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INTRODUCTION 
Hunting of bears with baits is well established in several countries with brown bear (Ursus 
arctos) populations, but forbidden in several others. In Europe, brown bears are hunted with 
baits in Estonia, Slovenia, Croatia, Slovakia, and Russia (Sahlén 2007). Hunting of bears with 
baits was allowed in Sweden until 2000 (Sahlén 2007, Bischof et al. 2008), but was banned in 
2001, because it was feared that bait hunting may increase the amount of so-called “problem 
bears”, that people unknowingly approaching a bear at a bait site might be injured by the bear 
defending its food, and that there was a high risk that females with cubs, which are protected, 
might be shot at bait sites. 

Currently political pressure is being applied by interest groups to re-allow bait hunting in 
Sweden. The commonly mentioned advantages of bait hunting are that hunters have more 
time to place a well-aimed shot at an animal (Stokke et al. 2008), thus reducing the number of 
wounded bears, and that females with dependent offspring, which are protected in most 
hunting systems, may not attend bait sites (Sahlén 2007), thus allowing hunters to avoid 
unintentionally killing bears from family groups. Opponents of this hunting method, on the 
other hand, consider the possibility that bears may become food conditioned and human 
habituated due to a large food supply in connection with human smell or even human 
presence as the major disadvantages of bait hunting. If this is true, baiting may increase the 
number of nuisance bears in a population. Another potential disadvantage is that people 
carrying out recreational activities (e.g. hikers, berry pickers) may unknowingly pass by a 
bait site, which increases the chances of meeting a bear defending its food source. 

There are no clear indications from countries where bait hunting of bears is allowed that the 
amount of problem bears is connected to baiting (Sahlén 2007, Jerina et al. 2012), however 
no scientific evaluations of this topic has been attempted. In general, despite the commonly 
mentioned arguments pro- and contra bait hunting, there is a surprising lack of scientific 
knowledge about bait hunting of bears and its effects on bears and their behavior as well as 
the advantages or disadvantages of this hunting type for the hunter and the manager (Sahlén 
2007).  

Hypotheses and research questions 

The overall goal of this study was to evaluate the advantages and disadvantages of a 
regulated bait hunt of brown bears for hunters and managers, and its effects on bear behavior. 
In this study we include data from a study on bear baiting funded by the Swedish Association 
for Hunting and Wildlife Management in 2007-2009 (project number 5875 “What is the 
effect of hunting with bait on brown bears?”). We investigated the working hypotheses and 
research questions presented in Table 1. 
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Table 1. Objectives and working questions to study the effects of bait and bait hunting on brown bears in 
Sweden. 

1. The temporal and spatial use of bait sites varies between different age, sex and reproductive classes of 
bears. 

a. Are permanent bait sites visited more often and by more bears than temporary bait sites? 

b. Do bears visit bait sites for longer periods of time during the night than during the day? 

c. Do subadult bears visit bait sites more often than adult bears? 

d. Do subadult bears more commonly visit bait sites during the day and adult bears more commonly 
visit bait sites during the night? 

e. Do subadult bears use resting sites closer to bait sites than adult bears? 

f. Do bears use habitats suitable for bait sites for resting sites? 

g. Do bears establish their day and night resting sites closer to natural kill sites of ungulates than to 
artificial bait sites? 

2. Bait sites increase the amount of nuisance bears. 

a. Do bears that use baits spend more time closer to humans than bears not using bait sites? 

b. Do bears that use bait sites have a higher probability to become nuisance bears than bears not 
using bait sites?  

c. Do bears use bait sites more often in years with low food availability than in years with good food 
availability? 

3. Bears visiting bait sites are less shy when approached by humans. 

a. Are bears visiting bait sites less shy when approached by humans than bears not visiting bait 
sites? 

b. Are bears resting at or near bait sites less shy when approached by humans than bears farther 
away from bait sites or resting at/near natural ungulate carcasses? 

c. Are bears active at bait sites during the day/morning/evening aggressive towards approaching 
people? 

4. Baiting increases the vulnerability of females with dependent offspring to hunting. 

a. Do females avoid visiting bait sites when with dependent offspring? 

b. Do females with dependent offspring leave their cubs behind to visit bait sites? 

5. Bait sites affect the social system of bears in an area. 

a. Do bears realign their home ranges in relation to bait sites? 

b. Is food at bait sites the most commonly used food source during the time a bait site is present in 
an area? 

c. Can hunting at bait sites selectively remove females from productive matrilines? 

6. The effect of different regulations on the number of baits that can be permitted. 

a. How many bait sites can be established in an area when applying different regulations about the 
distance of a bait site to i) to people and buildings, ii) roads and hiking trails, iii) the next bait 
site? 
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METHODS 

Study areas 

The study was conducted in Dalarna and Gävleborg counties in south-central Sweden (61°N, 
15°E, see Figure 1; from now referred to as south), and Västerbotten County in northern 
Sweden (64 °N, 16°E, see Figure 1; from now referred to as north) in the period 2008 and 
2012. Both study areas consist of gently rolling hills with forests, rivers, and only few 
agricultural areas. The forested areas are dominated by coniferous tree species, such as Scots 
pine (Pinus sylvestris) and Norway spruce (Picea abies), and are intensively used by large-
scale forestry (Zedrosser et al. 2006, Schneider 2012). The bear population size estimate was 
286 (range: 251-337) in Dalarna and 264 (range: 232-311) in Gävleborg counties in 2001, 
and in Västerbotten County, the estimates were 309 (95% CI 265-401) in 2004 (Kindberg et 
al. 2011) and 300 (95% CI 287-323) in 2009 (Kindberg et al. 2011). Bears are hunted in both 
study areas, and the start of the hunting season was on August 21 in both areas throughout the 
study period 2010-2012. The study area in the south served as an “intensive” study area, 
because radio-collared bears were only available in the south. The north served as an 
“extensive” study area for comparison with mainly remote camera data, because no radio-
collared bears were available in this area. Human presence in the study areas is highest during 
summer and fall, and relates to hunting, and mushroom and berry picking (Ordiz et al. 2011, 
Martin et al. 2012). 

Bait sites and baiting materials 

Two types of bait sites were used in this study, permanent bait sites and temporary bait sites. 
Permanent bait sites were established annually as soon as snow and road conditions 
permitted, usually in the middle of May in the south and the beginning of June in the north, 
and were active, i.e. weekly re-stocked with bait, until either the onset of denning (usually 
middle of October (Friebe et al. 2001, Manchi and Swenson 2005) or first arrival of snow in 
the autumn (whichever came first). The location of permanent bait sites was not changed 
throughout the study period. Temporary bait sites were established annually during the first 
week of August, prior to the start of the bear hunting season, and were active until the bear 
hunting quota was filled, the onset of denning, or the first arrival of snow (whichever came 
first). The location of temporary sites could be changed from year to year. The location of all 
bait sites was chosen with local field personnel (all of them experienced hunters) from a 
hunter’s point of view, i.e. a location open enough that a hunter could view the site from 
~50/m, but vegetated enough that bears would approach, as well as in accordance with 
regulations proposed by the authorities, i.e. >200/m from the nearest road and >2000/m from 
the nearest house/cabin (Schneider 2011). All bait sites were established with the approval of 
the appropriate land owners and local hunting teams. Every bait site was restocked weekly 
with the same amount and same type of baiting material throughout the course of the study: 5 
kg of locally harvested/captured game meat or fish, 5 kg of corn (Zea mais), 5 kg of beet 
(Beta vulgaris) pulp, and 5 liter of molasses. 
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Figure 1. Map of study areas with temporary and permanent bait sites in Dalarna and Gävleborg counties, 
central Sweden (upper figure), 2008-2012, and Västerbotten County, northern Sweden (lower figure), 
2010-2012. 
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Definitions of bait site visits 

Space use of bears in relation to bait sites 

Because we evaluated different research questions that required different methods, different 
definitions of what constitutes a bait site visit had to be used. To evaluate the space use of 
GPS-collared bears in relation to bait sites, we created a spatial buffer of 182 m around all 
bait sites. This distance corresponds to the average distance covered between 2 consecutive 
30-minute GPS positions of 283 bear-years (i.e. a year during which an individual brown bear 
was monitored) between 2003 and 2012 (N = 856308 positions). We extracted all bear 
positions that fell within a bait-site buffer during the period of bait-site maintenance in a GIS 
(Esri ArcGIS 10). We refer to these locations as bait-visit locations. We assumed that all 
bears could physically reach the bait site from any point in the buffer area around that bait 
site during a 30 to 60 minute interval. 

Approaches 

We evaluated the behavior of GPS-collared bears during experimental approaches in relation 
to the bears’ prior experience with bait sites. A bears experience with bait sites was evaluated 
based on the number of its visits to bait sites. To define a bait site visit, we compared the 
density of bear positions (i.e. the number of GPS-locations/m2) around permanent bait sites 
with the density of positions around two randomly chosen locations in our study area. We 
created buffer zones around the permanent bait sites as well as the random location and 
divided the buffer zone into 10m-intervalls up to a radius of 220m, and calculated the number 
of positions in every 10 meter intervall for the years 2008-2011 (Figure 2). The density of 
bear positions around the permanent bait sites sharpy decreased (Figure 2), while the density 
of bear positions around random locations sharply increased up to 150 m (Figure 2). The 
density distribution of positions around permanent bati sites differed significantly from the 
distribution around random locations (two-sample Kolmogorov-Smirnov test, P < 0.001), 
suggesting that the density of locations around permanent bait sites was significantly differnt 
from random. The 95% confidence intervalls of the density distributions around permanent 
bait sites and random positions overlapped at ~60m distance from the center locations. We 
therefore defined a bait site visit as at ≥ 1 30-minute location of a GPS-collared bear within a 
60m radius of a bait site. For a one-minute and 10-minute GPS-positioning schedule a bait 
site visit was defined as a bear remaining at a bait site ≤ 30 minutes before leaving the 60 m 
radius around a bait site, and for bears with a 30-minutes GPS-positioning schedule a bait site 
visit was defined as a bear remaining at a bait site ≥ 30 minutes before leaving the 60 m 
radius around a bait site. 
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Remote cameras 

To evaluate bait site use of bears with remote cameras, we placed two cameras at every bait 
site (for further details see Methods specific to remote camera surveys). Two different camera 
models were used at each bait site, one STC-DVIR5 Prowler (hereafter “model Prowler”) and 
one ScoutGuard Infrared Digital scouting camera SG560 Series (hereafter “model Scout”). 
After the infrared sensor on a camera was triggered by a movement, the model Prowler took a 
series of 3 consecutive pictures, delayed for 30 seconds, and took a new 3-picture burst. The 
model Scout took a series of 9 consecutive pictures, delayed for 60 seconds, and took a new 
9-picture burst. A bait site visit was defined based on the assumption that consecutive picture 
bursts (during a 30-second interval for model Prowler or a one-minute interval for model 

Figure 2. Density of locations (with a 30 minute interval) of GPS-collared bears (in number of 
positions/m2) in relation to the location of permanent bait sites (upper figure) and to two randomly chosen 
locations (lower figure) in Dalarna and Gävleborg counties, Sweden, 2008-2011. 
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Scout) were triggered by the same bear during the same bait visit. We used all pictures taken 
of bears at all bait sites to calculate the time gaps ≥2 minutes between picture bursts (i.e. the 
shortest possible time gap between two nonconsecutive picture bursts). Because >90% of 
these time gaps were <10 minutes, we defined a bait site visit as a series of picture bursts 
followed by a time gap >10 minutes (Vestøl 2012). 

Methods specific to spatio-temporal behavior of GPS-collared bears in 

relation to bait sites 

GPS-data 

We captured and equipped brown bears with GPS-GSM collars (Vectronic Aerospace GPS-
plus) between 2008 and 2012, using aerial darting with an immobilization drug from a 
helicopter (2008: 36 bears were monitored with GPS-GSM collars, 2009: 55, 2010: 51, 2011: 
43, and 2012: 42). For a detailed description on captures and handling of bears, see Arnemo 
et al. (2011). The collars were scheduled to provide 1 position every 30 minutes. The GPS fix 
rate of the collars averages ~ 95%, and does not show a diurnal pattern  (Steyaert et al. 
2012b). We increased positional accuracy of the GPS data by removing unvalidated 
positions, positions validated in 2 dimensions only, and positions with a dilution of precision 
value > 5 (Frair et al. 2004, Bjørneraas et al. 2010). In total, we discarded 22% of all GPS 
positions. We matched the GPS data per year and per autumn to the period during which 
permanent and temporary bait sites were maintained. We assigned each monitored bear 
during a given year to a reproductive class, i.e., adult males (males ≥ 5 years), lone females 
(females ≥ 5 years, not accompanied with young), family groups (females accompanied with 
young), subadult males (males < 5 years), and subadult females (females < 5 years).  

Spatial landscape data 

We linked the GPS-data with landscape variables to characterize individual behavior and 
resource selection. We derived the spatial landscape data of known importance in animal 
behavior (including brown bear, c.f. Ciarniello et al. 2007, Nellemann et al. 2007, Roever et 
al. 2008b, a, Steyaert et al. 2012b, Steyaert et al. 2013) from three source layers, i.e. digital 
topographical maps (National Land Survey of Sweden, license i 2012/901, 
www.lantmateriet.se), a digital elevation model (DEM, 50*50m pixel size, National Land 
Survey of Sweden, license i 2012/901, www.lantmateriet.se), and Resourcesat1-IRS-P6-
LISS3 satellite imagery (23.5*23.5m, imagery captured on 2 and 7 June 2007, 
www.lantmateriet.se). We processed the satellite images with Erdas Imagine 9.1 
(LeicaGeosystems 2010), and used ArcGIS 9.2 (ESRI) to derive data from the DEM and 
topographical maps. We included the following landscape data in each resource selection 
function (RSF) (Steyaert et al. 2013):   

Human related variables – Humans may have a profound impact on the distribution, 
population size and structure, and behavior of wildlife, including bears (Woodroffe et al. 
2005). We therefore selected human infrastructures, i.e. settlements (< 200 inhabitants), 
buildings (single standing buildings, such as cabins and hunting lodges), unpaved forest roads 
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(termed ‘forest roads’), and trails from a topographical map. We derived the Euclidean 
distance to the nearest settlement, building, forest road, and trail for all 25*25 m pixels in the 
study area. 

NDVI – We derived a Normalized Difference Vegetation Index (NDVI) map of the study 
area from the satellite imagery. The NDVI is a spectral vegetation index based on the 
reflectance of land cover features of red and near-infrared electromagnetic energy, and is 
commonly used as a proxy for vegetation density (Pettorelli et al. 2005).  

Terrain characteristics – We derived a terrain ruggedness index (TRI) from the DEM for each 
50*50m pixel in the study area. We calculated the TRI for each cell based on the variation in 
its 8 neighboring cells in altitude, slope aspect, steepness, and curvature (refer to Steyaert et 
al. 2012b for a detailed description). We categorized the TRI pixel values into four quartiles 
(class 1, least rugged, to 4, most rugged).  

Land cover – We obtained land cover types through a supervised classification with a 
maximum likelihood classifier of the satellite imagery (Steyaert et al. 2013). We considered 
the land cover types ‘bog’, ‘young dense forest’ (>10,000 stems/ha, average tree height 
within a 30m radius < 7m), ‘young open forest’ (<10,000 stems/ha, average tree height within 
a 30m radius < 7m), and ‘older forest’ (average tree height within a 30m radius > 7m) for the 
RSFs.  

Bait sites – Bear responses to experimental baiting and correlated behavior is a major focus 
of this study. Therefore, we derived the Euclidean distance to the nearest permanent and 
temporary bait site for all 25*25 m pixels in the study area. 

Do bait sites attract bears (RQ 3a, 5a)? 

We recorded time of the day, Julian day (starting from 1 January), year, bear ID, and 
reproductive class for the bait-visit locations. We compared the density of bear GPS locations 
within 182 m buffers around actively maintained bait sites with the density of GPS locations 
within 55000 randomly drawn 182 m buffers in the study area (1000 buffers per home range 
of all monitored bears per year) to assess if bait-visit locations were associated with bait-site 
maintenance (i.e., food being deployed at these sites). We used permutation tests (10,000 
simulations per test) to determine if the number of bear positions within bait site buffers 
differed from the number of bear positions within random buffers. We conducted this 
analysis for bear GPS locations overlapping permanent bait sites, permanent bait sites during 
autumn (august - denning), and  temporary bait sites. 

Temporal patterns in bait site visits (RQ 3b, 3d). 

We created actograms to visualize bait site visit intensity over time and to evaluate if bait site 
visits followed a nonrandom temporal pattern. Actograms are density rasters of scatterplots 
that display time series of data (e.g. activity data, occurrence data, etc.) over two temporal 
axes, i.e., time of day (x axis) and day of the year (y axis) (van Oort et al. 2005). We created 
scatterplots by plotting the time of the day against the Julian day (irrespective of ‘year’) for 
each bait-visit location for each reproductive class, and separated permanent and temporary 
bait-visit locations. We rasterized the scatterplots to obtain the relative density of bait site 
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visits over time to create the actograms. We marked sunrise, sunset, and the legal hunting 
time in the actograms for visualization and evaluation purposes. We tested if the temporal 
patterns of bait site visits differed from a random pattern in time. Therefore, we randomly 
assigning a ‘time of day’ and a ‘Julian day’ to each bait visit location. We created actograms 
based on the random data, and sampled density values of both the bait site visit and the 
random actograms in the same density as bait site visits (separately for permanent and 
temporary bait sites). We used a Wilcoxon signed rank test for paired data to evaluate if the 
actograms differed from random.  

