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Abstract 
 

We investigated the response by grizzly bears and moose to salvage logging across multiple 

spatial scales in the Flathead valley in southeastern BC. The analysis of the vital rates of the grizzly bear 

population in the lower Flathead valley over a 30-year period showed a dramatic decline in cub 

production and survival in the last decade. This change was likely due to a density effect caused by the 

increase in population size exacerbated by the decline in ungulates and huckleberries.  The timing of the 

decline and the diets and habitat selection information suggests that the forest harvesting in response to 

the 1970s mountain pine beetle infestation had little to do with the changes in cub production and 

survival.   The road building associated with the salvage harvesting did, however, increase the encounter 

rate of bears and people with some of the encounters being lethal for bears. 

We explored the influence of landscape condition on grizzly bear distribution using the 2007 DNA 

hair census data and detection rates.  We analyze differences in detection rate and minimum count of 

grizzly bears among three zones of the Flathead drainage with each zone corresponding to differing 

arrays of habitat and human conditions resulting from the historic pattern of mountain pine beetle 

infestation and management. The centre zone had the highest grizzly bear detection rate and minimum 

population density, followed by the east zone and the west zone but the differences in detection rate 

among treatment zones were not statistically significant. 

We evaluated the influence of associated landscape attributes on the habitat preference of 

resident grizzly bears.  Specifically, we test the role of immature forest stands (age<41 yrs) and road 

density on grizzly bear habitat selection across multiple spatial scales.  The role played by immature 

stands and road density in explaining habitat preference by grizzly bears differed across spatial scales 

and between seasons. Landscape conditions that best describe mortality locations of research grizzly 

bears was also explored across multiple spatial scales. Road density were the most relevant predictors 

across scales, with grizzly bears significantly more likely to die from human causes in landscapes with 

increasing values of these attributes. Similarly, the distribution of cutblocks and immature stands appear 

to increase grizzly bear mortality risk, particularly at finer scales.   
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Finally, we quantified the ecological and physical attributes of sites used by grizzly bears and 

moose in lodgepole pine, and salvage logged areas. Of the food-related measurements, only creamy 

peavine (Lathyrus ochroleucus), a minor herbaceous food resource for grizzly bears during late May 

through July significantly differed among grizzly bear use and paired random locations in mature pine 

stands. These results are consistent with earlier research in the study area that showed which showed 

that regenerating cutblocks and young second growth stands, were ranked among the least favoured 

habitats by bears because of the lack of food.  Snag density within regenerating cutblocks were 

significantly different between grizzly bear use and paired random locations. A higher density of snags in 

recent cutblocks may suggest that bears may be selecting these types of cutblock for the anting 

opportunities.  

.  For moose, no significant differences in cover was apparent for any of the three important 

winter browse species tested, as well as total shrub cover and total cover of the three species combined. 

Lack of significant relationships suggests that prior selection for stands may be occurring and/or the 50 

metre distance chosen for paired available plots were too close.  Third order (patch-level) habitat 

selection assessed with telemetry data may provide additional insight into whether specific types of 

mature pine, young pine, and recent cut stands are selected by moose during winter and the overall level 

of selection for those stand types.  
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Introduction 

 
Mountain pine beetles have attacked a significant portion of the lodgepole pine trees in British 

Columbia and many of these trees will be killed.  Because lodgepole pine usually grows in a relative 

monoculture after wildfire, trees in forests over large tracks of land will die.  Foresters are faced with 

various options for salvage logging, and post harvest silviculture.  The consequence of the dead trees 

and rapid and extensive forest harvesting, will have significant implications for other members of the 

ecological community.  In many portions of the area where pine are dying, grizzly bears and moose are 

high profile species that may be effected by decisions made by the forest industry. 

Although the extent of the current mountain pine beetle epidemic is unprecedented in history, it is 

not the first epidemic.  In the 1970’s, many entire valleys of predominantly lodgepole pine were attacked, 

most of the pines died, and were either left unharvested or salvage logged followed by site treatment and 

usually replanting.  With decisions regarding the management of the current situation needed 

immediately, an obvious question is “what can we learn from the past to guide us now?”   

For several reasons, the Flathead valley in southeastern BC is uniquely suited to address this 

question.  First, it is a very wide valley that was dominated with lodgepole pine after fires in the 1920’s 

and 1930’s.  The width of the valley more closely mimics broader plateau terrain than other drainages that 

are relatively narrow causing the epidemic to be more fragmented by high mountains and forest 

unsusceptible to the beetle.  Second, the Flathead valley is divided by the Canada/US border.  Lodgepole 

pines were salvage harvested north of the border, but left totally unmanaged in Glacier National Park, 

immediately to the south.  Finally, there has been 27 years of continuous monitoring of the grizzly bear 

population in the valley and more recent information on the habitat selection of moose.  These 

characteristics make this area a potentially valuable study site to rapidly review what has happened over 

the past 3 decades since the mountain pine beetle killed most of the pine trees. 

This study is designed to investigate the response by grizzly bears to the development of the 

valley for salvage logging across spatial scales using 3 methods: 1) broad landscape scale features 

influencing the distribution and abundance of grizzly bears during spring will be measured by doing a 

“hair-snagging” DNA grid north of the border to compare with data from the grid already done south of the 

border, 2) the stand to landscape selection of lodgepole pine stands and salvage logged cutting units will 

be quantified over time using existing and newly acquired VHF and GPS locations, and 3) ecological and 

physical attributes of sites used by grizzly bears in lodgepole pine and salvage logged areas will be 

compared to randomly located sites.  For moose, existing GPS telemetry data will be used to investigate 

the two finer (stand/landscape and site) scales of habitat selection. Results of this study are summarized 

in the following report. 
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Study Area  
 

The Flathead Valley is a large system of drainages in the southeast corner of British Columbia 

that eventually join up and flow south into Flathead Lake in Montana (Fig. 1). Two significant side 

drainages on the east side of the Flathead River are the Kishinena and Akamina creeks. The Flathead 

Valley, which extends 50 km northward from the US border, is nestled in the foothills of the Rockies 1500 

m above sea level. The valley floor is a complex array of old river terraces and creek draws. 

The Flathead is located in the Montane Spruce Biogeoclimatic Zone with the climax tree species 

being either white spruce or a white spruce/Engelmann spruce hybrid.  A series of old, extensive forest 

fires in the Flathead, however, have produced a forest cover that is also well represented by the seral 

species, lodgepole pine. Western larch, Douglas-fir and whitebark pine also occur in the Flathead, along 

with trembling aspen and black cottonwood. 

As the forests increase in elevation, the Montane Spruce Zone gives rise to the Engelmann 

Spruce/Subalpine Fir Zone.  Lodgepole pine forest are also common at these elevations because of the 

numerous fires that have occurred over the years. Overall, however, the forests at higher elevations are 

dominated by whitebark pine.  At tree line, the Alpine Tundra Zone begins to dominate the mountain 

landscape.   

A similar landscape characterizes Alberta’s Waterton Lakes National Park to the east and 

Montana’s Glacier National Park to the south.  The Akamina and Kishinena drainages border the two 

parks and share a common geographical setting.  When the Flathead River enters the US it becomes 

known as the North Fork of the Flathead. On its west bank is Flathead National Forest; on the east is 

Glacier National Park.   

Despite its remote location, development has been a common occurrence in the Flathead Valley.  

Mineral, coal, and oil were objects of explorations in the valley and seismic lines penetrate many 

wilderness areas.  Most recently, underground reservoirs of carbon dioxide gas are of interest. 

Spruce beetle infestations have been sporadic in the Flathead, with major infestations occurring 

in the mid-1950’s and late 1960’s.  The Canadian Forestry Service (CFS), between 1923 and 1976, 

officially recorded no mountain pine beetles in the Flathead although the BC Forest Service staff 

occasionally recorded the infrequent isolated outbreak.  

Logging activity in the early 1970’s focused mainly on the spruce stand associated with the bark 

beetle outbreak. The lodgepole pine, which was much less commercially valuable than it is today, 

generally was considered too small or immature to figure in any cutting regime. Together with oil and coal 

exploration, logging had resulted in the development of a small road network through the area. 

 

 

History of mountain pine beetle in the Flathead Valley 
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Over the first four decades of the 20th century, the Flathead experienced a number of severe 

forest fires and the areas affected regenerated primarily in lodgepole pine.  Since 1945, however, the 

Flathead has not had what can be considered a serious fire. Reflecting its fire history, the forest profile of 

the Flathead in the mid-1970’s was one dominated by pine forests 40 to 60 years old. It’s also contained 

pockets of mature pine that had survived the earlier fires.  This preponderance of pine stands laid the 

basis for the mountain pine beetle epidemic.   
The MPB infestation that occurred in the Flathead in the late 70’s was part of a larger MPB 

outbreak that occurred across southwestern Alberta, the northwestern United States, the Nelson area and 

the Caribou region of BC and was one of the largest MPB infestations to have occurred in both Canada 

and the United States.  Immediately south of the Flathead in Montana, Glacier National Park (GNP) and 

the Flathead National Forest (FNF) were also experiencing significant MPB outbreaks. The combination 

of a “no harvest” policy of GNP and few access roads in the FNF exacerbated the US outbreak and 

resulted in the worse mountain pine beetle attack ever recorded in the US. Within the Flathead Valley, the 

outbreak rapidly progressed from a few spot observations in 1975 to 7 million red trees in 1980 (Fig. 2 

and Fig. 3). The beetle outbreak collapsed suddenly in the early 80’s, and although the exact factor 

responsible for the collapse is unknown, it is suspected that a combination of host depletion, severe 

weather conditions, and increased resistance by host trees were the main causes. By that time, 20,600 

ha had been impacted. 

Competing land objectives among user groups and adjacent jurisdictions influenced management 

response to the Flathead outbreak. Considerable pine stands throughout the Akamina and Kishinena, 

side drainages of the Flathead, were affected by the MPB infestation and the Forest Service wanted to 

salvage-log the MPB impacted stands in these drainages so as to recover economic value, put beetle 

killed forest land back into production and reduce the overall impact to the Annual Allowable Cut.  These 

valleys, however, had long been the subject of conservation interests due to their wilderness 

characteristics, their adjacency to GNP and Waterton Lakes National Park (WLNP), and their contribution 

to the maintenance of sensitive trans-boundary wildlife populations and conservation interests supported 

a no-harvest policy that was consistent with that of GNP and WLNP.  

  In response, the Forest Service prepared a Coordinated Land Use Plan to address the conflicting 

agendas of user groups. The plan, accepted by the Environment and Land Use Committee (ELUC), 

stressed logging only of currently impacted and susceptible pine stands, maintenance of wilderness and 

recreational values, and road closures following the completion of logging. Concerns expressed by the 

US government further led to cooperative arrangements and long-standing agreements on a number of 

forestry-related issues. Ultimately, the resulting road network from salvage operations was the major 

public concern and prompted the appointment of a public involvement coordinator. A Coordinated Access 

Management Plan was completed in 1982 with broad public support; however, funding was unavailable 

until 1986. 

 



 8

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
Figure 1. The Flathead Valley study area 
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Figure 2. The area and number of mature lodgepole pine trees killed by mountain pine beetle in 
the Flathead Valley, B.C. 1976 – 1984.
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(a) 1977 

(b) 1981 

(c) 1984 

Figure 3. The change in distribution of mountain pine beetle between 1977 and 1984 in 
the Flathead Valley. 
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             Logging operations in the early years were driven by a sense of crisis with the licensee holding 

timber rights for the Flathead directed to concentrate its operations there. A road infrastructure was 

established and planning, harvesting and land use decisions with long-term ramifications were made on 

the ground by Forest Service and company personnel, following the issuance of a large cutting permit for 

the Flathead. Adherence to the ELUC directive for the Akamina and Kishinena was followed and in 

general, care was taken throughout the valley to address wildlife, recreational and aesthetic values. 

Harvesting became a year-round activity and was preferentially directed at mature stands of pure pine 

followed by those that were at least 30% pine. Islands of non-merchantable pine were retained as buffers 

and wildlife habitat, selective harvesting retained other wind-firm species, spruce was harvested only 

when it was a small proportion of the pine stand, and pure spruce stands were left untouched.  

However, the ability of the licensee to conduct operations so focused on pine was limited. 

Salvage stumpage rates were only applied after a stand was standing dead for a year and the smaller 

pine, being a less valuable species at the time, did not generate sufficient economic return. From the 

licensee’s perspective, including more spruce in the harvest made economic sense. Unable to meet 

prescribed harvest rates, the licensee eventually felt it was too small to meet the obligations placed on it 

and argued that there were too many constraints and that salvage should have proceeded quicker and on 

a larger scale. A decline in the lumber market in 1981 combined with high overhead costs and marginal 

quality of the salvaged wood forced the licensee to pull out of the Flathead.  

