacency, in order to identify how 

neighborhood definition can influence the results.  

The fact that several hot spots later become cold spots, and in some cases became 

hot spots again, further points to the fact that the number of conflicts in cells rarely 

continues to increase or decrease over time in the same location. The results of the 

consistency of change analysis clearly demonstrate that no cell experienced an increase in 

conflicts each year during the study period, and no cell experienced a decrease in 

conflicts each year. Rather, the vast majority of cells experienced both increases and 

decreases in the number of conflicts over time. One consideration for improving the 

consistency of change analysis is to increase the cell size on which the analysis was run. 

The results of this analysis are still useful in that they help demonstrate the variability of 

conflict numbers at a fine spatial scale. However, it may also be useful to implement this 

methodology at a coarser spatial scale. For example, rather than using hexagons with a 

side length of 5 km (area = 65 km2), a side length of 10 km (area = 260 km2) could be 

tested instead. A larger cell size may be more appropriate for identifying trends in the 

consistency of conflict over an eight-year period. With a larger cell size, more conflicts 

would be aggregated to each cell, making it more likely that some cells would have 

experienced a consistent increase or decrease in conflict number during this period. 

Although the analysis would be at a coarser scale, the identification of these areas could 

prove more useful than the results of the fine-scale analysis that was done here, which 

failed to identify any trends in consistency. 
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It is also possible that the large spatial distribution of conflicts from year to year, 

with some degree of concentration in the western part of the state, is mimicking the 

distribution of black bear populations in Virginia. With the exception of the Great Dismal 

Swamp, bear populations are highest in the state’s western counties. However, 

populations can be found throughout much of the rest of the state (VDGIF, 2012). 

Therefore, based on the location of bear populations alone, it would be expected that 

more conflicts would occur in western Virginia and near the Great Dismal Swamp, and 

that conflicts would occur but would be fewer in number across the rest of the state. For 

example, Vaughn et al. (1989) found that 71% of conflicts in the 1970s and 1980s 

occurred in six western counties bordering Shenandoah National Park (zones 4 and 9) 

and in the Independent City of Suffolk (zone 20). These zones had well-established bear 

populations both prior to and following the expansion of bear populations. For example, 

during the 1970s and 1980s, the density of bears in Shenandoah National Park’s (located 

in zone 9) was estimated to be one bear per 0.96-1.49 km2 (Vaughan et al., 1989). 

Similarly, zone 20 encompasses part of the Great Dismal Swamp, which is also known 

for its high bear density, estimated today to be 1.5 bears per square mile (VDGIF, 2012). 

The fact that conflicts from 1973-1988 were concentrated in these zones therefore is 

unsurprising due to their high bear populations, though the fact that conflicts were limited 

almost entirely to these zones is in sharp contrast to the wide distribution of conflicts seen 

today. For example, from 2008 to 2015, 21% of conflicts occurred in the six counties and 

one independent city identify by as containing 71% of conflicts by Vaughan et al. (1989). 

The difference in the distribution of conflicts in the 1973-1988 period and the 2008-2015 
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period likely reflects the more limited distribution of black bear populations thirty years 

ago, and is evidence of the expansion of bear populations across much of the state during 

the intervening period. 

One goal of the spatial analyses was to identify “problem zones” where conflicts 

were increasing or clustered. While it was difficult to pinpoint particular cells or groups 

of cells that experienced a consistent increase in conflict number or that consistently 

experienced medium to very high magnitude increases in conflict, the clustering analysis 

did identify several zones that contained conflict hot spots during multiple annual 

intervals. These are zones 5 and 9 in the northwest and zones 1 and 6 in the southwest. 

The fact that these zones experienced increases in conflict occurrence during more than 

one interval, and that these increases were significantly clustered, suggests that although 

the severity of the problem may fluctuate, human-black bear conflict is overall a problem 

in these zones. Further, these zones have the highest density of conflicts in the state, 

ranging from 0.096 conflicts/km2 to 0.15 conflicts/km2.  

There are several possible explanations for why these zones appear to be more 

problematic. First, zone 9 contains Shenandoah National Park, which is a source 

population for bears and bears in the park are not legally hunted. As a result, bear 

populations in this zone are among the highest in the state (VDGIF, 2012). Bears that 

leave the park can become involved in conflict situations, however, if they end up near 

communities. Zone 5, even with a stable bear population since 2009, has historically had 

a high number of bears and calls about them (VDGIF, 2012). In addition to bear 

populations, it is also important to consider public tolerance for bears. In the 
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southwestern mountains, which includes zone 1 and 6, 18% of surveyed residents 

expressed interest in reducing bear populations, while only 8% of residents in the 

northwestern mountains, which includes zones 5 and 9, expressed this interest. Further, 

44% of residents in the northwestern mountains believe that having bears near their 

homes improves the quality of their life, compared to 36% in the southwest (Duda et al., 

2010). This suggests that although zones 5 and 9 have large, well-established bear 

populations, residents are more tolerant of these bears. Though conflict occurrence was 

high in these zones, it’s possible that it could have been even higher had residents had a 

lower tolerance of bears. Their tolerance may due to the fact residents in zone are more 

used to the presence of bears, which have been in the region for decades. In contrast, 

although zones 1 and 6 have smaller and relatively newer bear populations, there appears 

to be less tolerance for bears, and therefore a higher proportion of interactions may be 

reported. Bear populations in zones 1 and 6 are now higher than they have been since the 

historical declines (VDGIF, 2012), meaning residents have less experience with bears 

and may be more likely to report human-black bear interactions.  

Conclusion 
The results of the conflict type and seasonality analyses demonstrate that human 

development conflicts were the most common conflict type (66.7%), that the majority of 

reported conflicts involved some level of damage (73.5%), and that most conflicts 

occurred in the summer and spring (81.3%). These results help quantify what bear 

managers in the state already know. However, the relatively low occurrence of 

agricultural conflicts compared to human development conflicts could help re-assure 
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farmers that while damage to agricultural commodities such as crops and livestock do 

occur, these events are relatively infrequent. Meanwhile, understanding the seasonal 

trends in conflict could help communities better prepare for bear conflicts prior to the 

seasons when conflicts become more frequent. For example, communities could ensure 

that they remove attractants from their property or install bear-resistant garbage 

containers and dumpsters by February, to prevent bears from being drawn to their 

property during periods of high foraging activity in the spring, summer, and fall.  

The results of the spatial analysis demonstrate the widespread distribution and 

inconsistent nature of conflicts across much of Virginia, though conflicts are somewhat 

concentrated in the western half of the state. The locations of conflicts change from year 

to year, as demonstrated by the results of the magnitude of change analysis, and many 

locations experienced a decrease in conflicts one year and an increase the next, or vice 

versa. While this variation in conflicts may reflect natural factors, such as changes in 

natural food sources, it’s also possible that this variation reflects shifting public tolerance 

for bears.  

However, the results do suggest that zones 1, 5, 6, and 9 are zones in which 

conflicts are generally increasing (though not consistently), and could benefit from being 

targeted with preventative measures to remove attractants, particularly prior to the start of 

spring. Communities within zones that have had a particularly high number of conflicts 

could be encouraged to start Bear Smart Community programs, similar to the 

Wintergreen Bear Smart program in Nelson County. In this example, the Wintergreen 

community worked with VDGIF and law enforcement to put in place measures to reduce 
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bear-related problems at the Wintergreen Resort, and their efforts resulted in an 80% drop 

in conflict numbers in three years (Sajecki, 2010).  

