
FII Forest Research Program 2003/04 Annual Progress Report 

The purpose of this Annual Progress Report is to communicate progress and achievements of your research project over the funding period and 
identify impacts or outcomes of the project.  Information from this progress report is required to assess the final progress of the project in relation 
to the Recipient Agreement and to provide information required for FII Ltd. to report on annual achievements and funding investments for the 
Forest Research Program.  Complete the required information in the unshaded text boxes for Parts A to C, (text boxes will expand). 

 

Part A:  General Project Information 
The information provided under Part A will be available for immediate posting on the Internet in a project repository on the Natural 
Resources Information Network (NRIN) website. 
 
Project No: R04-095, R04-049 
Organisation: Ministry of Forests Research Branch 
Project Contact: Dr. Bruce McLellan 
Address: RPO#3, Box 9158, Revelstoke, B.C.  V0E 3K0 
Phone No. (250) 837-7767 
Email: Bruce.mclellan@gems9.gov.bc.ca 
Project Title:  
Testing guidelines and implications of intensive forest management on grizzly bears  
Final Project Abstract: 
Grizzly bears are a very high profile species and integrating their requirements within intensively managed forested landscapes is 
a significant challenge and under intense public and professional scrutiny – locally, nationally, and internationally.  This project 
capitalizes on 25 continuous years of research that has radio monitored >140 different grizzly bears to: 1) compare grizzly bear 
habitat use, behaviour and population characteristics during the first pass of timber harvesting and a major gas exploration 
program (1978-1985), the period between timber harvesting (1986-1999), and during second pass of timber harvest (2000-2006), 
2) test grizzly bear avalanche chute management guidelines, 3) work with managers to implement results into the various scales 
of land-use planning and development plus continue to publish in peer-reviewed journals and in conference proceedings and 
maintaining a high profile on international committees and groups such as the IUCN bear specialist group and the International 
Association for Bear Research and Management 
Keywords:  
avalanche chutes, buffers, grizzly bear, habitat selection, intensive forestry, IUCN, population dynamics, riparian, road density, 
mortality, reproductive rates, spatial fidelity 
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Part B:  Project Impacts, Outcomes, Progress, and Extension 
Information provided in Part B is used to evaluate and assess the completion of the project in relation to the terms and workplan outlined in the 
Recipient Agreement and assess the impacts and outcomes of the project. 
 
B1:  Workplan and Annual Progress Summary: 

Using the table below, describe the extent to which the activities and objectives identified in the workplan (Schedule A Recipient Agreement) 
were achieved.  Indicate any changes from the original plan in bold, and indicate date of approval and brief rationale for the change.  Please list 
extension activities and deliverables in table B5 below(“Outputs, Deliverables, and Extension”) 
 
Project Component or 

Objective  Activities (Tasks)  Extent to Which Activities have been Completed and Objective has been 
Achieved  

Grizzly bear capture Capture grizzly bears 
and remove old GPS 
collars and put on new 
GPS and VHF 
radiocollars 

Twelve grizzly bears were captured; 4 were collared with GPS and 8 with  
VHF collars.  In a second study area, 5 grizzlies were collared and GPS 
collars put on.  Three GPS collars were removed. 

Telemetry data 
collection 

Locate bears from 
aircraft.  Investigate 
mortalities 

Grizzly bears were located from aircraft approximately every 2 weeks for a 
total of 185 locations.  Three collared bears were killed, two by ungulate 
hunters and one in a neck snare set for wolves by a trapper.  

Avalanche chute buffer 
data collection 

Collect data on grizzly 
bear use of avalanche 
chute complexes. 

We searched 68 forested buffers adjacent to 46 different avalanche chutes 
(some chutes shared buffers).  We found 29 beds associated with 14 
different chutes 

Paper – Differential use 
of landscapes  

Finish writing and submit 
paper and then review 
and modify 

Draft completed and undergoing a pre-submission review.  
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Paper – Molecular 
evidence of individual 
migrants 

Submit paper and then 
review and modify 

Has been submitted and waiting reviews.  

Paper – Factors 
affecting daily activity 
patterns 

Finalize and submit 
paper and then review 
and modify 

Has been written, almost ready to submit. 

Paper – Landscape 
factors influencing 
grizzly bear mortality. 

Analysis, write and 
submit paper and then 
review and modify 

Initial analysis done. Not yet written.  

Annual report on 
avalanche chute use 

Prepare brief annual 
report that summarizes 
annual data collection. 

Done 

Annual report of 
second pass timber 
harvest 

Prepare brief annual 
report that summarizes 
annual data collection. 

