
Y072136 – Establishing a science basis for recovery of woodland caribou in north-central British Columbia 
 
Purpose and Management Implications 
During this 2-year project, we focused on synthesis and technical extension of existing information to support 
planning the recovery of threatened woodland caribou in north-central British Columbia (BC).  A series of publications 
was planned in a strategic and sequential pattern over the duration of the project.  The work was intended to 
ultimately provide a science basis for recovery actions designed by the Northern Caribou Recovery Implementation 
Group for North-central BC (NCRIG).  Field data that formed the basis for the publications were derived primarily from 
the Omineca Northern Caribou Project (ONCP), which was initiated in 1999 in conjunction with the pending release of 
the Mackenzie Land and Resource Management Plan (MLRMP).  Although the ONCP focused on MLRMP strategic 
objectives for perpetuating caribou, we felt project results also had implications for other province-wide planning 
initiatives (e.g., Sustainable Forest Management Plans, forest certification, recovery strategies associated with the 
Species At Risk Act, and strategies to meet “objectives set by government for wildlife” in the Forest and Range 
Practices Act).  The data have since provided a strong foundation for deliberations of the NCRIG.  Continued work on 
this initiative has migrated to S084001. 
 
Project Basic Information 

§ Start date: April 2005 
§ Length: 2 years 
§ Former project number: Y061136 
§ Other funding sources: 

o Peace Williston Fish and Wildlife Compensation Program 
§ Methodology overview: General methods used for each project are provided below as they apply to 6 

specific publications: 
1. A Bayesian approach to evaluating habitat suitability for woodland caribou in north-central British 

Columbia – Methods involved the use of habitat supply modeling to forecast the supply of 5 
seasonal range habitats for woodland caribou within recovery planning areas established for four 
threatened herds of caribou.  Comparisons were made between range conditions estimated for 
current forest conditions and those simulated from expected conditions under an assumed scenario 
of natural disturbance. 

2. Decomposing bias in GPS-based relocations of northern caribou in north-central British Columbia. 
– Methods were based on information theoretic concepts involving logistic regression to select the 
most plausible model elucidating systematic error detected in the relocation of radio-collared 
caribou and moose.  Basic sample data came from a total of 99 receiver deployments made on 56 
caribou (Rangifer tarandus caribou) and 8 moose (Alces alces) between March 1996 and June 
2001 in three study areas within the Mackenzie Timber Supply Area of north-central British 
Columbia. 

3. Use of serial independence to indicate movement decisions by woodland caribou in north-central 
British Columbia. – Methods relied primarily on subsequently using Schoener’s ratio to test 12,544 
telemetry locations and 57,296 gps locations to distinguish serially independent segments of 
movements made by 198 radio-collared woodland caribou monitored from 1991 to 2006 in north-
central British Columbia.  Movements that caused sequentially collected relocations to become 
dependent were considered to be spatially and temporally different from the preceding independent 
set of relocations and therefore could be potentially interpreted as a decision by caribou to move to 
a significantly different place.  These potential decisions were then tested against the timing, 
direction and distance of movements to determine inter-patch, intra-patch and seasonal movement 
patterns. 

4. Timing and synchronicity of calving in three herds of woodland caribou in north-central British 
Columbia. – We monitored the timing and locations of calving and calf survival by collecting weekly 
relocations of radio-collared adult, female woodland caribou in three herd areas of north-central 
British Columbia from 1999 through 2002.  Blood progesterone samples were collected to assess 
pregnancy rates and observations of calves-at-heel were used to calculate age of first reproduction 
and parturition rates.  Calves were captured and birth mass was calculated based on a regression 
of date of capture and weight at capture.  Synchrony of calving among years and study areas was 
assessed using Watsons U2 test.  Models representing a priori hypotheses regarding the spatial 
location of calving were assessed using logistic regression. 

5. Mortality- and survival-rate estimates for woodland caribou in north-central British Columbia. – 
Methods were based on the use of logistic regression to estimate rates of survival and cause-
specific mortality for radio-tagged calf (n=96), juvenile (n=36), and adult (n=167) woodland caribou 
within four herds in north-central British Columbia considered threatened with extirpation. 

