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INTRODUCTION

The range of the Tweedsmuir-Entiako caribou (rangifer tarandus caribou) population 
coincides with an area that is experiencing an unprecedented mountain pine beetle 
(Dendroctonus ponderosae; MPB) outbreak in central British Columbia (Eng et al. 2005, 
Cichowski 1993). Disturbance, both natural and human-caused, plays an important role in 
the ecology of Northern Caribou populations and their habitats.  The Tweedsmuir-
Entiako caribou population is the first Northern Caribou population to experience the 
mountain pine beetle epidemic.  Prior to research recently initiated on Tweedsmuir-
Entiako caribou habitat use and their primary winter forage, terrestrial lichen, no 
information was available on the effects of epidemic levels of mountain pine beetles on 
caribou. There is a pressing need for resource managers to determine appropriate 
management strategies to enhance, as best as possible, the adaptive capacity of the 
Tweedsmuir-Entiako caribou to the current MPB outbreak and to future natural and 
human disturbances. Information is required on what areas are appropriate for forest 
salvaging activities and road building and which are not, and on where stand tending can 
lead to an accelerated recruitment of good caribou habitat (Bunnell et al. 2004). However, 
there are numerous uncertainties associated with this issue. For example, there are 
uncertainties about the post MPB structural composition of caribou habitat, including the 
length of time for MPB killed stands to fall down, the potential shift in sub-canopy 
vegetation from lichen mats to other cover types (Williston et al. 2006), and at what point 
do these stands no longer provide adequate caribou habitat and how fast do they recover 
(Coates et al. 2006). Compositionally, there are shifts in forest pattern and age structure 
that may suit other ungulates, risking a shift in predator-prey dynamics that may 
compromise the viability the caribou population (Bunnell et al. 2004), but it is unclear 
how this dynamic may unfold.

This report summarizes literature on the ecology of the Tweedsmuir-Entiako caribou 
population, and on the effects of natural and human disturbance on woodland caribou 
populations. The intention is provide technical support for the development of 
management strategies that would help maintain the viability of the Tweedsmuir-Entiako 
woodland caribou in the context of the uncertainties associated with current and future 
landscape scale disturbances. 

ECOLOGY OF THE TWEEDSMUIR-ENTIAKO CARIBOU POPULATION

Caribou in the Tweedsmuir-Entiako caribou population in west-central British Columbia 
belong to the woodland subspecies (Rangifer tarandus caribou) and to the Northern 
Caribou ecotype (Heard and Vagt 1998).  In 2000, the Committee on the Status of 
Endangered Wildlife in Canada (COSEWIC) designated all woodland caribou in the 
Southern Mountains National Ecological Area (SMNEA), which includes the 
Tweedsmuir-Entiako population, as Threatened (Northern Caribou Technical Advisory 
Committee 2004).  
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Research on habitat use and population ecology of the Tweedsmuir-Entiako caribou 
population has been ongoing since 1983 (Marshall 1984, 1985, 1986, Cichowski 1993, 
Steventon 1996, Cichowski and MacLean 2005).  This section synthesizes information on 
the ecology of the Tweedsmuir-Entiako caribou population prior to the mountain pine 
beetle epidemic from the following reports: 

 The Response of Caribou Terrestrial Forage Lichens to Mountain Pine Beetles 
and Forest Harvesting in the East Ootsa and Entiako Areas: Final Report – 2001-
2005 – Years 1-5 (Williston et al. 2006);

 Tweedsmuir-Entiako Caribou Population Technical Background Information 
Summary (Cichowski and MacLean 2005);

 Entiako Park and Protected Area Ecological Background Information Summary 
(Cichowski et al. 2001a);

 North Tweedsmuir Provincial Park Strategic Vegetation Management Study 
(Cichowski et al. 2001b); and,

 Management Strategy and Options for the Tweedsmuir-Entiako Caribou Winter 
Range (Cichowski and Banner 1993).

GREATER TWEEDSMUIR ECOSYSTEM

The Greater Tweedsmuir Ecosystem encompasses the current and much of the recent 
historical range of the Tweedsmuir-Entiako caribou population (Cichowski et al. 
2001a,b). The Greater Tweedsmuir Ecosystem is located in west-central British 
Columbia, approximately 200 kilometers southwest of Smithers.  It covers approximately 
1,760,000 hectares with over 1,000,000 hectares located within northern Tweedsmuir 
Park, Kitlope Heritage Conservancy Protected Area, and Entiako Park and Protected 
Area. 

The eastern portion of the Greater Tweedsmuir Ecosystem is made up of mostly flat or 
gently rolling terrain of the Nechako Plateau between 900 and 1500 meters, rising to 
1900 meters in the Fawnie Mountains in the southeast and 2350 meters in the Quanchus 
Mountains in the northeast. The western portion lies along the eastern edge of the Coast 
Mountains and is characterized by granitic mountains rising up to 2800 meters. The 
physical landscape of the area is largely a result of glacial activity with numerous 
drumlins, eskers, and old meltwater channels. 

