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ABSTRACT

In order to assess regional patterns of black bear {Ursus americanus) habitat use in

the southern Appalachian region, I developed regional biometric models of habitat use

based on habitat variables identified by F.T. van Manen and M.R. Pelton for Telhco

Ranger District, Cherokee National Forest (CNF). The locally-focused Telhco model was

based on an analysis of radio telemetry data collected fi"om 1978-1983 by students of Dr.

Pelton at the University of Tennessee. The CNF model identified important variables

associated with bear habitat use, such as proximity to human activity sites, elevation, and

overstory vegetation. Removing highly localized variables such as understory vegetation

and stand age richness, which could not be measured at a broad regional scale, I

developed models that reflect landscape-level habitat use probabihty for black bears.

Using the recently completed Southern Appalachian Assessment database, these models

were apphed to the Southern Appalachians, revealing the relative probabihty of suitable

habitat for male and female bears in spring, summer, faU and year-round habitat

conditions.

The habitat suitability maps show a clear pattern of upland habitat areas with high

use probabihties aroimd the Great Smoky Mountains in Tennessee, and the George

Washington and Jefferson national forests in Virginia. High probabihty habitat areas were

also identified on private lands, many adjacent to areas of pubhc ownership. These

probabihty maps are based on a model developed on National Forest land, in an area with

abundant suitable habitats. Areas with a high relative probabihty of suitable habitat at this

regional scale should be interpreted as optimum habitat, distinguishable fi-om areas of

moderate habitat quahty. A regional perspective is important because it provides

information on the distribution of habitat outside known bear popxilation areas, and also

evaluates the fi"agmentation of occupied areas. Identifying these suitable habitat patterns

is another step in establishing a regional conservation program that insures the survival of

black bears m the Southeast.
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Chapter I

Introduction

General Problem Statement

The increasing fragmentation of forested wildlife habitats in the southern

Appalachians has led to a cooperative effort between state and federal agencies to

conserve biodiversity in the region. The human population of the region is concentrated in

the valley areas; these areas provide highly productive farmland, as well as the low relief

preferred for development of roads and urban areas. As a result, wildlife species

dependent on contiguous forest cover have been relegated to the more rugged, upland

areas of the Appalachians that fall mainly under pubhc ownership These areas

collectively conqjrise the Southern Appalachian Bioreserve, and represent one of the

richest enclaves of species diversity on earth. In the face of an expanding human

population, forest wildlife species will reqxxire sound regional management planning that

helps to conserve the overall condition of remaining forested areas in the Southeast. The

combination of human environmental exploitation and species richness warrants a regional

evaluation of habitat conditions to help fiiture land managers address the management of

species diversity within a regional landscape context.

To conserve and maximize the biodiversity of the southern Appalachians, it is

important to concentrate on maintaining and enhancing the gene pools of individual

species; healthy populations of individual species are the key to diverse ecological

assemblages. Maintaining a diverse biota at a regional scale depends on the availabihty of



suitable habitat areas that can support large, viable populations. Species such as the black

bear {Ursus americanus), which require extensive tracts of land to maintam a stable

population, are especially important to biodiversity— management of large, contiguous

habitat areas for bear is likely to provide habitat for numerous other wildlife species. A

population that can survive indefinitely requires an effective population — the portion of

the population that is actually reproducing, also known as a deme — that is large enough

to insure genetic diversity (Lande and Barrowclough 1987). Black bears require an

estimated 80,000 hectares to maintain an effective population (M.R. Pelton, fi-om Rudis

and Tansey 1995), and it is unlikely that any single new populations will be established in

the eastern U.S. Managing the existing metapopulation, which consists of several

geographically separated sub-populations, is a more attainable conservation goal (Rudis

and Tansey 1995). Creating genetic links between populations will strengthen existing

populations, and planned reintroductions may establish new sub-populations, increasing

the size of the metapopulation. Metapopulation management will also help maintam

biodiversity by targeting many areas of different sizes and different habitat characteristics.

The black bear is a highly adaptable species which once occupied nearly all of

North America (Figure 1). The fi-agmentation of forested areas and lowland habitats has

greatly reduced the range of the black bear, until it now occupies only a fraction of its

historic range (Figure 2). In the Southeast, bears inhabit only five to ten percent of their

former range (Figure 3), predominantly pubhc lands managed by federal agencies such as

the U.S.D.A. Forest Service and the U.S.D.I. National Park Service (Maehr 1984). The



Figure 1: Historic distribution of black bear in North America. From Pelton and van
Mmen, in press. Used with permission.
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Figure 2: Current black bear distribution in North America. From Pelton and
van Manen, in press. Used with permission.
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Figure 3: Current black bear distribution in the southeastern United States. Pelton and
van Manen, in press. Used with permission.
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southeastern population is divided between two remaining habitat types; mountainous

regions and coastal areas (Pelton 1985). The mountainous habitat is distributed along the

length of the southern Appalachians, and represents most of the remaining contiguous

forest cover in the Southeast. Bears use this rugged habitat more by default than by

preference; human exploitation has removed nearly all the contiguous forest from the

Appalachian valleys. Over the past 200 years, human settlements and agricultural land

use have created a human-dominated landscape matrix that isolates and fragments wildlife

habitat areas. The remaimng forest areas are separated by unsuitable habitat into 'islands'

of intact forest ecosystems, fragmenting both the remaining suitable habitat and wildlife

populations. Studying the arrangement and con:q)osition of these areas identifies habitats

and populations requiring special attention in land-use management plans.

To insure the survival of a black bear population in the southern Appalachians, it is

important to evaluate the present distribution of suitable habitat areas. Bears are large-

bodied, opportunistic, intelhgent and wide-ranging mammak that are capable of

occupjiing a wide range of habitat types (Schoen 1990). Bears occupy extensive home

ranges to meet their habitat requirements: in the Southeast, male home ranges cover 31-

155 square kilometers, and female ranges cover 5-16 square kilometers (Clevenger 1986).

Large home range sizes and the abihty to use many habitat types place the black bear in

direct conflict with human disturbance and development in the region. The stabihty and

distribution of the black bear population can therefore be used as a proxy for the overall

condition of forested areas in the region; evaluating the distribution of available habitat

areas for black bear effectively reveals patterns of overall forest condition. Human



development pressures affect all species in the region, and a well studied, environmentally

sensitive species such as the black bear is useful in evaluating ImmaTi impacts on forest

habitat conditions in the southern Appalachians. Given the severity of human impacts in

the Southeast, it is remarkable that any viable populations of black bears remain; this fact

makes their study even more imperative.

The fragmentation of bear habitat in the Southeast necessitates the management of

black bear as a metapopulation. Lande and Barrowclough (1987) define a

metapopulation species as "a species whose range comprises geographically distinct

patches interconnected through patterns of gene-flow, extinction, and recolonization."

Although black bears are not historically a metapopulation species (given that bears once

occupied all of North America), human disturbance has forced bears to occupy fragmented

habitat areas that are separated by unsuitable habitat. This organization of bears into

geographically separated habitats has created a metapopulation in the southern

Appalachians.

While fine scale habitat studies reveal important information about the biological

requirements of bears, it is imperative to place these biometric evaluations in a regional

context. Metapopulation management depends on rehable information about regional

habitat conditions. To evaluate habitat quahty on such a large scale, a regional habitat

model must be developed, either by using bear occurrence data covering the entire region,

or by extrapolating a site-specific model to a regional scale. Numerous fine scale studies

identifying bear habitat requirements are available, and since many of these requirements



are met at a coarse spatial scale over large areas (Clark and van Manen 1993), it is

reasonable to base a regional habitat evaluation on a fine scale modeling effort.

Regional Context

The area of focus for this study is the Southern Appalachian Man and the

Biosphere (SAMAB) Southern Appalachian Assessment (SAA). SAMAB is a member of

UNESCO's Man and the Biosphere (MAB) coalition, an international organization

dedicated to the preservation of biotic diversity through the establishment of biosphere

reserves (Tangley 1988). Placing ecological systems in the context of a human dominated

landscape, the interagency SAA stresses the importance of regional land management

plans in preserving the biotic diversity of the Southeast. While a great deal of information

is available concerning pubhc lands in the southern Appalachians, the SAA is important

because it also provides information concerning private lands, which make up 84% of the

land area (Hermann 1996). Privately owned lands dominate the region and smtound

pubhcly managed forested environments; land ovmers must therefore play a significant

role in regional conservation efforts. It is important for conservation initiatives to move

toward integrated management plans encompassing private lands, so that a biosphere

reserve can be maintained in the southern Appalachians.

A regional viewpoint is shared by the Southern Appalachian Black Bear Study

Group (Bear Study Group), which sees the southern Appalachian bear population as a

shared resource between several states (Clark and Pelton 1996). The Bear Study Group



was formed in 1990, growing out of the Tri-State Black Bear Study founded in 1974 and

including Tennessee, North Carolina and Georgia. Today, the Bear Study Group also

includes South Carolina, the National Park Service, and the U.S. Forest Service; Virginia

and West Virginia have expressed an interest in joining the group (Clark and Pelton 1996).

The regional view taken by the Bear Study Group is an urportant step toward an

integrated management plan for bear conservation in the southeastern United States.

Evaluating regional habitat patterns will facihtate regional management plans by

estabhshing a baseline of current habitat conditions across the region.

While many studies on black bear habitat requirements in the Southeast exist (i.e.

Beeman and Pelton 1980, Beringer 1986, Brody 1984, Gamer 1986), none have

atternpted to evaluate habitat conditions for the region as a whole. Most studies have

centered on the Great Smoky Mountains National Park (Carr 1983), the adjacent

Cherokee National Forest (Clevenger 1986), or the Shenandoah National Park

(Williamson and Whelan 1983). These studies have provided a wealth of habitat data on

black bears, and the long term research at the University of Tennessee (which began in

1968) has revealed ten^oral fluctuations and pattems that would not be apparent over

shorter time scales (van Manen 1994). A regional examination would place well known

bear populations in a black bear habitat 'landscape' and reveal regional pattems of habitat

conditions, including linkages between populations that were unidentified, or uninhabited

areas that are suitable for bear reintroduction or range extension. A regional perspective

could also be used to guide management practices in existing habitats; the development of



a new road that bisects existing habitat could be judged not only in a local context, but

also from a regional population management perspective.

Habitat Studies and Geographic Information Systems

The study of wildlife-habitat relationships imphcitly assumes an abihty to

understand habitat suitability by evaluating physical and biological variables.

Furthermore, there is an underlying assumption that a subset of important habitat variables

can be measured and evaluated to illuminate complex ioteractions between an organism

and its surroundings. Habitat studies have become essential during the twentieth century

as the need for scientific management has increased (Morrison et al. 1992). Concepts

such as the multi-dimensional niche account for the complexity of environmental

conditions that define suitable habitat for a species; the definition of habitat conditions as

the intersection of numerous environmental gradients recognizes the complexity of

ecological processes (Hutchinson 1957). The key to developing a successful habitat

model lies in the abihty to correctly identify, measure, and classify environmental variables

in such a way that habitat suitabihty is revealed from a subset of the actual environmental

conditions (Morrison et al. 1992). Human abihties define this subset; humans can only

gather and analyze variables that reflect our perception of the natural world. So while

scent, vision, experience, and other factors may be important in a bear's perception of the

landscape, humans must rely on measurable proxies like understory vegetation to evaluate

habitat conditions. Estabhshed techniques and numerous field studies, particularly on

10



black bear in this region, have identified measurable enviromnental variables that may

reveal regional habitat patterns.

The development and refinement of Geographic Information System (GIS)

technology within the past two decades has provided a new venue for habitat models.

GIS is designed for the collection, storage, manipulation, and analysis of data that includes

geographic location as an important component of the analysis (Aronoff 1993). ImpHcit

in this definition is the spatial analysis of landscape components; various layers of

information can be combined to reveal regions of coincidence between multiple

environmental variables. The spatial arrangement of these regions can be evaluated to

reveal patterns in metapopulation distributions, and to identify locales that will be affected

by future human population growth. In addition, the abihty to combine large spatial

datasets within a single analysis fi"amework may reveal processes not directly under

consideration, such as the effect of topography on vegetation distributions or the influence

of human barriers on otherwise continuous habitat areas.

Black bears are especially suitable for GIS habitat analysis due to this species'

large home range and coarse use of habitat conqjonents. Bears seem to respond to gross

changes in habitat conditions, and these changes can be identified m a GIS using

environmental variables measured by humans. While bears do respond to micro scale

habitat conditions, it has been possible to predict bear habitat use by examining only broad

scale variables (e.g. Rudis and Tansey 1995, Agee et al. 1989). Many of the common

data layers available (i.e. roads, forest cover types, elevation, urban areas) are significant

to black bear ecology, and GIS enables wildlife biologists to study complex patterns over

11



large spatial scales (Clark et al. 1993). This type of regional habitat modeling is currently

not feasible using intensive ground sampling at all locations. Using a GIS enables

researchers to examine the landscape in different ways; the best habitat model can be

developed by selecting a combination of variables that most reliably quantifies habitat

conditions.

