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Original article

Age, sex and relocation distance as predictors of return for
relocated nuisance black bears Ursus americanus in Ontario,
Canada

Lynn J. Landriault, Glen S. Brown, Josef Hamr & Frank F. Mallory

Relocation has been used as a management tool for nuisance black bears Ursus americanus for decades. Using tag

recovery data from relocated nuisance bears in Ontario, Canada, we developed predictive models to assist managers

in determining the efficacy of black bear relocation based on the sex and age of the animal, and a range of relocation

distances. We considered relocation success in terms of nuisance recurrence rates and whether bears returned to

within 20 km of the capture site. A minimum of 30% of relocated bears were subsequently involved in another

nuisance event and adult females were the segment of the population most likely to re-offend (48%). Adult bears

consistently exhibited higher return rates than juveniles (73 vs 29%), hence we modeled these two groups separately.

Based on logistic regression models, the probability of return for animals 1-3 years of age increased with age, fe-

males were more likely to return than males, and return rates decreased with increasing relocation distance. For

bears i4 years of age, these variables were poor predictors of return; the model had difficulty identifying bears that

did not return. We used receiver-operating characteristic curves to estimate relocation distance thresholds for ju-

venile bears. The results suggest that 2- and 3-year-old male bears will not return to within 20 km of the capture

area if relocated a minimum of 30 km and 64 km, respectively. Although relocation appears to be an effective strategy

for the management of juvenile male bears, success rates were low for adults. Our findings can aid resource man-

agers in making more informed decisions as to the potential effectiveness of relocation as a management tool.
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Throughout the range of the American black bear
Ursus americanus, human-bear conflicts frequently
arise, and relocation of offending bears has been a
standardmanagementresponsefordecades(Linnell
et al. 1997). Captured bears are relocated to remove

the animal from the area, temporarily or perma-
nently, andtodiscouragerelocated individuals from
further nuisance activity. Numerous factors affect
return rates and future behaviour (Harger 1970,
Rogers 1986b, Stiver 1991), such that the most ap-
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propriate management action may vary from one
nuisance occurrence to another.
Most analyses of relocation data have focused on

homing behaviour and several studies have demon-
strated that a high proportion of relocated bears
return to the capture area (Alt et al. 1977, Ruther-
glen & Herbison 1977, McArthur 1981, Rogers
1986b, Shull 1994), with adult bears being more
likely to return than juveniles (Harger 1970, Rogers
1986b). Ithasbeenhypothesized that thedifferential
post-relocation homing success displayed by adult
animals is a consequence of increased navigational
ability gained by experience and fidelity to estab-
lished home ranges (Anderson et al. 1977, Rogers
1986a, Landriault et al. 2006). Given that female
bears generally remain philopatric (Rogers 1987,
Elowe&Dodge1989,Schwartz&Franzmann1992,
Lee&Vaughan2003) andmaintainmore stationary
home ranges than their male counterparts (Kole-
nosky&Strathearn 1987), theremay be a difference
in return rates between the sexes, once the effect of
age is accounted for.Although transfer distance has
been observed to play a major role in relocation
success (Harger1970,McArthur1981,Rogers1984,
Rogers 1986a), investigations have rarely consider-
ed the interaction between distance and the age or
sex of relocated animals.
We employed predictivemodeling as a tool to aid

managers in determining the efficacy of black bear
relocation. Using tag recovery data for relocated
nuisance black bears from three study areas in On-
tario, Canada, we investigated nuisance recurrence
rates and evaluated the relative importance of sex,
ageandrelocationdistanceonreturnrates.Further-

more, we sought to identify potential relocation dis-
tance thresholds thatwouldminimize theprobability
of return.

Material and methods

Study areas
We obtained nuisance bear relocation and tag
recovery data from theOntarioMinistry ofNatural
Resources (OMNR) for three jurisdictions in On-
tario: Chapleau, Sudbury and Parry Sound (Fig. 1).
Chapleau is a remote town located in north-central
Ontario with a population of approximately 3,000
people (see Fig. 1). Immediately north of town lies
the 7,000-km2 Chapleau Crown Game Preserve.
At the time of the study, hunting and trapping of
wildlife was not permitted within the preserve. The
Chapleau study area is located in the Boreal Forest
(Rowe 1972), dominated by balsam fir Abies bal-
samea, black spruce Picea mariana and white birch
Betula papyrifera. Jack pine Pinus banksiana is the
dominant tree species on coarse mineral soils.

