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Executive Summary 
 

The Tweedsmuir-Entiako Caribou Project – Effects of Mountain Pine Beetles on Northern Caribou 

Habitat Use was initiated in 2005/06 to assess the effects of the current mountain pine beetle epidemic 

during the “grey-attack” phase on Tweedsmuir-Entiako caribou migration, landscape level habitat use, 

stand level habitat use and forage site selection using radio-collared caribou and snow tracking.  

 

Seasonal movements and habitat use in 2008/09 were similar to seasonal movements and habitat use prior 

to mountain pine beetle attack.  One difference in 2008/09 was that two caribou remained in northern 

Tweedsmuir Park near Whitesail Lake during the winter.  During spring migration, caribou traveled 

through low elevation mountain pine beetle-attacked stands.  By calving, over 60% of the radio-collared 

caribou were found at high elevations in alpine and subalpine habitat in northern Tweedsmuir Park and in 

the Sibola Mountains. Use of high elevation habitat declined slightly in the summer as caribou increased 

their use of low elevation forests, but by the rut in October caribou were found primarily in high elevation 

subalpine and alpine habitat.  In mid November, most radio-collared caribou had moved to the area on the 

north and south sides of Tetachuck Lake where they used mountain pine beetle killed stands. During 

winter, caribou used both mountain pine beetle-killed/live pine stands and mixed mountain pine beetle 

killed/live pine/spruce stands at low elevations on the south side of Tetachuck Lake. No caribou were 

found in the Fawnie Mountains in the winter of 2008/09.   
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During winter, radio-collared caribou in low elevation habitat selected Dry Lichen/Lichen Moss (DLLM) 

and Lichen Moss (LM) habitats, and avoided Moss/Seepage Forest – Aspen Forb (MSF/AF) habitats, 

Wetland/Forested Wetlands (W/FW), and lakes. For forest cover, caribou selected mature pine forests on 

medium productivity sites and avoided spruce stands, immature pine/spruce stands, mature pine/spruce 

stands on low and poor productivity sites, and lakes.  Caribou also heavily used mature pine stands on 

low and poor productivity sites but not in excess of their coverage. The selection of more productive 

forest cover types is not consistent with heavy use of DLLM and LM caribou habitat types, which tend to 

occur on lower productivity sites. This discrepancy may be due in part to different scales of mapping, 

and/or accuracy of the forest cover mapping.   

 

Three winter site investigations sessions were conducted (January 20-22, February 17-19, March 10-12) 

and 20 sites were visited.  

 

Snow depth in low elevation forested habitat used by caribou increased from an average of 42 cm in 

January to 58 cm in March.  Caribou sinking depth stayed relatively constant at 20-25 cm throughout the 

winter and snow penetrability increased slightly from 33 cm in January to 38 cm in March.  

 

A total of 215 craters and 1263 arboreal lichen feeding sites were examined. Craters were found primarily 

in mature grey-attacked and mixed grey-attacked/live pine stands with open or very open canopies.  This 

year, caribou were also found cratering in mature pine/spruce (mostly black spruce) stands with a mix of 

grey-attacked and live pine with open or very open canopies. At low elevations, craters contained more 

terrestrial lichens than non-crater sites (NCS), where caribou were traveling and foraging on arboreal 

lichens, and were found in more open canopies. Snow depth and snow penetrability were greater at craters 

than at non-crater sites throughout the winter. Percent snow penetrability was greater at craters than non-

crater sites in February and March but was similar for craters and non-crater sites in January. The higher 

snow depths and % snow penetrability in craters versus non-crater sites reflected caribou preference for 

cratering in very open stands. In 2008/09, caribou foraged for terrestrial lichens throughout the winter; by 

March, snow depth at craters reached an average of 70 cm.  Caribou also occasionally cratered at the base 

of trees (tree craters), especially in spruce or mixed pine/spruce stands.  Horsetails were found in most of 

the tree craters. 

 

Four radio-collared caribou mortalities (4 cows) occurred between April 2008 and March 2009.  Three 

mortalities occurred on the winter range during spring migration in April and one occurred during calving 

in June in the Quanchus Mountains in northern Tweedsmuir Park. The causes of all 4 mortalities were 

undetermined. The mortality rate for adult female caribou with functioning collars in 2008/09 was 19.1%. 

For all caribou counted, calf survival was high in October (21% calves) but declined to 7% calves in 

March.  For radio-collared caribou, calf survival was high in October (43.8%) and low to moderate in 

March (17.7%). Normally, calves that are associated with radio-collared caribou in October are still alive 

in March; however, this year, over half of the calves present in October (4/7), did not survive until March. 

The moderate adult female mortality rate and the low to moderate calf recruitment rate suggests that calf 

recruitment may have been insufficient to balance adult mortality in 2008/09. 

 

Four of seven caribou with failed GPS collars were successfully captured and their collars were recovered 

during the October and March calf survival/GPS collar removal helicopter flights. 

