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Abstract: Effective management of American black bears (Ursus americanus) requires an un- 
derstanding of population demographics. In 2002, we obtained DNA from hair collected at barbed-wire 
traps to estimate black bear population size and study population genetics on Stockton (4,069 ha) and 
Sand (1,193 ha) islands at Apostle Islands National Lakeshore (AINL), Wisconsin. Hair samples also 
were collected from 2 nuisance bears on Oak Island. We analyzed 372 hair samples from Stockton and 
Sand islands collected on 4 occasions at about 14-day intervals. Genetic analysis of 6 microsatellite DNA 
markers resulted in 71 captures of 26 individuals on Stockton Island and 13 captures of 6 individuals on 
Sand Island. The estimated bear populations on Stockton and Sand islands were 26 (SE - 0.54, 95% CI 
[confidence interval] =26-26) and 6 (SE =0.60, 95% CI=6-7) individuals, respectively. The estimated 
density on Stockton Island was 0.64 bears/km2 and on Sand Island was 0.50 bears/km2. Genetic vari- 
ation within both island populations was higher (mean HE > 0.77) than could be maintained by popula- 
tions of this size in isolation, suggesting substantial immigration from the mainland population occurred. 
Genetic assignment testing using log genotype likelihoods demonstrated sufficient variation be- 
tween bear populations on Stockton and Sand islands to permit identification of natal origins. The 2 bears 
from Oak Island were genetically intermediate between Stockton and Sand islands. Islands within 
AINL contain small black bear populations of high density that are genetically distinct and apparently 
influenced by immigration from the mainland population. 
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Knowledge of animal population sizes and connectiv- 
ity, and how they vary temporally, is necessary for 
effective species management. The National Park Service 
(NPS) is mandated to "... maintain as parts of the natural 
ecosystems of parks all native plants and animals" 
(National Park Service 2000). The NPS is also required to 
monitor important resources that are necessary to 
accomplish management objectives as required by law 
or planning documents (National Park Service 2000). 
Black bears (Ursus americanus) are an important 
component of many units in the National Park system, 
including Wisconsin's Apostle Islands National Lake- 
shore (AINL). At AINL, understanding black bear 
abundance and ecology is critical because: (1) they have 
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an inherent role in maintaining ecological integrity, (2) 
harvest of black bears is legal in AINL, and (3) of 
potential interactions with tourists. 

Techniques to estimate bear populations that could be 
used for long-term monitoring are impractical in heavily- 
forested areas like AINL or are cost prohibitive. How- 
ever, use of genetic markers to identify individual 
animals has increased considerably in recent years 
(Parker et al. 1998). Small amounts of tissue, including 
hair, are now used frequently in genetic studies to identify 
individuals, as well as determine sex, species, and 
genealogy (Taberlet et al. 1993; Paetkau and Strobeck 
1994, 1998; Foran et al. 1997; Haig 1998). Advances in 
genotyping using non-invasive collection of tissue 
samples (Woods et al. 1996, 1999) and mark-recapture 
modeling (White et al. 1982) have provided an additional 
means to estimate animal populations, including esti- 
mates of precision. Mark-recapture modeling employing 
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Fig. 1. Location of Sand, Oak, and Stockton islands an 
Island Archipelago, Wisconsin, USA. 

data from systematically obtained hair samples is now 

likely the most common method to estimate bear 

population size (Mowat and Strobeck 2000, Poole et al. 

2001, Boersen et al. 2003). 
As for connectivity, aquatic and other geographic or 

human created barriers such as roads can greatly inhibit 
animal movement and dispersal (Schmiegelow and 
Nudds 1987, Proctor et al. 2002), increasing the risk 
of population extinction (Lande 1994). The NPS is 

obligated to "... protect the full range of genetic types 
(genotypes) of native plant and animal populations in 
the parks by perpetuating natural evolutionary processes 
and minimizing human interference with evolving 
genetic diversity" (National Park Service 2000). Un- 

derstanding the demographic and genetic connectivity 
of potentially isolated bear populations at AINL will 

help ensure appropriate management of metapopula- 
tions. 

Our initial study goal was to estimate the population 
size of bears on Stockton and Sand islands. Specific 
objectives were to: (1) estimate bear density on Stockton 
and Sand islands and compare bear density on Stockton 
Island to previous estimates, (2) estimate the sex ratio of 
these island populations and compare it to previous 
estimates, and (3) conduct preliminary assessment of 

genetic variation within and between these island 

populations. 

Study area 
The Apostle Islands Archipelago is 

located in southwest Lake Superior 
\) ;,/ (46?42'-47?05'N; 90?24'-91?03'W), 

Wisconsin, USA (Fig. 1). Twenty- 
one of the 22 islands are within 
AINL. Islands range from 1.2-4,069 

^? ~ ha. Mean maximum and minimum 
daily temperatures are 25.5?C and 
12?C in July and -4.5?C and -14?C 
in January, respectively. Annual pre- 
cipitation is about 75 cm, including 
200 cm of snow. Before European 
settlement, about 90% of the Apostle 
Islands contained mixed conifer-hard- 
wood forests (Frederick and Rakes- 
traw 1976). 