At the time of our study, the City of Sudbury (see
Fig. 1) and surrounding communities had a popu-
lation of about 162,000. Sudbury is on the northern
edgeof theGreatLakes-St.LawrenceForest (Rowe
1972). Extensive disturbance from smelter oper-
ations in the early andmid 1900s greatly reduced the
abundance of native flora near the city. Tree cover
is dominated by hardy early successional species,
such as trembling aspenPopulus tremuloides, balsam
poplar P. balsamifera, and white birch (Amiro &
Courtin 1981). Jack pine occurs frequently on sand

Figure 1. Location of the Chapleau, Sudbury
and Parry Sound study areas in Ontario,
Canada, from which data on the relocation
and recovery of nuisance black bears were
collected.
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flats and other coarse textured soils. Farther from
the city, forest cover is more representative of the
Great Lakes-St. Lawrence Forest and includes
northern red oakQuercus rubra, eastern white pine
Pinus strobus, redpinePinus resinosa, and redmaple
Acer rubrum.
Parry Sound is located on the shore of Georgian

Bay of Lake Huron (see Fig. 1). Including small
rural communities, the Parry Sound area contains
roughly 18,000 permanent and 66,000 seasonal
residents. Parry Sound is in the Great Lakes-St.
Lawrence Forest (Rowe 1972), characterized by a
mixture of sugar maple Acer saccharum, American
beech Fagus grandifolia, basswoodTilia americana,
yellow birch Betula alleghaniensis, eastern hemlock
Tsuga canadensis, eastern white pine, red maple,
northern red oak, and white ash Fraxinus ameri-
cana.White sprucePicea glauca is common on sand
flats.

Data collection and analysis
Each of the three OMNR jurisdictions provided
data for bears that were involved in human-bear
conflicts and subsequently captured, transported
and released at new locations (i.e. relocated). The
OMNR captured nuisance black bears in traps or
by darting free-ranging bears with immobilization
agents. They immobilized captured bears using a
mixture of ketamine hydrochloride and xylazine
hydrochloride. Capture personnel extracted a pre-
molar from immobilized bears for age determi-
nation (Johnston et al. 1987). Bearswere ear-tagged
with a unique identification number and tags were
recovered on a voluntary basis from animals har-
vested by hunters, killed in vehicle collisions or de-
stroyed as nuisance animals. The spring bear hunt
was open frommid-April to mid-June, whereas the
fall hunt started at the beginning of September and
ended in mid-October.
The nuisance bear data sets included information

on age, sex, capture location, release location, re-

covery location, and associated dates. The years of
data collection varied among jurisdictions and
ranged from 1982 to 1997 (Table 1). We excluded
cubs and dependent yearlings from all analyses, as
theirmovementsweredependentuponthoseof their
mothers. For age class comparisons, we categorized
bears<4yearsofageas juvenilesandthosei4years
as adults (Kolenosky 1990, Stiver 1991). For bears
that were captured multiple times, only data from
the first capture was used unless otherwise stated.
Of the records from the Sudbury area, 14 did not
include the exact capture, release or recovery lo-
cations. For these records, we used the center of the
recorded township for movement analysis. Town-
ships in this part of Ontario were approximately
100 km2 (10r10 km). All distance calculations
presented are straight-line estimates.We calculated
the time in days from release to tag recovery, and
then investigated the relationship between relo-
cation distance and time to tag recovery for adults
and juveniles usingSpearman’s rank correlation co-
efficient (rs).

Recurrence of nuisance behaviour
Weusednuisance recurrence rate to refer to the pro-
portion of bears involved in human-bear conflicts
subsequent to the initial relocation. This included
all relocated bears recaptured or killed because
of nuisance behaviour, irrespective of where it oc-
curred. We excluded all bears relocated <21 km
from their capture site.We also excluded bears cap-
tured in the Sudbury District during 1997 because
the database did not include recovery information
after 1997. The resulting data set of 123 individual
bears included 27 adult females, 23 adult males, 23
juvenile femalesand50 juvenilemales.Weestimated
minimum nuisance recurrence rates by age and sex
categories, and then compared mean time to tag
recovery for bears involved in nuisance recurrences
to other recovery methods using an independent
means t-test.