The climate in the eastern portion of the area is a dry, continental climate, with generally 
cool, short and dry summers, and long, cold and dry winters.  Annual snowfall averages 2 
meters at lower elevations and increases at higher elevations and toward the west.  Actual 
snow accumulation in the eastern portion of the area is relatively low during winter, 
especially at lower elevations where snow accumulation rarely exceeds 1 meter in 
openings.  In the western portion, the climate is influenced by coastal weather patterns 
and is generally wet and very snowy with a short, cool summer, and receives more 
precipitation than the eastern portion.  

Tweedsmui r-En tiako Ca ribo u  Popula tion: Su m mar y  o f  Ecolog y  an d  E ffects o f  D is t u rbanc e 2



The landscape is primarily made up of sub-boreal vegetation in the eastern part of the 
area, coastal influenced vegetation in the western part of the area, and sub-boreal/coastal 
transition vegetation near the western Tweedsmuir Park boundary. Cold winters, short 
growing seasons and poorly developed soils affect the distribution and composition of 
vegetation communities. Lower elevations in the eastern part of the area are dominated 
by lodgepole pine (Pinus contorta) forests with scattered wetlands, lakes and rivers. In 
addition to lodgepole pine, hybrid white spruce (Picea glauca x engelmanni), black 
spruce (Picea mariana) and subalpine fir (Abies lasiocarpa) are found primarily on 
moister sites.  Understorey trees on these sites consist primarily of hybrid white spruce, 
subalpine fir and lodgepole pine.  Mature subalpine fir forests are dominant at mid to 
higher elevations.  Western hemlock (Tsuga heterophylla), amabilis fir (Abies amabilis) 
and mountain hemlock (Tsuga mertensiana) gain prominence in the western portion of 
the area.  Forests in the area are a mosaic of different-aged stands that are in different 
stages of structural development following natural disturbances of varying intensity and 
extent.  Most stands are greater than 40 years of age; stands younger than 20 years are 
rare on the landscape.  

The vegetation of the Greater Tweedsmuir Ecosystem is diverse and falls within 10 
biogeoclimatic subzone/variants (Banner et al. 1993, Delong et al. 1993).  
Six biogeoclimatic zones occur within the Greater Tweedsmuir Ecosystem:  

 Coastal Western Hemlock (CWH);
 Mountain Hemlock (MH);
 Sub-Boreal Spruce (SBS);
 Sub-Boreal Pine-Spruce (SBPS);
 Engelmann Spruce-Subalpine Fir (ESSF); and 
 Alpine Tundra (AT).

The Engelmann Spruce-Subalpine Fir and Sub-Boreal Spruce biogeoclimatic zones are 
each represented by 3 subzones.

Fire and forest insects are the two main large-scale disturbance factors. Both large-scale, 
stand-replacing fires resulting in large areas of even-aged forests, and surface fires that 
affect understorey vegetation are present. Surface fires consume terrestrial lichens but 
may also be important in reducing competing vegetation.  Forest insects include 
mountain pine beetles (Dendroctonus ponderosae), spruce beetles (Dendroctonus 
rufipennis), and western balsam bark beetles (Dryocoetes confusus). Other natural 
disturbances affecting vegetation in the area are wind and avalanches, especially in the 
western portion.

The Greater Tweedsmuir Ecosystem supports a variety of wildlife species.  Woodland 
caribou, moose (Alces alces), mountain goats (Oreamnos americana), wolves (Canis  
lupus), grizzly bears (Ursus arctos), black bears (Ursus americanus), wolverine (Gulo 
gulo), coyotes (Canis latrans), lynx (Felix lynx), and fisher (Martes pennanti) all inhabit 
the area. North Tweedsmuir Park and the Coast Mountains to the west are used primarily 
as summer range by the larger mammal species. Caribou and moose are mostly absent 
from North Tweedsmuir Park and the area to the west during the winter due to heavy 
snow accumulations.  Wolves likely also leave the western area during winter and occupy 
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areas where moose are more common. Mountain goats are most common in the 
Quanchus Mountains in Tweedsmuir Park, and in the Coast Mountains in the western 
portion of the study area. Ungulates other than caribou, moose and mountain goats are 
less abundant in the area and include mule deer (Odocoileus hemionus hemionus), black-
tailed deer (Odocoileus hemionus sitchensis), elk (Cervus elaphus) and white-tailed deer 
(Odocoileus virginianus). Mule deer and elk have been observed on south-facing slopes 
along Chelaslie Arm, north of Tetachuck Lake; elk are uncommon in the area but mule 
deer occur in greater numbers.  White-tailed deer may also occasionally use this area. 
Black-tailed deer likely use low elevation coastal forests in the western portion of the 
study area during summer.  

