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BACKGROUND AND INTRODUCTION 

 
In forest districts throughout most of their range, the management of mountain 

caribou habitat has been focused at 2 spatial scales.  At the broader scale, areas of 
potential habitat have been delineated using a combination of existing telemetry locations 
and modeled output.  Modeled output extrapolates similar biophysical characteristics to 
where caribou have been observed using telemetry.  Within this larger scale, habitat 
guidelines are developed, such as partial cutting or the requirement to retain a given 
amount of old forest.  At the finer scales, areas of old growth are now being spatially 
allocated down to the stand-level, with specific stands identified for retention which 
conform to the broader level objectives.  This spatial allocation has several advantages 
over previous, a-spatial methods of tracking retention areas: 1) it allows the option for 
retention to be placed in areas that are best for mountain caribou; 2) it allows the spatial 
configuration to be planned in advance such that larger more contiguous areas are 
identified for retention, to minimize problems associated with edge effects; 3) it provides 
a degree of operational certainty to forest licensees so that they can plan where to harvest, 
and incorporate the retention information into forest development plans. 

Despite these 2 scales of management, mountain caribou continue to decline (Wittmer 
et al. 2005a), likely because of altered predator prey systems, which operate at much 
larger scales than those described above (Seip 1992, Wittmer et al. 2005b).  The 
proximate cause of the current caribou decline appears to be predation, but the ultimate 
cause appears linked to changes in habitat. Specifically, increasing amounts of early seral 
vegetation, favours the production of alternate ungulates, which can be detrimental to 
caribou because of the predators they all share.  Nevertheless, the 2 scales at which forest 
habitat management is implemented is critical because it provides a means to allocate old 
forest retention areas, which is the primary habitat where caribou can forage (Apps et al. 
2001, Serrouya et al. in prep).  Maintaining these retention areas also limits the growth of 
early seral vegetation and minimizes developments such as road construction that may 
facilitate the foraging efficiency of predators (James and Stuart-Smith 2000). 

In 2000, a draft mountain caribou Resource Management Zone (RMZ) was created in 
the Okanagan-Shuswap Forest District, based mostly on expert opinion because there was 
little empirical caribou data.  This scale of caribou habitat management corresponds to 
the broader scale mentioned above.  The RMZ was divided into “winter range”, and 
“movement corridor” areas.  The intention was to allocate 9,900 of timber harvesting 
landbase (THLB forest), greater than 140 yrs, within the “winter range” area.  This 
recommendation came from the Okanagan-Shuswap LRMP. 

The main goal of our work in 2005-06 was to implement the research gained since the 
Okanagan-Shuswap Caribou project began in 2000.  The specific objectives were to: 

1. Make suggested revisions to the Okanagan-shuswap Caribou RMZ based on 
newly acquired caribou data.  The original RMZ was delineated without the 
benefit of caribou radio-telemetry data. 

2. Prepare GIS data layers to expand a published multivariate and multi-scale 
habitat model (see Apps et al. 2001) into the Okanagan-Shuswap Forest 
District. 



3. Identify suggested areas for the deployment of fine-scale, stand-level mountain 
caribou retention zones (9,900 ha) in four landscape units (Eagle River, 
Anstey, Seymour, and Pukeashun). 

 
METHODS 
 
Revisions of the Okanagan-Shuswap mountain caribou RMZ 
 

To revise the RMZ, we conducted workshops with mountain caribou biologists and 
industry representatives familiar with the local area.  The main goal of this workshop was 
to delineate a zone of suitable caribou habitat based on evidence of caribou use (and 
similar modeled habitat).  This revision involved adjusting the existing RMZ, by 
removing areas that were unused, and adding areas that were used but not reflected in the 
existing RMZ. 

The first workshop was held in Kamloops and was attended by Bruce McLellan 
(Ministry of Forests, Research Branch), John Surgenor (Ministry of Environment, habitat 
biologist), Robert Serrouya (Project Coordinator, Columbia Mountains Caribou project), 
Fernando Cocciolo (Lousiana Pacific Industries), Jeff Lipset (Federated Coop), and Frank 
Rowe, (Ministry of Agriculture and Lands, Sustainable Resource Management Officer).  
On a digital projector, we presented 11 different GIS data layers relevant to mountain 
caribou ecology and management: 