The wide distribution of conflicts in Virginia and the lack of clear patterns in 

conflict locations may be a function of the behavioral plasticity of black bears and their 

ability to successfully inhabit a wide range of environments. As bear populations have 

expanded, they have increased their range to include a variety of habitat types and have 

moved closer to humans. Likewise, humans have encroached on bear habitat yet have 

limited knowledge of black bears. Wherever bears and humans interact, the possibility for 

conflict will exist. Because bears are so widely distributed in Virginia today, the potential 

for human-black bear conflicts exists in much of the state and there has been a rise in 

conflicts over the last several decades. Conflicts still appear to be more frequent and 

predictable in areas with the largest bear populations, such as in the western counties and 

near the Great Dismal Swamp, but conflicts have occurred in almost every county, 

demonstrating the scale of the problem. Therefore, a combination of preventative 

management actions that reduce conflict occurrence in problem areas as well as a broad-

scale public education campaign that increases public awareness and tolerance of bears 

across the state may be the best approach for enabling the long-term coexistence of 

humans and black bears in Virginia. 
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CHAPTER THREE: UNDERSTANDING THE SPATIAL DISTRIBUTION OF 

HUMAN-BLACK BEAR CONFLICTS IN WESTERN VIRGINIA 

Introduction 
Human-carnivore conflicts challenge wildlife managers worldwide and is on the 

rise in many areas, as contact between humans and carnivores increases. Increased 

contact can be attributed to a range of factors, chief among them the expansion of 

settlements and agriculture in previously wild areas as human populations grow (Ripple 

et al., 2014; Treves & Karanth, 2003). In fact, global human population growth has been 

cited as one of the greatest threats to carnivore conservation worldwide (Ripple et al., 

2014). Population growth can result in increased competition between carnivores and 

humans for wild prey, reduction and fragmentation of carnivore habitat, and the 

introduction of livestock to new areas (Madden, 2004; Ripple et al., 2014). Conflicts 

subsequently arise when carnivores damage livestock and other agricultural commodities, 

or when they pose a threat to human safety (Madden, 2004). 

While a wide-range of species is involved in conflicts, large mammals typically 

receive the most attention and are the most-well documented (Madden, 2004). Of the 

large carnivore species found in North America, black bears (Ursus americanus) are 

implicated in a notable and increasing number of conflicts. Though once reduced to 39% 

of their original range as a result of excessive hunting, black bear populations have 

rebounded since the mid-20th century due to a shift in values towards wildlife 
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preservation, an increase in bear habitat due to the natural succession of abandoned 

farmland, large public land purchases, and the availability of anthropogenic food 

resources (Howe et al., 2007). Black bears are opportunistic omnivores, a characteristic 

which has enabled them to adapt to landscapes altered by human development and for 

their populations to continue to grow in the face of increasing human populations 

(Beckmann & Berger, 2003). Today, American black bears are present in 40 U.S. states 

(with occasional sightings in 6 additional states), throughout Canada, and in parts of 

Mexico (Scheick & McCown, 2014). 

The increase in black bear populations has led to a coincident increase in human-

black bear conflicts. Most conflicts involve bears raiding anthropogenic food sources, 

such as garbage bins, though more significant conflicts also occur, such as damage to 

crops, livestock, and rarely, injury to humans (Spencer et al., 2007). At the time of a 2006 

survey of 48 wildlife management agencies in North America, an estimated 43,000 

complaints against black bears were being made to state and provincial wildlife agencies 

annually, and 82% of wildlife agencies indicated that black bear problems were common, 

increasingly common, or a serious problem (Spencer et al., 2007). 

Virginia is among the states experiencing an increase in human-black bear 

conflicts. The state’s largest bear populations are found in the western Blue Ridge and 

Allegheny mountains and in the Great Dismal Swamp National Wildlife Refuge in the 

southeastern coastal plain region. However, bears can occur in almost every county in the 

state and it’s estimated that from 2001-2009, bear populations increased at a rate of 9% 

per year since 2001 (VDGIF, 2012). 



68 

 

While it is known that the number of conflicts in Virginia is on the rise, no formal 

analysis of the spatial distribution of conflicts has been completed. This study seeks to 

address this gap by assessing the role of ecological and anthropogenic variables in 

explaining the spatial distribution of publically reported human-black bear conflicts in 

Virginia. Two categories of conflict, human development-related and agriculture-related 

conflicts, were examined separately to determine whether the variables contributing to 

these conflict types differ. It was hypothesized that locations at the forest-agriculture 

interface with intermediate population density would show a greater propensity for both 

types of conflicts. Previous studies have shown that bears in such fragmented landscapes 

may exhibit increased space use, thus increasing the probability of encountering humans 

(Hiller, Belant, Beringer, & Tyre, 2015). Further, this type of landscape contains patches 

of forest which can be used by bears for cover and natural forage, access to agricultural 

resources such as crops, and the presence of anthropogenic food attractants such as 

garbage and bird-feeders. Improving our understanding of why conflicts occur where 

they do in Virginia will facilitate the development of appropriate conflict mitigation 

strategies and help the state’s black bear managers target efforts to the areas most in need 

of support. 

Study Area 
This study focused on the western half of Virginia, where the density of human-

black bear conflict is highest (Figure 9). The study area was delineated using the 

boundaries of the Virginia Department of Game and Inland Fisheries’ (VDGIF) Bear 

Management Zones. The VDGIF has aggregated the state’s counties and independent 
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cities into 22 zones based on physiographic characteristics, bear population dynamics and 

biology, land use, and resources available to manage bears (VDGIF, 2012). The 

boundaries of the study area were selected by identifying bear zones with a conflict 

density of > 0.025 conflicts per square kilometer (km2). While 11 zones met these 

criteria, one zone located in the far southeastern corner of the state was excluded from the 

study area, due to its significantly different physiographic characteristics (i.e. coastal 

plains) in comparison to the remaining 10 zones (i.e. mountainous and piedmont). 

 

 

Figure 9. The density of human-black bear conflicts from 2008-2015 within the VDGIF Bear Management 

Zones, and the location of conflicts in the 10 zones that make up the study area. 

 

 

The study area is 54,354 km2 and encompasses 47 counties and 20 independent 

cities. It contains five distinct ecoregions: Southern Appalachian Piedmont, Blue Ridge 
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Mountains, Northern Ridge and Valley, and the Northern and Southern Cumberland 

Mountains. The mountainous regions are characterized by northern hardwoods or oak, 

hickory, and pine forests, while the Piedmont is characterized by oak and hickory forests 

(VDGIF, 2012). The dominant land cover type in the study area is deciduous forest 

(55%), followed by pasture-hay (21%) (Homer et al., 2015). Elevation across the study 

area ranges from five meters (m) to 1,746 m (U.S. Geological Survey, 1999). 

The human population of the study area is 4.2 million people, representing 

approximately 50% of the state’s total population (U.S. Census Bureau, 2010b). 

However, it is worth noting that the study area includes the state’s most populous county, 

Fairfax (1.1 million people), and that large portions of the study area are sparsely 

populated.  

According to the VDGIF, as of 2017, an estimated 16,000-18,000 bears reside in 

Virginia. With the exception of intensively farmed and urbanized areas, much of the state 

provides suitable bear habitat. While the exact bear population of the study area is 

unknown, it is believed that the population found in Virginia’s western mountains 

belongs to the largest contiguous bear population in the southeastern U.S. (VDGIF, 

2012). 

Data 
 

Conflict Events Dataset 
Analysis was completed using VDGIF’s Black Bear Event Complaint and 

Capture dataset. Since the 1970s, VDGIF has been recording public complaints made 

against black bears in Virginia (VDGIF, 2012). For each complaint, information is 
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collected on the location of the conflict (street address, town, and/or county), whether the 

incident was a sighting only or whether damage occurred, and the type of conflict (bird 

feeders, trash, bees or apiaries, corn or grain, orchards, property damage, livestock or 

poultry, livestock feed, public safety, or other).  

The full database contains more than 15,000 events and dates back to 1970. 

However, reported conflicts were not consistently recorded prior to 2007, and events 

were not consistently attributed with location information until 2008. Therefore, only 

conflicts that occurred from 2008 to 2015 were used in the analysis. A total of 6,960 

conflicts were recorded across the state during that time period. Of these, 70% (n = 

4,899) had sufficient location information, 4,355 of which were located within the study 

area and were used in the analysis (Figure 9). 

Prior to analysis, information in the VDGIF was dataset aggregated into several 

new categories. First, each conflict was categorized as a human development-related 

conflict (n = 3,160), an agriculture-related conflict (n = 795), other (n = 573), or not 

specified (n = 492). Conflicts related to bird feeders, trash, property damage, and public 

safety were categorized as “human development-related”, while those related to bees or 

apiaries, corn or grain, orchards, livestock or poultry, and livestock feed were categorized 

as “agriculture-related” (Table 6). These categories were chosen based on a review of 

common categories for classifying human-carnivore conflict data. The chosen categories 

are similar to those used by Baruch-Mordo et al. (2008) and Lukasik & Alexander 

(2011). It is important to note, however, that the human development and agricultural 

categories are not mutually exclusive, as a number of conflicts were attributed to multiple 
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conflict categories. For example, an incident in which a bear fed on chickens and got into 

garbage would have been classified as both agricultural and human development. A total 

of 315 conflicts were attributed as being both human development and agricultural. Also 

relevant is that fact that for the agricultural conflicts, there was no defining information 

regarding whether the poultry, livestock, or apiaries were hobby commodities or 

commercial commodities. 