Approach and Scope

Management of black bears in the Southeast depends on our understanding of

habitat distribution patterns across the SAA region, which in turn may lead to an

understanding of metapopulation dynamics of the Appalachian population. In addition to

a basis in wildlife biology, this thesis is founded on the study of the spatial distribution of

biotic coDoponents in the environment; this study can be easily referred to as

biogeography (Haring et al. 1992). The integration of physical variables into a

recognizable entity, here called a suitable habitat area, is a spatial statistics exercise that

rehes on geographic principles.

Regional habitat modeling represents the integration of wildlife biology and

landscape ecology within a geographic fi-amework. The interaction of biotic and abiotic

processes can be organized into the study of landscape ecology, which examines the

distribution and configuration of environmental patterns across large regions (Forman

1995). Landscape ecology helps in understanding the complex patterns created by the

interaction of zoogeographic distributions and environmental gradients; studying black

12



bears as members of environmental patches distributed across the region provides an

understanding of habitat distribution and metapopulation organization. Hierarchy theory

may also play a role in black bear habitat analyses, by identifying regional scale variables

which influence the observed variations in habitat conditions (AUen and Starr 1982). A

fine scale model necessarily focuses on local conditions in the habitat study area; at a

broader scale, we lose site of specific selection decisions made by bears, and begin to see

bears as members of forest patches. These patches are distinguishable fi-om unsuitable

habitat using broad scale variables that reflect gross differences in habitat conditions, such

as land cover or elevation. Successful extrapolation of a fine scale model to a broad scale

study area depends on the ability of the researcher to identify variables measurable at both

scales. These variables serve as a kind of 'bridge' between the two modeling efforts,

providing a scientific basis for habitat variable selection at a broad scale.

As part of the Southern Appalachian Assessment, Jim Wentworth of the U.S.

Forest Service and I have developed a potentially-suitable-habitat model for black bear.

This model is not statistical, but is based on empirical data published in the bear research

literature, using forest cover, patch size, proximity to major highways, and road density to

identify potentially suitable habitat. Such a broad habitat evaluation provides general

information on where black bears are likely to thrive; more importantly, it helps to

identify areas that are almost certainly unsuitable. This type of general habitat evaluation

is the basis for land management ioitiatives by the Forest Service and other agencies; it is

inqjortant to evaluate the vaUdity of the model outputs, particularly since it is a part of the

SAA database, which is available to the pubhc and to management agencies.

13



F.T. van Manen and M.R. Pelton have developed a statistical biometric black bear

habitat use model for the Cherokee National Forest (CNF) in Tennessee. Their model is

based on numerous variables representing habitat conditions in terms of food supply,

isolation from human-altered land cover, elevation, and other variables important to bear

survival (van Manen and Pelton in press). Parameters for these model variables were

developed from a statistical analysis of five years of radio telemetry data collected by the

University of Tennessee Wildlife and Fisheries department. These telemetry data

represent actual bear habitat use patterns, and help in determining environmental

characteristics of suitable habitat areas.

This thesis focuses on developing regional scale biometric models by extrapolating

appropriate attributes of van Manen and Pelton's model from the Telhco Ranger district,

CNF, to the entire SAA area. The purpose of the project is two-fold: 1) To evaluate

the southeastern United States highland areas and reveal landscape-level habitat patterns

through the use of regional models. This study represents the first application of a

biometric model to the entire SAA region, and significant patterns may be revealed that

have imphcations for metapopulation management. 2) To assess the accuracy of

Wentworth and Tankersley's SAA model, which is typical of the types of models the

Forest Service uses in implementing management plans over large areas. All areas

identified in the regional model should be contained within the broad areas defined in the

SAA model.

The ultimate goal is to determine the feasibility of regional scale habitat suitability

assessments based on existing GIS datasets. This approach is important because it avoids

14



the often prohibitive expense of ground-based habitat assessments that cannot be

atten^ted over such broad spatial scales. Furthermore, the ability to assess habitat areas

using existing data will allow more fi-equent and rehable assessments, resulting in a

constant monitoring and updating of conservation plans.
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Chapter n

Background

Habitat Studies

Within the framework of scientific conservation biology, habitat studies are key

tools for the evaluation and conservation of species in a given environment. The scientific

study of habitat conditions began in the 1930's as scientists such as H.L. Stoddard (1931)

and Aldo Leopold (1933) sought to expand wildlife populations by manipulating habitat

conditions. Wildlife was viewed as a crop which needed management to insure the

continued abundance of game species. Wildlife managers such as Leopold realized that

"science had accumulated more knowledge of how to distinguish one species from another

than of the habits, requirements, and interrelationships of hving populations" (1933).

Leopold was calling for the systematic study of wildlife-habitat relationships, so that

management could begin to focus on natural components that contributed most to the

abundance of species.

Habitat studies in the latter half of the twentieth century have begim to

encompasses non-game species threatened by human population expansion. Legislation

such as the Wilderness Act (1964), the National Environmental Policy Act (1969) and the

Endangered Species Conservation Act (1973) necessitate the evaluation of habitat areas in

a systematic manner that can be repeated (Grumbine 1992). Scientific habitat evaluations

must attempt to identify a few measurable variables that reflect habitat suitability. Those

16



variables must be measurable at other locations across the earth's surface to reveal

regional, continental, and ultimately global patterns in wildlife habitat conditions.

The definition of habitat has changed in recent years, and continues to be refined

due to new concepts in ecology and wildlife biology. In its siroplest sense, habitat

represents the area of the earth where an organism lives (Weaver and Clements 1938).

This definition allows the researcher to identify the physical characteristics that define

suitable habitat for the organism of interest. Such a wide open view of a species' habitat

does not aid in identifying critical con^onents of the natural environment, because the

habitat variables measured may have little to do with the life history requirements of an

organism

Dividing habitat into biotic and abiotic components helps to separate

environmental systems (e.g. geomorphic and climatological processes) fî om biological

interactions between species (D. Buehler, Univ. of Tenn., pers. commun.). Habitat

studies must focus on all aspects of the environment, both physical and biological, while

considering how each of these factors affects the life history requirements of the organism.

A functional definition for a species' habitat is "an area with the combination of resources

and environmental conditions that promotes occupancy by individuals of a given species

(or population) and allows those individuals to survive and reproduce" (Morrison et al.

1992). From this viewpoint, habitat components are those physical or biological qualities

that not only identify a habitat area, but also functionally determine suitable habitat areas

by defining the physical and biological constraints acting on the species of interest. Some

researchers further define habitat as being either "primary" or "secondary," depending on

17



its importance in the life history of the species (Harris 1984). While this refinement may

help to rank habitat areas in order of inqjortance, it does Httle to inq>rove the fimctionahty

of Morrison's definition as a basis for habitat studies.

Using the above definition of habitat, it is possible to identify the geographic range

an organism occupies within its ecological community. The concept of the ecological

niche is a useful tool for organizing information about measurable components of an

organism's habitat. Hutchinson's (1957) definition of an n-dimensional hypervolume

combined several existing concepts of the ecological niche, representing niche as the

intersection of n independent variables that defines the geographic location of the highest

population density for a given species. Van Home (1983) correctly noted that an

individual species' abundance does not necessarily indicate optimum or even suitable

habitat conditions; bearing this in mind, however, the niche concept is still useful in

identifying combinations of ecological parameters that define a species' habitat. Potential

habitat should be considered in the broader context of population demographics and

longer time scales, which may help to further define what may be considered optimum

habitat and identify those environmental variables that most constrain the species..

Modeling Wildlife Habitat

Once the physical and biological factors affecting a species' distribution and

abundance at a particular location are identified, it is possible to develop predictive models

that quantify habitat conditions at other locations. A habitat model is a descriptive or
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mathematical representation of the relationship between a wildlife population and its

habitat. Models faU into two broad categories: empirical models, which are based on

field collected data about species occurrences and habitat conditions; and theoretical

models, which may be more fully mathematical in nature, representing habitat relationships

in an abstract manner (Morrison et al. 1992). Empirical models reveal more about actual

wildlife-habitat relationships, and are more useful in management. The models developed

in this study are empirical; the SAA model is based on the experience of field experts, and

the adapted van Manen model is based on radio telemetry data that reveals actual ground

locations of bears. Empirical models are based on the assumption that the researcher is

measuring variables that are actually determining habitat selection, or that represent

proxies for other variables perceived by the organism It is in^ossible to truly measure

how another species views the environment; instead, we must rely on carefully structured

studies that associate a species' occurrence with quantifiable variables.

The key to developing a successful habitat model hes in the accurate abstraction

and aggregation of the system being studied (Bunnel and Tait 1981). Since model

development always involves a simplification of the system under study, the elements

chosen to represent the complexities of the wildlife-habitat relationship should reveal as

much as possible, while remaining manageable fi"om a sampling perspective. To achieve

this, models must evolve fi"om a thorough understanding of the system or phenomena

being represented; the "concepts guide the researcher when he is looking for facts; they

provide the matrix in which facts are embedded" (Margenau, fi-om Bunnel 1973).

Modeling in this context becomes a method of examining the facts and focusing the
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researcher's attention on established relationships within a structured framework,

identifying physical properties or geographic regions that are critical to the species being

studied.

Considering that many habitat studies are based on a multidimensional evaluation

of the ecological niche, multivariate statistical techniques are usefiil in analyzing habitat

conditions. Common methods for habitat modeling are principal components analysis,

canonical correlation analysis, multiple linear regression, discriniinate analysis, and logistic

regression (Morrison and O'Neil 1992). These techniques are all capable of weighting

habitat parameters to reflect the importance of various habitat components. Multivariate

techniques have the added advantage of revealing correlations between variables, which

may reveal habitat relationships that were not considered in the model development.

Past habitat modeling efforts have been largely based on techniques developed by

federal management agencies such as the U.S. Fish and Wildlife Service (USFWS) and the

U.S. Forest Service (USFS). The USFWS Habitat Evaluation Procedures (HEP) are

used extensively to evaluate the effects of land management alternatives on habitat quality

and distribution (Flood et al. 1977). Using a selected group of species that rely on

different habitat types and successional stages, HEP models identify the amount and

quahty of remaining habitat under several different management plans. The USFS Habitat

Suitability Index (HSI) models are widely used by federal agencies and research scientists

(Schamberger and O'Neil 1982). These models indicate habitat suitabihty as the

geometric mean of several habitat components, each corresponding to a life history stage

of the species; the resulting index ranges from 0-1, representing habitat quahty as a
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function of species presence, abundance, or distribution (Morrison et al. 1992). HSI

models have been developed for a variety of species, including black bear (Rogers and

Allen 1987); many of these have been tested by the USFS.

Nearly all habitat modeling and evaluation research has focused on fine scale

patterns of habitat use and selection; these studies provide invaluable data on the actual

habitat use characteristics of black bear throughout the world, and particularly in eastern

North America. While these studies are essential to understanding the complex

interactions between bears and their environment, few studies have apphed this

information to a regional study area. This thesis is the next step in determining the

continental biogeographic distribution of bears in North America; by building on past

research efforts at the local scale, it is possible to identify patterns in environmental

variables that define the bio geography of bears in a forested ecosystem Although

applying an extrapolated fine scale model to a regional GIS database represents a new

methodology in bear research, this procedure is firmly based on past research efforts that

have identified habitat needs for bears in the southern Appalachians.

Geographic Information Systems and Habitat Modeling

Geographic Information Systems (GIS) present an excellent platform for the

development and appHcation of habitat models. Inherent in the definition of GIS is the

abihty to automatically or manually update a spatial database, and to combine existing data

layers into new geographic data (Fisher and Lindenberg 1989). This flexibility means that
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habitat models may be modified and re-evaluated relatively quickly as new data become

available. GIS also facilitates the recursive modeling, since many alternatives can be

examined in a short time using the same dataset. Bearing in mind that reality consists of

mostly unmeasured operational factors, GIS models can bring us much farther in habitat

studies than can qualitative philosophies about habitat relationships (Zonneveld 1990).

Habitat measures identified through an iterative model development and selection process

may more accurately represent habitat conditions over a broad spatial range; they will

certainly identify the best sub-group of model variables perceivable to humans. This

iterative process would be difficult using purely qualitative techniques, because the

importance of individual variables would be unclear.

There are generally two approaches to representing habitat data in a GIS format:

vector topology, which represents features using arcs and polygons; and raster data,

which represents habitat factors using grid cells. In both methods, the spatial information

is represented using homogeneous units, and combinations of units convey the spatial

distribution of data across the landscape (Aronoff 1993). In the vector data model,

homogeneous umts are represented using points, lines and polygons which are

topologically related to one another; that is, each feature encodes its spatial relation to

every other feature. In the raster approach, the cells are the homogeneous features, and

carry spatial data implicitly by their placement within the raster grid. Given that the

spatial variability of habitat conditions is the desired information in habitat modeling, the

raster approach is generally more apphcable; habitat conditions can be represented as a

continuous cover variable, rather than as discrete polygons or lines (Aronoff 1993).
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While linear features such as roads may be somewhat distorted in shape, the ability to

evaluate habitat as a surface map more than compensates for the slight errors in linear

feature placement. I used raster data for the models presented in this thesis.