Table 1. Time periods and sample sizes for nuisance black bear relocation data sets from the Chapleau, Sudbury and Parry Sound
study areas in Ontario, Canada. Data did not include cubs or dependent yearlings and each bear was only included once.

Area Tagging years Recovery years

Number
-----------------------------------------------------------------------------------------------------------------------------------

Tagged and relocated Aged and sexed Complete relocationsa

Chapleau 1982-1983 1982-1984 20 20 20

Sudbury 1994-1997 1994-1997 98 57 44b

Parry Sound 1983-1995 1983-1996 85 79 59
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Total 203 156 123

a Complete relocation records included information on age, sex, capture location and release location.
b The number of complete relocations in this area did not include animals captured in 1997.

�WILDLIFE BIOLOGY 15:2 (2009) 157

Downloaded From: https://bioone.org/journals/Wildlife-Biology on 06 Nov 2024
Terms of Use: https://bioone.org/terms-of-use



Post-relocation return
Extensive seasonal movements are frequently ob-
served in both male and female black bears (Kole-
nosky & Strathearn 1987, Rogers 1987, Samson
& Huot 1998), suggesting that the area bears are
familiar with is substantially larger than their core
home range. We identified a relocated bear as a
returning animal if it was recovered j20 km from
the capture site. We assumed that within a 20-km
distance bears had returned to familiar territory,
andwere capable of returning to the capture site. In
support of our chosen threshold distance, the aver-
age maximum distance between any two telemetry
locations for 11 radio-collared bears in the Sudbury
area was 20.70 km (SD=9.13; L.J. Landriault, un-
publ. data), and the averageminimum convex poly-
gon (MCP), including all locations for each animal,
was 90.8 km2 (SD=51.2; Landriault 1998). Similar
data were not available for the Chapleau and Parry
Sound areas. However, based on the diversity of
berry and hard mast crops, we would expect MCP
home ranges to be larger inChapleau and smaller in
Parry Sound. Only bears that were recovered were
included in our analysis of post-relocation return.
We refer to the proportion of recovered bears that
returned to within 20 km of the capture site as the
return rate. We excluded from the analyses bears
transferred<21 km from their capture site. A bear
was only identified as an animal that did not return
to the capturearea if itwas recoveredi20daysafter
release, to ensure the animal had sufficient time to
return. We considered 20 days from relocation to
recovery a sufficient period given the average re-
location distances used in the three study areas (68-
80 km). Radio-telemetry studies have shown that
black bears home quickly and are capable of move-
ment rates in excess of 10 km/day (Rogers 1986b,
Landriault 1998).
We calculated the proportion of recovered bears

that returned and then determined whether the
return was affected by study area using logistic
regression. We then developed logistic regression
models to evaluate the relationships between post-
relocation return and age, sex and relocation dis-
tance. We modeled all possible subsets of the three
predictor variables, without interaction terms. We
were interested in determining the shortest reloca-
tion distance that would be effective in removing
bears from an area but wanted to include each in-
dividual bear only once. Therefore, for bears re-
located multiple times, we included the record with
the shortestdistance fromwhich theydidnot return.

In cases where a bear returned after one relocation
and not after the next (or vice versa), we used the
record thatwasfirst chronologically.Therewere too
few bears in the data set with multiple captures to
consider prior nuisance behaviour or relocation
experience as a factor in the models. A second data
setwasobtained fromSudburyOMNRandused for
model validation only. The data included capture
and recovery information for 26 individuals relo-
cated from 2000 to 2002, comprised of five adult
females, six adult males, seven juvenile females and
eight juvenile males. The average relocation dis-
tance in the validation data set was 73 km (SD=
29.1, range: 21-150 km).

