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Abstract: There are 3 American black bear (Ursus americanus) populations in the state of Georgia,
USA. We used multi-locus microsatellite genotypes derived from bear hair and tissue samples collected
across these populations to assess levels of genetic diversity within and between populations. We used
population assignment clustering to evaluate whether there has been recent immigration into the smallest
of the 3 populations, the Central Georgia Bear Population. Compared with other bear populations in
the United States, the North Georgia and South Georgia Bear Populations have relatively high rates
of genetic diversity (Ho = 0.72 ± 0.02, A = 6.68 ± 0.32, and Ho = 0.72 ± 0.02, A = 6.82 ± 0.35,
respectively). In contrast, the Central Georgia Bear Population has relatively low rates (Ho = 0.46 ± 0.03,
and A = 3.96 ± 0.20). Fixation indices for pairings between Georgia bear populations indicated that the
North Georgia Bear Population was more similar to the South Georgia Bear Population than either was
to the Central Georgia Bear Population. Our findings suggest that the Central Georgia Bear population
has experienced long-term genetic isolation and genetic drift. Of a sample of 365 bears from Central
Georgia, we only detected 1 immigrant and no evidence of gene flow into the population. We recommend
development and implementation of plans to encourage gene flow toward the Central Georgia Bear
Population.
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Historically, American black bears (Ursus ameri-
canus; hereafter, black bears) were widely distributed
across forested portions of North America (Pelton 2003).
More recently, the range of the black bear receded to
<70% of its historical extent (Pelton and van Manen
1994, Scheick and McCown 2014). Overharvest, perse-
cution, and habitat alteration caused this reduction in bear
abundance and distribution, especially in the southeast-
ern United States (Pelton 2001). Maehr (1984) estimated
that bears inhabited only 10% of their historical range
in the Southeast as a result of habitat loss and historical
overexploitation. A 1970 regional estimate of bear num-
bers across 11 southeastern states totaled<4,000 animals,
with 4 of 11 states reporting <100 bears each (Pelton and
Nichols 1972).

Concomitant with reduced bear abundance and range
reductions in the Southeast was fragmentation of once
contiguous bear populations into smaller ones. These
populations became geographically isolated because of
habitat fragmentation, habitat loss, and frustrated move-
ments between populations (Pelton 1990, Hellgren and
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Maehr 1992). Habitat fragmentation, habitat loss, and ge-
ographic isolation of populations can cause reduced ge-
netic diversity within populations (Sherwin and Moritz
2000), reduced (or eliminated) gene flow between pop-
ulations (Vos et al. 2001), and ultimately lead to in-
creased probability of extinction (Saccheri et al. 1998).
Habitat fragmentation can frustrate movements and dis-
persal, contribute to lower abundance, and reduce popu-
lation viability (Davies et al. 2001, Frankham et al. 2002).
Moreover, habitat fragmentation can contribute to genetic
isolation and declines in genetic diversity (Dixon et al.
2007). Loss of genetic diversity can be especially prob-
lematic for large carnivores because of their relatively
low numbers, slow reproductive rates, and propensity to
create conflicts with humans while attempting to move
between habitat patches (Wayne et al. 1991, Roelke et al.
1993, Dunbar et al. 1996, Noss et al. 1996, Crooks 2002,
Räikkönen et al. 2009).

The State of Georgia, USA, contains 3 bear populations
representing 2 of the southeastern American black bear
subspecies (Fig. 1; Hall 1981). The North Georgia Bear
Population (NGP) and the Central Georgia Bear Popula-
tion (CGP) are considered to be American black bear (Ur-
sus americanus americanus), whereas the South Georgia
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Fig. 1. Map of the state of Georgia (GA) and neighboring states of Alabama (AL), Florida (FL), North Carolina
(NC), South Carolina (SC), and Tennessee (TN), with American black bear (Ursus americanus) distribution
(green shading) and incidental, inter-population observations of bears (black triangles) between Georgia’s
3 bear populations—the North Georgia Bear Population (NGP), Central Georgia Bear Population (CGP), and
South Georgia Bear Population (SGP)— in Georgia, USA, 2006–2017. Bear distribution and observation data
are modified and updated from Scheick et al. (2011) and Scheick and McCown (2014).