GIS techniques are especially useful for black bear habitat evaluations, since many

of the broad scale habitat factors (roads, forest cover, elevation, human disturbance) are

available in most land management GIS databases (Clark and van Manen 1993). Black

bears are also habitat generalists and use habitat components at a coarse geographic scale;

this means that fewer variables and lower resolution may be adequate to evaluate habitat

conditions, compared to habitat specialists which may require highly detailed datasets

(Donovan et al. 1987). Several recent bear habitat studies have incorporated GIS

techniques for the analysis of habitat variables. Grizzly bear sightings (Agee et al. 1989)

and habitat use (Gaines et al. 1994) in the northern Cascades range were evaluated in a

GIS using habitat factors such as vegetation cover and human disturbance. Williamson

and Whelan (1983) developed a computer-based habitat map of Shenandoah National

Park; although this was not a true GIS application, it represents an early attempt to

organize habitat data within a computer mapping format. Clark et al. (1993) developed a

multivariate biometric habitat model for the Arkansas highlands; bear telemetry data were

regressed against broad scale habitat variables. Van Manen (1995) also used a telemetry

correlation approach in the Great Smoky Mountains National Park, and subsequently in

the Cherokee National Forest (van Manen and Pelton, in press); the Cherokee model is

the basis for the research presented in this thesis. This thesis represents one of the first

efforts to expand bear habitat evaluations from a local to a regional level; earlier models
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based on localized conditions provide the theoretical foundation for broader scale

modeling research.

Landscape Ecology

Landscape ecology is the study of the relationships between ecological patches

across a region, identifying patterns that define the landscape as an ecosystem rather than

snnply an aggregation of smaller systems (Zonneveld 1990). Observing many small

adjacent systems across a landscape, the patterns may at first appear to be simple

combinations of ecosystems, defining a regional ecosystem that is nothing more than the

sum of its parts. Landscape ecologists beheve that regional ecosystems have qualities that

define them as unique systems, with measurable variables that affect ecosystem processes

across the landscape and within embedded ecosystems. Identifying these variables reveals

larger processes that determine the distributions of plants and animals at continental and

global scales.

A key component of landscape ecology is evaluation of the spatial distribution of

plants, animals, and abiotic ecosystem con:q)onents; this evaluation can also be called

biogeography, or geoecology (Troll 1950 cited in Zonneveld 1990). There are essentially

three dimensions of landscape ecology: topological, enqjhasizing ecological relationships

between biological entities within a landscape patch regardless of the scale of the

evaluation; chorological, emphasizing the distribution of patches and their connectivity

through corridor areas; and geo spheric, the study of relationships at continental and

24



global scales (Neef 1967 cited in Zonneveld 1990). This thesis incorporates both the

topological and the chorological components; regional patterns of habitat areas are

evaluated while keeping the ecological relationships between habitat variables in focus.

Therefore patches are seen as relatively homogeneous units, but the ecological make-up

of individual patches is considered.

Metapopulation studies and theories are based on the landscape ecology principles

of cormectivity, dispersion, and patch dynamics. A group of populations distributed over

several habitat patches is called a metapopulation only if there is interchange among the

populations (Opdam 1991). Wide-ranging species such as black bear are likely to be

organized in a metapopulation due to their abihty to cross imsuitable habitat areas and

their need for large home ranges. The interconnectedness of several small populations

provides a regional stability to the population, even when local populations experience

wide fluctuations due to locally unstable conditions (Johnson et al. 1992). While a stable

— in fact growing — population of black bear exists in Great Smoky Mountains National

Park, the stability of that population may rely on the regional patterns of genetic transfer,

extinction, and recolonization typical of a metapopulation species. The first step in

evaluating the metapopulation dynamics of black bear in the SAA region is to identify the

spatial arrangement of bear habitat areas across the landscape. That is the purpose of this

thesis.

Landscape ecology also focuses on selecting an appropriate scale for various

ecological evaluations. Many of the conqionents described above — dispersion, the

interconnectedness of patches, and metapopulation dynamics — must necessarily be
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studied at large spatiotenqjoral scales (Noss and Harris 1986). It is difficult, if not

impossible, to gather reliable data about black bear occurrences over an area as large as

the SAA region. Furthermore, much of the land is privately owned, which may preclude

habitat studies in many locations. An extrapolation approach to regional habitat studies

— developing broad scale models using information gathered from fine scale efforts —

deals >vith these issues. Extrapolation methods have been used to study gray wolf habitat

in the Great Lakes Region (Mladenoff et al. 1995) and grizzly habitat in the northwest

(Agee et al. 1989).

Researchers generally agree that there is no one appropriate scale for all ecological

analyses (Meentemeyer 1989; Allen et al. 1987; Hamel et al. 1986). When moving from

one scale to another some general guiding principles can be fmmd in hierarchy theory.

The most obvious effect of changing scale from a local to a regional extent is the loss of

detailed habitat information (Wiens 1989). For example, fine scale habitat variables that

drive actual resource procurement within a habitat patch are unlikely to be measurable

over large areas. Fine scale studies examine an ecological plane, or level of organization,

where biotic factors (such as the location of individual feeding sites) are highly important

in determining habitat suitability. As the extent of the study area increases, these fine

scale biotic variations become less important. The resulting loss of detail refocuses the

study onto a different scale of ecological organization: the study has moved from within a

forest patch, where individual food items and the distribution of plant species dictate

resource use, to a regional view which sees the species as one con:q)onent of a forested

habitat patch.
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As one continues to move upward through broader ecological planes of

organization, the overall constraints on the system become more apparent, imtil finally at a

regional scale habitat conditions may be determined by one or two broad environmental

variables. These various planes of organization are hierarchical in nature, with processes

in one plane affecting processes in both higher and lower planes (Allen et al. 1987). A

regional view is necessary for metapopulation studies, since viewing habitat areas

internally reveals little about nearby patches that may be suitable for dispersal (Allen et al.

1987). The stability of a metapopulation depends more on the organization of suitable

habitat patches across the landscape than on subtle differences within individual habitat

patches.

There are two approaches to developing a regional view: aggregation of smaller

systems into larger systems, or identification of larger systems which actually control the

fine scale distributions (Meentemeyer 1984). My research takes the aggregation

approach — I have changed the extent of the study area while maintaining the grain size

(the actual examination units) of van Manen's fine scale model. This higher ecological

level is simply an aggregation of local habitat conditions into large scale habitat patterns,

and is not built upon larger systems that may be driving habitat selection. However, an

examination of the distribution patterns identified in this study may reveal larger systems

— like the effect of topography on forest area distribution — that are determining habitat

patterns across the region. If this is true it may be possible to examine even larger areas,

with a change in both grain size and extent, and quantify habitat distribution with

reasonable accuracy.
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Black Bear Biology and Habitat Requirements

Black bear habitat requirements have been thoroughly studied in the Southeast,

particularly by students at the University of Tennessee under M.R. Pelton (for examples,

see Garshelis 1978, Quigley 1982, Brody 1984, Clevenger 1986, Coley 1995). This

volume of research stems largely from the direction provided by the Southern Appalachian

Black Bear Study Group. Bear habitat studies have identified several variables that

contribute to bear habitat quality, including physical (elevation, topography), biological

(vegetation, community structure) and cultural (roads, urban areas, and canpsites)

con5)onents of the landscape (van Manen 1995). Combinations of these variables define

bear habitats in forested areas; more in^ortantly, they are variables that can be identified

and measured by humans.

Bears are habitat generalists that rely on several different food sources in the

Southeast; this flexibihty in food sources allows bears to inhabit many different habitat

types. Their diet is predominantly berries and nuts, with blackberries, blueberries and

other soft-mast species providing food for the spring and summer seasons (Pelton 1982).

Oak acoms provide the high energy needed to prepare bears for denning; dming faU

months, it is not rmcoimnon for bears to gain 0.5-1 kilograms (1 to 2 pounds) of fat per

day in preparation for winter (Pelton 1982). All of these food sources are most easily

found in continuous forest cover with relatively dense understory vegetation.

After food availability, human disturbance probably places the greatest restriction

on bear habitats. Bears typically occupy remote areas characterized by rough terrain,

which gives them protection from human disturbance and over—harvest; however, bears
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can exist in close proximity to humans if ample escape cover is present (Pelton 1982).

Forest fragmentation is the most damaging effect of human land development; forested

habitats become reduced in size and isolated from each other. Roads pose a special

problem to bears, both through direct mortahty of bears attempting to cross in^roved

roads, and through increased human access to remote habitat areas along unimproved

roads (Beringer et al. 1990). Interstate highways have been shown to be substantial

barriers to bear movements, and can isolate populations that are geographically close but

that cannot connect across the highway corridor (Wooding and Maddrey 1994).

Roads pose a complex research problem, since not all roads degrade bear habitat

areas; unin^roved roads with httle human traffic, such as gated forest service roads, may

actually facihtate bear movements (Pelton 1982). In a region as large as the SAA study

area, similar roads may affect habitat quahty in different ways. Roads that cut through

otherwise remote forest areas may affect suitabifity more than those that run along the

edge of a forest patch. Other factors, such as local hunting regulations, may also play a

role. The effects of roads on black bear habitat quafity continue to be studied, and it is

possible that no clear relationship will emerge that is apphcable to a region as large as the

SAA. From a regional viewpoint, roads represent areas with relatively higher human

occupation than areas without roads, effectively serving as a proxy for human use areas

that are unsuitable bear habitat.

Black bears and other members of the genus Ursus have some of the lowest

reproductive rates among terrestrial vertebrates (Bunnell and Tait 1981). They are a

classic A-selected species, exhibiting slow reproductive maturity, prolonged reproductive
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cycle, and small litter sizes (Eiler et al. 1989). These reproductive traits make suitable

den selection imperative, since cubs are bom during denning season and their survival is

dependent on the mother's abihty to maintain homeothermy and conserve energy (Johnson

and Pelton 1981). The most common den sites are in depressions imder fallen trees,

boulders, and tree roots, and within standing tree cavities. In the Southeast dens must be

relatively enclosed to keep out winter rains; rain can flood bear dens, and wet conditions

make it more difficult to retain body heat and conserve energy (Clark and Pelton 1996).

As habitat areas continue to decline in both number and quahty, den sites may become a

limiting factor in bear population sizes, since the reproductive capability of the species is

dependent on suitable dens. Currently den sites are plentiful in the southem

Appalachians, and are not regarded as a limiting factor in determining habitat suitability.
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Chapter HI

Study Area

The Southern Appalachian Assessment (SAA) study area covers 15,150,000

hectares (37,400,000 acres, 57,426 square miles) in the southeastern United States. It

encompasses 135 counties in portions of seven states (Figure 4), stretching from northern

Virginia to northern Alabama. Government leaders in the early twentieth century

recognized the Appalachians as a valuable national resource, and worked to preserve the

biological and historical heritage of the region. Their work resulted in the establishment

of seven National Forests and three National Parks in the southern Appalachians, forming

the largest contiguous block of pubhc lands east of the Mississippi (SAA summary report).

Management decisions by a few federal agencies determine land management practices for

many ecosystems, providing a unique opportunity for biological conservation. Climatic

variations, topographic features, and human land use history combine to create a complex

landscape of cover types and species' distributions. Patterns of disturbance and forest

regeneration continue to change across the region, affecting the distribution of species

requiring forested habitat.

The southern Appalachian ecosystem is one of the most diverse in the world, due

largely to its humid-subtropical climate that provides a long growing season, year round

precipitation, and mild winters. Situated near the continental edge of North America, the

Appalachians experience weather patterns strongly influenced by the presence of the warm

Gulf of Mexico to the south, the Azores High to the east, and the effect of the Rocky
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Figure 4: Southern Appalachian Assessment Smdy Area
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mountams, to the west, on the jet stream The southern Appalachians receive abundant

precipitation; most variations in soil moisture are caused by landform properties such as

aspect and topographic position. Climatic conditions vary north to south with changes in

latitude, due to differences in the intensity of solar radiation and the position of the polar

front. Alabama has milder winters and warmer summers than the northern sections of the

study area. This latitudinal gradient produces variations in climatic conditions that affect

the distribution of plant and animal species across the landscape. Black bears are able to

adapt to nearly all habitat conditions across the region; the diversity of plant and animal

communities, including both hard and soft mast species, insures that an abundant food

supply is available nearly year round.