Unable to find a licensee willing to continue operations in the Flathead valley the Forest Service 

put beetle-killed timber up for auction. This approach required a suspension of regulations on raw log 

exports and incentives to maintain salvage operations, including permission to harvest spruce and 

subalpine fir. Approximately 55% of all timber harvested between 1981 and 1985 were species other than 

pine. With the cessation of the salvage operation in 1985, the contractors opted to pay small penalties 

rather than meet site rehabilitation obligations, leaving the Forest Service to complete the task. Over all, 

substantial benefits in terms of encouraging rapid regeneration and reducing fire hazard were gained from 

the salvage program, and most economically viable mature pine stands were salvaged.  

The original silvicultural response to MPB in the Flathead was on mixed species planting on 

salvage-logged sites to prevent a pine monoculture from re-establishing. However, this focus switched in 

the early 80’s to rehabilitating unsalvaged stands of small diameter trees. Harvest plans for the Flathead 

now promote harvesting of all future pine stands before they reach an age susceptible to MPB.  

Although the Flathead valley suffered the severest impacts from MPB, the entire southeast 

portion of the province was affected. Early on, managers realized that a regional response to beetles was 

required. This invigorated the East Kootenay Insect and Disease Control Committee, which was 

composed of government and industry managers. The Committee streamlined procedures such that 

salvage operations on beetle impacted timber could begin quickly through expediting cutting permits and 

easing the transfer of allowable cuts between TSAs. In 1980, the Committee created a 5-year master 

salvage plan for the Cranbrook TSA that incorporated requirements for licensees to direct 70% of their cut 
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to bark beetle susceptible stands. The Committee continues to functions as a lobby for funding and policy 

revisions to promote bark beetle control.  
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CHAPTER 1. Implications of 1970s Salvage Logging of Mountain Pine 
Beetle Trees and Gas Exploration on the Population of Grizzly Bears, 
by Bruce McLellan 
  

 
Introduction 
 

The implication of forest development on a species unfolds across decades as the ecosystem 

responds to changes.  Quantifying behavioral response of individuals to forest development and related 

human activities is relatively straight forward and, for grizzly bears, has been done in several locations.  

Waller and Mace (1997), McLellan and Hovey (2001), Wielgus and Vernier (2003), Nielson et al. (2004) 

have all measured seasonal habitat selection across landscapes where forests have been managed.  

McLellan and Shackelton (1988), Mace et al. (1996), and Wielgus et al. (2002) have documented the 

degree that grizzly bears have been displaced from forest access roads.  The immediate responses of 

grizzly bears to the actual industrial activity has been documented by McLellan and Shackleton (1989a) 

as have their responses to related human activates such as recreation (Jope 1985, McLellan and 

Shackelton 1989b).  However, estimating the actual effect of these behavioral responses on the 

population processes is more complex.  Animals may redistribute themselves across a landscape in 

space and time or change behaviour to adapt to a forest development with or without a population 

response.  Research documenting behavioral responses of animals to forest development in the form of 

habitat selection, displacement, overt reactions, or physiological changes often lead to management 

recommendations under the assumption that they have an effect on the population.  If population 

management or conservation of a species is the major reason for research, then determining factors 

causing changes in vital rates will enable an objective prioritization of management recommendations is 

the objective.  Some notable habitat use or behavioral responses may have limited implications for the 

population while others may be very important.   

Without a proper experimental design including not only an unmanaged landscape for a control, 

but a suitable number of replications to account for experimental error, quantifying the population level 

response to forest development across a broad landscape is challenging.  Because grizzly bears are 

relatively long-lived animals that occur at relatively low densities, the size of the experimental unit needed 

to detect a population level response to a treatment, such as forest development, needs to be large 

enough to contain enough individual bears to obtain a sufficient sample.  If the area is too large however, 

the implication of other confounding factors such as human settlements, ranching, as well as greatly 

different habitats may overwhelm the response to forestry.  In this chapter I examine the response of the 

grizzly bear population to changes in the Flathead valley from 1978 to 2008.  Here I investigate changes 

in vital rates of the grizzly bear population in 3 decades (1978 to 1987, 1988 to 1997, and 1998 to 2007) 

in the area centered where mountain pine beetle (MPB) killed trees were intensive salvage logging after 
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the 1970’s MBP infestation.  I also include data from two overlapping decades of 1983 to 1992 and 1993 

to 2002 to ensure results were not strongly influenced by the cutpoints used divide decades.  I compare 

an index of bear density across the broad landscape where salvage of mountain pine beetle killed trees 

was the management goal to the broad landscape in Glacier National Park where there was no salvage 

and the dead trees were left to fall or burn.   

Over the 30 years of study, all factors that may influence the grizzly bear population did not 

remain static in both the landscape where dead pine were salvaged and the landscape where they were 

not logged and thus the response of the grizzly bear population was unlikely due only to the forest 

management.  First, wolves (Canis lupus) naturally recolonized the area starting in 1982.  Although the 

first litters born were near the center of the landscape with most salvage harvest, it is unlikely that the 

forest harvest was the only factor influencing their recolonization.  Second and concurrently with the 

increase in wolf numbers, the number of limited entry (draw) hunting permits for female and juvenile 

ungulates increased enormously across the study area and much larger region.  The increase in permits 

was not influenced by the salvage harvest; permits were increased across the region.  A combination of 

wolf and human predation caused an extreme decline in ungulate numbers (Kunkel and Pletscher 1999).  

Because ungulates were a significant food for grizzly bears in both the spring and autumn and are 

extremely high in digestible energy and protein (McLellan and Hovey 1995), their decline could have a 

significant effect on bears.  Third, huckleberries that grew in high elevation burned off areas from the 

1920’s and 1930’s wildfires and were a major bear food with very high digestible energy (McLellan and 

Hovey 1995) declined in abundance, generally beginning in 1998.  This decline may be partially due to 

forest regrowth in the high elevation burns, as well as climate change events.  Notwithstanding these 

factors, a priori hypotheses and predictions made in 1978 (McLellan 1989a) regarding the population 

response to the salvage logging and other human activities included: 

1. if the industrial activity in the study area was harmful to grizzly bears then it would result 

in a low density of bears compared with other interior areas without industrial activity 

and (or) 

2. the demographic vigor, or survival-fecundity (Caughley 1977) rate of population increase 

would be negative. 

These hypotheses will be tested and discussed with broader knowledge of how the ecosystem changed 

with the knowledge gained since 1978 when they were first proposed. 

 

Study Area 
 

In addition to what already has been mentioned regarding the study area, understanding changes 

to ungulate numbers and huckleberries is important for interpreting results. In the winter of 1978-79, a 

minimum of 3 different wolves were seen north of the Canada/US border in the area with salvage logging 

but they or their tracks, were never seen together.  We caught a female wolf in 1979 and a male in 1981.  
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In 1982 I saw the first litter of 7 pups.  In 1985 I caught a lactating female wolf.  By 1987, there were at 

least 3 packs and 30 wolves in the valley (Ream et al. 1989) and the population appeared to peak in 1993 

with 4 packs and about 50 wolves and a density of 35 wolves/1000 km2.   

In the 1970’s, only male ungulates could be killed by hunters in a general open season in the 

autumn.  Limited entry or a lottery for a limited number of permits was initiated in 1980.  The number of 

permits for females in the Flathead drainage (MU 4-01) increased rapidly (Fig. 1) peaking between 1989 

and 1993 when up to 1273 permits were allocated to hunt female and/or juvenile elk, moose, white-tail 

deer, and mule deer.  The number of permits declined rapidly to 0 by 1998.   

 

Methods 
 

Grizzly bears were captured with foot snares or in culvert traps set throughout the study area and 

immobilized to allow handling.  Some grizzly bears were darted from a helicopter.  No grizzly bears were 

first captured as problem animals.  A premolar was removed from subadults and adults for aging and 

grizzly bears were classified as cubs (<1 yr old), yearlings (1 yr old), subadults (2-4 yr old) and adults (> 4 

yr old).  Radiocollars were attached with a canvas connector that decomposed and allowed the 

radiocollar to drop from the grizzly bear after a planned amount of time (1-5 yr).  Not only did these 

canvas connectors result in fewer neck injuries, but radiocollars were usually shed when transmitting; 

hence, fates of grizzly bears at the end of the monitoring period were clear.   

Collared bears were located from fixed-wing aircraft approximately weekly from 1978 to 1992 and 

monthly after that.  Between 1978 and 1992 they were also tracked using ground-based methods.  Cubs 

and yearlings with collared mothers were observed as often as possible from aircraft or the ground.   

Most radiocollars were sensitive to movement and changed pulse rate after 6 hours of inactivity, 

after the radiocollar was shed or the grizzly bear had died.  Sites of dead bears were investigated as soon 

as possible.  This was usually within 2 days before 1992, but was up to 4 weeks after 1992.  Cause of 

death of radiocollared grizzly bears was determined by a variety of methods.  Radiocollared grizzly bears 

were located from fixed-wing aircraft 2-5 times/month in addition to supplemental ground tracking.  If a 

change in radio pulse rate was detected, the site was investigated, usually within 1 week, and the 

dropped radiocollar retrieved or the cause of mortality determined.  Grizzly bears killed as problem 

wildlife, for defense of life or property, taken legally by hunters, and some illegal killing were reported to or 

investigated by conservation officers.   

Mortalities were first classified as natural or human-caused.  Deaths were classified as natural 

when a natural cause was evident.  In 1 case the death was classified as natural without clear evidence 

of a natural cause, but the carcass was found in locations rarely if ever visited by people.  

Mortalities classified as human-caused were further categorized by the apparent reason: (1) legal 

hunting; (2) resident problem that was reported and legal (Defence of Life and Property), (3) accident, 

when a bear was killed by people but accidentally; (4) poached, when the animal was hunted but killed 
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illegally; (5) malicious, where the animal was shot and left for no apparent reason; (6) hunting violation, 

when a licensed hunter broke a hunting regulation, (7) illegal unknown, when the bear was not shot by 

legal harvest but a radiocollar had been cut off; and (8) research, when a bear was killed accidentally due 

to the research.  The single death due to research was excluded from the analysis of mortality rates.  The 

legality of killings was not specifically addressed because these are sometimes up to the interpretation of 

the courts.  

Suspected human-caused deaths were recorded when the radio signal from a grizzly bear that 

had been located near human residences or camps disappeared prematurely.  For example, when 2 

radiocollared subadults that traveled together disappeared concurrently after being located in an area 

with many homes, their deaths were suspected.  In another case, not only was the radiocollared grizzly 

bear located near a hunting camp before the radiocollar disappeared, but a blood trail was found at the 

camp.   

Ideally, to estimate population trend, survival and reproduction of females of each age would be 

known.  Due to insufficient sample sizes particularly for older ages, age-category specific survival and 

reproduction of female bears was used.  Confidence limits (95%) around all vital rates were estimated by 

resampling data 1000 times (bootstrapping) using POPTOOLS 2.7.  The method to estimate survival 

rates was similar to that used by Hovey and McLellan (1996). I categorized bears as cubs, yearlings, 

subadults, and adults and used 4 seasons: pre-berry season was between 15 April and 31 July, berry 

season was 1 August and 20 September, post berry season was 21 September to 30 November, and 

winter was 1 December to 14 April. Only bears with functioning radio-collars so I would have known if the 

bear had died were used to estimate survival rates.  For each season, I recorded the number of days that 

each individual was tracked and whether or not she died during that season.  From the sample of 

individual bears each season, a random sample with replacement equal to the number of females in the 

sample was taken of their days tracked.  From same sample of female bears each season, a similar 

random sample was taken with replacement of whether or not the bear died during that season.  The 

daily survival rate per season was calculated by the total number of days bears were tracked during the 

season minus the number of bears that died during that season divided by the total number of days 

tracked.  This daily rate was put to the power of the number of days in the season to determine its 

contribution to the annual rate.  The annual rate is the product of all seasonal rates.  This procedure was 

done for adult, subadult, and yearling bears.  Some yearlings were collared but most were not but 

traveled with their collared mothers.  If uncollared yearlings were no longer found with their mothers, then 

they were assumed dead.  This assumption may lead to a bias as some yearlings separated from their 

mothers during the breeding season.  Three of these yearlings were captured and radio-collared and their 

fates were known and included in the sample, but others many not have been.  