We used the information-theoretic approach de-
scribed by Burnham & Anderson (2002) to guide
model selection and inference based on the second-
order Akaike’s Information Criterion corrected for
small sample sizes (AICc). We calculated the dif-
ferences between the AICc of each model and that
of the best approximating model (Di) and AICc

weights (wi). AICc weights present the relative evi-
dence that model i is the best model among those
being compared (Burnham & Anderson 2002). We
used the sum of wi to assess relative importance
of variables as the number of models that included
each variable were equal. A model is considered to
be the best predictor when theAICcweight is>0.90
(Burnham & Anderson 2002). When none of the
models was clearly the best predictor, we generated
model-averaged estimates and associated uncondi-
tional standarderrors (Burnham&Anderson2002).
The effect of our independent variables on post-
relocation return isdiscussed in termsofodds ratios.
Odds ratios were calculated by raising the base
of the natural logarithm to the power of the value
of model coefficients. We subsequently produced
graphs illustrating the probability of a bear return-
ing to the capture site based on age, sex and relo-
cation distance using the following equation:

Probability=
eln odds

1+eln odds
;

where the lnodds is thenatural logarithmoftheodds
of a bear returning to the capture area based on the
selected logistic regression model.

We quantified predictive accuracy of the models
using receiver-operating characteristic (ROC) cur-
ves. We then calculated the area under the curves
(AUC) for the modeling and validation data sets.
TheROC curve represents the relationship between
sensitivity (i.e. proportion of animals expected to
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return that did return) and 1 - specificity (i.e. pro-
portion of animals expected to return that did not).
AUC values can range from 0 to 1.0. A value of
0.5 describes amodel with discrimination ability no
better than random,whereas a value of 1.0 indicates
a model with perfect discrimination ability (Pearce
&Ferrier 2000).AUCvalues can also be interpreted
as the probability that a model will correctly dis-
tinguish between two observations, one positive
and the other negative (Pearce & Ferrier 2000). For
models where relocation distance odds ratios were
significantly different from 1, we used the modeling
data set ROC curve to estimate relocation distance
thresholds (Guénette &Villard 2005).We chose the
threshold that yielded the maximum accuracy, that
is, where the sum of sensitivity and specificity was
maximized. We used SPSS software (SPSS Incor-
porated 2005) for all statistical analyses.

Results

The age and sex composition of captured nuisance
bears varied among the study areas (Table 2). Of
the bears captured in the Chapleau area, 50% were
adult males, whereas adult males made up only 14
and 13% of captures in Sudbury and Parry Sound,
respectively. The majority of bears captured in the
Sudbury and Parry Sound areas were juveniles.
However, the sex composition varied between the
two areas with a roughly 1M:1F ratio in Sudbury
and a 3M:1F ratio in Parry Sound.
Average relocation distances were 76 km (SD=

23.7, range: 30-125 km) for Chapleau, 70 km (SD=
13.2, range: 40-115 km) for Parry Sound and 80 km
(SD=53.7, range: 21-389 km) for Sudbury. Of the
relocated bears, 51% (80/156) were recovered at
least once. Hunter harvest accounted for 46% of
recoveries followed by nuisance recaptures (27%),
nuisance kills (19%), road-kills (7%) and sightings
of marked bears (1%). Time to tag recovery ranged
within1-1,772days (x̄=215,SD=194.4) for juvenile
bears and 5-812 days (x̄=317, SD=416.2) for

adults. Our data suggest a relationship between
relocation distance and days to recovery for adults
(rs=0.290, P=0.101, N=33), but not for juveniles
(rs=-0.133, P=0.426, N=38).

Recurrence of nuisance behaviour
Aminimumof30%(37/123)of relocatedbearswere
subsequently involved in at least one other nuisance
event. Adult females were frequently involved in
nuisance recurrences (48%),whereas thisbehaviour
was rare in juvenile males (18%). A minimum of
39% of adult males and 26% of juvenile females
were involved in nuisance recurrences. Of relocated
bears, 57% were involved in subsequent nuisance
behaviour in the sameyear, i.e. prior tohibernation,
and 81% within one year (365 days). The mean
number of days to recovery for bears recaptured or
killed for subsequent nuisance behaviour (165 days,
SD=180.4) was significantly less than the mean
number of days to recovery observed for bears re-
covered as a result of harvest or vehicle collisions
(330 days, SD=374.4; ln transformation, t=-2.516,
df=69, P=0.012). Time to recovery was longest
for bears captured in July, irrespective of whether
they were recovered as a result of repeat nuisance
behaviour or harvested (the two primary recovery
methods).

