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Abstract: Black bears (Ursus americanus) are restricted to approximately 10% of their historical range in the Southeast. While the southern 
Appalachian mountains contain a relatively contiguous black bear population, southeastern coastal plain populations are fragmented across 
several states. Some bear populations in southeastern coastal areas are declining or threatened, yet occupied bear habitat in coastal North Carolina 
has increased from 667,000 ha (1971) to 2.2 million ha (1991). These contrasting situations in the Southeast warrant the development of 
quantifiable techniques for determining suitable black bear habitat on a regional scale. Predicting black bear distribution is a critical first step in 
determining suitable habitat. We tested 12 habitat variables, using 6 backward elimination multiple regression equations, against occupied range 
and changes in occupied range in coastal North Carolina. Human density and percent of a county in total forest land, loblolly-shortleaf (Pinus 
taeda-P. echinata), oak-gum-cypress (Quercus spp.-Nyssa spp.-Taxodium distichum), wheat, and soybeans were accurate predictors (a = 0.05) 
of current black bear distribution. Only changing human density and changing percent forest land accurately predicted changes in distribution 
through time. The black bear range expansion in eastern North Carolina, coupled with the results of these models, points to the adaptability of 
black bears and the complicated nature of bear-habitat relationships in areas influenced by major landscape changes. Managers in other regions 
may wish to develop similar models for the specific habitat characteristics of their areas. Such models may be used to predict the suitability of 
areas for restoration or the long-term consequences of habitat alterations. We recommend that bear managers in the southeastern coastal plain 
consider the juxtaposition of contiguous forested areas and oak-gum-cypress forests with areas of suitable bear food crops on a landscape scale 
and develop cooperative efforts with the forest industry to enhance habitat management. 
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Black bears historically ranged throughout the forested 
habitats of North America occupying all 49 continental 
states, all Canadian provinces and territories, and much 
of northern Mexico (Hall 1981). As a result of human- 
related mortality and habitat loss, black bears are now 
relegated to approximately 10% of their historical range 
in the Southeast (Pelton 1982, Maehr 1984, Garshelis 
1990), where they are found in the Appalachian Moun- 
tains and the Atlantic Coastal Plain. The Appalachian 
populations are relatively contiguous and concentrated 
on 2 national parks and 6 national forests (Maehr 1984), 
yet coastal populations are separated into sub-populations 
centered on private lands (Wooding et al. 1994). Pelton 
(1990) documented the existence of at least 30 disjunct 
black bear populations in the southeastern coastal plain 
with varying degrees of isolation and vulnerability. How- 
ever, occupied bear habitat in coastal North Carolina is 
relatively contiguous and has increased from 667,000 ha 
in 1971 to 1.5 million ha in 1981 to 2.2 million ha in 
1991 (Jones 1996) (Fig. 1). Analyses of black bear mor- 
tality characteristics also support the conclusion that North 
Carolina's coastal bear populations have expanded over 

1Present address: North Carolina Wildlife Resources 
Commission, P.O. Box 1231, Bridgeton, NC 28519-1231, USA, 
email: JonesMD@mail.wildlife.state.nc.us. 

the past 10-15 years (Warburton et al. 1993). The black 
bear range expansion in coastal North Carolina has oc- 
curred despite a marked increase in human density and 
activity. Many of the characteristics associated with black 
bears may need to be reviewed and modified based on 
the occurrences in eastern North Carolina. Habitat con- 
ditions, in which we will include human-related activi- 
ties, required for sustaining black bears in eastern North 
Carolina are much more complicated than traditional ideas 
of contiguous areas of forested lands. The unpredictable 
responses of black bears to increasing human density and 
activity in the North Carolina coastal plain make quanti- 
fication of important habitat variables critical for sound 
bear management. Wildlife managers would benefit from 
the development of quantifiable models for predicting the 
percent of a given area (e.g., a county) suitable for sus- 
taining black bear populations given a set input of habitat 
variables (e.g., total area of forest, human population den- 
sity, and area of specific habitats). Predictions regarding 
future human effects on black bear populations could be 
made and management efforts guided accordingly. 
Furthermore, the models could be used to identify suit- 
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Fig. 1. Occupied black bear habitat in North C 
and 1991 (Jones 1996). 