The annual survival rate for cubs was simply the proportion observed that were known to be alive 

the following spring.  Only cubs of mothers that were collared over the entire period (cub first observed to 

following spring) were used.   
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Three general methods can be used to estimate reproductive rates of grizzly bears (McLellan 

1989b).  Each of these methods weights information differently and some can result in biases (Garshelis 

et al. 1998, 2005).  In particular, if the ages of primiparity or interbirth intervals are used, then a bias may 

exist because bears may drop their collars or die before having their first litter or completing an interbirth 

interval and since these events are more likely for bears that are late to reproduce or have long intervals, 

a bias exists.  So, unlike the method used by Hovey and McLellan (1996) that used ages of primiparity 

and interbirth intervals, I used the total number of females tracked of each age category and the total 

number of cubs that they produced.  Due to declining sample size with age, I categorized ages into 

classes: 5 year olds (the youngest that a study bear produced a litter), 6 -8 year olds, 9-12 year olds, 13 -

17 year olds, and > 17 years of age.  Since the reproductive rate is the number of female cubs produced, 

we used half the number of cubs born for all females in the age category divided by the number of bear-

years that females were monitored in that age category.  Again, resampling was used to estimate 

confidence limits.   

Reproductive rate measured by the number of female cubs per adult female per year is not only 

dependent on the number of cubs per litter and the number of years between litters, but also cub survival 

because when entire litters are lost, then  

The rate of increase was estimated using a Leslie matrix that was populated with the ageclass 

specific survival and reproductive rate information.  Data used to generate the paramters used in the 

matrix were based on 30 variables.  For survival, these included days tracked for individual bears and 

whether or not they lived for 4 seasons and 3 age classes (24 variables) as well as whether or not cubs 

survived (1 variable).  Five age classes were used to estimate reproduction. All 30 variables were 

simultaneously resampled with replacement to estimate the population rate of change and this was done 

1000 times to estimate the mean rate of change and confidence limits around the mean.  

Because sample sizes were too small to look at rate of change annually, I used decade-long 

intervals. Across the 30 year period, I used 5 decade long periods or a running average.  Decades were 

1978 to 1987, 1983 to 1992, 1988 to 1997, 1993 to 2002 and 1998 to 2007.   

The 2007 DNA grizzly bear census in BC and the 2004 DNA bear census in GNP were use to 

develop an index of bear density across the broad landscape. An index of bear densities was compared 

between areas where salvage of mountain pine beetle killed trees was the management goal (treatment) 

to the broad landscape in GNP where there was no salvage and the dead trees were left to fall or burn 

(control).  Logistic regression estimates of occupancy and zero-truncated Poisson estimates of 

abundance where used to describe differences in bear densities between study sites. 

 

 

 

Results 
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A total of 133 grizzly bears were radiocollared and 44 adult females, 31 subadult females, 67 

yearlings and 67 cubs were used to estimate survival rates.  Reproductive rates were based on 41 adult 

females. Sample sizes each decade period are shown on Table 1.  

Mortality Rates and Causes 
 

Twenty-eight grizzly bears are known to have died when carrying functioning radiocollars.  An 

additional 4 are suspected to have died (Table 2).  Of the total of 32 radiocollared bears that died or were 

suspected to have died, 5 were natural deaths (16%) and 11 (34%) were legally shot by sport hunters.  

Although more male bears were killed by hunters than all other causes, only one quarter of the females 

killed by people were legally shot by hunters.  Of the 26 bears that were killed or suspected to be killed by 

people excluding the 1 research death (death was actually caused by another bears), at least 14 (54%) 

were shot from a road and 6 (23%) were at a camp or residence.   

Average adult female survival remained between 0.94 and 0.97 until 1998.  During the last 

decade, female survival dropped to 0.90 (Fig. 1).  Randomization tests suggest female survival during the 

1998 to 2007 decade to be less than the 1988 to 1997 decade (P = 0.039) but not significantly less than 

the 1978 to 1987 decade (P = 0.213).  Sample sizes of subadults were too small to compare across time 

periods. 

Yearling survival remained between 0.77 and 0.94 in all periods (Fig. 2) and there as not a 

significant difference between the decade with the highest average survival (1983 to 1992) and lowest 

(1998 and 2007) (P = 0.149).  Cub survival was 0.78 and 0.73 for the first two decades (Fig. 3) but 

declined to 0.23 in the last decade (P < 0.001).  Four of the 16 cubs lost were because the mother was 

shot – one by a grizzly bear hunter in the spring bear hunt and one a ungulate hunter in October.  Six 

cubs survived until autumn but were not with their mother the following spring.  Two cubs  in one litter 

were lost in the mating season between 3 June and 19 June and 3 others in 2 litters could have been lost 

during the breeding season but also after the breeding season.  

Reproductive Rates 
 

Between 1978 and 1987, reproductive rates averaged 0.37 female cubs/adult female grizzly 

bear/year (Table 3).  This rate declined to 0.24 between 1988 and 1997 (P=0.095) and further to 0.19 

female cubs per adult female per year in 1998 to 2007.  The decline between decade 1 and 3 was 

unlikely due to chance alone (P=0.038).  Average litter sizes also declined from 2.36, to 1.82 and 1.87 in 

decades 1, 2, and 3 respectively (Table 4).  Both reproductive rates and litter size not only depended on 

the decade, but also the age of the mother.  Older bears generally had higher reproductive rates and 

larger litters.   
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Table 1. The number of female grizzly bears, yearlings and cubs and bear-years tracked in 
parenthesis and individuals used to estimate reproductive rates.  
 

Vital Rate 1978 to 

1987 

1983 to 

1992 

1988 to 

1997 

1993 to 

2002 

1998 to 

2007 

Survival adult female 15 (34.4) 21 (50.8) 26 (73.4) 23 (71.4) 21 (56.3) 

 subadult female 12 (15.8) 14 (27.4) 14 (20.7) 9 (9.7) 8 (11.9) 

 yearling 27 (15.4) 39 (17.8)  31 (11.3)  18 (10.1) 9 (7.0) 

 cub 18 20 26 23 21 

Reproduction 5 yr old 8 10 10 6 5 

 6 - 8 yr old 9 14 28 21 6 

 9 - 12 yr old 8 14 20 29 21 

 13 – 17 yr old 10 14 14 16 24 

 > 17 yr old 10 10 11 11 16 

 

 

Table 2. Number of known and suspected () mortalities of radiocollared grizzly bears in the 
Flathead Study Area 1979 – 2007. 
 

  Sex  
Cause of death  Male Female Total 

Natural  1 4 5 

Human caused - Legal     

 Hunter kill  8 3 11 

 Research  1 0 1 

 Accident  1 0 1 

 Resident Problem  0 3 3 

Human caused - Illegal     

 Resident Problem  1(4) 0 1(4) 

 Hunting violation  0 1 1 

 Malicious  0 1 1 

 Poach  0 2 2 

 Unknown   0 2 2 

Total: human caused  12(4) 12 23(4) 

Total: all deaths  13(4) 16 28(4)  
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Figure 1.  Limited entry draw permits for female and juvenile ungulates in the Flathead Valley, 
Management Unit 4-01.  
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Figure 2. Adult female grizzly bear survival rates by overlapping decade, 1978 to 2007, in the     
Flathead drainage of Southeastern B.C.
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Figure 3. Survival rates of yearling grizzly bears by decade, 1978 to 2007, in the Flathead drainage 
of Southeastern B.C.  
 
 
 
 
 
Table 3.  Average reproductive rates (female cubs per adult female per year) by ageclass for each 
of 3 decades.  The number of females is in parentheses but many individuals were monitored in 
more than one decade category. 
 
 

 Decade  

Age class 1978 to 1987 1988 to 1997 1998 to 2007 Weighted Mean 

5 0.24 (8) 0.05 (10) 0.10 (5) 0.14 (23) 

6-8 0.23 (9) 0.21 (28) 0.0 (6) 0.19 (43) 

9-12 0.50 (8) 0.22 (20) 0.26 (21) 0.29 (49) 

13-17 0.40 (10) 0.36 (14) 0.15 (24) 0.26 (48) 

> 17 0.45 (10) 0.37 (11) 0.27 (16) 0.35 (37) 

Weighted Mean 0.37 (45) 0.24 (83) 0.19 (72)  
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Table 4.  Average litter size by ageclass for each of 3 decades.  The number of litters is in 
parentheses. 
 

 Decade  

Age class 1978 to 1987 1988 to 1997 1998 to 2007 Weighted Mean 

5 2 (2) 1 (1)  1 (1) 1.5 (4) 

6-8 2 (2) 1.7 (7) (0) 1.78 (9) 

9-12 2 (4) 1.8 (5) 1.8 (6)  1.87 (15) 

13-17 2.7 (3) 1.7 (6) 2.3 (3) 2.08 (12) 

> 17 3 (3) 2.7 (3) 1.8 (5)  2.36 (11) 

Weighted Mean 2.36 (14) 1.82 (22) 1.87 (15) 1.98 (51) 

 
Table 5.  Transitions between reproductive states by adult female grizzly bears for each of 3 
decades.  The number of percentage per decade is in parentheses. 
 

                      Decade 

Reproductive 
Transition 1978 to 1987 1988 to 1997 1998 to 2007 

Alone to Alone 3 (9) 13 (21) 24 (41) 

Alone to Cubs 9 (28) 17 (27) 13 (22) 

Cubs to Alone 1 (3) 4 (7) 4 (7) 

Cubs to Cubs 1 (3) 1 (2) 0 (0) 

Cubs to 
Yearlings 9 (28) 11 (18) 5 (9) 

2-yr-olds to 
Alone 1 (3) 0 (0) 3 (3) 

2-yr-olds to 3 
yr-olds 0 (0) 1 (2) 1 (2) 

Yearling to 
Alone 6 (19) 14 (23) 5 (9) 

Yearling to 
Cubs 2 (6) 0 (0) 0 (0) 
Yearling to 2-yr-
olds 0 (0) 0 (0) 3 (5) 

Total 32 (100) 61 (100) 58 (100) 
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  Transitions between reproductive states by adult females also differed between decades 

(Table 5).  Notably, data from the first decade reflects a consistent 3 year interbirth interval with 

most transitions in going from alone to cubs (28%), cubs to yearlings (28%), and yearlings to 

alone (19%); only 9% of the transitions were from alone to alone.  In the second decade, there 

were more alone to alone transitions (21%) and more still in the third decade (41%) reflecting 

females not producing cubs when they would be expected to. 

 

Rate of Change 

The population was increasing relatively rapidly over the first 2 decades with λ of 1.07 during both 

1978 to 1987 and 1998 to 1997.  In the third decade (1998 to 2007), however, the population declined 

with a λ of 0.88 (Fig. 5). 

 

Grizzly Bear Occupancy and Abundance 
The presence (occupancy) of grizzly bears detected at DNA sample sites indicates that grizzly 

bears are more likely to occupy areas of the Flathead Valley of British Columbia than adjacent Montana 

(Table 6).  However, based on individual analyses of gender classes, differences in occupancy were 

largely due to changes in the distribution of female animals with female grizzly bears 2.27 times (SE = 

0.64) more likely to be found in the surveyed Flathead Valley in British Columbia than in Montana (Table 

6).  A trend (reduced distribution) for male animals was also apparent, but weak overall (Table 6). 

Using ‘hits’ (unique animals detected at a site) as an index of abundance, no significant difference 

among study areas was evident for overall (Male + Female) abundance when present (Table 7).  

However, analyses of individual gender suggested that female abundance when present was significantly 

higher in the Flathead Valley of British Columbian than adjacent Montana (Table 7).  These results were 

supported by Mann-Whitney U statistics (not shown). 

 
Discussion 
 

Between 1977 and 1981, the Flathead valley was “a hive of activity” (Young 1988) as the dead 

and dying pine were being salvage logged.  In addition to this activity, Shell Canada Resources were 

active exploring for carbon dioxide using intensive seismic exploration and drilling 9 deep wells in the 

study area in the 1980s.  Traffic on primary roads during this period was 3.5 small vehicles and 1.3 

vehicles larger than a pick-up truck per hour.  Secondary roads had 1.5 small and 0.4 large vehicles per 

hour (McLellan and Shackleton 1988).  In later years, traffic was 1.0 small vehicles per hour on primary 

roads and 0.1 small vehicles per hour on secondary roads with virtually no larger vehicles on any road 

(McLellan unpub. data).  These industries plus the associated human activity on and off the extensive 

road network effected the distribution and behaviour of the grizzly bear population (McLellan and  
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Figure 4. Survival rates of cub grizzly bears by overlapping decades, 1978 to 2007, in the Flathead 
drainage of Southeastern B.C. 
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Figure 5. Rate of change (λ) in overlapping decades of grizzly bears in the Flathead 
drainage or Southeastern BC, 1978 to 2007.
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Table 1. Logistic regression estimates (odds of detecting grizzly bears in the Flathead compared 
to GNP) describing differences in occupancy (as detected by DNA hair snag techniques) among 
study sites (n = 396). 
 
 Model estimates   Model significance 
Group Odds SE P   LR χ2 P pseudo-R2 
1. Male + Female 2.185 0.521 0.001   10.91 0.001 0.026 
         
2. Male-only 1.621 0.460 0.089   2.91 0.088 0.009 
         
3. Female-only 2.274 0.636 0.003   8.84 0.003 0.026 

 

 

 

 

 

 

Table 2. Zero-truncated Poisson estimates of abundance (counts at present sites) among study 
sites. 
 
