
Y062348 – Using habitat supply modeling to establish an effectiveness monitoring plan for mountain goats in 
north-central BC 
 
Purpose and Management Implications 
Mountain goat (Oreamnos americanus) populations are known to withstand only low rates of adult mortality because 
of their relatively poor reproductive potential.  This has led goats in general, to be most successful in areas that offer 
conditions with ready access to escape terrain.  While such conditions can occur along riverside cliffs, it most often 
occurs at high-elevation, rocky mountaintops.  Despite this apparent need for escape from predators, goats do seek 
forested ecosystems at lower elevations either for foraging during winter in coastal climates or for licking minerals 
from exposed soils during summer in interior climates.  The amount of time spent by goats in low-elevation forests 
was held to be rather insignificant until recent studies.  Use of mineral licks at valley bottoms is now reported more 
frequently and our own studies have shown goats use licks at valley bottom throughout summer.  Furthermore, 
access to these licks from high-elevation escape terrain appears to be along trails that are traditionally used by goats.  
Because of the apparent static nature of this resource use by goats, forest development, other industrial 
development, and the subsequent increase in human activity that usually follows development, is regarded by many 
as having detrimental impact on goat populations through: (1) displacement of goats from mineral licks or by 
complete elimination of access trails; (2) increase in access by hunters to previously unhunted populations; and (3) 
increased predation risk along trails by enhancing adjacent predator populations. 
 
The purpose of the proposed work on effectiveness monitoring of mountain goat habitat management has the general 
goal of improving integrated management and the indirect specific goal of advancing the use of habitat supply 
modeling.  We propose to manifest this general goal by way of developing criteria and indicators for sustainability 
(i.e., thresholds of impact that could be used in monitoring plans) and in refinements to interim management 
recommendations (e.g., best management practices for the management of mineral licks and trails). 
 
Project Basic Information 

 Start date: December 2002 
 Length: 5 years 
 Former project number:  R2003-0208, R04-059-01, Y052348 
 Other funding sources: 

o Peace Williston Fish and Wildlife Compensation Program 
o Abitibi Consolidated Company of Canada 
o Canadian Forest Products Ltd. 

 Project scope and regional applicability: Northern British Columbia 
 
Interim Deliverables 
 
McNay, R. S. and L. Giguere.  2006.  Stratified random sample techniques to estimate mountain goat populations in 
north-central British Columbia:  Phase 1.  2005.  Wildlife Infometrics Inc. Report No. 204.  Wildlife Infometrics Inc., 
Mackenzie, British Columbia, Canada. 
 
Mountain goats (Oreamnos americanus) are considered by many to be sensitive to disturbance by humans, are 
reported to have relatively low reproductive potential, and develop strong fidelity to specific sites and habitat 
attributes.  This combination of factors contributes to the potential selection of mountain goats for monitoring, long-
term sustainable forest development.  Our objective was to investigate the use of a stratified random sample design 
to estimate mountain goat population parameters.  Specific results focused on: (1) development of preliminary habitat 
stratification, (2) observations from implementing the stratified sampling design, (3) re-stratification of habitat based 
on field results, and (4) preliminary test results of the re-stratification.  Preliminary stratification of sample units based 
on an available habitat supply model led to intractable variance and inefficient sampling in the field.  For this reason, 
we developed another habitat supply model as the basis for sample stratification and tested it against previously 
collected relocations of radio-collared goats in three different study areas.  The re-designed model could account for 
92% of the available relocations.  We qualitatively compared the spatial fit of the new model and, based on 
experience, considered the stratification of habitat to be more likely to provide beneficial results in future population 
surveys.  We also expect more efficient sampling because the new stratification of habitat covered 42% less area 
than the original stratification. 
 
McNay, R. S., R. Mckinley, J. Voller, and L. Gigurere.  2006.  Use of home range by mountain goats in the Mackenzie 
Timber Supply Area of north-central British Columbia.  Wildlife Infometrics Inc. Report No. 199.  Wildlife Infometrics 
Inc., Mackenzie, British Columbia, Canada. 
 
