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ABSTRACT 

Northern caribou low-elevation ungulate winter ranges (UWR) were developed for the 
Mackenzie forest district in 2007 to provide guidance for forestry operations conducted in 
these important range types.  The UWR policy identifies targets for seral stage 
distributions of stands within sub-management units referred to as terrestrial lichen 
habitats.  The targets were designed to provide a sustainable supply of suitable foraging 
conditions for caribou; but, details on how the targets should be achieved, or how to 
monitor the success of policy implementation are limited.  A primary activity of this 
project was to develop a monitoring framework that would help ensure a consistent and 
repeatable process is in place for subsequent evaluation procedures to follow.  Following 
the guidance expressed in the framework, a geographic information system was used to 
summarize updated datasets.  Outcomes revealed priority areas for conducting UWR 
restoration treatments.  Five terrestrial lichen habitat aggregates were identified as 
having suitable area to conduct lichen habitat restoration treatments in, of which two 
were identified as being suitable for prescribed burning of standing forest.  Nine of the 
terrestrial lichen habitat aggregates contained area suitable for restoration treatments to 
reduce the risk of predation towards caribou. Discrepancies between legislated UWR 
line work and updated capability mapping were also identified.   Forty-one areas should 
be assessed as either additions or deletions to the existing legislated UWRs. 
Implementation of UWR policy typically rests with forest licensees, because forestry 
treatments are generally proposed as restoration treatments; however, due to 
uncertainties stemming from the mountain pine beetle epidemic, and the need for non-
forestry treatments to restore habitat conditions shared responsibility by both licensees 
and government are required to ensure optimum UWR conditions are achieved.  
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INTRODUCTION 

Northern caribou (Rangifer tarandus caribou) low-elevation, pine-lichen1 ungulate winter 
ranges (UWR) were established in the Mackenzie Forest District in 2007 (Province of BC 
2007).  Successful management of these relies on forest managers arranging stand 
level disturbances (cutblocks), both spatially and temporally, to ensure a sustainable 
supply of security and forage cover are available throughout the UWR.   Variation in the 
pattern and amounts of disturbance can affect predation risk and foraging opportunities 
influencing the overall health of a herd.  The instructions within UWR policy (referred to 
as general wildlife measures, GWMs) were designed to: 

• minimize displacement of caribou resulting from forestry activities,   
• reduce predator effectiveness, and 
• maintain forage biomass (Province of BC 2007). 

General wildlife measures developed to minimize displacement specify timing 
restrictions for forestry activities; ensuring caribou are not at a location when harvesting, 
or road building are being conducted.  The reduction of predator effectiveness and the 
maintenance of forage within UWR areas though, must be addressed through tactical 
planning at the landscape level, ensuring the coordination of resource management 
activities do not inadvertently degrade habitat conditions.  Measuring the cumulative 
effects of past and present forestry activities on caribou habitat was a goal of this project 
which required the development of a monitoring framework to ensure the assessments 
were done in a consistent and repeatable manner.  Documenting the state of the current 
landscape also allowed us to establish a clear temporal and spatial agenda for the 
restoration of caribou range that was determined to have an unnaturally high risk to the 
well being of caribou populations.  The risk to caribou was assessed as being the result 
of: a) potentially enhanced predation from wolves (Canis lupus), which has been 
attributed to an increased value in moose (Alces alces) habitat due the creation of early 
seral conditions and thus concurrent increases in wolf population size and extent 
(Wittmer et al. 2005, McNay 2009), and/or b) degradation of terrestrial lichen forage 
resources resulting from forest succession processes (Coxson and Marsh 2001) and 
impacts from the mountain pine beetle (Dendroctonus ponderosae) outbreak.   
 