Bear Population (SGP) is considered to be the Florida
black bear (U. a. floridanus). Collectively, these popula-
tions comprise roughly 5,100 bears, with the NGP being
the most abundant and the CGP being the least abun-
dant (Georgia Department of Natural Resources 2010,
Hooker et al. 2015). Bears in the NGP occur in the north-
ern counties of Georgia from the Georgia–Tennessee state
line southward toward the suburbs north of Atlanta, and
the Interstate-85 corridor between Atlanta and Greenville,
South Carolina. The CGP is restricted primarily to 5 coun-
ties along the Ocmulgee River in Central Georgia south-
east of Macon. The SGP is located in the south-central
counties of Georgia along the Georgia–Florida state line,
and is associated with the Okefenokee Swamp. The NGP
is contiguous with the bear population in the mountains
of southeastern Tennessee and western North and South
Carolina. The SGP is contiguous with the Osceola bear
population in northern Florida (Dobey et al. 2005). Con-
versely, the CGP has been considered demographically
and genetically isolated from other bear populations in

the recent past (Miller 1995, Sanderlin et al. 2009). Rel-
atively low abundance and potential isolation from other
bear populations makes conservation of the CGP of spe-
cial concern (Hooker et al. 2015). Although there appears
to be poor connectivity between bear populations in Geor-
gia, reports of bears in areas between the NGP and CGP,
or the CGP and the SGP, are seemingly increasing (see
incidental, inter-population observations, black triangles
in Fig. 1), necessitating research to evaluate levels of de-
mographic and genetic separation among the 3 Georgia
bear populations. Our objectives were to use microsatel-
lite markers to assess genetic variation within and among
the NGP, CGP, and SGP, and to determine whether there
was evidence of gene flow into the CGP.

Study area
We conducted research in all 3 bear populations in

Georgia. The NGP occurred in northern Georgia, and
was a trans-border population with North Carolina, South
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Fig. 2. State of Georgia counties with primary (dark green) and secondary (light green) ranges of the North
Georgia Bear Population (NGP), Central Georgia Bear Population (CGP), and South Georgia Bear Population
(SGP), and 3 Georgia bear hunting zones—the North Bear Zone (blue), the Central Bear Zone (orange), and the
South Bear Zone (turquoise)—in Georgia, USA, 2006–2017. American black bear (Ursus americanus) distribu-
tion data from Scheick et al. (2011) and Scheick and McCown (2014).

Carolina, and Tennessee. The NGP was separated from
the CGP by the city of Atlanta, and the considerable urban
sprawl associated with the city. The CGP was separated
from the NGP and SGP by >150 km, and was essentially
restricted to 5 counties southeast of Macon, whereas the
SGP was a trans-border population with Florida. Some of
our samples were collected from hunter-harvested bears,
especially those from the NGP and SGP; therefore, we
placed emphasis on counties within Georgia’s 3 bear-
hunting zones (Fig. 2). These zones included 49 counties
and encompassed most of the area within Georgia known
to be occupied by bears.

The North Bear Zone (NBZ, 31,654 km2), the largest
of the 3 bear-hunt zones, consisted of Carroll, Fulton,
DeKalb, Gwinnett, Walton, Barrow, Jackson, Madison,

Hart, and all Georgia counties north of these. The South
Bear Zone (SBZ, 10,442 km2) included Brantley, Charl-
ton, Clinch, Echols, Lanier, Lowndes, and Ware coun-
ties. The smallest zone, the Central Bear Zone (CBZ,
2,555 km2), consisted of Bibb, Houston, and Twiggs
counties. Adjacent to the CBZ were Bleckley and Pulaski
counties, which were not within the bear hunt zone but
were part of non-invasive sampling activities (see Meth-
ods) and location of several road-killed bears used in our
analysis.

