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Abstract  

Black bear (Ursus americanus) populations in Michigan’s Northern Lower Peninsula (NLP) are 

observed to be increasing and expanding their geographic extent, as indicated by trends in bear 

nuisance reports, harvest reports, and sightings.  I modeled bear habitat selection in the NLP 

using observed telemetry locations and 12 environmental variables.  I used bear telemetry 

locations from 20 males and 35 females that were collected by the Michigan Department of 

Natural Resources throughout the NLP from 1992 to 2000.  I chose Bayesian discrete choice 

hierarchical models to model bear selection of grid cells at three different spatial resolutions – 3 

km, 2 km, and 1 km.  I used separate models for males and females because of their different 

habitat requirements and behavior.  The male 3km model and female 2km model best fit the data 

and were used to identify existing suitable habitat in the NLP and also used to predict the 

suitability of areas in the entire Lower Peninsula for potential bear range expansion.  The results 

of applying the models illustrate a paucity of suitable bear habitat in the Southern Lower 

Peninsula (SLP).  However, the results also indicate the potential for wildlife management 

agencies to develop a bear habitat network in the LP.  In addition, I integrated survey 

information from the Social Carrying Capacity (SCC) project with the GIS-based habitat 

prediction models to illuminate the relationships between human behavior and attitudes 

regarding bears and suitable bear habitat in Michigan’s Lower Peninsula.  This analysis was 

conducted within two bear-density regions identified by researchers at Michigan’s Department of 

Natural Resources (Zone B and Zone C) where bear populations and human development have 

recently been expanding.  Overall, the variables I chose to evaluate describe respondent 

demography as well as attitudes toward bear presence and bear-management policies.  Using 

these variables, I identified potential conflict regions as places with more intolerant people and 



 x 

suitable bear habitat.  The results indicated no significant relationship between variables that 

represented attitudes towards bears and bear management policies with suitable bear habitat.  

However, the conflict region maps indicated that Zone C had approximately more than twice as 

much area where potential bear/human conflict can occur than in Zone B.  Furthermore, there is 

no denying that the landscape is considerably different between the two zones and thus residents 

in Zone C may respond more unpredictably than residents in Zone B to current methods the 

MDNR employs to handle nuisance bears.  The results from this research will enable the 

Michigan Department of Natural Resources to refine their future bear harvest strategies and 

develop regionally specific bear management plans.
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Chapter 1: Ecological Model 

1.1. Introduction 

Wild animals select habitat and food resources that improve their fitness for survival and 

reproduction.  They likely select habitat and food resources non-randomly; that is, a particular 

habitat or resource may be selected more than others even if it is very rare.  Modeling wildlife 

resource selection can provide useful information regarding the distribution and dynamics of 

wildlife populations.  Wildlife ecologists have been analyzing and modeling wildlife resource-

selection criteria for some time (Neu et al. 1974, Johnson 1980, Byers et al. 1984, Heisey 1985, 

Dunn and Braun 1986, Thomasma et al. 1991, Aebischer et al. 1993).  A number of approaches 

have been developed for and applied to the resource-selection problem, and the choice of 

resource-selection modeling approach for a given situation is determined by study design, data 

available, and the assumptions made therein (Alldredge and Ratti 1986, 1992). 

 

Studies about a species’ habitat and resource selection improve the scientific community’s 

knowledge of wild animal populations, but also have important implications for wildlife 

management (Van Manen and Pelton 1997, Thogmartin et al. 2004, McDonald et al. 2006).  This 

is especially the case for large mammals that have a history of conflict with human populations 

(Hilton-Taylor 2000, Woodroffe 2000, Schwartz et al. 2003), where information about habitat 

selection by animals can be used to guide resources and management to reduce conflicts.  Black 

bears in North America are a good example of the tenuous relationship between wildlife and 

human populations (Beckman 2003, Breck et al. 2006).  Since European settlement, bear habitat 

in the United States has been significantly reduced.  The current range of bears is a fraction of 

their past distribution because of human-induced habitat fragmentation and degradation (B.W. 
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Conley 1978, R.H. Conley 1978).  Despite this reduction in habitat, black bear populations in the 

United States are healthy, for the most part, and many states indicate that black bear populations 

are growing and expanding their ranges.  As a result, the extent and magnitude of the interface 

between humans and bears is growing, which has led to more conflicts between the two species 

(Servheen et al. 1999, Carr 2003).  For instance, human activity can displace or disturb bears in 

their use of habitat.  Bears may also be indiscriminately persecuted because of human 

intolerance.  Likewise, bears may become habituated to anthropogenic food sources making 

them more likely to damage row crops, apiaries, and fruit trees.  Bears in human dominated areas 

may even pose a threat to human safety.   

 

Bear populations in Michigan’s Northern Lower Peninsula (NLP) are observed to be increasing 

and expanding their geographic extent, as indicated by trends in bear nuisance reports, harvest 

reports, and sightings (Etter 2002).  Additionally, urban sprawl continues to characterize 

Michigan’s land development patterns; planners expect developed areas in Michigan to increase 

by 178% by 2040 (PSC 2001).  Consequently, the potential for bear-human conflict is likely to 

increase over time in Michigan’s Lower Peninsula if comprehensive management initiatives are 

not in place to pre-empt these unnecessary clashes.  Thus, the Michigan Department of Natural 

Resources (MDNR) is pursuing information on bear populations so that they can design a more 

comprehensive bear management plan.  A more informed plan may not only help reduce human-

bear conflict, but also foster sustainable co-existence between bears and humans (see CDFG 

1998, Carr 2003, Spiker and Bittner 2004). 
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The primary objective of my research was to create and apply a model that identified how 

various environmental attributes influence the distribution of black bears in the NLP.  The 

quantitative model of these influences was then used to calculate and map the suitability of 

habitat to black bears (Clark et al. 1993, Rudis and Tansey 1995, Van Manen and Pelton 1997, 

Mitchell et al. 2002).  Bear radio-telemetry location data were collected by the MDNR from 

1992-2000.  In addition, data on environmental and habitat attributes in Michigan that may be 

potentially important to bear populations were collected or, in some cases, derived.  Bayesian 

discrete choice hierarchical models were used to model bear selection of grid cells at three 

different spatial resolutions – 3 km, 2 km, and 1 km.  Different resolutions were used to evaluate 

model results for sensitivity to scale.  The model that best fit the data was used to identify 

existing suitable habitat and to predict the suitability of areas in the Lower Peninsula for 

potential bear range expansion.  The GIS model predictions also indicated spatial relationships 

(i.e., proximity and dispersion) between suitable habitats across the landscape.  This information 

can be used to support bear habitat conservation recommendations (i.e., continuous tracts of land 

and travel corridors).  The results from the model can assist additional black bear research 

projects as well as help management institutions understand bear distribution dynamics 

important for bear management plans (see CDFG 1998, Carr 2003, Spiker and Bittner 2004, 

Ternent 2005). 

 

1.1.1. Discrete Choice Models 

Resource selection stipulates that an individual animal selects resources non-randomly.  In this 

context, the question is whether or not an individual bear selects a particular area of land non-

randomly given the opportunity to choose from a much larger area.  However, no two bears are 
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exactly alike in their selection criteria.  Furthermore, bear locations from radio-telemetry are 

inherently imprecise and the spatial pattern of bear captures was probably not perfectly random.  

Therefore, given ecological realities and data uncertainties, it is reasonable to frame the selection 

process as being statistical by nature.  It is not reasonable to try to predict the selection criteria 

for each bear at each location but rather to focus on the aggregate statistical properties of the bear 

population over larger spatial extents (Wikle 2003).   

 

Johnson (1980) described four orders of hierarchical selection by wildlife.  The first order of 

selection refers to the geographical range of the species.  The second order refers to the home 

range of an individual or social group.  The third order refers to the use of particular habitat 

elements within the home range.  The fourth order refers to the actual food items that an animal 

chooses at a feeding site (Johnson 1980).  My aim was to identify which environmental attributes 

are influential in the selection process by bears within the NLP bear population home range.  

This is defined as third order selection.  Discrete choice models are well adapted to model this 

type of selection and are commonly used in wildlife studies of resource selection (Cooper and 

Millspaugh 1999).  The underlying theory is derived from economic theory that suggests 

consumers choose some product over others to maximize their satisfaction.  This is analogous to 

saying that an individual bear will choose an area non-randomly based on the higher “utility” of 

that area relative to all other areas (Cooper and Millspaugh 1999).  Spatial independence of the 

bear locations is an important assumption built into many discrete choice models (McCracken et 

al. 1998, Manly et al. 2002).  Another assumption is that all of the study area is equally available 

to each bear (McCracken et al. 1998, Manly et al. 2002).  This focuses the model variables and 

selection criteria to only the environmental attributes within specific areas of land.  The preferred 
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selection of a particular area of land by a bear is defined as the probability of selection being 

greater than the probability of selection of some other area.  Selection then should be represented 

as a likelihood of that area being chosen if the entire area were equally available. 

 

1.1.2. Bayesian Inference 

A deterministic model, discrete choice in this case, is chosen because it models a certain 

ecological process.  However, the results from these models are fixed and do not reflect the 

statistical qualities of complex ecological processes.  Bayesian inference can enable researchers 

to incorporate a deterministic model into a stochastic framework.  Ecologists are increasingly 

using Bayesian statistical inference to estimate ecologically meaningful parameters (Ellison 

2004).  The fundamental difference between Bayesian inference and more traditional frequentist 

methods is how these techniques represent the parameter values.  Frequentist methods assume 

that each parameter has a fixed value whereas Bayesian inference represents parameters as 

random variables with probability distributions (Ellison 1996, Link 2002).  This method accounts 

for bias in data collection and acknowledges that a true, fixed value for a parameter is highly 

unlikely in a natural experiment where no two organisms are exactly alike.  In addition, the p-

value typically used in frequentist methods does not tell the researcher how probable the null 

hypothesis is or how probable the alternative hypothesis is (Ellison 1996).  Bayesian inference 

uses probability calculus to determine the likelihood of a specific hypothesis given observed data 

(McCullagh and Nelder 1991). 

 

Bayesian inference can describe the probability distributions of the environmental attribute 

parameters using the statistical fact that the joint distribution of two events equals the product of 
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the probability of one of the events and the conditional probability of the second event given the 

first one. 

( ) ( ) ( ) ( ) ( )HYPHPHYPYHPYP ×==×      (1) 

From this the terms can be rearranged such that two probability distribution functions, called 

prior and posterior distributions, can be used to make inference on the parameter values. 

)(
) ( )(
( )YP

HHYf
YHP

p×
=        (2) 

This expression is known as Bayes’ theorem (Bayes 1763).  The prior distribution (or just prior) 

represents the expected probability of observing a parameter value, which is determined a-priori 

by the researcher.  In effect, the prior summarizes what is already known about the parameter.  

The information in the prior distribution ( )Hp  acts to modify the posterior distribution )( YHP  

(Link 2002).  The function in the numerator is Fisher’s likelihood function (Edwards 1992).  It is 

the likelihood function that modifies the prior information into posterior expectations (Box and 

Tiao 1973, Reckhow 1990).  The denominator is the expected value of the likelihood function 

that acts as a normalizing constant. 

( ) ( ) ( )dHHHYfYP p×= ò        (3) 

The normalizing constant, equal to the integral of the conditional probabilities of the likelihood 

function weighted by their prior probabilities, scales the posterior so that the area under the 

posterior probability distribution is equal to one.  In other words, the posterior distribution 

becomes proportional to the prior (since they are distributions for the same random variable) by 

normalizing the numerator to get a probability measure (Ellison 1996).  The posterior 

distribution describes the range of possible values for the parameter of interest and their 

probabilities (Link 2002). 
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Through an iterative process, the posterior distribution will converge to what is called the Bayes 

estimate.  The Bayes estimate is the mean value of the parameter of interest (Link 2002).  

Bayesian inference allows for a researcher to add new data that may change the probability 

distribution of a given parameter thus enabling the application of adaptive management 

techniques.  In other words, wildlife managers can evaluate the effectiveness of decisions and 

make appropriate changes. 

 

1.2. Bear Physical Description and Range 

The Black Bear is a large, heavily boned mammal with a long snout, small eyes, rounded ears, 

small tail, and powerful limbs (Servheen et al. 1999, Obbard 2003).  Adult males are 

approximately 130 to 190 cm (4-6 feet) long from tip of the nose to the tip of the tail and vary in 

weight from 60 to 140kg.  Adult females are approximately 110 to 170 cm (3.5 – 5.5 feet) long 

and vary in weight from 40 to 70kg.  Black bear fur is shaggy and usually black although coat 

color can also range from dark brown to light brown with some bears having a white patch on 

their chest (Servheen et al. 1999).  They have powerful front legs with large curved, non-

retractable claws on each foot enabling them to bend branches, turn over rocks, and tear apart 

logs to retrieve food (Rogers and Allen 1987, Servheen et al. 1999) 
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Black bear are the only bears inhabiting the 

Eastern United States (Figure 1), and range from 

the Sierras, Idaho and Montana, south through 

the Rockies into Mexico, Northern Great Lakes 

area, Ozarks, Gulf Coast, Florida, and New 

England south through the Appalachians to 

northern Georgia (Pelton 1982). 

 

 

 

 

1.3. Study Area 

There are approximately 20,000 bears in Michigan occupying 90,650 sq. km in the NLP and the 

Upper Peninsula (UP; MDNR unpublished data).  Approximately 90% of Michigan’s bears 

reside in the UP, which has excellent bear habitat and consists of large tracts of federal, state, and 

privately owned commercial forest lands.  Despite the small percentage of bears in the NLP, 

current trend information indicates that their numbers are increasing and that their population 

will likely expand to the southern portion of the Lower Peninsula (SLP) in the future (Etter 

2002).  The SLP is dominated by human influenced land uses.  Traditionally, it is habitat 

disturbance and human- induced mortality that has limited bear numbers and distribution in 

Michigan (MDNR unpublished report). 

 

Figure 1: Current Distribution (1994) 
of Black Bear in the United States 
(Pelton and van Manen 1997). 
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From 1991 to 2000, bears were trapped and radio-collared in the Baldwin and Red Oak Bear 

Management Units (BMU) in the NLP of Michigan.  The Baldwin BMU is located in the 

northwest one third of the Lower Peninsula and Red Oak BMU is located in the northeast two 

thirds of the Lower Peninsula (Figure 2).  For my purposes, the Northern Lower Peninsula 

encompasses an area of 47,120 sq. km and includes 33 counties (Figure 2).  This region is 

dominated by forest and is in the Northern Lacustrine-Influenced Region of Lower Michigan 

(Albert 1995).  The land cover in this region comprises 15% agriculture, 16% upland non-

forested, 17% northern hardwood and mixed forest, 9% oak, 10% aspen, 9% pine, 11% forested 

wetland, 6% non-forested wetland, and 7% other (which includes developed and major water 

bodies). 

 

The Great Lakes surrounding Michigan create 

unique temperature and precipitation gradients 

across the state relative to the rest of the 

continent.  The NLP is distinguished from the 

SLP by having cooler temperatures throughout 

the year and a shorter and more variable 

growing season.  The average annual 

temperature in the NLP is approximately 7 

degrees C but the extreme minimum 

temperature ranges from -40 to -45 degree C 

(Barnes and Wagner 2004).  The average length 

of the growing season in the NLP is 126 days 

 
Figure 2: Northern Lower Peninsula 
Counties with locations of Red Oak and 
Baldwin Bear Management Units. 
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(Albert et al. 1986).  The interior of the region is dominated by sandy, high plains that tend to 

have greater temperature extremes than the rest of the region and a shorter growing season of 

about 115 days (Barnes and Wagner 2004).  The elevation in the NLP ranges from about 259 to 

526m (Leatherberry and Spencer 1996).  Precipitation is more uniform across the state compared 

to temperature.  In general, precipitation decreases from southwest to northeast across the entire 

state (Barnes and Wagner 2004).  In the NLP, the annual precipitation is approximately 71 to 81 

cm and annual snowfall ranges from 102 to 356 cm (Leatherberry and Spencer 1996). 

 

The underlying bedrock in the NLP includes sandstone, shale, limestone and dolomite (Dorr and 

Eschman 1970).  The most common landforms include glacial moraines, till plains, outwash and 

lake plains, ice-contact terrain, sand dunes, and beach ridges (Barnes and Wagner 2004).  The 

soils in the region are sands, loamy sands and sandy loams (USDA 1981, Albert 1990). 

 

The land cover of the region has changed considerably since the middle of the 19th century, 

through intensive logging for white pine, hemlock and northern hardwoods.  Following this 

intensive logging were catastrophic fires that additionally altered the land cover.  For this reason, 

early successional forest types including aspen and birch forests are more prevalent today than in 

the past (Barnes and Wagner 2004). 
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I made model estimations of 

bear habitat suitability for the 

SLP counties (Figure 3).  

This region comprises 51% 

agriculture, 8% upland non-

forested, 11% northern 

hardwood and mixed forest, 

3% oak, 1% aspen, 2% pine, 

5% forested wetland, and 6% 

non-forested wetland, and 

12% other (i.e., developed or 

water). 

1.4. Materials and Methods 

I chose to use a Bayesian discrete choice hierarchical model because of the high-dimensionality 

of the model, the error in the telemetry location data, and concerns about the different numbers 

of telemetry locations for individual bears.  Bayesian inference provides a framework through 

which variance and error terms can be calculated for the parameter values.  Discrete choice 

models enabled me to analyze the suitability of a user-defined piece of land (e.g., a grid cell) 

instead of whole land-cover types.  It is possible with a large enough error in the telemetry data 

that a location may be incorrectly associated with a certain land-cover category.  To avoid 

misclassifications due to potential positional errors, I chose to analyze pieces of land defined by 

grids with 3 km, 2 km, and 1 km squared cells.  These grids intersected the home ranges of male 

and female bears.  These grid resolutions are much larger than the maximum telemetry error 

Figure 3: Michigan Southern Lower Peninsula Counties. 
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accepted (16 ha) in a bear location, so even if the location was not exactly in a land-cover 

category it should still fall within grid cells defined at any of the three scales of analysis.  

Furthermore, the results from the three scales may provide additional information on bear 

selection criteria as well as model limitations.  Hierarchical models provided a means by which I 

could weight relocations and individual bears, thereby yielding inference about the population 

level selection characteristics.  The results from the models that performed the best were used to 

estimate bear habitat suitability across the entire Lower Peninsula.  