SEASONAL MOVEMENTS AND HABITAT USE

Tweedsmuir-Entiako caribou use two distinct seasonal ranges during the year. During 
summer, caribou are found in the northern part of Tweedsmuir Provincial Park and the 
area to the west, and during winter they are found mainly in the area in and around 
Entiako Provincial Park (Cichowski 1993).  

In late April caribou start their spring migration and move north across Tetachuck Lake. 
Caribou may spend some time on the north side of the lake before moving north to the 
Chelaslie River drainage and into northern Tweedsmuir Park through low elevation 
valleys.  From there, some caribou continue west and cross Whitesail Lake to reach 
calving areas to the west.  Other caribou migrate from the Entiako area along the south 
and north shores of Eutsuk Lake to summer ranges in and west of northern Tweedsmuir 
Park.

In summer, caribou are found in a variety of habitats ranging from alpine to low elevation 
coastal forests in the headwaters of the Gamsby River where they forage for lush seasonal 
vegetation as well as lichens (Cichowski 1993). During calving in early June, some adult 
female caribou use high elevation alpine or subalpine habitat, while others calve below 
treeline. By the rut in October, some caribou congregate in larger rutting groups in the 
Quanchus Mountains while other are found throughout northern Tweedsmuir Park in 
small rutting groups.  Caribou usually begin moving east and south in late October/early 
November towards winter range in the Entiako area. Fall migration appears to be 
triggered by snowfall at higher elevations where caribou were rutting.

By early December, most caribou have returned to winter range south of Tetachuck Lake 
in the Entiako Lake area (Cichowski 1993).  During winter, caribou use mostly mature 
dry pine forests and feed primarily by digging through the snow (cratering) to feed on 
terrestrial lichens.  Caribou seem to prefer terrestrial lichens but also feed on arboreal 
lichens, especially when snow conditions make cratering for terrestrial lichens difficult, 
such as during winters of frequent freeze/thaw events that result in a hard snowpack. 
Arboreal lichen use tends to increase later in the winter when the snowpack tends to be 
more consolidated. Caribou also feed on arboreal lichens in forested wetlands or wetland 
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fringes where arboreal lichens are more abundant. During winter, caribou are also often 
found on lakes where they crater for slush or free water.

In mid February, a portion of the population moves into the Fawnie Mountains to forage 
on terrestrial lichens on windswept alpine slopes or on arboreal lichens in subalpine 
forests.  Although annual use of alpine and subalpine habitat is not consistent between 
years, up to about 25% of the caribou use the Fawnie Mountains in late February and 
early March.  In mid-late March, many caribou move to the area near the mouth of the 
Entiako River prior to moving to the south side of Tetachuck Lake in preparation for 
spring migration.  It is unclear why caribou move to the area near the mouth of the 
Entiako River prior to spring migration; however, caribou may be seeking arboreal 
lichens, which are more abundant in this part of the winter range, or may be seeking snow 
free areas at the base of trees for foraging.

Although caribou return to the Entiako area for the winter months, they may use different 
parts of the winter range in different years. The area surrounding Entiako Lake has been 
used consistently by caribou throughout the years and is considered the core of the winter 
range. During some winters, some caribou winter north of Tetachuck Lake in the East 
Ootsa area, while others have wintered as far south as the Ilgachuz Mountains. In 1983, 
many radio-collared caribou were found in the Laidman Lake area for most of the winter. 
Only a few radio-collared caribou have used that area since and usually only for a brief 
period of time.  Less use of the area may potentially be a result of forest harvesting or 
range rotation. Because most terrestrial caribou forage lichens do not appear until 30-50 
years following disturbance, caribou use of different parts of their winter range during 
different winters could allow lichens time to recover.

Historically, caribou also wintered north of Whitesail and Ootsa lakes, and east of Intata 
Lake.  The flooding of the Nechako Reservoir, forest harvesting in these areas, land 
clearing for agricultural purposes on the north side of Ootsa Lake, and a decline in the 
caribou population likely contributed to the abandonment of those wintering areas. 
Reduced options for using alternate winter ranges has resulted in an increase in the 
importance of the Entiako area in providing high quality winter range for the 
Tweedsmuir-Entiako caribou population.