Not done as GPS collars are still on bears and, because FII will no longer 
fund this project, considerable effort was made to obtain funding elsewhere 
as it is clearly unethical to capture bears and put on $25,000 worth of collars 
and then not complete the project.  

Extension to licensees 
and agency personnel. 

Be readily available to 
operational staff and 
agency executive and on 
appropriate committees 

Worked on grizzly bear issues in 3 Forest Districts 

Extension to 
international 
community of bear 
biologists and 
conservationists 

Run for office of IBA, 
maintain status on IUCN 
BSG, attend 
conferences and present 
papers 

Was elected chair of the IUCN Bear Specialist Group.  Attended and 
presented a paper at international conference.  
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B2:  Research Question:   

Restate the research question as per your original proposal and comment on the extent to which your research question has been answered 
during the current funding period. 
How does intensive forest management affect the habitat selection, behaviour, and population dynamics of grizzly bears and are 
guidelines appropriate and, if not, how can they be improved?  
 
These are complex but important questions that we have a good start on answering.  The component of the project focusing on 
avalanche chute buffer widths has obtained some data needed to test guidelines of avalanche chute buffer widths in the land-use 
plans.  The component of the study focusing on intensive forestry (second pass) was also progressing well.  We refitted 5 adult 
females that have been monitored for > 10 years with radiocollars that will enable comparisons between various time frames of 
land-use developments.  In addition, we captured 5 of their dispersing 2 and 3 year old offspring.  One adult female (she had 3 
cubs), one 2 year old, and an adult male were killed (not by legal hunting), indicating problems associated with access.  The GPS 
data have not been retrieved but will indicate how the bears are using this highly managed landscape.  However, during this 
period other “scientists” published “Scientific criteria for evaluation and establishment of grizzly bear management areas in British 
Columbia”.  This report calls for bear hunting, forest harvesting, and road building to stop over approximately 68-84% of British 
Columbia.  Clearly, data confirming that grizzly bear conservation and forestry can coexist is needed.  
 
 
 
B3:  Impacts and Outcomes: 

Describe the impacts and outcomes of the research and how the research has benefited or improved sustainable forest management.  Where 
possible, provide quantifiable outcomes associated with this research (i.e., volume gain in terms of m3; cost savings due to improved access, 
etc.). 
Forest harvesting has been curtailed over a considerable portion of British Columbia because of the pressure from local and 
international NGOs to conserve grizzly bear habitat.  Hunting of bears has been reduced almost by half.  This year, a report from 
these NGOs has suggested that bear hunting, timber harvesting, and road building should stop over most of British Columbia.  
This report may have bearing on lumber certification processes. Our long term project forms a cornerstone of our understanding of 
the relationship between forest management and grizzly bears and has continued to show that forestry and grizzly bear 
conservation can coexist, at least through the first pass of timber harvest.  Its value to forestry (and other industries) in British 
Columbia is difficult to measure, but without such long term projects demonstrating that we have large, viable grizzly bear 
populations in areas with intensive forestry, the amount of forests available to be harvested may be much less.   
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B4:  Users and Application of Results: 

List the user group and describe the realised or expected benefit of your research (eg, researchers, technical experts, planners, foresters, 
practitioners, regulators, decision makers, public). If results or information derived from the research have been used, provide the name of the 
individual and organisation and describe how the information has been applied. 
 
User/User Group Realised/Expected Benefit 
 
Researchers/Scientific 
Community 

Contributed to the understanding of grizzly bear behaviour in response to forestry and other landuse 
developments (published a paper entitled “estimating grizzly bear distribution and abundance relative to 
habitat and human influence”) and hunting (paper and presentation at international conference on 
sexually selected infanticide and the effects of male biased hunting).  

Forest Planners 
 

Have contributed to the development of guidelines for access and buffers adjacent to avalanche chutes.  

Operational Foresters 
 

Have commented on operational plans for block layout and the use of herbicides for managing 
competing vegetation.  

Environmental NGOs Informed these groups on efforts being undertaken to ensure grizzly bear conservation.  
Public Have given talks on grizzly bear ecology and been interviewed on radio.  
MOF, MSRM, WLAP 
Regional and Victoria 
Executive 

Provided information on grizzly bear management. 

Other industries and 
activities (hunting 
guides) 

Have provided information on undetected mortality rates and population size. 

