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Abstract: Black bears (Ursus americanus) were extirpated from the Big South Fork area (BSFA) of Kentucky and Tennessee around the turn of this
century. We developed a habitat suitability index (HSI) model to study the feasibility of a black bear reintroduction into this area. We applied the
HSI model to the BSFA and identified high- and low-quality habitat components, their spatial distribution, and their projected change over time.
Potential for human influences seems to be the weakest aspect of the BSFA as a successful reintroduction location. In conjunction with the habitat
analysis, we developed a detailed release protocol, identifying factors that may further increase the probability of reintroduction success. Our
approach could apply to other bear species and geographic areas because of the flexible structure of HSI models and acceptance of various types

of data.
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Throughout the world, bear populations are affected
by habitat loss and fragmentation, often resulting in popu-
lation isolation, overexploitation, extermination, and in-
creases in human-bear conflicts (Schoen 1990, Servheen
1990). Long-term survival of isolated populations may
be substantially decreased through demographic and en-
vironmental stochasticities, natural catastrophes, or ge-
netic effects (Shaffer 1987); reintroduction of bears into
unoccupied range or augmentation of existing popula-
tions may be a valuable tool to counteract such negative
effects (Griffith et al. 1989).

Although the black bear is the most numerous bear spe-
cies in the world, its current distribution in the southeast-
ern U.S. is fragmented (Fig. 1) because of habitat loss
and overexploitation, comprising less than 10% of the
historic range (Maehr 1984). Recently, however, bear
habitat recovery has occurred in some regions due to land
use changes and acquisition of lands by state and federal
agencies. Such habitats often cannot be exploited by the
species through natural colonization.

Black bears were successfully translocated into the
Atchafalaya and Tensas River basins of Louisiana to aug-
ment populations (Taylor 1971). The reintroduction of
black bears into the Interior Highlands of Arkansas was
likely one of the most successful reintroductions of large
carnivores in the world (Smith et al. 1990). About 250
bears from Minnesota and Manitoba, Canada were intro-
duced in the 1960s to an area where bears had been extir-
pated; the current population as a result of these efforts is
estimated at >2,500 bears (Smith et al. 1990). Other than
the above, there has not been a concerted, systematic at-
tempt at restoring a black bear population.

The BSFA of Kentucky and Tennessee is an area where
land abandonment and subsequent purchase by govern-
ment agencies has created potential habitat for bear rees-
tablishment. Although black bear sightings occasionally
are reported, no resident black bear population has been
present in this area since the turn of the century. The
closest resident population of black bears is approximately
150 km away. To reestablish a black bear population in
this area, a reintroduction program would have to be ini-
tiated.

Reintroductions have received growing interest as in-
dicated by the formation of the International Union for
Conservation of Nature and Natural Resources (IUCN)
Reintroduction Specialist Group in the late 1980s (Stuart
1991). Reintroduction is defined as the intentional re-
lease of individuals of a species into an area from which
it has disappeared, with the goal of establishing a viable
population (Stanley Price 1991). In reviewing the suc-
cess of intentional releases of birds and mammals from
1973 to 1986, Griffith et al. (1989) found that success of
translocations strongly depended on the habitat quality
of the release area. Moreover, translocations of omnivo-
rous species were found to be least successful (38%)
compared with carnivores (48%) and herbivores (77%)
(Griffith et al. 1989). The above findings, substantial
projected costs for reintroduction, and the high profile
of bears justify the use of habitat evaluation studies be-
fore reintroduction attempts. However, success of a re-
introduction will not only depend on habitat quality but
also on the release procedures, as was indicated by the
analyses of Griffith et al. (1989) and Maguire and
Servheen (1992). The objectives of this study were to
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Fig. 1. The Big South Fork area (BSFA). Shaded areas represent current black bear distribution (Pelton 1982, Maehr 1984).
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(1) evaluate the feasibility of a black bear reintroduc-
tion in the BSFA by determining relative quality of black
bear habitat, and (2) develop a detailed release proto-
col.
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STUDY AREA
The Big South Fork basin of the Cumberland River was

in the southeastern part of Kentucky and north-central
Tennessee (Fig. 1). The study area encompassed part of
Stearns Ranger District of Daniel Boone National Forest
(DBNF), administered by the U. S. Dep. of Agric. For.
Serv., and the Big South Fork National River and Recre-
ation Area (BSFNRRA), administered by the Natl. Park
Serv. (NPS) (Fig. 1). The study area was about 780 km?
and was divided into 5 sections to allow identification of
low- and high-quality habitat within the study area
(Fig. 1).