X--J ~ Black bear occurrence has been 
documented on 8 islands within AINL 
(Belant and Van Stappen 2002). Al- 

id the Apostle though timing and duration of presence 
is generally unknown for the islands, 
black bears apparently most recently 
colonized Stockton Island in the early 

1970s or later, and the island had an estimated population 
of 3 bears in 1984 (Fleming 1997; R.K. Anderson and 
D. Trauba, 1989, Black bear density on Stockton Island 
and mainland Wisconsin, University of Wisconsin, 
Stevens Point, Wisconsin, USA). Bear hunting has been 
allowed within AINL except for 1983-94, during a black 
bear research project when hunting was closed on 
Stockton Island (Fleming 1997). Only 1 bear has been 
recorded as harvested since inception of AINL in 1970 

(AINL, Bayfield, Wisconsin, USA, unpublished data). 
Number of bear-human interactions was roughly stable 

from 1990 through 2002, with most interactions occurring 
in mid-August. Until 2002, bear-human interactions at 
AINL resulted in 1 bear translocation every 2-4 years. As 
a result of increased bear-human interactions, more 

aggressive management was needed in 2002-03, result- 

ing in the removal of 11 bears. 
We conducted this study on Stockton and Sand islands. 

These islands were selected based on previous studies 

(Trauba 1996, Fleming 1997) and observations that 

suggested viable populations were present. Stockton 
Island (4,069 ha) is the largest island within AINL and is 

7.7 km from the mainland; elevations range from 183- 
242 m. Logging began during the late 1800s and 
continued through 1955, with extensive fires occurring 
during the 1950s (Rakestraw 1976). Currently, deciduous 
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forests cover 87% of this island and are dominated by red 
(Acer rubrum) and sugar (A. saccharum) maple, with 
trembling aspen (Populus tremuloides), white birch 
(Betula papyrifera), and red oak (Quercus rubra) (Trauba 
1996). Forested wetlands comprise 6% of the island with 
overstory dominated by black spruce (Picea mariana) 
and white cedar (Thuja occidentalis). Ponds resulting 
from beaver (Castor canadensis) activities (flowages) 
comprised 3% of the island area. Forests dominated by 
red (Pinus resinosa) and white (P. strobus) pine occurred 
on 2% of the island. 

Sand Island (1,193 ha) is located 2 km from the 
mainland; elevations range from 183-203 m. Sand Island 
was repeatedly logged, with 7 large timber harvests 
occurring from the late 1800s until 1975. Presently, 
mixed hardwood-conifer forests including yellow birch 
(Betula alleghaniensis), balsam fir (Abies balsamea), 
white birch, white cedar, and red maple cover 83% of the 
island. Canada yew (Taxus canadensis) and mountain 
maple (Acer spicatum) are prevalent in the understory. 
Remaining habitat includes about 7% black spruce- 
tamarack (Larix laricina) swamp, 6% semi-open bog, and 
3% white pine-hemlock (Tsuga canadensis) forest. 

Methods 
Hair trapping 

We used a systematic grid (1.6 x 1.6 km) overlaid on 
each island to distribute trapping effort. Grid cells that 
contained <50% land were included with adjacent cells. 
We constructed hair traps as described by Woods et al. 
(1999), using 4-barbed, 2-strand wire to create an 
enclosure around >3 trees with wire about 50 cm above 
ground. We placed hair traps in areas we believed would 
maximize black bear captures. Enclosures were baited 
with 0.5 L fish oil poured on a decaying log positioned in 
the center of the enclosure. Anise oil was applied to 
vegetation about 2 m above ground at or near the 
perimeter of the enclosure. Traps were rebaited and 
relured during each session. We established 15 hair traps 
on Stockton (1 trap/2.7 km2) and 5 hair traps on Sand 
Island (1 trap/2.4 km2) and monitored them for 4 sessions 
between 26 June and 13 August 2002. We attempted to 
remove hair from traps at 2-week intervals. During each 
trap check, all hair from each barb was placed in 
a separate paper envelope, labeled, and air dried before 
processing. Because of the comparatively high density of 
hair traps (e.g., Mowat and Strobeck 2000, Poole et al. 
2001, Boersen et al. 2003), we did not move the traps 
between sessions. 

Home ranges of adult female and male black bears on 
Stockton Island were 7.2- and 32.9 km2, respectively 
(Trauba 1996). With a hair-trap density of 1 trap/2.7 km2, 
about 3 hair traps were available to each adult female and 
12 traps were available to each adult male. Home range 
data were unavailable for Sand Island. Otis et al. (1978) 
recommended >4 traps/individual home range for mark- 
recapture studies. 