 

Preliminary results from 2006/07, 2007/08 and 2008/09 suggest that caribou continued to select pine 

habitats where terrestrial lichens were abundant and continued to forage on terrestrial lichens where they 

were available, despite the grey attack phase of the mountain pine beetle epidemic.  Caribou winter 

habitat use patterns in from 2006/07 to 2008/09 were similar to winter habitat use patterns prior to 

mountain pine beetle attack: 

• caribou used low elevation pine stands throughout the winter; 
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• caribou cratered for terrestrial lichens where they were available and abundant, predominantly in 

open and very open pine stands; 

• caribou foraged on arboreal lichens in all habitats throughout the winter;  

• in mid March 2006/07 and 2007/08, caribou started using the area in the northeastern part of their 

winter range between the Entiako River and Natalkuz Lake; 

• in mid February 2007, a portion of the population moved into subalpine and alpine habitat in the 

Fawnie Mountains where they remained until mid to late March; and, 

• caribou foraged less on terrestrial lichens in late winter 2006/07 and more on arboreal lichens, 

due to snow conditions that made cratering difficult in late winter. 

 

Weather conditions are likely playing a greater role in terrestrial lichen foraging behaviour than changes 

in snow conditions due to mountain pine beetle attack.   
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Introduction 
 

The Tweedsmuir-Entiako caribou (Rangifer tarandus) population is the first Northern Caribou population 

in British Columbia to experience the mountain pine beetle (Dendroctonus ponderosae) epidemic on its 

summer and winter ranges.  Currently, most of the attacked lodgepole pine (Pinus contorta) trees on the 

Tweedsmuir-Entiako caribou range have lost their needles and are in the “grey” phase of the epidemic.  

Because a mountain pine beetle epidemic of this size is unprecedented on caribou ranges in British 

Columbia, until this project was initiated, no information was available on how caribou habitat, caribou 

habitat use, and population dynamics would be affected by the mountain pine beetle epidemic.   

 

In 2001, a project was initiated on the Tweedsmuir-Entiako caribou population’s winter range and spring 

and fall migration range to monitor the response of terrestrial lichens to mountain pine beetle attack and 

forest harvesting, and to monitor changes in coarse woody debris as an indicator of movement barriers. 

Data from that study suggests that kinnikinnick (Artostaphylos uva-ursi) initially increased and terrestrial 

lichens decreased, but that by 2007 kinnikinnick abundance started leveling off (Cichowski et al. 2008).   

 

The Tweedsmuir-Entiako Caribou Project – Effects of Mountain Pine Beetles on Northern Caribou 

Habitat Use was initiated in 2005/06.  The overall objectives of the project are: 

• to assess the effects of the current mountain pine beetle epidemic during the “grey-attack” phase 

on Tweedsmuir-Entiako caribou migration, landscape level habitat use, stand level habitat use and 

forage site selection using radio-collared caribou and snow tracking; 

• to use information collected during this study: to develop a management strategy specific to the 

Tweedsmuir-Entiako caribou population in a post-beetle landscape; to develop a general 

management strategy for other caribou populations experiencing mountain pine beetle outbreaks; 

and to revise caribou habitat suitability models as needed; and, 

• to communicate information collected during this study to wildlife managers and others in a 

readily accessible format. 

 

Objectives for project funding in 2008/09 were: 

• to conduct monthly radio-telemetry flights during summer months (April to November) and bi-

weekly radio-telemetry flights during winter months (December to March);  

• to conduct 4 winter site investigations sessions (December to March); 

• to conduct spring (June), fall (October) and winter (March) calf survival surveys;  

• to conduct mortality investigations when necessary; and, 

• to remove all functioning GPS collars in March.   

 

Not all funding requested for 2008/09 was received so some activities were not conducted or scaled back 

(June calf survival survey and some mortality investigations).  The December winter site investigations 

session was cancelled due to logistical issues caused by extremely cold weather. 

 

This report summarizes preliminary results from activities that were conducted in 2008/09, the final year 

of fieldwork for this project.  A more detailed analysis will be completed in 2009/10 for the final project 

report. 
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Activities 
 

Radio-collar status 

 

Table 1 summarizes the status of radio-collared caribou as of 31 March 2009.  A total of 23 radio-collars 

were functioning at the beginning of April 2008.  Since then, 4 of those collared caribou died, 1 GPS 

collar and 1 VHF collar failed, and 4 GPS collars were removed in March 2009.  The remote release 

mechanisms failed on all 5 GPS collars that were still functioning in March 2009; 4 of those caribou were 

captured and their collars were removed but attempts to capture the 5
th

 caribou were unsuccessful.  As of 

31 March 2009, 13 adult female caribou in the Tweedsmuir-Entiako caribou population were still radio-

collared (1 GPS, 12 VHF).   

 

 

Table 1.  Status of radio-collared caribou in the Tweedsmuir-Entiako caribou population, April 

2008 – March 2009. 