The climate of the BSFA was classified as humid
mesothermal with little or no water deficiency
(Thornthwaite 1948). Annual precipitation was approxi-
mately 127 cm (Natl. Oceanographic and Atmos. Adm.
1978). Mean temperatures ranged from -1 C to 10 C in
January and from 19 C to 32 C in July; the mean num-
ber of frost-free days was 179 (Natl. Oceanographic and
Atmos. Adm. 1978).

The study area largely was within the mid and north-
ern Cumberland plateau regions of the Appalachian Pla-
teau Physiographic Province (Thornbury 1965, Smalley
1986). The topography was characterized by long, nar-
row to moderately broad ridgetops and valleys with steep
sideslopes (Smalley 1986). Average elevation of the pla-
teau areas ranged from 490 m in the southern portion of
the study area to 395 m in the northern portion. The
river gorge reached 180 m in depth and was the most
characteristic feature of the area.

The diversity of abiotic conditions in the BSFA was
reflected by the relatively high plant and faunal diversity
(Knowles et al. 1990). Bailey (1980) classified this area
as the Appalachian oak and mixed-mesophytic forest sec-
tions in the eastern deciduous forest province of the low-
land ecoregions. The forest vegetation in DBNF was
managed for multiple use. NPS management policies
only permitted removal of timber for development or
maintenance of historic, public use, and administrative
sites. Hunting seasons were in place for small and large
game on the entire study area. The 1990 human popula-
tion of all counties in the study area region was 87,946
or 13.2 people/km? (U.S. Bur. of the Census 1992).

METHODS
HSI Model

We developed an HSI model to estimate how the rela-
tive quality of habitat variables and components may af-
fect the success of a black bear reintroduction. Our black

bear HSI model was based on a literature review, long-
term research data, and experts’ opinion. For a detailed
documentation of the black bear HSI model and its veri-
fication level, see van Manen (1991).

The HSI is defined as a numerical index that represents
the capacity of a given habitat to support a selected spe-
cies and is based on the measurements of habitat vari-
ables that standardize habitat quality (U.S. Fish and Wildl.
Serv. 1981). The HSI is determined through a combina-
tion of various suitability index (SI) values for identified
habitat variables. An SI value represents a value of inter-
est (the measured habitat condition of the variable) rela-
tive to a standard of comparison (the optimum habitat
condition of the variable) (U.S. Fish and Wildl. Serv.
1981). By definition, the HSI and SI values provide a
0.0-1.0 index of habitat suitability for a particular habitat
or habitat variable, respectively (Schamberger and O’ Neil
1986). A direct linear relationship is assumed to exist
between the HSI value and carrying capacity (U. S. Fish
and Wildl. Serv. 1981).

Harris and Kangas (1988) argued that the definition of
primary habitat be extended for “gamma species” (spe-
cies that depend on a regional landscape for their exist-
ence) to include the requirement that an area has sufficient
size or configuration to support a viable population. Be-
cause bears use habitat on a landscape scale (Schoen
1990), we chose landscape-scale variables associated with
primary black bear habitat requirements. Besides the as-
sumption of a linear relationship of HSI and carrying ca-
pacity, 3 more assumptions were necessary to implement
the HSI model: (1) the SI curves of the variables repre-
sent actual species—habitat relationships, (2) where habi-
tat variables or components are dependent, relationships
can be described through mathematical equations, and
(3) the entire model is used to evaluate an area.