 

1.4.1. Telemetry and Home Range Estimation 

Bear telemetry locations were collected from 

captured bears throughout the Northern Lower 

Peninsula.  My analyses were based on 2,670 

telemetry locations from 35 female and 1,408 

telemetry locations from 20 male bears (Figure 

4).  Bears were captured by the Michigan 

Department of Natural Resources in barrel traps 

or in dens (Kohn 1982).  All bears were 

equipped with radio-collars with a time-delayed 

mortality switch.  Bears were located to the 

nearest quarter-quarter section using a GPS unit 

from a fixed-winged aircraft.  Bears were also 

ground triangulated using a hand-held yagi 

antennae.  Triangulated locations were determined using a minimum of two radio bearings in the 

 
Figure 4: Telemetry Locations of Black 
Bears in Northern Lower Peninsula, 

Michigan. 
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maximum likelihood estimator in LOCATE II (Nams 1990).  Locations with greater than a 16 

hectare error (equivalent to 1 quarter, quarter section) were removed from analysis.  Bears were 

located a minimum of once every other week when they were out of their dens from April to 

November.  Telemetry locations were collected from 1992 to 2000 (Etter 2002).  The collection 

of bear telemetry data was originally conceived by the MDNR as a long-term process.  As a 

result, most locations for an individual bear were collected at least several days apart and so 

these locations are assumed to be spatially independent.  I only included bears in analysis that 

were at least two years of age and older because yearling bear locations were likely correlated 

with the locations of their mother, and therefore, did not fulfill the model assumption of 

independent locations.  In addition, females greater than 2 years old represent the population 

segment most crucial to productivity (Clark et al. 1993).  I used separate models for males and 

females because of their different habitat requirements and behavior (Clark et al. 1993). 

 

Home ranges are best defined as “…that area traversed by the individual in its normal activities 

of food gathering, mating, and caring for young.  Occasional sallies outside the area, perhaps 

exploratory in nature, should not be considered as in part of the home range” (Burt 1943).  The 

kernel home range estimation technique has become very popular in the ecological literature 

because it considers the density of the telemetry locations when creating home ranges (Schenk 

1998, Dickson 2002, Koehler 2003).  In general, the density at any location on the ground is an 

estimate of the amount of telemetry locations in that area (Seaman and Powell 1996).  In this 

case, however, it is the geographic extent of the home ranges created by the kernels that defines 

available habitat to each bear. 
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I created 30m resolution home range estimates for each bear using the kernel density estimator 

tool from the HawthsTools extension within ESRI’s ArcGIS software program (ESRI 2002b).  I 

used a fixed kernel with a least squares cross validation smoothing parameter because it gives 

area estimates with very little bias (Horne and Garton 2006).  In addition, I only included bears 

with at least 30 locations for precise kernel home range estimation (Horne and Garton 2006).  

The average kernel home range for the 35 female bears was 227 sq. km. and the average kernel 

home range for the 20 male bears was 606 sq. km.  The home ranges for the individual bears of 

each sex were combined to create two aggregate- level home ranges.  The aggregate home ranges 

for males and females represent the total available habitat to all bears of each sex (Figure 5 and 

Figure 6). 

 
Figure 5: Aggregate home ranges and 
telemetry locations for male bears.  
Three different resolution study areas 
were delineated from the home range 
outlines.  This figure only shows the 
3km resolution study area. 

 
Figure 6: Aggregate home ranges and 
telemetry locations for female bears.  
Three different resolution study areas 
were delineated from the home range 
outlines.  This figure only shows the 
3km resolution study area. 
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1.4.2. Environmental Variable Selection and Data Preparation 

Description of habitat selection patterns requires measurements of environmental 

characteristics that can serve as inputs to a habitat-selection model.  I compiled 12 variables that 

can theoretically relate to habitat use by bears (Table 1).  
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Table 1: List of model variables calculated at three different raster resolutions, 3km, 2km, and 1km. 
 

 
 Variable Variable Type Details Source 

Z-transformed  
for each grid cell 

Hydrological Features Area Continuous Meters GIS manipulation of MDNR  
lake and stream rasters 

 Slope Deviation  Continuous Degrees GIS manipulation of IFR DEM  

  Road Length Continuous Meters GIS manipulation of MDNR CGI  
road shapefile 

  Human Population Density Continuous per 30 meter raster cell GIS manipulation of MDNR census  
shapefile and landcover raster 

  Number of Patches (NUMP) Continuous Total number of patches Patch Analyst 

  Mean Patch Size (MPS) Continuous Average patch size Patch Analyst 

  Patch Size  
Coefficient of variation (PSCOV) 

Continuous Coefficient of variation of patches Patch Analyst 

  Edge Density (ED) Continuous Amount of edge relative to the landscape area Patch Analyst 

  Average Weighted  
Mean Shape index (AWMSI) 

Continuous Shape Complexity Patch Analyst 

  Shannon's Diversity Index (SDI) Continuous Measure of relative patch diversity Patch Analyst 

  Shannon's Evenness Index (SEI) Continuous Measure of patch distribution and abundance Patch Analyst 

          

Identified dominant type  
for each grid cell 

Landcover Categorical Meters Reclassified from landcover raster 

     1. Human Development   

      2. Agriculture   

      3. Upland Non-Forested   

      4. Northern Hardwood and Mixed   

      5. Oak   

      6. Aspen   

      7. Pine   

      8. Forested Wetland   

      9. Non-forested Wetland   
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Land cover:   

A substantial amount of literature indicates that land cover is a crucial determinant of bear 

presence because of its association with food abundance and den selection (Rogers and Allen 

1987, Clark et al. 1993, Rudis and Tansey 1995, Van Manen and Pelton 1997, Mitchell et al. 

2002).  Bears emerge from their dens in spring, after which they have 5-8 months to fulfill their 

nutritional needs for the entire year (Beeman and Pelton 1980).  The availability of food 

influences bear survival and reproduction by directly affecting growth rates, female ages of first 

reproduction, and cub survival.  For instance, fertilized eggs will not implant to form cubs unless 

the female bear reaches about 70 kg (Obbard 2003).  As a result, bears prefer to occupy forests 

with diverse vegetation types that provide for their nutritional needs (Herrero 1979, Hugie 1979). 

 

Although bears use dense forest as security and escape cover, they tend to prefer habitat that is 

interspersed with forest clearings because soft mast is more abundant in these clearings than in 

the understory (Hugie 1979).  Black bears also prefer large tracts of undisturbed land with a 

variety of cover types (Manville 1987).  Manville (1983) noted that bears in the Lower Peninsula 

of Michigan commonly use wetlands dominated by white cedar (Thuja occidentalis), balsam fir 

(Abies balsamea), black spruce (Picea mariana), and tamarack (Larix laricina) year round.  He 

also noted that in order to meet the bear habitat requirements for food and cover, large tracts of 

lowland brush, alder (Alnus spp.), hardwood communities, and upland hardwoods including 

aspen (Populus spp.) must be available (Manville 1983).  Manville (1983) also found that 68% of 

bear dens occurred in conifer-dominated wetlands. 
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I used land-cover data that had been created as part of the IFMAP project from triple date multi-

seasonal Landsat imagery with a 30 m spatial resolution and obtained from the MDNR.  Based 

on knowledge of bear ecology (Larry Visser, Wildlife Management Unit Supervisor, MDNR) the 

land-cover codes in this dataset were categorized into 9 cover classes from a land-use/land-cover 

layer available from the Michigan Center for Geographic Information (MCGI; Appendix B, 

http://www.michigan.gov/cgi).  These 9 categories were agriculture, upland non-forested, 

northern hardwood and mixed, oak, aspen, pine, forested wetlands, non-forested wetlands, and a 

class that combined development land with major water bodies (i.e. land uninhabitable by bear).  

Land cover proportions were summarized within grid cells at each of the target resolutions. 

 

Hydrological Features:   

Black bears can overheat easily in the summer months and frequently use water bodies to cool 

off.  In fact, bears may be unable to fully utilize forest clearings because of heat stress (Jonkel 

and Cowan 1971, Rogers 1980).  Water must be accessible throughout the year because bears 

drink frequently when feeding on vegetation, nuts, or insects (Rogers and Allen 1987). 

 

I obtained lakes and streams data with a resolution of 30 meters for the Lower Peninsula (LP) 

from the MDNR.  I combined lakes and streams to create a simple raster dataset with 

hydrological features at a resolution of 30m.  This raster layer was reclassified so that each raster 

cell represented either no water (0) or water (1).  I then tabulated the area of water (1) for each of 

the model grid cells at all three resolutions. 

 

 

http://www.michigan.gov/cgi
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Roads:   

Road density can have both positive and negative influences on bear presence.  Bears sometimes 

use logging, service, unpaved, and infrequently used roads as travel routes (Manville 1983, 

Young 1984).  Roadsides may also provide good food sources (e.g., soft mast and green 

vegetation; Jonkel and Cowan 1971, Manville 1983).  Frequently traveled roads, however, result 

in high numbers of bear/vehicle related deaths.  As of 1987, highways accounted for almost 100 

bear road kills each year in the Great Lakes Region (Rogers and Allen 1987).  Bear mortality due 

to vehicle collisions is of particular concern in areas with dense human populations.  A 1990 

petition to list the Florida black bear as a federally threatened species cited road mortality as one 

of the primary reasons necessitating federal protection (Dobey 2005).  In addition, if these roads 

are impassable, they may block access to important habitat for bears.  Dixon (2006) indicated 

that the functionality of habitat corridors for black bears in Florida was compromised by road 

networks. 

 

I obtained the vector layer of named roads for the State of Michigan (Version 6) from MCGI.  

The layer contained only one category of roads, maintained paved roads.  I converted this layer 

into a 5m resolution raster dataset.  I then calculated the total amount of road length within each 

model grid cell for all three target resolutions. 

 

I also obtained a vector layer of unnamed roads (from the older Version 3) for the state of 

Michigan from MCGI that included many various road types (i.e., unpaved and smaller unnamed 

residential streets).  I combined the layer of unnamed roads with the layer of named roads and 

used the Feature Class Code (FCC) field to categorize all state roads into three categories based 
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on approximate size and traffic volume (see Appendix C).  As before, I converted the reclassified 

road layer into a 5m resolution raster dataset.  I calculated the total amount of road length from 

each road category within each grid cell for the target resolution that performed best in the male 

and female model.  I ran the best-fit male and female models again with roads represented as 

three separate covariates to determine if road size and traffic volume influence bear selection. 

 

Slope Variation:  

A large proportion of black bear habitat is characterized by mountain ranges and drastic changes 

in slope.  Various models of black bear habitat have included slope as a model variable (Clark et 

al. 1993, Van Manen and Pelton 1997, Mitchell et al. 2002).  Slope is associated with soil 

composition and, in turn, with vegetation types which are important determinants of bear 

presence (Herrero 1979, Hugie 1979, Zimmerman et al. 1999).  In addition, the topographic 

characteristics of the landscape are different when characterized at different target resolutions.  

The way in which bears perceive the slope of their environment may also change at various 

scales which may influence habitat selection.  For these reasons, I chose to use the variation in 

slope as a model variable. 

 

Slope data were derived from a 30 m digital elevation model (DEM) for the State of Michigan.  

This DEM was compiled by and obtained from the Institute of Fisheries Research at the 

University of Michigan.  I calculated the standard deviation of 30 m slope values for each model 

grid cell for all three target resolutions. 
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It is important to note that a relationship between slope and bear selection may indicate 

association, but not necessarily causation because of the correlation between human presence 

and less steep slopes.  Habitat fragmentation associated with heavy human populations has 

relegated bears to the steeper slopes of the mountainous regions in the northeast and southeast 

United States (Leopold 1959, Rogers and Allen 1987, Williamson 2002).  It is possible that in 

other regions of the U.S. where bears are present, human settlement has also relegated them to 

higher elevations with steeper slopes.  

 

Human Population Density:  

Larger human populations lead to higher conflict rates and thus higher mortality rates of bears 

(Rogers and Allen 1987).  In some cases, however, bears are lured to camping areas, dumps, or 

other unnatural food sources including backyards (CDFG 1998, D. Etter, MDNR, Pers. Comm.).  

Several other black bear habitat models have used human population or development as model 

variables (Clark et al. 1993, Van Manen and Pelton 1997, Mitchell et al. 2002). 

 

The grid of human population density was calculated using dasymetric mapping (James et al. 

2004).  This method has been shown to produce accurate population density distributions (Eicher 

2001).  The original population layer downloaded from MCGI was indexed by census block.  

Census block population density estimates are very coarse and not the optimal method of 

depicting human population densities relative to bear presence.  The dasymetric method 

recognizes the fact that certain areas within a census block are populated while others are not 

(Wright 1936).  However, dasymetric mapping enables a user to divide the population density of 

the census block enumeration unit into the much smaller spatial scales of a raster cell (James et 
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al. 2004, Eicher 2001).  Thus, a dasymetric map can be at a much finer scale, appearing 

continuous, with each raster cell having a population density value.   

 

The census block population values in the LP were redistributed to 30 m raster grid cells via the 

land-use/land-cover raster layer.  I reclassified this dataset into 4 categories: urban development, 

agriculture, forested, open, and water.  I calculated the population densities of these 5 categories 

to be 0.90, 0.07, 0.02, 0.01, and 0.0, respectively.  I used areal interpolation (James et al. 2004, 

Eicher 2001) with the population densities to transfer the population density data from the census 

block unit to a 30m unit.  I then calculated the sum of human populations within each model grid 

cell for all three target resolutions. 

 

Landscape Metrics:   

I calculated several landscape pattern metrics for each grid cell to describe the spatial 

arrangements of land covers (Table 1).  These spatial arrangements provide information on patch 

diversity and structure that may influence the ways in which bears travel and select various areas 

over the landscape.  The metrics used included number of patches (NUMP), mean patch size 

(MPS), patch size coefficient of variation (PSCOV), edge density (ED), area weighted mean 

shape index (AWMSI), Shannon’s diversity index (SDI), and Shannon’s evenness index (SEI).  

The variable NUMP measures patch frequency.  The variable MPS measures the mean size of 

the patches across all land cover types.  The variable PSCOV describes the variability in patch 

sizes.  The variable ED is the amount of edge relative to the landscape area.  The variable 

AWMSI is the sum of each patch’s perimeter divided by the square root of patch area for all 

patches divided by the number of patches.  This variable is also adjusted for shape size.  The 
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variable SDI is a relative measure of the diversity of patch types.  The variable SEI measures 

how evenly the different patch types are distributed across the land area (McGarigal and Marks 

1994).  I used only the area in the cell to define the landscapes for use as input to the calculation 

of the landscape metrics.  The landscape metrics were calculated within ESRI’s ArcView 3.3 

(ESRI 2002a) using the Patch Analyst extension ( http://flash.lakeheadu.ca/~rrempel/patch).  

These metrics were chosen because they cover a wide array of patch information including edge, 

shape, and interspersion.  These metrics have been shown to contain the majority of patch 

information (Riitters et al. 1995).  

 

1.4.3. Model Specification 

Utility to a bear of a piece of land is defined by a linear function 

exxxeXU kk ++++=+= bbbb ...2211 ,     (4) 

where X is a vector, length k, of the attributes within the piece of land.  b is a vector, length k, of 

estimable parameters describing the contribution of each attribute within the piece of land.  Since 

no two animals are exactly alike in their habitat requirements or behavior, an error term e must 

be included in the utility function.  If the error terms in the utility functions are independent and 

identically distributed extreme-value errors, then the probability of selecting a piece of land will 

have a multinomial logit form (McCracken et al. 1998).  A discrete choice model is applied in 

the form of a multinomial logit where the probability of use of grid cell s by animal i is described 

by 
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The collection of all grid cells S within the study area is described by a vector of length r.  The 

probability that the jth independent relocation of bear i occurs in grid cell sij is ( )iji sp .  For grid 

cell sij the likelihood for all observed relocations is 

( )ÕÕ
= =

m

i

n

j

iji

i

sp
1 1

,         (6) 

where m represents all bears and ni represents all independent relocations for bear i. 

 

1.4.4. Hierarchical modeling 

One aim of my analysis was to determine habitat selection by bears at the population level.  

However, it is individual bear selection that will provide inference about selection at the 

population level (Thomas et al. 2006).  It is common in resource selection analyses for individual 

heterogeneity to be overlooked when determining population level selection criteria.  Some 

analyses average individual parameters while others only use equally sized subsets of the 

observational data in the analysis (see Miller et al. 2000, Glenn et al. 2004).  These methods do 

not account for variability in covariate selection or appropriately weight individual bears with 

differing numbers of relocations (see Thomas et al. 2006). 

 

A hierarchical model is preferred in this case because it can produce individual bear models that 

in turn describe the population-level model of habitat selection.  Hierarchical models provide a 

mechanism by which to weight relocations and individual bears that yield inference about the 

population- level selection characteristics (Thomas et al. 2006).  Normally, the complexity and 

high dimensionality of hierarchical models would make direct computation of the posterior 

probabilities infeasible.  For example, defining the joint distribution of the stochastic process of 
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habitat selection for each bear is nearly impossible.  Recently, however, software packages like 

WinBUGS have been developed to use Markov Chain Monte Carlo (MCMC) simulations that 

can overcome these limitations and estimate the posterior distributions ( http://www.mrc-

bsu.cam.ac.uk/bugs).  This is accomplished by specifying the distributions of the conditional 

models for each bear.  MCMC simulations, using a Metropolis-Hastings-Gibbs sampling 

approach, breaks down a very complex joint distribution of a collection of random variables 

(individual models) into a much simpler series of conditional models.  The product of the 

conditional models yields the sought after joint distribution.  The framework necessary to 

accomplish this is composed of three separate modeling stages (Wikle 2003):  data model, 

parameter model, and hyper-parameter model (Thomas et al. 2006).  The data model specifies 

the distribution of the data given the individual selection parameters.  This distribution represents 

a likelihood commonly used in maximum-likelihood analysis.  The second stage describes the 

probability models of the selection parameters for each bear conditional on population level 

selection parameters.  These individual parameters are considered to be a statistically random 

selection from the whole population.  The third stage is the hyper-parameter model which 

accounts for the uncertainty in the parameter model and describes the population- level selection 

parameters (Wikle 2003, Thomas et al. 2006).  The parameter models are a-priori defined by 

independent normal distributions with zero mean and unit variance.  Since I have no information 

on the parameter estimates, I chose to express my ignorance of the prior distribution by giving 

the parameter priors a ‘non- informative’ uniform distribution wherein all values are equally 

likely (Jeffreys 1961).  The final posterior estimation of the mean and variance across all animals 

provides inference about the population level selection and variability in selection for each 

environmental attribute.  The individual parameter models are looped into the population level 

http://www.mrc-bsu.cam.ac.uk/bugs
http://www.mrc-bsu.cam.ac.uk/bugs
http://www.mrc-bsu.cam.ac.uk/bugs
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model (hyper-parameter) and thus each bear is treated equally while treating the number of 

relocations differently.  In this way, different weights are applied to differing numbers of 

relocations per animal while producing valid error terms (Thomas et al. 2006). 

 

1.4.5. WinBUGS 

I ran all models in WinBUGS using 24,100 iterations in a single chain with a 4,100 iteration 

‘burn-in’ (see Appendix A).  Parameter estimates, posterior distributions, and validation values 

were calculated from the last 20,000 iterations.  The number of ‘burn- in’ iterations and parameter 

convergence was determined using the suggestions from Raftery and Lewis (1992).  

