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Abstract: Supplemental and diversionary feeding can reduce conflicts between wildlife and people.
However, feeding also can increase species abundance, survival, and reproductive success, which
might increase human–wildlife conflicts. In southwestern Alberta, Canada, the provincial government
fed road-killed ungulates to grizzly bears (Ursus arctos) each spring during 1998–2013 attempting to
reduce spring depredation of livestock by grizzly bears. We used non-invasive genetic sampling, remote
trail cameras, and complaint records to evaluate the efficacy of Alberta’s intercept-feeding program. We
monitored 12 intercept-feeding locations in 2012 and 2013. Using DNA, we identified 22 grizzly bears
(19 M, 3 F) at the intercept-feeding sites. Remote trail cameras detected grizzly bears at all interceptfeeding sites, but detected females with dependent offspring at only 4 of the 12 sites. We reviewed
complaint data for incidents before, during, and after the intercept-feeding program. We defined an
incident as a situation where the grizzly bear caused property damage, obtained anthropogenic food,
or killed or attempted to kill livestock or pets. Spring (1 Mar–15 Jun) grizzly bear–livestock incidents
did not decrease during the intercept-feeding program (pre: 1982–1995, x̄ = 0.8 spring livestock
incidents/yr, SE = 0.3, during: 1999–2013, x̄ = 3.3 spring livestock incidents/yr, SE = 1.3, t = 1.76,
27 df, P = 0.09). We also collected DNA samples from bears involved in incidents, and only 2 bears
detected at intercept-feeding sites were detected also at a spring incident site. The intercept-feeding
program was suspended in 2014 and 2015, and we did not detect an increase in spring livestock
depredation. We estimated annual operating costs to be $43,850 Canadian dollars (CAD); initial capital
equipment investment was $19,000 CAD. In total, approximately $720,600 CAD has been spent on the
intercept-feeding program between 1998 and 2013. Intercept feeding did not decrease spring livestock
depredation; therefore, other mitigation efforts, including electric fencing and deadstock removal, might
be a more cost-effective long-term solution.
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Supplemental feeding has been used globally for a variety of species to reduce damage to crops (e.g., Geisser
and Reyer 2004) and forestry operations (e.g., Ziegltrum
2006, Sullivan and Klenner 1993), decrease predation on
wild ungulates (Boertje et al. 1995, Lewis et al. 2017),
decrease collisions with vehicles and/or trains (e.g., Andreassen et al. 2005, Milner et al. 2014), and as a conflict mitigation tool (e.g., Mason and Bodenchuk 2002,
Kavčič et al. 2013). For bears, the most controversial use
of supplemental feeding has been for conflict mitigation
(Kavčič et al. 2015). Previous research has found mixed
results regarding supplemental feeding and human–bear
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conflicts; some studies report decreased damages and
conflicts (e.g., Partridge et al. 2001, Mason and Bodenchuk 2002, Rogers 2011), whereas others have suggested that it is an ineffective conflict mitigation tool
(e.g., Kavčič et al. 2013, Steyaert et al. 2014) because
conflicts persisted despite supplemental food sources.
Supplemental provisioning can be intentional (e.g.,
roe deer [Capreolus capreolus] feeding stations; Rauer
et al. 2003) or unintentional consequences of management (e.g., bear use of roe deer feeding stations; Rauer
et al. 2003). Such programs can result in increases in
abundance (e.g., Moris et al. 2011), survival (e.g., Seward
et al. 2013), and reproductive success (e.g., Angerbjörn
et al. 1991, Robb et al. 2008). If the goal is to reduce
human–bear conflicts, such increases in abundance might
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be contrary to the program’s intent. Additionally, social
structure within bear populations might further complicate the intent of supplemental provisioning. For example, some studies indicate male bears are warier of human
activity than are females, and female bears might select
areas of human activity because these areas provide a
refuge from males (Rode et al. 2006, Steyaert et al. 2016).
Males are the dominant sex among grizzly bears (Ursus
arctos) and they typically use the highest-quality habitats and food resources, excluding less-dominant bears
such as females and subadults (Craighead et al. 1995).
Indeed, dominant male grizzly bears are known to defend
food resources, excluding subordinate individuals from
these sites (e.g., Gende and Quinn 2004, Elfström et al.
2014).
Alternatively, females often avoid areas frequented
by dominant males because of the risk of intra-specific
killing, to which females with dependent offspring are
particularly vulnerable (Swenson et al. 2001a, b; McLellan 2005). Sexually selected infanticide (SSI) is welldocumented for some carnivore species (e.g., Packer
et al. 2009), but its prevalence among grizzly bears has
been debated and likely depends on the sex ratio of adult
bears present in the population (Miller et al. 2003, Swenson 2003, McLellan 2005). When SSI operates in grizzly bears, it is most likely to occur where male grizzly
bears kill cubs of the year to gain breeding opportunities
with their mother (McLellan 2005). Females, particularly those with cubs of the year, might avoid supplemental feeding sites because of the risk of predation of
their cubs by males (e.g., Rode et al. 2006, Steyaert et al.
2013). Thus, dominance hierarchies and the potential influence of SSI predict that supplemental provisioning
sites are likely to be used primarily by a small number of
dominant male bears.
Access to high-quality food resources, however, is particularly important for females with dependent offspring
(Farley and Robbins 1995, Ben-David et al. 2004). Thus,
a female with dependent offspring might make a choice
to access the high-quality food at the intercept-feeding
sites, thereby trading food for safety (Ben-David et al.
2004). Similarly, a female in poor body condition might
be more likely to accept the potential risks associated with
the intercept-feeding sites and choose to feed at the sites
with increased vigilance or at altered times to avoid conspecifics (Gende and Quinn 2004, Robbins et al. 2004,
Rode et al. 2006).
Females avoiding intercept-feeding sites, however,
must continue to search for nutrient-rich food resources.
Low-elevation areas typically offer the first available
food resources for bears in the spring (Hamer and
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Herrero 1987, Mace et al. 1999). In southwestern Alberta, Canada, low-elevation areas are predominately
human-settled lands used for agriculture that host a
variety of attractants, potentially resulting in grizzly
bear–agricultural conflicts (Morehouse and Boyce 2017).
Bears are commonly believed to frequent human-settled
areas because of habituation and food-conditioning (McCullough 1982, Beckmann and Berger 2003, Herrero
et al. 2005). However, habituation and food-conditioning
might be proximate rather than ultimate mechanisms underlying grizzly bear–human conflicts (Elfström et al.
2014).
In southwestern Alberta, conflicts between grizzly
bears and agriculture are related to both access to attractants and killing or injury of livestock (Morehouse
and Boyce 2017). In an effort to reduce spring livestock depredation by grizzly bears, the provincial government initiated an intercept-feeding program wherein
road-killed ungulate carcasses were slung via helicopter
to locations where bears were likely to encounter them
upon emergence from their dens—thereby “intercepting” bears and keeping them off lower elevation agricultural lands during the livestock-calving season. Alberta’s intercept-feeding program is a form of diversionary feeding; in this paper, we use the term “intercept
feeding” for consistency with Alberta’s management program. Alberta’s intercept-feeding program was initiated
in 1998, but the effectiveness in reducing spring grizzly
bear depredation of livestock remains unknown. Other
regions of the world have found supplemental feeding of
bears to be expensive and that such programs ultimately
might not reduce depredations (Kavčič et al. 2013).
Here, we evaluate the efficacy of the provincial
intercept-feeding program for reducing spring grizzly
bear depredation of livestock. Specifically, we evaluate
the following predictions: 1) intercept-feeding sites are
primarily used by males; 2) because of dominance hierarchies, the intercept-feeding sites will be used by only a
few individuals relative to the entire population of grizzly bears; and 3) grizzly bears using the intercept-feeding
sites should not be the same individuals detected at spring
grizzly bear–agricultural incident locations. Finally, we
summarize program costs and discuss costs in the context
of other mitigation options.