Black bear habitat use in the southern Appalachian re-
gion is associated with relatively large and undisturbed
oak-hickory (Quercus spp.—Carya spp.) and mixed-me-
sophytic forests with abundant hard and soft mast pro-
duction (Pelton 1982). The HSI model included 8 habitat
variables related to 3 habitat components: food, cover,
and human impact (Fig. 2). We quantified habitat vari-
ables by use of the relationships between habitat mea-
surements and SIs described in the HSI model (Fig. 3).
Four variables were used to calculate indices of summer
food availability (V1), fall food availability (V2), fall food
productivity (V3), and fall food diversity (V4) (Fig. 3A—
D). The cover component in the model was represented
by 2 variables: protective cover (V5) and potential tree
den sites (V6) (Fig. 3E-F). We determined that density
readings of >60% (according to Nudds [1977]) adequately
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Fig. 2. Schematic diagram of the structure of the black bear Habitat Suitability Index model for the southern Appalachians.

represented protective cover by sampling high den-
sity understory vegetation known to be used by bears
in Great Smoky Mountains National Park, Tennessee.
Open road density (V7) and human development (V8)
represented the human impact variables (Fig. 3G-H);
these 2 variables were included in the model to evalu-
ate the potential for illegal hunting, human distur-
bances, and human-bear conflicts. The size of
potential human-bear conflict zones was determined
based on average female home ranges in the southern
Appalachians.

The SI values of the 8 variables and the component
indices (CI) of the 3 habitat components were weighted
according to importance and compensatory relation-
ships among the variables or components were used
to calculate an overall HSI value:

Clroop = (Slvi-(SIv2+SIv3+SIve)2) 13 (1)

If Slvs < Slvs, Clcover = (SIV52+S]V6 else Clcover = Slvs (2)

CIHUMAN IMPACT = (&5&’8) 3)

HSI = (2:Clroop + CICOVEZ + CIHUMAN IMPACT) )

Model Application

All variables related to vegetation structure and com-
position were measured in the study area in 1990. We
collected vegetation data from 101 random field plots.
We located each plot from U.S. Geol. Surv. 1:24,000 to-
pographic maps. At each location, 4 quarters were es-
tablished according to the point-centered quarter method
of Mueller-Dombois and Ellenberg (1974). In each quar-
ter of the sample sites, we estimated coverage of soft
mast producing species with the relevé method of Braun-
Blanquet (1932). We determined relative cover and age
of hard mast producing species by measuring diameter
at breast height (DBH) of the sample trees and collecting
increment bore samples (Avery 1975). We considered 3
hard mast producing species groups to determine fall food
diversity: white oak group, red oak group, and a group
with hickory, American beech (Fagus grandifolia), and
black walnut (Juglans nigra). We estimated vegetation
density by determining the percentage of vegetation that
covered a vegetation profile board (2-m height) at 15-m
reading distance (Nudds 1977, Griffith and Youtie 1988).
We estimated availability of potential den trees (DBH >
84 cm; Johnson 1978) and other potential den sites within
a 50-m radius of each sample point. Open road density
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Fig. 3. Suitability indices (SI) for 8 habitat variables used in the black bear Habitat Suitability Index model. (A) Summer food
availability. (B) Fall food availability. (C) Fall food productivity. (D) Fall food diversity. (E) Protective cover availability. (F) Tree
den site availability. (G) Open road density. (H) Human development.

was measured from U. S. Geol. Surv. 1:24,000 topo-  we identified in the field. Potential human-bear conflict
graphic maps. We also included unmapped roads that  zones were identified from field observations and a visi-
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tor impact study (Turner and Hammitt 1983). We used
continuous inventory of stand condition (CISC) data (U.S.
Dep. of Agric. For. Serv. 1988) for DBNF to confirm and
supplement the field measurements.

All measurements and corresponding SI and CI values
were calculated for the entire study area and each of the
study area sections. We assessed differences in habitat
suitability among study area sections based on euclidean
distances (Morrison 1990) among weighted suitability
indices of the food, cover, and human impact compo-
nents. The euclidean distances were used to construct a
dendrogram. All statistical analyses were performed us-
ing Statistical Analysis System software (SAS Inst., Inc.
1990).

Release Procedures

We identified and evaluated factors related to 4 sources
of variation that could influence short-term reintroduc-
tion success: (1) survival, (2) reproduction, (3) post-re-
lease movements, and (4) human-bear conflicts. We
applied a logistic regression model based on Griffith et
al. (1989) to find how habitat quality, number of release
animals, and length of program may influence probabil-
ity of reintroduction success. We used this general model
to represent late-breeding, native game mammals that are
released within the core of historic range. This was not
an attempt to extrapolate the analysis of Griffith et al.
(1989) to the species level or beyond the general condi-
tions of their data. We identified the best release areas
based on the HSI outcome. Other factors related to re-
lease procedures were determined based on previous field
research and literature.