 

1.4.6. Model Validation 

I assessed individual model goodness of fit with a Bayesian p-value that estimates the deviance 

between a dataset, replicated during the MCMC samplings, to the observed dataset.  The 

deviance was calculated by 

( ) ( ) ( )qq r

n
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=

-×=
1

2, ,      (7) 

where sr is the replicated data, so is the observed data, L( ) is the log- likelihood for the discrete 

choice model, and q  is the vector of parameters.  WinBUGS uses the observed data to create a 

‘known’ likelihood of bear presence within each grid cell.  Similarly, WinBUGS can create a 

‘predicted’ likelihood of bear presence within each grid cell derived from a replicate dataset 

produced from within the program.  WinBUGS generates the ‘predicted’ likelihood based on the 

current parameter values at each iteration of the MCMC algorithm and compares that likelihood 

to the ‘known’ likelihood.  The Bayesian p-value is created by estimating the frequency at which 
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the fit of the observed data exceeds the fit of the replicate data.  A good fit model has values 

close to 0.5 whereas a poorly fit model has values less than 0.05 or greater than 0.95 (see 

Thogmartin et al., 2004). 

 

I ran two sets of models for all three target resolutions; one set with all of the covariates (full 

models) and one set with only the significant covariates (significant-only models).  Covariate 

parameter significance was evaluated by examining the 95% Bayesian Credibility Intervals 

produced by WinBUGS.  Bayesian Credibility Intervals are interpreted as being a bounded 

distribution within which 95% of the potential parameter values will fall (Ellison 1996).  If those 

distributions cross zero (0) then the covariate parameter values are interpreted as not being 

significant.  I used the deviance information criterion (DIC), a Bayesian alternative to Akaike’s 

information criterion, to select the best model from the two sets of models at all three target 

resolutions.  The best fitting and most parsimonious model has the smallest DIC value. 

( ) DPDDIC += q ,        (8) 

where ( ) ( )[ ]qq q DED Y=  measures model ‘adequacy’ and is the posterior expectation of the 

Bayesian deviance ( ) ( )qq ypD log2-=  and ( ) ( )qq DDPD -=  measures model ‘complexity’ 

(Speigelhalter et al. 2002). 

 

I used two other datasets to verify the bear habitat suitability maps in the LP that were estimated 

from the model results.  I first used the GAP land-stewardship data obtained from the MCGI 

website to perform visual verification.  The land-stewardship data was developed as part of the 

Michigan GAP analysis project 

( http://www.dnr.state.mi.us/spatialdatalibrary/metadata/gap_stewardship_lp.htm),  and identifies 

http://www.dnr.state.mi.us/spatialdatalibrary/metadata/gap_stewardship_lp.htm
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state (e.g., game areas and parks), federal (e.g., nature reserves and parks) and trust (e.g., The 

Nature Conservancy) land boundaries that are managed to maintain plant and animal 

biodiversity.  I expected that suitable bear habitat and the land-stewardship data would 

correspond.   

 

I also used data on harvested bears from 2002 – 2004 as another means of verifying the results of 

the bear habitat suitability maps of the LP.  Surveys of Michigan bear hunters indicate that 70% 

of hunters choose a hunting location based on their impression of a high bear density in that area 

(Frawley 2006).  Therefore, the grid cells that have harvest locations can act as a surrogate for 

grid cells that are suitable bear habitat.  I used a chi-square goodness-of- fit statistic to test if the 

relationship between grid cells with harvest locations and suitable habitat grid cells estimated 

from the model deviated from a random relationship. 

 

1.5. Results 

The full models of the males and females for all three resolutions better fit the data (smaller DIC 

values) than the significant-only models (Table 2). 

 
Table 2: DIC values for the full models and significant-only models. 
 

 
Female 
1km 

Female 
2km 

Female 
3km 

Male 
1km 

Male 
2km 

Male 
3km 

Full Model 33866 25636 20583 19205 16272 14385 

Significant-only 
Model 

35655 29335 22811 20109 18167 17081 

 

The 3km, 2km, and 1km full male models had p-values of 0.55, 0.66, and 0.71, respectively 

(Table 3).  Thus, the observed data from the 3km male model best fit the replicate data.  The 
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3km, 2km, and 1km full female models had p-values of 0.61, 0.56, and 0.65, respectively (Table 

3).  Thus, the replicate data from the 2km female model best fit the observation data. 

 
Table 3: P-values of the full models. 
 

 1km 2km 3km 

Males 0.71 0.66 0.55 

female 0.65 0.56 0.61 

 

The autocorrelation function in WinBUGS displays MCMC posterior sample dependence over 

time, i.e., across model iterations as a measure of convergence towards a model solution.  The 

autocorrelation plots for all other parameters in the best fit 3km male model and best fit 2km 

female model (see Appendix D) indicated that the sample dependence decreased rapidly with 

increasing lag, indicating a relatively high degree of independence of solutions across iterations 

and a robust search of the solution space.  The history plot function within WinBUGS displaying 

model deviance across iterations confirmed parameter convergence for those two models (see 

Appendix E).   

 

Bayesian credibility intervals indicated that water, human population, MPS, PSCOV, ED, SDI, 

northern hardwood and mixed, and aspen were significant covariates in all of the female models.  

Water, human population, MPS, PSCOV, ED had negative relationships with bear selection 

whereas SDI, northern hardwood and mixed, and aspen had a positive influence on selection.  

The upland non-forested, oak, and pine covariates were insignificant at all resolutions for 

females (Tables 4, 5, and 6).  After running the best- fit female 2km model again with the 

reclassified road covariates, the results indicated an insignificant negative relationship with the 
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first road category (large size and high traffic volume) and significant negative relationships with 

the second two road categories (medium and small sizes and traffic volumes; Table 7).  

 

Bayesian credibility intervals indicated that water, MPS, PSCOV, ED, developed, and forested 

wetland were significant covariates for all of the male models.  Water, MPS, PSCOV, ED, and 

developed habitat had negative relationships for male selection whereas forested wetland had a 

positive influence on selection.  The human population, NUMP, northern hardwood and mixed, 

and pine covariates had insignificant distributions at all scales for males (Tables 4, 5, and 6).  

After running the best- fit male 3km model again with the reclassified road covariates, the results 

indicated an insignificant negative relationship with the first road category (large size and traffic 

volume) and significant negative relationships with the second two road categories (medium and 

small sizes and traffic volumes; Table 7).
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Table 4: Mean, s.d., median, lower, and upper credibility intervals for all covariates of the female and male 1km models. 
 

 
Female  

1KM 
    

Male  
1KM 

    

           

Variables mean s.d. median 2.50% 97.50% mean s.d. median 2.50% 97.50% 

Water -0.4808 0.113 -0.4783 -0.7106 -0.2637 -0.294 0.08955 -0.2904 -0.477 -0.1241 

Slope -0.4163 0.1602 -0.4153 -0.7322 -0.1039 -0.0694 0.1095 -0.06924 -0.2864 0.1468 

Road -0.2602 0.09969 -0.2592 -0.4594 -0.06906 -0.1579 0.1067 -0.1546 -0.3791 0.04739 

Human Population -3.175 0.7719 -3.155 -4.766 -1.717 -0.8352 0.4915 -0.8313 -1.824 0.1206 

NUMP -0.3681 0.1676 -0.367 -0.6993 -0.04429 0.2489 0.149 0.2568 -0.05796 0.5292 

MPS -2.369 0.539 -2.358 -3.478 -1.342 -2.056 0.4852 -2.033 -3.071 -1.154 

PSCOV -0.4922 0.09643 -0.4921 -0.68 -0.303 -0.4754 0.08289 -0.4745 -0.6422 -0.3137 

ED -1.117 0.2229 -1.115 -1.554 -0.6813 -0.8433 0.1761 -0.8455 -1.177 -0.4774 

AWMSI 0.2391 0.08808 0.2386 0.06737 0.4129 0.1922 0.09576 0.1929 0.001434 0.3791 

SDI 0.8305 0.2078 0.8262 0.4317 1.25 -0.2166 0.0974 -0.2157 -0.404 -0.02371 

SEI -0.7928 0.2137 -0.7898 -1.222 -0.384 -0.06164 0.08909 -0.05912 -0.2437 0.1065 

Developed 0.01382 0.3293 0.01504 -0.64 0.6315 -0.882 0.3752 -0.8615 -1.592 -0.2113 

Agriculture -0.8362 0.5562 -0.7836 -2.071 0.114 -1.368 0.6985 -1.256 -3.023 -0.3658 

Upland Non-Forested -0.4282 0.3211 -0.4202 -1.087 0.1777 -0.3906 0.2841 -0.3825 -0.9857 0.1535 

Northern Hardwood  
and Mixed 

0.8371 0.2964 0.8367 0.2579 1.424 0.4018 0.3007 0.4106 -0.2148 0.9716 

Oak -0.9834 0.562 -0.9425 -2.198 0.02083 -0.8916 0.4666 -0.8486 -1.928 -0.08946 

Aspen 0.8528 0.3295 0.8531 0.192 1.496 0.3994 0.2105 0.4007 -0.02003 0.8096 

Pine -0.632 0.3728 -0.611 -1.402 0.06109 0.3038 0.1985 0.3076 -0.09132 0.6838 

Forested Wetland 1.46 0.2667 1.461 0.9341 1.981 1.574 0.1834 1.568 1.227 1.953 

Non-forested Wetland -0.2841 0.5733 -0.2206 -1.585 0.6711 0.8531 0.3307 0.8694 0.1488 1.467 
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Table 5: Mean, s.d., median, lower, and upper credibility intervals for all covariates of the female and male 2km models. 
 

 
Female  

2KM 
    

Male  
2KM 

    

           

Variables mean s.d. median 2.50% 97.50% mean s.d. median 2.50% 97.50% 

Water -1.239 0.3424 -1.236 -1.931 -0.5567 -0.6309 0.1733 -0.6266 -0.9839 -0.3005 

Slope -0.3157 0.1976 -0.3142 -0.7089 0.07402 -0.121 0.1288 -0.1218 -0.3784 0.1343 

Road -0.2482 0.1437 -0.2476 -0.5313 0.03502 -0.2292 0.1835 -0.2263 -0.6005 0.1252 

Human Population -1.166 0.4524 -1.154 -2.099 -0.322 -0.5341 0.4582 -0.5259 -1.47 0.3468 

NUMP -0.6917 0.4345 -0.6903 -1.545 0.1673 0.3151 0.2906 0.3173 -0.2732 0.8808 

MPS -3.183 0.5244 -3.159 -4.29 -2.22 -1.644 0.4487 -1.635 -2.559 -0.7845 

PSCOV -0.9459 0.2077 -0.9446 -1.361 -0.543 -0.7647 0.1978 -0.7652 -1.147 -0.3717 

ED -2.13 0.4388 -2.128 -2.993 -1.263 -1.457 0.3799 -1.458 -2.198 -0.7014 

AWMSI 0.6585 0.1482 0.658 0.3675 0.9491 0.5009 0.1417 0.5015 0.2188 0.7811 

SDI 1.001 0.3984 0.9939 0.2307 1.801 -0.08255 0.1367 -0.0777 -0.3589 0.1865 

SEI -0.5437 0.3813 -0.5383 -1.314 0.1915 -0.2324 0.2014 -0.2293 -0.6372 0.1581 

Developed -7.12 1.339 -7.159 -9.71 -4.237 -2.374 0.4612 -2.39 -3.24 -1.422 

Agriculture -3.218 3.149 -2.879 -10.39 1.992 -2.1 2.136 -1.837 -7.066 1.372 

Upland Non-Forested 1.724 1.719 1.762 -1.881 4.987 -1.725 0.7668 -1.677 -3.38 -0.3452 

Northern Hardwood  
and Mixed 

4.3 1.7 4.323 0.8764 7.587 1.571 1.013 1.555 -0.4065 3.633 

Oak 0.005634 2.242 0.1631 -4.842 3.994 -0.3986 0.4952 -0.3949 -1.403 0.5639 

Aspen 4.439 1.628 4.443 1.16 7.665 1.874 0.8324 1.854 0.2777 3.57 

Pine 2.068 2.06 2.156 -2.216 5.88 1.239 1.035 1.244 -0.8121 3.298 

Forested Wetland 6.927 1.725 6.919 3.532 10.34 3.438 0.9877 3.416 1.526 5.466 

Non-forested Wetland -9.127 4.737 -8.491 -20.06 -1.668 -1.524 1.247 -1.312 -4.56 0.1645 
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Table 6: Mean, s.d., median, lower, and upper credibility intervals for all covariates of the female and male 3km models. 
 

 
Female  

3KM 
    

Male  
3KM 

    

           

Variables mean s.d. median 2.50% 97.50% mean s.d. median 2.50% 97.50% 

Water -1.127 0.2658 -1.125 -1.661 -0.6149 -0.8379 0.2159 -0.8336 -1.277 -0.4258 

Slope -0.7072 0.3012 -0.7083 -1.307 -0.1063 -0.3274 0.1832 -0.3272 -0.6909 0.03215 

Road -0.3268 0.1972 -0.329 -0.7143 0.06364 -0.5579 0.207 -0.5589 -0.9778 -0.1472 

Human Population -1.919 0.6511 -1.898 -3.26 -0.6909 -0.3637 0.5942 -0.3546 -1.581 0.7957 

NUMP -2.647 0.7355 -2.638 -4.129 -1.235 0.3937 0.4309 0.3937 -0.4563 1.238 

MPS -7.329 1.572 -7.32 -10.46 -4.259 -1.661 0.4514 -1.65 -2.586 -0.7919 

PSCOV -0.9913 0.3419 -0.9884 -1.67 -0.3193 -0.8015 0.2737 -0.7987 -1.345 -0.2622 

ED -2.288 0.7579 -2.289 -3.801 -0.8157 -1.817 0.5708 -1.821 -2.943 -0.6825 

AWMSI 0.1945 0.2774 0.1923 -0.352 0.7424 0.3626 0.2106 0.3613 -0.04793 0.7805 

SDI 1.261 0.6345 1.247 0.03164 2.537 1.257 0.4924 1.244 0.3386 2.261 

SEI -1.227 0.6356 -1.212 -2.524 -0.01921 -1.344 0.5758 -1.331 -2.52 -0.2568 

Developed 0.299 1.022 0.2623 -1.586 2.412 -7.909 1.648 -8.001 -10.97 -4.566 

Agriculture -8.964 4.688 -8.534 -19.28 -1.148 -7.218 5.595 -6.696 -19.38 2.324 

Upland Non-Forested 0.3675 2.485 0.4965 -4.984 4.931 -1.847 4.049 -1.559 -10.71 5.447 

Northern Hardwood  
and Mixed 

4.393 2.055 4.407 0.2596 8.338 6.31 3.787 6.326 -1.285 13.69 

Oak 1.866 1.443 1.887 -1.089 4.646 0.3612 3.45 0.451 -6.833 6.912 

Aspen 4.845 1.596 4.807 1.807 8.067 6.913 3.321 6.886 0.4993 13.46 

Pine 1.982 1.552 2.006 -1.173 4.987 4.103 3.981 4.219 -4.243 11.6 

Forested Wetland 3.608 2.172 3.627 -0.8746 7.795 8.299 3.395 8.298 1.656 14.97 

Non-forested Wetland -8.397 4.156 -7.803 -18.19 -1.98 -9.013 4.405 -8.381 -19.62 -2.334 
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Table 7: Mean, s.d., median, lower, and upper credibility intervals for reclassified road covariates of the 2km female and 3km male models. 
Model was run with all other covariates, but inclusion of the road categories did not result in any significant changes in those parameters.  
Therefore, they are left out of the table for simplicity. 
 

 
Female  

2KM 
    

Male  
3KM 

    

           

Road variables mean s.d. median 2.50% 97.50% mean s.d. median 2.50% 97.50% 

Large -0.324 0.1742 -0.3233 -0.6741 0.0195 -0.03589 0.1508 -0.03434 -0.3409 0.2576 
Medium -0.253 0.1106 -0.2523 -0.4741 -0.03741 -0.3505 0.1494 -0.3489 -0.6478 -0.06221 

Small -1.303 0.4463 -1.295 -2.213 -0.441 -0.7282 0.2957 -0.7222 -1.325 -0.1518 
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In general, the variance in selection of all of the attributes among the individual bears from both 

males and females got smaller as the model was run at finer resolutions.  In the female 1km 

model, the variance was highest for human population, MPS, and oak.  In the female 2km model, 

the variance was highest for human population, MPS, agriculture, and non-forested wetland.  In 

the female 3km model, the variance was highest for MPS and agriculture.  In the male 1km 

model, the variance was highest for MPS and oak.  In the male 2km model, the variance was 

highest for human population, agriculture, and upland non-forested.  In the male 3km model, the 

variance was highest for human population, ED, agriculture, and non-forested wetland.  Of note, 

the male 3km model and female 2km model share the same highly variable covariates for 

individual bears and best fit the observation data (Figure 7). 

 

There were individual bears for each model that often had extreme parameter values compared 

with the others.  In the female 1km model, bear 17 had an outlying selection parameter for MPS 

and PSCOV.  In the female 2km model, bear 23 had an outlying selection parameter for 

developed and non-forested wetland and bear 27 was an outlier for MPS and forested wetland.  

In the female 3km model, there were several bears with outlying selection parameters but bear 29 

and bear 33 were systematic outliers for most of the land cover categories.  In the male 1km 

model, bear 5 had outlying selection parameters for roads, human population, and aspen.  In the 

male 2km model, several bears had outlying selection parameters with bear 8 and bear 9 being an 

outlier for several land cover categories.  In the male 3km model, there did not appear to be any 

systematic outliers (Figure 7).  



 36 

 
 

lc9
lc8

lc7
lc6

lc5
lc4

lc3
lc2

lc1
sei

sdi
aw

m
si

edpscov

m
ps

num
p

pop
road

slope

w
ater

5

0

-5

-10

-15

23

27

28

9

17

17

lc9
lc8

lc7
lc6

lc5
lc4

lc3
lc2

lc1
sei

sdi
aw

m
si

edpscov

m
ps

num
p

pop
road

slope

w
ater

25

0

-25

28

23

1

16

9

23

27

9

4

17
34

32
27

1

31

6

lc9
lc8

lc7
lc6

lc5
lc4

lc3
lc2

lcsei
sdi

aw
m

si

edpscov

m
ps

num
p

pop
road

slope

w
ater

30

20

10

0

-10

-20

-30

-40

29

29

28

27

9

33

8

13

7

13

33

29

33

4

33

23

17

6

10

7

29

29

22

29
27

 
 

lc9
lc8

lc7
lc6

lc5
lc4

lc3
lc2

lc1
sei

sdi
aw

m
si

edpscov

m
ps

num
p

pop
road

slope

w
ater

2.5

0.0

-2.5

-5.0

-7.5 3

5

5

5

lc9
lc8

lc7
lc6

lc5
lc4

lc3
lc2

lcsei
sdi

aw
m

si

edpscov

m
ps

num
p

pop
road

slope

w
ater

9

6

3

0

-3

-6

-9

5

20

3

8

10

8

9

15

4

9

4

11

9

lc9
lc8

lc7
lc6

lc5
lc4

lc3
lc2

lc1
sei

sdi
aw

m
si

edpscov

m
ps

num
p

pop
road

slope

w
ater

30

20

10

0

-10

-20

-30

8

5 14
4

3

 
Figure 7: Variation in selection of the environmental attributes by individual bears at all three scales.  Covariates listed from left to right are in the 

same order as those listed top down in Tables 4, 5, and 6.  Top row: Female 1km, 2km, 3km. Bottom row: Male 1km, 2km, 3km. 
 