 

Table 6. Human development- and agriculture-related conflict sub-types, with the percentage at which each sub-

type occurs within their respective conflict category, and within the conflict dataset as a whole. 

Human Development-Related Conflicts 

Conflict Type 

% (Human 

Development 

Conflicts) 

% (Total 

Conflicts) 

Bird feeders 25.60 18.58 

Trash 64.56 46.84 

Property damage 27.28 19.79 

Public safety 28.67 20.80 

Agriculture-Related Conflicts 

Conflict Type 

% (Agricultural 

Conflicts) 

% (Total 

Conflicts) 

Bees or apiaries 23.52 4.29 

Corn or grain 12.33 2.25 

Orchards 9.18 1.68 

Livestock or poultry 43.77 7.99 

Livestock feed 20.50 3.74 

 

 

To compare the characteristics of conflict locations to non-conflict locations, an 

equal size set of randomly located points was generated. This approach is commonly 

applied to predictive species distribution modeling when absence data is unavailable, and 

the random sampling technique has been shown to work well with regression models 
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(Barbet-Massin, Jiguet, Albert, & Thuiller, 2012). The final conflict-random dataset 

included 8,710 observations. Each point was buffered using a 3.5 km search radius in 

order to calculate the percentage of select land cover classes in the area surrounding each 

point. Similar to the method used by McFadden-Hiller et al. (2016), this buffer size was 

selected based on mean daily movements of black bears in the Mid-Atlantic region 

(Fecske et al., 2002; Garshelis, 1978). 

Explanatory Variables 
Human-wildlife conflict is inherently influenced by both ecological and 

anthropogenic variables. The location of suitable habitat, agricultural land, livestock, and 

human populations have all been cited as important variables to consider when analyzing 

the distribution of human-black bear conflict (Baruch-Mordo et al., 2008; Merkle, 

Krausman, Decesare, & Jonkel, 2011). Therefore, ecological variables representing 

natural habitat features of the landscape and anthropogenic variables representing the 

location of human development and agriculture were examined in the analysis as 

potential explanatory variables (Table 7).  

 

Table 7. The explanatory variables used in the analysis of human-black bear conflicts in the western Virginia 

study area from 2008 to 2015. 

Variable Unit Data Source 

Ecological variables 

1. Natural Habitat 

Distance to nearest  small forest patch 

(DistForS) km NLCD 

Distance to nearest medium forest patch 

(DistForM) km NLCD 

Distance to nearest large forest patch 

(DistForL) km NLCD 

Distance to nearest riparian zone (DistRip) km U.S. Geological Survey NHD 
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% Forest within 3.5 km buffer radius 

(%Forest) % NLCD 

2. Topographic 

Elevation m U.S. Geological Survey NED 

Slope degrees U.S. Geological Survey NED 

Anthropogenic variables 

1. Human Population 

Housing density (HouseDens) 

houses 

/km2 U.S. Census Bureau TIGER 

Distance to nearest major road (DistRdMaj) km 

VGIN Virginia Roads 

Centerline 

Distance to nearest minor road (DistRdMin) km 

VGIN Virginia Roads 

Centerline 

2. Agricultural 

Distance to nearest pasture-hay 

(DistPastHay) km NLCD 

% Pasture-hay within 3.5 km radius 

(%PastHay) % NLCD 

Distance to nearest cultivated crop 

(DistCrops) km NLCD 

 

 

The 2011 National Land Cover Database (NLCD, 

http://www.mrlc.gov/nlcd2011.php) was used to estimate the distance of each 

observation to the nearest forest, cultivated crops, and pasture-hay, as well as the 

percentage of forest and pasture-hay within a 3.5 km radius buffered area surrounding 

each observation. The NLCD product was developed using 30-m resolution Landsat 5 

Thematic Mapper (TM) imagery and represents the most recent national land cover 

dataset (Homer et al., 2015). 

To calculate distance to forest patches, the deciduous, evergreen, and mixed forest 

land cover classes were aggregated into one forest class. The forest dataset was then 

separated by size into small (≤ 2 km2), medium (>2 – 50 km2), and large (> 50 km2) 

http://www.mrlc.gov/nlcd2011.php
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contiguous forest patches. As home range sizes of bears in Virginia range from 2.5 – 130 

km2 for females and 26 – 760 km2 for males, (VDGIF, 2012) the medium and large forest 

patches represent those large enough to sustain the home range of a bear. Meanwhile, the 

small forest patches represent those that would only be used occasionally by bears. This 

is similar to the approach used by Merkle et al. (2011), who examined the distance of 

human-black bear conflicts to small (< 100 km2) and large (> 100 km2) forest patches. In 

addition, similar to Evans et al. (2014), the forest classes were aggregated to examine 

percent forest as a whole, rather than looking at percent deciduous, evergreen, and mixed. 

This decision was made based on the fact that deciduous is the dominant forest type in 

the study area (87%), while evergreen and mixed forest make up just 8.1% and 4.6% of 

the study area’s forests, respectively. 

Black bears are also known to use riparian areas throughout their range, therefore 

distance to riparian zones was calculated using the U.S. Geological Survey’s National 

Hydrography Dataset (NHD) at 1:24,000 scale (http://nhd.usgs.gov/data.html). This 

dataset provides comprehensive coverage of surface water features such as rivers, 

streams, and lakes for the U.S. (Simley, J.D. & Carswell Jr., W.J., 2009). Prior to 

calculating the distance of observations to riparian zones, the NHD dataset was 

reclassified to only include the classes “StreamRiver” “Artificial Path”, “Connector”, and 

“CanalDitch”. The “StreamRiver” class represents flowing bodies of water; the 

“Artificial Path” class estimates the flow path for larger bodies of waters such as lakes 

and large rivers; the “Connector” class represents known connections between 

nonadjacent networks; and the “CanalDitch” class represents canals and ditches. Features 

http://nhd.usgs.gov/data.html
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that could not be used to represent riparian habitat, such as artificial connectors and 

pipelines, were excluded.  

Two topographical variables, elevation and slope, were also included in the 

analysis, as topography has been shown to influence bear habitat use. For example, Tri et 

al. (2016) found that bears in the Mid-Atlantic region primarily used forested slopes, 

while Clark et al. (1993) found that female black bears used moderately sloping terrain 

more than flatter terrain. Elevation and slope were derived from the 30-m resolution 

USGS National Elevation Dataset (NED, http://ned.usgs.gov), a seamless dataset 

containing the best available elevation data for the contiguous U.S. (Gesch, Evans, 

Mauck, Hutchinson, & Carswell Jr., 2009). 

Several studies examining conflicts between humans and large mammals have 

also noted the importance of the proximity of suitable habitat to areas of human 

development (Baruch-Mordo et al., 2008; Kretser, Sullivan, & Knuth, 2008; Merkle et 

al., 2011). In the context of black bears, this intersection not only increases the rate of 

encounters between bears and humans, but areas of human development can provide 

forage opportunities for black bears. In fact, urban black bears, which have easy access to 

anthropogenic food sources such as garbage, have been shown to have a 30% average 

increase in body mass and a three-fold increase in densities when compared to wildland 

bears (Beckmann & Berger, 2003). Therefore, it was important to consider variables 

indicative of human development in the analysis. Housing density and distance to major 

and minor roads were used as human development variables. Housing density was 

calculated using the U.S. Census Bureau’s TIGER 2010 Population and Housing Unit 

http://ned.usgs.gov/
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Count dataset (https://www.census.gov/geo/maps-data/data/tiger-line.html). This dataset 

contains housing count per census block, from which density was calculated. The 

Virginia Roads Centerline dataset, produced by the Virginia Geographic Information 

Network (VGIN), was also used 

(http://gismaps.vita.virginia.gov/arcgis/rest/services/VA_Base_layers/VBMP_RCL/Map

Server).  Roads in this dataset are attributed as primary; secondary; or local 

neighborhood, rural, or city street roads. For the purpose of this study, primary and 

secondary roads were aggregated into a new “major roads” class, and all other road types 

were placed into a “minor roads” class. Distances to the nearest minor and major roads 

were then calculated. 