The latitudinal climatic gradient is magnified by topographic differences in the

region. Rising suddenly from the Piedmont province, the Blue Ridge mountains dominate

the eastern portion of the study area, with elevations ranging from 610-1,800 meters

(2,000-6,000 feet). Variations in climatic and physical conditions support a diverse biota,

with many species occupying the edge of their natural range. Subtle differences in

environmental gradients (such as soil moisture, temperature, and topographic position)

allow many different species to co-exist in close proximity. Shenandoah and Great

Smoky Mountains (GRSM) National Parks he in the Blue Ridge proviuce; GRSM is part

of a recognized Biosphere Reserve within Unesco's Man and the Biosphere Program,

emphasizing the importance of the Blue Ridge province in the southern Appalachians

(Tangley 1988). The con^ilex patterns of environmental conditions along the Blue Ridge
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help to make the southern Appalachians one of the most diverse regions of the United

States.

To the west of the Blue Ridge lies the Ridge and Valley province. A majority of

the SAA area's six milhon people Uve in these lowland valley areas (Hermann 1996).

Croplands and pastures are the dominant land cover types in the great valley. Although

some forested areas remain, they are highly fragmented by roads and human altered land-

cover types. While some wildlife species have adapted to this human-dominated

environment, most species have been forced into the more mountainous regions to the east

and west; the valley effectively separates these two regions. Human landscape features

like interstate highways are sometimes crossed by highly mobile species, but it is unlikely

that any significant migration takes place across the valley. It is unknown if this isolation

is sufficient to cause biological speciation (the formation of two new species from a single

species due to genetic drift that causes subtle biological differences, preventing them from

interbreeding) in an adaptable and mobile species such as the black bear. It certainly

affects the transfer of genetic material within the regional population (Wilson 1992).

Con^lex interactions between wildlife populations across the landscape are not fully

understood, and more studies are needed concerning the effects of human-altered

landscapes on species movements. While bears do cross the ridge and valley province,

the valley is considered a significant barrier to black bear movements in the SAA region,

and contributes to the metapopulation configuration of the black bear population.

To the west of the Ridge and Valley province hes the Cumberland plateau,

characterized by the sudden rise of mountains and ridges from the valley floor. The
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topography of the plateau is generally more rugged than the great valley, but less

mountainous than the Blue Ridge province; consequently the plateau has more human

development than the Blue Ridge, but retains many large areas of contiguous forest cover.

More mesic forest conditions dominate, and temperature and rainfall patterns are relatively

consistent across the plateau region. This section of the study area enhances the diversity

of the region by retaining many species that are unable to survive without contiguous

forest cover. The plateau is less rugged than the Blue Ridge, allowing easier access to

humans and consequently greater alteration of ecological conditions; historically there has

been significant coal mining and logging pressure, preventing the development of the

conq)lex ecosystems found in the Blue Ridge.

While forest cover on the plateau is more fragmented than forests in the Blue

Ridge, black bear and other habitat generalists may find abundant and unoccupied suitable

habitat by occupying small habitat areas that he near larger areas of contiguous forest.

This hypothesis is being tested by a repatriation of black bears into Big South Fork

National Recreation Area, which hes in the Cumberland plateau province on the

Tennessee and Kentucky border (van Manen 1991). Big South Fork is a large area

located near the Daniel Boone National Forest in Kentucky that may be able to support a

bear population. A bear population located in Big South Fork could expand into the

Daniel Boone NF; the juxtaposition of these two forested regions should allow bear

populations to expand and contract in response to population fluctuations caused by

changing habitat conditions. Although most of the plateau is privately owned, making

habitat management programs developed by pubhc agencies difficult to carry out, the
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discovery of suitable habitat areas may warrant further evaluation. The lack of pubhc

ownership in the plateau section of the study area means that future management

initiatives there must involve private landowners.

Human land use history has shaped the S AA region, and may have been the most

inportant factor in deternhning the present distribution of forest cover shown in Figure 5,

as well as the locations of stable populations for wide-ranging species like black bear. In

the two hundred years prior to 1930, most of the virgin forest cover in the southern

Appalachians was cleared by settlers for homesteads, heating, and to provide land for

agriculture (Van Doren 1955). Old growth forests of chestnut, beech, oak, and hickory

were cleared, removing an important food source for bears in the region (Clark and Pelton

1996). The most extensive logging and habitat destruction occurred from 1900-1930,

when forests were cut for railroad construction, mmmg timbers, and charcoal. Early

successional stages associated with forest clearings were probably beneficial initially, with

shade-intolerant species like blackberry (Rubus spp.) providing an abundant food source.

Benefits for wildlife species were short hved, as continued clearing relegated forested

habitats to a fraction of the southern Appalachians.

Clearing the forests had the destructive and longer lasting effect of allowing human

settlers to occupy areas of prime wildlife habitat, converting much of the land to

agricultimal fields unsuitable for most species. Acconpanying this land alteration was a

period of unchecked wildlife exploitation; species such as wolves (Canis rufus) and

panthers (Felis concolor) were h\mted to regional extinction, and black bears were forced

to occupy rugged upland forests (Connelly 1968). Since these areas are relatively less
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productive than lowland ecosystems, bears often returned to the valley to feed on crops

and livestock (Clark and Pelton 1996). Farmers responded by using all available mpans to

ehminate bears from the Southeast, rewarding hunters with bounties iu most of the

southern Appalachian states. Humans indirectly influenced forest conditions by

introducing a bhght to the American Chestnut in the early 1900's; this species dominated

the southern Appalachian forests, and provided a stable food supply for bear and other

species (Clark and Pelton 1996). The bhght spread quickly through the region, aided by

the expansion of the human population. Chestnuts were soon eliminated fi"om all forested

areas, and bears were forced to rely on inconsistent acom crops; bear demographics today

are affected by wide fluctuations in annual acom production (Pelton 1996).

Land use practices began to change during the 1930's and 1940's. Eroded and

degraded farmlands were abandoned as many families moved to more fertile land in the

west, or were relocated in the development of a pubhc land base. These abandoned

fannlands reverted to forest cover and, as the forests matured, bear populations began to

increase (Clark and Pelton 1996). Perhaps even more important was the expansion of the

National Park Service and the U.S. Forest Service land holdings in the region. Land

purchases were beginning to protect large stands of new and old growth forest;

fi"agmented forest patches began to merge into large forest regions that could support bear

populations. For black bear, the most significant land acquisition was the establishment

of the Great Smoky Mountains National Park. The 212,000-hectare (524,000-acre) park

was relatively undisturbed, and represented a core habitat of old growth hardwoods for

black bears. The trend of reforestation and pubhc land acquisition has continued through
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the latter half of the century, and stable black bear populations are present in both the

northern and southern sections of the S AA area.

Today much of the southern Appalachians has returned to forest cover; in the

S AA region, over 70% of the land cover is in forests (Hermann 1996). While this is

encouraging, over 25% of the land is altered by human land use, with 20% of the land

used for agriculture and 5% developed as urban areas (Hermann 1996). In numerical

terms, 5% seems like a small amount; in reahty, it means that over 750,000 hectares

(1,850,000 acres) is covered by southern Appalachian cities and towns. In addition to

simply destroying forested habitat areas, urban landscapes affect the remaining forest

habitats by placing human-altered landscapes close to forested regions. As the forests

become less isolated from human disturbance, habitat conditions become unsuitable for

many wildlife species, including black bear. In the S AA region, over 80% of all land is

within 4 kilometers (2.5 miles) of human development, and 96% is within 8 kilometers

(Hermann 1996). Land use practices today are reversing the 60-year trend of increasing

forest cover; as the human population in the region continues to grow, forests are again

being cleared, and the remaining forested habitats are being affected by the proximity of

human development.

The distributions of wildlife species in the lowland ecosystems are largely

determined by human disturbance, and human altered habitat conditions are beginning to

spread into the upland regions. Societal preferences are affecting wildlife habitat, as more

individuals seek to leave urban landscapes and estabhsh homes in rural settings. With

these new homes come new roads that fragment habitats and further decrease the isolation
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of forested areas. Roads are virtually everywhere in the southern Appalachians; 99% of

the SAA region is within 4 kilometers of an inproved road. Even more remarkable, only

16% of the region is more than one kilometer away. Although the ecological effects of

roads are not fiilly understood, they allow human access to nearly all sections of the

southern Appalachians, increasing the chances for human development in forested

habitats. Habitat conditions across the entire SAA study area are threatened; even

protected lands like the GRSM are affected by development pressure on their boundaries.

The SAA provides a unique opportunity to examine the distribution of wildlife

habitat in a region historically altered by humans. Studying the cmrent habitat conditions

may identify locations where local management practices, such as closing roads or

preventing the construction of new ones, can have a significant inipact on wildlife species.

The diversity of ecological communities allows us to examine the effects of human

disturbance on many different species, and may give us insight into the future of wildlife

populations in a human-altered global ecosystem Although the southern Appalachians

have been significantly affected by human land-use, the region is relatively healthy in

comparison to the rest of the eastern United States. Examining habitat distributions in the

Southeast may help us to understand how a growing human population can co-exist with

other animal populations, or if co-existance is possible at all.
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Chapter IV

Methods

General

To examine the regional distribution of black bear habitat in the southeastern

United States, I developed regional biometric habitat models based on models initially

developed by F.T. van Manen and M.R. Pelton for the Telhco Ranger District, Cherokee

National Forest, Tennessee. The Telhco models predict male and female bear habitat use

in spring, summer, and fall, as well as overall habitat conditions. The regional models

were apphed to the S AA GIS database in the ARC/INFO GRID raster environment

(Environmental Systems Research Institute, Redlands, Ca.). The development of regional

habitat models in this thesis builds on the more localized study of van Manen and Pelton.

The Telhco Ranger District is predominantly forest covered, and is typical of

suitable upland black bear habitat. There are private holdings within and adjacent to

Telhco that include human development sites and in^iroved roads. This juxtaposition of

forested habitat with human disturbance areas reflects the conditions found throughout the

forested environments of the S AA study area. Extrapolating fine scale models to a

regional extent is a deductive approach to wildhfe habitat studies, wherein known habitat

requirements are evaluated over a large area by examining the spatial distribution of

habitat factors (Stoms et al. 1992). While some variables inqiortant to bear biology

(understory vegetation, forest stand age) cannot easily be measured over a large
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geographic region, other relatively coarse scale variables can serve as proxies for actual

habitat conditions.

Tellico Ranger District Models

The regional biometric models developed in this thesis are based on the biometric

models developed by van Manen and Pelton for the Telhco Ranger District, Cherokee

National Forest. My regional perspective places the earlier work in a broader context,

and demonstrates the abihty to model broad scale patterns using variables which are

inportant at both the local and the landscape scale; therefore a discussion of van Manen

and Pelton's methodology is necessary to clarify my work on developing the regional

models. The Telhco models were based on 3,289 bear locations collected during three

studies from 1978-1983 using radio-telemetry tracking of captured and collared bears

(van Manen and Pelton, in press). Bear locations were estimated using the "loudest signal

method" (Springer 1979), a triangulation technique that reduces error in locational data.

Telemetry location error was mitigated by calculating error polygons for individual bears,

and rejecting those locations where three or more radio bearings did not fit within a circle

with a radius of 150 meters (van Manen and Pelton, in press). Conpiling the three

studies yielded 5,023 locations of 42 individual bears; of these, 2,231 female locations and

1,070 male locations passed the selection criteria, yielding the sub-group of 3,289

locations. This sub-group was used in the local scale habitat analyses, and later to

evaluate the variables used in the regional-scale models.

42



Van Manen and Pelton developed a GIS database containing 15 habitat variables

associated with bear locations (Appendix A). They performed habitat analyses in a vector

environment using ARC/INFO (Environmental Systems Research Institute, Redlands,

Ca.), with a minimum mapping unit based on Forest Service Continuous Inventory of

Stand Condition (CISC) stand polygons (U.S. For. Serv. 1988). The CISC data contain

information concerning forest condition, stand age, and management history; other data,

such as topography, were added to the database from other sources (see van Manen and

Pelton, in press). Habitat analyses used the 3,289 bear locations and an equal number of

random locations representing habitat areas that were available to bears.

To reveal seasonal variations in habitat use, van Manen and Pelton divided the

telemetry locations into three periods representing distinct changes m the diet and activity

of bears. The seasonal definitions were based on food and activity studies in the southern

Appalachians during the same time period the locations were collected. Although forest

conditions may have changed during the past 16 years, the number of locations insures

that gross habitat changes in one area wiU not dominate the dataset. For the seasonal

analysis, spring was defined as the period from 1 April through 15 June, summer as the

period from 16 June through 15 September, and fall as the period between 16 September

and 15 December (van Manen and Pelton, in press).