 Adult female 

GPS 

Adult 

females 

VHF 

Adult 

males 

VHF 

Total 

caribou 

with 

collars 

Number collared caribou in April 2008 7 16 0 23 

Number mortalities (April 2008 – March 2009) -1 -3 - 19 

Number collar failures (April 2008 – March 2009) -1 -1 - 17 

Number GPS collars removed (March 2009) -4  - 13 

Number collared caribou at the end of March 2008 1 12 0 13 

 

 

Since the study began in 2005/06, 7 GPS collars have failed (Table 2).  Three of those 7 were seen in 

alpine habitat during the October 2008 calf survival survey.  Those caribou were captured and their 

collars were removed.  Another caribou with a failed collar was seen during the March 2009 calf 

survival/collar removal survey; she was also captured and her collar was removed.  The other 3 caribou 

with failed GPS collars were not seen during the October 2008 or March 2009 surveys so it is not known 

whether they are still alive.   

 

 

Table 2.  Status of failed GPS collars in the Tweedsmuir-Entiako caribou population, April 2008 – 

March 2009. 

 Adult female GPS 

Number of caribou with failed GPS collars that were potentially alive in April 2008 6 

Number of GPS collar failures (April 2008 – March 2009) 1 

Number of failed GPS collars removed October 2008 -3 

Number of failed GPS collars removed March 2009 -1 

Number caribou with failed GPS collars potentially alive at the end of March 2009 3 

 

 

Radio-telemetry flights 
 

Fourteen radio-telemetry flights were conducted between April 2008 and March 2009 (Table 3).  Habitat 

type and GPS coordinates were recorded for each location.  Flights were conducted approximately 
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monthly during summer months and biweekly during winter months.  One less flight was conducted than 

planned during summer months and during December due to poor weather.  

 

 

 

Table 3.  Radio-telemetry flights conducted from April 2008 to March 2009. 
Season Season timing Radio-telemetry flight 

April 22 Spring migration April – May 

May 22 

Calving June June 30 

July 25 Summer July – September 

September 3 

Rut October October 6 

Fall Migration November November 25 

December 14 

January 12 

January 18 

February 5 

February 15 

March 9 

Winter December – March 

March 22 

 

 

Seasonal movements and habitat use 

 

During spring migration in April/May 2008, radio-collared caribou were found primarily in low elevation 

mountain pine beetle attacked stands from Tetachuck Lake to the area south of Tahtsa Lake (Figure 1, 

Map 1).  By late May, caribou had moved as far west as Troitsa Lake and some were already found in 

alpine habitat.  This is in contrast to spring 2007, following the heavy snow accumulation winter of 

2006/07, when caribou were found only at low elevations during April and May and did not move west of 

Whitesail Lake until June or July.  

 

During calving, over 60% of the radio-collared caribou were found at high elevations in alpine and 

subalpine habitat in northern Tweedsmuir Park and in the Sibola Mountains north of Tahtsa Lake 

(Figure 1, Map 1).  At low elevations, radio-collared caribou were found primarily in mixed pine/spruce 

or pine/spruce/fir forests.  Use of high elevation habitat declined slightly in the summer as caribou 

increased their use of low elevation forests.  During the rut in October, caribou were found primarily in 

high elevation subalpine and alpine habitat.  By late November, most of the radio-collared caribou had 

moved to the area on the north and south sides of Tetachuck Lake where they used mountain pine beetle 

killed stands and mixed mountain pine beetle killed/spruce stands.  Two caribou remained in northern 

Tweedsmuir Park in alpine habitat near Tweedsmuir Peak in November then moved to lower elevations 

near Whitesail Lake for the rest of the winter. During winter, caribou used both mountain pine beetle-

killed/live pine stands and mixed mountain pine beetle killed/live pine/spruce stands at low elevations on 

the south side of Tetachuck Lake.  
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Figure 1.  Habitat use by Tweedsmuir-Entiako radio-collared caribou, April 2008 – March 2009. 
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Winter habitat use 

 

During winter (November to March), radio-collared caribou were found primarily in the westernmost 

portion of their winter range, just south of Tetachuck Lake (Map 2).  Caribou winter range use in 2008/09 

differed from winter range use in other years in that two caribou wintered in northern Tweedsmuir Park 

near Whitesail Lake, and during late winter, caribou that wintered south of Tetachuck Lake did not move 

east within their winter range to the area south of Euchu Reach.  In previous years, some radio-collared 

caribou have remained in northern Tweedsmuir Park until early winter but usually migrated to the 

Tetachuck Lake area by December or January.  Also, by late March, caribou usually move east to the area 

south of Euchu Reach and north of Mt. Swannell.  This year, two radio-collared caribou were found in 

that area all winter, but no caribou moved to that area specifically in late winter.  No caribou were found 

in the Fawnie Mountains during winter 2008/09.  
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During winter, radio-collared caribou in low elevation habitat selected Dry Lichen/Lichen Moss (DLLM) 

and Lichen Moss (LM) habitats, and avoided Moss/Seepage Forest – Aspen Forb (MSF/AF) habitats, 

Wetland/Forested Wetlands (W/FW), and lakes (Table 4, Map 3).  The high use of DLLM habitats 

corresponded to the use of the area just south of Tetachuck Lake, where the majority of the area consists 

of DLLM and LM habitat.  For forest cover, caribou selected mature pine forests on medium productivity 

sites and avoided spruce stands, immature pine/spruce stands, mature pine/spruce stands on low and poor 

productivity sites, and lakes (Table 5).  Caribou also heavily used mature pine stands on low and poor 

productivity sites but not in excess of their coverage.  