Finally, black bears occasionally feed on livestock and damage corn crops and 

fruit orchards in Virginia and elsewhere (Davenport, 1953; Horstman & Gunson, 1982). 

Therefore, distances to pasture-hay and cultivated crops and percentage of pasture-hay 

were calculated. Percentage of cultivated crops was not included in the analysis due to 

the low occurrence of this land cover type in the study area, where cultivated crops make 

up just 1.5% of the landscape. These agricultural variables, categorized as anthropogenic 

because they represent human alteration of the landscape, were derived from the NLCD 

2011 dataset. All data processing was completed using ESRI ArcMap version 10.4.1. 

Methods 
Analyses were carried out separately for human development and agricultural 

conflicts. To improve model convergence and facilitate the comparisons among 

independent variables, the variables were centered by subtracting the sample mean and 

https://www.census.gov/geo/maps-data/data/tiger-line.html
http://gismaps.vita.virginia.gov/arcgis/rest/services/VA_Base_layers/VBMP_RCL/MapServer
http://gismaps.vita.virginia.gov/arcgis/rest/services/VA_Base_layers/VBMP_RCL/MapServer
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scaled by dividing by the sample standard deviation (Schielzeth, 2010). The independent 

variables were then tested for multicollinearity using Pearson’s correlation coefficient (r). 

Variables were assumed not to be collinear if r < 0.7. For variable pairs in which r ≥ 0.7, 

the least ecologically important variable was excluded from analyses. This threshold has 

been used in several similar analyses of human-wildlife conflict (McFadden-Hiller et al., 

2016; Teichman, Cristescu, & Nielsen, 2013). 

Multiple logistic regression was used to compare the characteristics of conflict 

locations with those of random locations. Logistic regression is commonly applied to 

model wildlife habitat selection (Keating & Cherry, 2004) and has been widely adopted 

to model human-wildlife conflict. Specifically, a generalized linear model (GLM) with 

binomial error structures and a logit link function was run. The presence or absence of 

human-black bear conflict was used as the response variable. The regression analysis was 

completed using the GLM command in the R language and environment (R Core Team, 

2016, https://www.R-project.org/). 

A set of 27 biologically meaningful a priori candidate models were constructed to 

test various hypotheses regarding the effects of ecological and anthropogenic variables on 

the occurrence of human development and agricultural conflicts. Each variable was 

represented in 13 to 15 candidate models (Table 8). The ecological variables were placed 

into the sub-categories natural habitat (DistForS, DistForM, DistForL, %Forest, DistRip) 

and topographic (slope, elevation), while the anthropogenic variables were placed in the 

sub-categories human population (HouseDens, DistRdMaj, DistRdMin) and agricultural 

(DistPastHay, DistCrops, %PastHay). The candidate models represent all possible 

https://www.r-project.org/
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combinations of these sub-categories. The same models were used in the analysis of 

human development and agricultural conflicts.  

 
 

 

Table 8. The a priori candidate model set used to assess the relative importance of ecological and anthropogenic 

variables in influencing the occurrence of human-black bear conflicts in the western Virginia study area, from 

2008 to 2015.  

Model Hypothesis Model Name 

Natural Habitat 

DistForSa + DistForMb + DistForLc  NatHab1 

DistForS + DistForM + DistForL + DistRipd NatHab2 

Topographic 

Slope + Elevation Topo3 

Natural Habitat + Topographic 

(DistForS + DistForM + DistForL + DistRip) + (Slope + Elevation) NatHabTopo4 

(DistForS + DistForM + DistForL) + (Slope + Elevation) NatHabTopo5 

(DistRip) + (Slope +Elevation) NatHabTopo6 

Human Population 

HouseDense + DistRdMajf + DistRdMing Pop7 

Natural Habitat + Human Population 

(DistForS + DistForM + DistForL + DistRip) + (HouseDens +   

DistRdMaj + DistRdMin) NatHabPop8 

(DistForS + DistForM + DistForL) + (HouseDens + DistRdMaj + 

DistRdMin) NatHabPop9 

(DistRip) + (HouseDens + DistRdMaj + DistRdMin)  NatHabPop10 

Natural Habitat + Topographic + Human Population 

(DistForS + DistForM + DistForL  + DistRip) + (Slope + Elevation) 

+ (HouseDens + DistRdMaj + DistRdMin) 

NatHabTopoPop

11 

(DistForS + DistForM + DistForL) + (Slope + Elevation) + 

(HouseDens + DistRdMaj + DistRdMin) 

NatHabTopoPop

12 

(DistRip) + (Slope + Elevation) + (HouseDens + DistRdMaj + 

DistRdMin) 

NatHabTopoPop

13 

Topographic + Human Population 

(Slope + Elevation) + (HouseDens + DistRdMaj + DistRdMin) TopoPop14 

Agricultural 

DistCroph + DistPastHayi + %PastHayj Ag15 

Agricultural + Human Population 

(DistCrop + DistPastHay + %PastHay) + (HouseDens + DistRdMaj 

+ DistRdMin) AgPop16 

Agricultural + Natural Habitat 
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(DistCrop + DistPastHay + %PastHay) + (DistForS + DistForM + 

DistForL  + %Forest + DistRip)  AgNatHab17 

(DistCrop + DistPastHay + %PastHay) + (DistForS + DistForM + 

DistForL + %Forest)  AgNatHab18 

(DistCrop + DistPastHay + %PastHay) + (DistRip) AgNatHab19 

Agricultural + Topographic 

(DistCrop + DistPastHay + %PastHay) + (Slope + Elevation) AgTopo20 

Agricultural + Natural Habitat + Topographic 

(DistCrop + DistPastHay + %PastHay) + (DistForS + DistForM + 

DistForL + DistRip) + (Slope + Elevation)  

AgNatHabTopo2

1 

(DistCrop + DistPastHay + %PastHay) + (DistForS + DistForM + 

DistForL) + (Slope + Elevation)  

AgNatHabTopo2

2 

(DistCrop + DistPastHay + %PastHay) + (DistRip) + (Slope + 

Elevation) 

AgNatHabTopo2

3 

Agricultural + Natural Habitat + Population 

(DistCrop + DistPastHay + %PastHay) + (DistForS + DistForM + 

DistForL + DistRip) + (HouseDens + DistRdMaj + DistRdMin) AgNatHabPop24 

(DistCrop + DistPastHay + %PastHay) + (DistForS + DistForM + 

DistForL) + (HouseDens + DistRdMaj + DistRdMin) AgNatHabPop25 

(DistCrop + DistPastHay + %PastHay) + (DistRip) + (HouseDens + 

DistRdMaj + DistRdMin) AgNatHabPop26 

Global 

(DistForS + DistForM + DistForL + DistRip) + (Slope + Elevation) 

+ (HouseDens + DistRdMaj + DistRdMin) +  (DistCrop +  

DistPastHay + %PastHay) Global27 

a DistForS = Distance to nearest small forest patch (≤ 2 km2), in km 

 b DistForM = Distance to nearest medium forest patch (>2–50 km2), 

in km 

 c DistForL = Distance to nearest large forest patch (> 50km2), in km 

 d DistRip = Distance to nearest riparian zone, in km 

 e HouseDens = Housing density (houses/km2) 

 f DistRdMaj = Distance to nearest major road, in km 

 g DistRdMin = Distance to nearest minor road, in km 

 h DistCrop = Distance to nearest cultivated crop, in km 

 i DistPastHay = Distance to nearest pasture-hay, in km 

 j %PastHay = Percent of pasture-hay land cover within a 3.5 km 

radius buffer 

  

 



81 

 

A subset of the human development and agricultural datasets was withheld from 

the regression analysis for later use in assessing the accuracy of the best model. For the 

human development dataset, all 2010 human development conflicts (n = 206) and an 

equal number of random points were withheld. For the agricultural dataset, all 2009 and 

2010 agricultural conflicts (n = 124) and an equal number of random points were 

withheld. Two years of data were withheld for the analysis of agricultural conflicts due to 

the small number of agricultural conflicts that occurred in 2010 alone (n = 39). 

Models were compared and ranked using Akaike Information Criterion (AIC). 

Akaike weights (ω) were calculated to compare the probability that a given model was 

the ‘best’ approximating model. When model uncertainty was high, a model-averaging 

approach was used. Model averaging provides more precise and less biased inference of 

the effect of predictor variables on the response variable (Burnham & Anderson, 2002). 