Population parameters 
The study areas were islands separated from the nearest 

land by >2 km. Although bears have been observed 
swimming between islands and between islands and the 
mainland (Trauba 1996; AINL, unpublished data), we 
assumed immigration and emigration were low. During 
a 12-year (1984-95) radiotelemetry study of black bears 
on Stockton Island, only 4 occurrences of natural 
emigration and 1 instance of immigration were observed 
(Trauba 1996, Fleming 1997). All of these movements 
were temporary; only 2 occurred during summer when 
our study was conducted. Finally, mean annual subadult 
and adult mortality on Stockton Island was <10% 
(Fleming 1997). Because of these factors and the short 
duration of our study, we considered our study areas to be 
geographically and demographically closed. Therefore, 
we used closed mark-recapture models available in pro- 
gram CAPTURE (Otis et al. 1978, White et al. 1982, 
Rexstad and Bumham 1991) to estimate population size 
for each island. Model selection was based on statistical 
tests conducted in CAPTURE and our knowledge of bear 
biology. We further verified population closure using the 
program CloseTest (Stanley and Richards 2003), which 
uses the Stanley and Bumham closure test (Stanley and 
Bumham 1999), a chi-square statistic developed under 
a null model allowing for time-specific variation in 
capture probabilities under closure. This closure test is 
most sensitive to permanent emigration, intermediately 
sensitive to permanent or temporary immigration, and 
least sensitive to temporary emigration (Stanley and 
Burnham 1999). We also estimated if the sex ratio of 
identified bears differed from 1:1 using a chi-square test 
for equal proportions. All tests were considered signif- 
icant at alpha = 0.05. 

DNA analyses 
In addition to hair samples collected from traps, we 

conducted DNA analyses on hair samples collected 
from 2 black bears captured in nuisance situations on 
Oak Island (Fig. 1). For all samples we used 10 guard 
hairs for extraction when possible to reduce the 
probability of genotyping errors (Gossens et al. 1998). 
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Table 1. American black bear hair capture results from Stockton (n = 15 trap sites) and Sand (n = 5 trap sites) 
islands, Apostle Islands National Lakeshore, Wisconsin, USA, 2002. 

Trap duration Hair 
(days) with hair samples/trap No. hair No. new 

Island Session x SD samples x SD samples No. bears bears 
Stockton 1 14.2 2.4 14 7.8 2.9 109 17 17 

2 13.6 1.3 15 7.6 4.1 114 22 7 
3 13.6 1.7 13 4.3 2.5 56 17 2 
4 14.6 1.4 14 3.2 1.7 45 15 0 

Grand mean 14.0 0.5 5.7 2.3 
Total 56 324 71 26 

Sand 1 12.4 0.5 3 3.3 1.5 10 4 4 
2 15 0 4 3.8 2.8 15 4 2 
3 14 0 3 1.7 0.6 5 2 0 
4 18 0 4 4.5 3.9 18 3 0 

Grand mean 14.9 2.4 3.3 1.2 
Total 12 48 13 6 

We used 6 microsatellite loci for analyses of individual 

identity: G1OC, G1OM, G1OX, G1D, G10H, and MU59 

(Paetkau et al. 1998a and references therein). Ten 
additional loci (CXX20, CXX 10, G1A, G1OB, G1OJ, 
G1OL, GO1P, G1OU, MU50, and gender) from a sample 
of each identified bear were analyzed to improve 
population genetics analyses. Gender was determined 

using size polymorphism in the amelogenin gene (Ennis 
and Gallagher 1994). We conducted DNA extractions 

using QIAGEN DNeasy Tissue kits (Qiagen, Missis- 

siauga, Ontario, Canada), following the manufacturer's 
instructions. 

We examined distribution of genotype similarity to 
estimate the probability of 2 or more sampled individuals 

having identical genotypes at the 6 loci that we examined. 
The observed numbers of pairs of similar genotypes were 
used to estimate the expected number of pairs of identical 

genotypes (0 mismatching marker [MM] pairs; Paetkau 

2003). The typical pattern reflects an order of magnitude 
decline with each successive decrease in number of 

mismatching markers. Thus, one would expect a single 
error for every 10 1MM pairs (Paetkau 2003). We used 
the genetic assignment test (Paetkau et al. 1995, Waser 
and Strobeck 1998), which calculates the probability of 

observing specific individual genotypes in a series of 
reference populations, based on observed allele frequen- 
cies in those populations. Log-likelihood estimates of the 
cumulative probability of occurrence of individual alleles 
were used to determine genetic similarity. We describe 

genetic diversity using the observed number of alleles (A) 
and expected heterozygosity (HE) because they are 
metrics commonly used to describe genetic variability 

(Paetkau and Strobeck 1998). We present probability of 

identity (PID) values to demonstrate the power markers 
have to identify individuals (Paetkau and Strobeck 1998). 