International bear 
conservation 

Provided guidance for bear managers in Slovenia, Russia, Ecuador, Peru, Mongolia, and the USA. 
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B5:  Outputs, Deliverables, and Extension 

List the deliverables or extension products developed from the research during the 2003/04 funding period.  Please identify a) the type of 
deliverable (TYPE), b) the deliverable citation, and c) whether it is (Y) or is not (N) included as part of this Annual Progress Report submission 
(INCL). 
 
TYPE CITATION INCL (Y/N) 
JOU McLellan, B.N. Sexually selected infanticide in grizzly bears and the effects of hunting: rethinking the 

model. Submitted. Ursus. 
Abstract 

ORA McLellan, B.N. Sexually selected infanticide in grizzly bears and the effects of hunting: rethinking the 
model. To 15th conference of the International Association for bear research and management. Feb 8-16, 
2004. San Diego, CA.  

N 

JOU Proctor, M., B.N. McLellan, and C. Strobeck. Genetic sampling reveals fragmented grizzly bear 
populations across their southern distribution.  Submitted. Journal of the National Academy of Science. 

Abstract  

JOU Proctor, M., B.N. McLellan, C. Strobeck, and R.M.R. Barclay.  Gender specific dispersal distances of 
grizzly bears estimated by genetic analysis. (in prep) for Canadian Journal of Zoology.  

Abstract 

JOU Hovey, F.W., B.N. McLellan, and R.D. Mace. Testing a landscape evaluation model developed for grizzly 
bears. (in prep.) for Journal of Wildlife Management 

Abstract 

TEC Serrouya, R., B.N. McLellan, and G. Pavan. Characterizing the location of grizzly bear beds in avalanche 
chute buffers: implications for buffer width and stand attributes:  Year 1 Progress report.  

Abstract 

JOU Reynolds, H.V., J.E. Swenson, B.N. McLellan, S. Brunberg. J.M. Arnemo.  Submitted. Procedures for 
maximizing safe and humane capture of brown bears. Ursus. 

Abstract 

JOU Boulanger, J., B.N. McLellan , J.G. Woods , and M. Proctor. In Press.  Sampling design and bias in DNA-
based mark-recapture estimates of grizzly bears. Journal of Wildlife Management. 

Abstract 

JOU Apps, C.D., B.N. McLellan, J.G. Woods, and M.F. Proctor. 2004.  Estimating grizzly bear distribution and 
abundance relative to habitat and human influence.  Journal of Wildlife Management 68: 138-152. 

Abstract 

JOU Schwartz, C.C, K.A. Keating, H.V. Reynolds, V.G. Barnes, R.A. Sellers, J.E. Swenson, S.D. Miller, B.N. 
McLellan, J. Keay, R. McCann, M. Gibeau, W.F. Wakkinen, R.D. Mace, W. Kasworm, R. Smith, and S. 
Herrero. 2003. Reproductive senescence in the brown/grizzly bear. Ursus 14:109-119. 

Abstract  

JOU Proctor, M., B.N. McLellan, and Strobeck, C. 2003. Population fragmentation of grizzly bears in 
southeastern British Columbia, Canada. Ursus 15:153-160. 

Abstract 

JOU Hovey, F.W., R. McCann, and B.N. McLellan. Some factors affecting daily activity patterns of brown bears 
from the Flathead Drainage of British Columbia and Montana.  (in prep) for Canadian Journal of Zoology 

Abstract 
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JOU Apps, C. D, and B.N. McLellan. Landscape partitioning and spatial inferences of competition between 
black and grizzly bears (in prep). For Journal of Animal Ecology. 

Abstract 

 
Deliverable Type Legend 
TYPE OUTPUT DESCRIPTION TYPE OUTPUT DESCRIPTION 
TEC Technical Report FGM Field Guide or Manual 
JOU Peer Reviewed Journal Article ORA Oral Presentation 
EXT Extension Note or Newsletter Article POS Poster Presentation 
NEW Newsletter WEB Website 
BOK Book or Book Chapter OTH Other 
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Part C:  Additional Project Information 
Information provided in Part C will be used to report out on the overall investments of the Research Program during the 2003/04 funding period. 
 
C1:  Multi-year Projects: If the project is part of a multi-year research initiative, indicate in the statement below where the current funding period 
(2003/04) lies within the longer term research program: 

The 2003/04 fiscal period represents year _1_ of a _5_ year research program/project. 
 
 
C2:  Research Focus:  Select (by placing an X in the preceding box) the primary category that would best categorize the focus of research 

 Silvicultural Systems - (harvesting systems – 
shelterwood, clear-cut, etc.) 

  Natural Disturbance Dynamics (fire, 
wind, etc.) 