Bait site selection and correlates with potential nuisance behavior (RQ 1a-d, 3c, 4a, 5c) 

We used a two-step approach to determine if individual bears that select for experimental 
baits also show potential nuisance behavior. We define potential nuisance behavior as 
statistically significant (α = 0.05) selection by bears for areas close to human related variables 
(e.g., settlements, single standing houses, roads, and trails). 

 First, we characterized the behavior of individual brown bears with RSFs. RSFs are 
statistical models that relate resource ‘use’ with resource ‘availability’ (Boyce and McDonald 
1999, Manly et al. 2002). Resource ‘use’ is typically obtained from relocation data (e.g., GPS 
data, VHF positions, animal tracks, etc.), whereas resource ‘availability’ is represented by a 
number of random locations drawn over a predefined area of interest (e.g., the study area, 
animal home ranges, etc.) (Johnson 1980). Both the locations that represent use and 
availability can be linked with spatial environmental data of interest (a resource or 
environmental variable; e.g., vegetation density, habitat type, altitude, etc.) in a GIS (Boyce 
and McDonald 1999). Subsequently, logistic regression methods can be used to determine 
whether resource ‘use’ differs from resource ‘availability’ (Aarts et al. 2012). The logistic 
regression models provide a parameter estimates (β) and standard errors (σ) for each 
environmental variable included in the model, and reveal if variables are selected for, 
selected against, or are relatively unimportant in an animal’s resource selection (Boyce et al. 
2002, Cagnacci et al. 2010). We created a RSF for each brown bear whose annual 100% 
minimum convex polygon (MCP) home range overlapped at least one permanent bait site 
during a given year, and for each brown bear whose autumn 100% MCP home range (1 
August - denning) overlapped at least one temporary bait site during a given year. We 
sampled use and availability within the annual and/or seasonal home ranges of each brown 
bear in a 1:1 proportion (Manly’s design type III) (Manly et al. 2002). As explanatory 
variables, we used the fixed set of all spatial landscape variables to characterize individual 
behavior (see section “Spatial landscape data” or more details). We did not use a standardized 
model selection procedure, because we were specifically interested in general patterns of bear 
responses towards the landscape variables, and because we aimed to balance the study design 
for statistical rigor. We validated each regression model with a 10-fold cross validation 
(Maindonald and Braun 2007). The correlation between model variables was generally low 
(Pearson product-moment correlation coefficient r < 0.18), and no variables were removed 
for collinearity reasons.  

In the second step of our analysis, we analyzed potential relationships between bait site 
selection, bear responses to landscape variables, and bear-year specific data. We summarized 
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the results (β’s) of the RSFs (step 1), and linked these results with bear-year specific data 
(i.e., bear ID, year, home range size, distance between the bait sites and the home range 
centroids, age, sex, and reproductive status) (Supplementary materials, Tables 1 and 2). We 
used linear mixed-effect regression models with ‘bait site selection’ (the inverse β’s, high 
values indicate selection for, low values indicate selection against bait sites, one model for 
‘temporary bait site selection’ and one model for ‘permanent bait site selection’) as the 
response variables. We considered the bear responses to all landscape variables (step 1) and 
the bear-year specific variables ‘home range size’, ‘distance between the bait sites and the 
home range centroids’, ‘age’, ‘sex’, and ‘reproductive status’ for inclusion in the mixed 
models as fixed effects. We included ‘bear ID’ and ‘year’ as random factors in the models. 
We used a stepwise backward model selection procedure, in which the least significant model 
terms were systematically excluded until only significant model terms remained (Zuur et al. 
2009). We removed ‘distance between the bait sites and the home range centroids’ from the 
analysis, because this variable correlated strongly with ‘home range size’ (r = 0.73). Model 
terms that remain in the final models indicate behavioral responses that correlate with bait 
site selection. Any human-related variable that remains in the final models as a positive and 
significant model term suggests that bait site selection correlates with potential nuisance 
behavior.  

Home range size and alignment in relation to bait sites (RQ 5a) 

Predictable food sources can influence the spatiotemporal organization of many wildlife 
populations, including brown bears (Craighead et al. 1995, Ben-David et al. 2004). Bait sites 
can act as predictable food sources, if they are maintained consistently over time (Jerina et al. 
2012). We analyzed if permanent bait sites affected home range size and alignment of bears 
of whose annual home range overlapped a permanent bait site. We did not conduct this 
analysis for the temporary bait sites, because these were not consistently maintained in time 
and space during the study period, and are thus less predictable than the permanent bait sites. 
We used a linear mixed-effect model to test i) if the duration of bait site maintenance (in 
years) influenced the positioning of home range centroids around the permanent bait sites, 
and ii), if the duration (in years) of bait site maintenance influenced home range size. In 
addition, we used a mixed effect regression model to analyze if bears that were GPS marked 
prior to the period of bait site maintenance realigned their home ranges to areas closer to the 
permanent bait sites during the period of bait site maintenance. Therefore, we considered 
years with or without bait site maintenance as a binomial variable and included individual 
bear ID as a random factor. We log-transformed the response variables (distance centroids - 
bait sites and home range sizes) for a better model fit, and controlled for ‘reproductive status’ 
and ‘bear ID’ with random model terms. We validated the models by plotting the fitted values 
against the residuals (Zuur et al. 2009).  

Distribution of daybeds around bait sites (RQ 3e-g, 4a) 

We used use-availability selection indices to evaluate the distribution of daybeds of adult 
males, lone females, family groups and subadult bears. Day rest of brown bears in the study 
area typically falls between 8:30 and 18:00h, and lowest activity is recorded between 11:00 
and 13:00h (Moe et al. 2007). We selected all bear GPS-positions within the 11:00 and 
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13:00h range and assumed ‘day rest’ as the major activity type for these positions. We 
calculated an individual use-availability index (UA) (Boyce et al. 2002) for day rest locations 
in relation to distance to bait sites per 500-m band (band distance) within a 5000 m range 
around the bait sites (equation 1). We linked each UA index per band per individual with 
‘bear ID’, ‘year’, and ‘reproductive status’, and used generalized additive mixed models with 
a cubic regression spline band distance for each reproductive class. We included ‘beard ID’ 
and ‘year’ as random components to account for individual behavioral differences and annual 
variation in daybed site selection. We used Akaike’s Information Criteria to evaluate whether 
or not to include ‘reproductive class’ as a fixed model term (Burnham and Anderson 2002). 
We evaluated model heteroscedasticity based on residual vs. fitted plots (Zuur et al. 2009). 
We conducted this analysis on day rest locations in relation to both permanent and temporary 
bait sites.  

 

 

 

 

 

Methods specific to experimental approaches of bears 

Design of experimental approaches (RQ 2a-c) 

We conducted experimental approaches of GPS-collared brown bears following the method 
described in Pedersen (2007), Moen (2009), and Filipczykova (2012) (Figure 3). We aimed to 
conduct approaches of bears showing the following behaviors/activities: a) bears actively 
using a bait site between 8:00 and 16:00; this time of day was chosen because we were 
interested in simulating a hiker/berry picker surprising a bear at a bait site. And b) bears 
resting in day beds between 11:00 and 16:00; this time of day was chosen because most bears 
usually are inactive in a resting site at this time (Moe et al. 2007), and we were interested in if 
bears that use bait sites are less shy when approached. 

The Global Positioning System (GPS) collars were programmed to register a position every 
half hour during spring, summer and autumn. Before an approach, we programmed the GPS 
radio collars to take a position every minute for three hours: i.e., one hour before, one hour 
during, and one hour after the approach.  

Prior to approaches, the bears were localized using triangulation of the VHF signals from the 
radio collar and/or the implant transmitter. The approaches were conducted by one to three 
people, hereafter referred to as the observers. During the approach the bear was monitored 
with radio tracking equipment, which enabled the observers to monitor the bear’s movements 

UA =
�����	
��� ���	
⁄

�������	����	����	
 	��	��	�������	����⁄
 (Eq. 1) 

Nlocations/Band i = number of GPS location within each 500m band around the bait sites. 

Surface area band i = the surface area of 500m band i around a bait site after correcting for the surface area 
of water bodies. 

Total surface area = the surface area of the 5000m zone after correcting for the surface area of water bodies 
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while passing close by. The approaches were directed so that the observers passed the bear 
upwind, with the wind coming at a 90° angle (Figure 3). After passing the initial site of the 
bear at a distance of approximately 50 m, the observers continued for 500 m, and then walked 
back to the starting point with a minimum distance of 500 m to the initial site of the bear. The 
observers talked with each other and kept a normal hiking pace. During the approach, the 
track of the observers was registered with a hand-held GPS receiver (Garmin GPSMAP 
60CSx (Garmin Ltd., USA) or Magellan SporTrack Color (Thales, Santa Clara, California, 
USA)) that were programmed to fix positions every ten meters. After the approach, the 
observer’s track log and the bear’s positions were downloaded into the computer. The bears 
were approached a maximum of six times within a year, with at least 14 days between 
consecutive approaches (Pedersen 2007, Moen 2009, Filipczykova 2012). 

We classified bears according to their bait use habits into bait users and non-users. We 
classified bears that had never visited a bait site in a given year as “non-users”, and bears that 
visited a bait site at least once as “bait users”. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Habitat measurements 

We measured habitat characteristics at day resting sites according to the Swedish Forest 
Inventory Scheme. We measured the horizontal cover as the sighting distance with a cylinder 
(60cm height and 30cm in diameter) (Ordiz et al. 2009). We placed the cylinder in the center 
of the daybed and afterwards walked in the four cardinal directions from the cylinder until we 
could not see it anymore. As a result, we obtained four distances in m. The average distance 
from these four distances was calculated as the sighting distance. 

Figure 3. Schematic overview of an experimental approach of a GPS-collared brown bear in Dalarna and 
Gävleborg counties, Sweden, 2008-2011 (adapted from Filipczykova 2012). 
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Upper control limit and flight initiation distance 

We used methods from statistical quality control (Montgomery 2005) to estimate an upper 
control limit (UCL) to evaluate if and when an approached bear was disturbed and started to 
flee from the observers. The UCL signalizes a speed threshold between consecutive bear 
positions (m/min); when a bear’s speed exceeds the UCL, a bear is disturbed and starts 
fleeing from the observers (Moen 2009, Filipczykova 2012). We calculated the flight 
initiation distance (FID), i.e. the distance between the observers’ location and the location 
where the speed of an approached bear exceeded the UCL (Moen 2009, Filipczykova 2012), 
and added variables specific to bait use of bears (see Classification of bear behavior in 
relation to bait sites). 

Statistical analyses 

We divided the field season into two seasons based on mating behavior and berry availability 
into a mating season (from den emergence to July 14), and a berry season (from July 115 
until start of hibernation) (Moen 2009, Filipczykova 2012), because earlier results had shown 
that bear behavior towards experimental approaches may differ between these season (Moen 
2009). In 2008, approaches were carried out in both seasons; in 2009, 2010, and 2011 all the 
approaches were conducted in the berry season.  

We used a binomial generalized linear mixed model to analyze the probability of a bear 
remaining or leaving the initial sight during an experimental approach. We used the variables 
of the best model explaining the probability to remain or leave the initial sight by Moen et al. 
(2012) to build our starting model, and added variables related to bait use of GPS-collared 
bears. The starting model consisted of the variables and interactions age, sex (binomial; 
female = 0, male = 1), cover (sighting distance at the initial site), season (binomial; mating = 
0, berry = 1), wind strength, number of observers, age*season, sex*cover, and cover*season 
(Table 1 in Moen et al. 2012). We added the variables the variables bait use (binomial; non-
user = 0, user = 1), and distance of the initial site to the nearest bait site, as well as the 
interactions distance*bait use, cover*bait use, sex*bait use, and age*bait use. We used mixed 
models in order to account for repeated measures (pseudoreplication) of each individual bear 
using Bear ID as a random effect in the models. We used a backwards selection procedure to 
reduce the model until it contained only significant variables (Zuur et al. 2009). 

We used a generalized linear mixed model to analyze the factors affecting the log(FID) 
during an experimental approach. We used the variables of the best model explaining the FID 
by Moen et al. (2012) to build our starting model, and added variables about the individual 
GPS-collared bears as well as variables related to bait use of these bears. The starting model 
thus consisted of the variables age, sex (binomial; female = 0, males = 1), cover (sighting 
distance at the initial site), and activity of the bear (binomial; passive = 0, active = 1) (Table 2 
in Moen et al. 2012). We added the variables bait use (binomial; non-user = 0, user = 1), and 
distance of the initial site to the nearest bait site, as well as the interactions age*sex, age*bait 
use, age*sighting distance, sex*bait use, sex*sighting distance, and sighting distance*bait 
use. We controlled for Bear ID as a random effect in the models. We used a backwards 
selection procedure to reduce the model until it contained only significant variables (Zuur et 
al. 2009). 
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Methods specific to remote camera surveys 

Remote cameras at bait sites (RQ 3a-d, 4a) 

Every bait site was equipped with two remote-controlled infrared cameras set up at an angle 
of ~90 degrees at a distance of ~5 m from the bait, to ensure that one camera always was 
working in case of technical problems (Vestøl 2012). Two different camera models were used 
at each bait site, model Prowler and model Scout. After the infrared sensor on a camera was 
triggered by a movement, the model Prowler took a series of 3 consecutive pictures, delayed 
for 30 seconds, and took a new 3-picture burst. The model Scout took a series of 9 
consecutive pictures, delayed for 60 seconds, and took a new 9-picture burst. All cameras 
were set to take maximum image quality (Vestøl 2012). The sensitivity of the infrared trigger 
sensor was always set at maximum, however it had to be decreased in some instances, when 
vegetation was moved by wind and triggered the camera too easily. Every bait site was 
visited once a week to restock bait material, as well as to change batteries and download 
pictures from the remote cameras (Vestøl 2012).  

All pictures taken at bait sites were uploaded into the software Camera Base 1.5 
(http://www.atrium-biodiversity.org/tools/camerabase/). This software automatically extracts 
all electronic information (e.g. date, time, picture id, etc.) of a picture and stores it in a data 
base in XML-format. Afterwards we viewed every picture manually to document if an animal 
had been photographed and to which species it belonged. These data were then transformed 
from XML-format to the software Excel (Microsoft ® Office Excel 2007®) for further 
analyses (Vestøl 2012). 

Definition of legal hunting hours 

According to the Swedish hunting regulations, bear hunting is only legal from one hour after 
the meteorological sunrise to two hours before the meteorological sunset (Ordiz et al. 2012). 
We used the median date of all hunter-killed bears in the north and in the south from 2007-
2011 to estimate the median time of sunrise and sunset during the hunting season. These 
median times were used to divide a 24-hour period into a period when hunting was legal 
(termed day) and a period when hunting was not legal (termed night). In the estimation of 
sunrise and sunset in the spring/summer period, we used the median day in every month 
(Vestøl 2012). We considered α = 0.05 as the threshold for statistical significance in all 
statistical analyses.  

Differentiation of adult and subadult bears based on pictures 

Although the differentiation between age classes (i.e. adult vs. subadult) of brown bears is not 
straight forward, indications of a bears’ age class can be gained from the general body size 
(adults are larger), but also from the head shape and size (more massive in adult bears), as 
well as the relationship of eyes to head size (adult bears seem to have smaller eyes in relation 
to head size), and ear size (subadult bears seem to have larger ears in relation to head size 
than adult bears) (see illustrative examples in Figure 4). Known-age individuals (recognizable 
due to their radio-collars and ear tags) were used for comparison with unknown bears. We 
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recognize that this method is highly subjective and may not always be correct. Results based 
on this method should therefore be interpreted carefully. 

Statistical analyses  

Nonparametric statistics (Mann-Whitney U tests, Chi-square tests) were used to analyze 
whether there was a difference in the number and frequency of bait visits among different 
age, sex, or reproductive classes, and to test the differences between number and frequency of 
visits at different bait sites and differences in the number and frequency of visits among 
years. We used generalized linear models (GLM) with Poisson distribution corrected for 
overdispersion (i.e. quasi-Poisson) (Zuur et al. 2009) to determine which factors affected the 
length of a visit (in minutes) at a bait site during the spring/summer season and during the 
hunting season separately. The variables used in the analyses were study area (as binomial 
variable; south, north), reproductive class (adult, subadult, female with cubs of the year who 
accompanying the mother to the bait site), and time of day (as binomial variable; night: 

Figure 4. Illustrative examples of different age classes of brown bears at bait sites in Dalarna/Gävleborg as 
well as Västerbotten counties, Sweden. Upper panel: adult bears; lower panel: subadult bears. Although the 
differentiation is not always straight forward, indications of a bears’ age class can be gained from the 
general body size (adults are larger), but also from the head shape and size (more massive in adult bears), as 
well as the relationship of eyes to head size (adult bears seem to have smaller eyes in relation to head size), 
and ear size (subadult bears seem to have larger ears in relation to head size than adult bears). Known-age 
individuals (recognizable due to their radio-collars and ear tags) were used for comparison with unknown 
bears. 
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outside the legal hunting hours; day: inside the legal hunting hours), as well as the interaction 
reproductive class*time of day. 

We used GLM’s with Poisson distribution corrected for overdispersion to determine which 
factors affected the length of time between bait visits during the spring/summer and during 
the hunting season separately. The variables used in the analyses were study area (as 
binomial variable; south, north), reproductive class (adult, subadult, female with cubs of the 
year), and time of day (as binomial variable; night: outside the legal hunting hours; day: 
during the legal hunting hours), as well as the interaction reproductive class*time of day. 

We used a generalized linear mixed model (GLMM) to analyze the factors affecting the 
average number of bear visits per week at bait sites during the hunting season. The variables 
used in the analysis were study area (as binomial variable; south, north), week, type of bait 
(as binomial variable; permanent, temporary), year (as binomial variable; 2010, 2011), as 
well as the interaction study area*year. 