Results 
Hair trapping 

We collected 635 hair samples from both islands 

during the study, 372 of which we considered had 

adequate amounts of DNA for analyses. We obtained 324 
usable hair samples from 56 trap visits on Stockton Island 
and 48 usable samples from 14 trap visits on Sand Island 

(Table 1). The number of traps with hair samples 
remained relatively constant throughout the study. The 
mean number of hair samples/trap declined during 
successive sessions on Stockton Island. In contrast, 

although samples sizes were low, the mean number of 
hair samples/trap was greatest on Sand Island during 
session 4. Mean interval between trap sessions typically 
was within 1 day of desired duration except between 
sessions 3 and 4 when inclement weather delayed access 
to hair traps on Sand Island. 

DNA analyses 
Of 372 samples processed, 256 (69%) were suitable for 

assignment to individual black bears. Of the remaining 
samples, 22% were extracted but we were unable to 

generate a reasonable genotype, 7% were likely a mixture 
of DNA from 2 bears, and 2% lacked suitable material for 
extraction. We found only 2 pairs of genotypes that 
matched at 4 of 6 markers (2MM pairs) and 1 pair that 
matched at all but 1 marker (1MM pair). This suggests it 
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is highly unlikely that we sampled even a single pair of 
individuals with identical 6-locus genotypes. 

We identified 32 individual bears from hair samples; 6 
bears (1 male, 5 females) on Sand Island and 26 bears (14 
males, 12 females) on Stockton Island. These individuals 
were captured 84 times; 71 captures on Stockton Island 
and 13 captures on Sand Island. For both islands 
combined, we captured 9 females during 2 sessions, 6 
during 3 sessions, and 2 during 4 sessions. Combining 
males resulted in 4 captured during 1 session, 1 during 2 
sessions, 6 during 3 sessions, and 4 during 4 sessions. The 
numbers of individuals captured during sessions 1-4 
were 21, 26, 19, and 18, respectively. No new individuals 
were captured on Stockton Island after session 3 and on 
Sand Island after session 2. 

Overall, 25 of 32 (78%) bears were captured at > 1 hair 
trap. Females on Sand Island were captured on average at 
2.5 (SD =1) traps; the male was captured at 1 trap. 
Females on Stockton Island were captured on average at 
2.9 (SD- 1.7) traps; males were captured at 4.6 (SD = 
2.6) traps. During individual trap checks from which we 
obtained genetically identifiable hair from > 1 individual 
(n = 57), most (72%) contained hair from 1-3 bears; 25% 
contained hair from 4-6 bears, and 2% contained hair 
from 7 bears. No bears were captured at hair traps on both 
islands and no bears were removed from the islands 
during the study for management purposes. 

Population estimates 
We conducted population estimates for Stockton and 

Sand Island from 8 closed mark-recapture models used 
in CAPTURE. For Stockton Island, we used the null 
estimator (Mo) because we did not detect variation in 
capture due to heterogeneity among individuals (X2 
0.15, 1 df, P = 0.70), behavior response after initial 
capture (X2 = 0.09, 1 df, P = 0.76), or among trapping 
sessions (X2 = 6.31, 3 df, P = 0.10) using chi-square 
goodness-of-fit tests provided in CAPTURE. Addition- 
ally, the Stanley and Burham closure test suggested the 
population was closed (X2 = 1.10, 2 df, P = 0.58). The 
estimated population for Stockton Island was 26 (SE 
0.54) bears with 95% confidence interval (CI) range of 
26-26. This represents a density of 0.64 bears/km2. 
Population estimates for males (n = 14) and females (n = 
12) also were identical to the known number of 
individuals obtained from DNA analyses. The mean 
capture probability among sessions was 0.68. The M:F 
sex ratio of 1.16:1 was similar to 1:1 (X2 0.15, 1 df, 
P = 0.70). 

For Sand Island, we also used the null estimator (Mo) 
because of lack of variation in capture due to behavior 

Table 2. Variability of genetic markers used to 
identify individual American black bears, Stockton 
Island, Apostle Islands National Lakeshore, Wiscon- 
sin, USA, 2002. HE = expected heterozygosity, Ho = 
observed heterozygosity, A = mean observed num- 
ber of alleles, and PID = probability of identity. 