able, but unoccupied habitat and to justify 
efforts. 
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STUDY AREA AND METHODS 
Black bear range maps for the North Car 

plain counties were prepared in 1981 and 
NCWRC. Occupied black bear habitat was dc 
Geological Survey topographic maps and Nc 
Department of Transportation county map 
biologists who were knowledgeable about b 
tion in their areas. Occupied habitat was def 
having reproducing black bear populations < 

by observations of females with cubs. The current occu- 
pied range and range changes indicated on maps by 
NCWRC biologists were supported with observations by 

.; .'' hunters and farmers and with NCWRC harvest and nui- 
d'~ 

' ' 
sance information over the same periods. A dot grid was 

* k F ~used to measure the hectares of occupied habitat for 1981 
and 1991 in each of 30 coastal plain counties. Dot grid 

: results were ?5% (n =15) based on comparisons between 

yP estimates of county size and official measured areas of 
counties. 

Estimated occupied range from 1981 and 1991 and 
percent changes in occupied range between 1981 and 1991 
were the dependent variables (Y) in 6 separate multiple 
regression analyses. Dependent variables were regressed 
against 2 sets of independent variables. The first set of 
independent variables consisted of human density, per- 
cent of county forested, and percent of county in crop- 
land. The second set included percent of a county in 
loblolly-shortleaf, longleaf-slash (P. palustris-P. ellioti), 
oak-gum-cypress, oak-hickory (Quercus spp.-Carya 
spp.), oak-pine (Quercus spp.-Pinus spp.), corn, peanuts, 
soybeans, and wheat. A backward elimination procedure 
with a SLS (significance level for staying in the model) 
of 0.05 was used to determine significant subsets of inde- 
pendent variables (SAS Inst., Inc. 1982). Therefore, 3 
models (1981, 1991, and 1981-91) assessed the predic- 
tive significance of human density, percent forest, and 

arolina, 1981 percent cropland variables (HFC), and 3 models assessed 
the habitat-type variables (HT) over the same periods. 

Human densities for 1980 and 1990 were obtained from 
restoration the U.S. Bureau of the Census (1994). Forest-related data 

were obtained from forest statistics published by the U.S. 
fe Resources Forest Service (Tansey 1983, Davenport 1984, Johnson 
ting with the 1990, Thompson 1990), and agricultural data were issued 
vish to thank cooperatively by the North Carolina and U.S. Departments 
mary of this of Agriculture (N.C. Agric. Stat. 1985, 1992). All forest 
and assisting and agricultural statistics were converted from acres to 
tended to D.' percentages to account for differences in county sizes. 
iing maps of 
1. 

RESULTS 
No HFC variables successfully predicted occupied 

range in 1981 (Table 1). Occupied habitat was predicted 
olina coastal using HT variables (percent loblolly-shortleaf, percent 
1991 by the longleaf-slash, percent oak-gum-cypress, and percent 
rawn on U.S. wheat, R2 = 0.61). However, in 1991, the following HFC 
)rth Carolina variables were significant: human density, percent for- 
is by district est, the quadratic functions of both variables, and an in- 
)ear distribu- teraction term between the variables (R2 = 0.53, Table 1). 
ined as areas Significant HT variables changed little in 1991, as per- 
as evidenced cent loblolly-shortleaf, percent oak-gum-cypress, and 
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percent wheat remained from the 1981 model, and per- 
cent soybeans replaced percent longleaf-slash (R2 = 0.60). 
The quadratic function of changes in human density and 
an interaction term between changes in human density 
and percent forest were significant (R2 = 0.21) in predict- 
ing changes in occupied range from 1981-91 using HFC 
variables. No HT variables predicted changes in bear 
distribution from 1981 to 1991. Equations for predicting 
occupied habitat are based upon the synergistic relation- 
ship of all significant variables, and positive or negative 
values for individual variables cannot be equated with a 
direct positive or negative effect on bear distribution. 