 Model estimates  Model significance 
Group Variable Coef. SE P   n LR χ2 P pseudo-R2 
1. Male + Female Flathead 0.275 0.248 0.268   104 17.97 <0.001 0.075 
 intercept -0.134 0.201 0.504       
           
2. Male Flathead -0.387 0.487 0.426   61 24.25 <0.001 0.241 
 intercept -0.535 0.320 0.094       
           
3. Female Flathead 1.412 0.603 0.019   66 27.17 <0.001 0.217 
  intercept -1.503 0.567 0.008           
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Shackleton 1988, 1989a, 1989b).  Although behavioral responses to the forest harvesting, CO2 

exploration, and related human activities were quantified, they did not appear to have an immediately 

negative effect on the grizzly bear population as was predicted.  The rate of change based on the 

difference between survival and reproduction, which has been suggested to be a good measure of how 

well a population is coping with current conditions (Caughley 1977), was positive, indicating a rapidly 

growing population for at least 20 years during and after the salvage logging and CO2 exploration.   

The increasing grizzly bear population over the 2 decades that included the salvage harvesting 

and the gas exploration indicates that contrary to expectation, these activities may have benefited the 

bears.  Because grizzly bears rarely used the cutting units (McLellan and Hovey 2001, Apps 2008, Munro 

et al. 2008), a direct causal link is unlikely.  More probable is a gradual change in people’s attitudes 

towards carnivores, particularly in the 1960’s and 1970’s, enabled the bear population to increase after 

decades of excessive killing kept it below carrying capacity.  Grizzly bear hunting regulations became 

increasingly restrictive since their inception in 1918. In particular, after 1962 poison baits were no longer 

placed for predators (primarily wolves), in 1968 the use bait (usually horses) for hunting grizzly bears was 

disallowed, and in 1971 the fall season was closed.  In 1975, the grizzly bear was listed as a threatened 

species in the United States.  This listing may have further influenced how biologists, hunting guides and 

resident hunters viewed large carnivores and in particular grizzly bears.  While working daily in the field 

on grizzly bears in the study area in the 1970’s and through the 1980’s, many older outdoor enthusiasts 

told of the number of grizzly bears that they and sometimes their employees had killed in the past and 

how their attitude and behaviour had changed.  Many of these people have since died, so an objective 

human dimension study to test this hypothesis is becoming less likely.   

The various ways grizzly bears responded behaviorally to the high level of human activities 

related to the timber harvest and the gas exploration in the late 1970’s and early 1980’s may have 

reduced a population effect.  McLellan and Shackleton (1988) documented general displacement by 

grizzly bears from all categories of roads during daylight hours in the spring and fall, however, yearlings 

that had already separated from their mothers and females with cubs in the spring were displaced less 

than other bears and may have used roadsides as an area relatively safe from adult males that are 

known to kill cubs (McLellan 1994, 2005, Swenson et al. 1997, 2001).  Also, grizzly bears were found to 

use roads and areas near roads at night when traffic was reduced.  McLellan and Shackleton (1989b) 

found grizzly bears in the study area responded overtly to a variety of human activities but fled furthest 

from people on foot in open areas that were far from roads.  Bears used cover effectively and reacted 

much in forest than when in the open.  In the summer, when bears fed primarily on huckleberries, bears 

did not react strongly to very intensive helicopter activity related to seismic exploration across relatively 

open burns where huckleberries were abundant (McLellan and Shackleton (1989a).  Greater 

displacement from roads during spring and fall than intensive helicopter work in the berry season may be 

due to a general abundance of relatively low quality bear foods in the spring and a great variety of foods 

in the fall compared to the high quality and more localized huckleberries (McLellan and Hovey 1995).  
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Bears can likely afford to be displaced in the spring and fall as those foods are unlikely limiting and they 

can find amble spring and fall foods away from roads.  Huckleberries, however, are of much higher 

digestible energy than most spring and fall foods but found over a more limited area.  Bears tolerated 

what appeared to be significant disturbance from mid-size helicopters while foraging on huckleberries.  

Although the population of grizzly bears increased over two decades during and following the 

salvage logging, implications on their survival is reflected in the causes of grizzly bear deaths. Most bears 

that died were shot by people.  Some were shot legally by hunters but most were killed for various 

reasons not by bear hunters.  Most bears were shot from a road or a hunting camp or residence.  It is well 

established that road access is a major factor influencing grizzly bear mortality (McLellan 1989, Mace and 

Waller 1998, Nielson et al. 2004) in addition to causing displacement (McLellan and Shackleton 1988, 

Mace and Waller 1996). 

It has long been known that grizzly bears, being slow to mature and with a fairly low reproductive 

rate, are often limited by “top down” factors such as hunting and control killing. Documenting “bottom up” 

limiting factors on grizzly bears or mechanisms effecting reproduction is more poorly understood.  

Stringham (1990) compared populations across the continent and noted that litter size was highly 

correlated to body size of females and large bears that fed primarily on salmon had larger litters.  

McLellan (1994) noted that the populations that deviated mostly from this relationship were either heavily 

hunted populations (presumably below carrying capacity) that had larger litters than expected or lightly or 

unhunted populations (presumably near carrying capacity) that had smaller litters. Furthermore, McLellan 

(1994) noted that adult females in lightly and unhunted populations were more likely to be without 

offspring (status alone) than more heavily hunted populations. Similarly, Miller et al. (2003) compared 

adjacent hunted to unhunted populations of bears and found cub survival to be higher in hunted areas 

and litter size and age of primapatry were significantly affected in some areas.   

Changes in the rate of increase of grizzly bears in the Flathead not only suggest that bear density 

is affecting vital rates causing the population to stabilize, but also that there has been a decline in carrying 

capacity causing the population to decrease.  The population was rapidly increasing in the first decade.  

The older, more productive ages of adult females produce large and frequent litters and, even with the 

unbiased so relatively conservative methods used, the overall reproductive rate was likely the highest 

recorded in an ecosystem without salmon.  Survival of all age classes was high and consequently, the 

rate of increase was also the highest that has been recorded.  By the second decade, however, some 

vital rates had changed.  Although survival rates remained high, litter sizes and reproductive rates had 

declined and a higher proportion of females were transitioning from alone to alone or not producing litters 

when they were expected to.   

The vital rates of the grizzly bear population during the second decade was very similar to that 

recorded in and near Banff National Park (Garshelis et al. 2005), also centered in the Rocky Mountains, 

but about 200 km north.  Average litter sizes in the Banff area were 1.84 cubs and the reproductive rate 

was 0.24 female cubs/adult female/year.  In the Flathead during the second decade the average litter size 
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was 1.82 and reproductive rate was 0.24.  Cub survival in Banff was 79% and yearling survival was 91%.  

In decade two in the Flathead, cub survival was 0.73 and yearling survival 0.88.  Adult female survival 

was high in both Banff and the Flathead during decade 2 and both populations appeared to be increasing.  

In the Greater Yellowstone Ecosystem, smaller litters and lower reproductive rates, but continued high 

survival rates (particularly natural survival rates) of adults was related to density of bears (Schwartz et al. 

2006).  Vital rates of these studies suggest that reproductive output is affected by bear density and that 

Banff area, the Yellowstone Park core area, and the Flathead between 1988 and 1997 were near carrying 

capacity and competition for a limited amount of food was causing reduced reproductive rates. 

In the third decade, 1998 to 2007, the grizzly bear population in the Flathead was declining faster 

than has been recorded for any grizzly bear population.  This decline was due primarily to reduced 

reproduction and cub survival.  Litter sizes remained the same as the previous decade, but females 

transitioning from alone to alone, or failing to have cubs when expected, became more common.  Either 

females were not producing litters or the cubs were dying before they were seen.  But the survival rate of 

the cubs that were seen was among the lowest reported.   

The dramatic change in population vital rates and resulting population trajectory from two 

decades of increase to one of rapid decline is unlikely due to density dependence in a static environment 

but density dependence concurrent with a decline in carrying capacity.  Many of the major bear foods in 

the study area such as Hedysarum roots that are widespread and grasses and forbs primarily fed on in 

riparian habitats and avalanche chutes (McLellan and Hovey 1995, McLellan and Hovey 2001) appear to 

be consistently plentiful.  The number of ungulates and huckleberries, however, changed dramatically.  

Liberal hunting regulations for female and juvenile ungulates combined with wolf recolonization resulted in 

a decline of ungulates (Kunkel and Pletscher 1999).  Compared to plants, meat is a very high quality and 

sought after food (McLellan and Hovey 1995).  The implications of bears eating salmon on their body 

size, reproductive output, and density has been well established (Stringham 1980, 1990, McLellan 1994, 

Miller et al. 1997, Hilderbrand et al. 1999, Mowat and Heard 2006).  Although continental comparisons 

failed to find a relationship between terrestrial meat in grizzly bear diet and body size, reproduction, or 

density (Hilderbrand et al. 1999, Mowat and Heard 2006), continental comparisons are likely confounded 

by variation types and abundance of plant foods as well as population density with respect to carrying 

capacity.  Ungulates, if abundant and available, are undoubtedly important.  Similarly, huckleberries are 

high in digestible energy and were the major grizzly bear food in the study area during August, 

September, and sometimes October; the time of year that bears deposited most of the annual fat 

reserves (McLellan and Hovey 1995).  Although huckleberry production varied among years throughout 

the study period, production since 1998 has been poor.  It is probable that the increasing grizzly bear 

population over two decades followed by a decline in ungulates and huckleberries resulted in 

undernourished female bears producing fewer litters and many cubs not surviving.   

The analysis of the vital rates of the grizzly bear population in the lower Flathead valley over a 30 

year period shows some major changes.  In particular, cub production and survival declined dramatically 
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in the last decade.  This change is likely due to a density effect caused by the increase in population size 

exasorbated by the decline in ungulates and huckleberries.  The timing of the decline and the diets and 

habitat selection information suggests that the forest harvesting in response to the 1970s mountain pine 

beetle infestation had little to do with the changes in cub production and survival.   The road building 

associated with the salvage harvesting did, however, increase the encounter rate of bears and people 

with some of the encounters being lethal for bears.   
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CHAPTER 2.  Grizzly Bear Population Distribution and Habitat 
Selection in Response to Influence From Mountain Pine Beetle 
Infestation and Management in the Flathead Valley. by Clayton Apps 
 

 
SECTION 1: Grizzly Bear Population Distribution Response 

 
1.1 Objective 
 

In this chapter, we analyze differences in detection rate and minimum count of grizzly bears among 

three zones of the Flathead drainage.  Each zone corresponds to what we expect to be differing arrays of 

habitat and human conditions resulting from the historic pattern of mountain pine beetle infestation and 

management.   

 

1.2 Methods  
 
Treatment Zones 

We divided the Flathead drainage into 3 “treatment zones”, each encompassing what we consider 

to be differing arrays of landscape conditions resulting from historic mountain pine beetle infestation and 

management (Figure 1).  The “west” zone (846 km2) includes all watersheds west of the Flathead River.  

The “centre zone” (222 km2) includes those landscapes east of the Flathead River and envelopes the 

distribution of lodgepole pine leading forest stands within the Flathead Valley proper.  The “east zone” 

(509 km2) then extends from the centre zone to the Continental Divide and includes only small pockets of 

lodgepole pine (Kishenena and Sage Valleys) that do not fall within the main Flathead Valley.  

For each zone, we characterized landscape composition specific to attributes that we expect are 

directly related to the mountain pine beetle history in the Flathead drainage.  Spatial databases employed 

for this summary and the derivation of associated variables are described by Apps et al. (2008). 
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Grizzly Bear Detection Data 

During the spring/summer of 2007, a collaborative grizzly bear population survey was conducted 

using established hair-snag/DNA sampling methods (Woods et al. 1999).  This sampling effort was 

conducted over a larger region that encompassed the Flathead drainage.  Sampling was stratified 

according to a grid with cells of 25 km2 (5 km x 5 km).  Within each cell, stations were moved among 4 

sampling sessions.  From samples obtained, individual genotypes were identified (Wildlife Genetics 

International, Nelson, BC).   

 

Analyses 

For each of the aforementioned treatment zones, we tabulated the total number of sampling 

stations, the average number of independent grizzly bear detections among stations and among cells, 

and the total number of individual grizzly bears detected.  We applied a chi-square test to evaluate 

differences in the number of individuals detected among the 3 zones.  To assess differences in mean 

detection rate among the zones, we conducted an ANOVA and calculated Bonferroni confidence intervals 

for post-hoc comparisons (Sokal and Rohlf 1981).  
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Figure 1.  The Flathead drainage of southeastern British Columbia, split into 3 “treatment zones” 
corresponding to expected differences in landscape composition resulting from historic mountain pine 
beetle infestation and management.   
 