1) Mountain caribou VHF radio telemetry locations 
2) Mountain caribou GPS radio telemetry locations 
3) 2005 satellite image (30 m resolution) 
4) 2004 Digital ortho photos 
5) Slope models 
6) Digital elevation models 
7) Forest Cover data (Tree species and age) 
8) Political boundaries (Parks, district and Landscape unit boundaries) 
9) Existing mountain Caribou RMZ 
10) A simple caribou suitability model prepare by John Surgenor that incorporated 

slope, forest age, leading species, and elevation 
11) A simple caribou capability model prepare by John Surgenor that incorporated 

slope, and elevation 
 

In addition to refining the RMZ linework, we also conducted an analysis of Crown 
Forest Landbase (CFLB) forest area by BEC zone and age class in the current and 
proposed draft RMZ. This analysis was stratified by Non-Harvestable Landbase (NHLB) 
and THLB, corridor vs. winter range, and was restricted to the 4 main landscape units 
(LUs) that are the target of the 9,900 ha deployment (Eagle River, Anstey, Seymour, and 
Pukeashun). CFLB was defined as any forest cover polygon with the presence of a 
“Species 1” in the label.   

 
Preparation of GIS data layers 

 



To prepare for the expansion of the Apps et al. (2001) model, in a GIS we 
assembled habitat and human use attribute data from several sources, and we rasterized 
data at a 100 m resolution.  For analysis, we derived independent variables pertaining to 
reasonable hypotheses regarding factors and mechanisms that influence mountain caribou 
habitat selection.  Across the model expansion area, we compiled 1:20,000 forest 
inventory data (Resources Inventory Branch 1995) from which we derived relevant 
variables.  These included stand age as a ratio-scale variable, as well as 4 discrete age 
classes reflecting gross structural differences expected among dominant tree species in 
our analysis area, and which conform to the age class convention of the provincial forest 
inventory system (prefix AGE_ with 1-2, 3-5, 6-7, or 8-9).  Canopy closure (CANOPY) 
depicted the ocular cover of the stand overstory.  Site index (SITE) reflected forest 
productivity and is calculated with species-specific equations that incorporate stand age 
and height (Thrower et al. 1991).  We considered overstory species composition (prefix 
SPP_ with S-B, C-H, P, FD, or DEC) including vegetated but non-forested sites 
(FOR_NP) for analysis because these variables relate to seasonal forage availability and 
are indicative of micro-climatic variability (Apps et al. 2001).  Individual or grouped 
species were included if their spatial composition was >3% of the analysis area. 

  Terrain features may influence the dispersion and connectivity of mountain 
caribou populations in several ways.  From an assemblage of 1:20,000 digital elevation 
data (Geographic Data BC 1996), we derived variables of elevation (ELEV) and slope 
(SLOPE).  We also derived an index of terrain curvature (CURVA; Pelgerini 1995) to 
indicate relative slope position independent of elevation.  Terrain complexity may 
mediate predation risk to or human influence on caribou.  Therefore, we calculated a 
terrain complexity index (COMPLEX) as the standard deviation of terrain curvature 
values within a defined landscape radius.    

 
Suggested deployment of stand-level retention (9,900 ha) 

 
The Okanagan-Shuswap (O-S) LRMP identified the need to retain 9,900 ha of old 

forests (>140 yr, i.e. age class 8 & 9) in the THLB of 4 landscape units (Anstey, Eagle 
River, Pukeashun and Seymour).  These LUs include the Columbia North and Frisby-
Queest mountain caribou subpopulations (Wittmer et al. 2005) within the O-S Forest 
District.  Our objective was to allocate the 9,900 ha in areas that were used most 
intensively by mountain caribou. 

To identify areas that contained the highest quality caribou habitat, the THLB was 
queried for age class 8 and 9 and intersected with the 2006 draft caribou RMZ (see 
section on revisions to the caribou RMZ).  We eliminated areas that were greater than 
80% slope, because these steep areas are rarely used by caribou (Apps et al. 2001). We 
also eliminated isolated patches of old forest that were < 2 ha in size because these small 
patches are unlikely to provide much benefit to caribou (Wittmer et al. in prep).  If these 
small patches were adjacent to larger NHLB old forest areas, they were not eliminated.  
Because forest cover data does not include recent cutblocks, we merged 8 different 
cutblock layers provided by O-S licensees, and set the forest cover age to 0 in these 
cutblocks.  The remaining age class 8 and 9 formed the basis for the caribou retention 
area in the THLB.  However, this area was more than the 9,900 ha that could be allocated 
for retention. 