 

 

Table 4.  Proportion of total area (coverage) and proportion of radio-collared caribou winter 

locations (use) of caribou habitat types at low elevation habitats on the 

Tweedsmuir-Entiako caribou winter range, November 2008 to March 2009.   

Caribou Habitat Type
1,2 

Coverage 

(proportion of 

total area) 

Use 

(proportion of 

winter locations) 

Dry Lichen/Lichen Moss DLLM 0.07 0.20 +
3,4 

Lichen Moss LM 0.18 0.30 + 

Dry Lichen /Lichen Moss Mosaic DLLM Mosaic 0.07 0.09  

Moss – Dry Lichen / Lichen Moss MDLLM 0.20 0.20  

Moss / Seepage Forest – Aspen Forb MSF/AF 0.31 0.15 - 

Wetland/Forested Wetland W/FW 0.08 0.01 - 

Lake Lake 0.08 0.02 - 

N (number of radio-collared caribou locations)  137  
1
 Caribou habitat types in decreasing order of terrestrial lichen abundance; DLLM Mosaic types contain a combination of Dry 

Lichen or Lichen Moss terrestrial lichen habitat and wetland or forested wetland complexes 
2
 Caribou habitat type mapping covers only low elevation habitat below the Engelmann Spruce – Subalpine Fir (ESSF) 

biogeoclimatic zone; caribou locations in the analysis include only those below the ESSF 
3
 Significance determined using Chi-squared and Bonferonni z statistic (Neu et al. 1974) 

4
 “+” indicates use > coverage at a significance of p=0.05; “-“ indicates use < coverage at a significance of p=0.05 

 

 

 

Table 5.  Proportion of total area (coverage) and proportion of radio-collared caribou winter 

locations (use) of forest cover types at low elevations on the Tweedsmuir-Entiako 

caribou winter range, November 2008 to March 2009.   

Forest Cover Type
1 

Age Site Class 

Coverage 

(proportion of 

total area) 

Use 

(proportion of 

winter locations) 

Low + Poor 0.19 0.26 
 

Mature 

Medium 0.14 0.29 +
2,3

 

Pine 

Immature 0.20 0.16  
Low + Poor 0.19 0.09 - Mature 

Medium 0.07 0.16  

Pine/Spruce 

Immature 0.09 0.03 - 
Mature 0.02 0.00 - Spruce 

Immature 0.01 0.00 - 
Lake 0.09 0.02 - 
N (number of radio-collared caribou locations)  120  
1
 Forest cover type mapping covers only low elevation habitat below the Engelmann Spruce – Subalpine Fir (ESSF) 

biogeoclimatic zone for the area covered by the caribou habitat map; caribou locations in the analysis include only those below 

the ESSF
 

2
 Significance determined using Chi-squared and Bonferonni z statistic (Neu et al. 1974) 

3
 “+” indicates use > coverage at a significance of p=0.05; “-“ indicates use < coverage at a significance of p=0.05 
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The selection of more productive forest cover types is not consistent with heavy use of DLLM and LM 

caribou habitat types, which tend to occur on lower productivity sites. This discrepancy may be due in 

part to different scales of mapping, and/or accuracy of the forest cover mapping.  A more detailed 

analysis of caribou habitat and forest cover selection will be completed for the final report in 2009/10. 

 

 

 

Winter Site Investigations 
 

Three winter site investigations sessions were conducted during winter 2008/09: 

• January 20-22 (3 days); 

• February 17-19 (3 days); and, 

• March 10-12 (3 days). 
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A helicopter was used to locate radio-collared caribou to access recent foraging areas and fresh tracks. A 

total of 20 sites were visited from January to March 2009 (Map 4).  Fresh tracks were backtracked or 

followed.  Tracks were counted and track number was used to document start and finish of each habitat 

class.  Habitat class was characterized by species (pine, pine/spruce, spruce, etc.); pine disturbance  (none, 

MPB-green, MPB-red, MPB-grey, etc.); age (very young, young, mature), and canopy openness (very 

open, open, moderate, closed).  Track number was also used to document location of each feeding site 

(terrestrial vs. arboreal lichen feeding).   

 

 
 

Snow depth, snow penetrability, % canopy closure and % vegetation cover were recorded for each 

terrestrial lichen feeding (crater) site.  Snow depth measurements included depth of significant crust 

layers.  Snow penetrability was measured as the distance that a 0.9 kg (2 lb) weight penetrated the 

snowpack after being dropped from a height of 1 meter above the snow.  Percent snow penetrability was 
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calculated as snow penetrability divided by the total snow depth.  Percent canopy cover was visually 

estimated for the canopy directly above the crater site.  In addition to crater sites, snow was excavated 

every 100 steps where caribou were traveling and not cratering (non-crater sites [NCS]), and snow depth, 

snow penetrability, % canopy closure and % vegetation cover were recorded.  GPS locations were 

recorded at each crater and non-crater site. 