  Site Rehabilitation and 
Restoration 

 Growth and Yield (modeling, site index work)   Ecosystem Dynamics (classification, 
inventory, PEM, ecosystem research) 

  Forest Genetics 

X Biodiversity/Habitat Management (SAR, 
habitat requirements, habitat supply modeling) 

  Wood Quality (assessment, wood 
properties and potential applications) 

  Other – Please specify 

 Forest health (pests and pathogens)   Soil Conservation, Health, and 
Productivity 

   

 Riparian and Aquatic Management (buffers, 
CWD) 

  Integrated Resource Management (land 
use planning) 

   

 
 
C3:  Biogeoclimatic Ecosystem Classification:  Identify (by placing an X in the preceding box) the BEC zone(s) to which the research applies. 
 
X Alpine Tundra X Engelmann Spruce-Subalpine Fir  Ponderosa Pine 
 Boreal White and Black Spruce X Interior Cedar-Hemlock  Spruce-Willow-Birch 
 Bunchgrass  Interior Douglas-Fir  Sub-Boreal Spruce 
 Coastal Douglas-Fir X Montane Spruce  Not applicable 
 Coastal Western Hemlock  Mountain Hemlock   
 
 

Annual Progress Report Template – Forest Research Program 2003/04     Page 9 of 17 



FII Forest Research Program 2003/04 Annual Progress Report 

C4:  FII’s Objectives and Strategies:  With respect to FII’s objectives and strategies listed below, identify (by placing an X in the preceding box) 
which of the following strategies best represents the overall objective and approach of your research project. 
 
Objectives and Strategies 
Objective:  To support more effective policies, regulations, and guidelines  

x Support policy, regulatory and guideline development, evaluation and adjustment 
x Enhance quality of decision making through improved knowledge base 
x Empowered decision makers to employ practical adaptive management approaches 
x Support greater certainty in planning and decision making for all forest resources values  

Objective:  To enhance the value of timber and forest land assets  
 More effective and efficient use of forest resources 
 Reducing costs of timber production 
 Reducing forest health risks through improved management practices  
 Enhancing timber quality and resulting products 
 Increasing available volume and value through productivity enhancements, increased utilisation and better realisation of inherent site 

potential 
 Increasing available timber volume through management of access constraints 

Objective: To improve stewardship and market acceptability of BC forest practices and forest products 
x Promoting new or adapted forest practices which give  BC an edge in the world forest product marketplace 
x Improving sustainable forestry practices in terms of planning, management, monitoring, analysis, reporting and adjustment 
x Enabling and accelerating certification practices 
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Abstracts of Papers being prepared during 2003-2004. 
 
Characterizing the location of grizzly bear beds in avalanche chute buffers: implications for buffer width and stand 
attributes:  Year 1 Progress report. 
 
Serrouya, R., B.N. McLellan, and G. Pavan. 
 
 
Abstract: Avalanche chutes are an important component of spring grizzly bear habitat and as such have been afforded protection 
under regional land-use plans.  The primary means of protecting chutes has been to retain adjacent forest buffers to reduce the 
potential impacts of nearby forest management activities.  To help determine the effectiveness of forest buffers adjacent to avalanche 
chutes, we quantified the location and structural characteristics of bear beds within these buffers and compared them to matched 
random sites.  Relative to random plots, bear beds were more often located closer an individual tree and that tree had on average 
more than twice the basal area.  Although large tree (> 30 cm DBH) densities were similar between the 2 plot types, bed sites had 
22% higher total tree density and 37.5% fewer snags.  Beds were also associated with sites that had 27% more canopy cover, 18.4% 
fewer shrubs, 18% fewer forbs and 22.1% less moss cover.  Ninety-five percent of all beds were located within 50 m from the edges 
of openings, and 20 m of forest width included 76% of bear beds.  Multivariate analyses and experimental manipulations of buffer 
widths will be required to further clarify the relationship between buffer width and the level of grizzly bear use. 
 
Genetic sampling reveals fragmented grizzly bear populations across their southern distribution. 
 
Proctor, M., B.N. McLellan, and C. Strobeck. 
 
Abstract:Population fragmentation is a significant factor contributing to species extinction1, yet quantifying linkage across recently 
disturbed areas is rarely accomplished. To obtain contemporary estimates of inter-population migration, the fates of individuals must 
be followed through space and time2, a challenging task for species with long generation times and who range over regional spatial 
scales. Attempts at quantifying migration indirectly using average allele frequencies within populations yields estimates that are not in 
time scales relevant to modern conservation problems2-5.  
 