6. Factors affecting risk of predation for woodland caribou in north-central British Columbia – We 
selected samples of mortality-by-predation from an earlier study of woodland caribou survival and 
mortality rates to investigate hypotheses related to the spatial location of kills.  Logistic regression 
was used to compare three previously published models of predation risk. 

§ Project scope and regional applicability: Northern British Columbia 



§ Interim conclusions: (see interim deliverables below) 
§ Contact information: wild_info@cablerocket.com  

 
Deliverables 
1. McNay, R.S., Bruce G. Marcot, Viktor Brumovsky, and Rick Ellis.  Submitted.  A Bayesian approach to evaluating 
habitat suitability for woodland caribou in north-central British Columbia.  Can. J. of For. Res. 36:3117-3133. 
 
Woodland caribou (Rangifer tarandus caribou) populations are in decline throughout much of their range.  With 
increasingly rapid industrial, recreational, residential, and agricultural development of caribou habitat, tools are 
required to make clear, knowledgeable and explainable management decisions to support effective conservation of 
caribou and their range.  We developed a series of Bayesian belief networks to evaluate conservation policy 
scenarios applied to caribou seasonal range recovery areas.  We demonstrate the utility of the networks to articulate 
ecological understanding among stakeholders, to clarify and explicitly depict threats to seasonal range values, and to 
show how simulated forecasts of spatially-explicit seasonal range values can be assessed against landscape 
potential and compared to range values under assumed conditions of natural disturbance.  These tools have provided 
opportunities to operationally define and measure conditions for recovery of caribou in north-central British Columbia. 
 
2. McNay, R.S. and V. Brumovsky.  Under Review.  Decomposing bias in GPS-based relocations of northern caribou 
in north-central British Columbia.  J. Wildl. Manage. 
 
We applied a combination of previously published techniques to understand the potential bias in relocations of radio-
collared northern caribou obtained using global positioning system (GPS) technology.  A total of 99 receiver 
deployments were made on 56 caribou (Rangifer tarandus caribou) and 8 moose (Alces alces) between March 1996 
and June 2001 in three study areas within the Mackenzie Timber Supply Area of north-central British Columbia.  We 
collected 24,956 field days of collar activity representing a possibility of 110,204 relocations.  The two types of 
differentially correctable collars deployed (10 Lotek and 35 Televilt) collected locations at about the same rate (55%, 
n = 61,750) implying significant systematic error in operation.  We used logistic regression to model the probability of 
attempted location success based on factors associated with vegetation (canopy closure, tree stem density, tree 
height, tree species), geography (slope, viewable sky), collaring scenario (collar type, collar number, species and 
gender of animal), and missed location characteristics (month, battery life, time of day).  Unsuccessful location 
attempts were characterized by sampling each 4-ha grid cell within error ellipses drawn between successful locations 
for a total 1,885,708 samples.  Univariate model results were inspected to aid more detailed modeling.  All factors 
except gender, collar type, tree species, and slope were considered important for understanding bias in our GPS data 
and were used to form the basis for estimating probability of unsuccessful location attempts.  Use of spatial modeling 
is recommended to improve estimates of animal movement patterns and habitat use. 
 
3. Rankin, M. and R.S. McNay. Under Review. Use of serial independence to indicate movement decisions by 
woodland caribou in north-central British Columbia. 
 
With the vast expansion of forestry, agriculture, pipelines, roads and other linear features it is increasingly important 
to understand how a species uses the land.  Insight into movement, home range and site fidelity of a species gives an 
indication of essential habitat for conservation.  This is especially important for migratory species such as the 
woodland caribou (Rangifer tarandus caribou).  This paper investigates 12,544 vhf relocations and 57,296 gps 
relocations made by 198 radio-collared caribou residing in north-central British Columbia from 1991 to 2006.  To 
avoid problems with autocorrelation in data it is important to ensure that data meets the assumption of independence.  
If data does not meet this assumption then home range size is often underestimated.  Frequently, this problem is 
dealt with by increasing the time interval between locations until all relocations are independent.  This poses to be 
problematic since it reduces valuable information on habitat selection and movement rate.  This paper uses 
Shoener’s ratio to investigate independence and dependence in caribou relocations as it potentially indicates 
significant choices made by caribou to relocate.  This is achieved by successively testing for independence with 
Shoener’s ratio to identify movements that cause the data to become dependent.  Once relocation data shifts from 
independent to dependent relocations they are identified and removed from the dataset and successive tests for 
independence are preformed.  This allows us to further investigate inter-patch, intra-patch and other seasonal 
movement patterns that cause a lack of independence in data.   
 