To further narrow down the potential retention area, emphasis was placed on 
areas that received the greatest degree of caribou use since the study began in the O-S 
forest district.  This emphasis involved bounding winter caribou telemetry locations using 
a kernel home range estimation program (Animal Movement V2.0, USGS).  Kernels vary 
in size depending on the distribution of telemetry locations, and based on the kernel 
percentage that is specified.  For example, a 95% kernel would encompass 95% of the 
telemetry locations, whereas a 60% Kernel would encompass roughly 60% of the 
locations.  For caribou, it is best to use the smallest kernel possible and still meet the 
retention target, because this means that the retention area would be concentrated in areas 
that are used most by caribou.  Using larger kernels mean that the retention area is more 
spread out and likely more fragmented.  

The kernel size was iterated until the retention area was close to the desired target 
(i.e., 9,900 ha).  However, this process was unlikely to yield the exact retention target, so 
fine tuning was done by manually including or excluding retention areas in ArcView.  If 
the target was exceeded, areas that were manually eliminated started with those furthest 
from telemetry locations and those that were most isolated or in smaller patches.   

 
RESULTS AND DISCUSSION 

 
Revisions of the Okanagan-Shuswap mountain caribou RMZ 

 
After overlaying all the GPS and VHF caribou data collected since 2000, and looking 

at areas that had similar biophysical characteristics to areas that were used by caribou, we 
made substantial revisions to the linework (Fig 1.).  We stress that this new proposed 
linework is in DRAFT form only, and will undergo further revisions as information 
continues to become available.  The main modification to the existing RMZ was to 
remove area from the middle of the Anstey range, and all the RMZ from the Pukeashun 
LU (Fig. 1).  The mid-Anstey area contains patches of suitable caribou habitat naturally 
fragmented by steep, rugged terrain, rock and ice. The Pukeashun LU is separated from 
currently occupied habitat in the Cayenne Creek area by extensive early seral habitat in 
the Humamilt Lake valley. Our radio-collared caribou have not used these areas, and 
during census conducted over the past 5 years, caribou were not found in these areas.  
The most important addition to the RMZ was in the Joss Pass area, south of the Trans-
Canada Highway.  This area is heavily used by the Monashee caribou subpopulation, and 
has been identified in previous Okanagan-Shuswap progress reports (Furk and McLellan 
2005). The main advantage of making these refinements is that the 9,900 ha of THLB 
retention area can be concentrated in areas that are currently used by caribou. 

We encountered difficulties when trying to refine the RMZ in areas south of the 
Trans-Canada Highway.  This area includes only the Monashee subpopulation, for which 
existing data is extremely sparse, because there are less than 10 animals in this 
subpopulation.  It was difficult to identify current suitability based on such limited 
information.  The area south of the Trans-Canada highway was left mostly unchanged, 
with the exception of the addition of the Joss Pass area. 



Based on our recommended changes, there was an overall 25 percent reduction in the 
RMZ area (based on the CFLB1: from 97,364 ha to 77,936).  For the 4 focus LUs (Eagle, 
Anstey, Seymour, and Pukeashun), the reduction was from 59,717 ha to 45,169 ha in the 
THLB (Table 1; a reduction of 24.4%).  The RMZ area was reduced by 35% in the ICH 
winter range, and 21% in the ESSF winter range (Table 1).  Since the Okanagan-Shuswap 
LRMP recommended 9,900 ha of THLB retention area for caribou, this means that within 
caribou habitat, 21.9% of the THLB will be allocated for caribou retention.  This 
retention percentage is less than what exists in other forest districts (E.g., Columbia, 
Arrow-boundary, Kootenay Lake, and Headwaters) within mountain caribou habitat.  In 
most of these districts, 40% of the THLB ICH and 30% of the ESSF are retained for 
caribou (or 20% plus an additional 20% of partial cutting). 

 
 

Suggested deployment of stand-level retention (9,900 ha) 
 

The kernel selections that most closely approximated the 9,900 ha were 70% and 75 
% (Table 2. Figure 2).  It is usually easier to remove retention areas rather than add them, 
so we used the 75% retention kernel, which meant that 11,001 ha of age class 8 an 9 
forests were available for retention (Table 2).  We reduced these areas to approximately 
9,900, based on the criteria identified in the methods section.  In addition, a portion of 
Boulder Mountain was included within the 75% kernel.  We eliminated this area from 
retention because recently it has become heavily used by snowmobiles and receives little 
use by caribou.  Figure 2 shows the resulting recommended caribou retention areas in the 
4 LUs identified for caribou retention in the O-S LRMP.  Arcview shapefiles of these 
retention areas will be provided to the Okanagan-Innovative Forestry Society. 