The NBZ encompassed extremes in terms of terrain,
remoteness, and both human and bear densities. Many of
the counties in the northeastern portion of the NBZ were
mountainous, sparsely populated with humans, and had
relatively high bear densities. These counties contained
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large tracts of federally and state-owned forest land, some
of which were roadless wilderness. Conversely, the south-
western portion of the NBZ contained metropolitan At-
lanta (pop. 5,710,795 U.S. Census Bureau 2015). The
NBZ contained portions of 4 physiographic provinces:
Appalachian Plateau, Blue Ridge, Piedmont, and Valley
and Ridge (Usery 2016).

The CBZ was in the Ocmulgee River drainage at the
Fall Line, the boundary of the Piedmont and Coastal Plain
physiographic provinces (Usery 2016). Predominant for-
est types in the CBZ were bottomland hardwood forests
within the Ocmulgee River flood plain, and planted pine
(Pinus spp.), natural pine, and mixed pine–hardwood in
the uplands. Most forest land in the CBZ was privately
owned and managed for timber production. Within this
3-county zone there was considerable difference among
counties in terms of human density. Bibb County con-
tained the city of Macon (pop. 91,234) and was estimated
to contain 153,721 people, whereas neighboring Twiggs
County had <9,000 residents (U.S. Census Bureau 2015).

The SBZ was in the lower Coastal Plain physiographic
province (Usery 2016) along the Florida–Georgia bound-
ary in the area of Okefenokee Swamp and Okefenokee
National Wildlife Refuge. Okefenokee Swamp was one
of the largest freshwater swamps in the United States
and was typified by bay (e.g., loblolly-bay [Gordonia
lasianthus], swamp-bay [Persea palustris], sweet-bay
[Magnolia virginiana], black gum [Nyssa sylvatica], and
cypress [Taxodium spp.]) forests. Private lands surround-
ing Okefenokee Swamp were predominantly managed
slash pine (Pinus elliottii) forest, with low human popu-
lation densities.

Methods
Sample collection

During 2012–2017, we collected samples from which
DNA could be extracted (e.g., hair, tissue, and blood)
from bears using a variety of methods. Within the CGP
we used non-invasive sampling with hair snares (Woods
et al. 1999, Sylvest 2014, Hooker et al. 2015), live capture
of bears using modified Aldrich foot snares (Johnson and
Pelton 1980), hunter-harvested bears, and investigations
of vehicle–bear collisions and other bear mortalities. In
North and South Georgia, we relied primarily on hunter-
harvested bears as a source of samples. We collected sam-
ples from areas outside the 3 Georgia bear populations
from road-killed bears or from bears being handled by
Georgia Department of Natural Resources personnel as
part of management actions. Our capture and handling
methods were approved by the University of Georgia

Institutional Animal Care and Use Committee (Protocol
Number A2011 10-004-A1).

We placed all samples collected in central Georgia in
#1 paper coin envelopes and stored them in a climate-
controlled environment at room temperature. We checked
hair snares on a weekly basis and, therefore, samples from
hair snares had �7 days of environmental exposure be-
fore collection. We held tissue samples or blood swabs
(i.e., samples with high moisture content) out of storage
with other samples until samples were thoroughly des-
iccated. We collected samples from the NGP and SGP
using TypiFixTM (IDnostics AG, Schlieren, Switzerland)
single-use tissue sample collectors. As above, we invento-
ried these samples and stored them at room temperature.
We then forwarded all samples to Wildlife Genetics In-
ternational (Nelson, British Columbia, Canada) for DNA
extraction and microsatellite genotyping.

We extracted DNA from samples using QIAGEN’s
DNeasy Tissue kits, and amplified specific microsatellite
loci using polymerase chain reaction. Detailed descrip-
tions of laboratory methods used for our study have been
previously described by Paetkau and Strobeck (1994,
1998) and Paetkau (2003, 2004). We genotyped all indi-
viduals sampled within the NBZ and SBZ, and samples
from counties outside the bear hunt zones, for 22 mi-
crosatellite loci: CPH9, CXX20, CXX110, D1A, D123,
G1A, G1D, G10B, G10C, G10H, G10J, G10L, G10M,
G10P, G10U, G10X, MU23, MU50, MU59, MSUT-2,
REN144 A06, and REN145 P07 (Paetkau and Strobeck
1994, Paetkau et al. 1995, Taberlet et al. 1997, Kitahara
et al. 2000, Breen et al. 2001) and an amelogenin sex
marker (Ennis and Gallagher 1994). We treated samples
from the CBZ the same as above, but we analyzed only
a subset of all CBZ samples at all 22 loci. Further er-
ror checking and quality control used in our study are
described by Paetkau (2003).