POPULATION ECOLOGY

Adult female caribou mortality rates have been consistently moderate to high, while calf 
recruitment rates have been low to moderate, suggesting that the population is generally 
declining (Cichowski and MacLean 2005).  Most adult mortality occurs from May to mid 
July, during spring migration and early summer while caribou are on their summer range. 
Most known causes of mortality have been attributed to wolf predation and bear 
predation.  Fewer mortalities occur during the winter months; causes of winter mortality 
include wolf predation, wolverine predation and non-predator-related causes.  
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Most calf mortality occurs during summer months; caribou calves that survive until 
October tend to survive through the winter as well. Pregnancy rates are high, so most 
mortality occurs after calves are born. Adult female caribou that calve in the alpine or 
subalpine, or at low elevations on islands, have higher calving success than caribou that 
calve in low elevation forested habitats. 

Currently, hunting is closed for the Tweedsmuir-Entiako caribou population. Hunting 
harvests for the Tweedsmuir-Entiako caribou population were low between 1984 and 
2002 and likely had little impact on the population.  There is no information on poaching 
of Tweedsmuir-Entiako caribou; however, the risk of poaching is likely low because of 
limited access to much of the Tweedsmuir-Entiako caribou range.

The primary population limiting factor for the Tweedsmuir-Entiako caribou population 
appears to be predation (both wolf and bear).  Currently, it is generally accepted that 
absolute quantity and quality of food does not limit growth of Woodland Caribou 
populations as long as adequate range is available to deal with severe snow conditions or 
loss of lichen producing habitat (Schaefer and Pruitt 1991, Seip 1991, Bergerud 1996). 

HISTORIC POPULATION FLUCTUATIONS

Caribou in the Tweedsmuir-Entiako population were historically more abundant and 
occupied a larger range than they do today. A number of factors may have contributed to 
reduced size of the population and range including colonization of the area by moose, 
construction of the Kenney Dam impoundment, overhunting, forest harvesting, and 
agricultural clearing.  

In general, caribou populations in British Columbia began declining in the early 1900’s 
(Spalding 2000).  Prior to the early 1900’s, moose were either absent or rare in west 
central British Columbia and caribou likely coexisted with a relatively low density of 
wolves (Bergerud and Elliot 1986). The increase in alternate prey (moose) likely resulted 
in an increase in wolf density, which in turn, exerted greater predation pressure on 
caribou (Bergerud and Ballard 1988, Seip 1991). Because moose have a higher 
reproductive capacity than caribou (younger age of maturity, twinning) and are better 
able to defend themselves from wolves, moose populations were better able to respond to 
predation pressure.  Moose are now the primary food source for predators such as wolves, 
so wolf populations respond to fluctuations in moose numbers and not to fluctuations in 
caribou numbers as they did historically.

Caribou and moose populations in the Tweedsmuir-Entiako area increased until the late 
1960’s in response to a large-scale wolf poisoning program implemented in most of 
British Columbia until the early 1960’s; but the caribou population started decreasing 
again in the 1970’s (Hatter 1979). The Tweedsmuir-Entiako caribou population was 
estimated at 1000 caribou in the mid 1950’s (Alan Blackwell pers. comm.) and at 600 in 
1963 Low (1964). Liberal harvest regulations also contributed to a decline in the 
Tweedsmuir-Entiako caribou population in the early 1970’s (Hatter 1979).
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After the flooding of the Kenney Dam in the mid 1950’s, some of the narrow lakes and 
rivers that caribou crossed turned into large lakes. In the early 1970’s, forest harvesting 
began in the area north of Whitesail and Ootsa lakes (Hatter 1979).  Land clearing for 
agricultural purposes on the north side of Ootsa Lake may have also contributed to a 
reduction of available winter range.

Studies suggest that as caribou populations increase, they expand their ranges so that their 
overall population density stays constant.  Conversely, as caribou populations decline, 
their ranges shrink.  For the Tweedsmuir-Entiako caribou, the population decline in the 
1970’s may have also contributed to caribou no longer using historically used winter 
ranges.  

LICHEN ECOLOGY

Terrestrial Lichens

Terrestrial lichens are the primary winter forage for the Tweedsmuir-Entiako caribou 
population (Cichowski 1993).  Preferred species include Cladina sp., Cladonia sp., 
Cetraria sp., and Stereocaulon sp.  Lichens are assemblages of fungi, algae, and/or 
cyanobacteria (bluegreen algae) and derive their minerals and nutrients from airborne 
particles, rather than from the substrate they are growing on. Although lichens can exist 
in a wide range of ecological conditions, they grow slowly (2.5-6mm/year in boreal 
communities; Scotter 1963), and are generally considered poor competitors against other 
plants (Johnson 1978).  

The distribution and abundance of terrestrial forage lichens in the East Ootsa and Entiako 
areas are influenced by the following four factors: 

 site characteristics (moisture, nutrients, and light); 
 disturbance history; 
 reproduction and dispersion; and,
 competition with terrestrial plants (Williston et al. 2006). 