 

Caribou sinking depth, snow depth and snow penetrability were opportunistically recorded for caribou 

tracks in different habitat types. In low elevation forested habitat, caribou tracks were generally selected 

in open pine forests.  Measurements were taken for tracks of a single caribou in undisturbed snow (i.e. 

tracks which were used by more than 1 caribou or which followed old trails were not measured). 

 

Snow depth in low elevation forested habitat used by caribou increased from an average of 42 cm in 

January to 58 cm in March (Figure 2).  Caribou sinking depth stayed relatively constant at 20-25 cm 

throughout the winter and snow penetrability increased slightly from 33 cm in January to 38 cm in March.  

 

 

 
Figure 2.  Average snow depth, penetrability and caribou sinking depth in low elevation forested habitat during 

winter site investigations on the Tweedsmuir-Entiako caribou winter range, January – March 2009.  

Error bars are ±  2 standard errors. 

 

 

Snow conditions in 2008/09 were different from snow conditions in both 2007/08 and 2006/07.  In 

2006/07, a heavy snowfall in late October contributed to a deep snowpack for the whole winter and 

frequent freeze/thaw events during the winter resulted in a highly consolidated snow pack later in the 

winter. In 2007/08, temperatures were generally cold and did not go above freezing in January and 

February, resulting in a relatively unconsolidated snowpack. Temperatures stayed cool until the February 

and March winter site investigations, when above zero temperatures during the day contributed to a 

reduced snow pack in March.  In January 2007, snow was almost 20 cm deeper than in January 2008 and 
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10 cm deeper than in January 2009.  By February, snow depth averaged 50-55 cm in all 3 years.  In 

March, snow depth increased slightly in 2007 and 2009 (54-58 cm) and decreased slightly in 2008 

(46 cm).  During March, snow was more consolidated in 2007 than in 2008 or 2009.  In 2006/07, caribou 

sinking depth decreased from 44 cm in January to 10-15 cm in February and March.  In contrast, caribou 

sinking depth averaged about 30 cm in 2007/08 and about 22 cm in 2008/09 throughout the winter. 

 

In February 2009, snow depth and caribou sinking depth were higher in low elevation wetlands than in 

low elevation forests (Figure 3). Caribou were rarely found traveling through wetlands along winter site 

investigations tracks during the other two winter months (January, March) other than in single file, so no 

snow depth/caribou sinking depth measurements were obtained.  

 
Figure 3.  Average snow depth, penetrability and caribou sinking depth in forested and wetland habitats during 

winter site investigations on the Tweedsmuir-Entiako caribou winter range, February 2009.  

Error bars are ±  2 standard errors. 

 

 

 

 

A total of 215 craters and 1263 arboreal lichen feeding sites were examined during winter site 

investigations from January to March 2009 (Table 6).  Although arboreal lichen feeding was the most 

prevalent feeding strategy in most habitat types, caribou appeared to obtain more forage at a crater than at 

arboreal lichen sites. Also, in deep snow, some of the craters extended over a large area but the size of the 

craters was not taken into account in the crater tally.  Craters were found primarily in mature grey-

attacked and mixed grey-attacked/live pine stands with open or very open canopies (Table 6).  This year, 

caribou were also found cratering in mature pine/spruce (mostly black spruce) stands with a mix of grey-

attacked and live pine with open or very open canopies.  Black spruce is an indicator of low site quality 

and terrestrial lichens grow well on sites where growing conditions for other plants is poor. Arboreal 

lichen feeding occurred in all habitats.  In 2008/09, as in 2006/07 and 2007/08, caribou occasionally 

cratered at the base of trees (tree craters), especially in spruce or mixed pine/spruce stands.  Most of the 

tree craters contained horsetails. 
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Table 6.  Distribution of Non-crater sites (NCS), Craters and Arboreal lichen feeding sites in each habitat 

used by caribou, based on snowtracking on the Tweedsmuir-Entiako caribou winter range during 

3 winter site investigations sessions January – March 2009. 

Habitat type Feeding Sites 

Age 

Dominant 

tree cover 

Pine 

status 

Canopy 

openness 

No. 

Steps 

No. 

NCS 

No. 

Craters 

No. 

Arboreal 

lichen sites 

No. 