 
 
 
 

1.3 Results 
 

Landscape composition differed among mountain pine beetle treatment zones within the Flathead 

drainage (Figure 2).  The centre zone had the highest grizzly bear detection rate and minimum population 

density, followed by the east zone and the west zone (Table 1).  However, differences in grizzly bear 

detection rate among treatment zones were not statistically significant (F = 0.34, P < 0.712).  The number 

of individual grizzly bears were detected in the centre zone also did not differ significantly from random 
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expectation (χ2 = 3.57, P < 0.312).  

 

Figure 2.  Differences in landscape composition among mountain pine beetle “treatment” zones of the 
Flathead drainage of southeastern British Columbia.   

 

 

 

 

Table 1.  Summary of grizzly bear detections (2007 DNA hair-snag sampling) among mountain pine beetle 
“treatment” zones in the Flathead drainage of southeastern British Columbia.   
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Zone  Area Stationsa 
Mean 

Detections

Individuals 

Detected 

Minimum 

Density 

(per 100 km2) 

West 846 70 0.63 33 3.9 

Centre 222 19 0.84 14 6.3 

East 509 39 0.72 22 4.3 

Total 1577 128 0.69 69 4.4 

 
a Each movement of sampling site among sessions within a designated cell represents a unique station. 

 

 

 

SECTION 2: Grizzly Bear Habitat Selection Response 
 
 
2.1 Objective 
 

Mountain pine beetle infestation and management can result in changes to landscape composition 

through the disturbance of the infestation itself and stand harvest for purposes of salvage and 

“sanitation”.  In this section, we evaluate the influence of associated landscape attributes on the habitat 

preference of resident grizzly bears.  Specifically, we test the role of forest stands of age class 1 and 2 

(age <41 yrs) and road density on grizzly bear habitat selection across multiple spatial scales.   

 
2.2 Methods 
 
Grizzly Bear Location Data 

As part of an ongoing study, 119 (64 M, 55 F) grizzly bears were captured in the Flathead portion of 

the study area between 1978 and 2006.  Of these bears, 117 were fitted with standard VHF radiocollars 

and monitored by ground and fixed-wing aircraft.  Due to the potential for broad spatial bias in 

radiolocations acquired from the ground, we used only data obtained through aircraft searches in our 

analyses.  Across years and animals, the sampling interval associated with this dataset was 6.0 days 

±10.3 (1SD).  Locations were referenced to airphotos and 1:20,000 forest cover maps, and we assume 

that spatial error was ≤100 m.  In more recent years, 14 bears were fitted with GPS radiocollars within the 

Flathead area.  These collars attempted location fixes at intervals of 6 h (ATS & Telonics) 4 h (Televilt), or 

2 hr (Lotek).   

Post-processing of GPS data was as described by Apps et al. (2008).  Briefly, we inferred spatial 

error for each location using standard techniques (Rempel et al. 1997, Moen et al. 1997), and screened 
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out data likely to exceed 100 m error.  We modified the dataset to account for inherent habitat-induced 

bias in GPS fix-success (Rempel et al. 1995, Dussault et al. 1999) using multiple imputation (Frair et al. 

2003).  As a result, 27% of our total GPS location dataset was based on inference from successful fixes. 

 

Explanatory Covariates 

We employed a suite of predictive covariates, the nature and derivation of which are detailed by 

Apps et al. (2008).  These variables pertain to vegetation cover and indices derived from Landsat 7 TM 

imagery, forest overstorey conditions, terrain attributes, and human accessibility.   

 

Multi-scale and Seasonal Stratification 

We designed our analysis in accordance with Thomas and Taylor’s (1990) Study Design 2, and 

employed a multi-scale design described by Apps et al. (2008).  In brief, we analyzed grizzly bear-habitat 

associations at 4 nested spatial scales, corresponding to successively smaller landscapes of used and 

available habitat.  At level 1, the broadest scale of analysis, the area considered to be available to grizzly 

bears at any given time and location was that within a radius of 17.8 km (i.e., 995 km2) and the used 

landscape was defined by a 3.65 km radius.  At levels 2, 3, and 4, the available landscape radius was 

defined by the used landscape radius at the previous broader scale, and the used landscape radius was 

again calculated using the 0.205 factor.  The radius used to scale habitat composition at level 4, the finest 

scale of analysis (30 m), encompassed the assumed spatial error of grizzly bear GPS locations within the 

pooled dataset.  Rationale for this scale-dependent design and associated parameters are detailed by 

Apps et al. (2008).   

At the finest scale (level 4; available area = 150 m radius), we did not apply VHF data due to 

unacceptable spatial error, and we assumed that all GPS data (i.e., ≥1 hr interval) were temporally 

independent samples.  We included VHF data at broader scales, and weighted GPS and VHF locations 

according to assumed independence intervals of ≥2 hrs (level 3; available area = 0.75 km radius), ≥11 hrs 

(level 2; available area = 3.7 km radius), and 7-days (level 1; available area = 17.8 km radius).   

At each analysis level, we adjusted the resolution of habitat variables to the used and available 

landscape radius by aggregating data (Bian 1997) using a GIS moving window routine.  Pixels thus 

reflected each variable’s mean value or proportional composition within a surrounding circular landscape.  

Lands for which any of the habitat data sources were not available, and water bodies, were not 

considered part of the landscape when aggregating data using the moving window routine.  

   Grizzly bears typically exhibit distinct seasonal patterns of food habits and associated habitat 

preferences.  We therefore stratified our analyses into 2 seasons based on changes in grizzly bear diet 



 37

(McLellan and Hovey 1995).  The “pre-berry” season spanned the period from den emergence (April) to 

31 July, and the “post-berry” season occurred from 1 August to denning (November). 

 

Analyses 

At each analysis level, we compared the composition of used landscapes to available areas at 

grizzly bear locations.  For exploratory univariate analysis, we calculated the Ivlev electivity index (Ivlev 

1961) independently for each variable.  We then applied multiple logistic regression to derive best-fit 

linear combination of variables explaining differential preference by grizzly bears, deriving models 

independently at each of the 4 spatial scales.  We evaluated associations among variables using Pearson 

correlation coefficients and tolerance statistics.  Where problematic collinearity occurred (rs > 0.7 or 

tolerance < 0.2; Menard 1995), we dropped variables of lesser univariate significance and/or that were 

ecologically redundant.  We then evaluated multivariate differences between selected landscapes and 

respectively available areas using matched case-control logistic regression within a Cox proportional 

hazards analysis (Hosmer and Lemeshow 2000).   

We excluded from initial scale-specific model development those variables corresponding to 

immature stands (<41 yrs; FOR_1-2) and road density (ROADS).  Among remaining screened variables, 

we used information-theoretic methods (Burnham and Anderson 2002) with Akaike’s Information Criterion 

(AIC; Akaike 1973) to rank all possible parameter-subset models in terms of parsimony and prediction.  

We further evaluated goodness of fit and predictive power using an adjusted coefficient of determination 

(Nagelkerke 1991).  We the evaluated the improvement in model performance (Δ AIC) with FOR_1-2 and 

ROADS independently added.  At each scale, the predictive role of each variable was gauged according 

to the change in model AIC and the variable’s coefficient sign.  We compared the two variables within and 

across scales according to the strength of standardized coefficients. 

  

2.3 Results 
 

The role played by Immature stands (FOR_1-2) and road density (ROADS) in explaining habitat 

preference by grizzly bears differed across spatial scales (level) and between seasons (Table 2).  During 

the pre-berry season, FOR_1-2 a relevant negative covariate at level 3.  FOR_1-2 was also a marginally 

negative predictor at levels 2 and a marginal positive predictor at level 4.  During the post-berry season, 

FOR_1-2 was highly irrelevant at any scale.  During the pre-berry season, ROADS was a marginally-

relevant positive predictor at level 1, but had a relatively strong negative influence on grizzly bear habitat 

selection at levels 2 and 3.  ROADS also negatively influenced grizzly bear habitat selection at level 2 

during the post-berry season.     
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Table 2.  Improvement in the explanatory power of seasonal and scale-dependent grizzly bear 
habitat selection models with the independent inclusion of covariates of immature forest stands 
(FOR_1-2) and road density (ROADS).  Reported ΔAIC is relative to a base model that considers 
vegetation, overstorey cover and terrain variables.  The Wald statistic is the square of the ratio 
between the variable’s coefficient and standard error.  The standardized coefficient (Exp(β)) 
reflects the reduction (if < 1) or increase (if >1) in the likelihood of habitat selection while 
accounting for covariation with other habitat conditions.   

   Pre-Berry  Post-Berry 

Level Variable  Δ AICa Wald P Exp(β)  Δ AICa Wald P Exp(β) 

1 FOR_1-2  0.4 1.6 0.201 1.014 1.8 0.2 0.663 0.995

 ROADS  -6.2 8.1 0.004 1.048 1.9 0.1 0.755 0.995

2 FOR_1-2  0.0 2.0 0.089 0.996 1.3 0.7 0.412 1.002

 ROADS  -24.1 25.9 <0.001 0.977 -27.2 28.6 <0.001 0.977

3 FOR_1-2  -5.7 7.7 0.006 0.997 1.9 0.1 0.732 1.000

 ROADS  -22.1 23.9 <0.001 0.992 0.6 1.4 0.232 0.998

4 FOR_1-2  -0.9 2.9 0.087 1.002 1.9 0.1 0.779 1.000

 ROADS  1.7 0.4 0.584 1.001 1.9 0.1 0.801 1.000
 

a  Model improvement relative to the base (HABITAT only) model is indicated by an AIC reduction. 
 

 

 
 
 
SECTION 3: Factors Influencing Human-Caused Grizzly Bear Mortality 
 
3.1 Objective 
 

Our objective in this section was to describe the multivariate profile of landscape conditions that 

best discriminate the mortality locations of research grizzly bears from those where each animal survived.   

 

3.2 Methods 
 
Grizzly Bear Location and Mortality Data 

Grizzly bear location data were as described in Section 2.  Known mortalities of study animals were 

documented in terms of date, location coordinates, and mortality cause (B. McLellan, unpubl. data).  In 

total, 33 mortalities were documented from 1979 to 2008.  Of these, 11 were legally killed by a resident or 

non-resident hunter, 11 were illegally killed, 3 were killed in defense of life or property, 5 died from natural 
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causes, 1 was killed as a wildlife contol action, and 1 died in association with research.  For this analysis, 

we considered mortalities due to human causes that may by influenced by landscape conditions, and we 

excluded mortalities due to natural and research causes.  We further excluded 4 mortality locations that 

fell beyond our area of spatial data coverage and 1 that had no corresponding live-location data (required 

as per Analysis Design, below).  Thus, our sample for analysis totaled 21. 

 

Explanatory Covariates & Multi-scale Stratification 

We employed a suite of predictive covariates, the nature and derivation of which are detailed by 

Apps et al. (2008).  These variables pertain to vegetation cover and indices derived from Landsat 7 TM 

imagery, forest overstorey conditions, terrain attributes, and human accessibility. 

We employed a multi-scale analysis design as described in Section 2, with details and rationale 

provided by Apps et al. (2008).  However, we excluded the finest scale (level 4) from this analysis 

because all live-location data corresponding to mortality records were based on VHF-telemetry which 

have a higher spatial error than the GPS data employed for level-4 analyses.  Thus, we considered 3 

spatial scales, from broadest (level 1) to finest (level 3).  At each scale, we weighted live-locations in the 

analysis using assumptions of temporal independence (Apps et al. 2008). 

 

Analyses 

At each scale, we compared landscape attributes associated with mortality locations to those of 

each bear’s respective live-locations.  Because the live-location sample varied among animals, we 

weighted data such that live locations summed to 1 for each bear.   

Covariate screening was conducted as per Section 2.  We employed a case-control design within a 

Cox proportional hazards analysis (Hosmer and Lemeshow 2000).  At each spatial scale, we compared 

mortality locations to the set of live locations for respective study animals.  We conducted the analysis 

within an information-theoretic framework, ranking all possible parameter-subset models in terms of 

parsimony and prediction and basing results on multi-model inference (see Apps et al. 2008 for details).   

 
3.3 Results 
 

Standardized coefficients indicate the relative contribution of each variable in predicting the spatial 

distribution of grizzly bear mortalities (Table 8, Figure 12).  Human access (ACCESS) and road density 

(ROADS) were the most relevant predictors across scales, with grizzly bears significantly more likely to 

die from human causes in landscapes with increasing values of these attributes.  Similarly, the distribution 

of cutblocks and immature stands (FOR_1-2) appears to have also positively influenced grizzly bear 

mortality risk, particularly at finer scales.  The green vegetation index (GVI) was a relevant negative 
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predictor at the finest scale (level 3).  Relationships with other variables were less relevant and varied 

across scales.   