Analysis
We tested for deviations from expected values of

Hardy–Weinberg equilibrium using Program Genepop
4.5.1 (Raymond and Rousset 1995). We computed exact
P-values using complete enumeration for loci with <4 al-
leles (Louis and Dempster 1987); otherwise, we used the
Markov chain method (de-memorization 10,000, batches
20, iterations per batch 5,000 [Guo and Thompson 1992]).
We also tested for linkage disequilibrium and nonrandom
associations between alleles at different loci within pop-
ulations using Markov chain methods (de-memorization
10,000, batches 200, iterations per batch 10,000 [Guo and
Thompson 1992]), and again adjusted P-values for multi-
ple comparisons using Bonferroni correction (Rice 1989).
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As measures of genetic variation within each popula-
tion, we calculated observed mean heterozygosity (Ho),
expected mean heterozygosity (He), and mean number
of alleles at each locus (A). We calculated genetic dis-
tance between all populations (global Fst) and between
paired populations (pairwise Fst; Weir and Cockerham
1984).

To assess potential inter- and intra-population ge-
netic structure, we initially conducted a factorial cor-
respondence analysis (FCA) implemented in Program
GENETIX 4.05 (Benzecri 1992, Belkhir 1999). The FCA
involves no a priori assumptions regarding sampling lo-
cation or population of origin for individuals, but rather,
groups like individuals on multiple factorial axes (i.e., in
multidimensional space) based on shared alleles (Harold-
son et al. 2010). To reduce dimensionality, we plotted the
first 2 dimensions of this data space in 2-dimension scat-
terplots, and visually inspected the plots for evidence of
clustering relative to sampling location and known pop-
ulation of origin. We then used the results of FCA analy-
ses to inform our structuring of data sets for subsequent
analyses.

We used the population assignment test within Pro-
gram STRUCTURE 2.3.4 to determine likely number of
clusters (i.e., populations; K) within our data set of 10-
locus genotypes based on allele frequencies (Pritchard
et al. 2000). We used the ‘admixture model’ without the
LOCPRIOR option. The LOCPRIOR option allows sam-
pling location information to aid the clustering algorithm
in cases with weak structure signals by assuming that ani-
mals sampled from like locations are more likely to share
common ancestry (Porras-Hurtado et al. 2013). However,
results of our FCA analysis indicated that structure sig-
nals between the 3 Georgia bear populations were not
weak. Assuming that all 3 Georgia bear populations were
historically part of a contiguous bear population, we used
the correlated allele frequency model. We used a 100,000-
step Markov-chain Monte Carlo (MCMC) for 20 runs
following a 10,000-step burn-in to consider scenarios in
which K ranged from a minimum of 1 to a maximum of
6 (i.e., our assumed no. of populations plus 3; [Evanno
et al. 2005]). To mitigate issues of inherent stochasticity
among the 20 MCMC runs (e.g., label-switching or multi-
modality [Stephens 2000, Jasra et al. 2005]) we used Pro-
gram CLUMPP 1.1.2 (Jakobsson and Rosenberg 2007)
implemented through the ‘main pipeline’ of CLUMPAK
(Kopelman et al. 2015) to align and find agreement among
results of the 20 runs. To determine the most appropri-
ate value of K for our data, across K = 1–6, we used
CLUMPAK to calculate and plot both the log probability
of our data, ln Pr(X│K) as suggested by Pritchard et al.

(2000) and �K, the rate of change of K using the method
of Evanno et al. (2005) across K = 2–5.