To do the model-averaging, parameter estimates for the top models (known as the 

“confidence set”) were multiplied by their weights and summed. A threshold of ΔAIC ≤ 6 

was used to select the models that would be averaged. According to Richards et al. 

(2011), models with ΔAIC ≤ 2 should be considered as good as the top model, while 

models with ΔAIC ≤ 6 often need to be considered in order to be 95% confident that the 

most parsimonious model is included in the confidence set. The “full-model averaging” 

approach was used, in which parameter estimates are set to zero when they are not 

present in a model (Lukacs, Burnham, & Anderson, 2009). This method is preferred over 

the “natural averaging” method in cases where the best AIC model is not strongly 

weighted (Symonds & Moussalli, 2010). Unconditional standard errors were calculated 
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for model-averaged parameters and 95% confidence intervals were calculated by 

multiplying unconditional standard errors by 1.96 (Burnham & Anderson, 2002). 

Parameters with confidence intervals that did not overlap zero were inferred as being 

important in affecting conflict occurrence. 

The predictive power of the model with the lowest AIC score was then tested 

using the withheld subset of human development and agricultural conflicts. A threshold 

of 0.5 was used. Observations with a value > 0.5 were assigned to the conflict class, 

while observations with a value < 0.5 were assigned to the non-conflict class. Using this 

method, the predictive power of the model was assessed based on the rate at which 

observations were successfully classified as being a conflict or non-conflict. 

Lastly, the independent variables were back-transformed to their original scales so 

that odds ratios could be calculated. Odds ratios were used to demonstrate how a 

specified unit change in a variable affects the predicted odds ratio, when all other 

variables are held constant. The odds ratios were converted to percentages to facilitate 

discussion of their effects (Hosmer, Lemeshow, & Sturdivant, 2013). 

Results 
One pair of variables, %PastHay and %Forest, showed collinearity in both the 

human development (r = -0.70) and agricultural models (r = -0.74). The decision was 

made not to include %Forest in the models and to retain %PastHay, due to the fact that 

the models contained three additional forest variables and only two additional agricultural 

variables.  
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Human Development Conflicts 
The global model containing all 13 ecological and anthropogenic variables had 

the lowest AIC score for the human development conflicts (Table 9). This model was the 

best compromise between model complexity and model fit (ω = 1), given the candidate 

set of models that were tested. The ΔAIC score of the second-best model was 17.6, 

indicating that there were no other competing models. Model validation using the 

independent dataset (i.e. the withheld conflict presence and absence points) demonstrated 

that the model has good predictive accuracy, correctly classifying 77% of points as 

conflict or non-conflict. 

 

Table 9. Summary of the model results for human development-related conflicts in the study area, from 2008 to 

2015. Akaike’s Information Criterion (AIC), relative difference in AIC value compared to the top-ranked model 

(ΔAIC), AIC model weight (ω), the number of model parameters (K), and log-likelihood (LL) values are 

reported. 

Model K AIC ΔAIC ω LL 

Global27 13 5384.5 0 1.00 -2679.22 

NatHabTopoPop11 10 5402.1 17.6 0 -2691.02 

NatHabTopoPop12 9 5402.7 18.2 0 -2692.33 

AgNatHabPop25 10 5422.5 38.0 0 -2701.24 

AgNatHabPop24 11 5423.3 38.8 0 -2700.65 

NatHabPop8 8 5428.5 44.0 0 -2706.22 

NatHabPop9 7 5428.8 44.3 0 -2707.40 

AgPop16 7 5534.8 150.3 0 -2760.40 

AgNatHabPop26 8 5534.9 150.4 0 -2759.42 

NatHabTopoPop13 7 5540.9 156.5 0 -2763.47 

TopoPop14 6 5543.8 159.3 0 -2765.87 

NatHabPop10 5 5551.8 167.3 0 -2770.89 

Pop7 4 5553.8 169.3 0 -2772.90 

AgNatHabTopo23 7 7623.9 2239.4 0 -3804.95 

AgNatHabTopo22 9 7312.1 1927.6 0 -3647.01 

AgNatHabTopo21 10 7312.7 1928.2 0 -3646.34 

AgTopo20 6 7623.6 2239.1 0 -3805.80 

AgNatHab19 5 8054.8 2670.3 0 -4022.41 

AgNatHab18 7 7659.2 2274.7 0 -3822.61 
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AgNatHab17 8 7658.3 2273.8 0 -3821.14 

Ag15 4 8055.9 2671.4 0 -4023.93 

NatHabTopo6 4 7797.4 2412.9 0 -3894.68 

NatHabTopo5 6 7533.5 2149.0 0 -3760.76 

NatHabTopo4 7 7527.3 2142.8 0 -3756.63 

Topo3 3 7804.6 2420.1 0 -3899.28 

NatHab2 5 7790.0 2405.5 0 -3889.99 

NatHab1 4 7796.8 2412.3 0 -3894.42 

 

 

Of the 13 variables present in the top-ranked model, DistForM, DistForL, Slope, 

Elevation, HouseDens, DistRdMaj, DistRdMin, DistCrop, and %PastHay were 

significant predictors of conflict location (p < 0.05) in the study area (Table 10). 

DistForS, DistRip, and DistPastHay were not significant. Each of the significant 

variables, with the exception of HouseDens and DistCrop, was negatively associated with 

the occurrence of human development-related conflicts. Based on the coefficient values, 

areas at greater risk of this type of conflict were those close to medium or large forest 

patches; close to major or minor roads; of lower slope and elevation; have a higher 

housing density; are farther from crops; and have a lower percentage of pasture-hay.  

The odds ratios demonstrated that housing density and distance to minor roads 

had the greatest influence on conflict location. Given an increase of 10 houses per km2, 

the odds of conflict increased by 120%; given a 1 km decrease in distance to minor roads, 

the odds of conflict increased by 97%. Distance to large forest patches, slope, and 

distance to major roads also had a relatively large influence on conflict location. A 1 km 

decrease in distance to large forest patches increased the odds of conflict by 33%, a 1° 
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decrease in slope increased the odds of conflict by 21%, and a 1 km decrease in distance 

to major roads increased the odds of conflict by 17%. 

 

Table 10. Standardized parameter estimates (β), standard errors (SE), significance levels (P), confidence 

intervals (CI), and odds ratios for predictor variables in the top-ranked model of human development conflicts. 

Variable 

Standardized 

coefficient (β) SE p 

Lower 

CI 

(95%) 

Upper 

CI 

(95%) 

Odds 

ratio 

[Exp(β)]* 

Odds 

ratio 

(%) 

DistForS -0.07921 0.05103 0.12066 -0.18 0.02 0.925 7.49 

DistForM -0.10424 0.03904 0.00758 -0.18 -0.03 0.903 9.74 

DistForL -0.40182 0.03631 < 2e-16 -0.47 -0.33 0.670 33.03 

DistRip -0.03249 0.03426 0.34295 -0.10 0.03 0.971 2.91 

Slope -0.24057 0.04417 5.15E-08 -0.33 -0.15 0.788 21.25 

Elevation -0.09657 0.04278 0.02401 -0.18 -0.01 0.905 9.52 

HouseDens 0.11093 0.04487 0.01343 0.02 0.20 1.121 12.12 

DistRdMaj -0.18543 0.03758 8.07E-07 -0.26 -0.11 0.830 17.00 

DistRdMin -3.53276 0.12409 < 2e-16 -3.78 -3.29 0.029 97.11 

DistCrop 0.10708 0.04304 0.01284 0.02 0.19 1.113 11.26 

DistPastHay -0.06427 0.04431 0.14686 -0.15 0.02 0.939 6.11 

%PastHay -0.13404 0.04194 0.00139 -0.22 -0.05 0.875 12.50 

*Calculated using the back-transformed β 

 

Agricultural Conflicts 
Three plausible models (ΔAIC ≤ 6) describing the occurrence of agricultural 

conflicts were identified: NatHabTopoPop11, NatHabTopoPop12, and Global27 (Table 

11). All natural habitat, topographical, and human population variables occurred in the 

top-ranked model. The second-ranked model contained the same variables with the 

exception of DistRip, and the global model contained all variables. The AIC weights of 

the top two models were nearly identical (0.45 and 0.40, respectively), while the AIC 

weight of the global model decreased to 0.15. The addition of the three agricultural 

variables in the model Global27 both increased the log-likelihood value and the AIC 
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value, indicating that the addition of these variables did not offset the additional model 

complexity. The predictive accuracy of the top three models ranged from 75.8 to 76.6%. 