DISCUSSION 
The 1981 results indicated that only the relationships 

between HT variables accurately predicted bear distribu- 
tion, as no variables were significant in HFC models 
(Table 1). However, in 1991, occupied black bear habi- 
tat was predicted using the relationships between human 
density and total forest-cropland and by the use of habi- 
tat variables. Changing significance of the variables 
over the 10-year period emphasized the dynamic rela- 
tionship of these variables and the complicated pro- 
cess involved in predicting suitable black bear habitat 
at a given time. The variation not explained by the 
models may be related to local circumstances, non- 
habitat variables such as NCWRC regulations and 
human attitudes, or spatial relationships between habi- 
tat variables. 

Predicting changes in occupied habitat (1981-91) us- 
ing changes in the variables was only possible with HFC 
variables. The insignificance of HT variables may be 
related to the fact that changes in HT variables were rela- 
tively small (usually <1%), while bear range increased 

markedly. Perhaps only variables that change by a criti- 
cal magnitude or reach a certain threshold will be signifi- 
cant for predicting changes in bear distribution through 
time. Another possibility is that predicting changes in 
bear distribution with these types of models is unreliable 
due to variables that cannot be quantified such as human 
tolerance and the effects of management regulations. 

The complicated nature of the 1991 HFC model was 
expected in coastal North Carolina due to the expansion 
of bear range that occurred with increases in human den- 
sity and landscape activity. The validity of these models 
depends on the interaction of all significant variables in a 
multiple regression equation, and conclusions regarding 
the individual variables are limited. However, some in- 
ferences regarding habitat are warranted due to the re- 
sults of various habitat use and food habits studies in 
eastern North Carolina (Landers et al. 1979, Hellgren et 
al. 1991, Lombardo 1993, Maddrey 1995, Jones 1996). 

Loblolly-shortleaf, oak-gum cypress, and wheat 
proved significant in both 1981 and 1991. Loblolly-short- 
leaf makes up 40% of all forested lands in the 30 counties 
studied (Johnson 1990, Thompson 1990). Therefore, the 
importance of loblolly-shortleaf may be a result of the 
dominance of this forest cover type in areas of large, con- 
tiguous blocks of forest (i.e., bears are concentrated in 
contiguous forested habitat, and loblolly-shortleaf is im- 
portant only because it constitutes much of that forest). 
Further evidence of this was found by Jones (1996); based 
on rankings of black bear habitat utilization, loblolly pine 
habitats ranked no higher than fourth among habitats cho- 
sen by males or females in spring, summer, or fall. 
Landers et al. (1979), Hellgren et al. (1991), Lombardo 
(1993), and Jones (1996) demonstrated the importance 
of oak-gum-cypress forests for black bears, specifically 
in fall as bears prepare to den. The significance of oak- 

Table 1. Equations for predicting occupied black bear habitat in the counties of eastern North Carolina based on backward 
elimination multiple regression, 1981-91. 

