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BACKGROUND AND RATIONALE 
 

Mountain caribou require old forests to fulfill several life-history requirements.  Old 
forests contain higher amounts of arboreal lichen, which is the dominant food source for caribou 
in winter.  Compared to young stands, old forests also contain fewer shrubs, which in turn 
provide less food for ungulates such as deer, elk, and moose.  Increasing abundance of these 
three ungulates is thought to be detrimental to mountain caribou because of the predators they all 
share.  Caribou are less able to deal with the same level of predation as other ungulates, in part 
due to lower reproductive rates. 

These factors contributed to the requirement that forest licensees operating in caribou 
habitat in the Columbia forest district retain a proportion of forests greater than 140 years in each 
landscape unit.  Caribou habitat, according to the Revelstoke Higher Level Plan Order, is divided 
into areas above and below the 1994 forest operability line, referred to as the caribou line.  
Above the caribou line, the requirement is to retain 70% of the crown-forested landbase (CFLB) 
for forest inventory age classes 8 and 9.  Below the caribou line, the retention level depends on 
the Biogeoclimatic (BEC) zone.  In the Interior Cedar-Hemlock (ICH) BEC zone, the minimum 
requirement is 40%.  In the Engelmann spruce-Subalpine fir (ESSF) BEC zone, Downie chose 
Option 1 of the Revelstoke HLP Order, which requires 30% retention with an additional 20% in 
partial cuts.  These retention percentages apply only to the crown forest landbase (CFLB), which 
is defined as any forest cover polygon that contains a tree species designation, excluding alpine 
forest and non-productive polygons (which also contain species designations).  Finally, retention 
areas cannot include slopes greater than 80%. 

Currently, the Ministry of Forests through approved Forest Development Plans require 
licensees to manage for caribou retention percentages as specified in the draft RHLPO but in a 
non-spatial manner.  However, several licensees, including Downie Timber, have acknowledged 
the advantages of spatially allocating retention areas.  These advantages include easier planning 
of forest management activities, co-ordinating retention areas with other resource users, and 
allocating high-quality habitat to where it can benefit caribou the most. 

This report is an update to the report titled “Interim report: phase 1 caribou/biodiversity 
spatial mapping project  (A pilot study of 2 landscape units (R14 &15) in the Columbia Forest 
District)” from April 2004.  Thus, the specific objectives of this current report were to: 1) 
Spatially delineate the required retention areas using the best empirical information on caribou 
habitat requirements; 2) Provide advice to licensees with regards to where forest management 
could be located to minimize conflicts with caribou. Additional information is contained in 
section B titled ‘project objectives’ of the Downie caribou/biodiversity spatial mapping project, 
phase 1 plan, dated December 19, 2003. 
 
METHODS 

 
CARIBOU RETENTION MAPPING 

 
Two landscape units, R14 and R15, were identified to act as the pilot units for this 

project.  R14 is centered on Liberty creek and R15 is centered on Horne creek.  Both are located 
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on the west side of Lake Revelstoke, in the Columbia Forest District.  Within each landscape 
unit, the analysis was divided into 4 sub-units: ICH and ESSF BEC zones, each sub-divided 
above and below the caribou line.  Within each sub-unit, area was progressively removed until 
the appropriate retention target was achieved.  The area removed followed a hierarchical process, 
with each level “netting out” area that was not caribou habitat and that was not part of the CFLB.  
The CFLB was defined as per the landscape unit planning guide, which states that any forest 
cover polygon with a listed trees species 1, except if it is non-productive code NP (non-
productive) or AF (alpine forest), is part of the CFLB.     

The most important steps that removed non-caribou habitat were based on using a 
statistical caribou habitat model developed by Apps et al. (2001), to identify areas that were and 
were not caribou habitat.  However, basing the retention area on the caribou model alone would 
usually yield results far above the desired retention targets.  Hence, it was important to further 
narrow down the area by using known telemetry locations, and delineating those locations using 
a kernel home range estimation program.  The intersection of the habitat model with the home 
range formed the basis of the caribou retention areas.  If the areas were still too large, then a 
smaller kernel percentage was used.  However, this process was unlikely to yield the exact 
retention target, so fine tuning was done by manually eliminating areas in ArcView.  The areas 
that were manually eliminated started with “medium” (as opposed to “high”) habitat quality, as 
identified by the Apps et al. (2001) model, and areas further from know telemetry locations.  
Fine-tuning was done by the forest licensee GIS staff, in consultation with the biologist. 
 