Van Manen and Pelton conducted univariate analyses on all variables in the GIS

database using logistic regression (SAS Inst., Inc. 1990, PROC LOGISTIC). Logistic

regression techmques can reveal useful biological data by distinguishing between known

and random bear locations (van Manen and Pelton, in press). Logistic regression
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attenpts to separate random locations from known locations, represented as 0 or 1,

respectively. The resulting equation reflects the ability of a data variable to separate the

two, and may reveal the significance of a model variable in quantifying known bear

locations. As each variable is logisticaUy regressed against the locational data, it becomes

clear which parameters consistently reflect black bear habitat use, and which variables are

unable to distinguish between actual and random bear locations. Not only does this

reduce the number of variables selected, it also insures that the model parameters selected

are the most useful for evaluating habitat conditions. Variables whose univariate tests

had P-values <0.25 were considered candidates for multivariate habitat use analysis. For

females, the authors included all variables except understory vegetation richness; for

males, they used all variables except slope, stand age, and stand age richness.

After evaluating each variable individually, van Manen and Pelton used a model

selection procedure to determine the best subset of variables for explaining the variations

in the locational data. The selected models were those whose variable combinations

consistently minimized the difference between computed and actual probability values of

bear habitat use. Several iudividual variables exhibited no significant differences among

their variable classes in ̂  goodness of fit tests, and classes for these variables were

pooled before being submitted to the model selection procedure. For overstory

vegetation type, van Manen and Pelton combiued bottomland, mixed mesophytic, and

northern hardwoods into one class; white pine/hemlock/hardwood and white

pine/hemlock were combined into another. For females, the authors combined the slope

aspect classes northeast, southeast, and northwest; for males, southwestern, southeastern,
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and northeastern were pooled. The con^juterized model selection procedure allowed the

authors to evaluate literally thousands of model combinations, insuring that the best fitting

combination was selected.

The Akaike's Information Criterion (AIC) was used to select the variable subset

that best described bear habitat use (Akaike 1973). AIC is an information based method

for identifying an optimal statistical model; the procedure helps to select the model that

provides the best explanation for variances in the data, while penalizing models that have

excessive parameters and violate the principle of parsimony. The AIC value was

calculated for each model combination using the PROC LOGISTIC procedure of the

Statistical Analysis System (SAS Institute, Inc., 1990); values were calculated for 12,951

female models and 4,095 male models. Van Manen and Pelton used the same variable set

in each season and in their overall evaluation, assuming that seasonal variations are better

reflected by changing parameter values than by several models with different variables.

The results of van Manen and Pelton's logistic regression analysis of the variables can be

fmmd in Appendix A (Tables A2 and A3); the models they developed provide the most

accurate representation of bear habitat use in TeUico Ranger District.

Using parameter estimates from the best fitting models, van Manen and Pelton

calculated the relative probability of bear habitat use in a given area based on the habitat

characteristics of that location, using equation 4.1 (Hosmer and Lemeshow 1989):

P = (4.1)1 + ^ ^
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where g(x) is the logit transformation (Equation 4.2), consisting of the sum of parameter

estimates for nominal variables and the parameter estimates for continuous variables times their

observed values (van Manen and Pelton, in press).

g(x)= A) + PxXu + . . . (4.2)

The parameter estimates are given either a positive or negative value, indicating whether a

location variable was used more or less than ejq)ected based on the selected variable; the value

of the parameter indicates the magnitude of the relationdi^. If the resulting probability

(Equation 4.1) value is near 1.0, the probability of use is greater than e^qpected; if it is near 0,

the probability of use is less than expected. A value of 0.5 indicates that the specified habitat

type is used in proportion to its availability. When this model is applied to the entire Tellico

Ranger District, it reveals probability of use patterns that may separate high quality habitat fiom

less suitable areas. Since it is unknown whether the locations actually support a bear

population, the values do not represent actual bear habitat use, but rather a relative ranking of

habitat conditions based on the model parameters. The probability of use seems to be a

reasonable estimate of habitat suitability.

It is inportant to note that the probability values are relative to the sanple area, and

represent conpaiisons with random locations in a highly suitable forested environment (Tellico

Ranger District) during a defined time period. Therefore areas identified as having optimal

habitat conditions by the regional model will be those locations most like high-use areas in

TeUico; the variable set and parameter values were derived from statistical analysis using bear

locational data there, and reveal habitat preferences of bears living on national forest lands. If

a different model developiment area was chosen, a different model would emerge; it is
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assumed, however, that mountainous habitats for black bear are similar enough that habitat

quality can be assessed over a broad scale using measurements taken at a local scale.

Therefore a model developed in another forested mountain habitat should generally identify the

same variable subset, while a model developed in coastal regions of the Southeast may identify

variables not even considered in montaine habitats. The CNF is recognized as an optimum

habitat area for bear in the southem Appalachians, and it is reasonable to classify habitat

conditions in other forested areas by their similarity to conditions there. Locations with a

high relative probabihty for habitat use at the regional scale should be interpreted as

optimum habitat, which the regional biometric model is able to distinguish from locations

with moderate habitat quahty based on the model variables. Other areas certainly contain

suitable habitat, but the environmental conditions defining suitability at those locations are

different from the conditions in the CNF.

Development of Regional Scale Models

To develop regional scale models of the entire SAA region, I began with the variable

set defined by van Manen and Pelton and selected variables that were measurable over large

areas, hi order to evaluate habitat conditions for the entire SAA area, it was necessary to

remove highly localized variables that could not be measured at the regional scale, and that

were not available in the SAA database. For males, understory vegetation type was removed

from the fine scale model The remaining variables were then evaluated using AIC, and the

best new models were selected for each of the seasonal variations and for year-round
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conditions. Since it was inportant to use the best combination of the selected landscape scale

variables, land-form index was also removed; when this index was included without

understory vegetation type, the AIC score revealed that the model was less accurate than a

separate model with both variables removed. For females, stand age richness was eliminatpH

from the fine scale model Using the resulting variable subset, I evaluated the regional models

using the AIC goodness of fit statistic to determine whether the regional scale model was

capable of determinmg habitat use at the local scale. It was inqwrtant to evaluate the fit of the

model to the Tellico data to insure that the habitat conditions determined at the regional scale

did in fact reflect habitat conditions and use patterns in the model development area. While

these regional models may not provide the best fit at the local scale, they do represent the best

estimate of habitat conditions at a regional scale, based on the available black bear habitat use

data.

In order to apply the regional biometnc models the SAA area, habitat variables were

evaluated in the ARC INFO GRID raster GIS (Environmental Systems Research Institute,

Redlands, Ca.), using the recently conpleted SAA database (Hermann 1996). A raster

environment allows the user to calculate habitat use probability values for each TrnnimnTn

mapping unit area (here 90 by 90 meter pixels), revealing complex patterns that may have a

significant intact on habitat suitability. The variables are represented by separate data layers,

or "coverages," organized as numerical grids; each 90 by 90 meter grid cell corresponds to a

location on the earth's surface, and locations in separate coverages match exactly. The logistic

parametCT value, calculated for each variable using AIC and based on Tellico bear locations, is

mult^lied by the actual variable value; the results are summed and stored in a new coverage
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representing g(x) in the logit transformation equation (Equation 4.2). Habitat use probability

is then calculated for each cell using Equation 4.1; this process is repeated for males and

females in each season, each represented by a new coverage. The final product is a set of eight

habitat suitability maps, based on habitat use probabilities, reflecting relative habitat use at a

regional scale for male and female bears in all seasons.

After determining a variable subset and variable parameter values for use in the regional

models, it was necessary to manipulate many of the data sources to prepare them for use in the

models. Most of the variables in both the male and female models were derived from other

datasets using specialized commands in GRID; only overstory vegetation type had existed as a

conpleted inpit coverage before work on this thesis began. Each of the proximity values

(proximity to streams, roads, and human activity sites) was calculated with the

EUCDISTANCE function in GRID. I rasterized the linear features, converting stream and

road locational data from a vector data source into a raster data layer. These rasterized linpar

coverages, as well as the urban land cover class from the landcover data, were used as inpntg in

the Euclidean distance calculations; the result is a set of grids in which every cell has a value

representing the distance to the nearest road, stream, or human activity site. The respective

parameter estimates were then applied to these distances to create input grids for the g(x)

equation (Equation 4.2).

Aspect was calculated with the ASPECT function of GRID usmg a digital elevation

model (DEM) as the irqiut data layer. Elevation is represented in a DEM (here a 3-arc second

DEM) by interpolated values on a coordinate grid cell; these values are digitized from U.S.

Geological Service 1:250,000 topographic maps (Hermann 1996). For exanple, the DEM
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used for this analysis had a single elevation value at every 3 seconds of latitude by 3 seconds of

longitude grid cell location; these values collectively represent elevation as a continuous

surface. The ASPECT function in GRID sinply evaluates the directional and elevational

change withm the DEM on a cell by cell basis, and determines the cardinal direction that each

cell is facing. Particular aspect values can then be selected and assigned the appropriate

parameter value. Van Manen and Pelton determined that female bear locations exhibited a

signihcant relations!)^ to elevation only if a logistic growth function was applied to the

elevation value (van Manen and Pelton, in press). Elevation for the female models (elevf) was

calculated using equation 4.2;

,  , ^ 1600-e/ev
elevf = elev * (a r\

1600 ^

where elevf is represented by a logistic growth function with 1,600 meters as the TnaYiTmim

elevation. This transformation is used to obtain a linear relationsh^ between elevation anH

female bear locations. Ukewise, distance to inp-oved roads (RO) was squared for use in

logisitic regression analysis for female bears, again to obtain a linear relationshp.

I calculated overstory vegetation richness for the male models a "sliding

window" technique. This technique evaluates several pixels at a time within a "neighborhood"

and returns the number of different pixel values in the analysis window. The entire SAA study

area was processed by sliding the analysis window across the landcover data layer. The GRID

function FOCALVARIETY was used with a window size of 3 by 3 pixels; 9 pixels were

evaluated in each window to determine the number of different cover types present, and this

value was stored in a new data layer. The resulting coverage provides the needed measure of
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overstory vegetation richness, to be combined with the other data layers in the logit

transformation.

After developing all the necessary data layers, I performed the logit transformation

using the GRID ftmction EXP, which calculates the base e exponent for an input grid value.

Input grid coverages for males and females in all seasons contain the g(x) value determined for

each location using the variable data layers. The result is a set of eight coverages with values

ranging from 0-1.0, representing the relative probability of bear habitat use at each cell

location. This probability translates roughly to habitat suitability at the landscape scale; by

ranking habitat locations, the model identifies habitat areas that are relatively better hfibrtat in

conpaiison to other locations. Each cell in the various maps represents the habitat conditions

in a 0.8 hectare area on the earth's surface; these areas collectively create a surface of habitat

suitability that characterizes the landscape in terms of bear habitat conditions. Coverages were

summarized over the entire SAA region, as well as by land ownersh^ class (Figure 6).

Ownerdi^ of individual habitat areas were used to distinguish locations that are already

protected by federal agencies from those that occur on privately owned lands.

Evaluadon of Model Accuracy

Bear location data are not available for the entire SAA region; therefore model accuracy was

assessed mainly through the opinion of eiqierts in the field. Basing the regional model on

variables identified in the fine scale model developed by van Manen and Pelton provides the
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Figure 6: Southern Appalachian Assessment Land Ownership
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main accuracy assurance; the fine scale model is the result of many years of intensive study by

bear ejqperts at the University of Tennessee. The present day distribution of bears in the

Southeast (Figure 3) was also used to evaluate the regional model This distribution map was

based on data collected through questionnaires sent to bear tdologists and researchers across

the region (Pehon and van Manen, in p-ess). Although this is a somewhat qualitative measure

of bear distributions based on the individual biologists' ability to assess black bear habitats, it is

the most accurate distribution map available, and is a tangible representation of expert opinions

across the study area. If most of the high probability areas fall within the known bear range,

the model has performed well High probability locations that do not fall within the known

range are not necessarily errors, howevo"; habitat suitability does not indicate presence or

absence, and these areas may represent unoccupied habitat that is suitable for the

reintroduction of a bear population

To further evaluate the model results, I conducted field examinations at an area of high

use probability that lies outside the known range of bears iu the Southeast. Field examinations

concentrated on consistent model reflection of gross habitat differences that would

certainly affect the suitabihty of habitat for black bear. Since quantitative measurements

of habitat variables in the field were beyond the scope of this thesis, I rehed on quahtative

judgments of gross habitat conditions to assess habitat conditions. I was judging overall

forest condition based on factors such as relative stand age and conq)osition, relative

isolation fi-om roads and human activity areas (assessing sight and sound as well as simple

distance), and overall environmental conditions such as air pollution and forest
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senescence. In addition, I atten^ted to assess human use of the area, such as logging,

that could not be measured using remote data.