Range use by mountain goats (Oreamnos americanus) that inhabit low-elevation areas has not been well 
documented in north-central British Columbia and yet these same areas have recently become a focus for industrial 
development.  Mountain goats are now known to use mineral licks in that region through summer months and can 
sometimes depend on forested habitats as winter range.  We documented total, annual, and seasonal home ranges 
for 69 radio-collared mountain goats at four general locations within the Mackenzie Timber Supply Area of north-



central British Columbia from March 2002 through March 2006.  Goats were relocated 1-3 times each month for two 
seasons each year (n = 2621 relocations).  We used an analysis of variance by ranks to model seasonal home range 
size (Ŝ) and distance among seasonal range centers (D) using four independent variables: goat gender, study area, 
year, and season.  Mean seasonal home range size was generally not different between summer and winter but 
varied greatly (Ŝ = 20.5 km2, SD = 41.38 km2, n = 207).  Gender contributed to this variance with females occupying 
the smallest (Ŝ = 11.1 km2, SD = 13.1 km2, n = 80) and males occupying the largest (Ŝ = 34.8 km2, SD = 69.0 km2, n 
= 50) average home ranges in the winter season.  There tended to be significant interaction among these factors and 
we needed study area, season, and gender to adequately describe seasonal home range size (r2 = 0.26, F = 4.74, P 
< .001).  Fidelity to seasonal ranges was strong and variance was more clearly associated with season and gender.  
Females showed a strong tendency to reuse summer ranges (D = 1.6 km, SD = 1.8 km, n = 20).  Although males 
were more variable in their use of range locations, the average difference from season-to-season was still small (D = 
4.7 km, SD = 8.1 km, n = 20) but ranged as high as 53 km.. 
 
McNay, R. S., J. L. Caldwell, and J. Voller.  2006.  Use of habitat by mountain goats in the Mackenzie Timber Supply 
Area of north-central British Columbia.  Wildlife Infometrics Inc. Report No. 201.  Wildlife Infometrics Inc., Mackenzie, 
British Columbia, Canada. 
 
Habitat use by mountain goats (Oreamnos americanus) that inhabit low-elevation areas has not been well 
documented in north-central British Columbia and yet these same areas have recently become a focus for industrial 
development.  Mountain goats are now known to use mineral licks through summer months in that region and can 
sometimes depend on forested habitats as winter range.  We documented seasonal habitat use for 69 radio-collared 
mountain goats at four general locations within the Mackenzie Timber Supply Area of north-central British Columbia 
from March 2002 through March 2006.  Goats were relocated 1-3 times each month for two seasons each year (n = 
2621 relocations).  Across all study areas there was a trend to use southwestern aspects more so than east or north 
aspects and males used more westerly slopes than females.  For the most part, both male and female goats used 
elevations ranging above 1500m but females in both the Akie and Ospika study areas used low-elevations to 
presumably access mineral licks during summer months.  Steep slopes (>300) were used throughout the year in all 
areas but there tended to be use of somewhat gentler terrain (200) during summer months.  Not unexpectedly, goats 
used alpine habitats the most but during summer months showed use of low elevation conifer habitats and less use 
of these habitats during winter. 
 
McNay, R. S. and J. Voller.  2006.  Mortality causes and survival estimates for mountain goat in north-central British 
Columbia.  Wildlife Infometrics Inc. Report No. 200.  Wildlife Infometrics Inc., Mackenzie, British Columbia, Canada. 
 
Mountain goats (Oreamnos americanus) are considered by many to be sensitive to disturbance by humans, are 
reported to have relatively low reproductive potential, and develop strong fidelity to specific sites and habitat 
attributes.  This combination of factors contributes to the potential selection of mountain goats for monitoring long-
term, sustainable forest development.  We documented mortality causes and estimated average annual survival (Ŝ) 
for 69 radio-collared mountain goats at three locations within the Mackenzie Timber Supply Area of north-central 
British Columbia from March 2002 through March 2006.  The average annual survival was high (Ŝ = 92.3%, SE = 
1.9%) and with few deaths (n = 13) given the observed, live goat months (n = 2099).  We used logistic regression to 
model monthly cause-specific mortality (Mj) and Ŝ using four independent variables: goat gender, study area, year, 
and month.  Low sample sizes also led to our inability to fit a reliable model, other than gender as a single factor, and 
therefore we could not detect statistical differences among the mortality causes or the factors tested.  The leading 
cause of death was by accidents associated with avalanches (M = 3.3%, SE = <.001%) followed by predation (M = 
2.8%, SE = <.001%).   
 
