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Project description 
 
The Kennedy Siding caribou herd contains about 150 caribou, and is one of the nationally 

Threatened caribou herds living in the Southern Mountains National Ecological Area 
(COSEWIC, 2002).  These animals are the northern ecotype of woodland caribou that feed 
primarily on terrestrial lichens during winter (Heard & Vagt 1998).  The pine-lichen winter range 
of this herd is an approved 2,894 hectare Ungulate Winter Range (UWR), and forest 
management practices are guided by the General Wildlife Measures outlined in the UWR 
document (Arthur 2002).  Those measures require that at least half of the total UWR area is 
maintained in stands greater than 50 years of age. 

 
The Kennedy Siding UWR has recently been attacked by mountain pine beetle (MPB), and 

some salvage logging commenced in March 2005.  Under the UWR measures, up to half can be 
salvage logged (about 1,500 hectares), but the remaining 1,500 hectares will be retained even if 
most or all of the trees are dead.  Because the Kennedy Siding UWR is very accessible, it is 
probably the most cost-effective and efficient location in all of British Columbia to evaluate 
caribou use of MPB-killed stands.  For comparison, we also have 5 years of data on habitat 
selection and use by caribou of the Kennedy Siding UWR prior to MPB attack (Jones et al. 2004, 
Jones 2007).   

 
The purpose of this project was to monitor the response of vegetation, snow and caribou use 

in salvage-logged and MPB-attacked stands.  Locations from GPS-collared caribou were used to 
determine if caribou continued to use the winter range after MPB attack, and to evaluate use of 
different stand types by caribou within the Kennedy Siding UWR.  Specifically, we were 
interested in whether caribou used salvage blocks, older clearcuts and forests attacked by MPB.  
We also established permanent vegetation sampling plots in a salvage cutblock (cut in 2005), an 
older clearcut (cut in the 1990s) and within the MPB attacked pine forest.  Measurements taken 
in these different stand types will be used to monitor annual changes in snow conditions and 
vegetation (terrestrial and arboreal lichens) in response to the MPB attack.  The results will be 
used to modify the UWR management practices if necessary.  Any modifications would also 
apply to 136,672 hectares of caribou UWR in other parts of the Region that currently have 
similar management objectives in place.  As MPB spreads into the Peace River District, those 
management practices will be applied to additional areas of caribou habitat.  
 

This report provides a summary of data collection and results, specifically:  
 
1. Availability of ground vegetation and arboreal lichens in different stand types (salvage 

block, clearcut, pine forest). 
 
2. Growth response of ground vegetation and arboreal lichens in different stand types. 

 
3. Snow conditions (depth, hardness, sinking depth) in different stand types. 
 
4. Timing and duration of use of the Kennedy Siding UWR by caribou. 

 
5. Use of different stand types by caribou. 
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6. Foraging behaviour by caribou in different stand types. 
 
7. Status of MPB attack within the UWR. 

 
Project objectives 

 
1. To evaluate the response of caribou and their habitat to MPB attack. 

 
2. To evaluate the effectiveness of current UWR management practices, and make 

modifications as necessary.  
 

Results 
 
Ground vegetation and arboreal lichen availability and monitoring in different stand types 

Ground vegetation 
 
In summer 2008, we re-measured previously established 100-m transects in the salvage block 

(cut in 2005), clearcut (cut in the 1990s), and pine forest (Figure 1).  At the start of each transect 
we used a square-meter plot to measure percent cover of ground vegetation (Figure 2).  These are 
permanent plots that will be used to monitor annual changes in availability of ground vegetation 
(e.g., terrestrial lichens).  Vegetation types were classified at each 10- x 10-cm intercept within 
the square-meter plot on each transect in the salvage block, 10-year old clearcut, and forest (n = 
90).  We also used a point-intercept method to measure percent cover of vegetation types at 
approximately 1-m intervals along the length of each 100-m transect (providing about 100 
points/transect).  Percent cover of vegetation types along transects were used to compare 
differences in terrestrial vegetation between the salvage block, clearcut and pine forest.  We 
calculated mean and 95% confidence intervals (CIs) for each ground-cover type in the salvage 
block, clearcut and pine forest.  We considered percent cover to be different among stand types if 
95% CIs for a vegetation type did not overlap. 
 