Marker HE Ho A PID 
MU59 0.84 0.92 8 0.05 
G1D 0.83 0.89 8 0.05 
G1OX 0.80 0.85 9 0.06 
G10H 0.77 0.89 9 0.08 
G10M 0.75 0.81 7 0.10 
G10C 0.63 0.69 7 0.21 
Mean 0.77 0.84 8 
Overall probability of identity 2E-07 

response after initial capture (X2 = 2.28, 1 df, P = 0.13) 
and among trapping sessions (X2 = 2.06, 3 df, P = 0.56). 
Sample size was inadequate to test for heterogeneity of 
trapping probabilities among individuals in the popula- 
tion. Additionally, the Stanley and Burham closure test 
suggested the population was closed (X2 = 0.99, 2 df, P = 
0.61). The estimated population for Sand Island was 6 
(SE = 0.60) bears with 95% CI range of 6-7. This 
represents a density of 0.50 bears/km2. Mean capture 
probability among sessions was 0.54. We also conducted 
an analysis using Chao's heterogeneity model (Mh) in the 
event heterogeneity of trapping probabilities occurred 
and we were unable to detect it. Model Mh performs well 
under strong trapping heterogeneity (Mowat and Stro- 
beck 2000). Using Mh, we derived a similar estimate of 6 
(SE = 0.54) bears (95% CI 6-9). 

Genetic variation among islands 
Considerable genetic variation was observed within 

and among islands at the 6 markers that were used to 
identify individuals. The mean He was 0.84 for Stockton 
Island with the probability of 2 randomly drawn, 
unrelated individuals with identical genotypes of 2 x 
10-7 (Table 2). Although sample size was limited for 
Sand Island, mean Ho for markers used was 0.94, which 
suggests black bears on Sand Island possess higher 
genetic variability than black bears on Stockton Island. 
Using all 15 markers, 25 of 30 single-locus genotypes for 
the 2 Oak Island bears were heterozygous (He = 0.83). 

Genetic assignment testing demonstrated considerable 
variation between Sand and Stockton Island bear 
populations (Fig. 2). A notable exception was a male 
captured on Stockton that had a probability of occurrence 
9 orders of magnitude lower (10-35) than that of the next 
lowest probability observed for an individual (10-26) 
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Fig. 2. Assignment testing based on log genotype 
likelihood probabilities for black bears on Stockton, 
Sand, and Oak islands, Apostle Islands National 
Lakeshore, Wisconsin, USA, 2002. 

sampled on Stockton Island. The 2 individuals from Oak 
Island were intermediate to black bears on Stockton and 
Sand islands. 

Discussion 
We report the first bear population estimates in 

Wisconsin with data from nonharvested animals that 
included estimates of precision. The density of bears on 

Stockton Island (0.64 bears/km2) remains the highest 
reported in Wisconsin (Kohn 1982, Storlid 1995, 

Fleming 1997) and among the highest reported in North 

America (Garshelis 1994). The density of bears on 

Stockton Island was estimated previously at 0.07 bears/ 
km2 in 1984 and increased to 0.76 bears/km2 in 1994 

before declining to 0.61 bears/km2 in 1996 (Fleming 
1997). Methods between studies are not directly 

comparable; however, previous and current estimates 

suggest the population has remained approximately 
stable during 1990-2002. Similarly, the 1:1 sex ratio 

we observed for Stockton Island is comparable to those 

reported during earlier studies (Trauba 1996). Although 

population trends are unknown for Sand Island, the 

apparently stable population size, 1:1 sex ratio, and 

approximately stable age distribution during the early 
1990s (Fleming 1997) on Stockton Island suggests that 

the black bear population has reached the demographic 
effective population size (Caughley and Sinclair 1994). 

We obtained a limited amount of data to develop 
a population estimate for Sand Island (n = 13 samples). 
However, because of geographic and demographic 
closure, high capture probability, and high mean number 
of trap sites individuals were captured at, we believe the 

population estimate for Sand Island is reasonable. 

Although the density on Sand Island was less than 
Stockton Island, the density of females (0.42 bears/km2) 
was greater than the female density on Stockton Island 
(0.29 bears/km2). Greater density of female bears on Sand 
Island could be because of greater food abundance, closer 

proximity to the mainland population, or a combination 
of these and other factors. 

There are at least 2 possible explanations for the low 
number of males (n = 1) detected on Sand Island. The first 
is that we were unable to capture hair from other males on 
the island. We believe this is unlikely because of our 
overall high mean capture probability. It is possible, 
however, that additional males immigrated to the island 

temporarily, particularly during the breeding season, and 
these nonresident individuals may not have been 
detected. It could also be that only one male bear was 

present. Because of its small size (<12 km2), resources 

(e.g., food, territory) on Sand Island may be too limited to 

support additional male bears. This male bear may have 
used Sand Island as only part of its home range, as has 
been reported in other island studies (Garshelis 1994), 
including Stockton Island (Trauba 1996, Fleming 1997). 
In a previous study of mammalian biogeography at 

AINL, we demonstrated a significant positive relation- 

ship between island size and body mass of mammals that 
could be supported (Belant and Van Stappen 2002). 