                                                           
1 To avoid repetition, all areas or percentages quoted hereafter refer to the “Crown Forest Landbase 
(CFLB)” 



LITERATURE CITED 
 
 

Apps, C. D., B. N. McLellan, T. A. Kinley, and J. P. Flaa.  2001.  Scale-dependent 
habitat selection by mountain caribou, Columbia Mountains, British Columbia.  
Journal of Wildlife Management 65:65-77. 

Furk, K.L., McLellan, B.N. 2005.Mountain Caribou habitat use in the Okanagan 
Shuswap Forest District April 2004-March 2005. Ministry of Forests, Research 
Branch, Revelstoke. Unpublished. 

Geographic Data BC.  1996.  Gridded DEM specification, release 1.1.  Ministry of 
Environment, Lands and Parks, Victoria, British Columbia, Canada. 

James, A.R.C. and A.K. Stuart-Smith.  2000. Distribution of caribou and wolves in 
relation to linear corridors.  Journal of Wildlife Management 1:154-159. 

Pellegrini, G. J.  1995.  Terrain shape classification of Digital Elevation Models using 
eigenvectors and Fourier transforms.  Dissertation.  New York State University, 
New York, New York, USA. 

Resources Inventory Branch.  1995.  Relational data dictionary (RDD) 2.0.  British 
Columbia Ministry of Forests, Victoria, British Columbia, Canada. 

Seip D.R. 1992. Factors limiting woodland caribou populations and their 
interrelationships with wolves and moose in southeastern British Columbia. Canadian 
Journal of Zoology 70(8):1494-1503. 

Thrower, J. S., A. F. Nussbaum, and C. Mario Di Lucca.  1991.  Site index curves and 
tables for British Columbia: interior species.  British Columbia Ministry of Forests 
Land Management Handbook Field Guide Insert 6.   

Wittmer, H.U., McLellan, B.N., Seip, D.R., Young, J.A., Kinley, T.A., Watts, G.S. & 
Hamilton, D. 2005a. Population dynamics of the endangered mountain ecotype of 
woodland caribou (Rangifer tarandus caribou) in British Columbia, Canada. 
Canadian Journal of Zoology 83: 407-418. 

Wittmer, H.U., Sinclair, A.R.E. & McLellan, B.N. 2005b. The role of predation in the 
decline and extirpation of woodland caribou. Oecologia 144: 257-267. 



Table 1.  Areas (ha) within the mountain caribou reseource management zone (RMZ – 4 focus LUs only: Eagle, Anstey, Seymour, and Pukeashun), stratified by timber and 
non timber harvesting landbase (THLB and NHLB), corridor vs. winter range, BEC zone, and age class for A) the existing RMZ and B) the proposed draft new RMZ. 

A) THLB NHLB   
Age 
class Corridor Winter Range 

THLB 
Total ESSF ICH Corridor Winter Range NHLB Total ESSF ICH Total 

 ESSF ICH ESSF ICH hectares % % ESSF ICH ESSF ICH hectares % % hectares 

 0 78.0 429.4 752.3 602.6 1,862.3 2.5 4.0 0.0 0.0 442.7 113.9 556.6 3.8 2.4 2,418.8 

 1 472.8 1,148.6 5,753.4 4,976.5 12,351.3 18.5 23.5 0.0 0.0 101.9 31.8 133.8 0.9 0.7 12,485.1 

 2 72.6 912.6 977.3 824.6 2,787.2 3.1 6.7 0.0 0.0 231.7 121.7 353.4 2.0 2.6 3,140.5 

 3 29.7 385.4 930.8 839.3 2,185.1 2.9 4.7 0.0 0.0 1,026.0 375.9 1,402.0 8.8 7.9 3,587.1 

 4 45.5 740.5 516.1 475.3 1,777.3 1.7 4.7 3.2 19.1 802.7 545.7 1,370.6 6.9 11.9 3,147.9 

 5 0.0 1,281.9 299.0 390.2 1,971.1 0.9 6.4 0.0 0.0 222.1 731.8 953.9 1.9 15.4 2,925.0 