 

Female 1km Female 2km Female 3km 

Male 1km Male 2km Male 3km 
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Mapping the results from the models required some ad hoc decisions.  Because the full models 

fit the data better than the significant-only models, I entered the median values of the parameters 

from the full models into the discrete choice equation, thus, calculating a probability of use for 

each grid cell.  The calculated grid cell probabilities using the median parameter values are 

equivalent to the median posterior values that would have been calculated within WinBUGS.  

Furthermore, the density function within WinBUGS shows that the posterior distributions of all 

the parameters for all models closely approximates a normal distribution making the median 

value very similar to the mean.   

 

The probability that a bear would randomly select a grid cell is the probability of selecting one 

grid cell over all of the grid cells in the study area.  For the female 3km, 2km, and 1km models, 

random probability would be 0.001 (1/990), 0.00068 (1/1467), and 0.00035 (1/2856), 

respectively.  For the male 3km, 2km, and 1km models, random probability would be 0.0009 

(1/1088), 0.00077 (1/1290), and 0.00049 (1/2040), respectively.  After entering the parameter 

values from the models into the discrete choice equation to calculate cell selection probabilities, I 

calculated how many grid cells had selection probabilities greater than random.  The probability 

that males would select a grid cell within the study area more frequently than random occurred in 

20% of the 3km grid cells, 24% of the 2km grid cells, and 35% of the 1km grid cells.  The 

probability that females would select a grid cell within the study area more frequently than 

random occurred in 20% of the 3km grid cells, 14% of the 2km grid cells, and 29% of the 1km 

grid cells (Figure 8 and Figure 9).   
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To apply the results obtained from within the study area to the entire Lower Peninsula, I 

calculated grid cell selection likelihoods.  To calculate the selection likelihoods, I first calculated 

the “utility” of each grid cell just using the equation in the numerator of the discrete choice 

model.  Instead of normalizing the selection probabilities to the entire study area by dividing by 

the sum of the “utility” values, I divided the “utility” value for each grid cell by a reference grid 

cell “utility” value.  I chose to use the average grid cell “utility” value from across Michigan.  

Thus, after dividing each grid cell by the average “utility” value, those grid cells with values less 

than ‘1’ have suitability less than the average and values greater than ‘1’ have increasingly 

greater suitability than the average.  In other words, each grid cell value should be interpreted as 

the likelihood of a bear selecting it over the average condition within the Lower Peninsula of 

Michigan.  I, somewhat arbitrarily, describe suitability values of less than 1 as unsuitable, 1-5 as 

 
Figure 8: Locations where selection by 
males is greater than random in 3km 
study area. 

Figure 9: Locations where selection by 
females is greater than random in 2km 
study area. 
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low, 5-10 as medium, and >10 as high.  The maximum suitability attainable for a grid cell was 

different for each model.  The maximum suitability for females in the 3km, 2km, and 1km 

models was 142, 168, and 69, respectively.  The maximum suitability for males in the 3km, 2km, 

and 1km models was 50, 50, and 86 respectively (Figure 10 and Figure 11).   

 

 

A large portion of the NLP, reaching as far south as Midland and Newaygo counties, was 

indicated for all target resolutions as being suitable to males and females (Table 8).   

The Southern Lower Peninsula (SLP) had considerably less suitable area for males and females.   

 

 
Figure 10: Predicted habitat selection in 
Lower Peninsula for Males at 3km 
resolution. 

 
Figure 11: Predicted habitat selection in 
Lower Peninsula for females at 2km 
resolution. 
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Table 8: Percentages of suitable habitat to males and females in the Southern Lower 
Peninsula, Northern Lower Peninsula, and the entire Lower Peninsula of Michigan. 
 
 

  1km   2km   3km   

  SLP NLP LOWER SLP NLP LOWER SLP NLP LOWER 

Female Low 2.5 28 13.7 0.2 9.1 4.1 0.2 14.4 6.4 

  Medium 0.14 6 2.7 0.12 2.1 1 0.06 5.3 2.3 

  High 0.06 4.5 2 0.08 5.9 2.6 0.02 5.9 2.6 

 TOTAL 2.7 38.5 18.4 0.4 17.1 7.7 0.28 25.6 11.3 

            

Male Low 2.2 31 14.9 0.8 24 11 0.4 15 6.8 

  Medium 0.27 7.1 3.3 0.14 3.9 1.8 0.03 3.5 1.5 

  High 0.06 4 1.8 0.15 6.7 3 0.18 6.8 3.1 

 TOTAL 2.53 42.1 20 1.09 34.6 15.8 0.61 25.3 11.4 

 

The 3km combined map resulted in 16.7% of the Lower Peninsula being suitable, the 2km 

combined map resulted in 18.7% being suitable, and the 1km combined map resulted in 24.6% 

being suitable (Figure 12 and Figure 13). 

 
Figure 12: Suitable habitat in Lower 
Peninsula for bears at 3km resolution. 

 
Figure 13: Suitable habitat in Lower 
Peninsula for bears at 2km resolution. 



 41 

 

The pattern of GAP land-stewardship data clearly corresponds with the spatial patterns of 

suitable bear habitat (Figure 14).  Additionally, the chi-square statistic indicated that there was a 

significantly positive relationship between the percentage of grid cells with harvested bear 

locations and suitable habitat grid cells in the 3km and 2km maps (Table 9).  Moreover, the 

locations that were not directly within a suitable grid cell were still in very close proximity to a 

suitable grid cell as indicated by the map (Figure 15). 

 

 

 

 
 

 
Figure 14: GAP land-stewardship data 
overlaid the 3km suitability map. 

 
Figure 15: Male and female harvested 
bears from 2002-2004 overlaid the 3km 
suitability map. 
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Table 9: Percentages and chi-square tests of harvested bears from 2002 – 2004 that fell 
within suitable habitat at the 2km and 3km resolutions. 
 

 2km 3km 

Female 60% (n=266) 60% (n=265) 
2c  18.8 18.0 

P value <0.05 <0.05 

   

Male 65% (n=340) 60% (n=319) 
2c  46.4 24.8 

P value <0.05 <0.05 

 

1.6. Discussion and Conclusions 

All of the significant-only models had DIC values substantially larger than those in the full 

models.  DIC measures model ‘adequacy’ and penalizes for model ‘complexity’.  Selecting 

models based on information criteria, such as DIC, concentrates on the maximization of 

predictive ability.  The strength of dependence between the covariates and the response in the 

full models was much greater than those in the significant-only models while the penalization for 

more variables was considerably smaller.  This may be the case because the full hierarchical 

model produces a correlation structure between the covariates and the individual bear models.  

This structure is optimally designed to predict the response and as a result may widen the 

Bayesian credibility intervals for some of the parameter estimates (D. Johnson, Pers. Comm.).  

The correlation structure may result in an influential parameter appearing insignificant.  

Therefore, it is not advisable with hierarchical models to test hypotheses regarding the influence 

of parameter estimates based entirely from their Bayesian credibility intervals.  
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I hypothesized that the 1km models would perform the best for both males and females.  

However, the male 3km model had the best p-value while the female 2km model had the best p-

value.  The lower p-values at different resolutions may reflect the difference in male and female 

bear behavior.  Males typically travel much larger distances for mating opportunities than 

females (Rogers 1987).  Thus, they tend to have much larger home ranges that overlap several 

females and may perceive their environment at larger scales (Alt 1977, Alt 1978).  In other 

words, when males establish home-ranges their scope is larger than that of females and the 

selection parameters would pick up those patterns.  Female behavior and area selection is 

dictated more by the necessity of rearing cubs (Garris and Pelton 1984, Rogers 1987).  Females 

must have sufficient fat deposits prior to denning so that they can support the cubs after they are 

born.  Furthermore, finding adequate feeding sites, after den emergence, that are closer to the den 

site reduces energy expenditure and promotes cub growth (Lindzey and Meslow 1977).  These 

characteristics may explain the better performance of the female model at a smaller resolution 

than the male model. 

 

The home-ranges of bears in Michigan are larger than those reported for other studies from the 

Midwest and Eastern United States.  This has been attributed to large amounts of habitat 

fragmentation (Etter 2002).  Therefore, bears must frequently travel over undesirable patches to 

reach desirable patches.  Thus, the way male and female bears perceive their environment may 

necessarily be coarser than a 1km scale.  Additionally, bears frequently select areas with an 

interface of heavily forested land cover and open field (Rogers and Allen. 1987).  A 1km scale 

may not pick up these crucial interfaces and patch dynamics.  For instance, the diversity of 

patches was significantly positive in the male 3km model, corresponding with the selection of 
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areas with diverse types of vegetation.  However, the male 2km model indicated an insignificant 

negative relationship while the male 1km model indicated a significant negative relationship.  It 

is important to note that I summarized all of the environmental variables only for the area within 

each grid cell.  Thus, the probability of selection is only dependent on the environmental variable 

values within the grid cell and does not account for the landscape surrounding each grid cell.  It 

is possible to summarize some variables within areas that are larger than the output spatial grid 

cells.  Doing so may maintain the finer 1km resolution while acknowledging spatial 

characteristics that are of a larger size. 

 

The male 3km model indicated that water had a negative relationship with bear selection.  This is 

somewhat counterintuitive, but may be because water bodies present obstacles to dispersal that 

require energy to circumvent in the search for food.  The negative relationship may also exist 

because large water bodies have comparatively large human populations with more development 

and road networks ( http://www.michigan.gov/dnr/0,1607,7-153-10366_11865_28193-83100--

,00.html).  Although, human food availability at low human population densities does sometimes 

attract bears, they normally avoid dense human populations (Rogers and Allen 1987).  Bears 

experience higher mortality rates in areas with dense road networks because of vehicular 

accidents and human disturbance.  Road networks also fragment bear habitat (Brody and Pelton 

1989, Kasworm and Thier 1994).  The initial male 3km model indicated no significant 

relationship with the one aggregate road covariate.  The addition of the unnamed roads increased 

road density dramatically in the NLP.  Thus the second run of the male 3km model and female 

2km model indicated that the prevalence of the medium and smaller roads in the NLP do 

negatively influence bear selection.  The density of large roads (i.e., freeways) was 

http://www.michigan.gov/dnr/0,1607,7-153-10366_11865_28193-83100--,00.html
http://www.michigan.gov/dnr/0,1607,7-153-10366_11865_28193-83100--,00.html
http://www.michigan.gov/dnr/0,1607,7-153-10366_11865_28193-83100--,00.html
http://www.michigan.gov/dnr/0,1607,7-153-10366_11865_28193-83100--,00.html
http://www.michigan.gov/dnr/0,1607,7-153-10366_11865_28193-83100--,00.html
http://www.michigan.gov/dnr/0,1607,7-153-10366_11865_28193-83100--,00.html
http://www.michigan.gov/dnr/0,1607,7-153-10366_11865_28193-83100--,00.html
http://www.michigan.gov/dnr/0,1607,7-153-10366_11865_28193-83100--,00.html
http://www.michigan.gov/dnr/0,1607,7-153-10366_11865_28193-83100--,00.html
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comparatively much lower than the other two categories and may not have been dense enough to 

result in a significant negative relationship like those of the smaller categories.  The negative 

relationship between road density and bear selection is similar to Minnesota and the Upper 

Peninsula of Michigan where bear density has been shown to have negative correlations with 

road densities and human populations (Rogers and Allen 1987). 

 

Aside from SDI, the male 3km model indicated negative relationships between bear selection 

and MPS, PSCOV, ED, and SEI covariates.  The negative relationships with MPS, which 

suggest a preference for smaller patches, and PSCOV, which suggest a preference for equally 

sized patches, are difficult to interpret because bears typically prefer unbroken tracts of habitat 

(Landers et al. 1979, Pelton 1982).  Bears may be selecting grid cells with similar sized patches 

of various land-cover types that provide for bear habitat requirements.  Similarly, larger amounts 

of forest edge at small scales are usually associated with bear presence because of their unique 

habitat and food requirements.  However, edge density at the broad scale, as illustrated in these 

models, likely corresponds with human- induced habitat fragmentation thus explaining the 

negative relationship with ED.  One way, not explored in my analyses, to determine the MPS and 

PSCOV of just the forest land-cover types is to examine just those class-level patch metrics 

instead of the overall landscape patch metrics.  The negative relationship with SEI indicates a 

behavioral inclination of bears to find patches clumped together with abundant food sources.  It 

conserves search energy and travel time to utilize areas with clumps of suitable land-cover types 

(Rogers 1987). 
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The male 3km model also indicated that aspen had a positive influence on selection.  Bears often 

consume aspen catkins and aspen leaves during the spring (Rogers and Allen 1987).  Manville 

(1983) had previously indicated that bears in the NLP require large tracts of aspen for population 

viability.  The male 3km model also indicated that forested wetland had a strong positive 

influence on selection.  Wetlands and riparian areas provide cooling, water, and seasonal foods 

(Landers et al. 1979, Alt et al. 1980, Kellyhouse 1980, Reynolds and Beecham 1980, Elowe 

1984, Manville 1983, 1987).  Forested wetlands frequently contain lowland grass and herbaceous 

vegetation that are essential spring foods in places like Northeast Minnesota and Massachusetts 

(Elowe 1984, 1987, Rogers 1987).  Forested wetlands and riparian areas provide succulents and 

also serve as travel corridors during summer.  Finally, the male 3km model indicated that 

developed land cover had a strong negative influence on selection.  Human occupation removes 

usable bear habitat through habitat fragmentation and conversion to agriculture and urban land 

uses.  Also, broad scale development is largely related to growing human populations that, in 

turn, correspond to more human disturbance of bears.  Bears will more likely encounter humans 

in comparatively denser areas when they are attracted to limited seasonal resources such as 

meadows or berry patches (CDFG 1998).  Historically, these phenomena have resulted in the 

decline of the overall bear populations, particularly in the eastern portion of their range (Cowan 

1972, Cardoza 1976, Pelton and Burghardt 1976, Collins 1978, Raybourne 1978, Willey 1978, 

Hugie 1979, Lentz et al. 1980, Manville 1983).  The male 3km model also indicated a strong 

negative relationship of non-forested wetland with bear selection.  The non-forested wetland 

category includes floating aquatic areas and places like fens, bogs, wet prairies, and wet 

meadows.  This negative relationship is contrary to research in Colorado (Hoover and Wills 

1987), California (Grenfell and Brody 1986), and Washington (Lyons et al. 2003) where black 



 47 

bears have demonstrated a high degree of selection of wet meadows, as these areas provide 

herbaceous vegetation in the spring for bears.  During collection of radio-telemetry data used to 

construct my model, bears were sometimes observed using the edges of non-forested wetlands 

(D. Etter, MDNR, Pers. Comm.).  Due to the large error that could be associated with telemetry 

locations (16 ha) detecting use at this finer scale was not possible.  Also, telemetry locations 

were collected only during the day when bears likely were not as apt to travel into the exposed 

regions of a non-forested wetland to forage.     

 

The female 2km models indicated that a negative relationship exists between water and females, 

similar to the males in the male 3km model.  The female 2km model also indicated that human 

population had a negative relationship with female presence.  Females are much less likely to 

travel the same distances as males to forage and their movements are often constrained by cubs 

of the year; thus they have smaller home ranges than males (Alt et al. 1976, Alt 1977, Alt 1980, 

Alt et al. 1980).  Both sexes generally select den sites away from possible disturbance (Tietje and 

Ruff 1980) and will apparently become more nocturnal in response to human disturbance (Ayres 

et al. 1986).  Since sub-adult males travel larger extents than females in their search for areas 

with few dominant males and abundant foods, they are more likely to confront human-disturbed 

areas.  In addition, sub-adult males are more likely to panhandle for food in human-dominated 

areas (Rogers 1987, McLean and Pelton 1989).  Females may abandon their dens and newborn 

cubs if disturbed by humans or domestic dogs (Lindzey and Meslow 1977, Hamilton and 

Marchington 1980, LeCount 1983, Manville 1983).  The female 2km model indicated similar 

significant relationships between the landscape metrics and bear selection as the male 3km 

model.  Females also had a slightly positive relationship with AWMSI.  AWMSI measures how 
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much shape complexity a land-cover patch has relative to a circle.  Shape complexity may 

indicate potential for escape and refuge cover in the landscape within the complex configurations 

of the different patches.  Escape and refuge cover has been shown to be directly related to habitat 

preference by black bear (Hugie 1979).  Females in the 2km model also indicated similar 

relationships with land cover types as males in the 3km models.  Females had significant positive 

relationships with northern hardwood and mixed hardwood communities.  Bear presence is 

associated with northern hardwood and mixed hardwood communities across most of their range 

in North America (Landers et al. 1979, Pelton et al. 1980, Johnson and Pelton 1981, Maehr and 

Brady 1984, Smith 1985).  This is because these communities are important in the production of 

hard mast and late ripening berries essential in bear’s fall diets.  Additionally, Manville (1983) 

has suggested that large tracts of these communities are important in sustaining bear populations 

in the NLP. 

 

There were some individual bears that had extreme selection parameter values compared to those 

of the other bears.  Almost all these “outlier” bears used a region directly west and southwest of 

Lake Mitchell.  This region had a preponderance of telemetry locations from many of the 

females and males collected for the entirety of the study period.  The concentration of these 

points in a small area created very specific parameter values that usually fell outside the range of 

parameter values found from bears selecting from much larger areas. The area near Lake 

Mitchell is dominated by wetlands but is also highly interspersed with every other land-cover 

type except human development.  This high land-cover diversity likely supports the food and 

cover requirements of bears.  The female bears with outlying selection parameters all had the 

majority of their locations in this region and were all rearing cubs at some point over the study 
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period.  In addition, all of the bears with outlying selection parameters had relatively smaller 

home ranges that overlapped this region near Lake Mitchell.  This supports the contention that 

this region supported bear habitat and food requirement to such a degree that when bears 

discovered it they stayed very close to it.  Another interesting spatial feature of this area is that 

large patches of agriculture land cover exist directly to the south and west.  The coarse temporal 

and spatial resolution in the telemetry data may not reflect the specific utilization patterns of the 

small and fragmented agriculture land covers in the NLP.  Further research, incorporating 

telemetry data with finer temporal and spatial resolutions, should be dedicated to this region 

because it may indicate that bears are utilizing the agriculture land cover more frequently than 

the negative selection parameter indicates.  Moreover, additional research should examine the 

impact that the bears with outlying selection parameters had on parameter mean and standard 

error estimations by removing them from analyses in future models.   