Study area
We evaluated the provincial intercept-feeding program
in the southwestern corner of Alberta, Canada. The program occurs within the area known provincially as Bear
Management Area 6 (BMA 6). Bear Management Area 6
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is bounded by Highway 3 to the north, British Columbia,
Canada, to the west, and Montana, USA, to the south, and
is approximately 3,600 km2 . The eastern extent is loosely
defined by the edge of grizzly bear range. This region of
the province is characterized by an abrupt transition from
forested mountainous terrain to the west and private agricultural lands to the east. The area is home to the highest grizzly bear density in Alberta (Alberta Sustainable
Resource Development and Alberta Conservation Association 2010, Morehouse and Boyce 2016). Each BMA
is divided into 2 different zones, the Recovery Zone and
the Support Zone. The Recovery Zone is the area where
the provincial government explicitly intends to recover
the grizzly bear population; the Support Zone is intended
to allow for grizzly bears whose home ranges are not entirely encompassed by the Recovery Zone (Alberta Environment and Parks 2017). Resident grizzly bear density
differed between management zones in BMA 6 and was
20.4 grizzly bears/1,000 km2 in the Recovery Zone (1,814
km2 ) and 17.1 grizzly bears/1,000 km2 in the Support
Zone (1,774 km2 ; Morehouse and Boyce 2016). These
densities translate to an abundance estimate of 67.4 resident bears within BMA 6 (Morehouse and Boyce 2016).
A much larger number of bears (approx. 172), however,
use the study area over the course of a year (Morehouse
and Boyce 2016). In addition to grizzly bears, other large
carnivores include black bears (U. americanus), cougars
(Puma concolor), and wolves (Canis lupus). Aside from
grizzly bears that are provincially threatened, populations of the other large carnivores are considered to be
secure within the province. Wild ungulates include mule
deer (Odocoileus hemionus), white-tailed deer (O. virginianus), elk (Cervus elaphus), moose (Alces alces),
bighorn sheep (Ovis canadensis), and mountain goats
(Oreamnos americanus).
Strong winds shape the landscape; cold winters and
warm dry summers describe the climate. Mean January
and July air temperatures for Pincher Creek (the central
town in our study area) are −9.8◦ C and 15.5◦ C respectively; mean annual precipitation is 409 mm. Agriculture
is the predominant land use on private lands, and 75% of
all farms within the Municipal District (MD) of Pincher
Creek are <1,600 acres (approx. 647 ha) in size (Statistics Canada, MD of Pincher Creek 2006 Community Profile; www12.statcan.ca). Human population density in the
MD of Pincher Creek is approximately 0.9/km2 and residences are dispersed across the private-land portion of
the study area (Fig. 1; Statistics Canada, MD of Pincher
Creek 2006 Community Profile). Domestic cattle (Bos
taurus) are the predominant livestock in the area, and
calving typically occurs between January and May.