RESULTS

Habitat Evaluation

For each variable, measurements are reported for the
entire study area and ranges and standard deviations are
based on study area sections. Three major soft mast pro-
ducing genera (Vaccinium, Gaylussacia, and Rubus) pro-
vided 7.3% coverage (range = 2.5-12.5%, n = 5,
SD = 3.55), resulting in an SI for summer food of 0.73
(Table 1). Mean cover percent of soft mast producers
was significantly higher on the plateau areas x = 9.60,
n =188, SD = 16.54) compared with the gorge (x =5.19,
n =216, SD = 15.81) (Z=9.59, P < 0.0001). Fall food
producers were represented by the genera Quercus, Carya,
Fagus, and Juglans and comprised 56.1% relative cover
(range = 46.1-54.3%, n = 5, SD = 8.79). The absolute

frequency of hard mast producing species was 79.2%,
resulting in an SI value for hard mast availability of 1.0
(Table 1). Mean relative coverage of hard mast produc-
ing species was not different for the plateau (x = 3.56,
n= 8, SD = 3.73) compared with the gorge (x = 2.51,
n=11,SD=2.93;Z=0.54, P=0.59). Based on a linear
regression equation and 95% confidence intervals
(AGE=24.35 +1.21 x DBH; ¥ =040, n = 83, P =
0.0001) derived from the vegetation samples, we deter-
mined that at least 29.4% of the hard mast producing
trees were older than the minimum productive age of 50
years. The associated SI value for fall food productivity
for the study area was 0.74 (Table 1). Codominance of
hard mast producing species groups occurred in 3 of the
5 study area sections, resulting in an SI value for fall
food diversity of 0.80 (Table 1).

Protective cover was available at 16.7% of the sample
points (range = 10.7-24.0%, n = 5, SD = 5.49) resulting
in an SI of 0.66 for this variable (Table 1). Vegetation
density readings were significantly higher in the gorge
(x=45.77, n = 214, SD = 28.53) compared with the
plateau areas (x = 36.14, n = 188, SD = 25.37; Z=-3.43,
P =0.0007). The field surveys did not result in the iden-
tification of any potential den trees. The CISC data indi-
cated the existence of one 19.8-ha old-growth Eastern
hemlock (Tsuga canadensis)-hardwood stand in DBNE
The lack of potential tree dens resulted in an SI of 0.0 for
this variable. Potential rock dens were found at 26.7%
of the sample locations.

Density of open roads was 1.17 km/km? for the entire
study area (range = 0.55-1.75, n = 5, SD = 0.44), which
resulted in an SI of 0.0 (Table 1). The 912.5 km of open
roads in the area were mostly gravel and dirt roads; only
125.9 km of these roads were improved. We identified 7
potential human-bear conflict zones; these zones included
locally popular recreation areas, developed visitor facili-
ties, developed campgrounds, and concentrations of resi-
dences. Five of these areas were within the river gorge.
The potential conflict zones comprised 172 km? or 22.1%
of the study area (range = 14.8-29.4%,n =5, SD = 5.57),
resulting in an SI of 0.29 (Table 1).

The CI values for the food, cover, and human im-
pact components were 0.81, 0.66, and 0.15, respec-
tively, resulting in an overall HSI of 0.61 (Table 2).
The euclidean distances among the study area sections
based on CI values for the 3 habitat components
showed that study area sections 1 and 4 were most
similar, followed by sections 2 and 3, whereas sec-
tion 5, the National Forest area, was the least similar
to any of the other sections (Fig. 4).
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Table 1. Suitability indices (Sl) of black bear habitat variables for the Big South Fork study area in southeastern Kentucky and
north central Tennessee, 1990.