Evaluation of the SAA Potential Habitat Model

The SAA black bear potential habitat model was developed for the SAA Plant and

Animal team as a broad evaluation of potential habitat conditions. To assess the accuracy of

this model, I overlaid the extrapolated male and female overall habitat suitability models onto

the SAA model coverage (Figure 7). The SAA model does not reflect seasonal variations in

habitat, so conparisons to seasonal habitat suitability would be inappropriate. As with the

extrapolated regional models, the main accuracy test is sinply a visual evaluation of the

landscape patterns; the broad scale organization of bear habitat areas should be generally

consistent between the SAA model and the regional models. The SAA model is mpiairf to

provide a general overview of habitat conditions; areas identified as highly suitable in the SAA

model should contain locations identified as high probability areas in the Tellico models. Since

land management agencies such as the Forest Service are evaluating habitat conditions using

parameters similar to the SAA model, it is important to assess the model's ability to reflect

habitat suitability; this assessment will he]^ to determine if the model is suitable for use in

future forest management plans.
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Figure 7: Southern Appalachian Assessment Potential Black Bear Habitat.
Shaded regions represent suitable habitat stratified by road density.
White regions inside the study area represent unsuitable habitat.
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Chapter V

Results

General

The regional models developed in this thesis are able to distinguish high quahty

habitats from areas of marginal quahty across the SAA area, as evidenced by a relatively

high correlation with the southeastern distribution map. Furthermore, from what experts

know of black bear habitat areas in the region, the habitat probabihty maps present a

reasonable picture of the black bear habitat landscape. The female and malp overall

habitat use maps (Plates 1 and 2, in pocket) show a regional pattern of upland habitat,

with the highest quahty areas appearing near ridgelines in Tennessee, North Carolina and

Virginia. The regional models were apphed to all forested areas of the SAA region below

1600 meters elevation. These areas are similar to Telhco Ranger District, and include the

forested habitat conditions evaluated by the fine scale model. I did not feel confident in

the model's ability to predict habitat conditions for other land cover types, or above 1600

meters; similar areas are not present in Telhco, and were not considered in the selection

of habitat variables. Although vaUey locations were excluded from the study area (they

are not forest covered) they were evaluated before they were excluded, using all variables

other than forest cover. None of the vaUey regions received a probabihty of use score

greater than 0.3 for males or females. This is consistent with the fact that the model was

developed for forested upland environments, and is not suitable for evaluating habitat in
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other cover types. Although further study may be necessary to evaluate model accuracy at

individual locations, the models overall have performed quite well in identifying broad

scale habitat differences, as they were designed to do.

Female Black Bear Habitat Suitability

Logistic regression analysis of the Tellico model variables identified six variables

for use in the female habitat use probabifity models: overstory vegetation type (OV);

proxirmty to streams (ST); elevation (ELEVf); aspect (ASP); proximity to improved

roads (RO*RO), squared to provide a linear correlation; and proximity to human activity

sites (HA). These variables were used as inputs for the g(x) equation (Equation 4.2), and

their corresponding parameter values are found in tables B.1-B.4 in Appendix B (overall,

spring, summer, and fall models, respectively). For the categorical variables OV and

ASP, the parameter values were substituted for the landcover classification; for the

continuous variables ST, ELEVf, RO^, and HA, parameter values were multiphed by the

actual locational value for the habitat variable. The logistic transformation was then

computed using Equation 4.1; the result represents the relative probabifity of habitat use

by female black bears in each of the models, at every map unit location across the study

area. Taken together, these values can be used to create habitat use maps that reveal

patterns of habitat use in the SAA area.

For discussion purposes, I will refer to any probabifity value over 0.5 as suitable

habitat, or high quality habitat; this denotation inches that locations with a high use
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probability are the most suitable habitat locations. All habitat locations are classified

according to conditions in Tellico Ranger District, an area known to support a healthy

bear population, and I assume that high use locations contain the most suitable habitat.

This assumption is not based on biological data regarding presence or absence of bears; it

is sin:q)ly a convenient way of discussing the relative rankings of habitat areas with regard

to the habitat variables used in the models. Areas classified with a habitat smtability less

than 0.5 may contain usable habitat conditions, but these areas represent relatively poorer

habitat than locations with values greater than 0.5.

The overall female habitat suitabihty map (Plate 1, in pocket), shows a clear

correlation between upland habitat and high probability of use values io both the southern

and northern sections of the study area. Located on the border of North Carolina and

Tennessee, GRSM is identified as suitable habitat; the presence of a growing bear

population in GRSM supports the model classification. The area south of GRSM, the

Cherokee National Forest, is also identified as suitable; this would be expected, since the

model was developed in that area. Western Virginia has a large amoimt of suitable

habitat identified by the model; this is the location of George Washington National Forest

(GWNF), an area known to contain a healthy bear population. The forested lowland

regions contain almost no smtable habitat, reflecting the level of human disturbance in the

lowland region of the southern Appalachians. Suitable habitat conditions are concentrated

ID the Blue Ridge mountains in the southern section of the study area, and in the Allegheny

highlands west of the great valley in the northern section of the study area. The seasonal

probabihty maps, found in Appendix C, show patterns similar to the overall map
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Although there are small shifts in habitat suitabihty from season to season, the general

regions of suitable habitat remain the same.

A summary graph of female habitat suitability probability (Figure 8) shows that a

majority of the S AA region falls below 0.5 probabihty of use, indicating that most

locations are lower quahty habitat for female bears. Only 7% of the study area is

classified with a use probabihty greater than 0.5. The distribution of higher use probabihty

habitat is similar between seasons, with a general downward trend in the amount of habitat

as use probabihty increases. The distribution of habitat probabihties above 0.5 by

ownership class is shown in Figure 9 . A majority of the higher quality habitat is

controhed by private owners ('other' in Figure 9) and the U.S. Forest Service (USFS).

While the National Park Service (NFS) controls a relatively low amount of the high use

probabihty habitat in the S AA region, most of this habitat is contiguous, and falls in the

GRSM and Shenandoah National Park in Virginia. Figure 10 shows the percentage of

each ownership class that is high quahty habitat; although the 'other' ownership class has

many locations classified 0.5 or higher, these locations represent a small percentage of the

total land area under private ownership. The NPS and USFS, by conparison, have a

relatively high percentage of their land base classified as high probabihty for use habitat.

Nearly ah of the known bear populations exist on or adjacent to land managed by these

two agencies.
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Figure 9: Female habitat use probability over 0.5 classified by ownership. All seasons.
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Male Black Bear Habitat Suitability

Logistic regression analysis for male bears identified six habitat variables fl"om the

broad scale variable subset for inclusion in the use probabifity models: overstory

vegetation type (OV); overstory vegetation richness (OVR); proximity to streams (ST);

aspect (ASP); proximity to improved roads (RO); and proximity to human activity sites

(HA). As with the female models, these variables and their parameter estimates (Tables

B5-B8 in Appendix B) are used to confute g(x) for the use probability models. The

resulting distribution of habitat use probabihties reveals patterns of relatively higher quahty

habitat.

The patterns of high us probabifity habitats for males is similar to the female

distribution; upland forests in the northern and southern sections of the regions have the

largest contiguous blocks of suitable habitat (Plate 2, in pocket). The GRSM and GWNF

are highlighted, along with the Jefferson National Forest in southwest Virginia. North of

the Sequatchie VaUey in Tennessee, the Catoosa Wildlife Management area is highlighted.

While this area does not currently contain a bear population, it is near the Big South Fork

National Recreation Area, where a black bear reintroduction project is currently

underway. The higher quality habitat areas identified in the upland forest regions are

likely able to support a bear population, although not all locations are presently occupied.

A notable difference between the male and female models is the suitable habitat

identified in and around Talledega National Forest (TNF) in northern Alabama. It is

classified with a high use probabifity only in the male models, and has not recently

supported a black bear population. Field examination of the sites helped to determine
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whether they are truly suitable, or simply an over-extension of the model. Hie lowland

areas east of Cheaha and Horn mountains are managed for logging by private timber

conpames and individual land owners. These locations have few improved roads, and are

relatively isolated from human activity sites. Intensive logging practices, however,

probably make those locations unsuitable as bear habitat, due to the overwhelming human

presence and lack of forest cover in the area. The predominance of pine forest types may

also reduce habitat suitabihty for bears, by displacing oak forests which provide a winter

food supply for black bears.

Horn mountain, approximately 48 kilometers south of Cheaha, is a Wildlife

Management Area. It is not managed for timber, and the ridgetops are dominated by

medium aged hardwood and mixed pine-hardwood forest types. Horn mountain is a

significant feature in the topography of TNF; it rises over 300 meters from the valley

floor. There are no human activity sites nearby, and no inproved roads cross the WMA;

there are several unimproved dirt roads, but they are nearly inpassable in vehicles without

four wheel drive. All of these factors appear to combine to make Horn Mountain WMA

a potentially suitable habitat area for bears. The area receives heavy hunting pressure,

however, and a significant tenporary population of hunters is present in the fall.

Although hunters may represent a significant hiunan presence at certain times of the year,

it is unknown whether bears in the region could adapt to the hunting pressure, as they

have done in many locations across the Southeast.

The distribution of male bear habitat across the S AA region is shown in Figure 11.

As vidth the females, the amount of habitat steadily decreases as use probability increases.
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Althougji values in the male habitat use maps cannot be conq)ared with values from the

female maps — they are two different models, with different parameters — it is interesting

to note that there are fewer locations in the 0-0.1 probabihty class for males than for

females, and significantly more locations above 0.5. These variations may be the result of

differences in habitat preferences, reflecting differences m the ways male and female bears

perceive and use their habitat.

Ownership patterns for males center on private landholders and USFS lands, with

distributions sunilar to females (Figure 12). State owned lands are slightly more important

for males than females, with around 35% of state managed land receiving a high

probability score (Figure 13). Ownership patterns are relatively consistent between

seasons; there are no drastic shifts in male black bear habitat suitability from one

ownership class to another as seasonal conditions change.

Habitat in the Current Southeastern Bear Range

I compared the regional model results to the current southeastern range map for

black bear (Figure 3), representing the opinion of experts in the field. The geographic

distribution of high use probabihty areas within the Southeastern bear range boundary is

shown for males in Figure 14, and for females in Figure 15. Over 60% of the suitable

habitat for males and females was consistently mapped within the southeastern range map
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Figure 12: Male habitat use probability over 0.5 classified by ownership. All models.
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Figurel 3: Amount of land base in male habitat use probability over 0.5 classified by
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(Figure 16), with female locations approaching 90%. The abihty of the model to identify

areas within the known range of bear occurrences is a reasonable accuracy assessment; if

the model was consistently misrepresenting habitat conditions, the classification

percentage would be much lower. Suitable locations outside the range map are not

necessarily misclassifications; they may represent suitable habitat that is currently

unoccupied. The percentage of areas for males may increase significantly if the Alabama

locations are removed, supportmg the hypothesis that this upland forest model may not be

apphcable to habitat conditions in Alabama

Evaluation of the SAA Potential Habitat Model

To evaluate the accuracy of the SAA model, I overlaid the regional male and

female overall habitat suitabihty maps onto the SAA potential habitat map. The purpose

was to determme if the SAA model is capable of delineating low, medium, and high

classes of habitat suitabihty; distinct classes would indicate that the SAA model is

accurately reflecting habitat conditions for black bears based only on a few, broad scale

variables. Figures 17 and 18 indicate that this is not the case; the SAA model was unable

to differentiate low, medium, and high classes of use probabihty. Each of the three

classes follows the general trend of suitable habitat, and there is no clear separation of the

potential habitat model classes.

Although the SAA model is unable to quantitatively reflect habitat conditions in

the region, a visual conq)arison of the map (Figure 6) to the habitat suitabihty maps for
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Figure 14; Male black bear overall habitat use probability
shown with southeastern range boundary.
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Figure 15: Female black bear overall habitat use probability
shown with southeastern range boundary.

1
¥

West Virginia

Kentucky

A•*
sr.

Tennessee
UltP

••S

jf'.

jiO

Alabama

A
South Carolina

r't^

Georgia



Figure 16: Male and female bear habitat use probability over 0.5 within the
southeastern range map areas.
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males and females (Plates 1 and 2, in pocket) shows that the broad habitat patterns are

similar. Highland regions in the northern and southern halves of the study area are

delineated as highly suitable in all three habitat representations, and the low and medium

classes of road density in the SAA model collectively cover most of the middle to high use

probability locations. So while the SAA potential habitat map should not be used as a

representation of actual habitat conditions, it does provide an accurate 'first look' at the

region by identifying broad scale patterns in habitat suitability. This result was expected,

since many of the more important habitat variables for bear (forest cover, location of

roads) were used in both the regional and SAA models.



Figure 17: Male habitat use probability classified by the SAA potential habitat model.
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Figure 18: Female habitat use probability classified by the SAA potential habitat model.
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Chapter VI

Discussion

Model Performance

Both the male and female models seem capable of evaluating habitat quahty at a

regional scale. By using a model which ranks each mapping unit against all others, I was

able to identify locations where the integration of important environmental variables has

created high quahty habitats that insure the survival of bears in the region. My

concentration on broad scale measures of habitat quality highlights entire forest tracts

across the SAA area, revealing geographic distribution patterns that are undetectable

when surveying smaller areas one at a time. The abihty of the models to quantitatively

rank habitat areas is supported by the relatively good fit with the southeastern distribution

map.