Tree 

Craters 

% 

Crater 

Sites 

% 

Arboreal 

lichen sites 

Very Open 3003 6 82 99  45.3 54.7 

Open 5924 40 32 451 2 6.6 93.4 

Grey 

Moderate 584 6  43  0 100.0 

Very Open 446 1 17 13  56.7 43.3 

Open 2083 13 11 119  8.5 91.5 

Grey/ 

Alive
1 

Moderate  234 3  21  0 100.0 

Pine 

Alive Open 49   3  0 100.0 

Very Open 572 1 11 5  68.8 31.3 

Open 2525 8 39 112  25.8 74.2 

Grey/ 

Alive 

Moderate 717 9  60  0 100.0 

Open 323 3  23  0 100.0 

Pine – small 

diameter 

Alive 

Moderate 39       

Very Open 230 1  15  0 100.0 

Open 685 8  33  0 100.0 

Moderate 261 2  18  0 100.0 

Grey 

Closed 77 1      

Very Open 317 1 10 13  43.5 56.5 

Open 160 2  13 1 0 100.0 

Pine/Spruce 

Grey/ 

Alive 

Moderate 444 3  36  0 100.0 

Very Open 67  2   100.0 0 Grey/ 

Alive Moderate 74   6  0 100.0 

Open 41 1  2  0 100.0 

Pine/spruce 

– small 

diameter Grey 

Closed 36   2  0 100.0 

Very Open 75  1 4  20.0 80.0 

Open 982 9 1 70 3 1.4 98.6 

Moderate 755 5  25 3 0 100.0 

Spruce  

Closed 112 1  1  0 100.0 

Very Open  108  3 4  42.9 57.1 

Open  115 2  6  0 100.0 

Moderate  187 1  12  0 100.0 

Spruce 

(black) – 

small 

diameter Closed  41   2  0 100.0 

Spruce/ 

Aspen 

 Very Open 60 1      

Open 60   2  0 100.0 

Mature 

Pine/ Aspen Grey/ 

Alive Moderate 22   2  0 100.0 

Pine Alive Open 35  2   100.0 0 Young 

Pine/Spruce  Alive Open 138  4 2  66.7 33.3 

Forested 

Wetland 

Black 

Spruce 

 Open 906 9  40  0 100.0 

Wetland    204 1  4  0 100.0 

Lake/Creek    493 5  2 
 

0 100.0 

Total    23184 143 215 1263 9   
1
 Pine status of Grey/alive indicates a mix of the two categories 

2
 7 craters were investigated on lakes; these were not included in the crater total or in comparisons of craters to non-crater sites 

 

 

At low elevations, craters contained more terrestrial lichens than non-crater sites (NCS), where caribou 

were traveling and foraging on arboreal lichens (
2
 =256, p<0.01; Figure 4), and were found in more open 

canopies (
2
 = 142, p<0.01; Figure 5).  
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Figure 4.  Percent of craters (C) and non-crater sites (NCS) containing % cover classes of terrestrial lichens 

(Cladina sp., Cladonia sp., Cetraria sp., Stereocaulon sp. combined) in low elevation forested habitats 

on the Tweedsmuir-Entiako caribou winter range (C=215; NCS=128), January – March 2009.  

 

 
Figure 5.  Percent of craters (C) and non-crater sites (NCS) in % canopy cover classes in low elevation forested 

habitats on the Tweedsmuir-Entiako caribou winter range (C=214; NCS=128), January – March 2009.  

 

 

Snow depth and snow penetrability were greater at craters than at non-crater sites in low elevation 

forested habitat from January to March 2009 (Figure 6). 
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Figure 6.  Average snow depth, snow penetrability and % snow penetrability at craters and non-crater sites (NCS) in 

low elevation forested habitats on the Tweedsmuir-Entiako caribou winter range, January – March 2009.  

Error bars are ±  2 standard errors. 
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Percent snow penetrability was greater at craters than non-crater sites in February and March but was 

similar for craters and non-crater sites in January. From January to March 2009, percent snow 

penetrability averaged 79-84% at crater sites, but decreased slightly at non-crater sites, suggesting that 

snow had consolidated slightly in habitats where caribou were traveling but not in habitats where caribou 

were cratering.  The higher snow depths and % snow penetrability in craters versus non-crater sites 

reflected caribou preference for cratering in very open stands.  Caribou continued to crater for terrestrial 

lichens in March, despite the deep snowpack (Figure 7).  Snow depth at craters reached an average of 70 

cm in March.  

 

In 2008/09, caribou foraged for terrestrial lichens throughout the winter from December to March.  This 

was similar to 2007/08, but unlike 2006/07 when fewer craters were found in March than in January and 

February.  In 2008/09, snow was mostly unconsolidated throughout the winter.  In 2007/08, snow was 

mostly unconsolidated in early and mid winter (December to February) and thawing in March.  In 

2006/07, frequent freeze/thaw conditions resulted in more difficult cratering conditions in late winter.  

Cratering was more prevalent in March 2009 than in March 2007 even though snow depths were about 

the same, presumably because snow conditions were more favourable for cratering.   

 

 

 
 

Figure 7.  Cratering for terrestrial lichens in deep snow in very open grey-attacked pine stands on the 

Tweedsmuir-Entiako caribou winter range, March 2009. 
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Calf Survival and Adult Mortality 

Adult Mortality 

 

Four radio-collared caribou mortalities (4 cows) occurred between April 2008 and March 2009 (Table 7).  