 

3.4 Notes 

For next iteration, we could use some assumptions and manually assign attributes to the 4 mortality 

locations that occurred just south of the border.  This would improve our power since we have live 

locations for these bears and our sample size is obviously limited. 

 

Table 3.  Standardized logistic regression coefficients predicting the spatial distribution of grizzly bear 
mortalities in the Flathead Valley of southeast British Columbia.  Results are based on Akaike-weighted 
averaging of all-possible parameter subset models.   

 

  Level 1  Level 2  Level 3 
Variable   β S.E.  β S.E.  β S.E. 
SLOPE  -0.230 2.505  -0.877 1.464  -1.983 2.197 
SLOP_POS  2.959 2.599  0.617 1.243  -1.567 1.594 
HYDRO  1.505 1.053  0.722 0.682  -5.345 5.725 
FOR_1-2  0.885 1.173  1.332 0.982  4.148 1.914 
FOR_3-6  -0.530 1.778  0.839 1.183  1.771 1.700 
FOR_7-9  -1.328 1.278  -0.202 0.669  -0.336 2.341 
SHB_FRST  1.112 2.295  0.246 0.670  -0.217 1.132 
SHB_FORB  -2.011 1.794  -0.369 0.924  -0.165 1.110 
BVI  0.376 3.523  -0.995 1.704  -0.835 2.001 
WVI  -0.539 1.664  0.224 1.092  1.537 2.276 
GVI  1.619 1.743  -1.117 1.156  -3.843 2.509 
NDVI  -- --  -- --  -- -- 
ACCESS  4.194 3.689  -- --  -- -- 
ROADS   -- --  1.773 0.905  3.121 1.747 
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Figure 3.  Comparison among standardized multi-model coefficients (±SE) predicting the distribution of grizzly bear mortalities in the Flathead Valley of 
southeast British Columbia.  Scales differ among levels. 
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CHAPTER 3.  Microsite habitat selection of stand characteristics 
and food resources for grizzly bears and moose in mature pine, 
young pine, and recent clearcuts in the Flathead River drainage 
of British Columbia. by Robin Munro 
 
 
Objectives   
 

The primary objective of this report it to summarizes the results, to date, of the third objective 

of our study, which was to quantify the ecological and physical attributes of sites used by grizzly 

bears and moose in lodgepole pine, and salvage logged areas.  In addition, this report 

incorporates historical data on cutblock use by bears from unpublished data (Knight 1999).   

 
Methods 

 
 
Microsite habitat selection by grizzly bears 

 

Grizzly bear locations were randomly selected with no more than one location per, per 

bear for field habitat assessments based on a list of potential locations from 2005 telemetry data 

that fell into one of three stand types: types: mature pine, young pine, and regenerating cutblock.  

Mature pine represented lodgepole pine stands that were generally (~95%) more than 60 years 

old corresponding to regeneration of stands following wildfires during the 1920s and 1930s.  In 

comparison, young pine represented 25 to 35 year old stands that were regenerated during the 

1970s and early 1980s due to salvage logging associated with a mountain pine beetle infestation 

during that time.  Finally, regenerating cutblocks represented recently (5-15 yrs) harvested 

stands.  In total of 57 grizzly bear locations for 3 adult female grizzly bears (Fig. 1) was selected 

for field visitation during July and August of 2006.  A handheld GPS was used to navigate to each 

location and vegetation, stand characteristics, and food resources recorded.   

To assess within stand habitat selection, a single random location was paired with each 

use observation by choosing a random cardinal direction and moving 50 m distant from the centre 

point of the GPS telemetry use location.  By pairing control (available) locations directly with each 

use location, we followed a case-control study design.  Characteristics of stand conditions (Table 

1) and percent cover of major bear food items (Table 2) following those defined in McLellan and 

Hovey (1995) were summarized (mean and standard deviation) by stand type. Because dates of 

grizzly bear locations varied from late April to early October over which the contribution of food 

resources substantial varies (McLellan and Hovey 1995), we generated a seasonal food index to 

account for phenological changes in foods and diet of grizzly bears.  For each bi-monthly period, 

we weighted the contribution of major food groups by multiplying their cover by percent volume in 
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diet (Table 3) based on values reported in McLellan and Hovey (1995).  Significant differences 

among use and random (available) plots, which would represent selection or avoidance of stand 

characteristic or food resource, were estimated using a Mann-Whitney two-sample ranksum 

statistic.  No data transformations (e.g., log of density or arcsine square root of cover) were used 

for any variable since rank-based non-parametric statistics were estimated. 

 
 
 
 
 

 
 
Figure 1.  Location data (2005) for 3 adult female grizzly bears used for vegetation surveys. 
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Table 1. Stand variables measured at grizzly bear and moose use and paired random 
locations (‘X’ indicates measurements were made for that species).  Large trees or coarse 
wood debris (CWD) were defined by a diameter exceeding 30 cm, while small trees or CWD 
were defined by diameters less than 30 cm. 
 

Stand variables units 
grizzly 
bears moose 

average canopy % X X 

nearest hiding cover metres X  

shrub cover % X  

large tree density No. / ha X X 

small tree density No. / ha X X 

height large trees metres X X 

height small trees metres X X 

DBH large trees cm X X 

DBH small trees cm X X 

stump density No. / ha X X 

snag class 2-7 X X 

snag density No. / ha X X 

DBH snags cm X X 

large CWD density No. / ha X X 

small CWD density No. / ha X X 

DBH large CWD cm X X 

DBH small CWD cm X X 

class of large CWD 2-7 X X 

class of small CWD 2-7 X X 

large CWD volume m3 / ha X X 

small CWD volume m3 / ha X X 
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Table 2. Food-based variables measured at grizzly bear use and random paired locations 
or derived through summary of herbaceous and shrub measures and in the case of 
seasonal food index weighted according to volume of diet expected at the date of the bear 
location. 
 
Food-related variable units 
forb diversity No. 
forbs % 
grasses/sedges % 
Peavine (Lathyrus ochroleucus) % 
Dandelion (Taraxacum officinale) % 
Clover (Trifolium spp.) % 
major herbaceous food % 
Horsetail (Equisetum spp.) % 
sweet vetch (Hedysarum sulphurescens) % 
Buffaloberry (Sheperdia canadensis) % 
Huckleberry (Vaccinium membranaceum) % 
major fruit species % 
seasonal food index index 

 
 
 
 
 
Table 3. Percent volume of food group by bi-monthly period represented in the telemetry 
locations visited for grizzly bears in the Flathead Valley, British Columbia (from: McLellan 
and Hovey 1995). 
 

bi-monthly period roots graminoids horsetails forbs fruit 

late April 48 11 3 4 0 
early May 48 21 2 9 1 
late May 10 30 14 32 2 
early June 4 26 16 44 1 
late June 1 17 16 59 0 
early July 8 13 11 60 2 
late July 3 10 3 57 15 
early August 0 7 2 15 71 
early September 1 4 1 4 86 
early October 32 2 0.4 13 36 
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Winter microsite habitat selection by moose 
 

Similar to grizzly bear assessments, a random selection of moose locations were 

selected for field visits in mature pine, young pine, and regenerating cutblock stands based on a 

2003 winter telemetry dataset from the Flathead River drainage (Fig. 2). Selections of potential 

moose locations, however, were further limited to only late winter location (Dec-March), as this 

was considered the most critical time for winter moose survival (Poole pers. comm.) Habitat 

structure and cover of important winter browse was measured at each use location, as well as at 

a nearby (50 metre distance) paired locations.  Structure elements measured at each site were 

the same as those used for grizzly bears, with the exception of nearest hiding cover, which was 

not measured, and shrub cover, which was measured but considered instead in assessments of 

food resources (Table 1).  Browse species considered in analyses included willow (Salix spp.), 

red-osier dogwood (Cornus stolonifera), and saskatoon (Amelanchier alnifolia), based on 

previous research in the Flathead by Poole and Stuart-Smith (2005).  As mentioned above, total 

shrub cover was also estimated at each site and used to assess possible differences or selection 

of food resources within a stand.  Total cover for the three main browse species was also 

estimated, as well as intensity of browse for each species.  Browse intensity was assigned ordinal 

rank values of 0 for none, 1 for low intensity, 2 for moderate intensity, and 3 for high intensity.  

We used a Mann-Whitney two-sample ranksum statistic to estimate whether significant 

differences existed among moose and available locations within a habitat type for each variable.  

We further compared differences in cover among habitat types for the three main browse species 

in order to rank food-related importance of habitat patches during winter.  Again, a Mann-Whitney 

two-sample ranksum statistic was used for comparison.  No data transformations (e.g., log of 

density or arcsine square root of cover) were used for any variable since rank-based non-

parametric statistics were estimated. 
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Figure 2.  Location data (2003) for 4 adult female moose used for vegetation surveys. 

 

 

Historical use of cutblocks by grizzly bears 

Anting 

 
In the summer of 1995, R. Knight collected data on bear mymecophagy (Knight 1999).  

He examined the use of wood-nesting ants in clearcuts as a food source for bears.  10 cutblocks 

were searched for recent attacks by bears on ant colonies. This involved systematically walking 

through the entire cutblock to ensure that all recent attacks were found.  A recent attack was 

defined as one that had occurred no more than two weeks previously, as determined by a lack of 

bleaching of the broken off pieces of wood and by the presence of fresh “sawdust”.  Because 

both grizzly and black bears are known to utilize ants as a food source in the study area it was 

impossible to know which bear species was responsible for the attack. 

When a recent attack was found, the nest was broken open to determine the species of 

ant inside. The five closest potential nest sites were examined for signs of attack, which were 

then recorded (old attacks were lumped with unattacked).  These five potential nest sites were 

then broken open and the species of ant (if any) was determined.  If no ants were present, the 

potential nest site was recorded as “no ants”.  If one of the adjacent colonies was also recently 

attacked, it was recorded as attacked and the five potential nest sites closest to it were then 



 50

broken open and the ant species identified.  If an unattacked potential nest site was one of the 

five closest sites to two attacked nests, the unattacked site was only counted once. Therefore, 

every potential nest site, attacked or unattacked, was counted only once.  Ant species were either 

identified by sight in the field or identified later. 

In addition to ant species, hardness of stump/wood debris was also recorded. Hardness 

was subjectively recorded using a five-point scale with 1 being the hardest and 5 being the 

softest. Distance to cover and distance to cutblock edge were also recorded. Distance to cover 

was defined as the shortest distance a bear would have to travel to no longer be visible from the 

nest. This was measured by having one person remain at the attack site while a second person 

walked towards the nearest cover until no longer visible. 

Logistic regression analysis was used to assess the significance of ant species, wood 

hardness, and distance to cover on probability of a nest site being attacked by a bear.  Because 

there was a high degree of correlation between distance to edge and distance to cover, the later 

was dropped from the analysis.  

 
Shepherdia canadensis  
 

In 1994 and 1995, R. Knight collected data on the effects of cutblocks and post-

harvesting site preparations on S. canadensis bush density and berry biomass. Knight compared 

10 to 15 yr old cutblocks that had either to no post-logging site preparation (unscarified), or had 

been further disturbed by mechanical scarification (drag and blade) to unharvested forest stands.  

25 sites were used for the study, including 7 unscarified cutblocks, 7, drag scarified cutblocks, 4 

blade scarified cutblocks, and 7 unharvested reference sites.  All cutblocks were located in the 

montaine spruce zone, which is dominated by lodgepole pine forests, and were similar in slope 

and aspect. For both years, data was collected in mid-July when S. Canadensis berries were ripe.  

Within each site, 0.01 ha circular plots were placed 50-100 apart (distance determined by random 

number) along parallel transects spaced 50-100 m apart (distance determined by random 

number) across the whole site. Number of plots ranged from 5 to 20 depending on the size of the 

site.   

Within each plot, the total number of S. canadensis bushes was counted. All branches 

with berries were categorized into three groups, based on stem diameter (<0.95 cm, 0.95-1.27 

cm and 1.27-1.59 cm).  If a branch was greater than 1.59 cm, it was counted as several branches 

with each branch forking off the >1.59 cm branch being categorized into its appropriate class. 

When there were five or fewer branches of a given size class in the plot, the number of berries on 

each brance was counted.   Berries were counted on every third branch if the branch total for a 

given class was 6-20 branches, on every fifth branch for 20-100 branches and on every tenth 

branch for totals exceeding 100 branches. This method was chosen to sample dense bushes 
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efficiently within a two-week period in order to minimize variation introduced by drop-off or berry 

consumption by animals.   

In 1994, all berries were picked from one branch of each size class in 3 forested areas, 

one unscarified, one drag scarified and one blade scarified cutblock.  Berries were oven dried and 

weighed to estimate the mean dry weight of a single berry. This value was then multiplied by the 

mean number of berries/plot to estimate dry berry biomass per plot. 