 

Table 11. Summary of the model results for agriculture-related conflicts in the study area, from 2008 to 2015. 

Akaike’s Information Criterion (AIC), relative difference in AIC value compared to the top-ranked model 

(ΔAIC), AIC model weight (ω), the number of model parameters (K), and log-likelihood (LL) values are 

reported. 

Model K AIC ΔAIC ω LL 

NatHabTopoPop11 10 1309.7 0 0.45 -644.75 

NatHabTopoPop12 9 1309.9 0.3 0.40 -645.89 

Global27 13 1311.9 2.3 0.15 -642.84 

AgNatHabPop25 10 1332.0 22.3 0 -655.91 

AgNatHabPop24 11 1332.4 22.8 0 -655.11 

NatHabPop9 7 1336.1 26.4 0 -661.01 

NatHabPop8 8 1336.2 26.6 0 -660.06 

NatHabTopoPop13 7 1357.6 48.0 0 -671.77 

TopoPop14 6 1360.9 51.3 0 -674.43 

AgNatHabPop26 8 1363.9 54.3 0 -673.92 

AgPop16 7 1364.9 55.2 0 -675.41 

NatHabPop10 5 1371.2 61.6 0 -680.59 

Pop7 4 1373.2 63.6 0 -682.60 

AgNatHabTopo21 10 1674.5 364.8 0 -827.15 

AgNatHabTopo22 9 1677.6 367.9 0 -829.73 

NatHabTopo4 7 1688.8 379.2 0 -837.37 

NatHabTopo5 6 1696.8 387.1 0 -842.36 

AgNatHabTopo23 7 1710.8 401.2 0 -848.37 

AgTopo20 6 1716.4 406.8 0 -852.18 

NatHabTopo6 4 1738.1 428.4 0 -865.02 

Topo3 3 1751.1 441.5 0 -872.56 

AgNatHab17 8 1767.6 458.0 0 -875.75 

AgNatHab18 7 1772.1 462.4 0 -878.98 

AgNatHab19 5 1789.3 479.6 0 -889.63 

Ag15 4 1794.9 485.3 0 -893.44 

NatHab2 5 1797.6 487.9 0 -893.78 

NatHab1 4 1807.3 497.6 0 -899.61 
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The top three models were averaged to derive model-averaged parameter 

estimates (Table 12). The model-averaged parameter estimates demonstrated that 

distance to large forest patches, distance to minor roads, slope, and elevation were 

negatively associated with the occurrence of agricultural conflicts. The confidence 

intervals of the remaining parameters included zero, indicating that there was little 

evidence these variables affect conflict occurrence. Based on the coefficient values, areas 

at greater risk of agricultural conflict were those close to large forest patches, close to 

minor roads, and of lower slope and elevation.  

The odds ratios demonstrated that of the significant variables, distance to minor 

roads had the greatest influence on the occurrence of agricultural conflicts, followed by 

distance to large forest patches. Given a 1 km decrease in distance to minor roads, the 

odds of conflict increased by 93%, while for a 1 km decrease in distance to large forest 

patches, the odds of conflict increased by 44%. Meanwhile, a 1° decrease in slope 

increased the odds of conflict by 27%, and a 1 m decrease in elevation increased the odds 

of conflict by 22%. 

 

Table 12. Standardized, model-averaged parameter estimates (β), unconditional standard errors (SE), 

unconditional confidence intervals (CI), and odds ratios for the top three competing agricultural models. 

Variable 

Standardized 

model-

averaged β 

Unconditional 

SE 

Unconditional 

Lower CI 

(95%) 

Unconditional 

Upper CI 

(95%) 

Odds 

ratio 

[Exp(β)]* 

Odds 

ratio 

(%)* 

DistForS -0.03 0.09 -0.21 0.15 0.982 1.77 

DistForM 0.01 0.08 -0.14 0.17 1.011 1.08 

DistForL -0.59 0.09 -0.77 -0.42 0.564 43.60 

DistRip -0.06 0.09 -0.24 0.12 0.950 4.95 

Slope -0.32 0.09 -0.49 -0.14 0.731 26.88 

Elevation -0.24 0.08 -0.40 -0.07 0.782 21.78 

HouseDens -0.03 0.08 -0.19 0.13 0.940 5.97 
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DistRdMaj -0.12 0.07 -0.27 0.02 0.902 9.76 

DistRdMin -2.68 0.20 -3.06 -2.29 0.070 92.97 

DistCrop -0.01 0.02 -0.04 0.03 0.981 1.92 

DistPastHay -0.02 0.04 -0.11 0.06 0.977 2.28 

%PastHay -0.01 0.03 -0.07 0.04 1.004 0.39 

*Calculated using the back-transformed model-averaged β 

    

 

Discussion 
 

Human Development Conflicts 
The results of the regression analyses demonstrate that a combination of 

ecological and anthropogenic variables influence the location of human development-

related conflicts in the study area. The global model was the most parsimonious, and nine 

of the 12 variables present in the model were significant. The results suggest that areas of 

human development located near larger forested areas are at the greatest risk of conflict. 

Merkle et al. (2011) found a similar negative association between human-black bear 

conflicts and distance to large forest patches (> 100 km2). In this study, medium and large 

forest patches are large enough to sustain the home range of a black bear, and represent 

important habitat that can provide forage and cover for bears. Black bears are a forest 

obligate species whose historic range was once defined by forests (Scheick & McCown, 

2014). However, many of Virginia’s large forests have become mature forests, due to a 

reduction in management activities such as timber harvesting and prescribed burns 

(VDGIF, 2012). Yet ideal black bear habitat includes a mixture of early-successional 

species (sources of soft mast) and mature forests (sources of hard mast). Although bears 

can still use mature forests for cover and den sites, they may not provide sufficient soft 
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mast, and bears may need to leave these forests in search of food – thereby increasing the 

risk of coming into contact with people.  

Other studies have found that percent forest cover is an important variable. 

McFadden-Hiller et al. (2016) found that percent deciduous forest more strongly 

influenced the occurrence of conflict than any other land cover type in Michigan. 

Similarly, Evans et al. (2014) found that percent forest cover was associated with the 

highest probability of conflict in exurban Connecticut, but only until a threshold of 42%. 

In this study, the influence of percent forest cover was not tested due to the correlation 

between this variable and percent pasture-hay.  

While distance to large (> 50 km2) and medium (>2-50 km2) forest patches were 

both found to be significant, distance to small forest patches (≤ 2 km2) was not. This may 

be due to the fact that much of the study area, with the exception of a few northern 

counties and independent cities, is generally well-forested and contains an abundance of 

medium and large forest patches. Small forest patches as defined in this study are more 

common in highly fragmented environments. While bears have proven capable of 

successfully using such environments (e.g. Beckmann & Berger, 2003), in much of the 

study area bears are not forced to rely on small forest patches, as larger areas of forest are 

available.  

All three human population variables were also found to be significant predictors 

of human development conflicts, including distance to major and minor roads. Black 

bears have been known to both avoid and use roads. For example, Hiller et al. (2015) 

found that bears in Missouri generally used areas distant from roads. However, bears 
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have also been known to use low traffic volume roads as travel corridors in forested areas 

and in more developed areas (Dixon et al., 2006; Weber, 1994). Road type may also be 

important to consider. Fecske et al. (2002) found that bears in Maryland avoided paved 

roads, perhaps due to the higher risk of vehicular collisions. However, Reynolds-Hogland 

& Mitchell (2007) found that bears in the southern Appalachians avoided unpaved roads 

more than paved roads. The use or avoidance of roads by bears may be location-specific 

and influenced by a range of factors such as the habitat type surrounding roads, traffic 

volume, and primary mortality type (e.g. vehicular, hunting, or poaching). Nevertheless, 

McFadden-Hiller et al. (2016) similarly found that primary roads had a strong effect on 

the occurrence of human-black bear conflict. In this study, distance to minor roads was a 

stronger predictor of conflict than distance to major roads, though both were significant. 

This may be due to the fact that houses in this mostly rural study area are likely 

associated with at least a small unpaved road, though not necessarily a major road. Minor 

roads therefore possibly act as an indicator for the location of people, a key component in 

human-black bear conflict. 