To overcome these difficulties, we followed the fates of individuals between populations of grizzly bears using non-invasive hair 
sampling6-8, microsatellite genotyping9 and individual-based analyses10,11,12 yielding a direct measure of gender-specific migration. 
We identified 237 grizzly bears with 15 locus genotypes in two adjacent populations separated by a transportation corridor and 
related human settlement and found near complete fragmentation of females and partial fragmentation of males. This evidence is in 
sharp contrast to the measured connectivity in a similar area but without the transportation corridor.  
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Non-invasive techniques enabled us to sample a high proportion of individuals over a large area to greatly improve our ability to 
measure inter-population migration rates using cumulative individual genotypes representing several generations. 
 
Testing a Landscape evaluation model Developed for grizzly bears 
 
Frederick W. Hovey, Bruce N. McLellan, Richard D. Mace, Montana 
 
Abstract: Landscape models of grizzly bear (Ursus arctos) habitat conditions have been developed, but to have validity they should 
be tested with independent data. We evaluated seasonal landscape models developed for grizzly bears in the south fork of the 
Flathead River (SF Flathead) with data collected in the River’s north fork (NF Flathead). This evaluation included 3 procedures: (1) 
determination of the statistical fit of SF Flathead models to NF Flathead data; (2) development of seasonal models specific to NF 
Flathead using the same procedures and variables used to construct the SF Flathead models; and (3) investigation of potential 
improvement of models by including habitat variables. The SF Flathead models did not fit NF Flathead data (spring: χ2 = 5772.22, 
df = 8, P ≤ 0.001; summer: χ2 = 4248.48, df = 9, P ≤ 0.001; autumn: χ2 = 4373.99, df = 8, P ≤ 0.001). Poor fits were also produced 
using the methods and variables used in SF Flathead (spring: χ2 = 30.577, df = 8, P ≤ 0.001; summer: χ2 = 25.92, df = 7, P ≤ 0.001; 
autumn: χ2 = 18.76, df = 8, P = 0.016). Only models using habitat variables produced statistically valid fits to NF Flathead data 
(spring: χ2 = 0.2879, df = 3, P = 0.963; summer: χ2 = 9.8292, df = 8, P = 0.277; autumn: χ2 = 10.684, df = 6, P = 0.099). Whenever 
possible, models should be developed using habitat data that relate to the ecology of grizzly bears and their environment. If habitat 
data are unavailable, models should be extrapolated with great caution and tested before trusted. Incorporating ecologically based 
habitat data may aid managers seeking to forecast implications of different management scenarios related to forest practices and 
human developments on grizzly bears and their habitat supply. 
 
Some factors affecting daily activity patterns of brown bears from the Flathead Drainage of British Columbia and Montana. 
 
Hovey, F.W., R. McCann, and B.N. McLellan. 
 
Abstract: Using motion-sensitive radiotransmitters and chart recorders, the daily activity patterns of 23 brown bears (Ursus arctos) 
from the Flathead River drainage of British Columbia and Montana were studied from 1984 to 1991. A total of 6,464.6 hours of 
continuous, focal animal monitoring was obtained. Monitoring occurred during four seasons that were defined by changes in brown 
bears’ diet. Two MANOVAs were used to evaluate effects of 1) sex, ageclass, and season, and 2) reproductive status of adult 
females and season on the proportion of time active (%TA) during four periods of the day (morning-crepuscular, diurnal, evening-
crepuscular, and nocturnal). In both analyses, only season produced significant differences in %TA (P ≤ 0.010). Total hours of 
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activity were highest during early-spring (11.2 ± 1.04), spring (12.6 hr ± 0.68 hr), and summer (12.9 hr ± 0.67 hr) and significantly 
lower (P ≤ 0.021) during autumn (8.0 hr ± 0.83 hr). Brown bears were more active during daylight than during darkness. Within any 
season, mean %TA adjusted for sex and age effects was significantly lower during nocturnal periods (P ≤ 0.001). 
 
 
Procedures for maximizing safe and humane capture of brown bears. 
 
Harry V. Reynolds, Jon Swenson, Bruce McLellan, Sven Brunberg, Jon M. Arnemo, 
 
Abstract: Based on our experience of capturing 2792 brown bears (Ursus arctos) using helicopters, traps, or snares during 1973-
2003, we provide protocols that have proven effective for capture and successful for minimizing risk of mortality to bears in Alaska, 
British Columbia, and Sweden. We compare efficacy, advantages, disadvantages and differences in handling characteristics of 
various immobilizing drugs and dose. Based on its short induction time, relatively quick recovery time, wide latitude of safe doses for 
bears, and lack of drug-related mortalities, tiletamine-zolazepam alone or with medetomidine, was the most effective and safe 
immobilizing drug we used. In contrast, use of etorphine resulted in the highest rate of drug-related mortalities (P = .00695, 5 df) and 
we recommend against its use on brown bears. We discuss methods for effective and safe capture of brown bears, fitting 
radiocollars, maintaining bears’ well-being, and minimizing stress and non-drug related mortalities. 
 