Brumovsky, V. J. and R. S. McNay.  2006.  Spatial population models for mountain goat in north-central British 
Columbia.  Wildlife Infometrics Inc. Report No. 203.  Wildlife Infometrics Inc., Mackenzie, British Columbia, Canada. 
 
Mountain Goats (Oreamnos americanus) are an important forest resource in the Mackenzie Timber Supply Area of 
north-central British Columbia.  Goats were listed as an indicator of sustainable resource development and the 
Mackenzie Land and Resource Management Plan sets goat habitat conservation as a priority objective.  In an effort 
to contribute to the Habitat Supply Modeling of the Mackenzie Mountain Goat Project, we undertook the development 
of a semi-spatial, stage-based population model for mountain goats using a combination of ArcView GIS and SELES 
landscape event simulation software.  The model is a modification of a similar model constructed to simulate 
population dynamics of northern caribou (Rangifer tarandus caribou) also in north-central British Columbia.  In this 
phase of the project, we created Bayesian Belief Networks to process habitat values, outlined the model prototype, 
and identified any remaining modifications necessary to model construction.  We found that the input parameters of 
the northern caribou model used as a base for the mountain goat model was largely compatible with the parameters 
that would be necessary for the simulation of a goat population.  Minor modifications to these parameters (e.g. life 
stage types) were made.  Mountain goat vital rate information was gathered from existing literature and will be 
translated into the remaining input parameters required by the model.  It was found that further work will be necessary 
to re-engineer the SELES model files to accommodate the goat vital rates. 
 



Deliverable listing from previous years 
2002-03 
Hengeveld, P. E., M. Wood, R. Ellis, R. Lennox.  2003.  Mountain goat habitat supply modeling, with preliminary 
application in the Ospika River drainage, north-central B.C.  Wildlife Infometrics Inc. Report No. 046.  Wildlife 
Informetrics Inc., Mackenzie, British Columbia, Canada. 
 
Hengeveld, P. E. and R. Lennox.  2003.  Mountain Goat Habitat Supply Modeling in the Mackenzie TSA:  Developing 
an Operational Tool for Sustainable Forest Management.  Slide Presentation for Slocan Woodlands office (see 
Appendix C or Report No. 46). 
 
The Web Site.  Slocan Integrated Resources Management (htt://www.slocan.com/irm) 
 
2003-04 
Hengeveld, P. E., M. D. Wood, R. Ellis, R. S. McNay, and R. Lennox.  2004.  Mountain goat habitat supply modeling 
in the Mackenzie Timber Supply Area, north-central British Columbia.  Version 2.0 – March 2004.  Wildlife Infometrics 
Inc. Report No. 109. Wildlife Infometrics Inc., Mackenzie, British Columbia, Canada. 
 
Hengeveld, P. E.  2004.  Mountain goat habitat supply modeling: developing an operational tool for sustainable forest 
management planning.  Wildlife Infometrics Inc. Report No. 110.  Wildlife Infometrics Inc., Mackenzie, British 
Columbia, Canada. 
 
2004-05 
Hengeveld, P. E.  2005.  Mountain goat habitat supply modeling: pilot project test results.  Report No. SAE005.  
Synergy Applied Ecology, Mackenzie, British Columbia, Canada.  19pp plus appendices. 
 
Hengeveld, P. E.  2005.  An ecosystem approach to planning for sustainablemanagement of mountain goats and 
timber supply: mountain goat management recommendations for the Mackenzie Timber Supply Area.  Report No. 
SAE006.  Synergy Applied Ecology, Mackenzie, BC. 16pp plus appendices. 
 
Hengeveld, P. E.  2005.  Contract completion report: 2004/05 FIA Forest Science Program Project Number Y051348.  
Report No. SAE007. Synergy Applied Ecology, Mackenzie, British Columbia, Canada. 4pp plus appendices. 
 
Contact Information 
Dr. R. Scott McNay 
Wildlife Infometrics Inc. 
#3-220 Mackenzie Blvd. 
Mackenzie, British Columbia 
V0J2C0 
scott.mcnay@wildlifeinfometrics.com
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