Although the populations on Stockton and Sand 
islands were small, the high genetic variability of bears 
in this study was similar to other mainland bear 

populations (Paetkau et al. 1998b). These population 
characteristics are incompatible unless a high rate of 

immigration has occurred. For example, when population 
estimates are available for 2 populations, and an estimate 
of heterozygosity is available for 1 of those populations, 
the heterozygosity for the second population can be 

estimated assuming that both populations are at equilib- 
rium for immigration, mutation, and genetic drift 

(Paetkau et al. 1998b). Using data from the isolated black 

bear population on the island of Newfoundland (approx- 
imate N = 6,400, HE = 0.41) and the population estimate 

for Stockton Island, we expect heterozygosity to be 0.3% 

in the latter population, assuming that this population was 

isolated and at equilibrium. An indistinguishable estimate 
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is obtained when data from Kodiak brown bears (U. 
arctos) are used (Paetkau et al. 1998b). We know from 
historic data that the Stockton Island population was 
founded too recently to be at equilibrium. Additionally, 
the high levels of genetic variation are incompatible with 
any significant period of isolation. 

Considering the inescapably low sample sizes, the 
genetic data were remarkably successful in clustering 
bears based on island of origin. The exceptional Stockton 
Island male was clearly not bor on Stockton Island, 
providing direct evidence of population connectivity and 
one of the first examples of using genetic assignment of 
natal origins to directly study animal movements from 
a single capture location. This individual may have been 
bor on the mainland and immigrated to Stockton Island. 

The placement of the 2 individuals from Oak Island 
intermediate to Sand and Stockton Island populations 
corresponds with their respective distances from the 
mainland and further demonstrates that a high level of 
genetic differentiation across islands exists. A general 
trend in genetic similarity as a function of distance has 
also been demonstrated in mainland black bear popula- 
tions (Miller et al. 1998). We conclude that AINL 
contains bear populations small enough to cause rapid 
genetic drift but possesses a level of intra-population 
variability that could only be maintained by gene flow 
from the mainland population. Also, based on genetic 
variability observed and apparent immigration, we 
suggest that inbreeding depression is unlikely to be 
a significant threat to these populations. 

Future studies quantifying levels of genetic differen- 
tiation among bear populations on additional islands at 
AINL and mainland Wisconsin are warranted. Such 
research could aid in determining dispersal patterns 
among islands that resulted in the relatively high 
variability we observed. Also, because of the range of 
distances among islands and between islands and the 
mainland, we could gain insight into sex-specific rates of 
movement. Paetkau et al. (1998a) demonstrated for 
brown bears that oceanic water crossings of 3-4 km 
eliminated female-mediated gene flow, whereas male 
dispersal continued at this level but was eliminated by 
8-km water crossings. 

Obtaining population estimates from mark-recapture 
studies using DNA from hair samples is a method suitable 
for long-term monitoring at AINL. Other techniques, 
including mark-resight estimates (e.g., Miller et al. 
1997), are not feasible because of their comparative high 
cost and forest cover which limits visibility. Population 
estimators involving captured animals, however, can 
provide additional information, such as age, reproduc- 

tion, and survival, which are also critical demographic 
metrics that cannot be obtained using techniques we 
employed. High mean individual bear capture probabil- 
ities and the low 95% CI we observed suggests that the 
number of hair traps at Stockton Island could be reduced. 
Simulation modeling with existing data from Stockton 
Island could refine the experimental approach for future 
studies. We do not recommend reducing the density of 
hair traps on smaller islands such as Sand Island because 
of the low number of traps that would be deployed and the 
limited number of bears likely present. We recommend 
periodic monitoring of bear populations on these and 
other islands at AINL relative to bear nuisance activity, 
harvest management, and to population connectivity. 

Acknowledgments 
We thank U. Gafvert, S. Johnson, J. Kroll, and H. 

Quint for field assistance. S. Waterhouse was responsi- 
ble for the genetic analyses. Primary funding was 
provided by the National Park Service's Natural 
Resource Preservation and Protection program. 

Literature cited 
BELANT, J.L., AND J.F. VAN STAPPEN. 2002. Island bio- 

geography of mammals in Apostle Islands National 
Lakeshore, USA. Natural Areas Journal 22:180-185. 

BOERSEN, M.R., J.D. CLARK, AND T.L. KING. 2003. Estimating 
black bear population density and genetic diversity at 
Tensas River, Louisiana using microsatellite DNA markers. 
Wildlife Society Bulletin 31:197-207. 

CAUGHLEY, G., AND A.R.E. SINCLAIR. 1994. Wildlife ecology 
and Management. Blackwell Science, Malden, Massachu- 
setts, USA. 

ENNIS, D.R., AND T.F. GALLAGHER. 1994. PCR based sex de- 
termination assay in cattle based on the bovine amelogenin 
locus. Animal Genetics 25:840-847. 