Housing density is another anthropogenic variable with a strong positive effect on 

conflict occurrence. Areas of higher housing density can provide alternative sources of 

food for bears, such as garbage. Bears that are found in areas of higher housing density 

are also more likely to be seen by people or to cause property damage, thus increasing the 

chance of a conflict occurring. Further, in areas with higher housing density, a single bear 

can generate a disproportionate number of calls, as multiple people call about one bear. 

Because the results also demonstrated that areas closer to large and medium forest 
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patches were significant predictors of conflict, it can be assumed that areas of higher 

housing density that are near larger tracts of forest would be most at risk of conflict. This 

type of landscape creates an interface between natural bear habitat and human 

populations, thus facilitating the occurrence of human-black bear interactions. 

Both topographic variables, slope and elevation, were found to be negative 

predictors of conflict. As slope and elevation increased, the probability of conflict 

decreased. This relationship may be due to the fact that areas of steeper slope and higher 

elevation have fewer houses and less people recreating there, therefore there are fewer 

opportunities for human-bear interactions. Black bears in the region are known to use 

moderately sloping terrain (Clark et al., 1993), and bears may use slopes and ridges to 

access hard or soft mast that can be found along ridge tops (Tri et al., 2016). While bears 

may use areas of increased slope and elevation, they are used less by people, so it would 

be expected that fewer conflicts would occur in these areas. 

Interestingly, distance to riparian areas was not a significant habitat variable. 

Riparian zones are known to be used by bears across their range (Fecske et al., 2002), and 

were found to be a significant predictor of conflict by Merkle et al. (2011). One possible 

explanation for this result is the prevalence of rivers and streams in the study area. The 

average distance from a river or stream in the study area is only 0.21 km. Therefore, there 

is little possibility of finding significant variability in the distance to riparian zones for 

conflict and non-conflict locations. 

Finally, two agricultural variables, distance to cultivated crops and percent 

pasture-hay, were found to be significant. The relationship between distance to cultivated 
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crops and conflict occurrence was positive. As distance increased, so did the risk of 

conflict. Meanwhile, the relationship between conflict occurrence and percent pasture-

hay was negative. Other studies, such as Tri et al. (2016), have found that black bears 

avoid open areas such as pasture and agriculture, likely because they provide no escape 

cover. It is also possible that distance to crops and percent pasture-hay serve as proxies 

for developed or forested areas. Areas that are further from crops or are comprised less of 

pasture-hay could also represent areas that are either more developed or more forested. 

Therefore, the significance of distance to crops and percent pasture-hay may simply point 

further to the importance of forest and human development in influencing conflict 

occurrence. 

Agricultural Conflicts 
Four variables were identified as being significant predictors of agricultural 

conflict: distance to large forest patches, distance to minor roads, slope, and elevation. 

Each of these variables exhibited a negative relationship with conflict occurrence. Similar 

to the human development conflicts, the significance of large forest patches is likely due 

to the fact that forests provide important habitat for bears. Therefore, agricultural food 

sources that are located near large forest patches are more likely to be located near bear 

populations. In the event of a mast failure or if the forest doesn’t provide an adequate mix 

of hard and soft mast, bears may turn to agricultural food sources as an alternative. Slope 

and elevation were also found to be significant variables. Again, the explanation for the 

importance of these topographical variables may be similar to that for human 

development conflicts. In general, agricultural areas are less likely to occur on steeper 
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slopes and at higher elevations. Therefore, the occurrence of agricultural conflicts would 

be less likely as slope and elevation increase. 

Distance to minor roads was the strongest predictor of the occurrence of 

agricultural conflicts and was the only anthropogenic variable that proved to be 

significant. This variable is a sign of human development. Although housing density was 

not significant, the importance of distance to minor roads suggests that at least a low level 

of human development influences the occurrence of this conflict type. However, it’s also 

important to note that this variable may be significant due to the fact that conflicts were 

geocoded based on home address, whether the conflict occurred near the home (and 

therefore likely near a minor road) or elsewhere on the property. 

The lack of significance of any of the three agricultural variables – distance to 

crops, distance to pasture-hay, or percent pasture-hay – was a surprising result. As 

demonstrated by the decrease in log-likelihood and AIC values for the global model, the 

addition of the three agricultural variables did not improve the model. It has been well 

documented that bears use agricultural crops for food, particularly when agricultural 

areas occur close to bear habitat (Baruch-Mordo et al., 2008). For example, McFadden-

Hiller et al. (2016) found a positive relationship between the probability of conflict and 

the local percent cover of cultivated crops in Michigan. The lack of importance of 

distance to crops in this study may have several explanations. First, the cropland land 

cover class includes a variety of annual crop types, including corn, soybeans, vegetables, 

tobacco, and cotton. It also includes perennial woody crops such as vineyards and 

orchards. Of these crop types, the VDGIF conflict database only includes damage to corn 
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or grain and orchards as specific conflict types. Although it is possible that damage to 

other crop types may occur, these incidents may have been classified as “other” in the 

database, rather than one of the agriculture-related categories. Further, of these two crop 

types which are recorded, damage to corn or grain only makes up 12% of agricultural 

conflicts, while damage to orchards makes up 9%. Therefore, it’s possible that distance to 

crops was not an important predictor of conflict because reports of this type of 

agricultural conflict were relatively rare in the study area. 

Meanwhile, the two pasture-hay variables were included in the analysis as an 

indicator for the potential location of livestock. This land cover class makes up 21% of 

the landscape within the study area, and is the second most common land cover type in 

the study area. Overall, livestock-related incidents make up less than 10% of human-

black bear conflicts in Virginia, although of the agricultural conflicts that occurred from 

2008 to 2015, 43% were related to livestock or poultry. One possible explanation for why 

pasture-hay was not an important land cover type is the fact that poultry was grouped 

with livestock in the VDGIF database. Pasture-hay is not a land cover type that is 

necessarily associated with poultry, and poultry can be found in rural and developed 

areas. Additionally, the pasture-hay category includes not only grasses and legumes 

planted for livestock grazing, but also the production of seed and hay crops, which may 

not necessarily be associated with livestock or with any expected level of direct bear 

damage.  
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Limitations and Future Research Directions 
While previous studies have performed similar analyses to identify variables that 

predict human-black bear conflict in Colorado, Montana, Connecticut, and Michigan, no 

such analysis has been completed for Virginia. Nevertheless, there are several potential 

limitations to this research that should be discussed. First, as with any AIC-based model 

comparison analysis, it is important to remember that the “best” model is only superior 

relative to the other models that were tested. It is possible that one or more key variables 

were not included in any of the models, and that their inclusion could have improved 

conflict prediction. For example, forest edge density and land cover classes such as 

shrub-scrub, grassland-herbaceous, and developed open space have been found to be 

significant predictors of human-black bear conflict in other studies (Evans et al., 2014; 

McFadden-Hiller et al., 2016). Additionally, including one or more variables to represent 

socio-economic status may also have been valuable. Evans et al. (2014) found that 

household income was a significant variable in their analysis of human-black bear 

conflicts in Connecticut. It’s possible that income may affect the presence of attractants 

as well as differences in attitudes towards wildlife, both of which could impact conflict 

intensity. For example, neighborhoods with a higher median household income may be 

more likely to have better secured garbage containers and dumpsters, as they have more 

resources available to devote to improving these conditions. It is also possible that people 

in higher income areas have a lower tolerance for bears and are more likely to report 

interactions as conflicts (Evans et al., 2014). Based on median household income, the 

Virginia study area includes both the wealthiest county, Loudoun ($115,574), and the 
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poorest, Galax ($22,333) (U.S. Census Bureau, 2010a). With such a large range within 

the study area, income could be an interesting variable to consider. 

These additional variables were not included in this study in an attempt to avoid 

overly complex models, yet it is possible that they could have improved model outcomes. 

As such, the best human development and agricultural models identified in this study 

may not be the best possible models for predicting human-black bear conflict. That said, 

the variables that were included have been shown to be significant in other assessments 

of human black-bear conflict. Variables representing black bear habitat, such as forest, as 

well as variables representing the location of humans, such as housing density and roads, 

were included and their importance is supported by the literature. 

A second limitation is the fact that there is no way to know how many unreported 

conflicts occurred within the study area from 2008 to 2015. It can be assumed that at least 

some conflicts were not reported, though it is impossible to know how many. This is a 

common limitation of human-wildlife conflict studies that rely on conflict reports to 

identify conflict locations. 