We were specifically interested in detection of immi-
grants, or offspring of immigrants, within the CGP; there-
fore, we used the USEPOPINFO model in STRUCTURE
2.3.4 to analyze our data set (Pritchard et al. 2000). Within
the USEPOPINFO model, it is possible to indicate the
number of generations back within which to consider
(GENSBACK) where GENSBACK = 0 represents an in-
dividual being a migrant and GENSBACK = 1 indicates
an individual is the offspring of a migrant parent and so
on. We limited our analysis to a maximum of GENS-
BACK = 3 because of the decreasing power to detect
immigrants as GENSBACK increases (Pritchard et al.
2000). We ran models with v = 0.05, where v is the prob-
ability that an individual is an immigrant to the population
from which it was sampled, or has some level of immi-
grant ancestry, and 1 − v is the probability the individual
is purely from the population from which it was sampled
(Pritchard et al. 2000). We used a 100,000-step MCMC
for 20 runs following a 10,000-step burn-in, and based
on the results of the above clustering analysis, limited the
number of clusters considered to K = 3 (i.e., 1 cluster
representing each of the 3 Georgia bear populations).

Results
From 2012 through 2017, we developed microsatellite

genotypes for 507 individual black bears. Based on sam-
ple collection location, the NGP, CGP, and SGP yielded
84, 362, and 54 genotypes, respectively (Fig. 3a). We de-
rived the remaining 7 genotypes from samples collected
outside any of the 3 Georgia bear populations. Of these 7,
we derived 2 genotypes from samples collected along the
southern periphery of the NGP, 1 from a sample collected
on the western periphery of the CGP, and the remaining
4 from samples collected well outside the range of any of
the 3 Georgia bear populations.

A plot of the 2 primary dimensions from a prelimi-
nary FCA of all 507 individuals genotyped at 10 com-
mon loci revealed 3 defined clusters corresponding to the
genotypes derived from samples collected within each
of the 3 populations (Fig. 3b). The 2 samples from the
periphery of the NGP (male bears N15M and N16M)
clustered with the NGP group. Two of the 4 samples col-
lected well outside any population (male bears C42M and
C60M) clustered with the CGP group and the remain-
ing 2 (male bears C5M and C367M) clustered with the
SGP group. The sample collected along the western pe-
riphery of the CGP (male bear C51M) clustered with the
SGP. Subsequent FCA analyses considering populations
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Fig. 3. (a) State of Georgia counties with primary (dark green) and secondary (light green) ranges of the North
Georgia Bear Population (NGP), Central Georgia Bear Population (CGP), and South Georgia Bear Population
(SGP); counties from which American black bear (Ursus americanus) genotypes were derived within the NGP
(blue, n = 84), the CGP (orange, n = 362), and the SGP (turquoise, n = 54); and the locations of black bear
genotypes that were sampled from outside known bear range (red triangles, n = 7) Georgia, USA, 2006–2017.
Bear distribution data from Scheick et al. (2011) and Scheick and McCown (2014). (b) Factorial correspondence
analysis of 507 American black bear, 10-locus, microsatellite genotypes derived from bears sampled within
or between 3 Georgia, USA, bear populations: North Georgia Bear Population (NGP), Central Georgia Bear
Population (CGP), and South Georgia Bear Populations (SGP), during 2012–2016. Parenthetical percentages
are variance accounted for by respective factor.

individually confirmed the clustering of N15M and
N16M with the NGP group and C42M and C60M with the
CGP group. However, C51M was a strong outlier from the
SGP group and both C5M and C367M were on the outer
edge of the SGP cluster, indicating uniqueness relative to
the other bears in the SGP (Fig. 4). Further investigation,
conducted by Wildlife Genetics International personnel,
into the possible population of origin of bears C51M,
C5M, and C367M revealed that C51M was likely a bear
from the Apalachicola Bear Population in North Florida,
and bears C5M and C367M appeared to be crosses of
SGP bears and bears from Florida bear populations (D.
Paetkau, Wildlife Genetics International, personal com-
munication [8 Jul 2016]).