 

The visual relationship between the GAP land-stewardship data (i.e., land-ownership layer) and 

suitable bear habitat in the NLP indicates that lands managed for biodiversity may serve as good 

habitats for bear populations.  For instance, several large areas of estimated suitable habitat for 

females and males that exist in the Northeastern section of the LP also correspond with the GAP 

land-stewardship data.  However, a large portion of estimated suitable bear habitat in the NLP is 

conspicuously not covered by any GAP data.  These suitable portions lie primarily in the Presque 

Isle, Alpena, and Alcona counties and are mostly in private ownership.  Large concentrations of 

bears harvested from this area are taken from these private lands (Figure 13).  Portions of these 

lands are on the fringes of large dairy operations as well as smatterings of agricultural land on 

private hunting clubs which consist mostly of food plots to attract deer (D. Etter, MDNR, Pers. 
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Comm.).  The hunting clubs are explicitly managed for several wildlife species (e.g., deer and 

turkeys) which explains why bear harvest and bear density remains high in this region.  Since 

these clubs are privately owned, though, they do not appear on the GAP data layer.   

 

The results of applying the models to the entire Lower Peninsula illustrate a paucity of suitable 

bear habitat in the SLP.  This is not surprising given predominant land covers, road and human 

densities, and current land-management methods in the SLP compared to those in the NLP.  The 

female 2km and male 3km suitability maps, however, did indicate a possible corridor of bear 

habitat in the Southern Lower Peninsula.  The corridor closely corresponds to Michigan State 

Game Areas designated in the GAP analysis data for Michigan.  The suitable habitat corridor has 

a Southwestern orientation and ranges from Michigan’s “thumb” in Huron County with suitable 

patches in Verona, Minden City, and Sanilac State Game Areas.  Then it follows Cass River with 

patches in the Cass City, Deford, and Tuscola State Game Areas.  A substantial portion of 

suitable habitat exists in the Shiawassee National Wildlife Refuge/State Game Area and Gratiot-

Saginaw State Game Area.  The corridor then follows the Maple River State Game Area with 

several patches in the Southwest region of the state including portions of the Middleville, Barry, 

Allegan, and Fort Custer State Game Area.  In all, this corridor spans from Huron County 

through Tuscola, Saginaw, Gratiot, Clinton, Ionia, Barry, Allegan Counties and culminating in 

several suitable areas in Calhoun, Van Buren, Kalamazoo, Cass, and St. Joseph Counties.   

 

The MDNR maintains a database of reported bear road kills, complaints, and sightings 

throughout the state.  This database is not a complete record of bear activity in the state, but it 

can provide insights into the distribution of bear, particularly in areas of low bear density.  
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Reports from the Southwest LP are becoming more frequent.  A map of reported bear complaints 

and sightings collected from 1999 – 2006 is helpful in identifying the paths bears may take in 

traveling south (Figure 16).   

 

The Au Sable state forest has 

considerable suitable habitat for 

male bears, however, large tracts of 

agriculture exist between this area 

and suitable habitat in Huron 

County.  The potential for bears to 

travel through Au Sable State Forest 

and across large areas of agricultural 

land cover is verified by the bear 

complaints and sightings map.  

These data show several bear 

complaints or sightings at 

intermediate areas between Au Sable 

and the Shiawassee National 

Wildlife Refuge, with a few 

complaints or sightings directly in the National Wildlife Refuge.  Another path bears may take 

when traveling south is through a smattering of suitable habitat in Mecosta, Isabella, and 

Montcalm counties.  The entire Manistee National Forest is suitable habitat to bears but large 

unbroken tracts of agricultural land cover also separate the National Forest from the suitable 

 
Figure 16: Sightings and complaints of bear from 
1999-2006 (MDNR). 
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habitat in the Southwest region of the state.  Even if the threshold for suitability is lowered from 

‘1’ to ‘0.9’ in the female 2km map and the male 3km map only a few isolated grid cells become 

suitable.  These isolated grid cells do not bridge any of the suitable habitats in the SLP.  Once 

again, though, the complaints and sightings data indicate that bear are capable of traveling 

through agriculture land covers.  There are complaints or sightings in many counties throughout 

the Southwestern region of the state.   

 

The increased frequency of bear sightings in the Southwestern region of the state attests to the 

adaptability of bears to navigate fragmented or marginal habitats (Bauer 1996, Obbard 2003).  

The model results are limited in their applicability to the SLP because the model was specified to 

the unique environmental characteristics of the NLP and the model results merely describe which 

variables influence local bear selection.  Thus, bear may select fragmented habitat in the SLP 

more frequently than expected and in unpredictable ways.  For instance, bears may shift to the 

plant and forest land-cover compositions that exist at agriculturally maintained edges where there 

is typically higher plant species richness (Gysel 1951, Bruner 1977, Ranney et al. 1981, Brothers 

and Spingard 1992) and a higher abundance of exotic plant species (Ranney et al. 1981, 

Ambrose and Bratton 1990, Brothers and Spingard 1992).  Bears in the heavily fragmented 

landscape of New Jersey persist by frequently venturing onto farms to consume corn (McConnell 

et al. 1997).  Bears in the San Gabriel Mountains of Southern California have adapted to the 

growing human population and urban development in the foothills by incorporating city habitats 

in their home ranges and using them late at night when human activity is minimal (Lyons 2004).   
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Future efforts to evaluate potential for a SLP bear population should focus on evaluating bear 

utilization of the predominant agricultural land-cover type.  The landscape in the SLP transforms 

dramatically from spring through fall as row crops develop and are ultimately harvested.  

Knowledge of how bears use this changing landscape seasonally may provide additional insight 

into bear movements in this highly fragmented landscape.  Acquiring this information could be 

accomplished by applying the Bayesian models I used for the NLP to the SLP using bear radio-

telemetry data collected with a much finer temporal and spatial resolution.   

 

Future research into bear population expansion must also acknowledge the comparatively higher 

road and human population densities in the SLP compared to the NLP.  Future model simulations 

of bear habitat in the LP should consider traffic volume on roads as separate variables.  Bears 

traveling southward will more likely be exposed to human activity and dangerous road networks.  

A higher exposure rate of bears to humans in the SLP may negatively alter public sentiment 

resulting in increased bear/human conflicts.  For example, change to personal property and 

structures were the reasons cited for 40% of the depredation permits issued in California between 

1987 and 1997 which is a sharp increase from 10% in the early 1980’s (CDFG 1998). 

 

The model results indicate that there is habitat potential for a LP bear metapopulation to exist.  

The establishment of a metapopulation may contribute to the long-term survival of bears across 

the LP by increasing genetic diversity and maintaining population size via source/sink dynamics 

(Levins 1969, Hanski 1999).  A metapopulation in the LP may have distinctly unique habitat 

requirements as well as genetic characteristics.  Recent genetic research indicates substantial 

genetic differentiation between LP and UP bears (Lopez 2004).  This is expected due to the large 
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expanses of Lakes Michigan and Huron that separate the two peninsulas.  In addition, Lopez 

(2004) indicated that there may be small scale spatial genetic structure in the NLP bear 

populations.  Future research should explore the relationship between habitat availability and 

genetic structure within the NLP bear population.  Investigating this relationship may help 

identify the spatial patterns of bear dispersal from the NLP into the SLP.   

 

A potential metapopulation could utilize a network of habitats throughout the NLP extending to 

limited portions of the southwestern LP.  The conservation and maintenance of large tracts of 

hardwood communities as well as aspen stands will be important in sustaining ‘source’ 

populations of bears.  The USFWS biological report prepared by Rogers and Allen (1987) 

acknowledged the importance of aspen by suggesting that livestock grazing be eliminated in 

aspen stands to enhance availability of black bear foods.  Furthermore, forested wetland travel 

corridors can provide habitat for foraging and refuge while also serving as genetic linkages 

between ‘source’ populations as bears travel through them in search of mates (Rogers and Allen 

1987, Harris and Scheck 1991, Rosenberg et al. 1997).  Conservation of forested wetlands as 

travel corridors should be considered when developing a bear management plan for Michigan.   

 

Another consideration is whether a stable and healthy bear population can persist in the NLP 

despite the forecasted expansion of the human enterprise in the near future.  The fragmentation 

of bear habitat through unchecked parcelization, i.e., the splitting of property into a profusion of 

small (5 – 10 acre) lots, that has defined settlement in the SLP (MDNR Terrestrial Summary B), 

should be avoided in the NLP.  Furthermore, the massive conversion of forested habitats into 

industrial, residential and recreational complexes (MDNR Terrestrial Summary A and B) will 
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also be detrimental to the bear population in the NLP.  Approximately 33% of land in the NLP is 

in public ownership (MDNR, unpublished data) and the model results indicate that these areas 

are primary habitat for bear.  Habitat fragmentation, particularly around water bodies which 

demand high prices for vacation property, and the construction of roads will further constrain 

and disconnect suitable bear habitat in the NLP.   

 

Public agencies should continue to conserve and maintain forested lands in order to continue 

supporting a viable bear population.  Furthermore, purchasing additional lands identified as 

suitable habitat for bear in the Northeast LP could also provide a buffer between new residential 

developments and a robust population of bears.  This buffer will reduce the conflict that arises 

when bears inhabit areas directly adjacent to human development.  This problem is evident in 

New Jersey where newer developments border important wetland areas heavily used by black 

bear.  Residents frequently complain about bears consuming garbage and using bird feeders 

when bears cross residential properties to move between habitat fragments (McConnell et al. 

1997). 

 

Suitable habitats in the SLP provide valuable information for future considerations by the State 

of Michigan to purchase land for the establishment of a LP network of connected habitat.  If bear 

perennially use forest edge in the SLP then these areas may contribute to the LP network.  These 

networks could provide more viewing, recreational, and hunting opportunities to the public in the 

LP.  Habitat networks that extend into the heavily human-impacted SLP could be a means of 

exposing the multiple benefits of wildlife to an uninitiated portion of the public.  This exposure 

may be essential in developing positive attitudes towards wildlife species, thus, preemptively 



 56 

reducing human/bear conflicts.  Additionally, the development of positive attitudes would 

remove a significant onus from wildlife management agencies by reducing the monetary 

expenditure and man-power requirements necessary to respond to human/bear conflicts.  

Managing and maintaining a bear-habitat network while fostering positive human/bear 

interactions is imperative in creating the conditions necessary for the coexistence of a robust bear 

population amongst the human population in the Lower Peninsula of Michigan.
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Chapter 2: Social Carrying Capacity 

2.1. Introduction 

Since European settlement, black bear habitat in the United States has undergone substantial 

fragmentation due to a growing human population and clearing of forested land (Bauer 1996).  

During this time black bears have been persecuted as pests and hunted as trophies (USDI 1995, 

Whitcomb et al. 2001).  This has resulted in a vast contraction in the range and distribution of 

black bears in the United States (B.W. Conley 1978, R.H. Conley 1978).  More recently, 

however, due to various forms of legal protection and the process of reforestation, bear numbers 

have rebounded (Williamson 2002).   

 

This is the case for black bears in Michigan, where at one time they inhabited the entire state but 

during the mid 18th century were extirpated from the Southern Lower Peninsula (MDNR 

unpublished).  Currently, bear numbers in Michigan are increasing and are presenting a unique 

challenge to state management agencies like Michigan’s Department of Natural Resources.  In 

Michigan’s Northern Lower Peninsula bear populations are growing and are expanding their 

geographic extent southward.  This has been reflected in trends in bear nuisance reports, harvest 

reports, and sightings.  Additionally, the area of urban development is increasing in Michigan 

and planners project a 178% expansion of developed areas by 2040 (Etter 2002).  Clearly, the 

potential for bear/human conflict is likely to increase over time, and various means to manage 

this conflict have become pressing concerns for wildlife management agencies within the state.   

 

Achieving co-existence between bears and humans in the near future will depend on a synthesis 

of knowledgeable management initiatives and favorable public sentiment towards both bears and 
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wildlife management agencies (McConnell et al. 1997, Peyton et al. 2001, Siemer and Decker 

2003, RMNO 2004, Spiker and Bittner 2004, Ternent 2005).  Knowledgeable management 

initiatives may be achieved by integrating the ecological and human dimensions.  The ecological 

dimension involves wildlife researcher’s and manager’s knowledge about bear ecological 

requirements and habitat suitability (Clark et al. 1993, Rudis and Tansey 1995, Van Manen and 

Pelton 1997, Mitchell et al. 2002).  The human dimension involves a wide array of interest 

groups or stakeholders and their behaviors in the presence of bears and attitudes to various bear 

management policies (Peyton et al. 2001, Siemer and Decker 2003, RMNO 2004).  By 

integrating these dimensions, I hope to determine what relationships exist between bear habitat 

suitability and human attitudes to bear presence and bear management policies.  Information that 

integrates these dimensions will describe the likely future of bear populations and the associated 

human responses in the Lower Peninsula of Michigan, enabling the development of an informed 

management framework for formulating policy. 

 

In the previous chapter, I provided information on the ecological dimension of bears in the form 

of results from several habitat suitability models in Michigan’s Lower Peninsula.  The model 

results inform management agencies about environmental attributes that may influence the 

selection of habitat by bears.  Furthermore, the model estimates potential habitat for male and 

female bears in Michigan’s Lower Peninsula.   

 

In this chapter, I briefly discuss some historical and current human attitudes towards bears.  In 

addition, I briefly discuss the various methods the Michigan Department of Natural Resources 

has employed to manage bears.  Finally, I discuss the results of an analysis that incorporated 
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information gathered from the Social Carrying Capacity (SCC) project and the bear habitat 

spatial models into an integrated assessment.   

 

The Social Carrying Capacity (SCC) project for bears, completed in 2002, aimed to better 

understand human attitudes regarding Black Bears in the NLP (Peyton et al. 2001).  I integrated 

the survey data from the SCC with the GIS-based habitat prediction models to illuminate the 

correlation between human behavior and attitudes regarding bears and suitable bear habitat.  

Understanding human behavior and attitudes regarding bears has important implications for the 

conservation of bear habitat (see Peyton et al. 2001, Siemer and Decker 2003, RMNO 2004, 

Siemer and Otto 2005).  The synthesis of geolocated SCC data with the habitat-prediction 

models was used to identify potential conflict areas.  Exploring the synthesized results using data 

on bear harvest, complaints, and sightings helped predict the interaction dynamics at the 

bear/human interface and will allow an examination of the conditions that would facilitate co-

existence.  This examination will enable the DNR and appropriate management institutions to 

refine their future bear harvest strategies in Michigan.  The results will also allow the 

development of regionally specific bear-management policies, including education initiatives 

that might alleviate potential future bear/human conflict.  This will enable the DNR to allocate 

resources and utilize adaptive management techniques essential in human-environment systems. 
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2.2. Study Area 

My habitat models were created for all of Michigan’s Lower Peninsula at 3km, 2km, and 1km 

resolutions.  The Lower Peninsula is usually characterized as two separate ecosystems – the 

Northern Lower Peninsula (NLP) and Southern Lower Peninsula (SLP) (Figure 17).  The NLP is 

in the Northern Lacustrine-Influenced Region of Lower Michigan characterized by diverse 

topography with extensive outwash plains and large moraines (Albert 1995).  Land cover of the 

region is dominated by forest (67%).  The other major land-cover types are wetlands (20%) 

agricultural (4%), and urban (2%; Figure 18, 

http://www.michigan.gov/dnr/0,1607,7-153-

10370_30909_31053-153466--,00.html).  The 

land covers were changed considerably during 

the latter half of the 19th century through 

intensive logging for white pine, hemlock and 

northern hardwoods.  This intensive logging was 

followed by catastrophic fires that additionally 

altered the land cover.  The result is that early 

successional forest types, including aspen and 

birch forests, now are more prevalent in the 

NLP today than in the past (Barnes and Wagner 

2004). 

 
Figure 17: Map of Northern and 
Southern Lower Peninsula Counties of 
Michigan. 

http://www.michigan.gov/dnr/0,1607,7-153-10370_30909_31053-153466--,00.html
http://www.michigan.gov/dnr/0,1607,7-153-10370_30909_31053-153466--,00.html
http://www.michigan.gov/dnr/0,1607,7-153-10370_30909_31053-153466--,00.html
http://www.michigan.gov/dnr/0,1607,7-153-10370_30909_31053-153466--,00.html
http://www.michigan.gov/dnr/0,1607,7-153-10370_30909_31053-153466--,00.html
http://www.michigan.gov/dnr/0,1607,7-153-10370_30909_31053-153466--,00.html
http://www.michigan.gov/dnr/0,1607,7-153-10370_30909_31053-153466--,00.html
http://www.michigan.gov/dnr/0,1607,7-153-10370_30909_31053-153466--,00.html
http://www.michigan.gov/dnr/0,1607,7-153-10370_30909_31053-153466--,00.html
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The SLP is characterized by rolling hills and flat lake plains.  The land cover of the region is 

dominated by agriculture (50%).  The other major land-cover types are forest (23%), urban (9%), 

and wetlands (8%; Figure 19, http://www.michigan.gov/dnr/0,1607,7-153-10370_30909_31053-

153463--,00.html).  The habitat in the SLP has been highly fragmented due to a great deal of 

agricultural and urban development.  In addition, the areas of oak savanna and prairie have 

largely converted to closed-canopy oak forests (Albert 1995).  Vast areas of forest have become 

fragmented and now support row crops, making this region the most heavily farmed region in 

Michigan.
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other
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Figure 18: Land-cover proportions in 
the NLP (MDNR website). 
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Figure 19: Land-cover proportions in 
the SLP (MDNR website). 
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http://www.michigan.gov/dnr/0,1607,7-153-10370_30909_31053-153463--,00.html
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The survey data I used for this study were 

analyzed using four zones that segmented the 

NLP from North to South – A, B, C, and D 

(Peyton et al. 2001).  These zones were 

delineated based on differences in approximate 

bear densities as suggested by Tim Reis 

(Wildlife Management Unit Supervisor, 

MDNR) and Larry Visser (Wildlife 

Management Unit Supervisor, MDNR).  I chose 

to focus on Zones B and C (Figure 20).  Zone B 

was defined as having been occupied by bears as 

long as humans have been present albeit at a low 

density.  This zone consists of Leelanau, Benzie, Grand Traverse, Manistee, Wexford, Lake, 

Osceola, Clare, Gladwin, and Arenac counties.  Zone C is a transition zone between the NLP and 

SLP and is a region that will likely see increasing numbers of bears in the future (Peyton et al. 

2001).  Zone C is defined in the SCC as being recently occupied by a low density of bears.  This 

zone consists of Mason, Oceana, Muskegon, Newaygo, Mecosta, Montcalm, Isabella, and 

Midland counties. 

 
Figure 20: Map of Zone B and Zone C 
in the Lower Peninsula of Michigan. 
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2.3. Background 

2.3.1. Bear Population and Range 

From the latest survey conducted in 1996 by TRAFFIC North America, a joint wildlife trade 

monitoring organization program of the World Wildlife Fund (WWF) and the World 

Conservation Union (IUCN), the bear population in the United States and Canada was estimated 

to be 735,000 to 941,000.  In 1996, The United States alone had 339,000-465,000 (Figure 21).   

 

 

Figure 21: Bear Populations in the United States 



 64 

 

The survey indicated that all of the states surveyed had bear populations that were stable or 

increasing.  In fact, since the 1980’s the bear population has been steadily increasing (Figure 22; 

Williamson 2002).   

 

 
Figure 22: Bear status in the United States. 
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Historically, bears occupied all of the United 

States excluding Hawaii.  Currently, bears 

occupy roughly 20% of their historical range.  