It is also important to highlight that the location information used to geocode 

conflicts was based on address information. When reporting a conflict on their property, 

individuals typically used their home address to identify the conflict location if it 

occurred on their property. However, if the property was large, the conflict could have 

occurred some distance from a house. Therefore, the precise locations in which conflicts 

took place was not recorded for an unknown number of events. This may have influenced 

the results of the regression analysis, particularly for agricultural conflicts such as those 
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related to corn or livestock, which may have taken place farther from a house. In fact, the 

use of street addresses as conflict locations could explain why distance to minor roads 

was the most important predictor for agricultural conflicts and the second most important 

predictor of human development conflicts. 

Another potential limitation is the way in which conflicts were classified as being 

human development-related or agriculture-related, and the variables chosen to represent 

these two categories. For example, the pasture-hay variable was included to represent the 

possible location of livestock. However, in the original VDGIF dataset, conflicts related 

to livestock where grouped with conflicts related to poultry. Although poultry are more 

likely to be found in agricultural settings, they can also be found in more developed 

areas. The pasture-hay variable, therefore, is not helpful in identifying the location of 

poultry.  

A related limitation results from the broad range of conflict types that were 

grouped into the agriculture category, which included corn and grain, orchards, livestock 

and poultry, bees and apiaries, and livestock feed. An analysis of agricultural conflicts 

would ideally include variables such as the location of apiaries and poultry, rather than 

just the location of crops and pasture-hay. However, such datasets are not available at 

adequate spatial resolutions. This was likely less of a problem for the human 

development conflicts, which could be more easily represented by existing datasets, as 

this type of conflict is very dependent on the presence of people. Conflicts that involve 

trash, bird feeders, and property would all occur on or near property, which can be easily 

represented by variables such as housing density. 
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Another related limitation is the fact that some conflicts were categorized as being 

both agriculture- and human development-related. The decision was made to include 

conflicts that fell into both categories in order to maintain a higher sample size, and to 

avoid excluding a relatively large number of conflicts (n = 315) from the analysis. 

However, the inclusion of these conflicts may have made it more difficult to identify 

which variables are unique predictors of human development conflicts versus agricultural 

conflicts.  

Many of these limitations cannot be addressed due to a lack of available data and 

the nature in which conflict locations are reported. It is not realistic to obtain the exact 

coordinates of all conflict locations, nor is it possible to acquire adequate datasets 

representing the location of apiaries, livestock, or poultry. However, there are some 

improvements that can be made. One possible future research direction would be to 

examine rural versus suburban and urban conflicts. Several studies analyzing human-

black bear conflicts have focused on suburban and urban areas only (e.g. Evans et al., 

2014; Merkle et al., 2011). It is possible that the drivers of conflict are different in 

developed areas as compared to undeveloped areas. For example, distance to small forest 

patches may prove to be a more important variable for suburban and urban conflicts, 

compared to rural conflicts, where larger forest patches are available. We know that 

human-black bear conflicts occur across the state, in both developed and undeveloped 

areas, and it could prove useful to examine the differences in these conflicts across the 

urban-rural gradient. 
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Finally, the results of this analysis could be used to develop a risk model of 

human-black bear conflict in the study area. Risk modeling is a technique that is 

increasingly being used to guide the mitigation of human-wildlife conflict (Miller, 2015). 

Such models have focused in particular on carnivore-livestock predation risk, but could 

also be adapted to include other types of risk. The results of this study could be used to 

identify which variables should be included in a risk model of human-black bear conflicts 

in western Virginia. A model that generates a gradient of risk across the study area would 

be a logical next step in the progression of this work. According to Merkle et al. (2011), 

the ability to predict locations where conflicts are likely to occur is essential for 

successfully implementing proactive black bear management strategies. 

Conclusion 
The goal of this study was to examine the spatial distribution of human-black bear 

conflicts in western Virginia, in order to identify the significant ecological and 

anthropogenic variables that increase the risk of conflict. While additional work can be 

done to improve the model, the results of this study represent an important initial step 

toward improving our understanding of why conflicts occur where they do. The results 

demonstrate the significance of the presence of both bear habitat, particularly forest, and 

human populations in the occurrence of human-black bear conflict in western Virginia. 

For human development-related conflicts in particular, which make up 73% of reported 

conflicts in the study area, black bear managers can expect greater numbers of conflicts 

to occur at the interface of larger forest patches and human development.  
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This information could be used to identify areas with a higher probability of 

conflict, allowing for the strategic implementation of management activities to these 

higher risk areas. Proactive management strategies could focus on educating communities 

located near high quality bear habitat on how to avoid attracting bears to their property, 

as well as to correct false perceptions regarding the threat posed by bears and how to act 

if a bear is encountered. As anthropogenic food sources are consistently cited as the 

principle cause of conflict, educating people on how to remove food attractants and 

creating and enforcing laws prohibiting inadvertent feeding are perhaps the most 

important preventative measures that can be taken. In this study, 65% of all conflicts 

reported in the study area from 2008 to 2015 were related to trash. Providing directed 

education about how to prevent negative human-black bear interactions and supporting 

community initiatives that can increase coexistence are already key components of the 

VDGIF’s black bear management strategy (VDGIF, 2012). The development of a 

predictive conflict risk model based on the results of this study could facilitate these 

efforts by spatially defining areas in which to focus public education efforts. 
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CHAPTER FOUR: MANAGEMENT IMPLICATIONS 

Wildlife managers worldwide are increasingly faced with the challenging task of 

balancing the needs of humans with the needs of wildlife. As human populations have 

increased, so too have the number of negative interactions between humans and wildlife. 

In Virginia, conflicts between humans and black bears have become a central focus of 

black bear management, with VDGIF receiving a high number of bear-related complaints 

each year. Due to this increase in conflict events, identifying trends in conflict type and 

location, as well as the ecological and anthropogenic factors that influence conflict 

location, has become critical. The goal of this thesis was to begin to address this need. 

Together, the results of chapter 2 and chapter 3 can help bear managers better 

target preventative and proactive management efforts. The results of the analysis 

described in chapter 2 identified when and where human-black bear conflicts occurred in 

Virginia from 2008 to 2015, as well as trends in the spatial distribution of conflicts. The 

results showed that most conflicts occurred in the summer and spring, were related to 

human development and involved damage, and while they are widely distributed across 

the state, zones 1, 5, 6, and 9 could be considered problem areas. Meanwhile, the analysis 

presented in chapter 3 found that in the western part of the state, communities located 

near larger tracts of forest are at the greatest risk of conflict.  

Together, these results can help Virginia’s black bear managers narrow down 

which parts of the state should be targeted with preventative management actions. The 
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results suggest that the most effective strategy may be to implement three tiers of 

management. Tier 1 could include actions that are of lower cost and effort, such as the 

distribution of general educational materials explaining how to remove bear attractants 

and what to do if a bear is seen. Due to the widespread distribution of conflicts, tier 1 

could be implemented across the state. Tier 2, which could focus on zones 1, 5, 6, and 9, 

could consist of an education program that includes targeted goals for removing 

particular attractants, such as installing bear-resistant garbage containers and dumpsters 

within 50% of communities. A survey of Virginia residents found that 85% of people 

support requiring the use of bear-proof garbage containers in areas where bears are 

known to occur. Similarly, 84% support the use of bear-resistant dumpsters in counties 

with bear populations (VDGIF, 2012). The fact that there is already public support 

behind these actions suggests that removing attractants from problematic bear zones is a 

feasible goal.  

Finally, tier 3 could focus on communities within these four problem zones that 

are located near larger forested areas. Tier 3 actions could focus on guiding communities 

through the process of initiating Bear Smart Community programs, as well as 

encouraging community developers to install bear-proof garbage containers in new 

development projects located near large forested areas.  

The future of black bear conservation hinges on the ability of humans and bears to 

coexist. In order for this goal to be achieved, wildlife managers will need an effective 

means of identifying areas with the greatest risk of conflict. The results of this thesis 

provide insight into understanding where human-black bear conflicts occur in Virginia, 
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how the spatial distribution of conflicts has changed over time, and why conflicts occur 

where they do. Together, these results can be used to inform the allocation of 

management resources and the types of management efforts that should be implemented 

to prevent conflict and promote the long-term coexistence of humans and black bears in 

Virginia. 
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