Public lands in this BMA are limited (approx. 2,000
km2 ) and occur in the western portion of the study area.
Public lands experience large amounts of recreational
activity, including off-highway vehicle use, hiking, hunting, and fishing. Industrial activities in the area include
oil and gas production and forestry.

Methods
We evaluated the provincial intercept-feeding program
in Alberta using several data sources. Our field work
occurred during the 2012 and 2013 years of the program.
Grizzly bear intercept-feeding sites
The number and location of intercept-feeding sites varied over the 16 years of the program from 1998 to 2013.
Here, we report only information from the interceptfeeding sites used in 2012 and 2013 because those were
the years that we were directly involved in the operation
of the program and could ensure that information was
documented consistently. The provincial government selected grizzly bear intercept-feeding locations that met
the following conditions: >400 m from 2-wheel-drive
roads, >5 km from residences, and relatively high elevation (Government of Alberta, unpublished data). However, these conditions were not always met. For example,
in 2012 and 2013, 4 sites were <5 km from residences.
Average site elevation in 2012 and 2013 was 1,676 m
(SE = 37 m). An inherent assumption of the program is
that selected sites were within close proximity to grizzly bear denning habitat, such that they readily could be
accessed by bears when they emerged from their dens.
In the intercept-feeding program area, ranchlands abut
the mountains and steep, narrow canyons end in headwalls at the British Columbia border. Using the criteria
mentioned above, initial feeding-site selection was completed using expert opinion of regional biologists at the
time. Subsequent aerial flights throughout the program,
and later radiocollar data, confirmed that feeding sites
were in close proximity to denning areas.
Road-killed ungulates were collected starting in October and stored in sea-can shipping containers until
the spring carcass drops. Deer were the most frequent
road-killed ungulate but elk and moose also were used.
Road-killed ungulate carcasses were slung via helicopter
to specified locations and these drops of carcasses were
made once in March and once in April as weather allowed.
In 2012, carcass drop dates were 3 April and 25 April.
A drop date in March was not possible because high
winds did not allow for safe flying conditions. In total,
Ursus 28(1):66–80 (2017)
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Fig. 1. Map of study area in southwestern Alberta, Canada. Yellow triangles are the intercept-feeding sites
monitored by trail cameras and non-invasive genetic sampling in 2012 and 2013. The black crosses are the
sampling stations from our larger non-invasive genetic grizzly bear (Ursus arctos) monitoring program. The
purple circles around certain intercept-feeding sites represent sites where carcasses were dropped, but the
site was not monitored.

we distributed 149 carcasses over the 2 drops at 15 sites (3
moose, 139 deer, and 7 elk) for a total estimated biomass
of approximately 14,700 kg. In 2013, drop dates were
19 March and 18 April. In total, we distributed 159.5
carcasses over 14 sites (5 moose, 149 deer, and 5.5 elk)
for a total estimated biomass of approximately 16,000 kg
over the 2 drops. We estimated biomass by using average live weights of Alberta ungulates from the literature
(Schladweiler and Stevens 1973, Renecker and Samuel
1991, Stelfox 1993, Cook 2002, Hudson and Haigh 2002,
Schwartz 2007). We assumed that 65–80% of the live
biomass was consumable based on estimates in the published literature (Patterson et al. 1998, Hayes et al. 2000,
Wilmers et al. 2003, Sand et al. 2008). Thus, in 2012,

approximately 640–780 kg of edible biomass was available per site over the 2 drops. In 2013, approximately
740–915 kg of edible biomass was available per site over
the 2 drops.
In 2012 and 2013, we collected grizzly bear hair samples non-invasively at 12 intercept-feeding sites (Fig. 1).
Three and 2 additional sites were used as carcass drop
sites in 2012 and 2013 respectively, but because of difficult access and avalanche conditions, the sites could not
be monitored safely. At each monitored site, we attached
barbed wire using fencing staples to 2 trees that were near
the drop site. Prior to the first drop each year, we sprayed
each tree with WD-40 (WD-40 Company, San Diego,
California, USA) to elicit a rub response (K. Kendall,
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U.S. Geological Survey, Research Ecologist Emeritus,
personal communication). WD-40 is a water-displacing
and oil-based lubricating spray. We assumed that bears
drawn to the intercept-feeding site by the bait would rub
on the established WD-40-rub trees. We allowed hair to
accumulate until the second drop date; at that point, we
collected any hair samples and sprayed the tree again. We
allowed hair to accumulate for approximately 5 weeks after the second carcass drop and then collected for a second
time. We acknowledge that 5 weeks is a long sampling
window relative to DNA degradation, but safety and logistical constraints prevented more frequent checks. We
collected hair from the wire only (i.e., not the bark), and
each barb and end represented a discrete sampling unit.
After collecting the hair sample, we passed a flame under the wire to clean the barbs and ends and prevent
contamination in the next sampling occasion (Kendall
et al. 2009, Stetz et al. 2010). We used nuclear DNA extracted from hair follicles to identify species, individual
identity, and sex following protocols outlined by Paetkau
(2003, 2004). DNA analysis of hair samples was completed by Wildlife Genetics International (Nelson, British
Columbia, Canada). We analyzed every third hair sample
from each collection event (same tree, same collection
date); this sub-sampling strategy allowed us to maximize
detections while still staying within funding constraints
(Morehouse and Boyce 2016).
We compared the number of bears detected at
intercept-feeding sites with both the estimated number
of resident grizzly bears and the number of grizzly bears
detected at natural rub objects (n = 899) throughout the
study area from our concurrent grizzly bear monitoring
program (Morehouse and Boyce 2016). Sampling our rub
objects during the same temporal window (i.e., spring,
1 Mar–15 Jun) was not logistically feasible because winter conditions prevented access to numerous rub objects.
The number of bears detected in our larger monitoring
program represents the number of bears that used BMA
6 at some point over the sampling period of May through
mid-November. There is a large difference between the
number of grizzly bears that are considered BMA 6 residents and those that used BMA 6 at some point; therefore,
we include both numbers to illustrate the variability in the
number of grizzly bears that might have been present in
BMA 6 during the duration of the intercept-feeding program each year. A full explanation of sampling methods
for the larger monitoring program can be found in Morehouse and Boyce (2016).
Additionally, at each site we deployed up to 3 remote trail cameras that we programmed to collect data
24 hours/day. Trail cameras were pointed at each artifi-