Suitability indices?
Study area
section Vi V2 V3 V4 \'A V6 V7 V8
1 0.75 1.00 b 1.00 0.80 0.00 0.00 0.00
2 0.78 1.00 b 0.50 0.43 0.00 0.00 0.00
3 0.69 1.00 b 0.50 0.59 0.00 0.38 0.02
4 1.00 1.00 b 1.00 0.96 0.00 0.00 0.00
5 0.25 1.00 b 1.00 0.50 0.00 0.00 1.00
Overall 0.73¢ 1.00¢ 0.74¢ 0.80d 0.66¢ 0.00¢ 0.00¢ 0.29°

2 Key to variables:
V1 = Cover percentage of all soft mast producing species
V2 = Relative cover percentage of all hard mast producing species
V3 = Percentage of all hard mast producing species >50 years old
V4 = Number of codominant hard mast producing species groups

V5 = Cover percentage of understory vegetation with >60% vegetation density

V6 = Cover percentage of hardwood vegetation >150 years old
V7 = Open road length per unit area (km/km?)
V8 = Percentage of area in potential human-bear conflict zones
b Not calculated due to small sample sizes.
¢ Calculated separately from study area sections.
d Average of all study area sections.

DISCUSSION

Habitat Evaluation

The results of the HSI evaluation indicate the adequacy
of food and, to a lesser extent, protective cover. The lim-
iting factors within the food component were summer food
availability and fall food productivity. If the SI for sum-
mer food on DBNF increased from 0.73 to 0.81, the aver-

Table 2. Component indices (Cl) and overall black bear
habitat suitability index (HSI) for the Big South Fork study
area in southeastern Kentucky and north central Tennessee,
1990.

Component index

age for the BSFNRRA, the HSI would increase by 1.6%.
Projection of future hard mast productivity indicated that,
due to natural maturation of the forest, at least 48.8% of
all hard mast producing species would reach the optimal
production age within approximately 10 years; this would
result in a 3.3% increase in HSI to 0.63. Because black
bears use secure winter dens other than tree dens, we used
tree den availability only as a positively contributing vari-
able, and the low SI values did not affect the overall HSI.
In the long term, forest maturation will result in increased
availability of tree dens, which may increase the HSI by
6.6% to 0.65.

The potential influence of human activities was high
relative to the other habitat variables. If the negative ef-
fect of human-related activities were eliminated, the HSI

Study area outcome would increase by 34.4% to 0.82. Therefore, to
section Food® Cover® Human impact® s increase the quality of habitat in the short term, it seems
1 0.86 0.80 0.00 063 most effective to manage the potentially negative effects
2 0.76 0.43 0.00 0.49 of human activities rather than the natural habitat com-
3 0.72 0.59 0.20 0.56 ponents. Reintroductions of large carnivores often will
g 8:2‘9‘ 8:2(6) g:gg g;é require public support, as was suggested by early red wolf
Overall® 0.81 0.66 0.15 0.61 (Canis rufus) reintroduction attempts (Phillips and Parker

2 See equation 1.
b See equation 2.
¢ See equation 3.
d See equation 4.
¢ Calculated separately from study area sections.

1988) and grizzly bear (Ursus arctos) augmentations
(Maguire and Servheen 1992). Integration of public edu-
cation and information programs into bear reintroduction
projects provides a way to identify and resolve potential
conflicts before release. However, such programs may
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Fig. 4. Dendrogram of Big South Fork study area sections in
southeastern Kentucky and north central Tennessee based
on euclidean distances among weighted component indices
of the habitat components food, cover, and human impact of
the black bear HSI model, 1990.

need to be complemented with a reduction of road den-
sity in certain areas and proper garbage management at
human activity sites.

Study area sections 1 and 4 seems to provide the best
black bear habitat because of high availability and pro-
ductivity of food sources along with sufficient protective
cover. The availability of protective cover was relatively
low for sections 2 and 5. The potential for human impact
seems to be the weakest aspect of sections 1-4. The qual-
ity of all 3 habitat components of section 5 was relatively
low. The quality of the summer food component on DBNF
may be improved through minor changes in forest man-
agement; soft mast availability may be enhanced by pre-
scribed burning (Harlow and Van Lear 1989). Although
the potential for human impact in sections 1 and 4 was
relatively high, these sections provided the highest qual-
ity natural habitat. The central position and remoteness
of these sections indicate the importance of this portion
of the study area to establish a core population from which
dispersal could take place. The river gorges are relatively
inaccessible to people and provide the best protective

cover for bears. It seems important to maintain and en-
hance the remote character of these areas to provide po-
tential travel and dispersal corridors for bears.