Gender specific dispersal distances of grizzly bears estimated by genetic analysis 
 
Michael F. Proctor, Bruce N. McLellan, Curtis Strobeck, and Robert M.R. Barclay 
 
Abstract: Natal dispersal is difficult to quantify and long distance events are often undetected leading to biased estimates. Following 
offspring from their natal home range to their post-dispersal adult breeding home range is challenging and gathering sufficient data 
for large mammals with long generation times is particularly difficult. Here we measure average sex-specific dispersal distances in 
grizzly bears using individual-based genetic analysis. We genetically sampled and generated 15 locus microsatellite genotypes for 
711 grizzly bears over 100,000 km2 in southwestern Canada. Microsatellite markers have Mendelian inheritance allowing us to use 
likelihood-based parentage analyses to estimate parent-offspring dyads. We used the distance between individually captured female-
female parent-offspring dyads (mother-daughter) to estimate female natal dispersal distance and found that on average females 
dispersed 15 km from their natal home range. We used the distance between male-male (father-son) parent-offspring dyads to 
estimate average male dispersal distances and found that males dispersed on average 46 km from their natal, or maternal, home 
range (mother-son dispersal distance). We used a simulation model to estimate the bias associated with measuring the father-son 
(male-male) distance as an estimate of the mother-son distance. 
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Reproductive Senescence in the Brown/Grizzly Bear 
 
Schwartz, C.C, K.A. Keating, H.V. Reynolds, V.G. Barnes, R.A. Sellers, J.E. Swenson, S.D. Miller, B.N. McLellan, J. Keay, R. 
McCann, M. Gibeau, W.F. Wakkinen, R.D. Mace, W. Kasworm, R. Smith, and S. Herrero. 
 
Abstract:  Little information exists on reproductive senescence in the brown bear (Ursus arctos).  Although brown bears are long-
lived, the number of observations of older females from any one study is generally inadequate to draw meaningful conclusions about 
age-specific productivity, especially in hunted areas.  Combining data from 20 study areas from Sweden, Alaska, Canada, and the 
continental United States, we provide evidence of reproductive senescence in brown bears.  We assessed reproductive performance 
based on 4,726 radio-collared years for free-ranging female brown bears (age ≥ 3); 482 of these were for bears ≥20 years of age.  
We modeled age-specific probability of litter production using extreme value distributions to describe probabilities for young- and old-
age classes, and a power distribution function to describe probabilities for prime-aged animals, then fit 4 models to pooled 
observations from our 20 study areas.  We used Akaike’s Information Criterion (AIC) to select the best model(s).  Inflection points 
suggest major shifts in litter production occur at 4–5 and 28–29 years of age.  The estimated model asymptote (0.332, 95% CI = 
0.319–0.344) was consistent with the expected reproductive cycle of a cub litter every 3 years (0.333).  Assumptions and biases in 
data collection are discussed relative to the shape of the model curve. 
 
Sexually selected infanticide in grizzly bears and the effects of selectively removing adult males by hunting: rethinking the 
model 
 
Bruce N. McLellan 
 
Summary: Sexually selected infanticide (SSI) has been well documented in some mammalian species that have mating systems in 
which males have close to exclusive breeding rights with one or more females. It has been suggested that this form of SSI, that I will 
call the “new male” model, operates in bears.  It has further been suggested that selectively removing dominant male grizzly bears by 
hunting results in a decrease in cub survival because young males would immigrate to replace the dead dominant males and kill the 
existing cubs to enable the mothers to come into estrous sooner.  I investigated this hypothesis in the Flathead River drainage of 
British Columbia – an area with a long history of heavy hunting of primarily males that is immediately adjacent to the Waterton-
Glacier National Park complex – and area without hunting and a high density of grizzly bears.  If the new male model was to be 
supported, I predicted the removal of adult males by hunting would stimulate immigration of young males from the unhunted park and 
these should kill the cubs resulting in low cub survival, cause adult females to avoid habitats used by males, and thus the females 
would have small litters because of their forced use of sub-optimal habitats (Wielgus and Bunnell 1994, 1995, Swenson 1997, 2003). 
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The sex and age of bears when first captured did not show an influx of sub adult males into the study area to replace male bears 
removed by hunting.  Most of the 78 male and 58 female bears were ≤ 3 years old when first captured (52.6% and 53.4% 
respectively) and 17.9% of the males and 17.4% of the females were 4-6 years of age when first captured.  There was a high survival 
rate for cubs – 0.931 (n = 87 CL 0.873-0.977) or 0.954 (0.908-0.988) to the end of the breeding seasons and the annual rate was 
0.852 (n = 81; 95% CL 0.778-0.926).  There was not a significant difference in habitat or elevations used by male or female bears.  
Litter size was 2.09 (n=43 litters) which was significantly larger than the 1.80 recorded in Glacier National Park (n=148). 
 