Detailed steps of the GIS process were (using the example of ICH BEC zone): 

1. Begin with the total area of the sub-unit 
2. Remove areas that are not ICH 
3. Remove areas that are not part of the CFLB 
4. Remove areas that are not age class 8 and 9 
5. Remove areas that were burnt during the summer of 2003 
6. Remove areas that are greater than 80% slope 
7. Remove areas that are outside the high and medium categories in the Apps et al. (2001) 

model 
8. Remove areas outside the kernel home range of the telemetry points in a given landscape 

unit 
9. Remove recent cutblocks that may not have been identified in step 4 (because the Forest 

cover database is not as up-to-date as forest development plan data). 
10. Remove category ‘A’ approved cutblocks. 

 
Proceeding to level 6 essentially means that the requirements outlined by the RHLPO 

plan have been met.  Levels 7 and 8 go beyond the legal requirements by applying the retention 
to the most important mountain caribou habitats. 

Step 10 was left until last because if category ‘A’ approved cutblocks occur in important 
caribou habitat as identified up to step 8, then the licensee could consider alternatives to 
harvesting those units.  Options could include moving units to areas outside what was identified 
up to step 8, or using modified cutting practices (e.g. see Stevenson et al. 2001).  The retention 
areas are all relative to the area identified in step 3, because retention percentages are based on 
the CFLB. 
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CARIBOU MOVEMENT, CALVING AREAS 
 
For descriptive purposes, we used arrows on maps to identify movements of individual or 

groups of caribou from early winter to late winter habitat.  These movements were identified by 
highlighting sequential movements of individual caribou as the end of early winter transitioned 
to the beginning of the late winter season.  Although these arrows have little direct relevance to 
mapping spatial retention areas, they could be used to identify areas where stand-tending 
practices (i.e., pruning or spacing) could occur to potentially improve the permeability of mid-
seral stands to caribou.  These treatments would be done so that patches of old forest, which are 
increasingly being separated by mid-seral stands, could be accessed more easily.  Calving areas 
were not identified in this stage of the project.  We are waiting for a reliable source of 
information to identify calving areas: 1) clusters of GPS locations on adult female caribou in late 
May or early June likely indicate a calving site and/or 2) observations of females with young 
calves as part of a newly established caribou calf observational survival study.  These data 
should be increasingly available as GPS collars are retrieved in the near future. 

 
 
RESULTS AND DISCUSSION 
 
R15 landscape unit 
 

In the ICH above the caribou line, when the Apps et al. (2001) model and home range 
kernels are considered, the retention is far below the 70% requirement (Table 1).  Hence, the 
retention areas simply become the next highest constraint level.  In this case, it becomes the 
“<80% slope” level, which corresponds to 72.07 % retention (Table 1).  In other words, the Apps 
et al. (2001) model and the kernel home range are not relevant because the target can only be 
met at the “<80% slope” level.  Similarly, in the ESSF above the caribou line, the kernel home 
range is not relevant because the target can only be met at the level of the Apps et al. (2001) 
model. 

Below the caribou line, the retention levels are higher than the respective targets of 30 
(ESSF) and 40% (ICH), hence a manual process to reduce the area was initiated (Table 1).  
Areas removed began with “medium” habitat quality identified in the apps model, and areas that 
contained no telemetry locations.   