 6 9.0 875.6 522.2 895.3 2,302.1 1.6 6.8 0.0 0.0 449.1 516.5 965.6 3.8 10.9 3,267.7 

 7 38.1 246.7 1,001.5 253.9 1,540.2 3.1 1.9 0.0 0.0 383.5 176.9 560.4 3.3 3.7 2,100.6 

 8 636.7 1,311.0 15,274.0 2,103.9 19,325.6 47.3 13.1 7.1 0.0 5,008.7 990.8 6,006.7 42.8 20.8 25,332.4 

 9 297.0 1,581.2 5,953.5 5,783.9 13,615.6 18.6 28.3 3.8 0.0 3,036.5 1,131.1 4,171.4 25.9 23.8 17,787.0 

TOTAL 1,679.4 8,912.9 31,980.1 17,145.4 59,717.8 100.0 100.0 14.1 19.1 11,704.9 4,736.2 16,474.3 100.0 100.0 76,192.1 
 

B) THLB NHLB   
Age 
class Corridor Winter Range 

THLB 
Total ESSF ICH Corridor Winter Range NHLB Total ESSF ICH Total 

 ESSF ICH ESSF ICH hectares % % ESSF ICH ESSF ICH hectares % % hectares 

 0 88.2 373.0 426.2 185.4 1,072.8 4.5 5.4 1.0 0.0 195.9 48.3 245.2 1.8 0.0 1,318.0 

 1 540.7 901.3 4,988.0 3,045.4 9,475.4 27.8 13.0 4.4 4.0 82.0 33.3 123.6 7.7 6.1 9,599.0 

 2 84.0 654.0 655.3 320.6 1,713.9 4.3 9.5 18.1 3.4 157.1 42.7 221.4 32.0 5.2 1,935.3 

 3 25.8 95.2 757.1 559.2 1,437.3 1.3 1.4 0.0 0.0 881.4 240.2 1,121.6 0.0 0.0 2,558.8 

 4 173.5 467.0 451.5 320.1 1,412.1 8.9 6.8 4.8 5.8 566.1 379.5 956.2 8.5 8.9 2,368.3 

 5 4.0 1,281.9 327.2 210.4 1,823.5 0.2 18.5 0.0 0.0 139.9 662.9 802.8 0.0 0.0 2,626.3 

 6 16.0 844.5 449.2 333.6 1,643.4 0.8 12.2 0.0 0.0 298.3 353.5 651.8 0.0 0.0 2,295.2 

 7 38.5 183.1 821.9 64.2 1,107.7 2.0 2.6 0.0 0.0 128.6 88.5 217.0 0.0 0.0 1,324.7 

 8 657.6 560.1 11,131.4 2,130.6 14,479.7 33.8 8.1 17.5 15.8 3,180.5 717.9 3,931.7 30.9 24.0 18,411.4 

 9 317.8 1,556.2 5,184.0 3,945.7 11,003.6 16.3 22.5 10.8 36.7 2,198.4 635.7 2,881.7 19.1 55.8 13,885.3 

TOTAL 1,946.0 6,916.3 25,191.8 11,115.4 45,169.4 100.0 100.0 56.6 65.8 7,828.1 3,202.5 11,152.9 100.0 100.0 56,322.3 



Table 2.  Areas of age class 8 and 9 forests in the 3 home range telemetry kernels shown in Figure 2. 
Category Ha 
Area in the CFLB (of the new draft RMZ) 77,850.4 
Area in the THLB (of the new draft RMZ) 54,448.0 
Area in the THLB (of the new draft RMZ, wihin the 4 focus Lus) 45,169.4 
Area from above that is age class 8 and 9 25,483.3 
Area from above that is <80% slope 24,460.0 
Area from above that is contained in 80% home range kernel 12,178.0 
Area from above that is contained in 75% home range kernel 11,001.0 
Area from above that is contained in 70% home range kernel 8,733.0 

 



Figure 1. Comparison of existing vs. proposed new draft caribou RMZ in the Okanagan-Shuswap forest 
district. 



Figure 2.  Location of age class 8 and 9 THLB forests in 4 LUs within the Okanagan-Shuswap Forest District 
(purple and red).  Also shown are the suggested caribou retention age class 8 and 9 forests (red), and caribou 
VHF telemetry locations within the District.  The three home range telemetry kernels (70, 75, and 80% are 
also shown, see text for details). 
 