For two main reasons it is not surprising that the new male model of SSI was not supported by the data.  First, male bears do not 
have exclusive breeding rights but have scramble competition polygamy.  Both sexes have large, overlapping home ranges and 
mating is promiscuous for both sexes.  Thus, the male that kills the cubs will not necessarily be the one that breeds the mother.  
Second, not all male grizzly bears do disperse, but those that do are between 3 and 5 years of age.  At this age they are smaller or 
about the same size as adult females.  It would not only be very risky for a 3 to 5 year old immigrant male to kill cubs of a larger or 
equal sized mother but it is unlikely that a young male would end up mating with her when larger males are present in her range.  
 
There are two alternative hypothesis supported by the data but these cannot be clearly differentiated with them : 1) a different model 
of SSI operates in bears, or 2) SSI does not operate in bears.  I will call the different model of SSI that may operate in bears the 
“mate recognition” model.  It is the same as the “harem model” except the killing is not done by young immigrant males but by any 
adult male that is able to detect that he did not mate with the mother the previous year.  Like the harem model, the mate recognition 
model predicts that the killer of the cubs is not the father, but it also permits large, “resident” males to kill cubs.  Not only would it be 
less risky for these large males to kill the cubs than small, young males, but the large males could defend the mother from other 
suitors and thus have a better chance of having exclusive breeding rights.   
 
The other alternative is that SSI does not exist in bears.  This hypothesis would be supported if males did not kill cubs more often 
during the breeding season than other times of year and if they also killed other age and sex classes of bears when the opportunity 
arose.  In the Flathead study a young adult male and two adult females that were without cubs at the time were killed by another 
bear, likely a larger bear – perhaps a male.  A review of the literature revealed many cases of larger grizzly bears killing smaller 
grizzly bears – often the victim was an adult females who was not defending cubs.   
 
At this time it is not possible to separate the mate recognition SSI from the no SSI hypothesis.  From a management viewpoint, 
separating these two hypotheses is not as important as separating either of these two from the harem model.  If the harem model 
operated, selectively harvesting large adult males would cause reduced cub survival while if the mate recognition or no SSI operated, 
then removing these males would increase cub survival. 
 
Sampling Design And Bias In Dna-Based Capture–Recapture Population And Density Estimates Of Grizzly Bears 
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Boulanger, J., B.N. McLellan , J.G. Woods , and M. Proctor 
 
Abstract: Over a 3-year period, we assessed 2 sampling designs for estimating grizzly bear (Ursus arctos) population size using 
DNA capture–recapture methods on a population of bears that included radiomarked individuals.  We compared a large-scale design 
(with 8 × 8-km grid cells and sites moved for 4 sessions) and a small-scale design (5 × 5-km grid cells with sites not moved for 5 
sessions) for closure violation, capture probability variation, and estimate precision.  We used joint telemetry/capture–recapture 
(JTMR) analysis and traditional closure tests to analyze the capture–recapture data with each design.  A simulation study compared 
the performance of each design for robustness to heterogeneity bias caused by reduced capture probabilities of cubs. Our results 
suggested that the 5 × 5-km grid cell design was more precise and more robust to potential sample biases, but the risk of closure 
violation due to smaller overall grid size was greater.  No design exhibited complete closure as estimated by JTMR.  The results of 
simulation studies suggested that CAPTURE heterogeneity models are relatively robust to probable forms of capture probability >0.2. 
Only the 5 × 5-km designs exhibited this capture-probability level suggesting that this design is preferred to ensure estimator 
robustness when population size is <100.  The power of the CAPTURE model selection routine to detect capture probability variation 
was low regardless of sampling design used.  Our study illustrated the trade-off between intensive sampling to ensure robustness 
and adequate precision of estimators while being extensive enough to avoid closure violation bias. 
 