We compiled 2 data sets based on the number of loci
in the genotype of each individual. One data set consisted
of individuals from the populations and genotyped at 22
loci. We used this data set to calculate population genet-

ics statistics and compare the 3 Georgia bear populations.
Not all individuals from the CGP were genotyped at 22
loci, so we compiled a second data set containing all in-
dividuals sharing 10 common loci in their genotype, 10
being the lowest number of loci used to identify indi-
viduals in the CGP. The probability of identity (PIsibs)
for the 10-locus data sets for each of the 3 populations
was 1.8 × 10−4, 1.8 × 10−3, and 1.7 × 10−4 for the
NGP, CGP, and SGP, respectively. This represents a 1 in
approximately 5,556, 1 in approximately 556, and 1 in
approximately 5,882 probability of 2 related individuals
sharing the same genotype at the same markers within
the NGP, CGP, and SGP, respectively. We used our 10-
locus data set to investigate the CGP for the presence of
immigrants and evidence of gene flow in to the CGP.

After Bonferroni correction, 1 of 22 loci (4.5%
[REN144 A06]) failed to adhere to assumptions of
Hardy–Weinberg equilibrium within each of the Georgia
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Fig. 4. Factorial correspondence analysis of American black bear (Ursus americanus) 10-locus, microsatellite
genotypes derived from bears sampled within the South Georgia Bear Population (turquois circles, n = 54),
and 3 bears sampled outside the South Georgia Bear Population (red triangles, n = 3) in Georgia, USA, during
2012–2017. Parenthetical percentages are variance accounted for by respective factor.

bear populations (P < 0.05). An additional 4 of 22
(18.2% [G10B, MU50, G10X, CPH9]) failed within
the CGP. Our test for non-random loci pairings indi-
cated no departures from randomness among all pairings
within the SGP. Only 1 of 231 (0.4% [G10X-MSUT2])
loci pairings within the NGP failed the linkage dise-
quilibrium test, whereas 5 of 231 (2.2% [CPH9-G10U,
G10B-G10P, G10X-MSUT2, REN144 A-G10J, REN145
P07-CXX110]) failed within the CGP. The NGP and the
SGP were similar in mean number of unique alleles per
loci and heterozygosity levels, whereas the CGP was con-
siderably lower than either of those populations (Table 1).
The degree of genetic separation between the 3 GA bear
populations (Fst) was greater between the CGP and ei-
ther the NGP or the SGP, than between the NGP and the
SGP, in spite of the NGP and SGP having the greatest
geographic separation (Table 2). In estimating the most
likely number of clusters (K) within our 10-locus data set,
using the algorithm within Program STRUCTURE, there
was agreement between the method of Pritchard et al.
(2000) and the method of Evanno et al. (2005) that there
were 2 clusters (Fig. 5). One cluster consisted solely of
individuals from the CGP, and the second consisted of a
combination of the NGP and SGP (Fig. 6).

The results of our testing the 10-locus data set for mi-
grants, or descendants of migrants, within the 3 Geor-
gia bear populations flagged only 1 bear (female C87F)
as having a <1 probability of ancestry purely from the
population from which she was sampled, the CGP. This
female was estimated to have a 0.17 probability of full
CGP ancestry in spite of having been sampled from within
the CGP. Relative to the NGP and SGP, female C87F had

Table 1. Measure of genetic variation within 3 popu-
lations of American black bears (Ursus americanus)
based on 196, 22-locus microsatellite genotypes in-
cluding the mean number of alleles per locus (A), ob-
served heterozygosity (Ho), expected heterozygosity
(He), and number of genotypes (n), during 2012–2016,
Georgia, USA.

Population A Ho He n

NGPa 6.68 ± 0.32 0.72 ± 0.02 0.73 ± 0.01 72
CGPb 3.96 ± 0.20 0.46 ± 0.03 0.47 ± 0.03 70
SGPc 6.82 ± 0.35 0.72 ± 0.02 0.71 ± 0.02 54

aNorth Georgia Bear Population.
bCentral Georgia Bear Population.
cSouth Georgia Bear Population.
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Table 2. Fixation index (Fst) between pairings of 3
American black bear (Ursus americanus) popula-
tions in Georgia, USA, during 2012–2016.