We used a GLMM to analyze if the number of bait visits by subadult bears within a given 
week was affected by the number of visits of adult bears. The variables used in the analysis 
were study area (as binomial variable; south, north), week, type of bait (as binomial variable; 
permanent, temporary), year (as binomial variable; 2010, 2011), the number of visits by adult 
bears within a given week, as well as the interaction study area*year. 

All models were fitted using the stepwise backwards elimination procedure, by successively 
removing the least significant variable until the model contained only significant or 
suggestive variables (Zuur et al. 2009). A p-value ≤0.05 was considered as statistically 
significant, and p-values 0.05<p<0.1 were considered as statistically suggestive. All analyses 
were carried out in R 2.15.2. 

Methods specific to spatial analysis of baiting regulations 

To calculate the theoretical area available for baiting in each of the counties, we used the 
category forest from the GIS-layer GSD-vägkartan (National Land Survey of Sweden, license 
i 2012/901, www.lantmateriet.se) and applied the same restrictions as was used in the bait 
hunting trial (Zedrosser et al. 2013). We created buffers of 200 m from all roads and 500 m 
from all trails available in GSD-vägkartan. In addition we used a 2000 m buffer around all 
villages and towns (> 49 inhabitants) from Statistics Sweden GIS-layers (SCB, so2005 and 
to2005). To account for areas where people live outside of towns and villages, we added 
layers on human density with the resolution of one square kilometer (SCB, Km befolkning). 
All layers were converted to 25m pixel raster prior to removal of restricted areas (e.g. 
recreation houses, nature reserves, national parks). We removed the buffered areas (roads and 
trails) and all pixels with any inhabitants from the forest layer. The remaining forested areas 
were considered as areas available for baiting.  
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RESULTS 

Results based on GPS-relocation data 

We documented a mean of GPS 3,547 positions per bear per year (range: 153 – 5,351), 
totaling 195,088 valid GPS positions. During the study period, 54 annual home ranges of 24 
GPS-marked bears (10 males, 14 females) overlapped at least one permanent bait site (Table 
2). 

Table 2. Number of bait site visits by individual brown bears with home ranges overlapping at least one 
permanent bait site in Dalarna and Gävleborg Counties, Sweden, 2008-2012. ‘-’ indicates either: that a 
bear’s home range did not overlap any bait site during a given year; that a bear was not marked with a 

GPS collar or radio collar failure. Blank cells indicate either that the individual was not born yet, or that 
the individual had died. 

ID Sex 2008 2009 2010 2011 2012 

W0012 m 0 1    

W0915 m - 0    

W9301 m 0 22 154   

W0802 m 0 0 0 0  

W0805 m 0 - 40 36 61 

W0719 m 0 - - - - 

W1019 m - - 13 1 7 

W0812 m - - - 0 5 

W0825 m - 2 49 2 - 

W0907 m - - 0   

W0909 m - - 0   

W0908 m - - 0 - - 

W1005 m  - - 0  

W1208 m   - - 0 

W9403 f - 0 0 - - 

W0720 f 1 0 1 13 0 

W0411 f 1 - - - - 

W0425 f 10 40 1 51 10 

W0610 f 48 8 3 - 1 

W0611 f - 19 140 72 71 

W0703 f - 1 0 - - 

W0824 f - 1 - - - 

W0624 f 1     

W1202 f   - - 4 
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Fourteen of the 24 GPS-marked bears (58%, 9 females, 6 males) also visited a permanent bait 
site at least once during the years that the bait sites were maintained (2008: 5/10 bears; 2009: 
8/12, 2010: 7/14; 2011: 5/9; 2012: 5/9; total: 31/54) (Table 2). Autumn home ranges of 27 
bears (15 males, 12 females) overlapped at least one temporary bait site during the study 
period (Table 3). Six of these bears (22%, 3 males, 3 females) also visited a temporary bait 
site at least once (2009: 1/10, 2010: 4/12, 2011: 3/12, 2012: 2/8, total: 10/42) (Table 3).  

Table 3. Number of bait site visits by individual brown bears with home ranges overlapping at least one 
temporary bait site in Dalarna and Gävleborg Counties, Sweden, 2009-2012. ‘-’ indicates either: that a 
bear’s home range did not overlap any bait site during a given year; that a bear was not marked with a GPS 
collar or radio collar failure. Blank cells indicate either that the individual was not born yet, or that the 
individual had died. 

ID Sex 2009 2010 2011 2012 

W0915 m 0    

W0916 m 0    

W9301 m 0 34   

W0802 m - 0 0  

W0718 m - 0 0  

W0917 m 0 - -  

W0805 m - 41 33 19 

W1019 m - 2 0 0 

W0811 m - 0 0 - 

W0812 m - 0 0 0 

W0825 m - 0 - - 

W0909 m - 0   

W1005 m - - 2  

W0908 m - - 0 - 

W0910 m - 0 - - 

W0626 f 0    

W0231 f 0    

W9403 f - 0 0 - 

W9615 f - - 0  

W0217 f - - 0 0 

W0411 f 12 - - - 

W0720 f 0 1 1 0 

W0820 f - - - 0 

W0813 f 0    

W0814 f 0    

W1105 f  - - 0 

W1202 f  - - 4 
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Every GPS-collared bear that had a bait site within its home range visited permanent bait 
sites on average 37.1 ± 72.9 (SD) times during the entire study period, and temporary bait 
sites on average 5.1 ± 18.4 times (see Table 2 and Table 3 for the number of bait site 
visitations per bear). However, there was very large interindividual variation in the number of 
visits, because 4 individuals (17%) accounted for ~82% of all visits to permanent bait sites, 
and 2 individuals (7%) accounted for ~85% of all visits to temporary bait sites (Figure 5). We 
also found a large intra-individual variation in bait site visits between years; some individuals 
did not visit bait sites in certain years, but visited bait sites very often in other years (Table 2, 
Table 3).  

Are bears attracted to bait sites? 

The mean number of relocations within buffers around permanent bait sites was larger 
compared to random buffers (µpermanent = 89.2, µrandom = 19.1, p < 0.001) (Figure 6). When 
temporally adjusted to resemble the autumn period, buffers around permanent bait sites 
contained more bear relocations than the random buffers (µpermanent_adjusted = 26.8, µrandom = 7.0, 
p < 0.001), as did buffers around temporary bait sites (µtemporary = 11.5, µrandom = 7.0, p = 
0.001) (Figure 6). Permanent bait sites (after temporal adjustment) contained more bear GPS 
relocations compared to the temporary bait sites (µpermanent_adjusted = 26.8, µtemporary = 11.5, p = 
0.043) (Figure 6). 

Figure 5. Interindividual variation in the proportion of visits by individual GPS-collared brown 
bears at permanent and temporary bait sites in Dalarna and Gävleborg counties, Sweden, 2008-2012. 
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Figure 6. Frequency distributions of the mean annual number of bear GPS positions within randomly drawn buffer zones (182-m radius, mimicking experimental bait sites 
without bait; N = 55,000, 1000 bufferzones per 100% MCP home range of each bear year) in Dalarna and Gävleborg counties, Sweden, 2008-2012. The continuous red lines 
indicate the aritmetic means of the number of bear positions per site and per year within a buffer zone around permanent bait sites during an entire year (left), permanent bait 
sites during autumn (middle), and temporary (right) bait sites. Dashed red lines indicate the 95% bootstrap confidence intervals for the means. The p-values indicate 
significance of the difference between the distribution of bear points within random buffer and within buffers around experimental bait sites based on permutation tests.  
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Patterns in bait visit locations 

We recorded 892 bait visit locations (0.005% of all valid GPS locations) within the 182 m 
buffer zone around permanent bait sites, and 161 bait visit locations (0.0008% of all valid 
GPS locations) within the buffer zone around temporary bait sites. After correcting the 
number of bait site visit locations per reproductive class for the number of overlapping home 
ranges, we found that bait site visit locations were associated with  reproductive class, both 
for permanent (χ2

 = 31.987, at 3 degrees of freedom, p < 0.001) and temporary bait sites (χ2
 = 

18.499, at 3 degrees of freedom, p < 0.001). After correcting for the number of overlapping 
home ranges, bait visit locations around permanent bait sites were most frequent for lone 
adult females (52%), followed by adult males (30%), subadults (13%), and family groups 
(4%). Temporary bait sites were mostly visited by adult males (85%). Lone adult females 
(7%), subadults (5%) and family groups (5%) visited temporary bait sites with similar 
frequencies (χ2

 = 0.21, at 2 degrees of freedom, p = 0.901). A relative small number of bears 
account for the majority of bait site visits, both for permanent (6 bears account for ~95% of 
all visit locations) and temporary bait sites (2 adult males account for ~80% of all visit 
locations) (Table 2, Table 3, Figure 5). Paired sample correlation tests of bait site visits 
locations per bear over subsequent years were uncorrelated (correlation tests based on Table 
2; - 0.25 < ρ < 0.49, 0.08 < p < 0.84). Thus, once a bear visiting a bait site once did not imply 
that the same individual would visit a bait site during subsequent years. Bears visited the 
permanent bait sites according to a nonrandom temporal pattern (Mann-Whitney U test for 
paired data: permanent bait sites, V = 231020, p < 0.001; temporary bait sites, V = 3714, p < 
0.001) (Figure 7). Adult males and lone females visited the permanent bear sites mainly 
between sunset and sunrise, except during the mating season (~ Julian day 150 – 190) (Figure 
7). Subadults visited permanent bait sites throughout the day, and are the only class that 
frequently visit permanent bait sites during the legal hunting time (Figure 7). Family groups 
rarely visited permanent bait sites (Figure 7). 

Bears visited temporary bait sites mainly between sunset and sunrise, and before the legal 
hunting period. Few bait site locations (14/161) fell within the legal hunting time window, 
and originated from subadults (3), adult males (5), lone females (5), and family groups (1) 
(Figure 7). It on average 14.2 days (range 1-46 days) until the first bear visit was recorded to 
a temporary bait site, and the average time between visits was 2.0 days (range 0-30 days). 
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Figure 7. Intensity of brown bears visiting permanent (upper pannel) and temporary (lower pannel) bait sites in Dalarna and Gävleborg counties, Sweden, 2008-2012, as 
determined from cameras at the bait sites. The solid black lines represent sunrise (left) and sunset (right). The dashed black lines encompass the hunting season (21 august – 
15 October, from one hour before sunrise until two hours before sunset). We distinguished adult males (≥ 5 years), lone adult females (lone females, ≥ 5 years), subadults 
(lone males and females  < 5 years), and family groups (females ≥ 5 years, accompanied by cubs).  
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Correlates with bait site selection 

Adult male bears selected more strongly for permanent bait sites than family groups (ß = -
0.000069, σ = 0.000013, p < 0.001), lone adult females (ß = -0.000056, σ = 0.000011, p < 
0.001), subadult females (ß = -0.000051, σ = 0.000013, p < 0.001), and subadult males (ß = -
0.000049, σ = 0.000012, p < 0.001) (Table 4, Figure 8). Bait site selection was positively 
related to selection for old forest (ß = 0.000018, σ = 0.000008, p = 0.03460), whereas bait site 
selection showed a negative relationship with selection for patches with high NDVI values (ß 
= -0.006317, σ = 0.00297, p = 0.039) (Table 4). We removed all other model terms from the 
global GLMM with a backward stepwise selection in the following order: young open forest 
(ß =3.24·10-7, σ = 1.32·10-5, p = 0.979), forest road (ß = 0.00204, σ = 0.0014, p = 0.886), 
trails (ß = 0.00186, σ = 0.00141, p = 0.895), bog (ß = -2.14·10-6, σ = 6.66·10-6, p = 0.750), 
young dense forest (ß = -2.68·10-6, σ = 8.49·10-6, p = 0.754), home range size (ß = -1.29·10-11, 
σ = -2.3·10-11, p = 0.5815),  settlements (ß = 0.0159, σ = 0.0141, p = 0.271), and buildings (ß 
= 0.006317, σ = 0.00297, p = 0.039). Variance in bait site selection was not strongly 
influenced the random components ‘Year’ and ‘Bear ID’ (σ2 < 4.4·10-10). 

 

Table 4. Selection estimates (ß), standard errors (σ), test statistics (t-value), and p-values of a linear mixed effect 
model predicting the selection of permanent bait sites by GPS-collared brown bears of various reproductive 
classes (adult males, family groups, lone adult females, subadult females, subadult males) in central Sweden, 
2008-2012. Selection for permanent bait sites by each reproductive class was tested against adult males as a 
reference. The model included ‘year’ and ‘bear ID’ as random components. 

Parameter ß σ t-value p-value 

Intercept 0.000091 0.000009 10.39 <0.001 

Reproductive class 

Adult males - - - - 

Family groups -0.000069 0.000013 -5.47 <0.001 

Lone adult females -0.000056 0.000011 -4.89 <0.001 

Subadult females -0.000051 0.000013 -3.90 <0.001 

Subadult males -0.000049 0.000012 -4.10 <0.001 

Old forest  0.000018 0.000008 2.18 0.035 

NDVI -0.006317 0.002967 -2.13 0.039 



27 

 

 

Selection for temporary bait sites was negatively influenced by selection for permanent bait 
sites (ß = -0.320, σ = 0.145, p = 0.033) (Table 5). We removed all other model terms from the 
global GLMM with a backward stepwise selection in the following order: reproductive class 
(least significant class comparison ‘subadult females vs. adult males’, ß = 1.292, σ = 16.1, p 
= 0.937 ), forest road (ß = -0.0412, σ = 0.183, p = 0.823), settlement (ß = 0.0504, σ = 0.173, p 
= 0.772), young dense forest (ß = 0.074, σ = 0.157, p = 0.641), home range size (ß = -0.0023, 
σ = 0.0059, p = 0.696), NDVI (ß = 0.0997, σ = 0.152, p = 0.517), building (ß = -0.135, σ = 
0.15, p = 0.375), bog (ß = -0.136, σ = 0.144, p = 0.352), young open forest (ß = -0.184, σ = 
0.146, p = 0.215), trails (ß = -0.138, σ = 0.139, p = 0.326), old forest (ß = 0.269, σ = 0.137, p 
= 0.056). The random component ‘Year’ did not explain variance (≈ 0) in bait site selection, 
whereas ‘Bear ID’ was important to include as a random component (σ2 = 21.386). 

 

Table 5. Selection estimates (ß), standard errors (σ), test statistics (t-value), and p-values of a linear mixed effect 
regression model to predict selection of temporary bait sites by GPS-collared brown bears of various 
reproductive classes (adult males, family groups, lone adult females, subadult females subadult males) in central 
Sweden, 2008-2012. The model included ‘year’ and ‘bear ID’ as random components. 

Model term ß σ t-value p-value 

Intercept 29.700 3.757 7.91 <0.001 

Selection for permanent bait sites -0.320 0.145 -2.21 0.033 

 

Figure 8. Distribution of parameter estimates for the selection of permanent bait sites per 
reproductive class of GPS-collared brown bears (AM = adult males, FG = family group, LF 
= lone adult females, SF = subadult females, SM = subadult males) monitored in Dalarna 
and Gävleborg counties, Sweden, 2008-2012. 

 



28 

 

Home range alignment in relation to bait sites 

Bears did not realign their home ranges with respect to duration (years) of bait site 
maintenance.). After controlling for ‘bear ID’ (σ2 = 0.18) and ‘reproductive status’ (σ2 = 
0.08) as random components, no correlation was apparent between the distance of home 
range centroids and bait sites, and the number of years a bait site was maintained (ß = -0.08, 
σ = 0.07, p = 0.226). After controlling for ‘bear ID’ (σ2 = 0.73) and ‘reproductive status’ (σ2 
= 0.89) as random components, the log-transformed home range sizes were not affected by 
the number of years that a bait site was maintained (ß = -0.08, σ = 0.07, p = 0.226). Six bears 
were GPS monitored during at least one year both before and after 2008 (totaling 28 bear 
years during 2006-2012). Bait site maintenance did not affect the spacing of their home 
ranges (ß = -0.013, σ = 0.06, p = 0.83) after controlling for ‘bear ID’ (σ2 = 0.13).  

Location of day beds in relation to bait sites 

The generalized additive mixed models to predict use vs. availability of day bed locations per 
500-m buffer around bait sites performed better after excluding ‘reproductive class’ as a fixed 
model term for both the permanent bait sites (∆AIC = 6.9) and the temporary bait sites (∆AIC 
= 7.4). This suggests that bears of all classes select their day bed sites similarly with respect 
to distance to bait sites. The median use - availability selection indices in the 0-500 m bands 
around bait sites (both permanent and temporary) were always very close to 0, irrespective of 
reproductive class (Figure 9, Figure 10). This suggests that most bears avoid areas in the 
immediate vicinity of bait sites during day rest. However, some individuals had very high 
selection indices (up to 11.8, W9301 in 2010 (AM)) for the closest 500-m buffer around a 
bait site during a specific year (Figure 9, Figure 10). 

Figure 9. Boxplots of use-availability indices of daybed site selection in relation to distance to permanent 
bait sites for adult male brown bears (AM), family groups (FG), lone females (LF), and subadults (SA) 
monitored with GPS collars in Dalarna and Gävleborg counties,  Sweden, 2008-2012. The red line indidates 
the use = availability level. Values > 1 indicate selection for, values < 1 indicate selection against. 
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Results of experimental approaches 

We carried out 97 experimental approaches on 37 GPS-collared bears from 2008-2011. Of 
these 37 individuals, 27 were classified as non-users (0 bait site visits in a given year), 7 were 
classified as bait users (>1 bait site visits in a given year), 2 individuals changed their 
behavior from non-user to bait user, and 1 bear changed its behavior from bait user to non-
user. 