Landscape Partitioning And Spatial Inferences Of Competition Between Black And Grizzly Bears 
 
C.D. Apps, and B.N. McLellan 
 
Abstract: While it is difficult to evaluate population effects of competition between large carnivore species, spatial consequences 
may be evident by contrasting actual distributions of putative competitors against predictions of inherent landscape quality for each 
species.  Such comparison can be particularly insightful if one can account for covariation with external factors known to influence 
the occurrence, density, or persistence of each species over the space and time.  We used systematically-distributed DNA hair-trap 
stations to sample the occurrence and distribution of black bears (Ursus americanus) and grizzly bears (U. arctos) across 5,496 km2 
during 1996-1998.  We describe interspecific landscape partitioning according to terrain, vegetation, and landcover variables at 2 
spatial scales.  Black bears were more likely than grizzly bears to occur in subdued, valley bottom terrain with lower proportions of 
open habitats.  We developed multivariate models (RSFs) to predict the potential distribution of each species over a greater study 
area.  At site-session combinations that detected either species, we then investigated whether the expected or actual occurrence of 
each species influenced the likelihood of detecting the other while controlling for human influence and inherent landscape quality.  
Each species was detected less frequently with the other species than predicted by their respective distribution-potential (RSF) 
models; however the strength of this relationship decreased as landscapes became more characteristic of black bear habitat.  
Relative to that predicted by their distribution-potential (RSF) model, black bears occurred more often in potential grizzly bear 
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landscapes at higher levels of human access and in closer proximity to a major highway, but were also less likely to occur in grizzly 
bear landscapes within a national park.  The same analysis indicated that grizzly bears were more likely to occur in potential black 
bear landscapes only in national parks, but were less likely to occur elsewhere with increasing human access and proximity to a 
major highway.  These results suggest that competition is occurring between the species, and that the differential resilience of each 
species to human disturbance or excessive mortality may influence the outcome and hence landscape partitioning.  Moreover, black 
bears are more likely to benefit from human encroachment into landscapes of high inherent value for grizzly bears than visa versa.  
We discuss conservation implications in the context of competitive interactions between the species and the potential mediating 
effect of habitat and human influence. 
 
Estimating grizzly bear distribution and abundance relative to habitat and human influence. 
 
Apps, C.D., B.N. McLellan, J.G. Woods, and M.F. Proctor.  
 
Abstract: Understanding factors that influence and predict grizzly bear (Ursus arctos) distribution and abundance is fundamental to 
their conservation.  In southeast British Columbia, we applied DNA hair-trap sampling (1) to evaluate relationships of grizzly bear 
detections with landscape variables of habitat and human activity, and (2) to model the spatial distribution and abundance of grizzly 
bears.  During 1996-1998, we sampled grizzly bear occurrence across 5,496 km2 at sites distributed according to grid cells.  We 
compared 244 combinations of sampling sites and sessions where grizzly bears were detected (determined by nDNA analyses) to 
845 site–sessions where they were not.  We tested for differences in 30 terrain, vegetation, land cover, and human influence 
variables at 3 spatial scales.  Grizzly bears were more often detected in landscapes of relatively high elevation, steep slope, rugged 
terrain, and low human access and linear disturbance densities.  These landscapes were also composed of more avalanche chutes, 
alpine tundra, barren surfaces, burned forests, and less young and logged forests.  Relationships with forest productivity and some 
overstory species were positive at broader scales, while associations with forest overstory and productivity were negative at the 
finest scale.  At the finest scale, the strong negative association with very young, logged forests and with increasing values of the 
Landsat-derived green vegetation index became positive when analyzed in a multivariate context.  For multivariate analyses, we 
considered 2 variables together with 11 principal components that describe ecological gradients among 4 variable groupings.  We 
applied multiple logistic regression and used AIC to rank and weight competing subset models.  We derived coefficients for 
interpretation and prediction using multi-model inference.  The resulting function was highly predictive, which we confirmed against 
an independent dataset.  We re-scaled the output using a multi-annual population estimate for the sampling area, and we applied the 
resulting grizzly bear density and distribution model across our greater study area as a strategic-level planning tool.  We discuss 
conservation applications and design considerations of this DNA-based approach for grizzly bears and other forest dwelling species. 

Annual Progress Report Template – Forest Research Program 2003/04     Page 17 of 17 


	Objective: To improve stewardship and market acceptability of BC forest practices and forest products
	 
	 Abstracts of Papers being prepared during 2003-2004. 
	Gender specific dispersal distances of grizzly bears estimated by genetic analysis 
	Reproductive Senescence in the Brown/Grizzly Bear 