Population 1 Population 2 Fst P

SGPa NGPb 0.14 <0.01
SGP CGPc 0.32 <0.01
NGP CGP 0.28 <0.01

aSouth Georgia Bear Population.
bNorth Georgia Bear Population.
cCentral Georgia Bear Population.

a 0.00 probability of being a migrant from either the NGP
or SGP and a 0.05, 0.29, and 0.45 probability of being a
first, second-, and third-generation descendant of a NGP
bear, respectively.

Discussion
Population persistence is influenced by combinations

of deterministic (e.g., habitat loss and overexploitation)
and stochastic (e.g., demographic and genetic) factors
(Shaffer 1981), and small populations tend to have de-
creased rates of persistence due to stochastic demo-

graphic processes (MacArthur and Wilson 1967, Shaffer
1987, Lande 1993). Furthermore, smaller populations are
prone to negative impacts of stochastic genetic processes,
such as fixation of deleterious alleles, genetic drift, and
inbreeding depression (Mills 2012). These negative im-
pacts come in 2 forms: reduced genetic diversity and in-
ability to adapt to environmental change, and inbreeding
with subsequent deleterious effects on survival and repro-
duction (Frankham et al. 2002, Keller and Waller 2002).
Additionally, population persistence can be affected by
a population’s spatial juxtaposition (pattern) and func-
tional relationship (process) to neighboring populations
(Hanski 2005). Hellgren and Vaughan (1994) identified
alleviation of negative demographic and genetic con-
sequences caused by habitat loss and fragmentation as
conservation and management priorities for southeastern
bear populations.

We observed patterns of heterozygosity and allelic
richness within the CGP suggestive of a genetic bot-
tleneck and genetic drift, likely a function of low pop-
ulation abundance and isolation from neighboring bear
populations (Nei et al. 1975, Frankham et al. 2002,
Hooker et al. 2015). We recognize that comparing lev-
els of genetic diversity across studies can be problematic

Fig. 5. The number of clusters (K) in a data set of 504 American black bear (Ursus americanus) 10-locus
microsatellite genotypes (sampled from 3 populations in GA, USA, during 2012–2016) estimated by (a) the log
probability of the data given K (mean of 20 iterations at each level of K ± standard deviation; Pritchard et al.
2000), and (b) the second-order rate of change in the likelihood function across levels of K (�K; Evanno et al.
2005).
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Fig. 6. Bar graph depicting cluster (K = 2) assignment of 504 American black bear (Ursus americanus) 10-
locus microsatellite genotypes sampled from 3 Georgia, USA, populations—North Georgia Bear Population
(NGP), Central Georgia Bear Population (CGP), and South Georgia Bear Populations (SGP)—during 2012–
2016. Narrow vertical bars represent an individual bear. X-axis labels indicate population of origin, based on
sampling location and factorial correspondence analysis, for individuals with sample size (n) in parenthesis.
Y-axis and colors represent each bear’s estimated proportion of membership in each of the 2 clusters.

because of variability in number of loci used, the spe-
cific loci used, and variability in mutation rates for loci
(Conner and Hartl 2004). Nevertheless, previous studies
using similar microsatellite markers to those in our study
observed heterozygosity levels of >0.70 for American
black bear populations in areas with expansive habitat
and little impedance to gene flow (Paetkau and Strobeck
1998; Woods et al. 1999; Schwartz et al. 2006; Pelletier
et al. 2012, 2017). Conversely, similar studies of Ameri-
can black bears from small, isolated populations reported
heterozygosities of<0.50 (Boersen et al. 2003, Csiki et al.
2003, Brown et al. 2009, Clark et al. 2010, Hooker 2010,
Lowe 2011, Troxler 2013, Pelletier et al. 2017), which
places the CGP among the populations with the poorest
values (Table 3; Dixon et al. 2007).