The mountain pine beetle (MPB) outbreak has both direct and indirect influences on the 
management of pine-lichen UWR.  Stand condition will change as trees decay and begin 
to fall, which may restrict the access of caribou to their forage (Cichowski 2007).  The 
decay of trees will also affect wood quality (Lewis and Hartley 2005, Lewis and Hartley 
2006), and because forest types in UWRs are dominated by slow growing relatively 
small pine, the demand for fiber from them could be reduced.   Ecological relationships 
influencing lichen abundance will also change; some sites may realize increases of 
vegetative competition that could decrease lichen abundance (Seip and Jones 2008, 
Williston et al. 2006) but this effect is not expected to be consistent across all lichen sites 
(Sulyma and McNay 2009).  The suite of uncertainties generated by the MPB outbreak 
creates new challenges for forest and wildlife managers that must be addressed, 
wherever it is possible, in the development of management plans.   
   
Outcomes produced from this project include: 

• the development of a monitoring framework; 
                                                      
1 The reference to pine-lichen forest represents stands with a lodgepole pine (Pinus contorta) overstory and 
terrestrial lichen (Cladina spp. and Cladonia spp.) presence in the forest floor vegetation community.  
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• a statement of the seral stage distribution of each terrestrial lichen habitat2 (TLH) 
aggregate relative to the targets specified in the GWMs; and, 

• delineation of areas most in need of restoration treatments to either reduce 
predation risk or enhance long term forage opportunities.  

We also evaluated different vintages of outputs from the Caribou Habitat Assessment 
and Supply Estimator (CHASE) model which was used to delineate the spatial extent of 
the legislated UWRs (McNay et al. 2006).  The CHASE model has been developed 
under an adaptive process incorporating analysis and data updates when they became 
available.  Variation between UWR boundaries and current model resultants depict 
candidate areas requiring further investigation for updating. We were also able to 
provided support to an ongoing adaptive management trial evaluating the effects of 
predators on caribou populations by assisting in the establishment of a field site for 
2009/10 (McNay et al. 2009a).  Information from the adaptive management trial is critical 
in determining the habitat effects from conducting restoration treatments incorporating 
predator relationships into management strategies.   

STUDY AREA 

The study area covers about 4.8 million hectares divided into two major physiographic 
regions: the Rocky Mountain Trench and the Omineca Mountains.  It is characterized by 
mountainous terrain with extensive alpine habitat, large river valleys, and dense 
coniferous forests.  Much of the Engelmann Spruce-Subalpine Fir (ESSF) and Spruce-
Willow-Birch (SWB) biogeoclimatic zones of these areas are characterized as 
ecosystems with infrequent stand-initiating events, such as wildfires, with a mean 
disturbance return interval of 200 years (Meidinger and Pojar 1991).  By comparison, the 
Boreal White and Black Spruce (BWBS) and Sub-boreal Spruce zones (SBS) are 
characterized as ecosystems with frequent stand-initiating events, with wildfires reaching 
sizes of tens of thousands of hectares and a mean return interval of approximately 125 
years.  The resulting landscape is a mosaic of even-aged stands of different ages.  The 
study area incorporates a large water basin, the Williston Reservoir, fed by several large 
rivers.  The watershed includes three aquatic arms: the Finlay Arm from the headwaters 
of the Finlay River southeast 295 km to the Peace Arm; the Parsnip Arm running 
northwest 210 km from the headwaters of the Parsnip River at Summit Lake; and the 
Peace Arm running adjacent to the Peace River from the junction of the Omineca, 
Parsnip and Finlay Rivers in the Rocky Mountain Trench 90 km through the Rocky 
Mountains to Hudson’s Hope. 
 
Our specific areas of application for assessments was the area of UWR U7-007 situated 
in the Scott, Wolverine, Chase and Finlay recovery plan areas (Figure 1).  The 
Wolverine recovery planning area is 844,312 ha in rolling high-elevation foothills and 
includes four major watersheds of the Omineca, Manson, Klawli, and Germansen 
Rivers.  The Chase recovery planning area is 1,733,038 ha situated in steep 
mountainous terrain and has three major watersheds including the Ingenika, Osilinka, 
and Mesilinka Rivers. The Scott recovery planning area was 594,894 ha due east of the 
Wolverine recovery planning area and is situated along the floodplain of the historic 
watercourse of the Parsnip River (now the Williston Reservoir). The Finlay recovery plan  