Occupied range (Y) modelsa 

Year Human density-%forest-%cropland Habitat types 

1981 No significant variables Y = -33.67 + 1.46(%LB) + 1.71(%LL) + 1.09(%OG) + 3.4(%WT) 

1991 Y = 453.11 - 1.87(HD) - 11.76(FR) + Y = -23.56 + 1.75(LB) + 2.04(OG) - 4.45(SY) + 12.73(WT) 
0.001(HD2) + 0.09 (FR2) + 0.02(HF) 

Change in Y Y = 26.95 - 0.02(HD2) - 0.1(HF) No significant variables 
1981-91b 

a FR = % forest, HD = human density, HF = FR x HD, lB + % loblolly-shortleaf, LL = longleaf-slash, OG = oak-gum-cyress, SY = soybeans, WT = wheat. 
b Change in occupied range was predicted by change in significant variables over approximately the same time. 
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gum-cypress in our models further emphasized the im- 
portance of this forest cover type because it constitutes a 
relatively small component of available black bear habi- 
tat in the coastal region. We hypothesize that the impor- 
tance of wheat is related to the lack of alternate food 
sources in spring just after den emergence. Maddrey 
(1995) found wheat to be the dominant food item in scats 
during spring in the central coastal plain of North Caro- 
lina. Wheat is the only agricultural food crop available 
to bears at that time, and spring is the season outside the 

denning period when bear foods are most scarce. 
The significance of soybeans in the 1991 HT model 

may be evidence of bear adaptation to changing crop ro- 
tation patterns. Many farmers in eastern North Carolina 
have reported that bear depredation on soybeans is a re- 
cent phenomenon (Jones, pers. obs.), and Maddrey (1995) 
was the first to report that soybeans were a major fall 
food item. The absence of corn from the models was 

unexpected because bear depredation on corn was com- 
mon in many areas of the coastal plain. However, many 
extensive areas of corn are juxtaposed with fragmented 
forests in areas of low percent occupied habitat on the 
western periphery of coastal bear habitat. This variation 
that occurs in local areas is evidence of the need to per- 
form these types of habitat analyses on a broad regional 
scale. Furthermore, the 1991 model's conclusions are 

supported by evidence from Jones (1996) where crop- 
land ranked second in use among 7 habitats for females 
in 1 coastal study area in the spring (wheat season) and in 
the fall (soybean season). 

Finally, total area of cleared land appears to be a limit- 

ing factor for black bears. The westward limits of coastal 
bear distribution coincide with the boundary between the 
eastern coastal plain's contiguous forests (largely owned 

by private timber companies) and the western coastal 

plain's more intensively farmed and cleared areas and 

higher human population densities. 

MANAGEMENT IMPLICATIONS 
Rudis and Tansey (1995) characterized course habitat 

elements of occupied black bear range on a broad regional 
basis throughout the Southeastern United States. Our 
models used a more detailed approach to determine spe- 
cific habitat variables (including human density) that are 
sometimes significant for predicting occupied habitat 
within a distinct area of a state. Both approaches identi- 
fied the importance of large contiguous blocks of for- 
ested habitat and areas of bottomland hardwoods for 

maintaining black bear populations in the Southeast. Our 

models, which may be sensitive to local habitat condi- 

tions, also indicated that area and type of cropland was 
important to bears in eastern North Carolina. Crop foods 
may substitute for hardwood mast in areas of sufficient 
forested habitat with escape cover and denning. Because 
estimates indicate that bottomland hardwoods will expe- 
rience the greatest proportional loss among southern for- 
est types in the future (19% in 1952 to 15% in 2030, 
Hughes 1990), managers in the Southeast should con- 
sider the juxtaposition of remaining contiguous forested 
blocks, oak-gum-cypress forests, and areas of important 
crop foods. Because trends predict a significant increase 
in forest industry ownership of southern forest land (17% 
in 1952 to 25% in 2030, Hughes 1990), coordination of 

management efforts between wildlife managers and the 
forest industry will become increasingly important. Land- 

scape scale management and cooperation between major 
landowners is imperative to ensure black bear viability in 
the rapidly developing Southeastern coastal plain. Mod- 
els such as these may prove useful for developing land- 

scape scale management plans and identifying suitable 
but unoccupied habitat for restoration. However, 
unquantified variables such as harvest rate, depredation 
kill, effects of regulations, and other human-related fac- 
tors must be carefully considered by managers in con- 

junction with these types of habitat models. 
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