Post-relocation return
Relocated adult black bears consistently had much
higher return rates than juveniles (73 vs 29%; Ta-
ble 3), suggesting that factors affecting return rates
differed between age classes. Therefore, we devel-
oped separate models for the two age classes but
still included the continuous age variable within

Table 2. Age and sex composition of tagged and recovered relocated nuisance black bears from the Chapleau, Sudbury and Parry
Sound study areas in Ontario, Canada. Data did not include cubs or dependent yearlings. AF=adult females; AM=adult males;
JF=juvenile females; JM=juvenile males.

Area

Tagged bears
-----------------------------------------------------------------------------------------

Recovered bears
----------------------------------------------------------------------------------------------

AF AM JF JM AF AM JF JM

Chapleau 4 10 2 4 3 7 0 2

Sudbury 14 8 16 19 9 2 2 9

Parry Sound 16 10 12 41 5 7 6 19
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Total 34 28 30 64 17 16 8 30

Table 3. Proportion of recovered nuisance bears that returned
to within 20 km of their capture area in the Chapleau, Sudbury
and Parry Sound study areas in Ontario, Canada.

Area Adults Juveniles

Chapleau 7/10 0/2

Sudbury 9/11 4/11

Parry Sound 8/12 7/25
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the juvenile and adult models. Study area had no
effect on whether a bear returned to the capture
area (-2 log likelihood=96.028, likelihood ratio
x2=2.384, df=2, P=0.304), sowe pooled data from
the three areas. The resulting data set included 17
adult females, 16 adult males, eight juvenile females
and 30 juvenile males.

Juveniles
Based on the sum of AICc weights of the individual
predictor variables (Table 4), it appears that agewas
the most important variable in predicting return in
juvenile bears (

P
wi=0.8), followed by relocation

distance (
P

wi=0.6) and sex (
P

wi=0.5). Nomodel
was clearly the best predictor of the probability of
post-relocation return for juvenile bears, and the
largestAICcweight (wi)wasonly0.239(seeTable4).
Therefore, we used a model-averaging approach.
Based onmodel averaging, the odds of returning to
the capture area were roughly four times greater for
females than for males, and the odds of returning
increasedbyapproximately three timesforeachyear
of age (Table 5). Relocation distance had a negative
effect on the probability of return for juvenile ani-
mals with the odds of return decreasing by 3% for
every1 kmincrease inrelocationdistance.TheAUC

value for the modeling data set was 0.822 (SE=
0.080) and the AUC value for the Sudbury vali-
dation data set was 0.750 (SE=0.164), indicating
that the averagedmodel correctly discriminated be-
tween returning and non-returning bears 75-82%

Table 4. Differences in Akaike’s Information Criterion be-
tween the ith and top-ranked model (Di) and Akaike’s weights
(wi) for all models predicting the probability of return of re-
located nuisance black bears in Ontario, Canada. All models
include a constant.

Model

Juveniles (N=38)
---------------------------------

Adults (N=33)
------------------------------

Di wi Di wi

Age 0.364 0.199 0.000 0.402

Sex 3.288 0.046 2.002 0.148

Relocation distance 2.599 0.065 2.095 0.141

Age, sex 0.985 0.146 2.321 0.126

Age, relocation distance 0.198 0.217 2.601 0.109

Sex, relocation distance 2.006 0.088 4.470 0.043

Age, sex, relocation distance 0.000 0.239 5.114 0.031

Table 5. Model-averaged coefficients (b), unconditional stan-
dard errors (SE) and odds ratios for models predicting the
probability of return of relocated juvenile and adult nuisance
black bears in Ontario, Canada. For Sex: female=1, male=0;
the relocation distance is in km.