Percent cover of Cladina spp., Cladonia spp., & Stereocaulin spp. differed between the 
clearcut and salvage block, and the clearcut and forest (Figure 3), but there was no difference in 
the percent cover of these terrestrial lichens between the salvage block and forest (Figure 3).  In 
previous years, Cladina spp. were more abundant in the pine forest than in the salvage block 
(Seip & Jones 2007, Seip & Jones 2008).  Cladina spp. are a major winter food source for 
caribou and were found in 91% (n = 98), 95% (n = 144) and 75% (n = 113) of caribou craters 
examined along caribou track transects in 2006/07, 2007/08 and 2008/09, respectively. 

 
  Similar to previous years, percent cover of Vaccinium myrtilloides, course woody debris, 

litter and bare ground was higher in the salvage block, compared to the clearcut and pine forest 
(Figure 3).  Percent cover of moss, forbs and other dwarf shrubs was higher in the forest, 
compared to the clearcut and salvage block and there was no difference in Arctostaphylos uva-
ursi, grasses/sedges, clubmosses or tree seedlings between stand types (Figure 3).  
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Figure 1.  Location of vegetation transects (n = 90) in the Kennedy Siding UWR, 31 March 2009. 
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Figure 2.  Square-meter plot established at the start of each 100-m transect used to measure annual changes in availability of ground 
vegetation in the Kennedy Siding UWR.   
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Figure 3.  Percent cover of vegetation types (x ± 95% CIs) for the 2005 salvage cutblock, 1990s clearcut and pine forest in the 
Kennedy Siding UWR, August 2008.  Percent ground cover was calculated from point-intercept measurements taken every 1-m along 
100-m vegetation transects (n = 30 per stand type).
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These results indicate that the abundance of terrestrial forage for caribou (Cladina spp.) is 
low, but not completely absent in the salvage-logged block.  Within 10-15 years of logging, the 
1990s clearcut contained a high percent cover of Cladina spp., suggesting that the salvage block 
may also provide abundant terrestrial lichen forage within a decade.  In contrast to previous 
years, the salvage block and the forest are now similar in abundance of Cladina spp. 

 
To determine if there was a change in terrestrial vegetation within stand types among 

summers 2006, 2007 and 2008, we calculated the change in percent cover (x ) for each type of 
vegetation using data from the permanent square-meter plots (Table 1).  Transects were not 
established in the clearcut until 2007, therefore, changes in the percent cover of terrestrial 
vegetation for the clearcut were calculated only between 2007 and 2008. 

 
Generally, changes in percent cover of most ground vegetation types were negligible (< 1%) 

between 2006 and 2008 (Table 1).  Cladina spp. markedly decreased between 2006 and 2008 in 
the pine forest (11.5%), although there was little change in the percent cover of Cladina spp. in 
the salvage block (0.4%) during this time period (Table 1).  Cladina spp. decreased slightly in 
the clearcut (3.0%) between 2007 and 2008 (Table 1).  When these results are examined in 
relation to differences in the percent cover of Cladina spp. among stand types, it becomes clear 
that the convergence in percent cover of Cladina spp. between the salvage block and pine forest 
(Figure 3) is due to a decrease in percent cover of Cladina spp. in the pine forest (as opposed to 
an increase in percent cover of Cladina spp. in the salvage block).  

 
Dwarf shrubs (Arctostaphylos uva-ursi and Vaccinium myrtilloides) increased most notably 

in the salvage block and pine forest, but also increased slightly in the clearcut (Table 1).  Similar 
to changes between 2006 and 2007, the percent cover of moss continued to decrease in the pine 
forest (7.4% between 2007 and 2008), and the percent cover of litter decreased in the salvage 
block (12.8% between 2007 and 2008).  In the pine forest, the percent cover of litter (mostly 
dead pine needles) increased between 2006 and 2007 (Seip & Jones 2008), but decreased in 2008 
(Table 1).  Generally, it appears that dwarf shrubs are replacing litter in the salvage block and 
replacing Cladina spp., moss and litter in the pine forest.  Pictures illustrating changes in percent 
cover of vegetation types in the salvage block and pine forest are presented in Figure 4.  

Arboreal lichens 
 

Arboreal-lichen biomass within the caribou feeding zone (2.5 m) was estimated along each 
100-m transect in the forest on six trees every 20 m (30 trees/transect).  Trees were permanently 
marked in summer 2006 to monitor annual changes in arboreal-lichen abundance (Figure 5).  For 
each tree we estimated arboreal-lichen biomass by counting the number of lichen clumps relative 
to a reference sample of known weight (0.5 g). 