Cladina is most abundant on nutrient poor sites where the success of potential 
competitors is limited (Ahti 1961). Although these lichens are physiologically capable of 
inhabiting moist, rich sites (and often grow larger on those sites than on drier and poorer 
ones) they tend to be uncommon on rich sites due to competition from mosses and 
vascular plants (Ahti 1961). While terrestrial forage lichens are able to withstand 
desiccation, they also require humidity for transpiration and growth (Ahti and Hepburn 
1967).  Terrestrial lichens will persist on dry, nutrient poor sites in very old stands.  On 
moister, more nutrient-rich sites, terrestrial lichens are more abundant in mid-seral and 
mature stands and will eventually diminish in older stands when feathermosses become 
dominant.  Also, on moister, richer sites, terrestrial lichens are more common in canopy 
gaps than in densely forested areas, especially during later stages of succession.  
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Disturbance such as stand-replacing fire may be required to maintain terrestrial lichens on 
the landscape, especially on moister sites. Although lichens burn readily, they also re-
establish more rapidly than many of their competitors. Undamaged colonies in areas 
skipped by fire are sources for re-establishment on burned substrates that lack vegetation. 
In general, lichen succession after fire in boreal ecosystems begins with a Cladonia 
dominated understory community, which is replaced by Cladina species after 30-80 years 
(depending on latitude, climate, and site conditions; Ahti 1977), and eventually by 
feathermoss after 150 years or more (Coxson and Marsh 2001). This pattern is moderated 
by soil moisture; wetter soils progress to the feathermoss stage more rapidly than drier 
soils. On very dry soils, sites may not reach the feathermoss stage.  In the Entiako and 
East Ootsa areas, surface fires may also play a role in maintaining lichen ecosystems.

Reproduction in the genus Cladina is by both sexual and asexual spores; however, most 
species propagate by thallus fragmentation (Ahti and Hepburn 1967). During dry periods, 
the thallus of Cladina species becomes brittle and susceptible to breakage. Broken 
fragments are then dispersed by wind or by animal vectors. Regardless of the dispersal 
mechanism, Cladina appears to establish most effectively if a nearby source population 
exists. 

The main competitors of caribou terrestrial forage lichens on the Tweedsmuir-Entiako 
caribou winter range are:

 kinnikinnick;
 red-stemmed feathermoss;
 crowberry (Empetrum nigrum); and,
 twin-flower. 

Kinnikinnick is a common understorey plant that grows predominantly on very dry sites 
such as south facing slopes, eskers or outwash plains. It is a low-growing (less than 10 
cm tall in the study area) evergreen dwarf shrub that is adapted to dry habitats and is 
intolerant of persistent humidity.  

Red-stemmed feathermoss is the most common ground cover and is found on all but the 
wettest and driest sites. On moist sites, red-stemmed feathermoss can comprise close to 
100 % cover and can be up to 15 cm thick. It grows slowly, approximately 1.5 cm/yr in 
boreal ecosystems (Ahti 1961), which is still more than twice as fast as most terrestrial 
lichens. Red-stemmed feathermoss is unable to tolerate dry moisture conditions, although 
on drier sites, it inhabits humid microsites, such as beneath the cover of low shrubs. Red-
stemmed feathermoss is not a common post-fire species even though it is a prominent 
component of fire-driven boreal ecosystems. Large areas in recently burned ecosystems 
are relatively dry, and are not suitable habitat for this moisture-dependent species. 
Instead, red-stemmed feathermoss is dominant in late successional plant communities 
where it tends to out-compete species like terrestrial forage lichens that are able to 
establish earlier.

Twin-flower is another fast-growing understory species in the area. While reasonably 
common, the distribution of this species is patchy and it rarely accounts for more than 5 

Tweedsmui r-En tiako Ca ribo u  Popula tion: Su m mar y  o f  Ecolog y  an d  E ffects o f  D is t u rbanc e 8



to 10 percent cover in any one site. Crowberry is a low growing (usually less than 25 cm 
tall in the study area) evergreen shrub that bears numerous short, ascending branches. It is 
tolerant of cold, nutrient poor soils and can occur under a broad range of moisture 
conditions. Crowberry is most common in subalpine habitats where it can form a near-
continuous cover. 

Arboreal Lichens

The most abundant arboreal forage lichens on the Tweedsmuir-Entiako caribou winter 
range belong to the genus Bryoria.  Although the distribution of arboreal lichens is 
difficult to predict, they tend to be most abundant in forested wetlands, along wetland 
margins and in subalpine forests.  These habitats provide humidity and ventilation 
conditions favoured by arboreal forage lichens, which require frequent wetting and 
drying for maximum growth.  Arboreal lichens can also be abundant in pine forests, 
growing on the boles and branches of trees.  In general, arboreal lichens appear to be 
more abundant in the eastern and southern parts of the Tweedsmuir-Entiako caribou 
winter range than in the area just south of Tetachuck Lake and west of Bryan Arm. 