The relatively strong predictive power of the models supports the hypothesis that

black bears respond to regional habitat patterns: although fine scale variables are

important in daily activities for bears, their distribution across the landscape is ultimately

determined by broad scale habitat conditions. Within segments of the broad patterns,

numerous fine scale variables (such as disturbance history, food supply, and microclimatic

differences) determme local habitat quality, ultimately driving local habitat use by bears

within forest patches. Presently these fine scale conditions cannot be evaluated at the

regional scale; remote sensing equipment is unable to detect fine scale patterns, and
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intensive ground sampling is prohibitively expensive. While future capabihties and

innovative sanpling techniques may one day allow us to con:q)rehensively examine entire

regions, presently we must rely on extrapolations and broad measures of habitat suitability.

This statement is not meant to imply that fine scale studies and model development are not

important; without locally developed habitat models, the regional models would be

mpossible. Conservation and management of bears in the southern Appalachians rests

solidly on the integration of both scales into a comprehensive analysis of black bear habitat

and population distribution.

The foundation of the regional scale models is a model developed on National

Forest land, in an area that lies at the high end of the habitat suitabihty spectrum.

Therefore areas identified as suitable habitat at the regional scale should be interpreted as

optimal habitats that resemble optimal locations within the model development area, which

can be distinguished from areas of moderate habitat quality. By developing the models

using data firom TeUico Ranger District, I have included geographically distinct

relationships that may be unique to the southern section of the study area. Developing

the model in Shenandoah National Park, for example, would have resulted im different

variables and parameter values, and ultimately a different picture of the landscape. This

geographic distinction may explain why Shenandoah is ranked relatively lower than other

habitat areas in both the male and female models, and yet contains one of the strongest

bear populations in the region. Although no truly quantitative measime of model accuracy

is available, experts who have seen the maps beheve the models to be reasonably accurate

in identifyiug suitable habitat for bears across the SAA region. The current distribution
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map (Figure 3) is a physical representation of expert opinion, and the habitat suitabihty

maps consistently identify habitat areas within the present black bear range.

Based on comparisons with the southeastern distribution maps and discussions

with experts in the field, the female models more accurately depict current habitat

conditions in the SAA area. Using habitat probabihty scores above 0.5 as a break point in

habitat quahty, over 70% of the female high quality habitat falls within the current black

bear range in each of the seasonal models and the overall model (Figure 16).

Classification accuracy is over 90% in the female summer model. For males,

classification accuracy never rises above 60%; although the male models still do a

reasonable job of identifying high quahty habitat, they are not as accurate as the female

models. Habitat models are usually validated using population density estimates gathered

through extensive field work or bait station studies; a sample of the population is

statistically extrapolated to provide an estimate of the actual population density in a given

area. Since locational data is not available for the entire SAA region, it is reasonable to

use a comparison to the distribution map as an accuracy assessment; while a few well

studied and documented populations would be a more reliable assessment, regional

patterns can be judged based on the entire range of the species. Expert opinion is based

on knowledge gathered from many different areas over a long time period, anH provides a

reasonable picture of habitat conditions across the SAA area. In essence, the regional

habitat models are reflecting knowledge gathered by field researchers; organizing that

knowledge in a biometric model helps to identify new and interesting patterns of habitat

suitabihty, leading possibly to future field studies in previously unconsidered locations.
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There are several explanations for the disparity in accuracy between the male and

female models. In developing the models, there were considerably more female bear

telemetry locations (2,234) than male locations (1,070), which would have statistical

significance in selecting model variables and identifying model parameters. Increasing the

number of sample points when developing biometric models increases the robustness of

the statistical analysis by providing a clearer picture of habitat use. The male models are

based on a smaller saicple of the habitat conditions at Telhco Ranger District, and

therefore are less capable of identifying similar conditions at a regional scale.

Another explanation may be found in van Manen and Pelton's analysis of home

range size based on telemetry locations (van Manen and Pehon, in press). They found

that male home range sizes were 1.5 times greater than females in the Tellico Ranger

District, indicating that males spend much more time traveling than females. The

reproductive fitness of male black bears is dependent on their abihty to fertilize many

females, and van Manen and Pelton found that male home ranges often encompass many

female ranges. If a correlation between female locations and male home ranges can be

established, future male models may be able to incorporate female habitat use as an

indicator of reproductive capabihty. Although reproductive success is essential to the

overall health of the population, it is not a particularly inqjortant life requisite for

individual males. Therefore many of the telemetry locations may be located in lower

quality habitats which are used for travel rather than for shelter or foraging, decreasing the

ability of the models to identify high quahty habitat in^ortant for the survival of malp

bears. Females, on the other hand, spend most of their time simply meeting life
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requirements (food, shelter, water) for themselves and their cubs; therefore female

telemetry locations may be more biologically significant than tnalp locations. This

hypothesis is supported by the spatial arrangement of telemetry locations within home

ranges for both males and females. The female locations are generally more clustered,

indicating a tendency to occupy higher quality habitat to sustain their health and

reproductive fitness, while male locations are often widely dispersed throughout their

home range (van Manen and Pelton, in press). This tendency for travel makes it more

difficult to model habitat use preferences for males, because reproduction and dispersal are

not directly linked to habitat selection.

Although travel areas may be relatively less inq)ortant for the survival of individual

male bears, those areas are probably crucial to the stabihty of the population as a whole.

The social and demographic structure of black bears is likely very conplex, and the

movement of males across the landscape is possibly an organizing element of black bear

populations; this species may depend on an interlocking social structure that requires

males to establish home ranges that encompass many female home ranges. So while

modeling male habitat use may be more difficult, it may be just as irc^jortant to model malp

travel corridors, which represent links that stabilize the regional population. It is

important to remember that black bears are not historically a metapopulation species. In

the recent past, bears occupied the entire North American continent (Pelton and van

Manen, in press), and their populations were free to expand and contract across the

landscape without human interference. Today, bear habitats are severely restrained by the

presence of human activity centers and altered landscapes; researchers may be witnessing
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the habitat use and population fluctuations of a species struggling to cope with a suddenly

restricted distribution. There is no way to determine how long the effects of habitat

restriction may last in a wide ranging species such as black bear, and researchers are faced

with the fact that what we consider normal behavior and distribution patterns may reflect

the recent history of habitat fragmentation and reduction. We should be careful not to

base management decisions for long range bear conservation plans on a single snapshot of

habitat use and availability, but to also consider social behavior, population dynamics, and

demographics.

The seasonal models of both males and females are unable to reflect seasonal

fluctuations in habitat selection by black bears. This may be because the models are too

coarse to capture food choices by individual bears, and so they cannot detect changes in

feeding habits from season to season. Although the seasonal maps do show slight shifts

in the location of suitable habitat (see the seasonal maps in Appendix C), the general

patterns remain the same. Since seasonal changes in the diet of black bears have been

shown to affect habitat selection (Eagle and Pelton 1983), the inabihty of the model to

reflect those changes may also indicate that variables other than food supply define broad

patterns of suitabihty at a regional scale. Human activity sites and roads, for example,

may force bears into certain locations; seasonal dietary shifts must then be accommodated

Avithin these remote areas delineated by human disturbance. In an undisturbed landscape,

or a finer resolution model, more evident shifts in habitat use may occur as bears move

freely across the region in response to seasonal fluctuations in food availabihty. Based on

the seasonal maps produced here, it appears that seasonal changes in diet do not affect the
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large scale distribution of suitable habitat across the SAA region, although these changes

may dictate habitat selection within individual areas.

My field work in northern Alabama was another inq)ortant part of the model

validation. This location was identified as relatively high use habitat for male bears, yet it

lies outside the known range for bears in the east. Since one goal of this thesis research is

to identify new habitat areas, the northern Alabama site could not be dismissed as an

inaccuracy of the model. Site visits allowed me to perceive habitat qualities — such as

relative isolation fi"om noise and the amount and kinds of human use — that remotely

sensed data have difficulty reflecting. Given the level of human use in Talledega National

Forest (TNF), and the adjacent Cheaha Mountain State Park, the area is probably not

comparable to more optimal habitats near the GRSM or upland forests in Virginia.

Habitat conditions in northern Alabama, particularly Horn Mountain WMA, are similar to

many locations farther north; bears once occupied northern Alabama, and the area could

possibly support a bear population in the future if management practices change. The fact

that the area is identified only in the male models, however, raises questions about the true

suitability of the site. As discussed earher, those models may be reflecting lower quahty

habitat conditions used for travel between home ranges. This is not to say that

management practices could not facilitate the reintroduction of bears in northern Alabama.

In fact, the decline of remote forests in Alabama (Rudis 1991) lends a sense of urgency to

the protection of remote forest areas there, and these models may help to prioritize

conservation efforts aimed at restoring forest conditions suitable for black bears.
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While the S AA potential habitat model is unable to accurately stratify the habitat

conditions of the regional biometric models into high^ medium, and low classes of habitat

quality, it does provide a general guide to the location of prime habitat areas. It is

m^jortant to note that the SAA model was a first step developed to identify patterns in

potential habitat, reflecting large scale patterns in habitat condition. The habitat

delineated by the SAA model may be seen as the possible extent of bear habitat areas

based on forest cover and human disturbance; all other factors held constant, bears may

be able to inhabit all of the low and medium road density areas. The biometric models are

the next step in quantifying regional habitat conditions, and they improve on the SAA

model by evaluating habitat conditions based on a wider range of habitat variables. While

forested areas located in the SAA low to medium road density classes may not currently

be suitable for bears (according to the biometric models) they may represent locations

where modest changes iu management practices could significantly improve habitat quahty

for bears. A manager responsible for land within one of these two classes should consider

the possibility of in^roving bear habitat conditions; other areas are unsuitable due to high

road densities, and would require extensive management to return them to suitable habitat

conditions. The SAA model reflected very broad scale habitat conditions, and the

biometric models further refine the defimtion of habitat conditions by Tnc.lnfiing more

variables and viewing the landscape as a surface rather than as a collection of habitat

areas.
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Application of the Models to Other Regions

The biometric habitat models presented in this thesis were developed specifically

for forested environments in the southern Appalachians; they reflect habitat suitability in a

clearly defined setting, and should be used cautiously in other cover types or regions.

While similar forested areas may exist elsewhere, forest conditions alone do not drive the

models; bear habitat suitability in the S AA region may reflect conditions that are

undetectable to humans and are unique to the study area. The variable sets serve as

proxies for specific habitat conditions that include the effects of human land use history,

bear demographics, and other variables and combinations of variables that define the

habitat conditions found in the southern Appalachians today. Using the models outside

the region, the researcher may neglect to account for specific interactions in the new

location, and place too much confidence on the results of a model produced under

different environmental conditions. The models could be used in other regions to take a

broad 'first look' at habitat conditions in forested locations; transferring knowledge

gained in one region to other regions is an in^ortant function of habitat suitabihty models.

While it may be inappropriate to assume that a model developed in one region can

accurately identify suitable habitat elsewhere, the models may be used in other locations,

provided that some sort of testing is used to insure the accuracy of the model results.

The patterns in the model output may provide valuable insight for starting habitat

evaluations in other regions, even if they only identify areas of contiguous forest

undisturbed by humans.
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Human perceptions of bear habitat may be inadequate to describe the actual

environmental conditions affecting habitat selection by bears. Bears have more highly

developed eyesight and sense of smeU than humans, and consequently may have a wider

range of perception. A human researcher in the field is unable to judge a habitat patch

seen across an open area of unsuitable habitat; humans can evaluate the condition of the

forest edge through sight, but can tell nothing of the forest interior conditions without

actually traveling to the site. A bear may be able to perceive habitat conditions based on

smell or sound, and base its habitat selection on an evaluation of environmental conditions

at many different locations. Furthermore, bears spend a lifetime inhabiting the forested

locations that humans visit for only a few hours or days at a time; it is likely that bears

respond to subtle differences in habitat conditions perceivable only after extensive

exploration and immersion in forested environments. Bears may also pass behavior

patterns and knowledge from generation to generation; if this is true, we are actually

trying to understand habitat use patterns developed over a generational time scale. Since

we are unsure exactly how bears perceive or select habitat, we must rely on our ability to

measure proxies for habitat use factors; these proxies may not represent the actual

selection criteria used by bears, but they allow us to do a credible job of predicting habitat

suitability based on habitat factors perceivable to human senses and sensors.