cial rub tree as well as the carcass drop site. Trail cameras
were deployed for the same duration as our hair sampling
at the intercept-feeding sites. We reviewed trail-camera
images to identify grizzly bear presence at each feeding
site as well as family groups (i.e., females with dependent
offspring). Male grizzly bears are more likely to exhibit
rubbing behavior than are females (Harting et al. 1987,
Kendall et al. 2008, Clapham et al. 2012), and we used the
trail cameras to determine whether our genetic sampling
methods were missing females with dependent offspring.
Similarly, we used the trail-camera images to determine
whether bear presence was not detected by our hair sampling. We used a combination of Reconyx (Reconyx, Holmen, Wisconsin, USA; PC900 HyperFire, PC85 Rapidfire Pro, Silent Image), Bushnell (Bushnell Corp., Overland Park, Kansas, USA; Trophy Cam 119405), and
UWAY (UWAY, Lethbridge, Alberta, Canada; Vigilant
Hunter VH200B, HCO Scoutguard SG550) cameras.
Tracking grizzly bear conflicts
We tracked grizzly bear conflicts using the provincial
database of complaint records maintained by the Solicitor
General of Alberta. When an individual has a complaint
about a grizzly bear, it is recorded as a text summary
in an electronic database. We read through 17 years of
grizzly bear complaint records from 1999 (beginning of
the electronic database) through 2015 to identify grizzly bear incidents (Hopkins et al. 2010, Morehouse and
Boyce 2017, Solicitor General of Alberta, unpublished
data). We defined an incident as a situation where the
grizzly bear caused property damage, obtained anthropogenic food, or killed or attempted to kill livestock or
pets. Other categories in the occurrence records included
sightings and human conflict. We defined human conflict
as an occurrence where the bear made physical contact
with a person or was intentionally harmed or killed by
a person. We included only incidents in our analysis,
excluding sightings and human conflicts. Further details
on our categorization of complaint data can be found in
Morehouse and Boyce (2017). Here, we specifically evaluate spring grizzly bear complaint records. We defined
spring as 1 March through 15 June to coincide with the
period of hypophagia for Alberta grizzly bears (Nielsen
et al. 2004). We included only those records with location information, and mapped all occurrence records in a
Geographic Information System (GIS). We excluded any
records that fell outside our study area. Incident records
were grouped as property damage, livestock, attractant,
and other (Morehouse and Boyce 2017).
The intercept-feeding program focused on spring grizzly bear depredation of livestock because it was believed
Ursus 28(1):66–80 (2017)
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grizzly bear depredations on livestock were greatest during spring. We evaluated this assumption by comparing
total frequency of incident type from 1999 to 2015 in the
spring versus non-spring seasons using a chi-square test.
We subsequently tracked livestock incidents yearly for
both spring and non-spring from 1999 through 2015.
Further, we evaluated historical grizzly bear occurrence records prior to the implementation of the interceptfeeding program from 1982 to 1995. Records from 1996
through 1998 were not available. No text summaries were
provided in the 1982 to 1995 records but location, date,
and a general descriptive category were included. We
considered records labeled as “personal/property damage – livestock harassment/kill/mauling” as similar to
our category “livestock incident” described above and
in Morehouse and Boyce (2017). We tracked only the
frequency of records labeled as “personal/property damage – livestock harassment/kill/mauling” in the historical
records because insufficient details prevented us from
classifying all occurrences in the same manner we did
for the 1999–2015 data; thus, we did not evaluate the
proportion of incidents that were livestock related prior
to the implementation of the intercept-feeding program.
Locations were provided to the quarter-section scale (800
× 800 m), and we included only those records that fell
within BMA 6. We compared the mean number of spring
and non-spring livestock incidents prior to and after the
implementation of intercept feeding using a 2-tailed ttest.
Finally, we opportunistically targeted incident locations within BMA 6 to collect hair samples that were
used to identify individuals via the extraction of nuclear
DNA from hair follicles (Morehouse and Boyce 2016).
We compared individuals detected from hair samples at
spring (1 Mar–15 Jun) incident locations with those individuals detected at intercept-feeding sites to test our
prediction that individuals observed at intercept-feeding
sites differed from those involved in spring incidents.
Program suspension
In 2014, the government of Alberta temporarily suspended the intercept-feeding program for 2 years (2014
and 2015). Funds that had previously been allocated to
helicopter costs for intercept feeding were redirected to
a local non-profit (Waterton Biosphere Reserve Association, Pincher Creek, Alberta, Canada) working on grizzly bear–agricultural conflict mitigation. We continued
to track grizzly bear complaint records in 2014 and 2015,
and we collected opportunistic hair samples from grizzly bear incident sites in 2014 after the suspension of
intercept feeding.
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We were interested in evaluating the spatial distribution of spring livestock occurrences, so we plotted
all spring livestock incidents pre- (1982–1995), during
(1999–2013), and post- (2014–2015) intercept feeding
in a GIS. We calculated the distance between each spring
livestock incident and public land boundary. We used the
public land boundary as a reference point because the
intercept-feeding program was designed to reduce spring
livestock depredation by keeping bears off private agricultural lands. We compared mean distance between pre-,
during, and post- years using multiple 2-tailed t-tests to
determine whether livestock incidents were occurring in
more eastern portions of the study area.
Program costs
Finally, we estimated program costs in collaboration
with biologists within the provincial government responsible for the program. Costs were based on 2012–2013
operational costs, recognizing that costs likely varied
over the 16 years of the program. We used the broad
categories of personnel, helicopter time, and equipment
(annual vs. initial). We reported funds in Canadian dollars
(CAD) rounded to the nearest $50 increment.