Out of a sample of 363 bears from within or along the
periphery of the CGP, only 1 bear (C51M) was a migrant

from outside the CGP, and 1 bear (C87F) displayed evi-
dence of distant ancestry outside the CGP. The presence
of C51M along the periphery of the CGP is encourag-
ing because it demonstrates that immigration from out-
side bear populations into the CGP is possible. However,
C51M was killed in a vehicle collision and, at 2 years of
age, likely did not breed before dying, thus representing
immigration but not gene flow.

Black bears exhibit inbreeding avoidance behavior, by
which young males disperse from their natal area and
young females tend to stay within or near their natal
range (Alt 1978, Rogers 1987, Beck 1991, Schwartz and
Franzmann 1992, Costello 2010). Black bears are capa-
ble of long-distance movements (Rogers 1987, Elowe and
Dodge 1989, Beck 1991, Lee and Vaughan 2003) neces-
sary for inter-population exchange among disjunct popu-
lations. Previous authors have noted that long-distance

Table 3. Genetic diversity metrics for American black bear populations in the southeastern United States with
observed heterozygosity (Ho), expected heterozygosity (He), and mean number of alleles per loci (A).

Population (n) Ho He A State Citation

South Georgia (54) 0.72 0.71 6.82 GA This project
North Georgia (72) 0.72 0.73 6.68 GA This project
Osceola (41) 0.71 0.71 6.67 FL Dixon et al. 2007
Apalachicola (40) 0.69 0.71 5.92 FL Dixon et al. 2007
St. Johns (40) 0.65 0.66 5.75 FL Dixon et al. 2007
Big Cypress (41) 0.64 0.65 5.50 FL Dixon et al. 2007
Eglin (40) 0.61 0.54 4.08 FL Dixon et al. 2007
Ocala (40) 0.58 0.61 4.75 FL Dixon et al. 2007
Aucilla (40) 0.57 0.59 5.00 FL Dixon et al. 2007
Central Georgia (70) 0.46 0.47 3.96 GA This project
Highlands/Glades (28) 0.33 0.38 2.75 FL Dixon et al. 2007
Southwestern Alabama (19) 0.32 - 2.80 AL Edwards 2002
Chassahowitzka (29) 0.29 0.27 2.25 FL Dixon et al. 2007
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movements may result following translocation events
(Rogers 1973), whereas others have noted such move-
ments may simply be associated with dispersal from natal
ranges (Maehr et al. 1988, Stratman et al. 2001). Regard-
less, various factors contribute to infrequent and poten-
tially unreliable interchange, such as habitat fragmenta-
tion, habitat loss, and anthropogenic activities such as
highways and other infrastructure that degrade habitat
(McCown et al. 2004, Latham et al. 2011). Collectively,
these factors appear to be inhibiting gene flow into the
CGP.

Management implications
Although the NGP and SGP are both potential sources

of immigrants into the CGP, we only detected one recent
immigrant (from neither the NGP nor the SGP) in the
CGP, and no evidence of recent gene flow into the CGP.
Given the level of genetic diversity we documented within
the CGP, and the apparent continued genetic isolation
between the CGP and surrounding bear populations, we
encourage managers to consider options for the introduc-
tion of novel genetic material (i.e., bears from populations
other than the CGP) into the CGP. This introduction of
novel genetic material could be accomplished by corridor
development and natural dispersal of bears, by transloca-
tion of bears into the CGP, or a combination. Translo-
cations would likely result in the most rapid increase in
gene flow into the CGP, and have been used to reestab-
lish extirpated bear populations, augment existing popu-
lations, and create ‘stepping-stone’ populations between
extant but demographically and genetically separate sub-
populations in the southeastern United States (Eastridge
and Clark 2001, Wear et al. 2005, Benson and Chamber-
lain 2007). In doing so, translocations facilitate genetic
connectivity between otherwise isolated populations
(Laufenberg and Clark 2014). We also caution against
reduction of the CGP in the absence of efforts to allevi-
ate the population’s isolation. Reducing the population in
its current state has potential to further erode its genetic
diversity and make long-term conservation less tenable.
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