Of the 97 experimental approaches, we carried out 24 approaches on bait users, and 73 
approaches on non-users. During these 97 experimental approaches, 82% of the time (80 
approaches) a bear fled and 18% of the time (17 approaches) a bear remained at the initial 
site. Of the 80 times that bears had fled during experimental approaches, 63 approaches were 
carried out on non-users and 17 on bait users (Figure 11). Of the 17 times that bears had 
remained at the initial site during experimental approaches, 12 approaches were carried out 
on non-users and 5 on bait users (Figure 11). 

The probability to remain at the initial site during experimental approaches increased with 
increasing sighting distance, decreased with increasing wind speed, and was higher during the 
berry than the mating season (Table 6). The following variables and interactions were 
removed as non-significant from the analysis: sex, age, distance to the nearest bait site, bait 
behavior (i.e. a binomial variable describing if a bear had used bait sites in a given year or 

Figure 10. Boxplots of use-availability indices of daybed site selection in relation to distance to 
temporary bait sites for adult male brown bears (AM), family groups (FG), lone females (LF), and 
subadults (SA) monitored with GPS collars in Dalarna and Gävleborg counties, Sweden, 2009-2012. 
The red line indidates the use = availability level. Values > 1 indicate selection for, values < 1 indicate 
selection against. 
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not), activity (binomial, with the levels active or passive), number of observers during an 
approach, sex*age, distance to the nearest bait site*bait behavior, sex* bait behavior, and 
age* bait behavior. 

 

Table 6. Result of a generalized linear mixed model explaining the probability to flee or to remain at the initial 
site of GPS-collared brown bears during experimental approaches in Dalarna and Gävleborg counties, Sweden, 
2008-2011. β is the parameter estimate, SE is the standard error, t denotes the t-value, and P denotes the 
significance level. N = 97, number of groups = 35. 

Explanatory variables β SE t P 

Intercept -0.756 0.835 -0.906 0.367 

Sighting distance 0.099 0.0424 2.335 0.023 

Season     

Mating 0 0   

Berry 1.575 0.569 2.766 0.008 

Wind speed -0.485 0.289 -1.677 0.099 

 

Flight initiation distance of bears during experimental approaches 

We excluded bears that remained at the initial sight as well as bears that yielded too few 
GPS-locations to calculate a FID from the analysis evaluating the factors affecting the FID of 
bears during experimental approaches. Non-users had a mean FID of 69.7 ± 40.1 m (n = 55 
approaches), and bait users had a mean FID of 66.6 ± 32.4 m (n = 17 approaches). We found 
that FID increased significantly with increasing sighting distance and was longer in the berry 
season (Table 7). The following variables and interactions were removed as non-significant 
from the analysis: age, sex, activity, bait use, distance of the initial site to the nearest bait site, 

Figure 11. Proportion of GPS-collared bait-using (bait users; N = 17 approaches) and non-using 
(non-users; N = 80 approaches) brown bears remained at (gray bars) or fleeing from (white bars) the 
initial site during experimental approaches in Dalarna and Gävleborg counties, Sweden, 2008-2011. 
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as well as the interactions age*sex, age*bait use, age*sighting distance, sex*bait use, 
sex*sighting distance, and sighting distance*bait use. 

 

Table 7. Result of a generalized linear model explaining the flight initiation distance (log-transformed) of 
brown bears, i.e. the distance between the observers’ location and the location where the speed of an approached 
bear exceeded the upper control limit of movements, during experimental approaches in Dalarna and Gävleborg 
counties, Sweden, 2008-2011. β is the parameter estimate, SE is the standard error, t denotes the t-value, and P 
denotes the significance level. N = 72, number of groups = 33. 

Explanatory variables β SE t P 

Sighting distance 0.015 0.005 3.126 0.003 

Season     

Mating season 0 0   

Berry season 0.430 0.168 2.562 0.015 

 

In addition, we analyzed FID of bait users only, to evaluate FID in relation to the number of 
bait site visits. We had sufficient data from 18 experimental approaches on bait users for this 
analysis. The average FID of bait-experienced bears was 61 ± 2m (n = 18). There was a trend 
that bait-using males had a shorter FID than bait-using females (FID females: mean = 76.3 ± 
33.9 m, n = 12; FID males: mean = 46.8 ± 14 m, n = 6) (Table 8). We also found a trend that 
the FID of bait users increased with increasing sighting distance (Table 8). The following 
variables and interactions were removed as non-significant from the analysis: age, sex, and 
number of visits to bait sites. 

 

Table 8. Result of a generalized linear model explaining the flight initiation distance (log-transformed, i.e. the 
distance between the observers’ location and the location where the speed of an approached bear exceeded the 
upper control limit of movements) of brown bears which have been using bait sites during the study period, 
during experimental approaches in Dalarna and Gävleborg counties, Sweden, 2008-2011. β is the parameter 
estimate, SE is the standard error, t denotes the t-value, and P denotes the significance level. N = 18, number of 
groups = 10. 

Explanatory variables β SE t P 

Sex     

Female 0 0   

Male -0.397 0.182 -2.187 0.060 

Sighting distance 0.019 0.009 2.051 0.079 

 

Results of remote camera survey 

Due to the large amount of pictures taken during the entire study period (> 400,000, including 
pictures taken during the bait study 2008-2009), we focused our analyses on the years 2010-
2011. We have analyzed ~50% of the pictures taken in 2008, 2009, and 2012, and their 
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patterns do not deviate from the results obtained when analyzing the years 2010-2011 (results 
not shown).  

Overall 150,756 pictures were taken during the 2010-2011, of which 18,727 were taken of 
bears. The rest of the pictures showed other species (e.g., moose (Alces alces), wolverine 
(Gulo gulo), Eurasian lynx (Lynx lynx), roe deer (Capreolus capreolus), Eurasian badger 
(Meles meles), red fox (Vulpes vulpes), pine marten (Martes martes), mountain hare (Lepus 
timidus), various bird species), were triggered by the field crew, or for reasons unknown 
(likely moving vegetation). Based on number of bear pictures taken, we estimated overall 
total of 1275 bait visits by bears; 546 visits during the spring/summer and 236 visits during 
the hunting season at permanent baits and 493 visits during the hunting season at temporary 
baits (Table 9). 

 

Table 9. Summary of visits to bait sites by brown bears in two study areas in Sweden, 2010- 2011, based on 
picture records from remote cameras. Visits were classified according to season (spring/summer: from 
establishment of bait site in May/June (snow-dependent)-July 31; hunting season: August 1-until onset of 
denning (snow-dependent)), bait site type (permanent: established annually as soon as snow and road conditions 
permitted, until either the onset of denning or first arrival of snow in the autumn; temporary: established 
annually during the first week of August, until the bear hunting quota was filled), study area (south: 
Dalarna/Gävleborg counties; north: Västerbotten county), and age/reproductive class of bears (adults, subadult, 
female with dependent offspring). 

Season Reproductive 
class 

Permanent bait Temporary bait Overall 

    South North South North   

Spring/summer  441 105 - - 546 

 Adult 347 13 - - 360 

 Subadult 52 92 - - 144 

 Female w/cubs 42 - - - 42 

              

Hunting  209 27 356 137 729 

 Adult 174 14 276 81 545 

 Subadult 34 11 79 56 180 

 Female w/cubs 1 2 1 - 4 

              

 

Significantly more bait visits were recorded in the south than in the north (Chi-square test: 
χ

2= 251.382, df = 2, p ≤ 0.001) (south: 1006 visits, north: 269 visits) (Figure 12).  

  



33 

 

 

Significantly more visits were recorded at permanent bait sites during the spring/summer 
season than during the hunting season (Chi-square test: χ2= 19.876, df = 2, p ≤ 0.001) 
(spring/summer: 546 visits, hunting season: 236 visits). Significantly more visits were 
recorded at temporary bait sites in comparison to permanent bait sites during the hunting 
season (Chi-square test: χ

2= 17.625, df = 2, p ≤ 0.001) (permanent: 236 visits, temporary: 493 
visits).  

Adult bears (N=904) visited bait sites significantly more often per week than subadult bears 
(N=325) (Mann Whitney U test: W = 35386, p < 0.001) and significantly more often than 
females with cubs (N=46) (W = 39405.5, p < 0.001) (Figure 4). Subadult bears visited bait 
sites significantly more often per week than females with cubs (N=46) (W = 31388, p < 
0.001) (Figure 13). 

Figure 12. Number of visits to bait sites by brown bears in two study areas (south: gray line, N=1004 
visits; north: black line, N=272 bait site visits) in Dalarna/Gävleborg and Västerbotten counties in 
Sweden, 2010-2011, as determined from cameras at the bait sites. The dashed line indicates the start of 
the bear hunting season. 
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Figure 13. Weekly frequency of brown bear visits to bait sites by different age and reproductive classes 
in Dalarna/Gävleborg and Västerbotten counties in Sweden, 2010-2011, as determined from cameras at 
the bait sites. The dashed line shows start of hunting period. Adults (N=914 visits): black line; 
subadults (N=316 visits): dotted line; female with dependent offspring (N=46 visits): gray line with 
points. 
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The overall mean number of bear visits at bait sites per week was 7.3±9.3 visits for the entire 
year, 7.3± 9.1 visits during spring/summer, and 4.9 ± 9.4 visits during the hunting season 
(Table 10).  

 

Table 10. Mean standard deviation (SD), median, and range of the number of weekly visits at bait sites by 
brown bear, as determined from cameras at the bait sites, in two study areas in Sweden, 2010-2011. Visits were 
classified according to season (entire year: from establishment until the removal of bait sites; spring/summer: 
from establishment of bait site in May/June (snow-dependent)-July 31; hunting season: August 1-until onset of 
denning (snow-dependent)), and age/reproductive class of bears (adults, subadult, female with dependent 
offspring). 

  Mean SD Median Range 

All bear classes     

Entire year 5.658 9.328 1 1-166 

Spring/summer 7.297 9.110 4 1-143 

Hunting season 4.9 9.358 1 1-166 

Adult     

Entire year 3.888 7.808 0 1-166 

Spring/summer 4.756 8.098 1 1-143 

Hunting 3.487 7.663 0 1-166 

Subadult     

Entire year 1.555 5.065 0 1-144 

Spring/summer 1.959 4.903 0 1-123 

Hunting 1.368 4.142 0 1-144 

Female with cubs of the year     

Entire year 0.196 1.271 0 1-112 

Spring/summer 0.581 2.208 0 1-112 

Hunting 0.018 0.176 0 1-12 

 

The overall mean length of a bait site visit was 14.7 ± 25.0 min in both study areas, and 13.7 
± 9.3 during the spring/summer and 15.4 ± 16.6 minutes during the hunting season (Table 
11). 
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Table 11. Mean, standard deviation (SD), median, and range of time (in minutes) spend by a visiting bear at a 
bait site in two study areas (south: Dalarna/Gävleborg; north: Västerbotten), separately as well as combined, in 
Sweden, 2010-2011, as determined from cameras at the bait sites. Visits were classified according to season 
(entire year: from establishment until the removal of bait sites; spring/summer: from establishment of bait site in 
May/June (snow-dependent)-July 31; hunting season: August 1-until onset of denning (snow-dependent). 

    South North North/South  

Entire year Mean 15.1 13.3 14.7 

SD 25.8 21.9 25.0 

Median 5 5 5 

  Range 1-287 1-169 1-287 

Spring/summer season Mean 14.8 9.3 13.7 

SD 23.3 16.6 22.7 

Median 5 1 4 

  Range 1-189 1-93 1-189 

Hunting season Mean 15.2 16.0 15.4 

SD 27.6 24.5 26.9 

Median 5 8 5 

  Range 1-287 1-169 1-287 

 

The distribution of visits at bait sites within a 24-hour period showed in general a bimodal 
pattern, with most visits registered during the early morning and early evening hours and the 
fewest visits registered during the middle of the day at both permanent and temporary bait 
sites and both study areas (Figure 14).  

 

Figure 14. Frequency distribution of visits to bait sites by brown bears within a 24-hour period, as 
determined from cameras at the bait sites, in Dalarna/Gävleborg and Västerbotten counties in Sweden, 
2010-2011. The black lines summarizes all visits in the course of the study period (N=1275). 
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This pattern was in general similar for all reproductive classes of bears (Figure 15), both 
types of bait sites (Figures 16 and 17), and in both areas during the hunting season (i.e., the 
most relevant time period for hunters) (Figure 18). 

 

 

  

Figure 15. Frequency distribution of visits to bait sites by brown bears of different age and reproductive 
classes within a 24-hour period in Dalarna/Gävleborg and Västerbotten counties in Sweden, 2010-2011, as 
determined from cameras at the bait sites. Adults (N=914 visits): black line; subadults (N=316 visits): 
dotted line; female with dependent offspring (N=46 visits): gray line with points. 

 

0
1
2
3
4
5
6
7
8
9

10

0
0:

00

0
2:

00

0
4:

00

0
6:

00

0
8:

00

1
0:

00

1
2:

00

1
4:

00

1
6:

00

1
8:

00

2
0:

00

2
2:

00

0
0:

00

F
re

q
ue

nc
y 

(%
) 

o
f 

vi
si

ts

Time

Figure 16. Frequency distribution of visits to permanent (May-October) bait sites by brown bears of 
different age and reproductive classes within a 24-hour period in Dalarna/Gävleborg and Västerbotten 
counties in Sweden, 2010-2011, as determined from cameras at the bait sites. Adults (N=548 visits): black 
line; subadults (N=189 visits): dotted line; female with dependent offspring (N=45 visits): gray line with 
points. 
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Adult bears (N=904) visited bait sites significantly more often per week than subadult bears 
(N=325) (Mann Whitney U test: W = 35386, p < 0.001) and significantly more often than 
females with cubs (N=46) (W = 39405.5, p < 0.001) (Figure 15). Subadult bears visited bait 

Figure 17. Frequency distribution of visits to temporary bait sites during the hunting season by brown 
bears of different age and reproductive classes within a 24-hour period in Dalarna/Gävleborg and 
Västerbotten counties in Sweden, 2010-2011, as determined from cameras at the bait sites,. Adults (N=357 
visits): black line; subadults (N=153 visits): dotted line. Females with dependent offspring were not 
included into this graph, because the sample size was too low (N=1). 
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Figure 18. Frequency distribution of visits to bait sites during the hunting season by brown bears within a 
24-hour period in Dalarna/Gävleborg (south study area: black line, N=562) and Västerbotten (north study 
area: gray line, N=164) counties in Sweden, 2010-2011, as determined from cameras at the bait sites. The 
dashed lines indicated the beginning and the end of the legal hunting hours, i.e., one hour before sunrise 
and two hours before sunset. Due to the different geographic location of the study areas, the indicators of 
the beginning and end of the legal hunting period were based on the timing of sunset and sunrise of the 
median date of all bears harvested in Dalarna/Gävleborg and Västerbotten counties from 2007-2011. 
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sites significantly more often per week than females with cubs (N=46) (W = 31388, p < 
0.001) (Figure 15). The overall mean number of bear visits at bait sites per week was 7.3±9.3 
visits for the entire year, 7.3± 9.1 visits during spring/summer, and 4.9 ± 9.4 visits during the 
hunting season (Table 10). The overall mean length of a bait site visit was 14.7 ± 25.0 min in 
both study areas, and 13.7 ± 9.3 during the spring/summer and 15.4 ± 16.6 minutes during the 
hunting season (Table 11).  

The results of a GLM evaluating which factors affected the length of a bait site visit during 
the spring/summer showed that bait site visits were significantly shorter in the north, and that 
adult bears spent significantly more time at a bait site than subadults, and that adults tended 
to spend more time at a bait site than females with cubs (Table 12). The following variables 
were removed as non-significant from the model: study area, time of day, as well as the 
interaction reproductive class*time of day. 

 

Table 12. Result of a generalized linear model explaining the time brown bears spent at experimental permanent 
bait sites, as determined from cameras at the bait sites, during the spring/summer season (May-July) in 
Dalarna/Gävleborg and Västerbotten counties in Sweden 2010-2011 (N=546). A permanent bait site was 
established in spring as soon as the road conditions allowed it and terminated in fall as soon as hibernation 
started or snow arrived. The variables available were study area (north, south), reproductive class (adult, 
subadult, female with cubs of the year), time (night, day). β is the parameter estimate, SD is the standard error, t 
denotes the t-value, and P denotes the significance level. 

Explanatory variables β S.E. t p 

Intercept 2.549 0.087 29.064 < 0.001 

Study area   -3.882 < 0.001 

North 0 0 

South -0.921 0.237   

Reproductive class 

Adult 0 0 

Subadult 0.670 0.179 3.735 < 0.001 

Female w/cub 0.392 0.226 1.732 0.0838 

 

The results of a GLM evaluating which factors affected the length of a bait site visit during 
the hunting season showed that adult bears spent significantly more time at a bait site 
compared to subadults, but not compared to females with cubs (Table 13). The following 
variables were removed as non-significant from the model: study area, time of day, as well as 
the interaction reproductive class*time of day. 
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Table 13. Result of a generalized linear model explaining the time brown bears spent at experimental bait sites 
during the hunting season (August-snow) in Dalarna/Gävleborg and Västerbotten counties in Sweden 2010-
2011 (N=727), as determined from cameras at the bait sites. A permanent bait site was established in spring as 
soon as the road conditions allowed it and terminated in fall as soon as hibernation started or snow arrived. 
Temporary bait sites were established in august when hunting regulations allowed it.  The variables available 
were study area (north, south), reproductive class (adult, subadult, female with cubs of the year), time (night, 
day). β is the parameter estimate, SD is the standard error, t denotes the t-value, and P denotes the significance 
level. 