FLEMING, K.C. 1997. A demographic comparison of a hunted 
and an unhunted population of black bears in northern 
Wisconsin. Thesis, University of Wisconsin, Stevens Point, 
Wisconsin, USA. 

FORAN, D.R., S.C. MINTA, AND K.S. HEINEMEYER. 1997. DNA- 
based analysis of hair to identify species and individuals for 
population research and monitoring. Wildlife Society 
Bulletin 25:840-847. 

FREDERICK, D.J., AND L. RAKESTRAW. 1976. A forest type map 
of Pictured Rocks and Apostle Islands National Lakeshore 
from the original General Land Office survey notes. 
National Park Service, Munising, Michigan, USA. 

GARSHELIS, D.L. 1994. Density-dependent population regula- 
tion of black bears. Pages 3-14 in M. Taylor, editor. 
Density-dependent population regulation in black, brown, 

Ursus 16(1):85-92 (2005) 



92 BLACK BEAR DENSITY AND GENETICS AT APOSTLE ISLANDS * Belant et al. 

and polar bears. International Conference on Bear Research 
and Management Monograph Series 3. 

GOSSENS, B., L.P. WAITS, AND P. TABERLET. 1998. Plucked hair 

samples as a source of DNA: reliability of dinucleotide 
microsatellite genotyping. Molecular Ecology 7:1237-1241. 

HAIG, S.M. 1998. Molecular contributions to conservation. 

Ecology 79:413-425. 
KOHN, B. 1982. Status and management of black bears in 

Wisconsin. Wisconsin Department of Natural Resources 
Technical Bulletin 129. Madison, Wisconsin, USA. 

LANDE, R. 1994. Risk of population extinction from fixation of 
new deleterious mutations. Evolution 48:1460-1469. 

MILLER, D.A., E.M. HALLERMAN, M.R. VAUGHAN, AND J.W. 

KASBOHM. 1998. Genetic variation in black bear popula- 
tions from Louisiana and Arkansas: examining the potential 
influence of reintroductions from Minnesota. Ursus 10: 
335-341. 

MILLER, S.D., G.C. WHITE, R.A. SELLERS, H.V. REYNOLDS, 
J.W. SCHOEN, K. TITUS, V.G. BARNES, JR., R.B. SMITH, R.R. 

NELSON, W.B. BALLARD, AND C.C. SCHWARTZ. 1997. Brown 

and black bear density estimation in Alaska using radio- 

telemetry and replicated mark-resight techniques. Wildlife 

Monograph 133. 
MOWAT, G., AND C. STROBECK. 2000. Estimating population 

size of grizzly bears using hair capture, DNA profiling, and 

mark-recapture analysis. Journal of Wildlife Management 
64:183-193. 

NATIONAL PARK SERVICE. 2000. Management policies 2001. US 

Department of the Interior, National Park Service, Wash- 

ington, D.C., USA. 
OTIS, D.L., K.P. BURNHAM, G.C. WHITE, AND D.R. ANDERSON. 

1978. Statistical inference from capture data on closed 
animal populations. Wildlife Monographs 62. 

PAETKAU, D. 2003. An empirical exploration of data quality in 
DNA-based population inventories. Molecular Ecology 
12:1375-1387. 

, AND C. STROBECK. 1994. Microsatellite analysis of 

genetic variation in black bear populations. Molecular 

Ecology 3:489-495. 
, AND . 1998. Ecological genetic studies of bears 

using microsatellite analysis. Ursus 10:299-306. 
, W. CALVERT, I. STIRLING, AND C. STROBECK. 1995. 

Microsatellite analysis of population structure in Canadian 

polar bears. Molecular Ecology 4:347-354. 
, G.F. SHIELDS, AND C. STROBECK. 1998a. Gene flow 

between insular, coastal and interior populations of brown 

bears in Alaska. Molecular Ecology 7:1283-1292. 
,L.P. WAITS, P.L. CLARKSON, L. CRAIGHEAD, E. VYSE, 

R. WARD, AND C. STROBECK. 1998b. Variation in genetic 

diversity across the range of North American brown bears. 

Conservation Biology 12:418-429. 
PARKER, P.G., A.A. SNOW, M.D. SCHUG, G.C. BOOTON, AND 

P.A. FUERST. 1998. What molecules can tell us about 

populations: choosing and using a molecular marker. 
Ecology 79:361-382. 

POOLE, K.G., G. MOWAT, AND D.A. FEAR. 2001. DNA-based 

population estimate for grizzly bears Ursus arctos in 
northeastern British Columbia, Canada. Wildlife Biology 
7:105-115. 

PROCTOR, M.F., B.N. MCCLELLAN, AND C. STROBECK. 2002. 

Population fragmentation of grizzly bears in southeastern 
British Columbia, Canada. Ursus 13:153-160. 