                                                      
2 Terrestrial lichen habitat units are the management units specified in the UWR policy. 
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Figure 1.  Location of the northern caribou recovery planning areas (RPA) in north-central 
British Columbia.  UWR u-7-007 overlaps with the four RPAs highlighted with a light green 
background.
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area is north of the Chase recovery plan area and is associated with glacial fluvial 
terraces located along the Finlay River.  The Finlay recovery plan area is 1,703,432 ha 
large.  The most recent minimum total number of caribou counted in the Wolverine, 
Chase, Scott, and Finlay herds were 378, 475, 22 and 52 caribou, respectively (Giguere 
and McNay 2007, McNay et al. 2009b, Zimmerman et al. 2001). 

METHODS 

Development of  a Monitoring Framework 

Background information on low-elevation caribou winter range was collated from a 
variety of sources and structured into a concept model using the Bayesian modeling 
program Netica ® (Norsys – Vancouver, British Columbia)(Nyberg 2008).  The Bayesian 
model structure contains nodes (i.e. the boxes) and relationships (i.e. the arrows) that 
combine to represent an ecological system.  Within this document, reference to node 
names in the text is highlighted with italicized font.    
 
Primary sources of information used to develop the framework were: 

• Wildlife Infometrics Inc. -  Omineca Northern Caribou Project3 , 
• UWR policy (Province of BC 2005, 2007), and, 
• A recovery action plan for northern caribou herds in north-central British 

Columbia (McNay et al. 2008b).  
The structure and composition of the conceptual model was based on recommendations 
made by Nyberg (2008).  

Analysis of  Ungulate Winter Ranges 

We used a combination of policy line work, inventory datasets, and results from an 
application of the CHASE model in an overlay procedure to complete the assessments 
specified in the monitoring framework.  The line work for UWR U-7-007 defined the 
spatial extent of the TLH areas that were evaluated.  Inventories used included:  

• forest cover/vegetation resources inventory (VRI)(Province of BC (n.d.)); 
• digital elevation model (DEM)(Province of BC 2002); and, 
• predictive ecosystem mapping (PEM)(Anonymous 2001, 2002, 2004). 

A coverage depicting predation risk for caribou, and predictions of low-elevation pine-
lichen winter range capability and suitability were generated using version 2 of 
autoCHASE (Brumovsky 2007).  In order to run autoCHASE, updated disturbance layers 
for roads and cutblocks had to be prepared.  New data was obtained from forest 
licensees (BC Timber Sales, AbitibiBowater, and Canadian Forest Products) and 
merged with existing datasets producing updated coverages representing 2009 
conditions.  An additional geo-dataset depicting where pine-lichen vegetation 
communities follow the expected succession development (Coxson and Marsh 2001), as 

                                                      
3 See http://www.centralbccaribou.ca/crg/27/wii 
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opposed to sites that may persist in a lichen dominated state longer than 140 years, was 
also prepared and used in the analysis (Sulyma and McNay 2009).  
 
Digital data were overlaid in ESRI’s ArcView 9.2 ® (Environmental Systems Research 
Institute, Redlands, California).  Management decisions used to interpret the overlay 
results were guided by the monitoring framework prepared in the initial activity of this 
project.  Each TLH aggregate was evaluated for consistency with UWR GWMs, in 
particular whether half of the area of a TLH aggregate was < 70 years old.  Regardless 
of whether the age distribution target was achieved, TLH aggregate was assessed to 
determine areas where restoration activities that would reduce the predation risk for 
caribou could be completed.  These were generally considered to be roads and 
cutblocks that could be modified to reduce the habitat value for either moose or wolves.  
Where the target age distribution was not achieved, opportunities for lichen restoration 
activities were also explored.  TLH aggregates were assessed for harvesting or 
prescribed burning opportunities taking into consideration: 

1. if timber harvesting land base requiring harvesting was available; 
2. the abundance of lichen sites requiring a disturbance to reset ecological 

processes, relative to others which may persist in a lichen dominated state longer 
than the projected 140 years; 

3. the predation risk influencing the TLH units; 
4. the abundance of mature pine (e.g. pine > 100 years old); 
5. the proximity of roads; and, 
6. the presence of terrain or stand features which may aid the control of a 

prescribed burning treatment. 
All polygons that were identified, represented general depictions of areas with suitable 
characteristics, they were not considered treatment boundaries of any form. Shapefiles 
of the polygons were converted to a .kml format and further review evaluating terrain 
features and vegetative cover was completed using Google Earth 5.1 © (Google Inc., 
Mountain View, California).     