Explanatory variables β S.E. t p 

Intercept 2.808 0.070 39.850 < 0.001 

Reproductive class 

Adult 0 0 

Subadult -0.321 0.160 -2.011 0.044 

Female w/cub -0.793 1.222 -0.649 0.516 

 

The results of a GLM evaluating which factors affected the length of time between 
consecutive bait visits during the hunting season showed that the time between visits was 
significantly longer in the north, and the time between bait site visits was significantly longer 
between consecutive visits of adults in comparison to subadults, but there was no significant 
difference in the time in between consecutive visits between adults and females with cubs 
(Table 14). The following variables were removed as non-significant from the model: time of 
day, and the interactions reproductive class*time of day. 

 

Table 14. Result of a generalized linear model explaining the time between visits at bait sites, as determined 
from cameras at the bait sites, during the hunting season (August-snow) in Dalarna/Gävleborg and Västerbotten 
counties in Sweden 2010-2011 (N=727). A permanent bait site was established in spring as soon as the road 
conditions allowed it and terminated in fall as soon as hibernation started or snow arrived. Temporary bait sites 
were established in August when hunting regulations allowed it. The variables available were study area (north, 
south), reproductive class (adult, subadult, female with cubs of the year), time (night, day). β is the parameter 
estimate, SD is the standard error, t denotes the t-value, and P denotes the significance level. 

Explanatory variables β S.E. t p 

Intercept 7.007 0.160 43.730 < 0.001 

Study area   2.481 0.013 

South 0 0 

North 0.6894 0.277   

Reproductive class 

Adult 0 0 

Subadult -1.132 0.417 -2.712 0.006 

Female w/cub 0.688 1.017 0.977 0.498 
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The results of a GLMM evaluating which factors affected the number of bait site visits per 
week during the hunting season showed that there was a tendency for the number of visits to 
increase with time and a tendency to be higher at temporary bait sites compared to permanent 
bait sites. Significantly more bait site visits were registered in 2011 than in 2010 (Table 15). 
The following variables were removed as non-significant from the model: study area and the 
interaction study area*year. 

 

Table 15. Result of a generalized linear mixed model explaining the number of visits made by brown bears per 
week during the hunting season (August-snow) at experimental baits in two study areas in Sweden 2010-2011, 
as determined from cameras at the bait sites. The variables available were area (north-south), week, type 
(permanent-temporary), year (2010-2011) and year compared to area were used in the base model. A permanent 
bait site was established in spring as soon as the road conditions allowed it and terminated in fall as soon as 
hibernation started or snow arrived. Temporary bait sites were established in August when hunting regulations 
allowed it. β is the parameter estimate, SD is the standard error, df denotes the degrees of freedom, t denotes the 
t-value, and P denotes the significance level. Number of observations 160, and number of groups 11. 

Explanatory variables β SD df t P 

Intercept -14.769 9.241 146 -1.598 0.112 

Week 0.445 0.247 146 1.796 0.074 

Type of bait site   146 1.853 0.065 

Permanent 0 0 

Temporary 3.959 2.136   

Year   146 2.258 0.025 

2010 0 0 

2011 3.405 1.508   

 

The result of a GLMM evaluating which factors affected the weekly number of subadult 
bears visiting bait sites during the hunting period showed that subadults bears visited 
significantly more temporary bait sites than permanent bait sites, and that significantly more 
subadults visits were registered in 2011 in comparison to 2010 (Table 16). The following 
variables were removed as non-significant from the model: study area, weeks, number of 
visits by adult bears within a given week, and the interaction study area*year. 
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Table 16. Result of a generalized linear mixed model explaining the number of visits by subadult brown bears 
per week during the hunting season at experimental baits in two study areas in Sweden, 2010-2011, as 
determined from cameras at the bait sites. The variables available were area (north-south), week, type 
(permanent-temporary), year (2010-2011) and year compared to area were used in the base model. A permanent 
bait site was established in spring as soon as the road conditions allowed it and terminated in fall as soon as 
hibernation started or snow arrived. Temporary bait sites were established in August when hunting regulations 
allowed it. β is the parameter estimate, SD is the standard error, df denotes the degrees of freedom, t denotes the 
t-value, and P denotes the significance level. Number of observations 160, and number of groups 11. 

Explanatory variables β SD df t P 

Intercept -1.684 1.178 147 -1.428 0.155 

Type of bait site 2.157 0.032 

Permanent 0 0 

Temporary 2.458 1.139 147   

Year 3.428 0.0008 

2010 0 0 

2011 2.807 0.818 147   

 

Results of spatial analysis of baiting regulations 

The forested area in the six northern counties amounts to 167,638 km2. The regulations used 
in the bear hunting trial in 2010-2012 omits areas within 200 m from roads, 500 m from trails 
and 2,000 m from villages and towns, reducing the available area for baiting to 90,366 km2. 
In this remaining area there is an additional 2,945 km2 where people live and thus is not 
available for baiting. This results in 36% - 66% of the total forested areas being available for 
baiting in the different counties with the current set of rules (Table 17). In reality these 
numbers are likely an overestimate, because the available area may be additionally reduced 
due to proximity to recreation houses, nature reserves, national parks, and areas too small for 
a practical baiting or unsuitable for other reasons (Figure 19-24). 
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Table 17: Size (in km2) and proportion of areas available for baiting in the six northern counties of Sweden. As 
starting point the overall forested area within a county was chosen. Forested areas are considered as available 
for baiting after the removal of areas ≤ 200m from roads, ≤ 500 m from trails, and ≤ 2000 m from 
villages/towns. In addition, places with permanent residents (within a resolution of 1 km2) are not suitable for 
baiting. Note that the available area may be additionally reduced due to proximity to recreation houses, nature 

reserves, national parks, etc. 

County Forested area Area removed 
due to distance 

regulations 

Area removed due 
to permanent 

residents 

Area available 
for baiting 

Proportion 
available for 

baiting 

Norrbotten 45954 15214 488 30252 66% 

Västerbotten 35753 15336 863 19554 55% 

Jämtland 31242 15258 447 15538 50% 

Västernorrland 18049 9974 474 7601 42% 

Gävleborg 14937 9233 396 5307 36% 

Dalarna 21703 12257 277 9168 42% 

Total 167638 77272 2945 87420 52% 
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Figure 19. Area in Dalarna County, Sweden, where bait hunting could be allowed (in green) based on the 
set of regulations used in this study (i.e. forested areas with a distance of >200m from roads, > 500m from 
hiking trails, >2000 m from villages and towns, and areas where people do not live permanently). This map 
is for overview purposes only, because several features where baiting would not be allowed or suitable are 
missing, such as national parks or protected areas. 
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Figure 20. Area in Gävleborg  County, Sweden, where bait hunting could be allowed (in green) based on 
the set of regulations used in this study (i.e. forested areas with a distance of >200m from roads, > 500m 
from hiking trails, >2000 m from villages and towns, and areas where people do not live permanently). 
This map is for overview purposes only, because several features where baiting would not be allowed or 
suitable are missing, such as national parks or protected areas. 
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Figure 21. Area in Norrbotten  County, Sweden, where bait hunting could be allowed (in green) based 
on the set of regulations used in this study (i.e. forested areas with a distance of >200m from roads, > 
500m from hiking trails, >2000 m from villages and towns, and areas where people do not live 
permanently). This map is for overview purposes only, because several features where baiting would not 
be allowed or suitable are missing, such as national parks or protected areas. 
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Figure 22. Area in Jämtland  County, Sweden, where bait hunting could be allowed (in green) based on 
the set of regulations used in this study (i.e. forested areas with a distance of >200m from roads, > 500m 
from hiking trails, >2000 m from villages and towns, and areas where people do not live permanently). 
This map is for overview purposes only, because several features where baiting would not be allowed or 
suitable are missing, such as national parks or protected areas. 
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Figure 23. Area in Västerbotten  County, Sweden, where bait hunting could be allowed (in green) based 
on the set of regulations used in this study (i.e. forested areas with a distance of >200m from roads, > 
500m from hiking trails, >2000 m from villages and towns, and areas where people do not live 
permanently). This map is for overview purposes only, because several features where baiting would not 
be allowed or suitable are missing, such as national parks or protected areas. 
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Figure 24. Area in Västernorrland  County, Sweden, where bait hunting could be allowed (in green) 
based on the set of regulations used in this study (i.e. forested areas with a distance of >200m from 
roads, > 500m from hiking trails, >2000 m from villages and towns, and areas where people do not live 
permanently). This map is for overview purposes only, because several features where baiting would not 
be allowed or suitable are missing, such as national parks or protected areas. 
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DISCUSSION 

Research question 1a: Are permanent bait sites visited more often and by more bears 
than temporary bait sites? 

Our results show that bait sites generally attract bears, however to a relatively low extent. 
About 0.005% and 0.0008% of all GPS locations fell within the 182 m buffers zones around 
permanent and temporary bait sites, respectively. The number of bear positions within these 
buffers was on average about 4 times higher for permanent bait sites and 1.5 times higher for 
temporary bait sites in comparison to random locations within the study area. Based on GPS 
data, permanent bait sites received more bear visits than temporary bait sites, suggesting that 
duration and systematically maintaining a bait site is an important factor to attract bears. 
However, the camera survey indicated that temporary baits received more bear visits from 
especially subadults than permanent bait sites during the hunting season. The reasons for 
these differences are likely related to the social system of bears. Competitively strong classes 
of bears selected (adult males) and used (adult males and lone adult females) permanent bait 
sites to a higher degree than other bear classes, potentially creating dominance hierarchies 
around permanent bait sites (Craighead et al. 1995). Because intraspecific aggression and 
killing is common in brown bears (McLellan 1994, Swenson et al. 2001a, Swenson et al. 
2001b), vulnerable individuals (e.g. subadult bears of females with dependent offspring) 
avoid areas with high risk for encountering potentially aggressive individuals, such as 
congregated food resources (e.g., salmon streams, bait sites) (Mattson and Reinhart 1995, 
Ben-David et al. 2004, Rode et al. 2006, Libal et al. 2011). Temporary bait sites, as used in 
this study, are a less predictable food resource in space and time compared to permanent bait 
sites. Dominance hierarchies are less likely to develop around less predictable food resources. 
Thus, temporary baits sites may be a relatively safe foraging opportunity for subadult bears. 
However, if temporary bait sites are established year after year at the same location, this 
effect may disappear. 

The experimental bait sites in our study were used relatively infrequently by bears when 
compared to systems in which anthropogenic foods are supplied consistently and in large 
quantities to wild brown bears. In southern and eastern Europe, for example, bait/feeding 
stations are common and often maintained throughout the year to target various game species 
(e.g. red deer (Cervus elaphus), roe deer (Capreolus capreolus), wild boar (Sus scrofa)), 
including brown bears (Rigg and Adamec 2007, Jerina et al. 2012). These feeding stations are 
typically supplied with large quantities of foods, such as carrion, oat, corn, and silage (Rigg 
and Adamec 2007, Jerina et al. 2012, Kojola and Heikkinen 2012). The density of 
supplementary feeding stations can be very high (e.g. 1/400-700 ha in Slovenia), and many of 
the sites have been maintained at the same locations for several decades (> 60 years in 
Slovenia) (Jerina 2012, Jerina et al. 2012). Slovenian bears spend on average about 6.8% 
(range 1-20%) of their time around bait sites (Jerina et al. 2012, Krofel et al. 2012), which is 
several magnitudes higher (~1360 times) than bears in our study system. These differences in 
bait use between our study and other studies are likely related to the large quantities of food 
provided at bait sites maintained for a long time at the same location. A disadvantage of the 
baiting system in, for example, Slovenia is that it may more easily lead to habituation in 
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bears. However, research in Slovenia has shown that the high density of feeding/bait sites 
available to bears does not explain the existence of problem bears nor do they function as 
diversionary feeding sites to keep bears away from people (Jerina et al. 2012). 

The density of experimental bait sites in our study was several magnitudes lower (~ 1300 - 
4000 times) than the density of feeding stations in Slovenia, which explains the lower time 
expenditure of Scandinavian bears at bait sites. In Northern America, unguarded or unfenced 
open pit garbage dumps were common during the last century. These dumps were supplied 
with several tons of garbage per day for several years or even decades, and attracted large 
numbers of brown and/or American black bears (Ursus americanus). For example, at the 
Trout Creek and Rabbit Creek garbage dumps in Yellowstone National Park, the Cooke City 
Dump in Montana, or the Dillingham garbage dump in Alaska , up to 80 brown bears could 
aggregate at the same time on a small area (2-4 hectares) (Craighead et al. 1995, Peirce and 
Daele 2006). These extensive dump sites influenced life history parameters, as well as 
reproductive strategies of both males and females (Craighead et al. 1995). After closing the 
open garbage dump sites in Yellowstone National Park (~1971), mortality rates increased, 
bears were generally smaller, and females produced more cubs (suggesting an increased 
reproductive allocation) (Craighead et al. 1995). In systems with evenly distributed food 
sources, the mating system of brown bears is characterized by roam to mate behavior, in 
which both sexes range widely during the mating season to find partners (Craighead et al. 
1995). In systems with clumped food resources, bears often aggregate during the mating 
season (e.g. the garbage dumps at Trout Creek, Rabbit Creek, and Dillingham in North 
America). In these systems, the typical roam-to-mate behavior can develop into a male 
dominance polyandry mating system, in which few males have access to most receptive 
female, and subdominant males may gain access to receptive females through a satellite 
strategy (Steyaert et al. 2012a). Thus, if bait sites are maintained in such a way that they 
attract large numbers of bears simultaneously, bait sites may influence the mating system and 
the social organization of a brown bear population. However, in our study bears spent only 
0.005 – 0.0008% of their time at experimental baits sites, suggesting that it is unlikely that 
the experimental bait sites had profound effects on the life history and mating system on 
bears in our study system. 

Research question 1b: Do bears visit bait sites for longer periods of time during the 
night than during the day; 1c: Do subadult bears visit bait sites more often than adult 
bears; 1d: Do subadult bears more commonly visit bait sites during the day and adult 
bears more commonly visit bait sites during the night? 

Visits to bait sites by bears varied considerably among individuals and among years (Table 1 
and 2), as well as according to reproductive class, ‘time of the day’, and ‘day of the year’ 
(Figure 5 and 7). Bears visited bait sites mostly during nighttime, except during the mating 
season (i.e., middle of May–early July), when activity at bait sites was relatively high 
throughout the day (Figure 7). Due to the 30 minute positioning interval of the GPS-collars, 
duration of most bait site visits calculated with these data lasted between 1 and 59 minutes 
(i.e. no consecutive GPS locations within the 182 m buffers) (Figure 25). We were able to 
calculate the duration of a bait site visits more accurately based on camera data, and the 
length of an average visit was ~15 minutes. 
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We registered also some long term bait site visits lasting up to 8 hours, however mostly 
during nighttime (Figure 26). 

 

Few bait site visits were recorded during the legal hunting time (21 August – 15 October, 1 
hour before sunrise – 2 hours before sunset) (Figure 7 and 18), and almost exclusively from 
subadult bears (Figure 7 and 15). Permanent bait sites were most commonly visited by lone 
adult females, whereas temporary bait sites were most commonly visited by adult males. 
Females with cubs-of-the-year rarely visited bait sites. During the legal hunting times, 
however, bait sites were mainly visited by subadult bears (Figure 7, 15, 16, 17, and 18). 

The experimental bait sites used in this study differed strongly in terms of food supply, 
density, history, and human presence from bait sites used for hunting and tourism purposes in 
other countries, such as game feeding sites in Slovenia (Jerina 2012, Jerina et al. 2012), bear 
viewing sites in Finland and North America (Nevin and Gilbert 2005, Kojola and Heikkinen 
2012), and garbage dumps in North America (Craighead et al. 1995, Peirce and Van Daele 

Figure 25. Frequency distribution of the duration of visits to experimental bait site by GPS-collared 
brown bears in south central Sweden between 2008 and 2012. 

 

Figure 26. Diurnal distribution of visits to experimental permanent bait sites by GPS-collared brown 
bears in south central Sweden according to their duration. The color-scale bar indicates frequencies of 
occurrence. 
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2006). However, bait site visits by bears followed a nonrandom pattern in relation to ‘time of 
the day’, season, sex, age, and reproductive status in all these systems. In all European as 
well as North American brown bear populations, bait site visits peaked in spring and early 
summer (i.e. the mating season) (Craighead et al. 1995), probably because natural food 
availability is low during this time of the year (Craighead et al. 1995, Peirce and Daele 2006, 
Jerina et al. 2012). At the garbage dumps in Yellowstone National Park, brown bears visited 
the garbage dumps mostly around sunset and left after midnight, when most foods were 
consumed (Craighead et al. 1995). Usage of these dump sites appeared to be not sex biased, 
however, and in contrast to our study, females with dependent cubs (of all ages) appeared to 
be more present than other classes. In addition, females with cubs engaged most often into 
aggressive encounters with other bears classes (Craighead et al. 1995), and were considered, 
together with adult males, as the most dominant class (Craighead et al. 1995). Craighead et 
al. (1995) reported that especially females with yearlings and two year old cubs acted as 
collective groups with common defense and aggression against conspecifics.  