 
Mean biomass for arboreal lichens was calculated for the 30 trees along each vegetation 

transect (n = 30) in the pine forest and averaged for all vegetation transects.  Mean biomass of 
arboreal lichens did not differ among years (13.3 ± 2.4 g/tree in 2006/07; 13.1 ± 2.1 g/tree in 
2007/08; and 16.9 ± 3.2 g/tree in 2008/09). 
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Table 1.  Percent change (x ) in cover for ground vegetation types in the 2005 salvage cutblock, 
1990s clearcut and pine forest in the Kennedy Siding UWR, July 2006 to August 2007, and July 
2006 to August 2008.  Percent change was calculated from square-meter plots established at each 
vegetation transect (n = 30 per stand type).  Changes greater than 1% are in bold. 
 

 Salvage Block Clearcut Forest 

 
2007 
 to  

2008 

2006 
 to  

2008 

2007  
to  

2008 

2007  
to 

 2008 

2006 
 to  

2008 
      

Terrestrial Lichens      
Cladina spp.  0.0  0.4  -3.0 -5.4  -11.5 
Cladonia spp.  -0.2  0.0  2.0  0.0 -0.5 

Stereocaulin spp.  0.0  0.1  -0.1 -0.1 -0.6 
Peltigera spp.  0.0  -0.1  -0.1 -0.2 -1.1 

      
Forbs      

Cornus canadensis  -0.3  0.0  0.0  0.3  0.9 
Geocaulon lividum  0.0  -0.2  0.0  0.1  0.1 

Melampyrum lineare  0.1  0.3  0.0  0.8  0.9 
Solidago spp.  0.1  0.1  0.0  0.0  0.0 

Other  0.0  0.0  0.0  0.0 -0.1 
      

Dwarf Shrubs      
Arctostaphylos uva-ursi  3.4  6.5  0.7  3.9  3.7 

Linnaea borealis  0.1  0.4  -0.2 -0.3 -0.3 
Rosa acicularis  0.0  0.1  -0.1  0.1  0.1 

Spirea Betulifolia  -0.5  0.0  -0.2 -0.3 -0.2 
Vaccinium myrtilloides  7.3 11.9  1.2  11.2  17.5 
Vaccinium vitis-idaea  0.0  0.0  0.0  0.2  1.6 

      
Other      
Moss  0.6  -0.9  1.5 -7.4  -14.4 

Clubmoss  0.3  -0.5  0.0  0.0  0.0 
Grass  0.3  0.3  0.1  0.0  0.0 

Bare Ground  0.7  0.8  1.2  0.0 -0.2 
Course Woody Debris  0.8  0.8  0.2  0.0  0.0 

Litter  -12.8  -19.9  -4.0 -2.8  4.2 
Spuce Seedling  0.0  0.0  0.0  0.0  0.0 
Pine Seedling  0.1  0.1  0.1  0.0 -0.1 

      



 

 

   
 

     A.                         2006                                                                 2007                                                                2008  
 
 
 
 
 
 
 
 
 
 
 
 

 
 
      B.                         2006                                                                 2007                                                                2008 

 
Figure 4.  Pictures of square-meter plots for vegetation transects in the salvage block (A) and pine forest (B) illustrating percent 
change in vegetation cover (notably Cladina spp., Arctostaphylos uva-ursi and Vaccinium myrtilloides) from 2006 to 2008. 
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Figure 5.  Permanently-marked tree used to measure annual changes in availability of arboreal 
lichens in the Kennedy Siding UWR.  The numbers of lichen clumps relative to a reference 
sample of known weight (0.5 g) were counted at 0.5 m intervals (pink flagging) up to 2.5 m.  
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Snow conditions in different stand types 
 
In winter 2006, we established snow stations in the forest (n = 30), and in the 10-year old 

clearcut (n = 30), by installing a meter stick on a wooden stake driven into the ground (Figure 6).   
We considered the clearcut and the salvage block to be analogous for snow conditions as 
exposure is the same due to lack of tree cover.  Snow depth, snow hardness and sinking depths 
were measured at these snow stations once each week from the onset of snow (19 November 
2008) until 12 March 2009.  Snow hardness at each snow station was subjectively classified into 
five categories (light to heavy) based on ease of kicking difficulty by a person and ease of 
penetration by a snow probe.  Sinking depths were determined by measuring the depth that we 
sank in the snow at 30 random locations adjacent to snow stations.  Sinking depths of a person 
are comparable to sinking depths of caribou (Jones 2007). 