Bush density, berry biomass were tested in a nested ANOVA with treatment and location 

relative to the Flathead river (i.e., plot was coded as either east or west of the river to account for 

differences in the productivity on either side of the river) were the variables. The Fisher’s LSD 

multiple comparison test was used to determine significance between treatment types. 

 

 
Results 
 
 
Microsite habitat selection by grizzly bears 

Of a total of 376 bear locations collected for all 3 females, 115 were located in pine 

dominated stands or cutblocks, accounting for 31% of the locations (Table 4).  The amount of 

time spent in pine dominated stands varied slightly among bears from 40% for Kish to as low as 

24% for Maggie (Table 4).  

Although 57 use locations were visited, 5 sites were located along the edge of habitat 

types where use and paired available locations differed in habitat composition.  After removing 

edge locations, there were a total of 52 use locations with 12 occurring in mature pine forests, 17 

in young pine stands, and 23 in recent cutblocks (Table 5).  In total, 104 plots (use and paired 

available) were used for further assessment of within stand habitat selection. 

 
 
 
Table 4.  Number of female grizzly locations in lodgepole pine stands/cutblocks in 2005. 
 

Bear Id Total 
 # Locations 

# Locations 
 in Pine 

Proportion 
 in Pine 

Kish 104 42 0.40 

Maggie 152 36 0.24 

Mammie 120 37 0.31 

Total 376 115 0.31 
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Table 5. Number of female grizzly locations visited across three stand types. Final grizzly 
bear dataset therefore consisted of 52 use locations and 52 matched control (available) 
locations. 
 

Bear ID Mature Pine Young Pine Regenerating  
cutblock Total 

Kish 5 6 12 23 

Maggie 3 11 9 23 

Mammie 4 0 2 6 

Total 12 17 23 52 

 
 

The use of the different habitat types varies across the active season (Fig. 2).   Results 

indicate that regenerating cutblocks were used primarily in April, May and June with no use in 

August or September (Fig. 2). Use of the young pine stands by the female bears began in May, 

with use right through to September but the vast majority of use occurred in June and July with 

40% and 25%, respectively (Fig. 2).  Mature stands appeared to be used through out the active 

season with the least amount of use occurring in June (Fig. 2). 
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Figure 3.  Monthly distribution of 2005 female grizzly bear locations among treatments, 
mature pine forest, young pine stands, and regenerating cutblocks. 
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Only height of large (>30 cm DBH) trees and snag density within regenerating cutblocks 

were significantly different between grizzly bear use and paired random locations (Table 5).  

Average height of large trees was lower in grizzly bear use locations than random locations, while 

snag density was higher in grizzly bear use locations than random locations.  While it is difficult to 

interpret the significance of lower tree height in recent cutblocks, a higher density of snags in 

recent cutblocks may suggest microsites within a cutblock with prior disturbance or lower overall 

levels of impact.  Of the food-related measurements, only creamy peavine (Lathyrus 

ochroleucus), a minor herbaceous food resource for grizzly bears during late May through July 

(McLellan and Hovey 1995), significantly differed among grizzly bear use and paired random 

locations in mature pine stands (Table 6).  The presence of creamy peavine in mature pine 

stands may relate to other microsite factors that are generally favourable for grizzly bear habitat 

or perhaps is a spurious relationship given the large number of statistical tests presented.  The 

fact that the seasonal-adjusted food index did not significantly differ between use and paired 

random locations suggests that at the scale tested, food resources were not patchy and/or 

limiting.  Prior selection for stands (e.g., 3rd order habitat selection) may provide additional insight 

into types of stands selected and overall level of selection for each habitat type.  Based the 

comparison of seasonal foods among habitat types, we predict habitat selection across the year 

to marginally favour regenerating cutblocks over young pine stands and young pine stands over 

mature pine stands (Table 7).  Within a particular season, however, other habitats are likely to be 

favoured.  For instance during late summer, cover of buffaloberry and huckleberry were highest in 

mature pine stands, suggesting that selection for young pine and regenerating cutblocks should 

diminish by late summer (Table 7). 
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Table 5. Habitat characteristics (mean and standard deviation-SD) at grizzly bear GPS radiotelemetry use locations and matched (within 50 m) 
control (available) locations within mature pine, young pine, and regenerating cutblock habitat types in the Flathead Valley, British Columbia.  Bold 
font and superscript star symbols represent values that are significantly different (* p<0.05, ** p<0.01, *** p<0.001) from one another within a habitat 
class based on a Mann-Whitney two-sample ranksum (non-parametric) statistic. Significant differences indicate selection or avoidance. 
 
  mature pine (n=12 pairs)  young pine (n=17 pairs)  regenerating cut (n=23 pairs) 
  use  available  use  available  use  available 
Variable   mean SD  mean SD   mean SD  mean SD   mean SD  mean SD 
average canopy  62 18  61 20  51 19  56 21  5 6  5 8 
nearest hiding cover  22 11  23 11  23 7  26 10  37 12  37 12 
shrub cover  49 23  45 28  43 25  33 25  25 16  25 15 
large tree density  19 50  19 36  6 14  7 25  4 12  4 12 
small tree density  992 1120  1008 993  982 491  1076 498  39 58  26 69 

height large trees1  18 4  20 4  17 3  17 2  18* 2  24* 1 

height small trees1  14 3  13 3  7 1  7 1  8 3  6 2 

DBH large trees1  38 6  43 13  37 7  42 2  39 12  47 14 

DBH small trees1  18 3  16 3  12 2  11 2  13 4  11 4 
stump density  0.3 0.9  0   5 4  5 4  9 6  8 4 

snag class1  4.2 0.7  4.1 0.9  3.5 0.7  2.8 0.8  4.7 1.5  3.5  
snag density  88 68  127 93  3 8  6 14  12* 22  2* 10 

DBH snags1  16 5  19 15  19 8  19 11  19 11  38  
large CWD density  33 65  33 49  18 53  47 87  52 112  78 95 
small CWD density  6283 4639  5133 3743  2329 1642  2565 1512  5774 2307  6687 3584 

DBH large CWD1  38 6  43 13  37 7  42 2  39 12  47 14 

DBH small CWD1  18 3  16 3  12 2  11 2  13 4  11 4 

class of large CWD1  4.2 0.8  3.3 1.3  4.5 0.7  4.5 1.0  3.9 1.1  3.4 1.1 

class of small CWD1  3.7 0.5  3.5 0.5  4.8 0.4  4.7 0.4  3.4 0.4  3.4 0.4 
large CWD volume  4.4 8.9  4.9 7.5  2.6 7.6  5.6 10.4  9.4 23.3  12.3 15.7 
small CWD volume  35.3 25.8  26.2 20.0  11.4 10.5  11.0 7.2  25.1 11.7  27.0 14.1 

1- estimated only where present (e.g., zeros excluded, since non-sensible value such as height of large trees) 
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Table 6. Food-related measures (mean and standard deviation-SD) at grizzly bear GPS radiotelemetry use locations and matched (within 50 m) 
control (available) locations within mature pine, young pine, and regenerating cutblock habitat types in the Flathead Valley, British Columbia.  Bold 
font and superscript star symbols represent values that are significantly different (* p<0.05, ** p<0.01, *** p<0.001) from one another within a habitat 
class based on a Mann-Whitney two-sample ranksum (non-parametric) statistic.  Significant differences indicate selection or avoidance. 
 
  mature pine (n=12 pairs)  young pine (n=17 pairs)  regenerating cut (n=23 pairs) 
  use  available  use  available  use  available 
Variable   mean SD   mean SD   mean SD   mean SD   mean SD   mean SD 
forb diversity  11.9 4.9  10.5 2.6  12.8 4.5  12.6 4.2  10.0 4.3  9.3 4.7 
forbs  21.3 21.0  32.8 33.3  19.3 15.5  19.4 14.8  22.7 17.8  19.5 16.5 
grasses/sedges  27.9 24.3  27.8 25.0  45.9 25.0  38.3 25.8  34.9 20.5  39.5 23.0 
peavine  1.3* 1.8  0.3* 0.6  0.9 2.0  0.6 0.9  1.5 2.8  1.2 2.7 
dandelion  0.04 0.1  0.1 0.3  0.2 0.3  0.4 0.7  0.1 0.2  0.1 0.2 
clover  0.04 0.1  0.1 0.2  0.6 1.3  0.3 0.4  0   0.3 1.3 
major herbaceous food  1.4 1.8  0.5 0.8  1.8 3.2  1.3 1.7  1.6 2.8  1.6 2.9 
horsetail  0   6.7 23.1  0.9 1.9  0.3 0.8  1.3 3.8  0.3 1.2 
sweet vetch  0   0 -  0.5 1.4  0.1 0.3  0.1 0.2  0.1 0.6 
buffaloberry  7.4 15.4  1.1 3.4  1.4 3.3  1.5 3.9  2.0 3.2  4.9 7.4 
huckleberry  2.4 8.1  9.8 21.3  0.6 2.2  2.0 5.7  0.8 1.8  0.8 2.6 
major fruit species  9.8 16.5  10.9 21.1  2.0 3.7  3.5 6.4  2.8 3.3  5.7 7.7 
seasonal food index   518 536   622 545   690 468   691 480   673 538   789 647 
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Table 7. Mean and standard deviation (in parentheses) in cover of important food items for 
grizzly bears by habitat type (both grizzly bear and available locations used).  Unlike 
superscript letters indicate significant (p<0.05) differences among habitat types based on 
Mann-Whitney ranksum statistic.  Bold font indicates habitat type with highest ranked 
average cover. 
 
Food item mature pine young pine regenerating cut 
grasses/sedges 27.8 (24.1)a 42.1 (25.3)b 37.2 (21.7)ab 
peavine 0.8 (1.4)a 0.8 (1.5)a 1.4 (2.7)a 
dandelion 0.06 (0.22)a 0.3 (0.5)b 0.1 (0.2)ab 
clover 0.06 (0.17)a 0.4 (1.0)b 0.1 (0.9)b 
horsetail 3.3 (16.3)a 0.6 (1.5)b 0.9 (2.9)ab 
sweet vetch 0 0.3 (1.0)a 0.1 (0.5)a 
buffaloberry 4.3 (11.4)ab 1.4 (3.5)b 3.5 (5.9)a 
huckleberry 6.1 (16.2)a 1.3 (4.3)a 0.8 (2.2)a 
seasonal food index 570 (531)a 690 (467)a 845 (691)a 

 
 

 

Winter microsite habitat selection by moose 
 

Although 102 use locations were visited, 5 use sites were labeled as mature forest and 

18 use sites were located along the edge of habitat types where use and paired available 

locations differed in habitat composition.  After removing mature forest and edge locations, there 

were a total of 78 use locations with 38 occurring in mature pine forests, 36 in young pine stands, 

and only 4 in recent cutblocks (Table 8).  In total, 156 plots (use and paired available) were used 

for assessment of within stand habitat selection. 

Only class of small (<30 cm DBH) coarse woody debris (CWD) differed significantly 

among use and available locations within a stand for mature and young pine stands (Table 9).  

Class of small CWD tended to be higher for moose locations in mature pine stands and smaller 

for moose locations in young pine stands compared to nearby available locations within the same 

stand.  No significant differences in cover was apparent for any of the three important winter 

browse species tested, as well as total shrub cover and total cover of the three species 

combined.  Despite lack of significant differences in cover of browse species, it was apparent that 

browse intensity was higher at moose telemetry locations than nearby random available 

locations, regardless of habitat type (Table 10).  Lack of significant relationships suggests that 

prior selection for stands may be occurring and/or the 50 metre distance chosen for paired 

available plots were too close.  Third order (patch-level) habitat selection assessed with telemetry 

data may provide additional insight into whether specific types of mature pine, young pine, and 

recent cut stands are selected by moose during winter and the overall level of selection for those 

stand types.  Based on food resources within stand types, we predict that habitat selection at the 
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patch level in winter should favor young pine stands where cover of willow and saskatoon is 

significantly greater than cover in mature pine or regenerating cuts (Table 11).  At local, within 

patch scales, habitat structure and food resources are statistically similar to each other, although 

small sample sizes prevent such inferences from being conclusive. 

 

 

Table 8. Number of moose locations visited across three stand types after removing sites 
where paired available locations occurred in edge or other habitat types.  Final moose 
dataset therefore consisted of 78 use locations and 78 matched control (available) 
locations. 
 