Results
Using DNA extracted from collected hair samples, we
detected 18 grizzly bears using the intercept-feeding sites
in 2012 (15 M, 3 F; Table 1). In 2013, we detected 11
males using the sites but no females. In total, 22 grizzly
bears were detected at the intercept-feeding sites over
the 2 years of sampling (19 M, 3 F). By comparison,
within BMA 6 we detected 117 grizzly bears in 2012
(70 M, 47 F) and 118 grizzly bears in 2013 (66 M, 52 F).
Cumulatively, 165 grizzly bears were detected at some
point over the 2 years of sampling (May–Nov) in BMA
6 (92 M, 73 F; Table 1; Morehouse and Boyce 2016 for
2013 data). We estimated 82.4 resident bears in 2013
(Morehouse and Boyce 2016).
Of the bears detected at the intercept-feeding sites (n
= 22), only 2 (1 M, 1 F) bears also were detected at a
spring incident site (both in 2012 during the interceptfeeding program). The 2 bears detected at a spring incident site were a breeding pair that were trapped by Fish
and Wildlife Officers. Based on the available evidence,
the Fish and Wildlife Officers concluded that the male
bear was the one responsible for the livestock depredation. All 3 female grizzly bears were detected at the same
site; there were no intercept-feeding sites where both a
male and female grizzly bear were detected based on our
DNA sampling (Table 2). The number of males detected
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Table 1. Number of grizzly bears (Ursus arctos) by sex that were detected within Bear Management Area (BMA)
6 and at intercept-feeding sites (GBIF) in southwestern Alberta, Canada, during 2012 and 2013.
Detections

BMA 6 SECR resident bear

GBIF

estimatea

BMA 6

Year

M

F

Total

M

F

Total

M

F

Total

2012
2013
Totalb

15
11
19

3
0
3

18
11
22

70
66
92

47
52
73

117
118
165

31.2

51.2

82.4

a Estimate
b Total

from Morehouse and Boyce (2016). Resident bear estimate for 2012 is not available.
is not a sum of 2012 and 2013, but rather the cumulative no. of bears that were detected between both years of sampling.

from DNA ranged from 0 to 3 individuals/site in a given
year (Table 2). Remote trail cameras, however, detected
grizzly bear presence at all intercept-feeding sites. In particular, females with dependent offspring were detected
at 4 different intercept-feeding sites by remote trail cameras, and at 1 site by DNA (Table 2).
We reviewed 64 historical records of spring grizzly
bear occurrences. In the historical data set from 1982
through 1995, the frequency of spring grizzly bear–
livestock incidents was variable and ranged from 0 to

Table 2. Number of individual grizzly bears (Ursus arctos) detected by DNA extracted from noninvasively collected hair samples at each interceptfeeding site in southwestern Alberta, Canada, 2012–
2013.
No. of individuals detected/site
2012

2013

Cumulative

Site name

M

F

M

F

M

F

Gladstonea
L.C.
Mill Creek 1b
NCC B
North Drywood
Pincher
South Drywood
Spionkop
WLNP - Belly River
WLNP - Oil Basin
WLNP - Sofa
Yarrow

3
2
0
2
1
1
0
3
2
3
3
1

0
0
0
0
0
0
3c
0
0
0
0
0

0
3
1
1
0
0
0
2
2
2
1
0

0
0
0c
0c
0
0c
0
0
0
0
0
0

3
5
1
3
1
1
0
5
4
5
4
1

0
0
0
0
0
0
3
0
0
0
0
0

a Grizzly

bear hair collected in 2013, but could not be genotyped
to individual. Trail camera detected grizzly bear(s).
b Grizzly bear hair collected in 2012, but could not be genotyped
to individual. Trail camera detected grizzly bear(s).
c Female with dependent offspring detected by remote trail camera. Individual identify cannot be determined by remote trail
camera.