EFFECTS OF DISTURBANCE ON CARIBOU

Both natural and human-caused disturbances have played a significant role in ecosystem 
dynamics on the Tweedsmuir-Entiako caribou range. Historically, natural disturbances 
(fire, forest insects) were the primary drivers for habitat change while more recently, 
industrial development has also become a significant factor. For the Tweedsmuir-Entiako 
caribou population, the traditional annual range has already been affected by the flooding 
of the Nechako Reservoir and by forest harvesting in former winter ranges such as north 
of Ootsa Lake and east of Intata Reach.  Forest harvesting has occurred and/or is being 
conducted in the southern part of the Entiako caribou winter range in the Vanderhoof 
portion of the Prince George TSA, in the spring and fall migration corridor (north of 
Tetachuck Lake), and in the Whitesail area (west of Whitesail Lake) in the caribou 
summer range.  In addition, the current mountain pine beetle epidemic has affected much 
of the winter range and significant portions of the summer range.  Although the 
Tweedsmuir-Entiako caribou population may have been able to withstand the individual 
impacts of these disturbances had they occurred independently, the cumulative impacts of 
these concurrent disturbances may result in increased overall impacts to the caribou 
population.

Cumulative effects of disturbance on the Tweedsmuir-Entiako caribou population 
include:

 past reductions to historic annual range;
 colonization of the area by moose;
 encroachment of forest harvesting and access onto current summer, migration and 

winter ranges; and, 
 potential changes in habitat and predator/prey relationships resulting from the 

mountain pine beetle outbreak, and climate change.
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Natural and human-caused disturbances have both direct and indirect effects on caribou 
ecology (Figure 1).  Direct effects include: removal/reduction of forage (lichens); 
removal/reduction of trees for snow interception (affecting movements during winter); 
and, increased windfall (affecting movements all year round).  Indirect effects of 
disturbance include: changes in forest floor and light conditions to those that favour other 
vegetation species (which outcompete residual lichens and which attract other ungulate 
species, leading to increased predation risk); and, displacement of caribou from preferred 
habitat/range to other areas where forage may be less available and/or predation risk may 
be higher.  Roads and linear corridors associated with industrial activities also result in 
direct effects (vehicle collisions) and indirect effects (increased mortality from 
hunting/poaching, increased predator efficiency). 

Although disturbance is often considered in terms of its effects on forage (lichens) and 
habitat (forests), food is not the primary limiting factor for most caribou populations. 
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Because predation is the primary limiting factor, the most critical effects of disturbance 
on caribou are those that affect predator-prey interactions. The extent and distribution of 
both summer and winter habitats on the landscape, and access to areas that allow caribou 
to reduce predations risk (i.e. become spatially separated from predators), particularly 
during the summer months, are the most important factors in the long-term persistence of 
caribou populations (Seip and Cichowski 1996, Bergerud 1992).

This section synthesizes information on the current status of disturbance on the 
Tweedsmuir-Entiako caribou range, and on the effects of disturbance on the Tweedsmuir-
Entiako caribou population and/or on caribou populations in general from the following 
reports: 

 The Response of Caribou Terrestrial Forage Lichens to Mountain Pine Beetles 
and Forest Harvesting in the East Ootsa and Entiako Areas: Annual Report – 
2007/08 – Year 7 (Cichowski et al. 2008).

 Tweedsmuir-Entiako Caribou Project – Effects of a mountain pine beetle 
epidemic on Northern Caribou habitat use – Annual Summary 2007/08 
(Cichowski 2008a);

 Tweedsmuir (North) Provincial Park and Entiako Provincial Park – Managing 
Natural and Cultural Values in a post-mountain pine beetle landscape (Cichowski 
2008b);

 Literature Review: Effects of mountain pine beetles on caribou (Cichowski 2007); 
 Tweedsmuir-Entiako Caribou Population Technical Background Information 

Summary (Cichowski and MacLean 2005);
 A Strategy for the Recovery of Northern Caribou in the Southern Mountains 

National Ecological Area in British Columbia (Northern Caribou Technical 
Advisory Committee 2004);

 Entiako Park and Protected Area Ecological Background Information Summary 
(Cichowski et al. 2001a); and,

 North Tweedsmuir Provincial Park Strategic Vegetation Management Study 
(Cichowski et al. 2001b).