4. McNay, R.S. and L. Giguere.  Under Review.  Timing and synchronicity of calving in three herds of woodland 
caribou in north-central British Columbia. J. Mammology. 
 
To address the potential importance of perinatal mortality in population dynamics of woodland caribou (Rangifer 
tarandus caribou), we studied the timing and synchronicity of calving in three herds in north-central British Columbia 
that were considered threatened with extirpation.  Weekly relocations of radio-collared, adult, female caribou (n=30 – 
53) were used as a basis for determining the timing-of-birth, natal sites, and fate of calves-at-heel.  Pregnancy rates 
determined from blood progesterone samples typically exceeded 95% while apparent parturition rates (.68 - .86) and 
synchronicity of calving (May 25 – June 05) varied with severity of the previous winter; a relationship that we suggest 



is presumably augmented by the desire for cows to seek areas of relatively lower predation risk rather than higher 
nutritional value. 
 
5. McNay, R.S. and J. Voller.  Under Review.  Mortality- and survival-rate estimates for woodland caribou in north-
central British Columbia.  Can. J. Zool. 
 
Woodland caribou (Rangifer tarandus caribou) populations have been gradually declining through much of their range 
in North America.  We studied the spatial and temporal relationships between cause-specific mortality factors for 
radio-tagged calf (n=96), juvenile (n=36), and adult (n=167) caribou within four herds in north-central British Columbia 
considered threatened with extirpation.  We determined the underlying environmental factors affecting the mortality 
rates and assessed the implications of those rates on lambda.  The leading cause of annual mortality for both calves 
and adults was predation although for calves, non-predation related deaths may have been the leading cause of 
perinatal deaths.  Most (17 of 28) calf mortalities occurred in the first two month of calving (June and July) while most 
(37 of 102) adult mortalities occurred in the two months leading up to calving (April and May).  Survival of calves was 
not related to any of the environmental factors investigated but was related to gender and season (n = 71,825, 
Wald 2χ = 5017, P<0.001, AUC = .771) suggesting that males were more susceptible than females to predation and 
that predation was most likely to occur during calving and least likely during winter.  Survival of adults was described 
by season, winter severity, and the monthly mode of topographic (elevation) and forest (canopy closure) conditions 
used by radio-tagged caribou (n = 3,733, Wald 2χ = 56.2, P<0.001, AUC = .738).  The model for adult survival 
suggested that caribou are most at risk after severe winters upon leaving the relative security of high-elevation winter 
ranges to travel through open areas at valley bottoms on their way to calving ranges.  Only 3 juveniles died so 
survival rates remained at 1.0 for most of the study therefore providing little opportunity to learn about causes of 
mortality for that life stage.  Population simulation modeling based on estimated, stage specific survival rates 
indicated that caribou populations in our study areas varied annually from increasing to decreasing but that the 
Wolverine and Finlay herds were likely increasing at average rates of 4 and 2% / yr while the Chase herd was likely 
to be decreasing 3% / yr.  We concluded that the balance that apparently exists year-to-year among these herds is 
subject to the future frequency of severe winter weather and to diligent efforts of resource managers in minimizing the 
amount of habitat for moose within low elevation areas used as migration routes by these herds. 
 
6. McNay, R.S. and D. Heard.  Under Review.  Factors affecting risk of predation for woodland caribou in north-
central British Columbia.  J. Wildl. Manage. 
 
We selected samples of mortality-by-predation (n=73) from an earlier study of woodland caribou survival and 
mortality rates to investigate hypotheses related to the spatial location of kills.  In particular, we used logistic 
regression to assess three previously published models of predation risk surfaces to determine the likelihood of fit to 
our observed patterns of predation.  We discuss the utility of previous models and suggest a means by which these 
models can be translated into a risk surface for four herds of woodland caribou in north-central British Columbia 
considered threatened of extirpation.  
 