3/year (Fig. 2). We reviewed and classified 1,189 occurrence records for grizzly bears in BMA 6 from 1999
through spring 2015 (534 incidents, 603 sightings, and
52 human conflicts). Livestock incidents as well as nonlivestock incidents have increased in both the spring and
non-spring seasons since 1999 (Fig. 2). Spring livestock
incidents were on average fewer before the initiation of
intercept feeding (1982–1995, x̄ = 0.8 spring livestock
incidents/yr, SE = 0.3) than during feeding (1999–2013,
x̄ = 3.3 spring livestock incidents/yr, SE = 1.3), but
the difference was not statistically significant (t = 1.76,
27 df, P = 0.09). There was no statistically significant
difference between non-spring livestock incidents pre(1982–1995, x̄ = 3.8 non-spring livestock incidents/yr,
SE = 1.0) versus during (1999–2013, x̄ = 5.3 non-spring
livestock incidents/yr, SE = 1.0) intercept feeding (t =
1.04, 27 df, P = 0.31).
The number of spring livestock incidents each year in
2014 and 2015 (12 livestock incidents) was fewer than
the number that occurred during the last year (2013) of
intercept feeding (Fig. 2). The frequency of incident type
differed between the spring and non-spring seasons (χ2
= 22.59, 3 df, P < 0.001), and the observed frequency
of livestock incidents in the spring was 41.9% greater
than expected. Incidents from 1999 through spring 2015
were predominately attractant-based for the non-spring
season (65.27%), but split almost equally between livestock (50.34%) and attractants (47.62%) during spring
(Fig. 3). Livestock incidents represented 29.76% of all
non-spring incidents (Fig. 3).
Eastern spring livestock incidents became more common beginning in 2008 (Fig. 4a). Spring livestock incidents were historically closer to the mountainous region
of our study area (Fig. 4b). The mean distance between
spring livestock incident locations and the public land
boundary was larger during (x̄ = 8.82 km, SE = 0.84)
and post- (x̄ = 10.08 km, SE = 1.34) intercept feeding
Ursus 28(1):66–80 (2017)
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Fig. 2. Non-spring (solid grey line) and spring (dashed black line) grizzly bear (Ursus arctos)–livestock incidents in Bear Management Area 6 in southwestern Alberta, Canada, from 1982 through 2015. Intercept feeding
began in 1998. Pre-intercept feeding there were 53 non-spring and 11 spring–livestock incidents. During the
intercept-feeding program (1998–2013) there were 101 non-spring and 73 spring–livestock incidents in BMA 6.
The intercept-feeding program was discontinued in 2014 and 2015.

as compared with prior to (x̄ = 5.04 km, SE = 0.86)
intercept feeding (during vs. prior to intercept feeding;
t = 3.15, 32 df, P = 0.004; post- vs. prior to intercept
feeding: t = 2.85, 32 df, P = 0.008). The mean distance
was not significantly greater after intercept feeding was
stopped as compared with during intercept feeding (t =
−0.72, 37 df, P = 0.478).
Finally, we estimated annual operating costs to be, conservatively, $43,850 CAD, and initial capital equipment
costs to be $19,000 CAD (Table 3). Thus, in total, approximately $720,600 has been spent on the intercept-feeding
program since its inception in 1998.

Discussion
Fig. 3. Percentages of each incident type for grizzly
bears (Ursus arctos) in Bear Management Area 6 in
southwestern Alberta, Canada, for the non-spring (n
= 383) versus the spring (n = 147) from 1999 through
spring 2015.

Diversionary and supplemental feeding programs have
been a successful tool in a variety of situations such as
reducing crop damage and decreasing vehicle collisions
(Geisser and Reyer 2004, Ziegltrum 2006, Milner et al.
2014). For bears, however, use of supplemental feeding
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Fig. 4. (A) Spring livestock incidents involving grizzly bears (Ursus arctos) in southwestern Alberta, Canada,
1999 through 2015 including (n = 73) and excluding eastern locations (n = 39; those within purple square in
B); (B) Spring livestock incidents in southwestern Alberta pre-, during, and post- intercept feeding of grizzly
bears. Yellow triangles are the locations of intercept-feeding sites.
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Table 3. Estimated operational costs by broad category to run 13 intercept-feeding stations established
for grizzly bears (Ursus arctos) in southwestern Alberta, Canada. All costs are reported in Canadian $
($CAD) and are rounded to the nearest $50. All costs
are annual except where otherwise stated.
Item
Personnel time
Helicopter costs
Vehicle costs
Equipment and repair costs
Total annual costs
Equipment costs—non-annual