NATURAL DISTURBANCES

Natural disturbances such as fire and mountain pine beetles have been an integral part of 
the Tweedsmuir-Entiako caribou range (Cichowski et al. 2001a, 2001b).  Historically, 
caribou could respond to large-scale fire and mountain pine beetle disturbances by 
shifting their use to other parts of their range or to alternate ranges.  Also, because moose 
were largely absent from central British Columbia until the early 1900’s, disturbances 
that resulted in changes in habitat structure that favour moose did not have the added 
impact of altering predator-prey relationships as they do now.  In the Tweedsmuir-
Entiako area, changes to the landscape (flooding of the Nechako Reservoir, forest 
harvesting, agriculture) may have resulted in areas outside the current range becoming 
unsuitable for caribou habitat.  As industrial activity increases on different parts of the 
range, Tweedsmuir-Entiako caribou will presumably have fewer options for shifting 
habitat and range use.
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Fire

Historically, the Tweedsmuir-Entiako caribou range supported both stand-replacing 
crown fires and stand-maintaining surface fires (Cichowski et al. 2001a, 2001b).  The fire 
regime for the area includes high moderate to high intensity burns up to 15,000 ha in size 
with a mean fire interval of 100-150 years (Parminter 1992).  However, little area has 
been burned since 1950 (Cichowski et al. 2001a, 2001b). 

The potential effects of crown fire on caribou include destruction of terrestrial and 
arboreal lichens and competing vegetation, change in habitat structure to habitat favoured 
by moose (leading to changes in predator-prey dynamics), and reduced mobility due to 
canopy removal (reduced snow interception) and eventual blowdown. 

Both crown and surface fires consume terrestrial lichens and competing vegetation. 
Terrestrial lichens could take 30-80 years to re-establish on a site following fire (Ahti 
1977).  However, periodic fires remove competing vegetation such as mosses on moist 
sites, and kinnikinnick on dry sites, allowing terrestrial lichens to re-establish on those 
sites. Without periodic fires, other vegetation may outcompete terrestrial lichens in the 
long term on some sites (Klein 1982).  Low intensity fires result in increased nutrient 
value of grasses, shrubs and herbs in the first year or two following the fire (Klein 1982).

Much of the Tweedsmuir-Entiako caribou winter range is dominated by low productivity 
ecosystems where terrestrial lichens are able to persist because of low levels of 
competition from vascular plants and mosses.  Vegetation on these sites is often sparse 
and composed of species that are unpalatable by moose.  High productivity sites where 
moose forage is more common tend to occur in moister areas such as near riparian areas. 
Therefore, fires on the winter range will likely result in only a moderate increase in high 
quality moose forage.  Small fires or low intensity fires that leave significant patches of 
unburned forest throughout the burn could provide more edge habitat that is favoured by 
moose.

Fire could also potentially affect caribou movements by changes in snow conditions 
resulting from reduced canopy snow interception, and by increases in coarse woody 
debris. During winter, caribou use of burned areas <60 years in age is generally low 
(Dalerum et al. 2007, Joly 2003, Thomas et al. 1998, Schaefer and Pruitt 1991); however, 
barren-ground caribou traveled up to 25 km through very large burns (Thomas et al. 
1998). Use of burned areas by caribou may depend on the size and frequency of wildfire; 
use of young post-fire habitat by boreal caribou in Alberta increased with greater 
abundance of wildfire (Dunford 2003).  Also, boreal caribou in Alberta did not shift 
home ranges or home range size following fire, likely due to large initial home range 
sizes (Dalerum et al. 2007).  Thomas et al. (1998) suggest that blow-down, thick re-
growth, or poor snow conditions in burns rarely create movement barriers to caribou, and 
that lack of use of burned areas is likely more due to a lack of available food. In 
Manitoba, 49% of burned trees had fallen within 6 years post-burn and 90% of trees had 
fallen within 10 years post-burn (Schaefer and Pruitt 1991).
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The greatest effects of fire on predator-prey dynamics will likely be the relative effects of 
changes in snow conditions and coarse woody debris levels on movements of caribou, 
moose, wolf and grizzly bear (coarse woody debris only).  Although movement of all 
species may be negatively affected, if effects are greater on caribou than predators, 
predation risk could increase.  Also, if barriers to movement are great enough, caribou 
could potentially abandon portions of their range and start using areas where predation 
risk is greater.

Mountain Pine Beetles

Although mountain pine beetles are an integral part of the forest ecosystem in the area, no 
information is available on mountain pine beetle attack before the 1950’s when forest 
insect monitoring programs began.  In the Tweedsmuir-Entiako area, mountain pine 
beetles were mainly found in isolated pockets prior to the early 1990s (Garbutt 1996).  In 
the early 1990’s increasing numbers of mountain pine beetles were documented in the 
East Ootsa and northern Tweedsmuir Park areas (Garbutt 1996).  By 2006, over 500 000 
ha of Entiako Provincial Park and northern Tweedsmuir Park were affected by severe 
mountain pine beetle attack, and by 2008, most of the attacked area was in the grey phase 
of attack (needles fallen from trees).