In all of the above reported study systems with bait sites for brown bears (i.e. Slovenia, 
Finland, North America) the least dominant individuals, i.e. subadults and individuals in poor 
physical condition, visited the bait sites/garbage dumps mostly during daytime, after other 
bears had left (Craighead et al. 1995, Peirce and Van Daele 2006, Jerina et al. 2012). In 
Slovenia, younger males used feeding stations most often, whereas females with cubs used 
these sites the least (Jerina et al. 2012). In cases when females with cubs visited feeding sites, 
they visited earlier in the day than lone females and young males, while adult males tended to 
arrive latest at the feeding stations (Jerina et al. 2012). Jerina et al. (2012) suggested that this 
diurnal pattern is likely a result of temporal avoidance of human activity as well as of 
dominance hierarchies among different classes of bears, which has also been observed in 
Sweden (Steyaert et al. 2013). Peirce and Daele (1995) obtained similar results in their study 
at the Dillingham garbage dump in Alaska and found that subadults and subdominants visited 
the dumps when dominant bears were absent and the food availability at these sites was low. 

Not all bears with access to experimental bait sites also visited these bait sites: 58% of the 
GPS-marked bears visited a permanent bait site at least once, whereas only 22% of the bears 
with access to temporary bait sites also visited those sites. In addition, there was large intra-
individual variation in bait site use, which appeared to be relatively unpredictable, because 
most bait site visits originated from a small number of bears, and the intensity of bait site 
usage per individual was not correlated among years. Similar results were observed in in 
Yellowstone National Park, where individual bears showed large inter- and intra-annual 
variation in temporal patterns of dump site visits (Craighead et al. 1995, Peirce and Van 
Daele 2006). Peirce and Van Daele (2006) classified all 70 bears in their study according to 
the predictability of garbage dump usage. Of these, 17 (24%) bears were classified as 
predictable dump users, i.e. bears that showed a regular pattern in the dump visitation. Peirce 
and Van Daele (2006) ascribed the individual variations in temporal patterns of dump site 
visitation to the availability of high quality natural foods, dominance rank and competition, 
and reproductive status. Also in Yellowstone National Park, only a proportion (30-80%) of 
the study population regularly used on garbage dumps (‘predictable users’) (Craighead et al. 
1995). 
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Research question 1e: Do bears establish their day and night resting sites closer to 
natural kill sites of ungulates than to artificial bait sites, and 1f: Do subadult bears use 
resting sites closer to bait sites than adult bears? 

Bears generally show high fidelity to sites with natural kills or carcasses, but caching 
behavior can occur, i.e. hiding a carcass underneath soil and moss and revisiting it at a later 
date (Elgmork 1982, Craighead et al. 1995). In our study area, bears typically remain within 
30 – 50 m of their kills for prolonged periods of time (up to 5 days) (Rauseth et al. 2012). All 
classes of bears generally avoided experimental bait sites within a distance of 500m during 
day rest. However, exceptions occurred, with certain individuals (mostly subadults) 
sometimes selecting day resting sites within the 182 m buffer around bait sites. 

Research question 1g: Do bears use habitats suitable for bait sites for resting sites? 

Research in our study area showed that bears generally select for the densest vegetation types 
for establishing their day resting sites (Ordiz et al. 2011). These dense vegetation patches are 
generally not suitable for establishing bait sites for still hunting purposes due to the poor 
visibility. Females with cubs-of-the-year, however, often select for less dense vegetation, 
especially during active periods (nighttime), probably as a strategy to avoid infanticidal 
individuals visually and through olfaction. In addition, females with cubs-of-the-year often 
select for habitats with larger trees, which can be used to climb and escape infanticidal 
individuals (Swenson 2003b, Martin et al. 2010, Ordiz et al. 2011). Habitats suitable for bait 
sites for still hunting may thus overlap to a certain degree with habitat suitable for females 
with cubs-of-the-year. 

Research question 2a: Do bears that use baits spend more time closer to humans than 
bears not using bait sites, and 2b: Do bears that use bait sites have a higher probability 
to become nuisance bears than bears not using bait sites?  

Feeding of bears, independent of the reason, may reduce their wariness of humans, i.e. they 
may become human habituated, which in turn may increase bear - human conflicts and may 
even result in human injuries or fatalities (Swenson 2003a, Martin et al. 2010, Steyaert et al. 
2013). However, our results suggest no relationship between selection for experimental bait 
sites and behavioral characteristics that are often associated with nuisance behavior in brown 
bears, i.e., selection for areas close to humans (i.e., houses, settlements, roads, trails).  

In general, the number of problem bears in Sweden appears to be low; 33 bears were killed 
by the Police or County Administrative Boards (based on Jaktförordningen 1987:905 (JF) 24, 
27 §§, or Jaktlagen 1987:259 (JL) 9 §), and 61 were shot in self-defense from 1965-2008 (a 
mean of 2.1 bears/year; Figure 19; Elfström et al. unpublished data). The majority of bears 
killed as problem bears or in self-defense in Sweden occurred after 2000, i.e. after baiting for 
hunting purposes was stopped. This indicates that the occurrence of problems bears likely is 
more related to the general increase of the bear population as well as the increase in hunting 
quotas after 2000. 
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In Finland, 19 bears were killed by the police authorities and 14 in self-defense from 1995-
2008 (Herrero 1985, Swenson et al. 1999, Herrero et al. 2005, Kojola and Heikkinen 2012, 
Elfström et al. 2013). Baiting of brown bears for recreational purposes (i.e. tourism, 
photography) occurs along the Finish-Russian border, however, the maintenance of these 
bear viewing sites appears to be unrelated to the occurrence of problem bears. Kojola and 
Heikkinen (a mean of 2.4 bears/year; Kojola and Heikkinen 2012) found that the probability 
of killing brown bears in self-defense or under management licenses in Finland was not 
associated with the geographical distance to these bear viewing sites. Similarly, in Slovenia, 
which has a higher number of human-bear conflicts (134 problem bears killed from 1996-
2010; a mean of 9.6 bears/year), a study of GPS-collared bear showed no relationship 
between the use of feeding sites and problem bears (2012). 

Yellowstone National Park, USA, was infamous for its many bear-human conflicts especially 
in the 1970’s. Many brown bears regularly foraged at garbage dumps in the Park for decades 
up until 1969. The Park Service decided to close these dump sites abruptly in 1969-1970, 
which in turn caused a sudden increase in the amount of nuisance brown bears within and 
outside the park borders, and several bears had to be destroyed (Jerina et al. 2012). The 
historic situation in Yellowstone differs from the current situation in Sweden in several 
regards. The amount of food available for bears at the garbage dumps in Yellowstone was 
essentially unlimited for several decades. This seems to have caused changes in the life 
history of brown bears, i.e. the body size as well as the litter size of bears had increased 
above the size supported by the natural food resources available in Yellowstone (Craighead et 
al. 1995, Badyaev 1998). These bears were physically too large for the habitat (Stringham 
1986, Robbins et al. 2004), and were literally left with nothing following the abrupt closure 
of dump sites, causing distinct changes in movement patterns and home range sizes, 
increased mortality as well as an increase of human-bear conflicts (Robbins et al. 2004). 

Figure 27. Number of confirmed problem bears (based on Jaktförordningen 1987:905 (JF) 24, 27 §§, or 
Jaktlagen 1987:259 (JL) 9 §) killed by the authorities (white bars) and number of bears killed in self-
defense (black bars) in Sweden from 1965-2008. 
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Research question 2c: Do bears use bait sites more often in years with low food 
availability than in years with good food availability? 

We found no effect of year on bait site selection in the analyses of GPS-collared bears. 
However, we found annual differences in the use of bait sites on the individual level; some 
individuals showed large interannual variation in the use of bait sites (Table 2 and 3). For 
adult females these differences were mainly related to reproductive status, i.e. they avoided 
bait sites in years when they were accompanied by cubs of the year, but used bait sites in the 
years of mating. This suggests that the factors affecting interannual bait site use the most are 
reproductive and social status.  

Interannual variations in food resources have been suggested to correlate with human-bear 
conflicts; the lower the natural food conditions, the higher the conflict level (Craighead et al. 
1995, Badyaev 1998). Especially in systems with large climatic variation and were bears 
subsist on one major type of staple food for fat acquisition during summer and fall, e.g. 
whitebark pine (Pinus albicaulis) seed crops and brown bears in Yellowstone (Rogers 1987, 
Mattson et al. 1992, Schwartz et al. 2006), the failure of this resource may force bears to 
increase their home ranges and search for alternative food sources (Mattson et al. 1992). 

Brown bears in Sweden rely on three berry species for fat acquisition for hibernation; 
bilberries (Vaccinium myrtillus), lingon berries (V. vitis idea), and crowberries (Empetrum 
nigra). Bilberries are the most preferred of these species, followed by lingon, and then 
crowberries. If, for example, bilberries are scarce in a given year, bears readily switch to the 
next preferred species as an alternative food resource (Craighead et al. 1995). This behavior 
likely makes the Swedish system rather stable against berry crop failures, because failures of 
all three species in the same year are very unlikely. We have not found any correlation 
between interannual numbers of killed problem bears and seasonal food availability, and no 
deviation in body condition between problem and nonproblem bears (Elfström et al. 
unpublished data). In addition, we found no food items related with bait sites during a diet 
study of bears which approached settlements in Dalarna and Gävleborg counties between 
May-September 2010 (Elfström et al. unpublished data). The use of bait sites as diversionary 
feeding sites to reduce human-bear conflicts is currently a hotly debated topic, especially 
among North American black bear researchers. The argument is that in years of natural food 
failure, the provision of food in remote areas will keep black bears from searching for food 
close to people (Nilsen 2002). Brown bear managers have suggested that farmers moved 
cattle carcasses from near the farmsteads to remote areas to act as diversionary feeding sites 
to keep brown bears from approaching areas close to houses in search of food (Rogers 1989, 
2011). It seems that there is no clear consensus that diversionary feeding of bears in North 
America is reducing problem bear activities, or instead elevates the number of problems 
because of the risks of bears becoming “food conditioned” (Madel 2009). 

Jerina et al. (2012) have investigated the potential effects of diversionary feeding on brown 
bear-human conflicts in Slovenia. Although bait sites had a very strong effect on the 
movement behavior of bears, the presence of such sites did not prevent bears from 
approaching human settlements, and the availability of carcasses at bait sites did not reduce 
livestock depredation (Jerina et al. 2012). Jerina et al. (2012) suggest that diversionary 
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feeding is not effective as a conflict mitigation measure. The same conclusion probably 
applies to Sweden for three reasons; pronounced food shortages are probably rare and 
buffered by the availability of different types of staple foods for bears; the human population 
density is higher in Europe than in North America, and thus there is a lack of remote areas to 
keep bears away from people, given that diversionary feeding would work; there is evidence 
that the behavior of bears approaching people is better explained by bear social behavior 
rather than food shortage, i.e. “problem” bears are often subdominant individuals avoiding 
conflicts with dominant conspecifics by using areas close to people, which are avoided by 
dominants (Elfström et al. 2013).  

Research question 3a: Are bears visiting bait sites less shy when approached by humans 
than bears not visiting bait sites, and 3b: Are bears resting at or near bait sites less shy 
when approached by humans than bears farther away from bait sites or resting at/near 
natural ungulate carcasses? 

In general, most bears left the initial site when approached by humans. We found no 
indications that bears that use bait sites were less shy when approached by humans in 
comparison to bears that did not use bait sites. In addition, we did not find indications that 
distance to a bait site (i.e. a large food source) had an effect on the probability of a bear to 
flee or remain when approached. The factors affecting the probability of a bear to flee or 
remain at the initial site during an experimental approach were the time of the year, the 
sighting distance, and the wind speed. The analyses of the factors affecting FID during 
experimental approaches are very similar to the results of the probability of a bear to flee or 
remain when approached; we found that FID was higher during the berry season and 
decreased the denser the vegetation cover was at the initial site. In addition, we never 
observed any behavior by an experimentally approached bear that could have been 
interpreted as sign of aggression. 

In addition we analyzed the FID of bait using bears only. Again, we found a trend that FID 
decreased the denser the vegetation cover was at the initial site, and in addition we found a 
trend that bait-using males had a shorter FID than bait-using females. However, due to the 
small sample size as well as the fact that these effects were only suggestive, these results 
have to be interpreted carefully. 

The probability to leave the initial site was higher during the berry season and decreased the 
denser the vegetation cover was at the initial site. In general, vegetation cover was the 
variable that seemed to have the most effect on a bear’s behavior when approached. This 
suggests that the bears made a context-dependent decision of when to leave (Moen 2009, 
Moen et al. 2012). Escape theory predicts that prey will determine their behavior based on the 
behavior of the predator, and a change in behavior of the prey will occur when the risk of 
remaining exceeds the cost of leaving (Beale 2007, Moen 2009). The cost connected to 
leaving when approached by humans includes the loss of benefits achieved by continued 
foraging or resting, the energetic cost caused by leaving the site, and the cost of being 
detected (Cooper Jr. 2008, Moen 2009). If the animal regards itself as well hidden, the benefit 
of leaving will occur at a shorter distance to the observer than if the animal is in open habitat, 
hence the animal should leave sooner in an open habitat (Moen 2009). Similar results to ours 
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have also been documented in Eurasian lynx (Ydenberg and Dill 1986, Moen 2009) and 
North American brown bears (Sunde et al. 1998). Another explanation for why bears 
remained longer at initial sites with more horizontal vegetation cover could be that the cover 

concealed scents to a certain degree and reduced noise from the observers, and hence delayed 
the bear’s detection of the observers (McLellan and Shackleton 1989). 

Ordiz et al. (Moen 2009) have shown that bears chose daybeds with more horizontal 
vegetation cover during the berry season than the mating season. This probably indicates that 
bears respond to increased human activities during autumn, especially hunting. Indeed, Ordiz 
et al. (2011) have shown that bears show anti-predator behavior by becoming more nocturnal 
during the hunting season in fall. 

Use of bait sites did not seem to affect bear behavior towards humans, at least at the scale of 
our study. We attempted to approach bears using/resting at a bait site during daytime hours. 
During the course of this study we were not able to successfully approach a bear at a bait site 
during daytime hours. However, this in itself is an important result and can be explained by 
two reasons: one, very few bears attend bait sites during daytime hours when the average 
hiker or mushroom picker is out in the forest; second, our results show that an average bear 
visit to a bait site lasts ~15 minutes (2012), which represents a very short time window for a 
bear to be surprised accidentally by recreationists (other than hunters) at a bait site. For a 
further discussion of this question, refer to the discussion of research question 3c. 

Research question 3c: Are bears active at bait sites during the day/morning/evening 
aggressive towards approaching people? 

Brown bears can be very protective of their food, especially when surprised at a high-value 
food resource, such as a carcass (Vestøl 2012). Several incidents, human injuries, and even 
fatalities, involving bears protecting a food resource have been reported, especially from 
North America (Herrero 1985). 

A bait site with high amounts of food concentrated within a small location theoretically 
represents a very valuable food resource for a bear. We attempted to test the reaction of a 
bear attending a bait site with experimental approaches. We chose daytime hours for such 
approaches, because this is the time of the day when recreationists, other than hunters, are in 
the forest. During the course of this study we were not able to successfully approach and 
“surprise” a bear at a bait site during daytime hours. This in itself is an important result and 
can be explained by two reasons: one, very few bears attend bait sites during daytime hours 
when the average hiker or mushroom picker is out in the forest; second, an average bear visit 
to a bait site lasts ~15 minutes, which represents a very short time window for a bear to be 
surprised accidentally by recreationists (other than hunters) at a bait site. 

American black bears used garbage dumps intensively as a supplementary food source in 
Jasper National Park, Canada. Despite these bears being in close contact with humans, no 
aggressive interactions between bears and humans have been observed at these garbage 
dumps (Herrero 1985, Herrero and Fleck 1990). Similar observations have been made at the 
garbage dumps in Yellowstone National Park, which had been heavily used for touristic 
purposes, i.e. bear viewing, for decades (Herrero 1985, Herrero et al. 2005). Other very 
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famous examples are the bear viewing locations in Alaska, such as McNeil River, where no 
aggressive interactions between bears and humans occur (Craighead et al. 1995). However, it 
has to be pointed out that in all these examples involving brown bears, the systems have been 
or are kept under control by attending rangers, which keep especially the behavior of the 
human spectators under control.   

At bait sites for hunting purposes in more remote areas in the forest it is difficult to determine 
if people willingly or unwillingly approach a bait site for purposes other than hunting. Our 
results suggest that there is only a small chance for a bear to be surprised at a bait site during 
the daytime. In case a bear is surprised during the daytime, in most cases this likely would be 
a subadult bear. Our results from the experimental approaches suggest that there is a very 
high chance for such a bear to flee as soon as it discovers the approaching people. However, 
two anecdotal incidents show that there is the possibility for bears to react aggressively when 
surprised at a bait site. A project volunteer in charge of bait site maintenance in Västerbotten 
surprised a female with cubs at a bait site in the late afternoon. This female showed 
aggressive behavior with vocalizations and also circled within some distance around the 
project volunteer, before he was able to retreat (K. Lövgren pers. observation). The other 
anecdotal incident involves a hunter that maintained a bait site in Västerbotten, as part of the 
bait hunting trial by the County Administrations and the Swedish Hunters Association. This 
hunter reported that he visited the bait site and observed a bear at a distance ~80 m; the bear 
stood up on its hind legs, vocalized, and then started running towards the bait site. The hunter 
retreated from the bait site; when he turned around he saw that the bear was at the bait site. 

In conclusion, the chances for an average recreationist to surprise a bear at a bait site during 
the day are very low, and the probability that such a bear would retreat and flee is high. 
However, it cannot be excluded that a bear surprised at a bait site can show an aggressive 
reaction. 

Research question 4a: Do females avoid visiting bait sites when with dependent 
offspring? 

Our results suggest that brown bear females with cubs of the year generally avoid bait sites. 
Only 4% of the bait site visits recorded with GPS data and 3.6% of visits recorded with 
remote camera photography at bait sites were by family groups of bears. Most of these visits 
occurred during the fall season.  