Estimated cost ($CAD)
$20,000
$19,000
$3,100
$1,750
$43,850
$19,000

as a conflict mitigation tool remains controversial because some studies have found supplemental feeding has
no effect on the frequency of human–bear conflicts, and
in some cases might actually increase conflicts because
of increased bear densities (Kavčič et al. 2013, 2015). On
account of the existence of dominance hierarchies (Craighead et al. 1995) and the potential role of SSI and/or the
risk of interspecific killing among bears (e.g., Swenson
et al. 2001a, Ben-David et al. 2004), we predicted that
the intercept-feeding sites would be used disproportionately by males, dominated by a few individual bears,
and used by individuals different from those detected at
spring grizzly bear–agricultural incident locations. Our
data supported all 3 predictions, and our results indicate that the intercept-feeding program is not meeting its
goal of reducing spring livestock depredation by grizzly
bears.
Indeed, few individuals used the spring interceptfeeding sites relative to the number of grizzly bears using the study area, indicating that this food resource is
only available to a select group of individuals, primarily
males. The majority of bears using southwestern Alberta
are not being intercepted by the feeding sites and must
therefore to seek out food resources outside of the spring
intercept-feeding sites, potentially in the form of agricultural food sources. We identified 22 unique grizzly
bears using the spring feeding locations and, when the
program was suspended in 2014, we did not detect any
of these bears at a spring incident site. Thus, although
these 22 bears might have been intercepted during the
program, the absence of the program did not result in
these 22 bears being associated with a spring livestock
incident site. Additional bears might have been involved
in agricultural incidents, but not detected. However, to increase our hair collection and subsequent ability to detect
bears at agricultural incident sites, we worked extensively
with local Fish and Wildlife officers (provincial staff re-
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sponsible for responding to grizzly bear incidents) and
numerous landowners (>70 individuals and 4 livestock
grazing co-operatives) to collect hair samples.
It is important to note, however, that both feeding-site
location and the quality of the supplemental food resource available could impact the amount of time a bear
might spend at a feeding site. We predicted that bears using the intercept-feeding sites would not be the same as
the bears detected at spring grizzly bear–agricultural incident locations. Although our data support this prediction,
we acknowledge that we cannot confirm that the feeding
sites provided sufficient food to keep the bears at these
sites throughout the entire spring period. However, we
estimated that between 640 and 915 kg of edible biomass
was available per site each year, representing an abundant protein food source for bears. Grizzly bears prefer
a mixed diet consisting of 17% protein energy (Erlenbach et al. 2014), and meat resources in the spring help
replenish lost body reserves (Hilderbrand et al. 1999).
Thus, while the bears using the intercept-feeding sites
might have also used agricultural lands, it is likely that
they had met their protein requirements by feeding at the
intercept-feeding sites and thus these bears might have
been less likely to kill livestock.
Even though intercept feeding mostly benefited male
bears, the feeding involves supplemental provisioning of
high-quality food for bears at a crucial stage in their
annual cycle, potentially increasing survival and contributing to a positive growth rate. The Rocky Mountain Subpopulation of grizzly bears is estimated to be
growing at approximately 3–4%/year (Mace et al. 2012,
Morehouse and Boyce 2016). Spring grizzly bear incidents were not reduced after the implementation of the
intercept-feeding program, and we did not observe an
increase in spring livestock incidents associated with the
closure of the feeding sites. The failure of the program to
reduce grizzly bear–livestock incidents could be partly attributable to an increasing grizzly bear population (Morehouse and Boyce 2016). Other factors such as changes in
natural food abundance (Baruch-Mordo et al. 2014, Obbard et al. 2014), livestock management and distribution
(Anderson et al. 2002, Papworth et al. 2014), human behaviors and management programs (Mazur 2010, Campbell 2012, Bautista et al. 2017), and nutritional stress
(Towns et al. 2009) have been shown in other systems
to influence the number of bear incidents. Additionally,
den emergence is affected by winter severity and warmer
spring temperatures result in earlier den exit (Pigeon et al.
2016), which could subsequently influence the number
of spring conflicts. Although unmeasured, these other
contributing factors might have influenced the observed
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number of grizzly bear–livestock incidents in our study
area.
We also note that the details of complaint data records
improved with the implementation of the electronic enforcement database in 1999. The text summaries of the
occurrences allowed us to confirm the type of incident
taking place (e.g., livestock vs. attractant), in contrast to
the historical records where we relied on officer classification of the event. Thus, it is possible that some of
the historical records were classified differently from the
1999–2015 records. Additionally, reporting rate by the
public can influence the interpretation of human–bear
conflicts (Howe et al. 2010, Raithel et al. 2016). However, we believe that changes in either recording methods
or reporting rates would have had the greatest influence
on non-depredation incidents rather than documentation
of livestock depredation events. Alberta has had a predator compensation program in place since 1974, except
for a 3-year break from 1993 to 1996. Although the exact
terms of the program have varied over the years, producers have always been paid 80–100% of the market value
for livestock confirmed by Fish and Wildlife Officers as
having been killed by grizzly bears (A. T. Morehouse,
unpublished data). Thus, there is incentive for producers
to report any livestock they believe to have been killed
by a predator. Predator compensation has been available
for the duration of our study, so we believe that the incentive to report a depredation event has not changed
substantially before, during, or after the implementation
of the intercept-feeding program. Thus, although we cannot definitively rule out the possibility that reporting rate
has affected our results, we do not believe it to be the
most likely explanation.
Alternative to our dominance hierarchy hypothesis, we
might have expected the sampling period at the interceptfeeding sites to exclude females with cubs because they
are known to emerge from their dens last among bear
age and sex categories (Linnell et al. 2000, Schwartz
et al. 2003). However, den emergence in grizzly bears
is correlated with latitude, and bears at latitudes similar to our study area begin to emerge from hibernation
in early to mid-March (Linnell et al. 2000, Schwartz
et al. 2003) and this time period coincided with our first
drop of ungulate carcasses. Although females that were
pregnant at the start of hibernation typically have the
longest denning duration, there were no significant differences in the length of denning duration among other
(i.e., pregnant females excluded) age–sex reproductive
classes (Graham and Stenhouse 2014); this information
would suggest that both males and females without cubs
of the year would have the opportunity to encounter our