 
We calculated mean snow depths (Figure 7), snow hardness (Figure 8) and sinking depths 

(Figure 9) ± 95% CIs for the clearcut and forest using measurements taken at each snow station.  
We considered snow to differ between the forest and clearcut if the 95% CIs did not overlap.  
There was typically no difference in snow depths between the clearcut and the forest (Figure 7).  
When snow depths differed between the clearcut and forest, the difference was typically <10 cm, 
and snow was deeper in the forest.  Similar to previous years, snow was often harder and sinking 
depths were commonly lower in the clearcut compared to the forest (Figures 8 and 9).   

 
Differences in snow conditions between the forest and the clearcut were likely because 

melt/freeze or wind events were more influential in the clearcut due to greater exposure.  Our 
results from years prior to MBP attack also indicated that snow depths were similar between the 
forest and the clearcut, but snow was harder and sinking depths were lower in the clearcut (Jones 
2007).  It appears that these pine forests are not effective at intercepting snow, even prior to 
MPB attack, but that they do create conditions that lead to softer snow.  
 
Caribou locations and timing and duration of use by caribou of the Kennedy Siding UWR 

 
Prior to March 2006, we had 4 caribou in the study area with VHF collars, and one caribou 

with a GPS collar.  Data from this GPS collar was recovered in March 2007.  In March 2006, six 
caribou were captured and fitted with GPS-collars (one caribou was captured outside of the 
Kennedy Siding study area but used the Kennedy Siding UWR in winters 2006 and 2007).  One 
of these caribou died in the Kennedy Siding UWR on 21 December 2007 and the collar was 
retrieved from the animal.  The remaining five GPS-collars were remotely released from the 
caribou in February 2008.  Location data were successfully downloaded from all six collars (fix 
rate ranged between 72 and 92%).   

 
In March 2007, an additional five caribou were captured and outfitted with GPS collars.  One 

of these caribou died in February 2008 and the collar was recovered and downloaded at this time.  
This collar missed the majority of locations from June to October 2007, and locations were 
intermittent for other months (fix rate = 40%).  The remaining four GPS-collars were recovered 
in March 2009.  Location data were successfully downloaded from three collars (fix rate ranged 
between 73 and 96%), while data from one GPS-collar missed the majority of locations from 
September to December 2007, and locations were intermittent for other months (fix rate = 53%). 



   

 

Water

Kennedy 
Siding

Pine 
Forest

1km

Highway

��������������������������������������������������
������
��

������
���� ���� ������

�� ���� ���� ��
������

������ ��

�� ��
��
����

��
��

N

�� Snow 
Stations
(Permanent)

Clearcut
(cut in the
1990s)

Salvage
Block
(cut in
2005)

 
Figure 6.  Location of snow stations (n = 60) in the Kennedy Siding UWR, 31 March 2009. 
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Figure 7.  Snow depths (x ± 95% CIs) for the clearcut (1990s) and pine forest in the Kennedy Siding UWR, November 2008 to March 
2009.  Snow depths were calculated from measurements taken at snow stations (n = 30 per stand type).  The first arrow (furthest left) 
shows the date when caribou and caribou tracks were no longer observed in the clearcut.  GPS-collar locations indicate that use of the 
clearcut by caribou was negligible (27 of 386 locations) after this date.  The second arrow shows the date when the GPS-collared 
caribou had left the UWR (n = 5).    
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Figure 8.  Snow hardness (x ± 95% CIs) for the clearcut (1990s) and pine forest in the Kennedy Siding UWR, November 2008 to 
March 2009.  Snow hardness was calculated from measurements taken at snow stations (n = 30 per stand type).  The first arrow 
(furthest left) shows the date when caribou and caribou tracks were no longer observed in the clearcut.  GPS-collar locations indicate 
that use of the clearcut by caribou was negligible (27 of 386 locations) after this date.  The second arrow shows the date when the 
GPS-collared caribou had left the UWR (n = 5).    
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Figure 9.  Sinking depths (x ± 95% CIs) for the clearcut (1990s) and pine forests in the Kennedy Siding UWR, November 2008 to 
March 2009.  Sinking depths were calculated from measurements taken at snow stations (n = 30 per stand type).  The first arrow 
(furthest left) shows the date when caribou and caribou tracks were no longer observed in the clearcut.  GPS-collar locations indicate 
that use of the clearcut by caribou was negligible (27 of 386 locations) after this date.  The second arrow shows the date when the 
GPS-collared caribou had left the UWR (n = 5).   
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In March 2008, ten caribou were captured and outfitted with either a VHF (n = 5) or GPS     
(n = 5) collar.  One of these GPS-collared caribou died on 17 January 2009.  The GPS-collar was 
recovered and location data were successfully downloaded (fix rate = 94%).  An additional five 
caribou were captured and collared with GPS collars in March 2009.  Data from GPS collars 
deployed in 2008 and 2009 are scheduled to be recovered two years after collar deployment. 
 