As all habitat models, HSI models are simplifications
of the systems they depict (Schamberger and O’Neil
1986). A good model preserves most system dynamics
(Maynard Smith 1974) in the simplest way possible. HSI
models have been criticized because of unreasonable as-
sumptions and oversimplification of species—habitat re-
lationships. However, the effectiveness of models
depends on the intended use of the results (Laymon and
Barrett 1986). The simple structure of our HSI model
was intended to objectively and systematically assess the
feasibility of a black bear reintroduction into the BSFA;
we were able to determine the relative quality of habitat
variables and components, their spatial distribution, and
the effects of projected habitat changes over time.

Another criticism with regard to habitat modeling in
general is that many models are never validated (Stormer
and Johnson 1986). We submit that our HSI model has
not been validated. The ultimate measure of habitat suit-
ability may be the ability of an area to sustain viable
populations (Lancia et al. 1986). Obviously, this is diffi-
cult because many factors not directly related to habitat
(e.g., predation, competition, weather) may influence
animal populations (Schamberger and O’Neil 1986). In
case of extinct or remnant populations, little or no habi-
tat use data can be acquired, thus limiting habitat evalu-
ations to relatively general models based on the best
information available from other populations with simi-
lar habitat conditions.

Due to the flexible structure of HSI models and accep-
tance of different types of input data, our approach ap-
plies to other bear species and different geographic
regions. On a regional scale, the HSI model may be use-
ful to identify which areas need most protection, where
populations can be augmented or reintroduced most ef-
fectively, and how population linkages may be estab-
lished. Although our model was not designed for use
with GIS data, the rapid growth of this technology has
greatly facilitated regional habitat modeling. Two im-
portant factors in developing GIS-based HSI models are:
(1) compatibility of resolution of information used in the
model and in the GIS, and (2) the feasibility of gener-
alizing habitat requirements so that GIS-based vari-
ables can adequately represent the life requisites of
the species (Donovan et al. 1987). Bears are ideal can-
didates for habitat analysis with GIS due to their broad
habitat requirements and the appropriateness of land-
scape scales to bear ecology (Clark and van Manen 1993).
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Release Procedures

Based on the logistic regression equation of Griffith et
al. (1989), various combinations of habitat quality, pro-
gram length, and the total number of release animals in-
dicated that the effect of increased program length on
reintroduction success was strongest when relatively few
animals are released, and vice versa; the effectiveness of
releasing many animals over a longer time may be lim-
ited (Fig. 5). We suggest that a minimum of 40 bears
released over 67 years is logistically feasible and pro-
vides a reasonable probability of reintroduction success.

A viable demographic structure in a reintroduced popu-
lation depends partly on the sex and age structure of the
release animals. Using existing data and experts’ opinion
to evaluate different sex and age groups for grizzly bear
augmentation, Maguire and Servheen (1992) found that
4-year-old females provided the best trade-off among re-
productive contribution, probability of retention, and prob-
ability of conflict. Translocated bears may be motivated
to return to their original home ranges because of famil-
iarity with that area or social relationships (Beeman and
Pelton 1976). In a study of transplanted non-nuisance
brown bears, Miller and Ballard (1982) found that
nonreturning bears of both sexes were younger than re-
turning bears. Thus, the motivation to return may increase

Probability of
Translocation
Success

1.00

092 1

0.85 4

Number of
Releases 5 1

Program
Length
(Years)

Fig. 5. Relationship between number of animals released
and program length on the probability of success of
translocation. Based on logistic regression equation of
Griffith et al. (1989). Remaining settings of the model were
kept constant and were based on late breeding, native game
mammals released in good habitat within the core of historic
range.

with age. Mace and Haroldson (1984) suggested that
subadult female grizzly bears may not have invested as
much as adult bears in establishing and maintaining home
ranges, presumably reducing the need to return to their
areas of origin. These studies seem to indicate that rein-
troduction success may be enhanced by releasing young
adult bears (i.e., approximately 4-6 years) because they
are less likely to exhibit extensive post-release movements,
thereby reducing the probability of conflict. Because of
greater female reproductive contribution to a bear popu-
lation, a 2:1 sex-ratio of females to males may further
increase the probability of reintroduction success.