This analysis did not consider areas that were to be cut using partial harvesting.  In R15, 
there were 2 cutting units (CP214-1, 225-1) that are Category ‘A’ approved, but they are not 
planned as clearcuts; they are to be partially cut with approximately 30% volume removal.  One 
of these planned cuts occurs where there are a number of early winter telemetry locations.  The 
best option for caribou is to not harvest this unit [note, since writing this report in 2004, Downie 
Timber Ltd has elected not to harvest CP214-1, the area with many caribou telemetry locations.  
CP225-1 will be harvested following Stevenson’s et al. 2001 recommendations.  Thus, retention 
area percentages have been updated and are reflected in Table 1 of this report].  The next best 
option is to follow the recommendations outlined by (Stevensen et al. 2001).  Briefly, these 
recommendations include: removing less than 30% (by area) within a stand, including roads or 
skid trails; 80-year cutting intervals; openings between 0.1 and 1 ha, with mean openings less 
than 0.5 ha; and the retention of safe snags.  Eighty-year cutting intervals mean that at least 30% 
of the stand will be 160-years old, which is hopefully enough to produce lichen, albeit the entire 
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stand will probably contain less lichen than uncut forests because two-thirds of the stand will be 
less than 160-years old. However, according to Downie, both proposed cutting units have 
sustained significant stand mortality from the previous several years of consecutive hemlock 
looper attacks and salvage harvesting may reduce the fire hazard (Offermann, pers. comm.).  
 
R14 landscape unit 
 

In the ICH above the operability line, the 70% target is not met at the minimum legal 
requirement level (<80% slope; Table 2).  Hence, recruitment areas were identified.  In the 
ESSF, the target is met at the level of the Apps et al. model.  In the ICH below the operability 
line, the target is met at the level of home range, but once category ‘A’ approved (i.e., cutblocks 
that have not yet been harvested), and harvested cutblocks (post 1999 blocks) that are 
considered, the retention level falls below the minimum 40% requirement (Table 2). Therefore, 
additional retention was obtained from outside of the home range kernel to achieve the 40% 
target.  In the ESSF the 30% retention target was met, even once Category ‘A’ blocks are 
considered.  To further reduce the retention area closer to the target, areas will be removed 
manually from the retention polygons. 

 
MOVEMENT PATHS 
 
Ultimately we intend on using information gained from caribou permeability studies to identify 
stand-tending treatments of regenerating stands that can improve caribou movement through 
mid-seral stands.  Identifying caribou movement corridors, as we have initially done using 
descriptive arrows, can help locate candidate stands to implement stand-tending treatments (i.e., 
pruning and spacing). 
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Table 1: Retention summary for R15.  All percentages are based on the Crown forest area.  See text for further 
explanation. 
BEC Zone: ICH    BEC Zone: ICH   
ABOVE CARIBOU LINE(70% Req’d)   BELOW CARIBOU LINE(40% Req’d)  
VALUE Ha % of 

Requirement
 VALUE Ha % of Requirement 

Above 1994 caribou line 3511.56   BELOW 1994 caribou line 4800.13  
ICH 484.81   ICH 3230.06  
Crown forest 333.19 100.00  Crown forest 2919.50 100.00
AGE Class 8&9  300.31 90.13  AGE Class 8&9  2454.50 84.07
Unburnt 289.75 86.96  Unburnt 2325.63 79.66
<80% slope 240.13 72.07  <80% slope 2288.50 78.39
Apps model 195.69 58.73  Apps model 2168.56 74.28
Home range 
kernel(90%) 68.06 20.43  Home range kernel (90%) 1576.44 54.00
      
MANUAL GIS 
ADJUSTMENT    

MANUAL GIS 
ADJUSTMENT   

<80% Slope 240.13 72.07  Home Range Kernel 1576.44 54.00
NSR/SR cut blocks 239.43 71.86  NSR/SR cut blocks 1531.94 52.47
CAT 'A' clearcuts 237.93 71.41  CAT 'A' clearcuts 1336.03 45.76
CAT 'A' partial cuts 237.93 71.41  Retention reduction 1166.51 40.00
Final Retention  237.93 71.41  Final Retention 1166.51 40.00
      
       
BEC Zone: ESSF    BEC Zone: ESSF   
ABOVE CARIBOU LINE(70% Req’d)   BELOW CARIBOU LINE(30% Req’d)  
VALUE Ha % of 

Requirement
 VALUE Ha % of Requirement 

Above 1994 caribou line 3511.56   BELOW 1994 caribou line 4800.13  
ESSF 3019.94   ESSF 1570.06  
Crown forest 1636.56 100.00  Crown forest 1331.44 100.00 
AGE Class 8&9  1376.69 84.12  AGE Class 8&9  1299.38 97.59 
Unburnt 1351.00 82.55  Unburnt 1225.19 92.02 
<80% slope 1305.44 79.77  <80% slope 1215.38 91.28 
Apps model 1179.44 72.07  Apps model 958.75 72.01 
Home range 
kernel(90%) 528.88 32.32  Home range kernel(90%) 696.00 52.27 
      