Collared caribou were located by aerial telemetry approximately twice per month to 
determine general seasonal movements (Figure 10).  Caribou summer locations are in the Rocky 
Mountains to the east of the UWR.  The caribou migrate to the Kennedy Siding UWR during the 
early winter period, and then return to the mountains in late winter.   

 
GPS-collar data were used to determine the timing and duration of use of the Kennedy Siding 

UWR (Table 2).  In 2007/08, GPS-collared caribou migrated to the Kennedy Siding UWR 
between 06 and 29 October (n = 9), and left the UWR between 20 and 29 December, with the 
exception of one that left on 30 November.  Duration of use of the Kennedy Siding UWR by 
GPS-collared caribou in winter 2007/08 ranged from 49 to 84 days (x  = 74).  

 
In winter 2008/09, GPS-collared caribou migrated to the Kennedy Siding UWR between 09 

and 15 October (Table 2).  The majority of GPS-collared caribou left the Kennedy Siding UWR 
between 12 and 21 January (n = 4), but one caribou left on 24 December (Table 2).  Duration of 
use of the Kennedy Siding UWR by GPS-collared caribou in winter 2008/09 ranged from 76 to 
103 days (x  = 94).  Duration of use for winter 2006/07, 2007/08 and 2008/09 was shorter than 
previous years (Jones 2007), likely due to deep snow occurring earlier in the winter than in 
previous years. 

 
GPS-collar data also indicated that caribou moved back and forth to the mountains from the 

UWR during the duration period.  These movements were typical for most GPS-collared caribou 
in both 2006/07, 2007/08 and 2008/09.  Excursions occurred 1 to 5 times in a season and caribou 
commonly remained in the mountains for only a few days.   

 
Caribou left the Kennedy Siding UWR and returned to the mountains when snow depths >70 

cm and snow hardness >4 (impossible for a person to kick through).  These results are consistent 
with data from previous years (Jones 2007, Seip & Jones 2007, Seip & Jones 2008), and provide 
further evidence that migration by caribou from the Kennedy Siding UWR is linked to snow 
depth and/or snow hardness thresholds that prevent the caribou from cratering for terrestrial 
forage. 

 
Use of stand types by caribou 

 
GPS-collar data indicated that caribou used the salvage block, clearcut and pine forest within 

the Kennedy Siding UWR (Table 2, Figure 11).  Caribou used the salvage block less than the  
clearcut, and the clearcut less than the forest.  Use of the salvage block by GPS-collared caribou 
was lower in 2006/07 (Seip & Jones 2007) and 2007/08 (Table 2) compared to 2008/09 (Table 
2).   
 

Use of the pine forest by GPS-collared caribou was considerably higher than use of logged  



  

 

Table 2.  Timing and duration of use of stand types by GPS-collared caribou in the Kennedy Siding UWR, winters 2007/08 and 
2008/09.  a Collar failure  – large portions of location data were missing from downloaded collar data during this time period. 