Adaptive Management Trial 

This project activity involved the transportation of supplies and logistic support for the 
establishment of a treatment site for the project “Mitigating risk of predation for woodland 
caribou in north-central British Columbia” (McNay et al. 2009a).   

RESULTS 

Development of  a Monitoring Framework 

Within this section all references to the monitoring framework and to node names in the 
framework correspond to Figure 2.   
 
The quality of pine-lichen UWR was heavily dependent on the seral distribution of stands 
within, and immediately adjacent to, TLH aggregates.  The framework has been 
structured so that an initial evaluation of forest age information, the correlate used to 
determine the proportion of a TLH in a “functioning” state, was completed.  Functioning 
caribou UWR consists of 70-140 year old pine-lichen stands that provide forage for 
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Figure 2.  A monitoring framework for northern caribou low elevation ungulate winter range.
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caribou but also have a relatively low risk of predation.  The intent specified in the 
GWMs (in the UWR policy) was to clump disturbances into one half of a TLH aggregate 
so that the other half was maintained in a functioning, intact state.  Evaluating the 
success of this strategy was done by determining the predation risk (Relative TLH Pred 
Risk) influencing a TLH unit.  
 
Regardless of whether the target age distribution of a TLH aggregate was achieved, 
options for reducing the risk of predation can be explored.   Example treatments could 
include the rehabilitation of roads, so that they do not provide travel corridors for moose 
and wolves, or the reduction of moose forage by brushing young stands that provide 
early seral forage (Areas for Pred Risk Reduction Treatments).  The relative gain for 
each treatment must also be considered when identifying priority areas for treatments.  
Areas where near to a one-to-one ratio between expenditure (measured as a total cost 
for treatments) and risk reduction should be given priority over areas where expenditures 
do not necessarily reduce the predation risk.  For example brushing a 50 ha unit 
amongst a 750 ha aggregate of cutblocks may not provide a significant reduction of 
forage to reduce the level of use by moose.  However treatment of a 50 ha cutblock 
isolated from others does have the potential to make the cutblock area undesirable for 
moose, and if the area surrounding the cutblock was already unsuitable, then the overall 
use by moose should decline.  Once an area has been treated, the effects towards 
predation risk must be reconsidered, hence within the framework the feedback loop 
leading from the Treatment – Pred Risk Reduction node to the Relative TLH Pred Risk 
and Source Feature for Predation Risk nodes.  If no treatments were conducted, forest 
information must be updated relative to the time between assessments and 
reconsidered for subsequent age assessments. 
 
Where the age distribution of a TLH aggregate was not achieved, consideration must be 
given to both the reduction of predation risk and to the restoration of terrestrial lichen 
bearing areas to ensure the long-term sustainable supply of functioning winter range.  
Identifying locations, where lichen restoration treatments are necessary, takes into 
consideration operational factors, forest stand conditions, ecological conditions and 
terrain features.  An assessment to determine areas most suitable for lichen restoration 
first considers 1) the proportion of a TLH that has lichen types exhibiting the typical 
succession paradigm (Coxson and Marsh 2001); 2) the amount of timber harvesting land 
base in a TLH aggregate; and, 3) the relative risk of predation in TLH units.  Where TLH 
areas were identified for treatments (Areas for Lichen Restoration node), forest cover 
information, terrain information, and logistic information, such as mapping of current road 
networks, were used to determine which treatments were most suitable.  Once 
treatments were completed, the effect of the treatment must be evaluated to ensure they 
provide the expected outcomes.  Furthermore, the influences that treatments have on 
the risk of predation must also be reconsidered.  Influences on predator populations, 
such as predator control are incorporated into the framework at this point where a 
feedback loop influencing the Relative TLH Pred Risk node has been identified.  
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Analysis of  Ungulate Winter Ranges 