MANUAL GIS 
ADJUSTMENT    

MANUAL GIS 
ADJUSTMENT   

Apps Model 1179.44 72.07  Home Range Kernel 696.00 52.27
NSR/SR cut blocks 1179.24 72.07  NSR/SR cut blocks 695.90 52.27
CAT 'A' clearcuts 1172.44 71.64  CAT 'A' Clearcuts 603.53 45.33
CAT 'A' partial cuts  1172.44 71.64  Retention Reduction 400.36 30.06
Final Retention 1172.44 71.64  Final retention 400.36 30.06
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Table 2: Retention summary for R14.  All percentages are based on the Crown forest area.  See 
text for further explanation. 
BEC Zone: ICH    BEC Zone: ICH   
ABOVE CARIBOU LINE (70% Req’d)   BELOW CARIBOU LINE (40% Req’d)  
VALUE Ha % of 

Requirem
ent 

 VALUE Ha % of 
Requirement

Above 1994 caribou line 15,376.25   BELOW 1994 caribou line 11,255.63  
ICH 2,124.31   ICH 8,101.25  
Crown forest 1,866.94 100.00  Crown forest 7,759.88 100.00
AGE Class 8&9  1,368.75 73.32  AGE Class 8&9  4,270.44 55.03
Unburnt 1,368.75 73.32  Unburnt 4,270.44 55.03
<80% slope 1,237.88 66.31  <80% slope 4,233.94 54.56
Apps model 1,232.69 66.03  Apps model 4,049.25 52.18
Home range kernel(95%) 1,153.81 61.80  Home range kernel(95%) 3,299.19 42.52
     
MANUAL GIS 
ADJUSTMENT    

MANUAL GIS 
ADJUSTMENT   

<80% slope 1,237.88 66.31  Home Range Kernel 3,299.19 42.52
NSR/SR cut blocks 1,168.38 62.58  NSR/SR cut blocks 2,916.79 37.59
CAT 'A' clearcuts 1,146.30 61.40  CAT 'A' clearcuts 2,759.60 35.56

Retention Recruitment 1,284.20 68.79  
CAT 'A' partial cuts (30% 
CP425-2) 2,789.30 35.95

Final Retention 1,284.20 68.79 Retention Addition 3,141.20 40.48
(Age class 9=48.0%)    Final Retention 3,141.20 40.48
    (Age Class (19.9%)   
       
BEC Zone: ESSF    BEC Zone: ESSF   
ABOVE CARIBOU LINE(70% Req’d)   BELOW CARIBOU LINE(30% Req’d)  
VALUE Ha % of 

Requirem
ent 

 VALUE Ha % of 
Requirement

Above 1994 caribou line 15,376.25   BELOW 1994 caribou line 11,255.63  
ESSF 13,116.31    ESSF 3,154.38  
Crown forest 5,626.00 100.00  Crown forest 2,886.38 100.00
AGE Class 8&9  4,741.81 84.28  AGE Class 8&9  2,032.50 70.42
Unburnt 4,569.31 81.22  Unburnt 1,977.38 68.51
<80% slope 4,417.00 78.51  <80% slope 1,958.94 67.87
Apps model 4,010.06 71.28  Apps model 1,824.25 63.20
Home range kernel(80%) 1,948.56 34.63  Home range kernel(80%) 1,477.81 51.20
     
MANUAL GIS 
ADJUSTMENT   

MANUAL GIS 
ADJUSTMENT  

Apps Model 4,010.06 71.28  Home Range Kernel(80%) 1,477.81 51.20
NSR/SR cut blocks 3,978.50 70.71  NSR/SR cut blocks 1397.71 48.42
CAT 'A' clearcuts 3,978.50 70.71  CAT 'A' clearcuts 1,381.38 47.86
Final Retention 3,978.50 70.71  Retention Deletion 885.60 30.67
(Age Class 9 = 31.5%)   Final Retention 885.60 30.67
    (Age Class 9=14.0%)  
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