 

Year 
Caribou 

ID 

Date of 
Migration to 

Kennedy 
Siding UWR 

Date of 
Migration 

from 
Kennedy 

Siding UWR 

Duration 
of Use 
(Days) 

Total 
Number 

of 
Locations 

(n) 

Percent of 
Locations 

in     
Forest 

Percent of 
Locations 

in  
Clearcut      
(cut in 
1990s) 

Percent of 
Locations 
in Salvage 

Block                 
(cut in 
2005) 

2007/ car047 13-Oct-07 Mortality            263 76 20 4 
2008 car048 06-Oct-07 23-Dec-07 78 238 80 17 3 

 car049 12-Oct-07 23-Dec-07 72 322 88 4 8 
 car050 19-Oct-07 23-Dec-07 65 290 93 5 2 
 car051 06-Oct-07 20-Dec-07 75 295 72 26 2 
 car053 06-Oct-07 29-Dec-07 84 199 80 18 2 
 car061 Unknowna             Unknowna      
 car062 Unknowna Unknowna      
 car063 08-Oct-07 29-Dec-07 82 175 89 8 3 
 car064 09-Oct-07 01-Jan-08 84 374 96 3 1 
 car065 13-Oct-07 30-Nov-07 49 195 82 14 4 
 x      84 13 3 
         

2008/ car061 Mortality       
 2009 car062 12-Oct-08 12-Jan-09 93 135 84 16 0 

 car063 12-Oct-08 18-Jan-09 99 433 61 28 10 
 car064 09-Oct-08 19-Jan-09 103 445 75 18 7 
 car065 15-Oct-08 21-Jan-09 99 208 72 25 3 
 car095 10-Oct-08 24-Dec-08 76 347 65 31 7 
 x      71 24 5  
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Figure 10.  Locations of VHF- and GPS-collared caribou in the Kennedy Siding herd, 01 April 2006 to 31 March 2009.  Locations are 
categorized by summer (01 April to 31 October) and winter (01 November to 31 March). 
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Figure 11.  Locations of VHF- and GPS-collared caribou on the Kennedy Siding UWR, 01 April 2006 to 31 March 2009.  Locations 
are categorized by summer (01 April to 31 October) and winter (01 November to 31 March). 
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areas in 2006/07 (85 to 94%, Seip & Jones 2007), 2007/08 (72 to 96%, Table 2), and 2008/09 
(61 to 84%).  This is likely due to little or no use by caribou of the clearcut later in  
winter when snow conditions restrict cratering for terrestrial lichens.  Use of the forest by GPS-
collared caribou, however, declined in 2008/09 compared to 2007/08.  Decline in use of pine 
forests by caribou in 2008/2009 may be attributed to snowfall accumulating in the clearcut later 
in 2008/09 compared to 2007/08.  Conversely, decreasing percent cover of terrestrial lichens in 
the pine forest (Table 1) may result in greater use of clearcut areas by caribou within the 
Kennedy Siding UWR.    

 
GPS-collar data indicated that caribou stopped using the clearcut after 19 December 2008 

(only 27 of 386 locations occurred in the clearcut after this date) in 2008/09.  Discontinued use 
of the clearcut after this date was likely due to snow depths inhibiting cratering by caribou.  
Caribou discontinued use of the clearcut when snow depths exceeded 50 cm (Figure 7).  In 
2007/08, GPS-collar data indicated that caribou stopped using the clearcut after 12 December (1 
of 287 locations occurred in clearcut after this date).  Similar to 2008/09, snow depths in the 
clearcut exceeded 50 cm following this date (Seip & Jones 2008).  Previous data suggests that 
caribou stop using the clearcut once snow depths exceed 40 cm (Jones 2007, Seip & Jones 2007).  
Declining percent cover of terrestrial lichens in the pine forest in 2007/08 and 2008/09 may be 
contributing to increases in snow depth thresholds for cratering for terrestrial lichens by caribou 
in the clearcut.  

 
Foraging behaviour by caribou in different stand types 

 
When caribou were present at Kennedy Siding, we followed caribou tracks in snow in both 

pine forest (n = 36 transects) and the clearcut (n = 15) to determine foraging behaviour by 
caribou.  We began each caribou-track transect at the first sign of foraging by caribou and ended 
after following tracks for 100 m.  We classified the method of foraging by caribou as “terrestrial”  
when caribou had cratered to the ground through snow (Figure 12), and as “arboreal” when both 
caribou tracks and broken twigs or fallen arboreal lichens were present at the base of lichen-
bearing trees (Figure 13) (Johnson et al. 2000).  We classified the vegetation types found in a 
subsample of terrestrial feeding sites (n = 5 per transect), and classified tree health and 
abundance of arboreal lichen for a subsample of arboreal feeding sites (n = 5 per transect). 

 
We measured snow depth and snow hardness at 10-m intervals along each caribou-track 

transect.  Snow depth (to the nearest cm) was measured using a 100-cm ruler and snow hardness 
was classified into five categories as previously described.  We measured sinking depths of 
caribou tracks using a 100-cm ruler at five random locations along each transect. 