Seven TLH aggregates had <40 percent of the area <70 years old4, but of these only five 
provided area with suitable conditions for lichen restoration activities: Upper Misilinka, 
Mid Mesilinka, Conglomerate, Mid Omineca East, and Germansen (Table 1 and Table 
2).  The other two aggregates of these seven, Tucha Ingenika and Elund Creek were not 
considered suitable for treatments because of a high likelihood of incorrect typing (Tucha 
Ingenika aggregate)  and because forest age distributions were heavily skewed to 70 
years which was threshold for delineating lichen class, but where stands are not yet old 
enough to harvest (Elund Creek aggregate). Candidate areas for restoration treatments 
that would affect predation risk were identified for nine TLH aggregates including: 15 
Mile Swamp, Elund Creek, Upper Finlay, Finlay Bluff Hill, Swannell Goldeneye, Upper 
Misilinka, Lower Osilinka, Conglomerate and Germansen (Table 3). 
 

Table 1.  Area summaries for age distribution, ecological conditions (e.g. the proportion of 
area with persistent lichen), and operational factors (e.g. THLB) for each TLH aggregate. 

1 THLB = Timber Harvesting Land Base 
 
 
 

                                                      
4 The target specified in GWMs for U-7-007 is to have between 40 and 60 percent of a TLH aggregate area 
<70 years old and the remainder between 70 and 140 years old (Province of BC 2007). 
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4 Swannell Goldeneye 3732 46 8 1405 0 0 25 
5 Upper Misilinka 3624 25 19 1537 1491 41 49 
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12 Germansen 4489 16 19 2659 1267 28 19 
13 Eklund Creek 3419 35 30 2714 0 0 31 
14 15 Mile Swamp 3400 49 22 2771 0 0 47 
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Table 2.  Treatments recommendations for each TLH aggregate in U-7-007. 

No. Name TLH units recommend 
for lichen restoration 
treatements1 

TLH units recommended  
for treatments to reduce 
predation risk 

TLH with no treatments recommended 

1 Upper Finlay n/a 1b-002, 1b-003, 1c-002,    1c-
007 1a-002, 1c-003, 1c-004, 1c-005, 1c-006, 1c-008 

2 Finlay Bluff hill n/a 2c-007, 2c-011, 2c-010 
2a-003, 2a-004, 2a-005, 2a-002, 2a-006, 2a-007, 2a-
0008, 2a-009, 2b-002, 2b-003, 2c-002, 2c-003, 2c-004, 
2c-005, 2c-006, 2c-009, 2c-008 

3 Tucha Ingenika n/a n/a 3a-002, 3b-002, 3c-002, 3d-002 

4 Swannell Goldeneye n/a 4c-002  

5 Upper Misilinka 5b-004, 5b-003,  5b-002 5a-002, 5a-003 5c-002, 5a-002, 5a-003 

6 Mid Mesilinka 
6b-007, 6b-002, 6b-009, 
6b-006, 6b-010, 6b-005, 
6b-003 

n/a 6a-002, 6b-008, 6b-004, 6b-011, 6c-002 

7 Lower Osilinka 7b-004 7a-002, 7a-003, 7a-004 7b-002, 7b-003 

8 Conglomerate 8b-002 8a-002, 8a-003, 8a-004,    8a-
005, 8c-002 8b-003, 8b-004 

11 Mid Omineca East 11-002 n/a 11-003 

12 Germansen 12b-008, 12b-006, 12b-002, 
12b-007, 12a-004 adjacent to 12b-004 12b-003, 12b-005, 12c-002, 12a-003, 12a-002 

13 Eklund Creek n/a 13a-006, adjacent  to      13a-
007 13a-003, 13a-002, 113a-005, 13a-004, 13b-002 

14 15 Mile Swamp n/a 14-002, 14-005, 14-007 14-009, 14-006, 14-003, 14-008, 14-004 
1Reference to TLH unit numbers is based on those listed in the policy document for U-7-007 (Province of BC 2007). 
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Table 3.  A summary of predation risk, expressed as a percent of the area, for each TLH 
aggregate and for an area extending 5 km beyond the perimeter of each aggregate which is 
considered to have an influence on THL habitat condition. 