Three mortalities occurred on the winter range during spring migration in April and 1occurred during 

calving in June in the Quanchus Mountains in northern Tweedsmuir Park (Map 5). The causes of all 4 

mortalities were undetermined; however, some evidence suggested that wolf predation was the cause of 

one of the April mortalities. The mortality rate for adult female caribou with functioning collars in 

2008/09 was 19.1% (4 mortalities of 21 caribou with functioning collars alive at the beginning of April 

2008).  

 

 

Table 7.  Timing and cause of mortalities of radio-collared caribou in the 

Tweedsmuir-Entiako caribou population, April 2008 – March 2009. 

Frequency Sex 

Date mortality 

detected 

Timing of 

Mortality Cause of Death 

148.040 Female 22 April 2008 April Unknown – probable 

wolf predation 

148.780 Female 22 April 2008 April Unknown 

149.931 Female 22 April 2008 April Unknown 

148.870 Female 30 June 2008 June Unknown 

 

 

Calf Survival 

 

Calf survival surveys were conducted during fall (18 October 2008) and winter (24 March 2009). A 

helicopter was used to locate radio-collared caribou to determine whether they had a calf.  All caribou 

associated with radio-collared caribou and other groups of caribou sighted opportunistically were also 

counted and classified. Calf status for all caribou counted and calf status for radio-collared caribou during 

calf survival flights are presented in Tables 8 and 9 respectively. 

 

For all caribou counted, calf survival was high in October (21% calves) but declined to 7% calves in 

March (Table 8).  For radio-collared caribou, 7 of 16 (43.8%) adult female radio-collared caribou that 

were seen in October had calves.  By March, 4 of those calves had perished and 3 of 17 (17.7%) adult 

female radio-collared caribou were seen with calves (Table 9).  Calf survival of radio-collared caribou 

and all caribou counted was moderate to high in October. March calf recruitment for radio-collared 

caribou was moderate, while calf recruitment for all caribou counted was low. Normally, calves that are 

associated with radio-collared caribou in October are still alive in March; however, this year, over half of 

the calves present in October (4/7), did not survive until March. Calf recruitment for the radio-collared 

caribou sample in March 2009 was similar to that in March 2008, while calf recruitment for all caribou 

counted was slightly lower. 

 

The moderate adult female mortality rate and the low to moderate calf recruitment rate suggests that calf 

recruitment may have been insufficient to balance adult mortality in 2008/09. 
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Table 8.  Age and sex classes of all caribou counted during calf survival 

surveys 18 October 2008 and 24 March 2009. 
 18 October 2008 24 March 2009 

# calves 29 5 

# cows 80 44 

# bulls 29 22 

# unidentified adults 0 20 

Total 138 71 

% calves 21.0 7.0 

Calves/100 cows 36.2 - 

Calves/100 adults 26.6 7.6 
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Table 9.  Calf status of radio-collared caribou on October 18, 2008 and 

March 24, 2009. 
Calf Status 

Frequency 
18 October 2008  24 March 2009 

148.040 MORTALITY - April  

148.071 Not Found
1 

0 

148.100 0 0 

148.110 0 0 

148.130 1 1 

148.150 0 0 

148.220 1 1 

148.440 0 0 

148.712 1 0 

148.730 0
 

0 

148.740 1 0 

148.760 0 0 

148.780 MORTALITY - April  

148.810 0 0 (Collar removed) 

148.850 0 0 

148.870 MORTALITY - June  

148.890 1 1 (Collar removed) 

148.921 Not Seen COLLAR FAILURE - February 

148.940 COLLAR FAILURE – June  

(Collar removed – October) 

 

148.960 0 0 (Collar removed) 

148.990 1 0 (Collar removed) 

149.411 1 0 

149.931 MORTALITY - April  

TOTAL 7 3 
1
 Not Seen = located during fixed-wing flight but not seen during helicopter flight; Not Found= not 

located during fixed wing or helicopter flight 

 

 

 

Caribou and Mountain Pine Beetles 
 

The mountain pine beetle epidemic on most of the Tweedsmuir-Entiako caribou range is in the grey phase 

of the attack.  Loss of live tree function (nutrient and water uptake) has resulted in changes to understory 

vegetation composition, with kinnikinnick proliferating on some sites and affecting terrestrial lichen 

abundance (Cichowski et al. 2008).  The lack of needles in the canopy during the grey phase of the attack 

was expected to affect snow interception, resulting in changes to snow characteristics that could 

potentially affect caribou winter habitat use and forage selection.  