Although 41 states indicated having a bear 

population, most of the United States bear 

population is concentrated in only several states 

– Alaska, Washington, Oregon, Idaho, 

California, Maine, Montana, and Minnesota.  

Approximately 251,000 to 371,000 (74 to 80 

percent) of the estimated U.S. bear population 

reside in these eight states (Williamson 2002).  

Black bears are the only bears in the eastern 

forests of the United States (Figure 23; Pelton 1982). 

 

There are approximately 20,000 bears in Michigan, occupying 90,650 sq. km in the Northern 

Lower Peninsula and the Upper Peninsula.  The Upper Peninsula (UP) contains an estimated 

90% of Michigan’s bears.  The bears in the UP occupy optimal habitat on federal, state, and 

privately owned commercial forest lands.  Despite the small percentage of bears in the NLP, 

current trend information indicates that their numbers are increasing and that their population 

will likely expand into the southern portion of the Lower Peninsula (LP) in the future.  The 

southern half of the LP is strongly influenced by human settlement and land use.  Traditionally, 

 
Figure 23: Current Distribution (1994) 
of Black Bears in the United States 

(Pelton and van Manen, 1997). 
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habitat disturbance and human-induced mortality that have limited bear numbers and distribution 

in Michigan (Whitcomb et al. 2001, Etter 2002, MDNR unpublished).   

 

2.3.2. Historical Human Attitudes 

The Europeans that colonized North America brought their old world culture with them that 

included a view of wilderness as “something alien to man – an insecure and uncomfortable 

environment against which civilization had waged an unceasing struggle” (Nash 1982).  The 

people that spread west across North America viewed predators much like nomadic shepherds – 

as a threat to important resources (Boitani 1995).  This meant that predators, including black 

bears, were viewed as an economic threat.  The pervasive attitude of the time can be summed up 

by an early director of the U.S. Biological Society, E.A. Goldman, who wrote, “Large predatory 

animals destructive of livestock and game, no longer have a place in our advancing civilization” 

(Dunlap 1988).   

 

As European people began to settle and started farming the New World, bears came to represent 

a threat (USDI 1995, Whitcomb et al. 2001).  While bears are often portrayed as vicious 

carnivores in the popular imagination, bears are actually opportunistic mammals that are just as 

capable of destroying valuable orchards and favorable crops as eating other animals (Rogers and 

Allen 1987, Schwartz et al. 2003).  Consequently, due to their preference for valuable crops and 

the occasional livestock, black bears began to be seen as pests – an obstacle to societal 

advancement (USDI 1995, Bauer 1996).  This sentiment led many states to pay bounties for 

bears, encouraging uncontrolled harvests in most of the east coast states.  Once bears were 

perceived as a pest, bear populations underwent precipitous declines due in large part to 
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widespread poisonings and bounty-related killings (USDI 1995, Schwartz et al. 2003).  In 

addition to these active programs of bear extermination, the growth of North American human 

populations caused widespread fragmentation and degradation of bear habitat through timber 

harvesting and burning, clearing land for crops and grazing.  By the early 1900’s, the black bear 

that was once numerous in the Eastern U.S. could only be found in remote mountainous areas of 

Georgia Kentucky, Maryland, North Carolina, Pennsylvania, Tennessee, Virginia, and West 

Virginia (USDI 1995).  The framing of bears as “pests” formed a substantial part of the United 

States’ early bear management philosophy and continues to linger in the views of some members 

of the public and wildlife management employees (Bauer 1996, Schwartz et al. 2003).   

 

In the early 1900’s, wildlife agencies managed bears indirectly by focusing on the species impact 

as predators of game ungulates.  The over-riding goal of wildlife management in the United 

States was to maximize wild ungulate populations and hunting harvests.  Aldo Leopold, a 

pioneer in the field of wildlife management, defined game management as “the art of making 

land produce sustained annual crops of wildlife for recreation use” (Leopold 1933).  The major 

stakeholder group exerting political clout over management goals and decisions was a powerful 

and vocal hunting contingent.  This anthropocentric utilitarian philosophy of game management 

established and dominated the direction of wildlife management for the next half-century 

(Schwartz et al. 2003).   

 

While originating in debates between John Muir and Gifford Pinchot at the turn of the 20th 

century, preservation philosophy only began to take shape in the environmental movement of the 

1970’s, when preservationist concerns become increasingly popular.  The environmental 
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movement emerged as a social force during the 1970’s and became a significant part of the 

political scene during the 1980’s (Peek 1986).  It is clear that the public shift toward 

preservationist values affected wildlife agencies in the last half of the 20th century.  In addition, 

social values had shifted from an emphasis on predator control towards large carnivore 

conservation and management.  Consequently, the utilitarian attitudes towards bears and wildlife 

in general gradually declined in North America as significant and influential numbers of people 

began to recognize the intrinsic value of wildlife, including large predators such as black bears 

(Schwartz et al. 2003).  The MDNR presently has the difficult task of balancing the complexities 

that arise when bears are simultaneously adored as charismatic mega-fauna, trophies for sports 

hunters, and the bane of predator-fearing suburbanites. 
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2.3.3. Bear Management in Michigan 

The Bear Specialist Group of the World Conservation Union (IUCN) sent out a survey in 1993 to 

40 states requesting information about bear legal status and management policies.  They received 

responses from 39 states.  The Black bear is classified as a game species in 33 states, though only 

28 of these states, including Michigan, have a bear hunting season.  Seven states classify black 

bears as rare, threatened, or endangered.  This is particularly the case in the Southeastern United 

States where rapid habitat fragmentation and unregulated hunting has severely reduced bear 

numbers (Pelton et al. 1998). 

 

Bears have few natural predators.  Humans are the primary cause of bear mortality (Rogers and 

Allen 1987, MDNR unpublished).  In the NLP, hunting accounts for 60% of annual bear 

mortality (Whitcomb et al. 2001, Etter 2002).   

 

The large demand for bear hunting in Michigan was demonstrated in 2001 when 48,831 

applicants applied for 7,920 available bear tags – a significant increase from 1991 when 9,450 

applicants applied for 5,519 available tags.  These hunters provide a significant source of 

revenue for the state.  For example, in 1998, a total of 7,196 bear hunters spent an estimated $3.4 

million during the bear hunting season (Etter 2002).  Furthermore, funding for black bear 

management in Michigan is generated in part from the sale of hunting licenses and federal taxes 

on the sale of firearms, ammunition and other hunting supplies.  These funds are generated from 

an excise tax through the Federal Aid in Wildlife Restoration Act (Pittman-Robertson Act).  

Private donations to the MDNR by a variety of special interest groups also help to support bear 

research and management in Michigan (D. Etter, MDNR, Pers. Comm.). 
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In the State of Michigan, regulations regarding black bears have changed over time to reflect 

changes in public attitudes toward bears.  This transformation started from views of bears as 

vermin, then as trophy animals, and more recently as charismatic megafauna.  Black bear 

became a game animal in 1925, before which they could be killed at any time and by any means.  

After 1925, bears could only be hunted during the deer season.  The bag limit was and still is 

only one bear per year.  Statewide protection was altered in 1939 when the Conservation 

Commission, now the Natural Resource Commission (NRC), was authorized by state legislature 

to grant protection to bears for only those counties that requested it.  At this period, most 

counties in Michigan opted to not have any bear regulations and allowed bear hunting with dogs 

and traps at any time.  In the 1940’s, many counties dropped or added various levels of 

protection for bears.  In 1948 bear cubs were legally protected and have remained so ever since.  

In 1952, the state legislature permanently outlawed bear trapping except under special permit and 

granted the Conservation Commission authorization to set statewide regulations on bear hunting 

and methods of take.  After 1952, various regions in Michigan experimented with hunting bears 

under a small game license, hunting bears during the deer season, and special fall bear seasons.  

In 1965, bear hunting was closed in the entire Lower Peninsula because of concerns of a 

declining bear population.  The closure was lifted in 1969 with limited hunting opportunities to 

those with a permit acquired from a lottery.  In 1973, new regulations required that a hunter seal 

or tag a bear within 48 hours and register it at a DNR office.  Information collected during 

registrations is invaluable for monitoring the bear population and hunter activity.  A bear license 

and permits for dogs became required for all seasons in 1982.  In 1990, the state began a permit 

and quota system following nine bear management units.  Seven units were in the Upper 
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Peninsula and one in the Lower Peninsula.  In 1996, two more bear management units were 

added to the Lower Peninsula for a total of eleven bear management units in the State.  This 

system and the number of units has remained in place ever since, with the exception of 

expanding the area of several units (Figure 24; Whitcomb et al. 2001). 

 

In these units, the MDNR requires licensed hunters to provide information on the location and 

the physiological conditions of the bears harvested.  The harvest information combined with 

various population indices and estimators enables the MDNR to model bear populations and 

estimate an appropriate bear harvest level for the following year (Etter 2002, MDNR 

unpublished).  

 
Figure 24: Map showing Bear Management Units and hunting seasons in 

Michigan as of 2007 (MDNR).   
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2.3.4. Bear-Management Techniques 

Managing human-bear conflicts is complex and involves the application of various methods for 

different scenarios.  In the past, North American national parks had to respond to the increased 

frequency of negative interactions between humans and bears.  Negative incidents and injury 

rates were on the rise until garbage and human food-management techniques were improved 

(Ream 1979, Mattson et al. 1996, McLellan et al. 1999).  Currently, all national parks with bears 

have management plans that incorporate techniques for handling bears through removal, 

relocations, or aversive conditioning (Rancourt 1998, Clark et al. 2002).  Additionally, national 

parks attempt to influence human behavior by closing potentially dangerous areas to human use, 

requiring minimum group sizes when hiking in bear country, and enforcing campsite cleanliness 

(Albert and Bowyer 1991, Sherwonit 1996, White et al. 1999). 

 

State management agencies have an added complication because they must approach bear 

management while carefully considering the environment and policies that exist within or around 

human settlements.  Across the northeast, many wildlife management agencies have prepared or 

are in the process of preparing comprehensive bear management plans to respond to the 

increased levels of human-bear conflicts in the last decade (IAFWA 2004).  In New York, for 

example, where there is a concern about residential development expanding into bear habitat and 

bear populations expanding into human dominated areas (NYSDEC 2003).  This expanding 

urban-rural interface has resulted in an increase in complaints that encompass a range of negative 

economic, psychological, and physiological effects (Schusler and Siemer 2004).  Wildlife 

managers in these regions indicate that there is an association between the increased availability 
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of human food sources, including garbage, bird seed, pet food, gardens, and crop fields, and the 

level of negative human-bear conflicts.  It is expensive for management agencies to respond to 

these problems draining the level of funding available for other management activities.  More 

importantly, negative encounters with bear may engender a lower tolerance by the public and 

exacerbate the problem (McConnell et al. 1997, Siemer and Otto. 2005, Ternent 2005).  

Therefore, these conflicts involve a network of proximate and ultimate causes born from the 

complex interactions of bear behavioral and human attitudinal and behavioral responses.  

Understanding the complex system of cause and effect that instigates human-bear conflict can 

inform management agencies about how to approach other concerns at the urban-rural interface, 

including those between people and coyotes, white-tailed deer, and mountain lion (Siemer and 

Otto. 2005). 

 

Typically, managers respond to human-bear conflict caused by an abundance of bears by 

introducing regulated bear hunting.  There is a great deal of uncertainty and controversy that 

surrounds these policies and they have yet to be rigorously evaluated in terms of their efficacy 

(Siemer and Otto 2005).  Additionally, a regulated bear hunt does not remove specific 

“nuisance” bears.  This is especially the case if a nuisance bear occurs in areas closed to hunting 

such as safety zones or private communities (McConnell et al. 1997, Ternent 2005).  Alternative 

approaches to reducing bear nuisance behavior may be necessary in areas surrounding residential 

development closed to hunting. 

 

There are several methods available to reduce human-bear conflict.  A common method 

employed is bear translocation.  Translocation involves capturing the nuisance bear and moving 
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it to a habitat some distance away from the capture site.  However, bears have an excellent 

ability to return to a particular site.  The inclination of bears to be recidivists instigates problems 

as they frequently come back to human populated areas to find food (Rogers 1986, McConnell et 

al. 1997, Spiker and Bittner 2004, Ternent 2005).  The effectiveness of translocation is 

determined by the sex and age of the bear, and distance from the problem site.  All bears are 

capable of ‘homing’ back to a site outside of their home range, but adult males are best at it 

(Rogers 1984b, Ternent 2005).  In general, bears tend to return less often if moved more than 64 

kilometers from the problem site and will return only rarely if relocated greater than 161 

kilometers or across physiographic barriers (Sauer and Free 1969, Alt et al. 1977, Alt et al. 1982, 

Massopust and Anderson 1984, Rogers 1986, Shull et al. 1994).  In Michigan, the protocol for 

establishing release site distance is that it be at least 80 km from the capture location (MDNR 

1995).   

 

Translocation is advantageous for several reasons.  Translocation focuses on the nuisance bear 

specifically while avoiding the less publicly accepted practice of euthanasia (Ternent 2005).  

Euthanasia is primarily used in cases where a bear is an immediate threat to human safety or 

repeatedly causes problems (Warburton and Maddrey 1994).  Several statewide surveys indicate 

that people would rather avoid using lethal methods of bear removal (Peyton et al. 2001, Siemer 

and Decker 2003, RMNO 2004).  Another advantage is that a translocated adult female can still 

contribute to a bear population with additional reproductive cycles (Rogers 1986).  Moreover, a 

translocated bear is a better use of the resource because it can still be legally harvested instead of 

destroyed (Rogers 1986, Ternent 2005).  Translocation also has disadvantages.  A translocated 

bear may experience higher levels of aggression from bears resident in the new location, 
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decreasing survivability and the short-term reproductive capacity of females (Rogers 1986).  

From a management standpoint, translocation is relatively expensive (McConnell et al. 1997, 

Ternent 2005).  The equipment and labor costs of translocating a bear in Virginia were estimated 

at $349 (Comly 1993) and $2,000 in New Jersey (Ternent 2005).  Additionally, hunters 

sometimes oppose translocation because it removes a harvestable bear from their region.  

Furthermore, finding an adequate site to translocate a bear is becoming increasingly difficult.  In 

many states, there are fewer areas outside a reasonable distance from the conflict site that have 

sufficient habitat or lack extensive human development.  More importantly, this method as an 

ultimate solution tends to take the focus off the root of the problem, that is, modifying human 

behavior by cleaning up potential attractants like food and garbage or by addressing urban 

planning issues (McConnell et al. 1997, Ternent 2005).   

 

Another suite of methods utilized to reduce human-bear conflicts involves aversive conditioning 

techniques.  Pennsylvania, New Jersey, and Michigan all have incorporated aversive 

conditioning protocols in their management policies (Carr and Burguess 2003, Etter et al. 2003, 

Ternent 2005).  The aim of aversive conditioning is to expose a bear to uncomfortable stimuli 

when engaging in an unwanted activity thereby creating a negative association with that specific 

activity (Ternent 2005).  Several methods include various olfactory repellents (Hunt 1984, 

Rogers 1984a, Hyngstrom 1994), rubber bullets (Gillin et al. 1994, Schirokauer and Boyd 1998), 

emetic compounds (Colvin 1975, Ternent and Garshelis 1999), and electric shock (Storer et al. 

1938, McAtee 1939, Robinson 1963, Brady and Maehr 1982).  Aversive conditioning may be 

preferable to translocation in human dominated areas with no suitable release sites because it 

does not require moving the bear.  The effectiveness of aversive conditioning has been called 
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into question, however.  Bears treated with aversive conditioning tend to avoid a particular site 

and not the negative behavior (Ternent 2005).  In fact, recent research has indicated that aversive 

conditioning may be ineffective at altering bear long-term behavior (Beckman et al. 2004, Lyons 

2004).  In addition, it does not appear to alter behavior of bears that are highly habituated to 

human presence (McCullough 1982).  Finally, aversive conditioning only temporarily addresses 

bear behavior and not the underlying cause of the conflict – food availability (McConnell et al. 

1997, Spiker and Bittner 2004, Ternent 2005). 

 

Management agencies also use preventative educational programs as tools in reducing conflicts.  

Some educational measures have included television and radio programs, brochures, bookmarks, 

coloring books, and signs designed to provide information to a broad array of people on how to 

behave in bear country.  These materials include information about bear ecology that can help 

people avoid unnecessary confrontations.  These methods tackle an underlying cause of human-

bear conflict by providing information to people on how to remove the temptation for bears to 

feed on human food sources by taking several simple precautions.  Educational campaigns also 

commonly include training programs to teach public service agencies how to manage nuisance 

bear situations (Carr and Burguess 2003, Spiker and Bittner 2004, McConnell et al. 1997, 

Ternent 2005).  The effectiveness of these programs is uncertain and seldom evaluated (Gore 

2004, Lackey and Ham 2003).  Some of the uncertainty pertains to the willingness of individuals 

to alter behaviors associated with removing food attractants including bird feeding, garbage 

disposal, and the proper cleaning of barbeque grills (Siemer and Otto 2005).  In addition, the 

efficacy of these educational programs is not comprehensively evaluated.  Program effectiveness 

is generally measured by the levels of bear-related complaints.  However, bear-related 
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complaints can be confounded by other variables and thus other indices should be used to 

measure educational program success.  For instance, these indices could incorporate variables 

that reflect changes in human behavior, perceptions, and knowledge.  Furthermore, most 

educational programs are designed and instituted by various stakeholders, thus, indicators of 

program efficacy should also provide a means of informing decisions about the allocation of 

scarce resources (Gore et al. 2006). 

 

2.4. Methods and Materials 

In order to understand the potential for bear-human conflict in Northern Lower Michigan, I 

analyzed survey data collected as part of the Social Carrying Capacity (SCC) study (Peyton et al. 

2001).  I obtained the respondent survey data in a spreadsheet form.  All respondents were 

indexed with an ID number and address.  I geocoded the addresses into point locations initially 

using the geocoding service provided within ArcGIS 9.1.  For those addresses that were not 

matched, I used an online geocoding service from the following website ( http://geocoder.us).  

All of the addresses were located successfully.  Once the locations were geocoded, I joined the 

survey table data to those spatial locations.   

 

I used 3km and 2km resolution bear habitat suitability maps for the LP in this analysis.  This is 

because these resolutions of the habitat models (discussed in chapter one) produced the best 

estimates of male and female bear habitat in the LP, respectively.  These suitability maps are 

represented as three categories of bear habitat: not suitable to bear (0), suitable to male or female 

bear (1), and suitable to both sexes (2).   

 

http://geocoder.us/
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I analyzed the spatial relationships between the survey locations and the suitability maps using 

the focal statistics functions within ArcGIS 9.1 toolbox.  I calculated the sum of habitat 

suitability scores within a 3x3 window for each grid cell using the 3km and 2km suitability 

maps.  I extracted these data for each survey location.  Thus, an individual respondent was 

considered to be proximal to suitable bear habitat if the sum value calculated by the focal 

statistics function was greater than zero.   