# TLH Name TLH Aggregate 5 Km Buffer around TLH Aggregate

  Area Predation Risk (% of area) Area Predation Risk (% of area)

  (ha) (high) (ha) (high) (ha) (high) (ha) (high) 

1 Upper Finlay 4286 4286 30 70 0 72235 22 71 
2 Finlay Bluff hill 8848 8848 30 70 0 117392 23 72 
3 Tucha Ingenika 2058 2058 0 9 91 52963 0 14 
4 Swannell Goldeneye 3732 3732 16 72 12 47967 9 51 
5 Upper Misilinka 3624 3624 8 92 6 52576 17 45 
6 Mid Mesilinka 6145 6145 12 88 12 85300 11 64 
7 Lower Osilinka 3612 3612 65 35 0 55380 42 49 
8 Conglomerate 9544 9544 25 72 3 87711 14 48 
11 Mid Omineca East 1466 1466 38 62 0 24408 33 60 
12 Germansen 4489 4489 21 79 0 63030 11 65 
13 Eklund Creek 3419 3419 52 43 5 48120 38 43 
14 15 Mile Swamp 3400 3400 86 14 0 47209 83 17 

 
 
 
Of the five aggregates considered to provide opportunities for lichen restoration projects, 
the Upper Misilinka, Conglomerate, and Mid Omineca East all had large portions with 
ecological conditions projected to contain lichen communities that may persist beyond 
140 years expressed by Coxson and Marsh (2001) and were assumed to be somewhat 
resilient to landscape level changes caused by MPB.  The other two aggregates, Mid 
Mesilinka and Germansen, were hence deemed priority areas for lichen restoration 
treatments.  Resiliency to MPB is an important factor for all TLH areas, the Upper Finlay, 
Tucha Ingenika, Swannell Goldeneye and Lower Osilinka were all identified to have 
<10% of the area occupied by lichen types that may persist in a lichen dominated state 
regardless of expected succession paradigms or MPB attack (Table 1).  These 
aggregates may be elevated in priority for treatment as further information becomes 
available regarding the influences of MPB and lichen winter range ecology.  All 
candidate areas considered suitable for disturbances (Table 2) can be treated with 
forestry activities, or prescribed burning preceded by site preparation treatments, but 
TLH units 6b-007 in the Mid Mesilinka and 8b-002 in the Conglomerate aggregates 
appeared to provided the best opportunities for prescribed burning standing forests.  
Landscape features, such as alpine, cutblocks and water features were present at both 
locations which may provide suitable firebreaks to permit burning (Figure 3).  An 
assessment of the forest age distribution of the THLB within each aggregate revealed a 
balance between the age distribution for the total area and THLB in all but three cases; 
these were the Conglomerate, Upper Misilinka, and Lower Osilinka.  In these three TLH 
aggregates non-forestry treatments will be required at some point to achieve target age 
distributions specified in the GWMs.   
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Figure 3.  The orange lines delineate forest types within TLH 8a-002 considered suitable for 
a lichen restoration treatment.  The pink line emphasises a portion of the TLH unit 
considered a candidate area for prescribed burning.  Landscape features that may work as 
fuel breaks are highlighted with labelled arrows:  (a) cutblocks, (b) water features, and (c) 
alpine areas. 