Model

variable

Juveniles (N=38)
----------------------------------------------

Adults (N=33)
---------------------------------------------

b SE Odds ratio b SE Odds ratio

Sex 1.479 0.962 4.388 0.405 0.798 1.499

Age 1.172 0.582 3.228 0.193 0.149 1.213

Relocation

distance -0.035 0.022 0.965 0.002 0.008 1.002

Constant -1.760 2.152 0.172 0.016 1.049 1.016

Figure 2. Effects of sex and distance on the post-relocation prob-
ability of return for 1-year-old (A), 2-year-old (B) and 3-year-
old (C) nuisance black bears in Ontario, Canada. Black sym-
bols represent male bears and gray symbols represent females.
Distance is presented in kilometers. Estimates of return were
based on recovery of tagged bears. Bears were identified as re-
turning animals if theywere recoveredwithin 20 kmof their cap-
ture site.
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of the time. The high standard error on the AUC
value for the validation set is a reflection of the high
variability around the coefficients of the indepen-
dent variables in our averaged model (see Table 5).
Ourmodel achievedmaximum accuracywhen bears
with a probability >38% were predicted to have
returned to the capture area. Using Figure 2, we
obtained a minimum recommended relocation dis-
tance (i.e. the relocationdistance corresponding toa
38%probability). Formale 2- and 3-year-old bears,
this resulted in relocation distances of 30 km and
64 km, respectively. The threshold values were
73 km and 106 km for females of corresponding
ages (see Fig. 2). Caution should be used in in-
terpreting return probabilities and relocation dis-
tance thresholds for juvenile females, as the sample
size was small relative to juvenile males (N=8 and
N=30, respectively).

Adults
Similar to the results obtained for juvenile animals,
age was the most important variable in predicting
return in adult bears (

P
wi=0.7), with sex and re-

locationdistanceofequalvalue (
P

wi=0.3).Among
the suite of models developed for adult bears, the
single variable model with age as the predictor had
the greatest explanatory power (see Table 4). How-
ever, the wi value was relatively low (0.402), sug-
gesting that othermodelswere plausible. Therefore,
we used a model-averaging approach (see Table 5).
The coefficient for the relocation distance variable
in the resultingmodel was 0.002, suggesting that dis-

tance had little effect on return. Although the co-
efficient for thesexvariablewas0.405, thevariability
around the estimate was very high, suggesting that
it also had limited utility in predicting return. The
AUC value for the modeling data set was 0.757
(SE=0.107) and the AUC value for the Sudbury
validation data set was 0.500 (SE=0.185). The low
predictive ability of the averagedmodel was a result
of low specificity, that is, difficulty in predicting
adults that do not return. We set the relocation dis-
tance at the average value (80.7 km) and the cat-
egorical sex variable to 0.5 when developing the
probability of return graph (Fig. 3).

Discussion

In most cases, black bear relocation would be con-
sidered successful if the animal was not involved in
any subsequent human-bear conflicts, irrespective
of whether the animal returned to the capture area.
We estimated a minimum nuisance recurrence rate
of 30% for relocated bears. Similarly, Stiver (1991)
noted that 34% of relocated marked bears in Great
Smoky Mountains National Park were subse-
quently involved innuisanceevents.However,using
mark and recovery data to estimate the proportion
of animals involved in recurrences can be problem-
atic, as resulting recurrence rates are absolute mini-
mums. Unless they possess very distinctive mark-
ings, individuals can only be identified if recaptured
or killed. In addition, it appears that bears living
adjacent to urban areas are more likely to forage at
night relative to their wildland conspecifics (Beck-
mann & Berger 2003), making it even harder to
identify individuals.

The high nuisance recurrence rates we observed
for adult bearsmay be linked to the high proportion
of adults that returned to the capture area. These
animals were likely returning to established home
ranges where theywere familiar with the location of
wild and anthropogenic food sources, and had time
to become habituated to human presence. Adult fe-
malesweremost likely to return andbe involved in a
nuisance recurrence. It appears that female bears
requirehighcarbohydrateandfatdiets to reproduce
successfully (Elowe & Dodge 1989), such that the
availability of reliable and readily accessible high-
energy human foodsmay provide a strong incentive
for female bears to return to, and forage in, devel-
oped areas.