 

Overall, the variables from the Social Carrying Capacity (SCC) survey I chose to evaluate 

describe respondent demography as well as attitudes toward bear presence and bear-management 

policies (Table 10).  Some of the responses were compiled into two general variables because the 

content of the questions was related.  The first group measured a respondent’s overall ‘concern’ 

for the risks/costs associated with bear presence (Table 11).  The second group is the Bear 

Sensitivity Index that I discuss in more detail below.  For two variables (i.e., q_19_2 and 

intol_tol), I compared their levels between individuals with high levels of proximal habitat 

suitability and those individuals with low levels using a chi-squared statistic.  I compared their 

levels within Zone B and Zone C separately to describe attitudinal characteristics in those 

regions. I also compared their levels between Zone B and Zone C to describe attitudinal 

characteristics as a function of location within the state.  For the rest of the variables, I compared 

individuals with high levels of proximal habitat suitability between Zone B and Zone C using the 

Mann-Whitney U statistic.  Finally, for the ‘intol_tol’ and ‘concern’ variables, I performed a 

regression analysis with the sum of habitat suitability around the respondent. 
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Table 10: Categorical variables used in analysis of Social Carrying Capacity. 
 

 Variable  Details Category Value 

Demographic q_2_cat Number of years living in bear country no years 
1-10 years 
11-20 years 
21-30 years 
31-40 years 
>40 years 

0 
1 
2 
3 
4 
5 

 exp_cat Percent of life spent in bear area no years 
1-25% 
26-50% 
51-75% 
76-100% 

0 
1 
2 
3 
4 

 q_19_2 Hunter or nonhunter  hunter 
non-hunter 

1 
2 

Attitudes to 
Bear Presence 

q_7 How would knowing that a black bear lived 5-10  
miles of your home affect your enjoyment of living there? 

Would increase my enjoyment 
would not affect my enjoyment 
would decrease my enjoyment 
not sure 

1 
2 
3 
4 

 q_8 How would knowing that a black bear lived within 1  
mile of your home affect your enjoyment of living there? 

Would increase my enjoyment 
would not affect my enjoyment 
would decrease my enjoyment 
not sure 

1 
2 
3 
4 

 q_11a How important to you is the role that black bear  
play in nature if black bear lived in you zone of residence? 

Very important to me 
somewhat important to me 
slightly important to me 
not important to me 
not sure 

1 
2 
3 
4 
5 

 q_11b How important to you is it just knowing that black bears  
exist in your zone if black bear lived in your zone of 
residence? 

Very important to me 
somewhat important to me 
slightly important to me 
not important to me 
not sure 

1 
2 
3 
4 
5 

 q_11c How important to you is recreational opportunities for  
viewing black bear if black bear lived in your zone of 
residence? 

Very important to me 
somewhat important to me 
slightly important to me 
not important to me 
not sure 

1 
2 
3 
4 
5 
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 q_11d How important to you is recreational opportunities for  
hunting black bear if black bear lived in your zone of 
residence? 

Very important to me 
somewhat important to me 
slightly important to me 
not important to me 
not sure 

1 
2 
3 
4 
5 

 BSI  Bear Sensitivity Index 
(see BSI table for additional details) 

tolerable 
personal threat 
frequent events 
occasional events 
presence 

1 
2 
3 
4 
5 

 Intol_tol Intolerance Level  
(based on tolerance scenarios) 

Intolerant of no scenarios 
Intolerant at scenario A 
Intolerant at scenario B 
Intolerant at scenario C 
Intolerant at scenario D 
Intolerant at scenario E 
Intolerant at scenario F 
Intolerant at scenario G 
Intolerant at scenario H 

0 
1 
2 
3 
4 
5 
6 
7 
8 

 concern Combined concern category 
(see ‘concern’ table for additional details) 

very concerned to not concerned  
at all 

4 -16 

Attitudes to 
bear  
management 
policies 

q_10 Which of the following management goals would you like the 
Department of Natural Resources to adopt for Zone D, given 
that Zone D has more people than other zones in Michigan, 
and forest habitat is limited in Zone D? 

ensure that no bears live in the zone 
let a few bear exist only in remote areas of the zone 
let their numbers increase to whatever the habitat will allow 
actively work to increase habitat and encourage more bears 
not sure 

1 
2 
3 
4 
5 

 q_15a How strongly would you support/oppose the option to leave 
the bear alone as long as no one is injured? 

Strongly support 
somewhat support 
undecided 
somewhat oppose 
strongly oppose 

1 
2 
3 
4 
5 

 q_15b How strongly would you support/oppose the option to trap 
and relocate bears which repeatedly cause problems for 
people to another part of the Lower Peninsula of Michigan? 

Strongly support 
somewhat support 
undecided 
somewhat oppose 
strongly oppose 

1 
2 
3 
4 
5 
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 q_15c How strongly would you support/oppose the option to 
destroy bears which repeatedly cause problems for people? 

Strongly support 
somewhat support 
undecided 
somewhat oppose 
strongly oppose 

1 
2 
3 
4 
5 

 q_15d How strongly would you support/oppose the option to 
increase the use of carefully regulated hunts to lower bear 
numbers? 

Strongly support 
somewhat support 
undecided 
somewhat oppose 
strongly oppose 

1 
2 
3 
4 
5 

 q_17a I would tolerate more problems caused by a black bear if I 
knew that the only option available to authorities was to trap 
and destroy the bear 

strongly agree 
agree 
not sure 
disagree 
strongly disagree 

1 
2 
3 
4 
5 

 q_17b If the Department of Natural Resources determined that a 
recreational hunt was necessary to achieve the number of 
black bear I desire in my zone, I would support a hunt which 
harvested a limited number of bears 

strongly agree 
agree 
not sure 
disagree 
strongly disagree 

1 
2 
3 
4 
5 

 comb_prf The number of black bear you think would be a reasonable 
goal for your Zone 

no bears 
75% as many bears 
half as many bears 
25% as many bears 
current number of bears 
25% more bears 
50% more bears 
75% more bears 
at least twice as many bears 

0 
1 
2 
3 
4 
5 
6 
7 
8 
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Table 11: Details for ‘Concern’ variable 
 

Variables Details Category Value 

q_12a How concerned are you about threats to public safety associated 
with having black bears in your zone of residence? 

Extremely concerned 
somewhat concerned 
slightly concerned 
not concerned 
not sure 

1 
2 
3 
4 
5 

q_12b How concerned are you about agricultural damage (e.g. crops, 
livestock, beehives) associated with having black bears in your zone 
of residence? 

Extremely concerned 
somewhat concerned 
slightly concerned 
not concerned 
not sure 

1 
2 
3 
4 
5 

q_12c How concerned are you about threats to pets associated with 
having black bears in your zone of residence? 

Extremely concerned 
somewhat concerned 
slightly concerned 
not concerned 
not sure 

1 
2 
3 
4 
5 

q_12d How concerned are you about damage to personal property 
associated with having black bears in your zone of residence? 

Extremely concerned 
somewhat concerned 
slightly concerned 
not concerned 
not sure 

1 
2 
3 
4 
5 

 

One product of the Social Carrying Capacity study was a score describing the intolerance of 

respondents to bears.  This score was calculated for an individual by their responses to 8 

scenarios (Table 12).  The scenarios represented various forms of bear/human interactions that 

were designed to reflect four dimensions: 1) the intensity of the interaction, 2) social proximity 

of the interaction, 3) spatial proximity to self, and 4) the temporal nature of the interaction.  

Responses provided to these scenarios were “I would not contact any authorities,” “I would 

inform the authorities about the bear and ask what I should do” and “I would ask/tell someone to 

do something about the bear.”  An individual was defined as intolerant to a particular scenario if 

they requested that authorities intervene.  The responses to each of the eight scenarios were re-

classified to create a Bear Sensitivity Index (BSI).  The BSI uses the four dimensions of 

bear/human interactions to classify individuals into 5 categories from completely tolerant to 

intolerant of bear presence (Table 13).  The BSI was further reclassified into those individuals 
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that were tolerant to bear presence (combination of first three BSI categories) and intolerant 

(combination of last two BSI categories).  

 

Table 12: Scenarios given to respondents 
 

Scenarios: Details 

A you see or hear a bear attempting to 
enter some part of your home 

B a bear repeatedly threatens and 
charges pets near your home 

C a bear damages several bird-feeders 
and barbecues over a week near your 
home 

D you see a bear near your home more 
than once in one week 

E a local farmer tells you of bear damage 
to livestock/ crops 

F a bear, unprovoked, chases a 
neighbor’s pet once 

G a bear damages a bird-feeder or 
barbecue near your home once 

H you see a bear near your home one 
morning 

 

Table 13: Bear Sensitivity Index derived from scenarios 
 

BSI Values Details 

Tolerant of all a tolerance of all 8 of the scenarios 
presented 

Intolerant of Personal Threat a tolerance of all interactions except a clear  
personal threat (intolerant of items a and/or 
b) 

Intolerant of Frequent Events tolerant of occasional, but not frequent 
interactions with black bear (intolerant of 
items c, d and/or e) 

Intolerant of Occasional Events tolerant of the presence of bear, but 
intolerant of any  
actual interactions (intolerant of items f 
and/or g) 

Intolerant of Presence intolerant of even the presence of a bear  
(intolerant of item h) 
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The best ecological habitat models for males and females were obtained at the 3km and 2km 

resolutions, respectively.  Thus, I identified conflict areas at these two levels of resolution by 

overlaying regions of intolerance and suitable bear habitat defined by the models.  I first 

identified individuals as tolerant or intolerant to bear presence based on categories designated by 

the BSI of the SCC.  I created raster maps of the density of tolerant and intolerant individuals 

2km and 3km resolutions in Zones B and C.  I subtracted the values in the tolerant datasets from 

the intolerant datasets in both zones and reclassified the resultant datasets to identify regions 

where the intolerance value was greater than the tolerance value.  Finally, I multiplied the 

reclassified datasets with the suitability maps of the corresponding resolution.  The results were 

raster datasets that identified potential conflict regions as the overlap of intolerance and suitable 

bear habitat.   

 

2.5. Results 

Within both zones at both resolutions, the chi-square test statistics indicated no significant 

difference in the levels of tolerance between individuals living near areas of high bear-habitat 

suitability compared to those living near areas of low bear habitat suitability (Table 14, 16).  For 

both resolutions, there was also no significant difference in tolerance levels of individuals living 

near suitable habitat or individuals living near non-suitable habitat between Zone B and Zone C 

(Table 15, 17).  Within both zones at the 3km resolution, there was no significant difference in 

the hunting lifestyle between individuals living near bear habitat to individuals living near non-

suitable habitat (Table 20).  Within Zone B at the 2km resolution, there was also no significant 

difference in the hunting lifestyle between individuals living near bear habitat to individuals 

living near non-suitable habitat (Table 18).  However, within Zone C at the 2km resolution, there 
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was a significantly higher proportion of non-hunters living near bear habitat than living near non-

suitable habitat (Table 18).  For both resolutions, there was no significant difference in the 

hunting lifestyle of individuals living near bear habitat or individuals living near non-suitable 

habitat between Zone B and Zone C (Table 19, 21). 

 

For both resolutions, the amount of time spent in bear country for those individuals living near 

bear habitat in Zone B was significantly greater than in Zone C (Table 22, 23).  At the 2km 

resolution, the percent of life spent in bear country for those individuals living near bear habitat 

between Zone B was also significantly greater than in C (Table 23).  All of the other variables 

did not appear to show any significant differences for those individuals living near bear habitat 

between Zone B and Zone C. 
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Table 14: Chi-square test for differences in tolerance levels between individuals living near 
suitable habitat and individuals living near non-suitable habitat in Zone B and Zone C at 
2km resolution. 
 

 Zone B  Zone C  

 suitable non-suitable suitable non-suitable 

Tolerant 50.20% 31.73% 22.29% 56.29% 

Intolerant 12.05% 6.02% 6.29% 15.14% 
2c  0.46  0.03  

P value 0.50  0.87  

 

Table 15: Chi-square test for differences in tolerance levels of individuals living near 
suitable habitat as well as individuals living near non-suitable habitat between Zone B and 
Zone C at 2km resolution. 
 

 Zone B and C  Zone B and C  

Zone B and C B suitable C suitable B non-suitable C non-suitable 

Tolerant 49.02% 30.59% 22.97% 57.27% 
Intolerant 11.76% 8.63% 4.36% 15.41% 

2c  0.26  1.18  

P value 0.61  0.28  

 

Table 16: Chi-square test for differences in tolerance levels between individuals living near 
suitable habitat and individuals living near non-suitable habitat in Zone B and Zone C at 
3km resolution. 
 

 Zone B  Zone C  

 suitable Non-suitable suitable non-suitable 

Tolerant 54.69% 26.94% 26.86% 51.71% 

Intolerant 12.24% 6.12% 5.43% 16.00% 
2c  0.00  2.11  

P value 0.97  0.15  

 

Table 17: Chi-square test for differences in tolerance levels of individuals living near 
suitable habitat as well as individuals living near non-suitable habitat between Zone B and 
Zone C at 3km resolution. 
 

 Zone B and C  Zone B and C  

 B suitable C suitable B non-suitable C non-suitable 

Tolerant 48.38% 33.94% 20.75% 56.92% 

Intolerant 10.83% 6.86% 4.72% 17.61% 
2c  0.10  0.91  

P value 0.75  0.34  
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Table 18: Chi-square test for differences in hunter lifestyle between individuals living near 
suitable habitat and individuals living near non-suitable habitat in Zone B and Zone C at 
2km resolution. 
 

 Zone B  Zone C  

 suitable non-suitable suitable non-suitable 

hunter 27.71% 17.75% 15.02% 27.33% 

non hunter 31.60% 22.94% 14.41% 43.24% 
2c  0.22  4.28  

P value 0.64  0.04  

 

Table 19: Chi-square test for differences in hunter lifestyle of individuals living near 
suitable habitat as well as individuals living near non-suitable habitat between Zone B and 
Zone C at 2km resolution. 
 

 Zone B and C  Zone B and C  

 B suitable C suitable B non-suitable C non-suitable 

hunter 27.23% 21.28% 12.46% 27.66% 
non hunter 31.06% 20.43% 16.11% 43.77% 

2c  0.42  0.67  

P value 0.51  0.41  

 

Table 20: Chi-square test for differences in hunter lifestyle between individuals living near 
suitable habitat and individuals living near non-suitable habitat in Zone B and Zone C at 
3km resolution. 
 

 Zone B  Zone C  

 suitable Non-suitable suitable non-suitable 

Hunter 30.84% 14.98% 16.22% 26.13% 

non hunter 34.36% 19.82% 16.82% 40.84% 
2c  0.38  3.06  

P value 0.54  0.08  

 

Table 21: Chi-square test for differences in hunter lifestyle of individuals living near 
suitable habitat as well as individuals living near nonsuitable habitat between Zone B and 
Zone C at 3km resolution. 
 

 Zone B and C  Zone B and C  

 B suitable C suitable B non-suitable C non-suitable 

Hunter 27.13% 20.93% 11.26% 28.81% 

non hunter 30.23% 21.71% 14.90% 45.03% 
2c  0.08  0.39  

P value 0.78  0.53  



 88 

Table 22: Results of Mann-Whitney U tests with associated Wilcoxon W, Z, and p-values.  
These results show the difference in responses by individuals near suitable habitat between 
Zone B and Zone C at the 3km resolution. 
 

Variable Mann-Whitney U Wilcoxon W Z p-value (2-tailed) 

Q_7 6,529.500 17,407.500 -1.142 0.253 
Q_8 5,488.500 14,804.500 -0.849 0.396 

Q_10 5,403.000 9,868.000 -1.864 0.062 

Q_11A 7,294.500 18,025.500 -0.284 0.776 

Q_11B 7,744.000 20,147.000 -1.261 0.207 

Q_11C 7,324.500 19,414.500 -1.665 0.096 

Q_11D 7,741.500 19,676.500 -1.081 0.280 

Q_15_A 8,085.000 20,488.000 -1.175 0.240 

Q_15_B 8,510.500 21,071.500 -0.550 0.583 

Q_15_C 8,630.000 21,350.000 -0.440 0.660 

Q_15_D 8,811.500 21,531.500 -0.153 0.879 

Q_17_A 8,748.000 14,853.000 -0.084 0.933 

Q_17_B 8,312.500 14,528.500 -0.969 0.333 

EXP_CAT 8,351.000 14,792.000 -1.477 0.140 

Q2_ctg 8,008.000 14,449.000 -2.032 0.042 

INTL_SCR 8,767.000 22,297.000 -0.776 0.437 

COMB_CAT 3,502.000 6,583.000 -1.696 0.090 

BSI 8,762.000 22,292.000 -0.799 0.424 

CCRN_GRP 7,299.000 19,234.000 -1.001 0.317 

 
Table 23: Results of Mann-Whitney U tests with associated Wilcoxon W, Z, and p-values.  
These results show the difference in responses by individuals near suitable habitat between 
Zone B and Zone C at the 2km resolution. 
 

Variable Mann-Whitney U Wilcoxon W Z p-value (2-tailed) 

Q_7 5,436.500 15,166.500 -0.836 0.403 

Q_8 4,543.000 12,544.000 -0.673 0.501 

Q_10 4,817.500 8,220.500 -0.691 0.490 

Q_11A 5,797.500 14,977.500 -0.463 0.643 

Q_11B 6,002.500 17,177.500 -1.559 0.119 

Q_11C 6,140.000 17,018.000 -1.100 0.271 

Q_11D 6,428.500 16,868.500 -0.890 0.374 

Q_15_A 6,482.500 17,360.500 -1.256 0.209 

Q_15_B 6,985.000 17,863.000 -0.277 0.782 

Q_15_C 7,129.000 11,882.000 -0.183 0.855 

Q_15_D 7,065.500 11,818.500 -0.216 0.829 

Q_17_A 7,269.000 18,444.000 -0.060 0.952 

Q_17_B 6,834.500 11,784.500 -1.052 0.293 

EXP CAT 6,321.000 11,371.000 -2.566 0.010 

Q2_ctg 6,140.000 11,190.000 -2.898 0.004 

INTL_SCR 7,334.500 19,424.500 -0.736 0.462 

COMB_CAT 3,126.500 5,541.500 -1.006 0.314 

BSI 7,508.000 19,598.000 -0.436 0.663 

CCRN_GRP 6,295.500 17,026.500 -0.562 0.574 
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The density maps of respondent tolerance and intolerance to bear presence did not indicate any 

specific patterns but did indicate that a much larger spatial extent is represented as tolerant rather 

than intolerant in both zones (Figure 25 and Figure 26).  These maps do not represent ratios but 

rather direct estimates of tolerance and intolerance densities based on 254 points in Zone B and 

355 points in Zone C.   

 

The conflict region maps are based on the ratio of intolerance to tolerance, combined with areas 

of suitable habitat, and indicate that Zone C had approximately more than twice as much area 

where potential bear/human conflict can occur than in Zone B (Table 24, Figure 27, and Figure 

28).  

 
Figure 25: Tolerance density at 2km 
resolution. 