Infanticide by males during the mating season in spring accounts for almost all cub mortality 
in our study population (~35% per year), and females with cubs avoid males during this time 
of the year by adjusting their resource selection (Steyaert et al. 2013) . For example, they 
select for the least rugged landscapes, older forest types, and probably use human presence as 
a shield against infanticide (Steyaert 2012). This has also nutritional consequences for 
females with cubs of the year, because they subsist on a significantly poorer diet (i.e. lower in 
protein) than other bear groups in spring (Steyaert et al. 2013). Our results are supported by 
Jerina et al. (2012), who found that females with cubs were the bear group using bait sites the 
least in Slovenia. We suggest that infanticide as a male reproductive strategy explains the low 
number of bait site visits by family groups in our study, and perhaps also in Slovenia. Also 
evidence from studies of brown bears using naturally clumped food resources, such as salmon 
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rivers, show that females with cubs of the year generally avoid sites where they could 
potentially meet adult males (Jerina et al. 2012). 

Contrary to our study and to Jerina et al. (2012) , females with cubs were common at garbage 
dumps in North America (Craighead et al. 1995). At the Dillingham garbage dump in Alaska, 
females with cubs were the most represented group of bears, however during the autumn 
only, when no other bears were present at the site; however, during the mating season in 
spring, females with cubs were almost entirely absent (Craighead et al. 1995, Peirce and Van 
Daele 2006). In Yellowstone National Park, females with cubs used garbage dumps 
throughout the year (Peirce and Van Daele 2006), suggesting that infanticide was less 
important in their resource selection than for example in Sweden (Craighead et al. 1995). But 
females with cubs have been described as very aggressive toward other bears at the 
Yellowstone garbage dump, indicating that intra-specific predation also must occur in these 
populations. 

Also studies of American black bears have shown that females with cubs use artificial 
feeding sites (Johnson 2007, Ziegltrum 2008). The behavior of lactating females with cubs at 
artificial feeding sites is described as very alert (Johnson 2007, Ziegltrum 2008), likely to 
avoid conspecific males. 

Research question 4b: Do females with dependent offspring leave their cubs behind to 
visit bait sites? 

There is concern among managers that females with cubs may leave the cubs behind to visits 
bait sites by themselves. The killing of such a female at a bait site would raise several legal as 
well as ethical issues, because it is not allowed to kill a bear from a family group, and 
because this would result in orphaned cubs. 

Our results suggest that females with cubs of the year generally avoid bait sites (refer to 
figures and chapter above), and we have found no evidence of such behavior in the literature. 
However, one anecdotal observation shows that this behavior exists.  On June 17, 2010, a 
field worker of the SBBRP investigated a GPS-location from female W0422 from the 
previous day; she had cubs of the year and, according to the GPS locations, she had already 
left the general area. However, cubs of the year were found in the top of a tree at the site. At 
the same time the female was visiting a bait site 950 m away, according to her GPS locations. 
Based on further GPS locations, the female returned to the site to pick up the cubs (S. 
Steyaert, personal observation). It remains unknown how often females leave their cubs 
behind to visit bait sites, however the general avoidance of bait sites by females with cubs of 
the year in comparison to other bear classes, suggests that such behavior likely is not 
common.  

Research question 5a: Do bears realign their home ranges in relation to bait sites? 

The experimental bait sites used in this study showed no effect on home range size and home 
range alignment of GPS-collard bears. In comparison, studies from Slovenia, Finland and 
North America have reported strong effects of bait sites on movements and home range size 
of radio-collared brown bears (Ziegltrum 2008).  
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Slovenia has a large amount of feeding stations for bears as well as red deer (Cervus 
elaphus), and bears attend both types of feeding sites to mainly feed on corn (Craighead et al. 
1995, Jerina et al. 2012, Kojola and Heikkinen 2012). Jerina et al. (2012) found that brown 
bears had smaller home ranges in areas with high densities of feeding stations than in 
comparable areas with low densities of feeding stations. Individual bears sometimes visited 
up to six different feeding stations during one night. 

Most of the few available studies suggest that bait sites do not influence the size of a bears’ 
home range, but rather individuals’ movements within the home range (Jerina et al. 2012), 
however anecdotal observations of radio-collared brown bears at bait sites in Finland show 
that some males with normal home ranges deep into Russia take excursions to attend bait 
sites in Finland (I. Kojola, pers. comm.).  

Feeding of wildlife was allowed in Yellowstone National Park, USA, up until the 1960’s, and 
brown as well as American black bear viewing at garbage dump sites was organized by the 
Park Service (Fersterer et al. 2001, Johnson 2007). During these times, daily movement 
patterns of individual bears typically ranged between 3 and 14 km from the garbage dumps, 
and some individuals travelled up to 65 km straight line distance to visit garbage dumps 
(Craighead et al. 1995). Bears commonly used the same paths in the terrain, which after time 
developed to distinct trails (Craighead et al. 1995). Similar trials developed over time also 
around our experimental bait sites, however only for a distance of ~50 m. Anecdotal 
observations suggest that such short trails leading up to especially permanent bait sites may 
serve a social function, because several rub trees were found along these trails.  

Two of the main differences between the experimental bait sites used in this study and the 
bait, feeding, or garbage sites reported in other studies (Craighead et al. 1995) likely are the 
amount of food available as well as the long-term maintenance of these feeding sites. Large 
amounts of food, almost ad libitum, for several decades have been available for bears at bait 
sites in Slovenia and Finland, and also formerly at the garbage dumps in Yellowstone. We 
suggest that our experimental bait sites were not maintained sufficiently long and with 
sufficient amounts of foods to have a strong effect on bear movements and their 
spatiotemporal behavior. Increases in the amount of food presented over time may cause 
realignment of home ranges in relation to bait sites also in Sweden. 

Research question 5b: Is food at bait sites the most commonly used food source during 
the time a bait site is present in an area? 

Only few individuals are responsible for the bulk of visits at bait sites (Table 2 and 3, Figure 
5). This result in itself suggests that, the experimental bait sites were not a very important 
addition to the nutritional landscape on the population level. DNA barcoding of all food items 
in 106 scats of GPS-collared bears collected in the southern study area in 2010, showed no 
evidence of corn, which is a highly preferred food item at bait sites. We supplied 5 kg of corn 
to bait sites every week throughout the study period; this amount was likely not enough to 
have an important impact on the nutrition of bears in the southern study area.  

Food from artificial feeding sites can play an important nutritional role in populations with 
access to artificial feeding sites or bait sites (Craighead et al. 1995, Jerina et al. 2012, Kojola 
and Heikkinen 2012). Results from Slovenia show that an individual bear on average visited 
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bait sites on 11.8% of all nights during the active period (Grosse et al. 2003). However, single 
bears could visit up to six different feeding sites in a single night (Jerina et al. 2012), which 
suggests that food from bait sits can be important for certain individuals. The density of bait 
sites in Slovenia is very high (1 bait site/400-700 ha) (Jerina et al. 2012). It may be that this 
high density and the large amounts of food available at these sites contribute to the very high 
population density of brown bears in Slovenia (up to 400 bears/1000km2) (K. Jerina pers. 
communication).  

Results from North America show that bait sites or garbage dumps can provide important 
nutritional contributions to the diets of black and brown bears (Jerina et al. 2012). 
Supplemental anthropogenic foods can even affect life history traits, such as increase body 
size or litter size (Craighead et al. 1995, Badyaev 1998, Partridge et al. 2001). 

An important difference between Sweden and the above mentioned studies are the difference 
in the temporal scale as well as the amount of food provided. Especially in Yellowstone 
National Park, USA, more or less ad libitum amounts of food were historically provided at 
garbage sites for decades (Craighead et al. 1995). Similar, in Slovenia large amounts of food 
have been provided at the baiting sites since the 1960’s (Jerina et al. 2012).  

Research question 5c: Can hunting at bait sites selectively remove females from 
productive matrilines? 

Related females brown bears form matrilineal assemblages across the landscape, i.e. a group 
of related females occupies an area and no unrelated females occur within this area 
(Stringham 1986, Craighead et al. 1995, Badyaev 1998, Robbins et al. 2004, R. Shideler pers. 
communication). A matrilineal assemblage is usually only formed by highly productive 
individuals and thus often correspond to areas with higher population densities; in other 
words, such a matriline may function as source “population” for surrounding areas.  

Our results indicate that bears do not realign their homer ranges in relation to bait sites, at 
least not within the time frame and with the amount of baiting material used in this study. If a 
bait site is located within an area of a high population density due to a highly productive 
matriline, the likelihood is very high that females from only this matriline will be killed in 
relation to bait hunting in this area. In connection with the development of very effective dog 
hunting methods that use bait sites to pick up scent trails of bears, hot spots in population 
productivity could thus potentially become attractive sinks of population development. 

Research question 6: What are the effects of different regulations on the number of 
baits that can be permitted? 

Currently there are no discussions about the set of regulations applied in the bait hunting trial 
(Zedrosser et al. 2013) as well as this project. Therefore we used this set of regulations to 
estimate the available area for baiting in the six northern counties. The results suggest that the 
area available for baiting likely is not a major limitation in the less populated areas, 
considering the current interest about baiting by hunters. Analyses on a more detailed scale 
are difficult due to the lack of data especially about houses with permanent or temporary 
residents or other circumstances that might constrict the establishment of bait sites. Such 
circumstances will require local knowledge and it should be the responsibility of managers at 
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the county boards as well as hunters to agree on a suitable set of regulations for the 
localization and establishment of bait sites. If the interest in baiting increases, some 
regulations on the density of bait sites may be needed.  

SUMMARY AND CONCLUSIONS 

We found that both permanent and temporary bait sites attracted bears in our study area, and 
that permanent bait sites had a stronger attractive effect on bears than the temporary bait sites. 
Bears visited bait sites predominantly around crepuscular hours, except during the mating 
season, when bait site usage was highest and occurred throughout the day. Bears on average 
visited bait sites for ~15 minutes, but some visits could last up to 8 hours. Adult males and 
lone adult females showed the strongest selection for bait sites or used them the most, which 
probably results in the development of dominance hierarchies around especially permanent 
bait sites. During legal hunting times, virtually only subadults visited the bait sites.  

Bears typically use sites with very dense vegetation for daybeds. Such sites are unsuitable for 
maintaining bait sites, because of the poor visibility. Bears typically remain in the immediate 
vicinity of natural prey, whereas bears of all classes generally avoided establishing their 
daybeds near (< 500m) bait sites. However, a few individuals (mainly subadults) occasionally 
selected for areas close to bait sites for their daybed. 

We found no indications that establishment of bait sites, at the temporal and spatial scale and 
with the amounts of food provided in this study, was related to nuisance bear behavior or that 
bears using bait sites were less shy towards humans than bears not using bait sites. In the 
course of this study we were not able to test the reaction of bears at bait sites when 
experimentally approached, simply because few bears visited bait sites during daylight hours 
and most of those visits lasted ~15 minutes. This suggests that the likelihood of recreationists, 
other than hunters, surprising a bear at a bait site during the day is relatively low. However, 
anecdotal evidence suggests that a bear surprised at a bait site may react defensively towards 
approaching humans. 

Females with cubs of the year generally avoided bait sites in our study. However, we have 
observed females with cubs of the year at bait sites, and also that a female may leave the cubs 
behind in the forest and approach a bait site by herself. Therefore the likelihood of a hunter 
shooting a female with dependent offspring at a bait site is relatively low, but the possibility 
cannot be entirely excluded. 

At the scale of our study, bait sites did not seem to affect the social system of bears. 
However, in other countries with long traditions of baiting and larger amounts of bait used, 
effects on the social system have been documented. Our results show also that there seems to 
be enough space for the establishment of bait sites with the current set of regulations to 
organize hunting of brown bears at bait sites. 

Hunting at bait sites was a common in Sweden until 2000 (Bischof et al. 2008). Bait hunting 
of bears was banned in 2001, because it was feared that bait hunting may increase nuisance 
behavior in bears, that people unknowingly approaching a bait site may be injured by a bear, 
and that females with cubs, which are protected, might be shot at bait sites. In the current 
discussion about whether or not to re-open bait hunting, several advantages and 
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disadvantages of bait hunting of bears are commonly mentioned. The potential advantages of 
bait hunting are that hunters have more time to place a well-aimed shot at an animal (Stokke 
et al. 2008), thus reducing the number of wounded bears, and that females with dependent 
offspring, which are protected in most hunting systems, may not attend bait sites (Sahlén 
2007), thus allowing hunters to avoid unintentionally killing bears from family groups. 
Opponents of this hunting method, on the other hand, consider the possibility that bears may 
become food conditioned and human habituated due to a large food supply in connection with 
human smell or even human presence as the major disadvantages of bait hunting. If this is 
true, baiting may increase the number of nuisance bears in a population. Another potential 
disadvantage is that people carrying out recreational activities (e.g. hikers, berry pickers) may 
unknowingly pass by a bait site, which increases the chances of meeting a bear defending its 
food source. 

The results of our study suggest that neither the most arguments pro nor contra baiting for 
hunting purposes nor the initial reasons to close bait hunting gained much support. Baiting at 
the level of this study was not related to nuisance behavior of bears, and females with cubs in 
general avoid bait sites, although there was evidence of individual variation. A bear surprised 
at a bait site during the daytime may be protective of its food, however the likelihood for this 
to happen seems to be rather low. Hunters likely would have more time to deliver a well-
placed shot at a bear at a bait site, however very few bear attended bait sites during the legal 
hunting hours. 

About 18% of the 887 bears harvested in Sweden between 1984 and 2000 were killed at bait 
sites, and the age and sex of bears harvested with the use of baiting did not differ from that of 
bears harvested using other methods (Bischof et al. 2008). Considering that bait sites were 
rarely visited by bears during the legal hunting hours in this study, 18% of the total harvest is 
a remarkably high number of bears killed at bait sites. In a bait hunting trial carried out from 
2010-2012 in Dalarna, Norrbotten, and Västerbotten counties, no bears were killed at bait 
sites (Zedrosser et al. 2013). This raises the question of what has changed since 2001? 

It is very unlikely that the general ecology and behavior of bears has changed since 2001. 
However, the current proposed legislation of legal hunting hours (one hour before sunrise to 
two hours before sunset) differs somewhat from the legal hunting period prior to 2001, when 
the legal hunting hours were from one hour before sunrise to one hour after sunset, which 
likely has resulted in more bears available for hunters during legal hunting hours before 2001 
(Table 18). 

Bait sites may have been placed more optimally, the number of bait sites may have been 
higher (we have no knowledge about the number of bait sites prior to 2001), and the amounts 
of bait used likely were higher. Also, some of the traditional knowledge about bait hunting, 
like optimal locations of bait sites, etc. may have been lost in the last decade. These 
differences may have resulted in a higher hunting success at bait sites prior to 2001. 
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Table 18. Number and proportion (in parenthesis) of visits of GPS-collared brown bears during different 
combinations of legal hunting hours at permanent and temporary bait sites in Dalarna and Gävleborg counties, 
Sweden, from August 21-31, 2008-2012. “Inside” means a visit was within legal hunting hours, “outside” 
means a visit was outside of legal hunting hours. 

Period Time Inside Outside 

1h before sunrise/2h before sunset 04:31-18:06 11 (14.9) 63 (85.1) 

1h before sunrise/sunset 04:31-20:06 15 (20.3) 59 (79.7) 

1h before sunrise/1h after sunset 04:31-21:06 18 (24.3) 56 (75.7) 

 

Still hunting at bait sites of bears, according to our results, likely would select mostly for 
subadult bears, because this is the age class mainly attending bait sites during legal hunting 
hours. However, experience from a bait hunting trial (Zedrosser et al. 2013) suggests that 
many hunters will not use bait sites for still hunting, but rather use bait sites to release hounds 
to follow fresh bear tracks. Provided that bait sites are mostly used and selected for by adult 
males and lone adult females, using bait sites as a starting point for hounds could select for 
these two classes of bears. 
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SUPPLEMENTAL MATERIALS  
Supplementary table 1. Parameter estimates for NDVI, terrain ruggedness (TRI), habitat type (old forest, young dense forest, young open forest), and distance to permanent 
bait sites (P bait), settlements, buildings, trails and forest roads, as derived with resource selection functions of individual brown bears (Bear ID) of known reproductive status 
(AM = adult male, RF = lone adult females, COY = female with cubs-of-the-year, FG = family group, SF = subadult female, SM = subadult male) and age during a given 
year. HRS indicates home range size. Note that negative values for the ‘distance to’ variables indicate selection. Bears were monitored partly of entirely between 2008 and 
2012 in south-central Sweden.  