The TLH aggregates exclusive to the Scott herd area were influenced by some of the 
highest predation risk in the study area (Table 3).  The 15 Mile Swamp aggregate had 
86% of the area, and Eklund Creek had 52% of the area influenced by high predation 
risk; the highest and third highest respectively.  Predation risk in these two aggregates 
was influenced by a combination of roads, cutblocks and natural features, in particular a 
large wetland had significant impacts on the 15 Mile Swamp aggregate.  The Lower 
Osilinka aggregate was also influenced by a very high predation risk.  Sixty five percent 
of the area in this aggregate was classed as high, the result of extensive forest 
harvesting immediately adjacent to it.  Most all other TLH aggregates (except for one) 
were influenced predominantly by moderate predation risk (Table 3).  In these units, cut 
blocks and roads which were generally attributed with a high predation risk class, 
provided the best opportunities for restoration treatments.  The Tucha Ingenika TLH 
aggregate was the only one to have significant proportions of low risk (i.e. 91% of the 
area) (Table 3).  It was isolated away from roads and cut blocks and the only early seral 
conditions present were the results of natural disturbances (wildfires). 
 

a

c 

b
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The autoCHASE model run used to generate a current predation risk grid also produced 
new coverages of pine-lichen winter range (both current suitability and potential 
capability).  Overlays of the capability grid with TLH units from U-7-007 revealed 
discrepancies (Figure 4).  Consistent trends were not evident regarding why there were 
differences, for example some TLH units such as 6b-011 did not overlap with any of the 
capability mapping, but there were also other areas of the capability mapping, such as 
around Flatfish, Carina and Thomias Lakes which are known to provide low elevation 
pine-lichen winter range, that did not overlap with any TLH units (Figure 4).  Eighteen 
TLH units were observed where <10% of the area was classed as having potential for 
good winter range from the capability mapping (Table 4).  The opposite assessment was 
also made and 23 locations were identified has showing good potential as winter range 
from the capability mapping, but were not included in a THL/UWR polygon (Table 5). 
 
 

 
Figure 4. Example of discrepancies within TLH 6 (Mid Mesilinka) between legislated UWR 
boundaries (red lines) which were based on capability mapping from a previous run of 
CHASE and current capability mapping (light and dark green filled area) using version 2 of 
autoCHASE.  
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Table 4.  The summary of TLH units which contained <10% of the areas modeled as high 
capability winter range produced with autoCHASE v2. 

TLH Aggregate TLH Unit 

11 - Mid Omineca East 11-003 
12a – Germansen 12a-003 
12b – Germansen 12b-007 
2a - Finlay Bluff Hill 2a-005 
2c - Finlay Bluff Hill 2c-002, 2c-006, 2c-008, 2c-009, 2c-010, 2c-011 
3d - Tucha Ingenika 3d-002 
5b - Upper Misilinka 5b-002, 5b-004 
5c - Upper Misilinka 5c-002 
6b - Mid Mesilinka 6b-010, 6b-011 
7a - Lower Osilinka 7a-003 
8a - Conglomerate 8a-004 

 
 

Table 5.  Listing of 23 potential locations (UTM zone 10 x:y coordinates) modeled as 
suitable winter range, but not currently located in TLH polygons. 

x:322285    y:6399437  x:337795    y:6308387  x:347848    y:6251517 
x:326019    y:6391395  x:373123    y:6311259  x:358188    y:6211018 
x:348997    y:6406905  x:343539    y:6345439  x:364507    y:6228539 
x:360773    y:6392544  x:356465    y:6284260  x:400123    y:6209295 
x:353018    y:6400011  x:346124    y:6297185  x:432292    y:6197519 
x:332338    y:6326769  x:342678    y:6297185  x:432292    y:6207284 
x:371975    y:6273346  x:337221    y:6297473  x:450961    y:6177126 
x:378868    y:6259846  x:329465    y:6314706   

 

DISCUSSION 

Caribou use a variety of stand types throughout a year to fulfill seasonal range 
requirements (Johnson et al. 2002, McNay et al. 2008a).  The emphasis of this project, 
and the framework developed, were on low elevation winter ranges.  Though these are 
the least abundant habitat type (McNay et al. 2008a) and pose the greatest risk, relative 
to range abundance, for becoming a constraint on population growth, concomitant range 
types (including high elevation winter range, post rut range, calving and summer range, 
and movement corridors) must be considered when determining the full effects of habitat 
quality on population health.   Furthermore, the framework that was developed under this 
project (Figure 2) must be considered in context to a larger framework that considers 
population status relative to the habitat conditions found in all range types.  
 