 
Figure 26: Intolerance density at 2km 
resolution. 
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Table 24: Percentages of conflict regions in each Zone 
 

 Zone C (2km) Zone C (3km) Zone B (2km) Zone B (3km) 

Conflict Region 5.80% 6.20% 2.80% 2.90% 

 

 

The regression analyses at both resolutions between intolerance and the sum of bear habitat 

suitability within a 3x3 window of an individual respondent indicated no significant 

relationships.  The regression analyses at both resolutions between concern levels and the sum of 

suitable bear habitat within a 3x3 window of an individual respondent also indicated no 

significant relationship.  However, there was very nearly a positive relationship between 

intolerance and concern level with the sum of suitable bear habitat within Zone C at the 3km 

resolution (Table 25).   

 

 
Figure 27: Conflict regions at 2km 
resolution. 

 
Figure 28: Conflict regions at 3km 
resolution. 
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Table 25: Results of regression analyses between the intolerance score and concern level to 
the sum of suitable bear habitat within a 3x3 window of an individual respondent. 

 
 Variable R Square P Value 

ZoneB (2km) intolerance 0.006 0.340 

 concern 0.008 0.265 

    

Zone C (2km) intolerance 0.001 0.712 

 concern 0.002 0.667 

    

Zone B (3km) intolerance  0.000 0.785 

 concern 0.009 0.223 

    

Zone C (3km) intolerance 0.029 0.073 

 concern 0.032 0.059 

 

2.6. Discussion and Conclusions 

Using the results from my habitat models, I hypothesized that there would be significant 

differences in the responses from those individuals living near bear habitat between Zone B and 

Zone C for all of the SCC variables.  It is encouraging that there are high levels of tolerance in 

both zones and the results indicate, contrary to my hypothesis, that there are no dramatic 

differences in tolerance levels to bear presence and bear management policies within each zone 

as well as between Zone B and Zone C.  Despite the similarities in general attitudes towards bear 

presence and management policies, however, there is no denying that the landscape is 

considerably different between the two zones.  These differences include an increased human 

population and urban/suburban development in Zone C.  Moreover, the two zones have different 

histories in regards to bear presence and management.  It is important to note that the responses 

in Zone C are based on the bear population at the time the survey was conducted and may not 

represent future attitudes as the bear population continues to grow.  All of these differences will 

likely lead to an increased probability of human-bear conflict in Zone C.  The current methods 
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the MDNR employs to handle nuisance bears may not be as effective or publicly accepted in 

Zone C as they are in Zone B. 

 

Hunting is the primary tool used by MDNR to remove the potential of human-bear conflict 

caused by an abundance of bears.  This may be a perfectly acceptable solution to residents in 

Zone B where the hunting lifestyle of individuals living near or not living near suitable bear 

habitat was not significantly different.  However, there was a significantly higher proportion of 

non-hunters living near suitable bear habitat in Zone C than in Zone B.  Furthermore, the higher 

density of urban and residential developments in the SLP may further preclude the application of 

regulated bear hunts.  Not using regulated hunts as a means of bear management will put 

additional pressures on the MDNR staff to respond to human-bear conflicts. 

 

The MDNR currently puts nuisance bears into 4 categories.  Category I bears are considered to 

be a direct threat to public safety.  These scenarios include a bear that has attacked a human.  

Category II bears are considered to be a potential threat to public safety.  These scenarios include 

a bear located in an urban area or being physically confined in a public area.  Category III bears 

are considered to be a threat to personal property.  Category IV bears are not a threat to public 

safety or personal property at that time.  The DNR has protocols to handle each of these 

categories.  All of the responses, except for category I scenarios, involve efforts by DNR 

personnel to remove the attractants thus removing future potential for nuisance activity.  The first 

category always elicits an immediate response and involves euthanizing the bear.  Responses to 

the second category are also immediate and involve the discretionary use of aversive 

conditioning, relocation, or euthanasia.  The DNR uses discretion when responding to the third 
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category and will typically use aversive conditioning or relocation.  The fourth category elicits 

no immediate response and, while the DNR may provide some technical advice, it is the 

responsibility of the people in the vicinity of the bear to remove attractants.   

 

In the future, the residents in Zone C may respond more unpredictably to MDNR nuisance bear 

protocols than would be expected based on the attitudes to bear presence and management 

policies found in residents of Zone B.  Fortunately, category I and category II bears are very rare 

in Michigan and although bear numbers may increase in the future that does not necessarily 

translate into more category I or II bears.  Bears in the Western United States exhibited more 

nuisance activity as a result of mast failure from severe drought.  This trend is not as severe in 

Michigan because the state has many more alternative natural foods than in the west (D. Etter, 

MDNR, Pers. Comm.).  However, if category I and category II bear events become more 

frequent then the ebb of tolerance may shift to intolerance in Zone C where residents are not as 

familiar to living in bear country. Furthermore, the most intolerant individuals to bear presence 

preferred the extreme measure of euthanasia to be used more often for nuisance bears (Peyton et 

al. 2001).  Thus, if intolerant individuals become a vocal minority in Zone C or even further 

south then euthanasia may be more frequently expected, which in turn may elicit more public 

disapproval from those individuals opposed to euthanasia.   

 

Careful attention should be paid to the conflict regions in Zones C.  There is already twice the 

density of conflict regions in Zone C than in Zone B.  Those individuals most sensitive to bear 

presence may be the most vocal in requesting that action be taken by the MDNR.  These actions 

may be unwarranted and will put additional pressure on the staff and use up financial resources.  
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The presentation and evaluation of educational materials will likely be paramount in these 

regions to prepare residents for potential human-bear conflicts.  The MDNR currently uses a 

variety of educational methods including “written material, audiovisual presentations, media 

interviews, and web-based information.” 

 

The SCC study stated that although < 20% of the respondents in Zone C preferred no bears in 

their zone, there was a clear indication that the majority of individuals preferred only a very 

limited presence of bears.  Furthermore, nearly half of the respondents indicated they would be 

less likely to call the MDNR regarding a nuisance bear if it meant the bear would be killed.  

Therefore, to avoid public backlash to a perceived overabundance of bear or to euthanasia of 

individual problem bear, I agree with the suggestion in the SCC study for the MDNR to initiate a 

‘repeat offender’ policy in their bear management protocols for category II and category III 

bears.  This protocol may increase the tolerance of the diverse group of stakeholders in Zone C to 

bear presence and bear management strategies.  Moreover, the conservation of bear habitat and 

wildlife corridors may habituate residents to bear presence in Zone C by providing several forms 

of positive human-bear interaction.   
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Appendix A: WinBUGS Model 

 
model 
{ 
 
    for(j in 1:N){ 
        x[j,2]~dcat(p[x[j,1],1:Ns]) 
          x.rep[j]~dcat(p[x[j,1],1:Ns]) 
          Dj[j] <- 2*log(p[x[j,1],x.rep[j]]) – 2*log(p[x[j,1],x[j,2]]) 
    } 
    D <- sum(Dj[1:N]) 
    pVal <- step(D) 
 
    for(I in 1:Na){ 
        for(s in 1:Ns){ 
            log(eprod[I,s])<- (inprod2(z.c[s,],abeta.c[I,])+inprod2(z.d[s,],abeta.d[I,])) 
            p[I,s]<-eprod[I,s]/sumeprod[i] 
        } 
        sumeprod[i]<-sum(eprod[I,]) 
    } 
 
    for(I in 1:Na){ 
        for(k in 1:K.c){ 
                                  abeta.c[I,k]~dnorm(beta.c[k],tau.c[k]) 
                                } 
        for(k in 2:K.d){ 
          abeta.d[I,k]~dnorm(beta.d[k],tau.d[k]) 
          abeta.d.alt[I,k]<-abeta.d[I,k]-mean(abeta.d[I,]) 
        } 
        abeta.d[I,1]<-0 
        abeta.d.alt[I,1]<- -mean(abeta.d[I,]) 
    } 
    for (k in 1:K.c){ 
      beta.c[k]~dnorm(0.0,0.01) 
      sd.c[k]~dunif(0,100) 
      tau.c[k]<-1/pow(sd.c[k],2) 
    } 
    for (k in 2:K.d){ 
      beta.d[k]~dnorm(0.0,0.01) 
      sd.d[k]~dunif(0,100) 
      tau.d[k]<-1/pow(sd.d[k],2) 
      beta.d.alt[k]<-beta.d[k]-mean(beta.d[]) 
    } 
    beta.d[1]<-0 
    beta.d.alt[1]<- -mean(beta.d[]) 
}



 112 

Appendix B: Land cover categorization scheme 

 
Major Classes - first number is Level 1, second number is Level 2, third number is Level 3, and 
fourth number is Level 4. We have a Grass type that is level 5. Classes to be identified statewide 
(primarily Level 3) with Landsat satellite imagery classification are underlined.  Number in 
parentheses following classification name is the grid value. 
 

Group1 – Developed 
  
1          Urban 
                        11        Low Intensity Urban (1) 
                        12        High Intensity Urban 
                                    121      Airports (3) 
                                    122      Road/Parking Lot (4) 
                                    123      High Intensity Urban (2) 

 350            Parks/Golf Courses (13) 
 
 
Group 2 - Agriculture 
 
2          Agricultural 
                        21        Herbaceous Agriculture 
                                    211      Cropland 
                                                                        2111    Non-vegetated Farmland (5) 
                                                                        2112    Row crops (6) 

2113    Forage crops (7) 
2114    Other Cropland 

212      Non-tilled Herbaceous Agriculture 
  

                        22        Non-Herbaceous Agriculture     
                                    222      Orchards/Vineyards/Nursery (9) 
 
7          Bare/Sparsely Vegetated 
                                                710      Sand/Soil (31) 
                                                720      Exposed Rock (32) 

730            Mud Flats (33)   
790            Other Bare/Sparsely Vegetated (35)  

 
Group 3 – Upland Nonforested  
 
 
3                    Upland Openland 
  
                                                330      Low Density Trees (12) 
                                                                        3301    Low Density Deciduous Trees 
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                                                                        3302    Low Density Conifer Trees 
                                                                        3303    Mixed Low Density Trees 
                                                320      Upland Shrub (12) 
                                                                        3201    Sweet Fern 
                                                                        3202    Autumn Olive/Honeysuckle  
                                                                        3203    Upland Blueberry 
                                                                        3204    Mast Producing Shrub      
                                                                        3205    Mixed Upland Shrub 

310            Herbaceous Openland (10) 
3101 Poverty Grass, Cladonia 

                                                                        3102 Grass 
                                                                                    31021  Warm Season Grass 
                                                                                    31022  Cool Season Grass  
                                                                        3103    Rubus-Fern  
                                                                        3104    Degraded  
                                                                        3105    Mixed Upland Herbaceous 
                         
4          Upland Forest 
                        41        Upland Deciduous Forest 
 
 
Group 4 – Northern Hwd and Mixed 
 
                                                411      Northern Hardwood (14) 
                                                                        4110    Sugar Maple Association 
                                                                        4111    S. Maple, Hard Mast Association 
                                                                        4112    Maple, Beech, Cherry Association 
                                                                        4113    R. Maple, Conifer 
                                                                        4114    Beech, Hemlock 
                                                                        4115    Y. Birch, Hemlock NH 
                                                                        4116    Mixed N. Hardwood – Aspen 
                                                                        4117    Mixed N. Hardwood - Pine 

4119 Mixed Northern Hardwoods 
414      Other Upland Deciduous (17) 

4141,2,…        Single Species e.g. Birch 
                                                419      Mixed Upland Deciduous (18) 
                                                                        4190    Mixed Upland Deciduous with Cedar 
                                                                        4191    Mixed Upland Deciduous w/ Conifer 
                                                                        4192    Mixed Southern Upland Deciduous 
                                                                        4193    Birch, Aspen 
                                                                        4199    Other Mixed Upland Deciduous 
     43        Upland Mixed Forest (22) 
                                                                        4310    Pine, Oak Mix 
                                                                        4311    Pine, Aspen Mix 

                                                              4312    Hemlock, Mixed Deciduous 

                                                               4319    Mixed Upland Forest 
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Group 5 – Oak 
 
                                                412      Oak Types (15) 
                                                                        4120    Oak, Hickory 
                                                                        4121    Oak, Aspen 
                                                                        4122    Oak, Pine 
                                                                        4123    Red Oak 
                                                                        4124    Red with White Oak 
                                                                        4125    Black, N. Pin Oak 
                                                                        4126    White, Black, N. Pin Oak 

4129 Mixed Oak 
 

Group 6 - Aspen 
                                                413      Aspen Types (16) 
                                                                        4130    Aspen 
                                                                        4131    Aspen, Oak 
                                                                        4132    Aspen, Jack Pine 
                                                                        4133    Aspen, Mixed Pine 
                                                                        4134    Aspen, Spruce/Fir 
                                                                        4135    Aspen, Cedar 
                                                                        4136    Aspen, Mixed Conifer 
                                                                        4137    Aspen, Birch 
                                                                        4139    Aspen, Mixed Deciduous 
  Group 7 - Pine 

                                              
                        42        Upland Coniferous Forest 
                                    42(1,2)             Pine Types (19) 

                                    * Planted vs. Natural Pines will NOT be 
distinguished statewide at level 3;  
separate 3 digit numbering for each is for convenience NOT classification 

                                                421      Planted Pines*  
                                                                        42100  Planted White Pine 
                                                                        42101  Planted White Pine, Mixed Deciduous 
                                                                        42110  Planted Red Pine 
                                                                        42111  Planted Red Pine, Mixed Deciduous 
                                                                        42120  Planted Jack Pine 
                                                                        42121  Planted Jack Pine, Mixed Deciduous 
                                                                        42130  Planted Scotch Pine 
                                                                        42140  Planted Mixed Pine 
                                                                        42141  Planted Mixed Pine, Mixed Deciduous 
                                                                        42150  Strip Planted Pine 
  
                                                422      Natural Pines* 
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                                                                        42200  Natural White Pine 
                                                                        42201  Natural White Pine, Mixed Deciduous 
                                                                        42210  Natural Red Pine 
                                                                        42211  Natural Red Pine, Mixed Deciduous 
                                                                        42220  Natural Jack Pine 
                                                                        42221  Natural Jack Pine, Mixed Deciduous 
                                                                        42250  Pine, Oak 
                                                                        42260  Natural Pine, Mixed Deciduous 
                                                                        42290  Natural Mixed Pine 
                                                423      Other Upland Conifers (20) 
                                                                        42300  Planted Larch 
                                                                        42301  Planted Larch, Mixed Deciduous 
                                                                        42310  Planted Spruce 
                                                                        42311  Planted Spruce, Mixed Deciduous 
                                                                        42320  Upland Spruce 
                                                                        42330  Upland Fir 
                                                                        42340  Upland Spruce/Fir 
                                                                        42350  Upland Hemlock 
                                                                        42360  Upland Cedar 
                                                                        42370  Upland Cedar, Aspen 
                                                                        42380  Non Pine Upland Conifer, Mixed Deciduous 
                                                                        42390  Mixed Non-Pine Upland Conifers 
                                                429      Mixed Upland Conifers (21) 
 

Group 8 – Forested Wetland 
 
                        61        Lowland Forest 
                                                611      Lowland Deciduous Forest (24) 
                                                                        6110    Cottonwood 
                                                                        6111    Lowland Balsam Poplar 
                                                                        6112    Lowland Aspen 
                                                                        6113    Lowland Maple 
                                                                        6114    Lowland Oak 
                                                                        6115    Lowland Ash 
                                                                        6116    Lowland Birch 
                                                                        6117    Lowland Deciduous, Mixed Coniferous 
                                                                        6118    Lowland Deciduous with Cedar 
                                                                        6119    Mixed Lowland Deciduous Forest 
                                                612      Lowland Coniferous Forest (25) 
                                                                        6120    Lowland Cedar 
                                                                        6121    Tamarack 
                                                                        6122    Black Spruce 
                                                                        6123    Lowland Fir 
                                                                        6124    Lowland Spruce-Fir 
                                                                        6125    Lowland Black Spruce, Jack Pine 
                                                                        6126    Lowland Jack Pine 
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                                                                        6127    Lowland Pine 
                                                                        6128    Lowland Coniferous, Mixed Deciduous 
                                                                        6129    Mixed Coniferous Lowland Forest 
                                                613      Lowland Mixed Forest (26) 
                                                                        6130    Fir, Aspen, Maple 
                                                                        6131    Hemlock, White Pine, Maple, Birch 
                                                                        6132    Mixed Lowland Forest with Cedar 
                                                                        6139    Mixed Lowland Forest 
Group 9 - Nonforested Wetland  
 
                        62        Nonforested Wetlands 
                                                621      Floating Aquatic (27) 
                                                622      Lowland Shrub (28) 
                                                                        6220    Alder/Willow 
                                                                        6221    Fen 
                                                                        6222    Shrub-Carr 
                                                                        6223    Inundated Shrub Swamp 
                                                                        6224    Treed Bog 
                                                                        6225    Bog 
                                                                        6229    Mixed Lowland Shrub 
                                                623      Emergent Wetland (29) 
                                                                        6230    Cattail 
                                                                        6231    Phragmites 
                                                                        6232    Wet Prairie 
                                                                        6233    Wet Meadow 
                                                                        6239    Mixed Emergent Wetland 
                                                629      Mixed Non-forest Wetland (30) 
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Appendix C: FCC Michigan road classification scheme 

 
Class 1: 
A1* – all limited access hwys 
A2* – truckline not limited access 
A31 – Primary Arterial roads 
 
Class 2: 
A32 – Minor Arterial roads 
A33 – Local roads 
A4* – Non-Certified roads 
A61 – Unnamed, non PR (Physical Road Number) roads within Cemeteries 
A62 – Unnamed, non PR internal drives around malls, commercial sites, retail sites, industrial 

sites, office sites, schools, colleges, and universities 
A63 – Unnamed, non PR driveways. A driveway is defined as a road that serves only one 

residence 
A65 – Unnamed, non PR roads in residential areas. IE: apartment complexes, mobile home 

communities, and new developments. 
 
 
Class 3: 
A45 – Forest roads within federal jurisdiction 
A64 – Internal roads of Federal, State and Local parks and campgrounds. 
A66 – Unnamed, non PR two-track roads or vehicular trails. 
A69 – All other features that were originally classified as a road feature in TIGER or MIRIS but 

do not match any of the criteria used to classify framework roads. More research is 
needed to better classify these roads 

A71 – General Trails or Paths 
A72 – Rail-to-trail 
A90 – Certified road right-of-ways. These roads are owned by a local jurisdiction (Act 51 

certified), but are not drivable 
A91 – Road whose existence is strongly questioned, but have not been confirmed as not existing 

by a local jurisdiction 
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Appendix D: Covariate autocorrelations 

 
Male 3km: All covariate plots are in the same order as they are in tables 4, 5, and 6. 
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Female 2km: All covariate plots are in the same order as they are in tables 4, 5, and 6. 
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Appendix E: Covariate history plots 

 
Male 3km: All covariate plots are in the same order as they are in tables 4, 5, and 6. 
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Female 2km: All covariate plots are in the same order as they are in tables 4, 5, and 6. 
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