The area of origin of the release animals should closely
resemble habitat of the release area, especially when adult
animals are used (Servheen et al. 1987), and should be
within the same subspecies range. Stiver and Pelton
(1997) found that captive or nuisance black bears may
not provide a viable option for reintroduction or augmen-
tation. Indeed, Griffith et al. (1989) found that wild-caught
animals from high-density and increasing populations had
the highest probability of translocation success; they found
no association between success and immediate or delayed
release. However, the success of red wolf reintroductions
in the southeastern U.S. has been partly contributed to
the use of an approximately 6-month acclimation period
where captive-bred wolves were gradually fed a natural
diet (Phillips and Parker 1988). After unacclimated re-
leases in Arkansas, some male bears were sighted and
killed up to 435 km away from release sites, although
many bears, mostly females, remained close (Smith et al.
1990). An on-site acclimation period may enhance rein-
troduction success by reducing post-release movements.
When wild bears are used, however, the risk of human
habituation will increase with time. A maximum accli-
mation period of 4 weeks may be appropriate during
which human presence should be minimized. To further
enhance the probability of reintroduction success, bears
should be released during summer when food sources
usually are abundant and predictable. Due to high an-
nual variation of hard mast abundance in the southern
Appalachians and associated shifts in black bear home
ranges (Garshelis and Pelton 1981), release in fall may
not be a feasible option. Alternatively, the winter den-
ning period may be used as an acclimation period by plac-
ing bears in natural or artificial dens; after den emergence
bears are sedentary and will likely stay within the vicin-
ity of the release site, particularly females with cubs.

Feasibility studies will not be able to predict exactly
where and when unusual events may occur (e.g., crop
damage, human-bear interactions). Post-release moni-
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toring will be important to assess or prevent such events
and to provide data to measure reintroduction success
(Stanley Price 1991). Reintroduced populations are rela-
tively easy to study due to initial small size and known
sex and age structure; intensive monitoring may provide
a unique opportunity to test the performance of popula-
tion estimators and indices.

In summary, we propose the following release proce-
dures for a reintroduction to establish a black bear popula-
tion within the BSFA: (1) a minimum of 40 bears should
be released of which approximately 2/3 should be 4- to 6-
year-old females and the remainder males of similar age,
(2) release animals should be obtained from stable or in-
creasing high-density bear populations in the southern
Appalachian region, (3) release animals should not have a
known history of human habituation, (4) an acclimation
period of <4 weeks may be desirable, (5) the prime release
sites should be within study area section 4 and the south-
ern portion of section 1 where habitat quality was greatest,
(6) releases should be spread out equally over a period of
approximately 6~7 years, (7) capture of animals should
occur in mid summer to allow release in late summer, (8)
released bears should be intensively monitored using stan-
dardradio-telemetry procedures and all monitoring should
be thoroughly documented, so that (9) success can be evalu-
ated based on previously established criteria.

CONCLUSIONS

The HSI model provided an objective and systematic
approach to evaluate black bear habitat in the BSFA. The
potentially negative effect of human activities seems to be
the weakest aspect of the BSFA with regard to reestablish-
ment of a black bear population. The effects of human
activities on bears are difficult to predict because they partly
depend on management actions related to a reintroduction
attempt and public attitudes towards bears. Evenif an area
has suitable bear habitat, many different factors will influ-
ence the success of a reintroduction attempt. The develop-
ment of detailed release procedures should enhance the
probability of reintroduction success.

Reintroduction attempts should be planned as experi-
ments (May 1991), and they should be used to better quan-
tify the factors that influence reintroduction success. With
regard to the BSFA, an experimental release of a small
number of bears would help to evaluate the effects of hu-
man activities when no management actions are taken; such
experiment can also be used to test the effectiveness of
different release procedures.

The techniques and concepts used in study could apply
to other bear species and different geographic regions.

Although our purpose was to study the biological aspects
of reestablishing a black bear population, we point out that
social, economic, and political aspects also will be impor-
tant factors for successful reintroduction of large carni-
vores.
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