Our results corroborate existing evidence that

Figure 3. Effect of age on the post-relocation probability of re-
turn for relocated adult nuisance black bears in Ontario, Can-
ada.Distance is presented inkilometers. Estimatesof returnwere
based on recovery of tagged bears. Bears were identified as re-
turning animals if they were recovered within 20 km of the cap-
ture site.
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younger bears are less likely to return after reloca-
tion than are older animals (Harger 1970, Rogers
1986b). This may be a result of poor navigational
ability at a young age or the influence of age-related
dispersal behaviour. Young males tend to disperse
from their natal range (Rogers 1987, Elowe &
Dodge 1989, Schwartz & Franzmann 1992, Lee &
Vaughan 2003) and many relocated young males
maysimplynotattempttoreturntothecapturearea.
Age also had a role in determining the effect of re-
location distance on the probability of post-reloca-
tion return. Our data suggested that adult black
bears ofi4 years were likely to return, and that re-
location distance, within the observed range (21-
389 km), was not an impediment to homing. In
contrast, the probability of return for juvenile bears
decreased with increasing relocation distance, sug-
gesting thatdistancewas either actingasadeterrent,
or younger animals were not capable of navigating
over longer distances. Moreover, our results sup-
port the hypothesis that home-range fidelity affects
the probability of return for relocated bears. As pre-
dicted, juvenile males had a lower probability of re-
turnthantheirmorephilopatric femalecounterparts.
Age, sex and relocation distance were good pre-

dictorsof theprobabilityofreturnfor juvenilebears.
However, these variables were of limited use in esti-
mating the probability of return for adult animals.
The difficulty our model had in predicting which
adult bears did not return could simply be a result of
the small sample of animals in this category. Unfor-
tunately, the small sample size also precluded the
addition of more independent variables. We specu-
late that season of capture and natural food avail-
ability could have influenced return rates. Male
home ranges tend to bemore stable during the mat-
ing season (Rogers 1987) and males often go on ex-
tensive foraging excursions at other times (Rogers
1987). This would suggest that males might show a
stronger fidelity to an area, andhence bemore likely
to return after relocation, during themating season.
Natural food availability also affects bear move-
ments. When food sources become scarce (within
or among years), bears forage more widely and are
more likely to encounter humans and human-based
food sources (Rogers 1976, Alt et al. 1977, Shull
1994).We would speculate that in years when berry
ornut crops fail,manyadult animalsmaynot return
to the capture area because they were captured out-
side of their home range. Level of habituation and
past experiencecouldalsohaveplayedarole inadult
bear return, such thatmore habituated bears would

be more likely to return and be recaptured. Unfor-
tunately this type of information is rarely available
for tagged animals.

Management implications
Relocation may be a useful management tool for
the removal of juvenile animals involved in human-
bear conflicts. Juvenile males generallymake up the
majority of nuisance bears (Harger 1970, Ruther-
glen & Herbison 1977, Rogers 1987, Stiver 1991,
Schwartz & Franzmann 1992, Shull 1994) and are
least likely to return to the capture area or be in-
volved in subsequent nuisance events. Based on our
analyses,weexpect that2-and3-year-oldmalebears
will not return to within 20 km of the capture area
if relocated a minimum of 30 km and 64 km, re-
spectively. We anticipate threshold distances to
differ in areas with more extreme physiography or
more significant anthropogenic barriers than those
in our study areas. Although most juvenile male
bears may not return to the capture area, it is worth
noting that they are also unlikely to remain near the
release area and often demonstrate extensive post-
relocation movements (Harger 1970, Rogers 1984,
Linnell et al. 1997, Landriault 1998).

Based on our analyses, relocation may be in-
effective in managing adult animals involved in
human-bear conflicts. A large proportion of adults
returned to within 20 km of the capture area, and
recurrence rates of nuisance behaviour were high.
Based on our results, if 100 adult female bears were
relocated, a minimum of 50 would be involved in a
subsequent nuisance occurrence, and 40 would do
so within one year. All of our study areas were ad-
jacent to large forested areas, such that nuisance
bears likelymade up a small proportion of the black
bears on the landscape.However, jurisdictions with
a policy of destroying bears involved in more than
one nuisance incident should take into consider-
ation the number of adult females being destroyed
and the potential effect on local bear populations.
Given the low success rates for relocation of adult
bears, we suggest that nuisance bear management
strategies emphasize the management of anthropo-
genic food sources and take into consideration the
efficacy and acceptability of alternative approaches
(e.g. aversive conditioning) formanaging persistent
individuals.
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