 
We grouped caribou-track transects into one of three categories based on foraging method by 

caribou along the entire length of the transect; terrestrial (caribou only foraged on the ground,     
n = 15 in clearcut, and n = 4 in pine forest), terrestrial/arboreal (caribou foraged on the ground 
and on trees, n = 9 in pine forest), and arboreal (caribou only foraged on trees, n = 23 in pine 
forest).  We calculated mean snow depths and snow hardness ± 95% CIs for each of these four 
groups. 
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Figure 12.  Crater made by caribou foraging on terrestrial vegetation in the Kennedy Siding 
UWR, winter 2006/2007.  Meter stick illustrates snow depth of the crater. 
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Figure 13.  Tree that showed signs of arboreal-lichen feeding by caribou (broken branches and 
trampling at the base) in the Kennedy Siding UWR, winter 2006/2007. 
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In general, caribou fed on terrestrial lichens and arboreal lichens in the pine forest when 
snow was shallow, and fed exclusively on arboreal lichens as snow depths increased (Figure 14).  
Caribou fed on terrestrial lichens in the clearcut at snow depths greater than when they fed 
exclusively on terrestrial lichens in the clearcut (Figure 14).  Caribou did not forage in the 
clearcut once snow depths >44 cm.  Snow hardness did not exceed levels that have previously 
deterred cratering by caribou in the Kennedy Siding UWR (Figure 15) (Jones 2007, Seip & Jones 
2007) until after the caribou had left. 
 
Mountain pine beetle monitoring 

 
Kennedy Siding experienced a major attack of MPB during the summer of 2006.  Previously, 

there were some dispersed patches of red attack throughout the winter range, but following the 
MPB flight in summer 2006, almost all of the trees in the canopy layer had been attacked.   

 
We calculated the percentage of MPB attack for trees by height class; A1 (dominant trees), 

A2 (main tree canopy), A3 (sub-canopy trees) and B1 (tall shrub layer) (BC Ministry of 
Environment, Lands and Parks & BC Ministry of Forests 1998).  In September 2006, the 
majority of trees in the A1 to A3 classes had been attacked by mountain pine beetle (85%), while 
only 19% in the B1 class had been attacked (Table 3).  By September 2007, almost all trees in 
the A1 to A3 classes had been attacked by mountain pine beetle (93%), and 37% of the B1 class 
had been attacked (Table 3).  The majority of the canopy was in the red-attack stage by 
September 2007.  

 
 In September 2008, green-attacked trees were rare (n = 3) and the majority of trees in the A1 

to A3 classes were dead (73%, Table 3).  In some cases, trees that were classified as green attack 
the previous year appeared to be in good health, indicating a small percentage of trees may 
continue to survive after being attacked.  It appears from the lack of green-attacked trees that the 
MPB have moved on from the Kennedy Siding UWR, leaving less than 10% of the main canopy 
layer and 41% of the B1 layer unaffected (Table 3).  The amount of deadfall is negligible (1%) at 
this point (Table 3). 

 
Summary 
 

1. Kennedy Siding experienced a major attack of MPB in 2006 and over 90% of the canopy 
layer trees are either attacked or dead. 

 
2. All of the collared caribou used the Kennedy Siding UWR during the early winter for an 

average duration of 94 days.  
 
3. Caribou foraged in the salvage block (cut in 2005), clearcut (cut in 1990s) and pine forest 

when snow was shallow, but foraged exclusively in the pine forest when snow depths 
exceeded 50 cm.   

 
4. GPS-collared caribou (n = 5) were located primarily in the pine forest (61 to 84%), but 

also in the clearcut (16 to 31%) and salvage block (0 to 10%) in 2008/09.  The percentage 
of locations in the salvage block and clearcut increased from previous years.   
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Figure 14.  Snow depths (x ± 95% CIs) for method of foraging by caribou observed along caribou-track transects (n = 51) in the 
Kennedy Siding UWR, 21 November 2008 to 21 January 2009.  
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Figure 15.  Snow hardness (x ± 95% CIs) for method of foraging by caribou observed along caribou-track transects (n = 51) in the 
Kennedy Siding UWR, 21 November 2008 to 21 January 2009. 
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Table 3.  State of attack by mountain pine beetle for pine trees (n = 896) in the Kennedy Siding UWR, September 2006 and September 
2008.  