Line work that was derived while producing the recommended treatment areas was not 
intended to be used as content for site level forestry plans; rather it provides general 
delineation of areas that may have suitable characteristics for restoration activities; 
areas that require site level plans.  The two areas identified as being suitable for 



SULYMA  WILDLIFE INFOMETRICS INC. 

Framework for restorat ion of caribou UWR 14 

prescribed burning of standing forests will require detailed site level assessments prior to 
initiating a burn program.  At both of these areas it is possible that pre-burn treatments, 
such as forest harvesting or stem knock down, will be necessary in early stages of a 
burn program to enhance existing fuel breaks and ensure operational feasibility of 
treatment implementation.  The level of detail assessed in this project was not intended, 
nor was it adequate to make site level decisions. 
 
In this project the uncertainty resulting from MPB attack was addressed in several ways.  
For example, the potential for declining fiber demands from forest types in UWRs was 
considered by recognizing that alternate forms of restoration, such as prescribed fire will 
be required.  Expected variation in the level of MPB caused mortality and the effects of 
changing ecological relationships was addressed through the application of a model 
used to predict which sites may be less resilient to change from a lichen abundance 
perspective providing guidance where lichen restoration activities would be a priority 
(Sulyma and McNay 2009).  The evaluation of seral targets though, did not incorporate 
changes resulting from MPB.  Much of the study area is currently under attack (Walton 
2009), and though all stands are expected to be impacted to some degree, it is uncertain 
if all pine in UWR areas will be killed.  During a reconnaissance of caribou UWR areas in 
the Vanderhoof forest district pine survival appeared higher in pine-lichen UWR areas 
than adjacent stands on richer sites (Sulyma 2008).  Why the variation occurred was not 
documented so observations could not be incorporated into the analysis procedures of 
this project, rather I could only recognize that variation in survival rates does occur. 
Given the uncertainty around pine survival of MPB attack, it was not addressed during 
analysis of this project.  
 
Resource managers involved with implementing and monitoring UWR policy now 
contend with incorporating MPB into current management systems that were developed 
prior to the epidemic.  In many situations the clear effects of MPB are still not known 
Pousette and Hawkins 2006).  The MBP outbreak is one of the largest natural 
disturbances observed in the province, impacting over 14.5 million ha5.  Regardless the 
state of the forest industry, with such a large extent being impacted, it is not likely that all 
MPB killed stands will be harvested (McNay et al. 2008b); thus, the outcome will be a 
large amount of area that will be left as non-recoverable losses.  In the Vanderhoof 
forest district which experienced attack from the late 1990’s to the early years of 2000’s, 
a shift by licensees to preferentially select  higher value stands closer to mills, versus 
operating in stands with lower wood quality that are further away, is currently occurring.  
Harvest decisions to operate in UWR in the Mackenzie Forest District could very likely 
follow a similar process.  If this is the case, greater emphasis will be required for 
implementing non-forestry lichen restoration treatments in all TLH units identified for 
disturbance.  Corresponding with this shift may be a change of responsibility for 
implementing them.  Currently forest licensees have the greatest influence using their 
forest harvesting operations to achieve UWR objectives, but when non-forestry 
restoration activities are used, the responsibility for implementing treatments may shift to 
the Provincial Government. 
 
Results from this project provide the required background information for forest 
licensees and government agencies to ensure optimum range conditions, given the 
current ecological conditions, are achieved in UWR areas. Differences between new 

                                                      
5 See http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/facts.htm.  
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modeling and UWR policy line work should be assessed in the field and updated where 
necessary.  It is also imperative to initiate site treatments to support restoration of lichen 
communities and to reduce predation risk.  Prescribed burning is planned near Jackfish 
creek south of Germansen Landing (Sulyma et al. 2010) and is consistent with the 
findings of this project, but additional treatments are necessary.  The monitoring 
framework provides the means for multiple licensees and government agencies to 
simultaneously plan/implement activities and evaluate UWR condition which is also a 
necessary procedure identified by many forest licensees in their sustainable forest 
management plans.    
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