 

Preliminary results from 2006/07 (Cichowski 2007), 2007/08 (Cichowski 2008) and 2008/09 suggest that 

caribou continued to select pine habitats where terrestrial lichens were abundant and continued to forage 

on terrestrial lichens where they were available, despite the grey attack phase of the mountain pine beetle 

epidemic.  Caribou winter habitat use patterns from 2006/07 to 2008/09 were similar to winter habitat use 

patterns prior to mountain pine beetle attack: 

• caribou used low elevation pine stands throughout the winter; 

• caribou cratered for terrestrial lichens where they were available and abundant, predominantly in 

open and very open pine stands; 
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• caribou foraged on arboreal lichens in all habitats throughout the winter;  

• in mid March 2006 and 2007, caribou moved to the area in the northeastern part of their winter 

range between the Entiako River and Euchu Reach;  

• in mid February 2007, a portion of the population moved into subalpine and alpine habitat in the 

Fawnie Mountains where they remained until mid to late March; and, 

• caribou foraged less on terrestrial lichens in late winter 2006/07 and more on arboreal lichens, 

due to snow conditions that made cratering difficult in late winter. 

 

Even with the deeper snowpack in 2006/07, caribou cratered predominantly in open pine stands in as 

much as 93 cm of snow. In all 3 years, crater sites were most frequently found in open or very open pine 

stands and caribou frequently foraged in canopy gaps where terrestrial lichens are often abundant and 

where snow conditions are favourable for cratering.  In canopy gaps, snow is less affected by snow 

dripping from trees during thaws and forming hard crusts, which could compromise the caribou’s ability 

to detect and dig for lichens if they are present.  Because caribou prefer foraging in stands with very open 

canopies during winter, the loss of needles from trees following the mountain pine beetle epidemic may 

not appreciably affect snow conditions at those sites. 

 

Weather conditions appeared to play a greater role in terrestrial lichen foraging than changes in snow 

conditions due to mountain pine beetle attack.  In 2006/07, frequent freeze/thaw events during mid winter 

likely influenced the reduction of terrestrial lichen foraging during late winter. Snow conditions also 

remained conducive to cratering in open pine stands through much of the winter due to the moderating 

effect of grey-attacked (dead) trees on the effects of wind.  In open wetlands not protected by at least 

some forest cover, snow penetrability decreased as winter progressed.  In 2007/08, temperatures did not 

rise above freezing until mid February, resulting in an unconsolidated snow pack and easy cratering 

conditions until then.  After mid February, mild temperatures resulted in thawed snow conditions (at least 

during the winter investigations sessions) that allowed caribou to continue cratering for terrestrial lichens 

in March.  In 2008/09, snow was relatively unconsolidated throughout the winter, allowing caribou to 

continue to crater for terrestrial lichens in March, even though snow depth averaged 70 cm at crater sites. 

 

Winter range use varied between the three years of this study.  In 2006/07, caribou concentrated in the 

area between Entiako Lake and Capoose Lake, and some caribou moved into subalpine and alpine habitat 

in the Fawnie Mountains from mid February to mid March.  In 2007/08, caribou concentrated in the area 

south of Tetachuck Lake and did not move into the Fawnie Mountains at any time during the winter.  

Also, a few caribou were found on the north side of Tetachuck Lake for most of the winter in 2007/08.  In 

2008/09, most of the radio-collared caribou were again found in the area south of Tetachuck Lake, and no 

caribou moved into alpine or subalpine habitat in the Fawnie Mountains.  However, winter range use in 

2008/09 differed from other years in that two caribou wintered in northern Tweedsmuir Park near 

Whitesail Lake, and during late winter, caribou did not move northeast within their winter range, to the 

area south of Euchu Reach.  Although none of the caribou moved northeast within their winter range in 

late winter, two radio-collared caribou spent the whole winter in that area in 2008/09. These differing 

winter range use patterns could potentially be a response to snow conditions or range rotation rather than 

a response to the grey stage of the mountain pine beetle epidemic.  Although use of the area just south of 

Tetachuck Lake in 2007/08 could have suggested that caribou did not want to travel into the main part of 

the winter range due to changes in snow conditions making travel more difficult, during the deep snow 

year (2006/07), caribou did travel into and use the main part of their winter range.  Also, in 2007/08 when 

caribou used the area just south of Tetachuck Lake for most of the winter, they still traveled to the 

northeastern portion of their winter range in late March, despite being closer to their summer range when 

they were in the area south of Tetachuck Lake.  And, in 2008/09, two caribou used the area in the 

northeastern part of their winter range throughout the whole winter. 
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Population parameters also do not appear to be affected by the grey stage of the mountain pine beetle 

epidemic. Timing of mortality for 2006/07 to 2008/09 was generally consistent with timing of mortality 

prior to the mountain pine beetle epidemic, with the majority of mortalities occurring between May and 

mid July while caribou were on their summer range (Cichowski and MacLean 2005).  In general, adult 

female mortality rate was moderate to high and calf recruitment was low to moderate from 2006/07 to 

2008/09, similar to adult female mortality rates and recruitment rates prior to the mountain pine beetle 

epidemic.  

 

 

Activities 2009/10 
 

The fieldwork portion of the project was completed in 2008/09.  Activities in 2009/10 will focus on data 

analysis and completion of a final project report. For 2009/10, funding from Habitat Conservation Trust 

Fund has been approved and funding from Forest Sciences Program of FIA is still pending.  
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