 

Tree 
Class 

Not 
Attacked 

(n) 

Not 
Attacked 

(%) 

Green 
Attack 

(n) 

Green 
Attack 

(%) 

Red 
Attack 

(n) 

Red 
Attack 

(%) 

Dead 
(n) 

Dead 
(%) 

Down 
(n) 

Down 
(%) 

Total 
(n) 

   
September 2006 

 A1 1 2% 18 42% 23 53% 1 2% 0 0% 43 

A2 9 4% 183 78% 33 14% 11 5% 0 0% 236 

A3 75 26% 177 61% 9 3% 28 10% 0 0% 289 

B1 184 56% 63 19% 1 0% 80 24% 0 0% 328 

Total 269 30% 441 49% 66 7% 120 13% 0 0% 896 
            

September 2007 
 A1 0 0% 0 0% 39 91% 4 9% 0 0% 43 

A2 3 1% 13 6% 193 82% 27 11% 0 0% 236 

A3 35 12% 62 21% 161 56% 30 10% 1 0% 289 

B1 123 38% 67 20% 55 17% 82 25% 1 0% 328 

Total 161 18% 142 16% 448 50% 143 16% 2 0% 896 
   
September 2008 

 A1 0 0% 0 0% 2 5% 41 95% 0 0% 43 

A2 5 2% 0 0% 30 13% 201 85% 0 0% 236 

A3 50 17% 1 0% 60 21% 173 60% 5 2% 289 

B1 134 41% 2 1% 57 17% 133 41% 2 1% 328 

Total 189 21% 3 0% 149 17% 548 61% 7 1% 896 
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5. Terrestrial-lichen sampling transects indicated that the 1990s clearcut had 
signif icantly more Cladina spp. than the pine forest or the salvage block.   

 
6. The percent cover of Cladina spp. decreased and the percent cover of dwarf 

shrubs (Arctostaphylos uva-ursi and Vaccinium myrtilloides) increased in the pine 
forest and the salvage block from 2006 to 2008.  

 
7. Arboreal-lichen abundance was quantified on a sample of 900 permanently-

marked trees in the pine forest.  There was no change in arboreal-lichen biomass 
between 2006 and 2008. 

 
8. Snow depths throughout the winter were not different between the forest and the 

clearcut, however snow was harder and sinking depths were lower in the clearcut. 
 

9. Caribou fed on both terrestrial and arboreal lichens when snow was shallow, but 
fed exclusively on arboreal lichens as snow depths increased (>45 cm). 

 
Management recommendations 

 
Based on results to date, the current management practices for pine-lichen caribou 

winter ranges that have been attacked by MPB appear to be sound.  Caribou continue to 
use retained portions of the Kennedy Siding UWR even when >90% of the canopy trees 
have been attacked and killed by MPB.  Those attacked stands continue to provide 
terrestrial and arboreal lichens for forage, and softer snow conditions that facilitate 
cratering for lichens. 

 
Recent salvage-logged portions of the Kennedy Siding UWR support some terrestrial 

lichens, but the 10-15 year old clearcut contains large amounts of terrestrial lichens 
suggesting that terrestrial lichens will recover quickly in salvage-logged blocks.  There is 
still a need to retain unsalvaged areas of dead pine forest, however, because caribou 
appear to stop using open areas for foraging when snow depths exceed 50 cm.  At that 
time, caribou use the pine forest which provides both terrestrial and arboreal lichens, and 
softer snow conditions for cratering.  Consequently, we recommend continuing the 
management strategy of retaining some of the attacked UWR to provide current habitat, 
while salvage logging other portions to initiate habitat recovery. 

 
Extension 

 
1. Field trip to Kennedy Siding for Mackenzie Elementary School. 
 
2. Presentation of seasonal habitat use data at a meeting regarding development of a 

ski resort. 
 
3. Presentation of winter habitat use data at a meeting regarding snowmobile 

management. 
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4. E-lecture for District staff in the Northern Interior Forest Region. 
 
5. Presentation to Stewardship staff in the Northern Interior Forest Region.  
 
6. Presentation to Forest Health staff  in the Northern Interior Forest Region. 
 
7. Two lectures at the University of Northern British Columbia.  
 
8. Consultation with B.C. Timber Sales regarding salvage harvesting on the early 

winter range.  
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