intercept-feeding sites. Pregnant females in west-central
Alberta began emerging from dens in early April (Graham and Stenhouse 2014). Given that our study area is
approximately 3–4◦ of latitude south of the Graham and
Stenhouse (2014) study area, we would expect pregnant
females to begin emerging from dens even earlier, thereby
having the opportunity to encounter our intercept-feeding
sites. Indeed, females with dependent offspring were detected at 4 of the 12 monitored intercept-feeding sites.
Available denning data from our study area are limited
and insufficient to make conclusions, but den emergence
dates for 7 bears with data available indicate den emergence dates ranging from 10 March through 20 April.
Thus, we believe it is reasonable to assume that the feeding sites were available to a range of bear cohorts, and
we believe dominance hierarchies to be the most logical
explanation for our observed pattern of greater male use
of sites rather than denning chronology.
Not only has the grizzly bear population increased, but
grizzly bear occurrences also have been spreading further
east into lands used primarily for agriculture (Morehouse
and Boyce 2017). Similarly, spring livestock incidents
have also spread farther east, and it is possible that more
recent spring livestock incidents involve bears that den
in the eastern regions of the study area as opposed to the
mountains, and are thus not encountering the interceptfeeding sites. In Montana, grizzly bears have recently
been documented denning in prairie habitats far from the
mountains (Montana Fish, Wildlife, and Parks unpublished data, reported in Puckett 2013). If some grizzly
bears in Alberta also are denning in the prairies, they
would not encounter the spring intercept-feeding stations
when they emerge from hibernation. DNA relocation data
from our larger monitoring program indicate that bears
detected in the southeastern portion of our study area
are rarely also detected in the mountainous public lands
(A. T. Morehouse, unpublished data). Thus, alternative
mitigation measures are likely necessary to reduce spring
depredation of livestock in eastern portions of BMA 6
where a large portion of spring livestock depredation
events by grizzly bears are occurring.
The eastern portions of BMA 6 are lands primarily
used for agriculture, including both livestock and crop
production, and a recent habitat selection model indicates that much of this landscape has a high probability of selection by grizzly bears (Northrup et al. 2012).
However, because of the propensity for incidents, the
majority of this eastern portion of BMA 6 has been identified as an ecological trap for grizzly bears (Northrup
et al. 2012). The majority of primary secure habitat
for grizzly bears in BMA 6 falls within the western
Ursus 28(1):66–80 (2017)
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public-land portion of the BMA (Northrup et al. 2012).
If we assume that these western secure habitats represent the highest quality available grizzly bear habitat,
then dominance hierarchies and SSI predict that this area
should be used by more dominant individuals, thus helping to explain the disproportionate number of males using
the intercept-feeding sites.
Finally, when we evaluated program cost, we estimated
that the program cost approximately $43,850 CAD annually. Given that spring livestock depredation incidents did
not decrease in the presence of the intercept-feeding program, we suggest that these funds might be better spent
elsewhere, such as on electric fencing of calving pastures or removal of dead stock (i.e., boneyards) from the
landscape. Electric fencing has been shown to be a powerful tool separating attractants and large carnivores (e.g.,
Wilson et al. 2005, Otto and Roloff 2015). Costs of electric fencing are highly variable, but recent projects in our
study area where calving pastures were electrified ranged
in costs from approximately $2,500 CAD up to $14,405
CAD (Loosen et al. 2014). Personal interviews with the
landowners implementing electric fencing projects indicate that electric fencing was successful in reducing
livestock losses to large carnivores (Loosen et al. 2014).
Continued support of programs such as electric fencing
and deadstock removal might be a more effective solution to spring livestock depredation by grizzly bears than
intercept feeding.

Management implications
Spring intercept-feeding sites in southwestern Alberta
were used by mostly male grizzly bears. The majority of
other grizzly bears using the study area had to seek out
spring food resources elsewhere. Livestock depredation
events by grizzly bears did not decrease in the presence
of the program. The program benefitted a small number of grizzly bears, but we did not see an increase in
incidents by these bears in the absence of the interceptfeeding program. If the program were to be reinstated, we
suggest that site selection be refined in light of grizzly
bear data that have been collected since the program’s
1998 initiation to potentially increase the program’s ability to keep grizzly bears off agricultural lands during
spring. Resource selection function models for the area
(Northrup et al. 2012), for example, might help refine
site selection; if the intercept-feeding sites are located in
prime habitat, the grizzly bears might be more inclined to
stay there (rather than moving to lower elevation private
lands) once the carcasses are fully consumed. Additionally, if the intercept-feeding program were reinstated,
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collaring grizzly bears in the study area might help to refine the evaluation of program efficacy. However, given
the cost of the program, the lack of reduction of spring
livestock incidents during the program, and the inconclusive findings of other supplemental feeding evaluations,
we suggest that efforts might be more effectively focused
on other conflict mitigation strategies, particularly in the
eastern portion of the study area.
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