Moose ID 
Mature Pine Young 

Pine 
Regenerating 

cutblock Total 
F25 7 5 0 12 
F26 8 13 3 24 
F27 0 1 0 1 
F28 23 17 1 41 
Total 38 36 4 78 
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Table 9. Habitat characteristics (mean and standard deviation-SD) at moose radiotelemetry use locations and matched (within 50 m) 
control (available) locations within mature pine, young pine, and regenerating cutblock habitat types in the Flathead Valley, British 
Columbia.  Bold font and superscript star symbols represent values that are significantly different (* p<0.05, ** p<0.01, *** p<0.001) from 
one another within a habitat class based on a Mann-Whitney two-sample ranksum (non-parametric) statistic. Significant differences 
indicate selection or avoidance. 
 
  mature pine (n=38 pairs)  young pine (n=36 pairs)  regenerating cut (n=4 pairs) 
  use  available  use  available  use  available 
Variable   mean SD  mean SD   mean SD  mean SD   mean SD  mean SD 
average canopy  67.5 19.6  69.1 18.3  44.9 17.5  48.9 20.9  10.9 11.6  1.1 1.5 
large tree density  28.3 37.7  32.2 47.9  27.1 34.0  33.3 46.7  0   0  
small tree density  997 796  1000 967  625 429  681 363  250 300  50 100 

height large trees1  17.4 3.4  16.8 3.2  18.9 4.0  17.0 2.8  none   none  

height small trees1  11.8 2.6  11.6 3.2  6.6 1.7  6.6 1.9  7.0 1.1  5.0 - 

DBH large trees1  35.6 6.5  37.4 6.0  38.9 6.6  37.4 4.6  none   none  

DBH small trees1  16.9 2.5  16.9 4.2  11.9 2.9  12.5 2.8  14.6 0.4  13.3 - 
number of stumps  0.1 0.5  0.4 2.4  2.7 3.9  3.0 4.1  7.0 1.2  5.3 4.7 

snag class1  4.0 0.6  3.9 0.6  3.3 1.0  3.3 1.0  5.0 -  3.0 - 
snag density  160 156  143 147  10 28  17 33  13 25  31 63 
height of snags1  8.5 3.2  8.7 2.4  6.8 3.7  6.3 4.2  9.3 -  1.5 - 

DBH snags1  16.3 5.9  14.4 5.7  18.4 11.7  16.2 12.3  18.0 -  14.2 - 
large CWD density  61 86  84 115  64 102  78 96  50 58  125 150 
small CWD density  2616 1771  3589 2349  900 851  1633 2180  4100 2754  5450 2630

DBH large CWD1  34.6 5.0  34.0 5.0  36.1 8.4  32.4 8.5  31.5 0.7  37.6 4.4 

DBH small CWD1  13.5 2.2  13.3 2.0  14.7 4.0  13.4 3.0  14.3 2.7  11.6 0.8 

class of large CWD1  3.3 0.5  3.6 0.9  3.8 0.7  3.9 0.7  none   none  

class of small CWD1  3.6** 2.9  3.3** 0.3  3.7*** 0.6  4.2*** 0.6  3.1 0.1  3.3 0.3 
large CWD volume  10.1 18.4  13.9 26.8  10.4 17.3  11.1 14.0  6.1 7.1  24.0 31.7 
small CWD volume   15.4 10.8  20.9 12.6   6.3 6.5   10.3 16.8   24.9 10.5   23.7 10.1 

1- estimated only where present (e.g., zeros excluded, since non-sensible value such as height of large trees)
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Table 10. Food-related measures (mean and standard deviation-SD) at moose radiotelemetry use locations and matched (within 50 m) 
control (available) locations within mature pine, young pine, and regenerating cutblock habitat types in the Flathead Valley, British 
Columbia.  Bold font and superscript star symbols represent values that are significantly different (* p<0.05, ** p<0.01, *** p<0.001) from 
one another within a habitat class based on a Mann-Whitney two-sample ranksum (non-parametric) statistic.  Significant differences 
indicate selection or avoidance. 
 
  mature pine (n=38 pairs)  young pine (n=36 pairs)  regenerating cut (n=4 pairs) 
  use  available  use  available  use  available 
Variable   mean SD  mean SD   mean SD   mean SD   mean SD  mean SD 
total shrub cover  62.0 26.4  64.9 34.5  57.7 23.9  55.0 28.0  30.1 18.7  32.3 21.5 
willow cover  2.4 5.0  0.8 1.7  4.3 7.3  2.3 4.4  0.1 0.3  0.6 0.5 
browse intensity of willow1  2.6** 0.5  3.0** 0.0  3.0** 0.0  2.6** 0.7  3.0   1.5 0.7 
red-osier dogwood cover  0.2 0.7  0.04 0.2  0   0   0   0  
browse intensity of dogwood1  3.0 0.0  3.0   NA   NA   NA   NA  
saskatoon cover  7.4 8.6  6.5 7.8  14.5 14.4  11.7 11.8  8.3 4.8  9.5 7.0 
browse intensity of saskatoon1  2.9*** 0.4  2.4*** 0.7  2.9** 0.4  2.3** 0.9  3.0* 0.0  1.5* 0.6 
total cover of food shrubs   10.0 9.9  7.3 8.0   18.8 15.8   14.0 13.0   8.4 4.6   10.1 6.7 

1- estimated only where present (e.g., zeros excluded) 
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Historical use of cutblocks by grizzly bears 

Anting 

 
The overall logistic regression model was significant (Likelihood Ratio-χ2= 242.62, DF=13, 

P<0.0001).  All variables in the model were significant (Table 11).  Based on the data, however, 

we could not detect a significant difference in the type of species of ants preferred (Table 11).  

Although not significant, both Campanotus herculeanus and Formica subnitens/planipilis had the 

largest positive B-values when compared to the reference category, Tapinoma sessile (Table 4). 

Conversely, Acanthomyops spp. and Leptothorax muscorum had the largest negative B-value 

when compared to the reference but once again these results were not significant (Table 11).  

Stumps and logs were rarely attacked if there were no ants present. Only 0.5 % of potential nest 

sites without ants were attacked (Knight 1999). Although wood hardness was significant in the 

overall model, differences among the hardness classes could not be detected (Table 11). The 

hardest wood class did, however, have a negative estimated coefficient when compared to the 

reference, but this result was not significant (Table 11). Distance to cover was negatively 

correlated to nest disturbance (B =-0.02, SE=0.01, P=0.10).   

 
 
Shepherdia canadensis 
 
When the location of the treatment type was taken into account, the presence of S. canadensis 

bushes was significantly different among treatments (F=4.014, df=3, P=0.02).  Comparisons 

between treatments indicated mean bushes per 0.01 ha in unscarified cutblocks were significantly 

greater than those in drag scarified (P=0.01) and blade scarified (P=0.05) cutblocks but did not 

differ from unharvested sites (Fig 4).  The F-test for mean berry biomass was not significant for 

treatment in either year (Fig 5). 
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Table 11. Logistic regression analysis of variables influencing the probability of an ant 
nest site being attacked.  Estimated coefficients (B), standard error (SE), degrees of 
freedom (DF), the wald chi-square statistic, and probabilities (P) are reported.  
 

Parameter DF B SE Wald Chi-
Square P 

Intercept 1 -7.59 85.92 0.008 0.93 

Distance to cover 1 -0.02 0.01 2.77 0.10 

Hardness 4   10.268 0.04 

  1 1 -8.96 194.1 0.002 0.96 

  2 1 2.09 48.52 0.002 0.97 

  3 1 2.72 48.52 0.003 0.96 

  4 1 2.38 48.52 0.002 0.96 

Species 8   109.58 <0.0001 

  Acanthomyops spp. 1 -8.32 535.4 0.0002 0.99 

  Formica neorufibarbis 1 4.22 70.91 0.004 0.95 

  Campanotus herculeanus 1 4.98 70.91 0.005 0.94 

  Formica fusca/altipens 1 4.37 70.91 0.004 0.95 

  Lasius sitkaensis 1 3.74 70.91 0.003 0.96 

  Myrmica incompleta 1 2.23 70.91 0.001 0.98 

  Leptothorax muscorum 1 -8.23 129.8 0.004 0.95 

  Formica subnitens/planipilis 1 5.10 70.91 0.005 0.94 
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Figure 4.  Mean (SE) number of S. canadensis plants in forest reference stand and 
cutblocks with different post-harvesting site preparations (non-scarified, drag scarified, 
and blade scarified). 
 

 
 
Figure 5. Shepherdia canadensis berry biomass in forest reference stand and cutblocks 
with different post-harvesting site preparations (non-scarified, drag scarified, and blade 
scarified). 
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Discussion 
 

On average, female grizzly bears in 2005 spent 30% of time in either pine dominated 

stands or regenerating cutblocks. Interestingly, these habitat classes contain very few bear foods 

and the majority of bear foods that were present were present in very small quantities. Of the 

food-related measurements, only creamy peavine (Lathyrus ochroleucus), a minor herbaceous 

food resource for grizzly bears during late May through July (McLellan and Hovey 1995), 

significantly differed among grizzly bear use and paired random locations in mature pine stands.   

These results are consistent with McLellan and Hovey (2001) and McLellan (1990) findings, 

which showed that regenerating cutblocks and young second growth stands, were ranked among 

the least favoured habitats because of the lack of food.  

It is possible, and likely, that grizzly bears are using these habitats types for purposes 

other than vegetative feeding.  Mature forests are often areas used for bedding, while bears have 

been known to forage for ants in regenerating cutblocks (McLellan 1989 and Knight 1999). 

Grizzly bears are also opportunistic predators and may be moving through these areas in search 

of ungulates.  Because we were unable to visit any sites immediately after the bears had been 

there we were unable to determine the type of activity the bear was engaged in at the time of use. 

If bears were using any of these habitat types for anting activity we would expect to find a 

correlation between the quantity of coarse wood debris present and treatment type. Interesting, 

snag density within regenerating cutblocks was significantly higher at grizzly bear use sites 

suggesting that bears may be anting when in cutblocks.   

Although grizzly bears in the Flathead drainage do feed on ants, ants do not appear to 

constitute a large proportion of the grizzly bear diet (McLellan and Hovey 1995).  However, ants 

have been shown to be an important summer food item for grizzly bears in other areas, including 

Yellowstone National Park (Mattson et al 1991) and west-central Alberta (Munro et al. 2006).  As 

well ants are an important summer for black bears (Hatler 1972, Irwin and Hammond 1985, 

MacHutchon 1989, Holcroft and Herrero 1991, Noyce et al. 1997). For these reasons we thought 

it was important to include previous unpublished data on the effects of cutblocks on bear 

myrmecophagy in the Flathead River area.   

Analysis of the data from 1994 and 1994 showed that bears do not randomly attack 

potential nests but preferentially attack certain ant species. Although results were not significant, 

Campanotus herculeanus and Formica subnitens/planipilis had the largest positive coefficients. 

This suggests that there is a slight preference for these species when compared to the reference 

T. sessile.  These findings are also supported in the literature. The majority of ants consumed by 

grizzly bears in Yellowstone National Park also belonged to the genera Camponotus and 

Formica, with the most common species being C. pennsylvanicus modoc and F. neorufibarbis 
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(Mattson et al 1991). Bears were also more likely to attack a nest if it was closer to cover. These 

results lend support to the hypothesis that hiding cover and/or local security-related issues are 

important considerations in habitat selection for grizzly bears (Gibeau et al. 2002, Nielsen et al. 

2004) 

S. canadensis, berries have been identified as an important summer food for both 

grizzlies (Hamer and Herrero 1987; Mattson et al. 1991; McLellan and Hovey 1995, Munro et al. 

2006) and black bear (Irwin and Hammond 1985; MacHutchon 1989; Holcroft and Herrero 1991).  

Clearcut logging and post-logging site treatments affected S. canadensis shrub density.  Although 

the difference was not statistically significant, non-scarified cutblocks tended to have greater 

shrub densities than forested sites. Furthermore, mechanical scarification had a negative effect 

on the presence of S. canadensis. These results suggest that timber harvesting without intensive 

post-harvest mechanical site preparation can enhance the recruitment of S. canadensis. Others 

have also found that silvicultural practices can have a negative impact on this plant species 

(Bratkovich 1986, Nielsen et al. 2004b). S. canadensis reproduces vegetatively through the 

production of rhizomes, which run just below the humus layer (Hayes et al. 1990). Mechanical 

scarification likely damages these shoot extension resulting in a slower recruitment rate. No 

detectable difference in S. canadensis fruit production between clearcuts and forests was evident.  

Nielsen et at. (2004b), reported similar findings in west-central Alberta.  It is likely that additional 

environmental variables are important for fruit production. Local soil conditions, light and moisture 

levels, as well as weather may all have an effect on berry production.   

Lack of significant relationships at the microsite level for moose suggests that prior 

selection for stands may be occurring and/or the 50 metre distance chosen for paired available 

plots were too close.  Third order (patch-level) habitat selection assessed with telemetry data may 

provide additional insight into whether specific types of mature pine, young pine, and recent cut 

stands are selected by moose during winter and the overall level of selection for those stand 

types.  Based on food resources within stand types, we predict that habitat selection at the patch 

level in winter should favor young pine stands where cover of willow and saskatoon is significantly 

greater than cover in mature pine or regenerating cuts (see Poole and Stuart-Smith 2005). 
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