In the southern Appalachians, many of the habitat variables used to evaluate the

probability of bear habitat use are related to human distmbance. Proximity to roads and

human activity sites reflect the bears' avoidance of human altered landscapes, but the

relationship is not simple. In some cases bears were actually attracted to locations near
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roads, possibly due to edge effects creating early successional conditions that provide

abundant food supplies in spring and summer. In all cases bears avoided hiimaTi activity

sites. These habitat relationships are important in the Southeast, but may be less

important in areas with a smaller human population. In the north Cascades of

Washington, 68% of the 2,600,000 ha North Cascades Grizzly Bear Ecosystem (NCGBE)

has no open roads; bear responses to roads in that area would certainly differ from bear

reactions to roads in the SAA region (Gaines et al. 1994). Other study areas have no

open roads (Schooley 1994), and bear habitat selection reflects natural factors such as

forest stand condition. Black bears in Japan are threatened mainly by mast crop failures

in shrinking forest environments; roads have not been considered in habitat analyses there

(Hazumi and Maruyama 1986). In regions with a dense human population and

established settlements — such as Yellowstone National Park — bears exhibit biiTnan

avoidance behavior similar to bears in the southern Appalachians (Mattson et al. 1986).

Although bear behavior is likely to be similar in all human altered landscapes, each region

is unique, and should be evaluated separately.

Other habitat variables (aspect, elevation, overstory vegetation richness) are also

location-specific, and unmeasured interactions between variables are likely to affect

habitat selection. These intercorrelations are caused by local interactions between

enviromnental variables, which may be affected by human disturbance in the region;

extrapolation from this region to other regions may not carry or reflect the unique

relationships between habitat components and human disturbance history. In the Tellico

Ranger District, elevation is particularly suspect as an artifact of CNF physiography and
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human disturbance history. Bear use at different elevations may be related to vegetation

richness, distance from human activity, the boundary of the CNF, or various other habitat

conditions that are uniquely correlated with elevation in the Tellico. Unique relationships

may also exist between other habitat conq)onents; since these relationships are difficult to

quantify (if we recognize them at all), it is necessary to rely on proxies of habitat use to

reveal suitable habitat at other locations.

It may be unreasonable to assume that a single model can be used to produce a fine

scale picture of habitat use in a region as large as the SAA study area. Although a

minimum mapping unit of 90 meters may seem adequate for site specific evaluations, the

precision of the data will not support fine scale analyses; localized variables are sin^jly not

accounted for by the regional models. Current modeling technology cannot easily reflect

micro scale changes in habitat use at a regional scale; future models may reflect local

responses to habitat conditions at many locations within a large study area, analyzing

habitat suitability at each location independently. Rather than using study sites to develop

extrapolated models of habitat suitability, it may be possible to develop regional scale

models that rank habitats based on environmental conditions measured at many different

locations . This type of meta-habitat model could reveal how bear habitat preferences

change across large areas in response to spatial patterns created by environmental

gradients, topography, and human disturbance. Researchers and managers could then

develop management plans that account for local variations in habitat use across a

complex landscape, effectively managing a regional black bear metapopulation.
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Metapopulation Management

The spatial arrangement of high quahty habitat throughout the region suggests that

black bears are organized as a metapopulation in the southern Appalachians. Although it

is unknown whether all the habitat locations identified are occupied, we do know that

many isolated areas support bear populations, and are separated from one another by

unsuitable habitat. Furthermore, areas identified as less suitable habitat in these biometric

models may in fact contain suitable habitat conditions that are capable of supporting a bear

population, but are different from the conditions in Telhco Ranger District. The

metapopulation configuration of habitat areas in the S AA study area reinforces the

genetic stability of the regional population through heterogeneity of genetic material and

habitat conditions; it also raises questions about the connectivity between habitat patches,

a key con:q>onent of a true metapopulation (Lande and Barrowclough 1987). While bears

have been known to travel distances over 100 kilometers, even aaoss heavily populated

human areas like the Shenandoah valley (Fies et al. 1986), it is unclear whether there is

sufficient connectivity between populations to guarantee adequate genetic transfer. It is

likely that the current sub-populations do interact, creating a metapopulation

configuration that helps to maintain the strength of individual sub-populations in the

region.

Habitat fragmentation is a serious threat to the continued existence of black bear

populations in the southern Appalachians. The male and female habitat suitabihty maps

(Plates 1 and 2, in pocket) both reflect serious fragmentation of habitat, even around core

areas such as GRSM. Although fluctuations in annual food crops and other habitat
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components have an effect on bear populations, bears are ultimately dependent on the

existence of diverse ecosystems that help to stabilize food supphes from year to year.

These ecosystems rely on species diversity to provide stabihty and resihency to ecological

processes; habitat fragmentation is the most serious threat to species diversity in the

southern Appalachians, and consequently to the ecological systems essential to the

stabihty of a regional bear population (Wilcox and Murphy 1985). Given that habitat

fragmentation currently threatens the biodiversity of the region, it may be reasonable to

use black bear habitat as a measurable index of forest fragmentation. High quahty habitat

is likely found in areas of lower habitat fragmentation.

Relatively high use habitat in the S AA region is surrounded by privately owned

lands that are vulnerable to human population pressure and development. Island

biogeography theory (MacArthur and Wilson 1967) states that extinction rates are a

function of island size and isolation from a large source area; suitable habitat areas in the

southern Appalachians can be viewed as 'islands' within a sea of private ownership, which

is often correlated with human disturbance. The region around GRSM (Figure 19)

illustrates the isolation of USES and NPS lands caused by private ownership; this pattern

is repeated around most of the suitable habitat in the region. While the habitat located in

and around GRSM is connected in several places along the ridgetops, other areas in the

SAA region are totally isolated. It is urqjortant to begin to plan corridors between habitat

islands in the southern Appalachians; even private lands that are currently forest covered

are vulnerable to development, and corridors will be necessary to protect the genetic

viabihty of the regional metapopulation.
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Chapter VH

Management Implications and Future Research

Implications for Management

The regional habitat suitability models provide a landscape scale perspective for

fine scale habitat evaluations and management plans; management units such as USFS

forest stands can be evaluated within a broad scale context, and the effects of management

decisions on the regional metapopulation can be assessed. Land management agencies

such as the Forest Service have begun to evaluate their land management practices not

only on a local scale, but on a regional scale that considers the consequences of habitat

alteration across the southern Appalachians. We can no longer afford to view different

management agencies as entities unto themselves; regional cooperative projects like the

Southern Appalachian Assessment must be used to guarantee the stability of the

Appalachian ecosystem, and the preservation of biodiversity in the region. Regional

models like those developed in this thesis are one tool for use id a regional approach to

biodiversity conservation.

The SAA potential habitat model will be available to all management agencies in

the SAA Plant and Animal Team technical report; the Forest Service is referencing that

and other SAA reports as it updates its land management plans. While the potential

habitat model does not reflect specific habitat use patterns, it does identify locations where

bear habitat could exist in the absence of human disturbance; such guidelines are useful to

87



managers attenqjting to understand local patterns within a regional context. The SAA

model was validated at a coarse scale by the habitat suitability models; the general

patterns of potential habitat were similar to the biometric patterns of habitat suitability.

However, the current models are a definite improvement over the SAA model, and maybe

more usefiil to managers making decisions regarding bear habitat conservation. Validation

of the SAA model was inportant, since it is available to the public and may be used in land

management plans by various government agencies, but the new models are a refinement

of the SAA model and should be used in its place.

Regional cooperation and landscape-level planning are goals of the Southern

Appalachian Black Bear Study Group. In order to manage bear populations across the

region, the Bear Study Group must have accurate data on the locations of existing

populations and unoccupied suitable habitat areas. While these data can be gathered

through ground—based efiforts, it is difficult to field—check an entire region; even if

resources were available to carry out intensive sampling, remote regions not known to

contain bears could be overlooked. Regional scale habitat modeling provides a basis for

landscape-level planning by evaluating habitat conditions at a broad scale in a short time

period. This regional perspective can help guide future management decisions by

highhghting areas where field investigations are needed.



Regional Conservation at a Local Scale

While GIS modeling efforts he^ to further theoretical research on habitat

conditions and their distribution, models should also focus on providing information to

local land managers who will actually in:5)lement wildlife conservation plans. Getting this

information to the "hands-on" managers wiU inqjrove wildlife management efforts by

providing a regional context for localized conservation plans; it will also make the models

themselves more accurate and reliable, as feedback from individuals with an intimate

knowledge of the land is incorporated into newer models. It is impnrtaTit to move beyond

the current system, which develops land management recommendations based on the work

of a few individuals, and then dictates those plans to local managers. Successful

conservation and management plans in the future will likely require cooperation at many

levels of management organization; local plans will be inplemented within a regional

planning perspective, so that each may benefit from the other.

Regional studies like this thesis must provide land managers with information that

is useful at a local scale, while maintaining an overall regional perspective. Placing

individual projects in a broad scale organizational framework will insure that latid

managers are working towards regional preservation when effecting local management

plans. The southern Appalachians provide an excellent opportunity for this type of

management: lands in private ownership surround the public lands defining the proterted

areas of a biosphere reserve, and the region must be managed as a whole. In addition, the

federal and state management agencies responsible for the pubhc lands already have an
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established infrastructure to manage at both the local and the regional scale; organizations

such as SAMAB strive to place local decisions in a regional context.

Future Research

The model results from this thesis are one step in understanding the actual

metapopulation dynamics of the southern Appalachian bear population. By identifying

the distribution of suitable habitat across the landscape, I have provided a starting point

for future studies of habitat use that account for regional movement patterns and the

dispersal of sub-populations. Since dispersal in black bear populations is mainly

dependent on sub-adult males that are driven from the best habitat by dominant males

(Rogers 1987), the male suitable habitat map (Plate 2) may provide a basis for the study of

dispersal patterns among the regional population. Field studies should focus on

determimng which areas have sustainable populations and how the metapopulation

organizes itself across the landscape through time. It may be possible to identify one or

two habitat locations with stable bear populations that are absolutely essential to the

stability of the regional population; stable habitat areas such as these serve as a population

source for other locations. Individuals from these locations may dominate the genetics of

the regional population, particularly if individuals in marginal habitats are not reproducing.

If most dispersing bears come from a few distinct habitat areas, those areas must be

preserved to guarantee the survival of bears in the region.
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A few habitat areas were identified that currently do not have resident bear

populations; these locations represent opportunities for field research to determine

whether the model has truly identified new habitat, or whether these results are simply

model errors. The habitat areas identified west of the great valley in Tennessee are of

particular interest in light of the repatriation project in Big South Fork; they may be

locations to which the new bear population can expand, and should be evaluated to

determine whether conservation plans are needed. Although the habitat identified in

Alabama is most likely an anomaly of the model, the remoteness of the Horn Mountain

WMA may warrant a closer study of habitat conditions; this area should be seen as a

relatively low priority in current black bear management, but future land use changes

could perhaps create a large area of suitable habitat. There are many other areas that

should be examined in the field, particularly those on private lands adjacent to pubhcly

managed habitat.

The primary focus of this thesis was to determine whether a regional biometric

model could be developed by extrapolating a fine scale habitat model to a broad scale, and

then applying that model to an existiag database. After evaluating the model results and

examramg the Alabama location in the field, I beheve that it is possible to evaluate large

areas using regional models that are based on local habitat evaluations; this depends on

the species and the homogeneity of habitat conditions, but models for habitat generalists

like black bear can provide reasonable results. With more GIS datasets being developed

every day, it may soon be possible to examine conditions over most of the United States,

especially in the east. The reduction in government spending for land management
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agencies means that larger areas must be managed by fewer individuals; the ability to use

existing datasets to accurately assess habitat quality and other environmental conditions

will be invaluable in this new era of land management. Researchers can use the approach

developed in this thesis to evaluate black bear habitat conditions in other regions using

established GIS databases, or to examine habitat suitability for other species in the

southern Appalachians.

The futme management of wildlife species in a human dominated landscape

depends on the ability of land managers to understand regional habitat patterns, so that

metapopulations can insure the survival of individual species, and guarantee the

preservation of biodiversity at a global scale. Models are sinqjly one coirqjonent of a

comprehensive conservation plan that includes the development of theories and the

mplementation of management practices at a local scale. While regional examinations are

essential to the process, they are not more inq)ortant than the study of fine scale

interactions within habitat patches. Habitat conditions are not based on simple

interactions that can be easily studied and mampulated; they are the sum of many conqjlex

processes that fimctionally determme the habitat quahty of individual locations and entire

regions. As Aldo Leopold stated in his recently discovered Standards of Conservation,

"when it comes to actual work on the ground, the objects of conservation are never

axiomatic or obvious, but always complex and usually conflicting" (firom Calhcott, 1990).

Scientific observation and modeling may help to reduce the cnmplexity and conflicts of

management decisions, but it is up to humans to synthesize information fi"om aU scales into

sound management practices that help insure the survival of species like black bear.
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Appendix C:

Seasonal Regional Habitat Use Probability Maps
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Figure 20: Male black bear habitat use probability: spring.
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Figure 21: Male black bear habitat use probability: summer.
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Figure 22: Male black bear habitat use probability: fall.
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Figure 23: Female black bear habitat use probability: spring.

1
•jtif

/

West Virginia

n

M
Kentucky

Virgmia

Tennessee

*»■»»

Alabama

South Carolina

Georgia

0  80 160 250



Figure 24: Female black bear habitat use probability: summer.
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Figure 25: Female black bear habitat use probability: fall.
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