# Bear ID Year  Status HRS Age P bait Settlement  Building Trail Forest road NDVI Old forest Young dense Young open  Bog  TRI 
1 W0012 2008 AM 119149 17 -0.000041 0.00002 0.00053 -0.00020 0.00006 0.0006 -0.14 0.52 -0.14 0.02 0.15 

2 W0012 2009 AM 21282 18 -0.000063 -0.00044 -0.00001 -0.00021 -0.00054 0.0030 0.64 1.33 0.36 1.04 0.25 

3 W0411 2008 RF 26269 5 -0.000026 -0.00009 -0.00009 0.00020 -0.00023 0.0016 -0.15 0.16 -0.02 0.27 0.18 

4 W0425 2008 RF 14288 8 -0.000013 0.00001 0.00078 0.00002 -0.00005 0.0020 0.03 0.51 0.25 0.04 0.21 

5 W0425 2009 RF 11331 9 0.000014 0.00000 0.00108 0.00017 0.00018 0.0027 0.25 0.99 0.30 0.10 0.32 

6 W0425 2010 COY 5108 10 0.000001 -0.00023 0.00074 -0.00011 0.00028 0.0020 0.63 0.41 -0.10 0.44 0.30 

7 W0425 2011 RF 8758 11 -0.000001 -0.00027 0.00052 -0.00001 -0.00016 0.0025 -0.02 0.63 0.03 0.05 0.04 

8 W0425 2012 COY 3834 12 0.000020 -0.00012 0.00015 -0.00031 0.00001 0.0030 -0.08 0.87 0.06 -0.05 0.12 

9 W0610 2008 SF 8621 3 -0.000012 -0.00001 -0.00043 -0.00037 -0.00018 0.0005 -0.09 0.08 0.16 -0.02 0.04 

10 W0610 2009 SF 20456 4 -0.000018 0.00023 -0.00006 -0.00008 -0.00007 0.0008 0.18 0.17 0.17 0.15 -0.13 

11 W0610 2010 RF 14003 5 -0.000022 0.00013 -0.00039 -0.00019 -0.00010 0.0005 -0.10 0.50 -0.03 0.22 -0.02 

12 W0610 2012 RF 17183 7 -0.000010 0.00006 -0.00065 -0.00012 -0.00009 -0.0002 -0.32 0.65 0.02 0.30 0.05 

13 W0611 2009 SF 12369 4 -0.000052 0.00023 0.00044 -0.00012 0.00004 0.0011 0.09 0.55 0.23 -0.06 0.24 

14 W0611 2010 RF 12265 5 -0.000022 0.00027 0.00054 0.00001 -0.00013 0.0019 -0.03 0.65 -0.23 0.39 0.12 

15 W0611 2011 RF 10475 6 -0.000017 -0.00003 -0.00002 -0.00006 -0.00012 0.0014 -0.34 0.60 0.31 -0.04 0.03 

16 W0611 2012 RF 11410 7 -0.000006 -0.00011 0.00025 0.00008 0.00009 0.0023 -0.57 0.84 0.31 0.20 0.19 

17 W0624 2008 RF 28265 19 -0.000022 0.00019 0.00004 -0.00007 0.00011 0.0012 -0.50 0.64 -0.32 -0.42 -0.18 

18 W0703 2009 RF 14008 3 -0.000043 0.00016 0.00030 -0.00021 0.00022 0.0005 -0.34 0.18 0.16 -0.48 0.15 

19 W0703 2010 RF 42997 4 -0.000062 0.00009 0.00044 -0.00012 0.00004 0.0005 -0.42 0.12 -0.06 0.12 0.22 

20 W0719 2008 AM 87414 6 -0.000098 0.00030 -0.00001 -0.00019 0.00007 0.0007 -0.33 0.35 0.20 -0.06 0.01 

21 W0720 2008 RF 22225 8 -0.000037 0.00044 0.00038 0.00005 -0.00018 0.0007 0.14 0.28 0.58 -0.24 0.02 

22 W0720 2009 COY 6875 9 -0.000016 -0.00001 0.00041 0.00007 0.00026 0.0019 -0.06 0.15 0.40 -0.01 0.55 

23 W0720 2010 FG 11356 10 -0.000035 0.00004 -0.00038 0.00006 0.00002 0.0001 0.11 0.22 -0.02 0.48 0.28 

24 W0720 2011 RF 20271 11 -0.000034 0.00046 0.00008 0.00009 -0.00023 0.0009 -0.13 0.38 0.33 -0.01 0.13 

25 W0720 2012 RF 16711 12 -0.000027 0.00032 0.00003 0.00003 0.00017 0.0011 -0.34 0.76 0.32 -0.08 0.12 

26 W0802 2008 AM 208982 5 -0.000078 0.00010 0.00074 0.00004 -0.00008 0.0010 0.11 0.51 0.15 0.01 0.42 

27 W0802 2009 AM 390021 6 -0.000104 0.00015 0.00034 -0.00007 0.00003 -0.0002 0.14 0.07 0.33 -0.08 0.29 

28 W0802 2010 AM 338679 7 -0.000089 0.00007 0.00047 -0.00009 0.00002 0.0004 0.30 0.14 0.30 0.24 0.30 

29 W0802 2011 AM 201773 8 -0.000084 0.00007 0.00023 0.00022 -0.00001 0.0006 -0.32 0.36 -0.04 -0.22 0.30 

30 W0805 2008 AM 180711 6 -0.000081 -0.00010 0.00021 0.00005 -0.00006 0.0004 0.07 0.59 0.37 -0.58 -0.06 

31 W0805 2010 AM 130334 8 -0.000082 -0.00016 0.00023 0.00003 -0.00011 0.0006 -0.22 0.52 0.12 0.08 0.10 

32 W0805 2011 AM 182134 9 -0.000076 -0.00011 0.00023 -0.00010 0.00003 0.0012 -0.36 0.48 0.44 -0.20 -0.05 

33 W0805 2012 AM 156925 10 -0.000069 -0.00006 0.00003 0.00011 -0.00016 0.0012 -0.38 0.55 0.28 0.01 0.05 

34 W0812 2011 SM 130080 4 -0.000084 0.00010 -0.00001 0.00005 0.00032 0.0021 -0.60 0.84 0.30 -0.52 0.10 

35 W0812 2012 SM 107940 5 -0.000076 0.00009 -0.00010 -0.00019 -0.00002 0.0018 -0.59 0.78 0.30 0.28 -0.01 

36 W0824 2009 SM 9685 2 -0.000011 -0.00031 0.00019 0.00001 -0.00052 0.0002 -0.13 0.40 0.06 -0.52 0.36 

37 W0825 2009 SF 2698 2 -0.000018 -0.00015 -0.00049 -0.00011 0.00007 0.0010 0.32 0.92 0.41 -0.29 0.15 

38 W0825 2010 SF 4534 3 0.000011 -0.00001 0.00012 0.00004 -0.00015 0.0013 0.03 0.60 0.17 0.00 0.17 

39 W0825 2011 SF 19222 4 -0.000035 -0.00022 -0.00044 0.00021 -0.00023 0.0010 0.50 0.21 0.05 -0.05 -0.15 

40 W0907 2010 SM 22345 2 -0.000020 0.00003 0.00031 -0.00030 0.00011 -0.0001 0.06 0.51 0.27 -0.39 0.56 

41 W0908 2010 SM 21028 2 -0.000026 -0.00022 0.00079 -0.00001 -0.00021 -0.0009 -0.31 0.50 0.22 -0.32 0.24 

42 W0909 2010 SM 71519 2 -0.000019 0.00010 0.00033 -0.00033 -0.00007 0.0002 -0.02 0.29 0.28 0.55 0.22 
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43 W0915 2009 AM 166233 7 -0.000092 0.00002 0.00012 -0.00005 -0.00005 0.0011 -0.27 0.81 -0.37 -0.39 0.27 

44 W1005 2011 SM 4983 2 -0.000031 0.00011 -0.00030 0.00005 -0.00003 0.0022 0.14 0.22 -0.19 -0.37 -0.13 

45 W1019 2010 AM 804474 6 -0.000094 -0.00038 -0.00047 0.00025 0.00016 -0.0006 0.07 0.50 -0.20 0.16 -0.03 

46 W1019 2011 AM 476823 7 -0.000102 -0.00014 -0.00028 -0.00011 0.00003 0.0000 0.11 0.83 -0.06 -0.32 -0.11 

47 W1019 2012 AM 227417 8 -0.000100 -0.00027 -0.00020 0.00012 -0.00011 0.0007 -0.17 0.57 -0.31 -0.65 -0.16 

48 W1202 2012 SM 7339 3 -0.000042 -0.00004 -0.00004 0.00002 0.00004 0.0005 0.03 0.46 0.06 0.08 -0.02 

49 W1208 2012 SM 220199 3 -0.000072 -0.00008 0.00076 0.00039 -0.00024 -0.0017 0.01 0.10 0.24 -0.06 -0.04 

50 W9301 2008 AM 78507 19 -0.000108 0.00029 0.00003 -0.00009 -0.00005 -0.0003 -0.24 0.92 -0.11 -0.40 0.27 

51 W9301 2009 AM 62378 20 -0.000073 0.00015 0.00038 -0.00008 0.00002 0.0003 -0.40 0.60 -0.24 0.09 0.06 

52 W9301 2010 AM 90471 21 -0.000076 0.00002 0.00019 0.00007 0.00005 0.0006 -0.09 0.11 -0.49 0.48 0.04 

53 W9403 2009 FG 20518 16 -0.000036 0.00011 0.00042 0.00023 -0.00013 0.0006 0.13 0.24 0.18 -0.30 0.24 

54 W9403 2010 RF 45868 17 -0.000053 -0.00003 0.00036 -0.00028 0.00009 0.0012 -0.04 0.55 -0.12 0.63 0.16 
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Supplementary table 2. Parameter estimates for NDVI, terrain ruggedness (TRI), habitat type (old forest, young dense forest, young open forest), and distance to permanent 
and temporary bait sites (P bait, T bait), settlements, buildings, trails and forest roads, as derived with resource selection functions of individual brown bears (Bear ID) of 
known reproductive status (AM = adult male, RF = lone adult females, COY = female with cubs-of-the-year, FG = family group, SF = subadult female, SM = subadult male) 
and age during a given year. HRS indicates home range size. Note that negative values for the ‘distance to’ variables indicate selection. Bears were monitored partly of 
entirely between 2008 and 2012 in south-central Sweden.  

 

 
# Bear ID Yr Status Age HRS P bait T bait Settlement Building  Trail Forest road NDVI Old forest Young dense Young open  Bog  TRI 
1 W0217 2011 LF 10 231 0.000087 -0.000436 0.000197 -0.00011 -0.00028 0.00017 0.54 -0.41 0.44 0.21 0.38 0.340 
2 W0217 2012 FG 11 91 0.000122 -0.000285 0.000184 0.00059 0.00061 0.00044 -0.26 -0.27 0.15 -0.38 -0.79 0.244 
3 W0231 2009 LF 17 91 0.000130 -0.000119 0.000011 0.00032 -0.00015 0.00083 0.15 -0.11 0.05 0.57 0.16 0.483 
4 W0411 2009 LF 6 136 -0.000078 -0.000062 -0.000406 0.00048 0.00059 0.00041 0.46 -0.45 0.00 0.63 0.40 0.466 
5 W0626 2009 FG 10 94 -0.000319 0.000515 -0.000291 -0.00024 -0.00003 0.00136 -0.39 0.21 -0.61 0.36 -0.20 0.588 
6 W0718 2010 AM 10 357 -0.000267 0.000181 0.000323 0.00102 -0.00072 -0.00052 0.16 -1.14 0.72 0.71 -0.35 0.423 
7 W0718 2011 AM 11 585 -0.000907 0.000887 -0.000004 0.00021 0.00029 -0.00010 -0.56 -0.68 0.96 -0.30 0.36 0.511 
8 W0720 2009 FG 9 51 0.000117 -0.000057 0.000024 0.00042 0.00072 0.00085 -0.02 0.42 0.20 0.45 -0.85 0.386 
9 W0720 2010 FG 10 74 0.000136 -0.000053 -0.000129 0.00047 0.00023 0.00070 0.03 0.38 0.34 0.08 0.90 0.193 

10 W0720 2011 LF 11 98 -0.000356 0.000376 0.000412 0.00077 -0.00040 -0.00007 0.03 0.11 0.53 0.48 0.42 0.382 
11 W0720 2012 LF 12 140 0.000418 -0.000310 0.000096 0.00033 0.00092 0.00106 0.37 -0.36 0.44 0.13 -0.29 0.269 
12 W0802 2009 AM 6 354 0.000410 -0.000334 0.000072 0.00011 0.00000 0.00039 -0.08 0.13 -0.47 0.41 -0.69 0.675 
13 W0802 2010 AM 7 1325 -0.000038 0.000007 0.000087 0.00043 0.00009 0.00041 -0.26 0.07 0.25 0.34 0.74 0.456 
14 W0802 2011 AM 8 458 -0.000200 0.000154 0.000237 0.00046 -0.00116 0.00028 0.54 -0.18 -0.21 -0.06 -0.75 0.386 
15 W0805 2010 AM 8 709 -0.000035 -0.000029 -0.000241 0.00089 0.00004 -0.00035 0.26 -0.04 0.56 0.46 -0.06 0.042 
16 W0805 2011 AM 9 1054 0.000006 -0.000070 -0.000190 0.00024 -0.00014 0.00036 0.32 -0.40 0.34 0.15 -0.13 -0.168 
17 W0805 2012 AM 10 1097 -0.000033 0.000013 -0.000021 0.00014 -0.00011 0.00067 0.47 -0.61 0.26 0.31 0.01 0.225 
18 W0811 2010 SM 3 187 0.001181 -0.001183 -0.000376 -0.00042 0.00033 -0.00072 0.14 -0.71 0.59 -0.50 0.01 0.212 
19 W0811 2011 SM 4 681 0.000089 -0.000019 -0.000073 0.00013 -0.00044 -0.00005 0.28 -0.64 0.91 0.42 -0.38 -0.220 
20 W0812 2010 SM 3 540 0.000220 -0.000333 -0.000154 -0.00006 0.00118 0.00016 0.31 -0.57 0.41 -0.07 0.19 0.291 
21 W0812 2011 SM 4 1269 0.000052 -0.000137 0.000194 0.00041 -0.00025 0.00017 0.05 -0.37 1.03 0.05 -0.17 0.114 
22 W0812 2012 AM 5 523 0.000054 -0.000078 0.000137 0.00021 -0.00003 0.00018 0.52 -0.72 0.70 0.23 -0.13 0.183 
23 W0813 2009 SF 2 90 -0.000125 0.000213 -0.000126 -0.00035 0.00033 0.00102 -0.17 0.01 0.47 0.07 -0.94 0.338 
24 W0814 2009 SF 2 79 -0.000607 0.000703 -0.000050 -0.00013 0.00017 0.00136 0.20 0.19 0.15 0.39 -1.18 0.612 
25 W0820 2012 AF 5 113 -0.000289 0.000138 -0.000096 0.00006 0.00028 0.00033 -0.13 0.16 0.69 -0.12 0.05 0.071 
26 W0825 2010 SF 3 41 -0.000455 -0.000194 0.000124 0.00002 0.00038 0.00083 0.23 0.60 0.09 0.16 0.32 0.110 
27 W0908 2011 SM 3 647 0.000116 -0.000020 -0.000077 -0.00004 0.00051 -0.00095 -0.19 -0.13 0.41 0.30 0.10 0.110 
28 W0909 2010 SM 2 239 -0.000288 0.000221 -0.000136 -0.00006 0.00078 -0.00134 -0.17 0.09 0.15 0.02 0.35 0.130 
29 W0910 2010 SM 2 80 0.000015 -0.000055 -0.000010 -0.00120 0.00080 0.00196 0.15 -0.51 -0.06 0.26 -0.35 0.298 
30 W0910 2011 SM 3 53 -0.001049 0.001107 0.000468 0.00014 0.00045 0.00017 0.15 0.28 0.57 0.36 0.10 0.043 
31 W0915 2009 AM 7 481 -0.000021 0.000075 -0.000068 0.00000 0.00054 0.00031 0.63 -0.63 1.42 -0.27 -1.01 0.587 
32 W0916 2009 SM 4 321 -0.000025 0.000121 -0.000274 0.00004 0.00098 0.00040 0.38 -0.93 1.09 -0.18 -0.76 0.591 
33 W0917 2009 AM 6 141 -0.000034 0.000090 0.000376 0.00023 -0.00003 0.00019 -0.16 -0.84 0.77 -0.01 -0.09 0.228 
34 W1019 2010 AM 6 807 -0.000114 0.000141 0.000123 0.00027 -0.00174 0.00058 -0.69 -0.42 -0.13 0.15 -0.11 0.107 
35 W1019 2011 AM 7 934 -0.000175 0.000213 -0.000025 -0.00002 -0.00048 0.00014 -0.18 0.32 0.54 0.15 -0.50 -0.193 
36 W1019 2012 AM 8 860 -0.000326 0.000498 0.000145 0.00035 -0.00002 -0.00006 0.33 -0.29 0.82 0.29 -0.98 -0.146 
37 W1105 2012 SF 2 124 0.000475 -0.000219 -0.000043 0.00049 0.00037 0.00019 0.22 0.23 0.82 0.48 0.79 0.578 
38 W1202 2012 SM 3 55 -0.000123 -0.000163 0.000294 -0.00035 0.00028 0.00081 -0.08 0.31 0.51 -0.42 -0.22 0.056 
39 W9301 2009 AM 20 375 -0.000166 0.000057 0.000159 -0.00014 0.00054 0.00054 0.03 -0.70 0.70 -0.10 -0.23 0.132 
40 W9301 2010 AM 21 88 -0.000198 -0.000820 0.000428 0.00038 -0.00014 0.00116 0.68 -0.30 0.90 -0.42 0.96 0.476 
41 W9403 2009 FG 16 151 -0.000050 -0.000055 0.000271 0.00001 0.00033 -0.00004 -0.02 -0.12 -0.12 -0.16 -0.66 0.353 
42 W9403 2010 LF 17 132 -0.000246 0.000069 -0.000076 -0.00042 0.00097 0.00029 0.26 -0.85 0.70 0.22 0.44 0.407 
43 W9403 2011 LF 18 109 0.000055 -0.000019 0.000698 0.00039 0.00059 -0.00051 0.12 0.09 0.10 0.18 0.08 0.222 
44 W9615 2011 LF 16 188 -0.000153 0.000288 -0.000427 0.00011 0.00039 0.00094 0.44 -0.86 -0.06 0.11 -0.15 0.951 