RAKESTRAW, L. 1976. Forest and cultural history in Apostle 
Islands and Pictured Rocks National Lakeshore, Lake 

Superior. Michigan Technological University, Houghton, 
Michigan, USA. 

REXSTAD, E., AND K. BURNHAM. 1991. User's guide for 

interactive program CAPTURE. Colorado Cooperative 
Fish and Wildlife Research Unit, Fort Collins, Colorado, 
USA. 

SCHMIEGELOW, F.K.A., AND T.D. NUDDS. 1987. Island bio- 

geography of vertebrates in Georgian Bay Islands National 
Park. Canadian Journal of Zoology 65:3041-3043. 

STANLEY, T.R., AND K.P. BURNHAM. 1999. A closure test for 

time-specific capture-recapture data. Environmental and 

Ecological Statistics 6:197-209. 
, AND J.D. RICHARDS. 2003. CloseTest: A program for 

testing capture-recapture data for closure. US Geological 
Survey, Fort Collins Science Center, Fort Collins, Colo- 
rado, USA. 

STORLID, S.A. 1995. Spring and summer habitat use and food 
habits of black bears in northern Wisconsin. Thesis, 

University of Wisconsin, Stevens Point, Wisconsin, USA. 

TABERLET, P., H. MATTOCK, C. DUBOIS-PAGANON, AND J. BOUVET. 

1993. Sexing free-ranging brown bears Ursus arctos using 
hairs found in the field. Molecular Ecology 2:399-403. 

TRAUBA, D.R. 1996. Black bear population dynamics, home 

range, and habitat use on an island in Lake Superior. Thesis, 

University of Wisconsin, Stevens Point, Wisconsin, USA. 

WASER, P.M., AND C. STROBECK. 1998. Genetic signatures of 

interpopulation dispersal. Trends in Ecology and Evolution 
13:43-44. 

WHITE, G.C., D.R. ANDERSEN, K.P. BURNHAM, AND D.L. OTIS. 

1982. Capture-recapture and removal methods for sam- 

pling closed populations. Los Alamos National Laboratory 
LA-8787-NERP. Los Alamos, New Mexico, USA. 

WOODS, J.G., B.L. MCLELLAN, D. PAETKAU, C. STROBECK, AND 

M. PROCTOR. 1996. DNA fingerprinting applied to mark- 

recapture bear studies. International Bear News 5:9-10. 

, D. PAETKAU, D. LEWIS, B.N. MCLELLAN, M. PROCTOR, 

AND C. STROBECK. 1999. Genetic tagging of free-ranging 
black and brown bears. Wildlife Society Bulletin 27: 

616-627. 

Received: 25 February 2004 

Accepted: 3 December 2004 
Associate Editor: G. Shields 

Ursus 16(1):85-92 (2005) 


	Article Contents
	p. 85
	p. 86
	p. 87
	p. 88
	p. 89
	p. 90
	p. 91
	p. 92

	Issue Table of Contents
	Ursus, Vol. 16, No. 1 (2005), pp. 1-140
	Front Matter
	Perspectives, Essays and Reviews
	Alaskan Brown Bears, Humans, and Habituation [pp.  1 - 10]
	Are Black Bears a Factor in the Restoration of North American Grizzly Bear Populations? [pp.  11 - 30]

	Ecology
	Grizzly Bear Associations along the Eastern Slopes of Alberta [pp.  31 - 40]
	Consumption of Pondweed Rhizomes by Yellowstone Grizzly Bears [pp.  41 - 46]
	Denning Behavior and Den Site Selection of Grizzly Bears along the Parsnip River, British Columbia, Canada [pp.  47 - 58]

	Genetics
	Geostatistical Analysis of Allele Presence Patterns among American Black Bears in Eastern North Carolina [pp.  59 - 69]
	Genetic Variation and Relatedness in Grizzly Bears in the Prudhoe Bay Region and Adjacent Areas in Northern Alaska [pp.  70 - 84]
	American Black Bear Population Size and Genetic Diversity at Apostle Islands National Lakeshore [pp.  85 - 92]

	Developments in Methodologies
	Estimation of Feeding History by Measuring Carbon and Nitrogen Stable Isotope Ratios in Hair of Asiatic Black Bears [pp.  93 - 101]
	To Weigh or Not to Weigh: Conditions for the Estimation of Body Mass by Morphometry [pp.  102 - 107]

	Humans and Bears
	Andean Bear Management Needs and Interactions with Humans in Colombia [pp.  108 - 116]
	Natural Landscape Features, Human-Related Attractants, and Conflict Hotspots: A Spatial Analysis of Human-Grizzly Bear Conflicts [pp.  117 - 129]
	Human-Sun Bear Conflicts in East Kalimantan, Indonesian Borneo [pp.  130 - 137]

	Back Matter [pp.  138 - 140]