Until the current mountain pine beetle epidemic, there was no information on the effects 
of mountain pine beetles on woodland caribou. Mountain pine beetles differ from fire in 
that fire results in an abrupt change in canopy structure and forest floor vegetation, 
whereas mountain pine beetles cause a more gradual change.

The degree to which woodland caribou will be affected by mountain pine beetles will 
depend on the amount and distribution of attacked pine on the landscape, the size and 
density of trees in affected stands, and ecological conditions of stands. Also, the effects of 
mountain pine beetles will depend on the phase of the attack. Site nutrient and moisture 
availability start changing during the green attack stage and are at their peak at the red 
and grey attack stages. Other vegetation is expected to continue to benefit from the 
increased availability of soil resources through the grey and blowdown phases until the 
regenerating forest starts to consume greater quantities again.  Snow conditions will 
change during the grey attack stage when needles have fallen off of trees and coarse 
woody debris accumulation will be greatest during the blowdown stage.  

Potential effects of the current mountain pine beetle epidemic to the Tweedsmuir-Entiako 
caribou population include:

 effects on caribou habitat;
 effects on caribou habitat use and range use; and,
 effects on population dynamics.  

Effects on Caribou Habitat

Caribou habitat features that could potentially be affected by mountain pine beetle attack 
include terrestrial lichen abundance, arboreal lichen abundance, competing vegetation 
abundance, snow conditions, and coarse woody debris.  
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Cichowski et al. (2008) demonstrated a decline in terrestrial lichen abundance in the 
Entiako area due to increased competing vegetation, specifically kinnikinnick, during the 
first 6 years following attack.  By the end of 6 years, the increase in kinnikinnick and the 
decrease in terrestrial lichens began to level off.  Arboreal lichen abundance is expected 
to increase in response to increased light availability and ventilation following needle loss 
(T. Goward, pers. comm.). 

Other changes that could affect caribou habitat include: increased snow depth and 
changes in snow conditions (increased crusting) due to loss of canopy snow interception 
following needle loss, which could potentially affect caribou movements and cratering 
ability during winter; and, increased accumulation of coarse woody debris following fall-
down, which could potentially affect caribou movements during both winter and summer. 
The start of the fall-down phase of the mountain pine beetle attack will depend on when 
trees begin to fall.  Fall down rates of beetle-killed trees have varied from 90% fallen by 
14 years post-attack (Mitchell and Priesler 1998) to 26% of trees fallen by 18 years 
following attack (Hawkes et al. 2004).  Lewis and Hartley (2005) expect 25%-50% of 
beetle-killed trees to fall within 8 years, and 90% of trees to fall within 15 years of attack 
in the SBSmc biogeoclimatic subzone; they anticipate that beetle-killed trees will persist 
slightly longer on drier sites and that smaller diameter trees will fall sooner than larger 
diameter trees.

Effects on Caribou Habitat Use and Range Use

Caribou habitat use and range use could potentially change in response to changes in 
winter forage (terrestrial lichens, arboreal lichens), winter snow conditions, and/or levels 
of coarse woody debris resulting from the mountain pine beetle epidemic (Cichowski 
2007). Changes in habitat/range use could include a shift in forage use (terrestrial lichen 
vs. arboreal lichen), a shift in habitat (stand) selection to stands without pine or with a 
low pine component, or a shift to another winter foraging strategy (i.e. moving to high 
elevation habitat in the Fawnie Mountains to forage on arboreal lichens in subalpine 
forests, or to forage on terrestrial lichens on windswept alpine slopes). If changes in 
understorey vegetation and/or light availability result in significant changes to terrestrial 
or arboreal lichens, caribou could potentially shift their range entirely if an alternate 
range is available, or may have to shift into an area where predation risk may be higher.  

Caribou could potentially shift from primarily foraging on terrestrial lichens during 
winter to primarily foraging on arboreal lichens if terrestrial lichen availability continues 
to decline, if changes in snow conditions make cratering more difficult, and/or if 
blowdown results in terrestrial lichen sites becoming inaccessible. Caribou typically 
forage in open pine stands with lower tree densities, so small increases in snow depth 
may not impede foraging in individual stands. However, increased sunlight penetration in 
the winter may increase crusting conditions in late winter, which in turn may increase 
caribou reliance on arboreal lichens on their low elevation winter ranges.  

Changes in foraging strategy could result in changes in habitat use.  If caribou continue to 
seek out terrestrial lichens, they may begin foraging more in other habitats that may 
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support terrestrial lichens, such as the interface between some wetlands and adjacent 
forests, in younger pine stands not affected by mountain pine beetles, or on windswept 
slopes in the Fawnie Mountains.  If caribou begin foraging more on arboreal lichens, they 
may seek habitats where arboreal lichens are more abundant, such as in forested 
wetlands, along wetland fringes, and in subalpine habitat.  Impediments to movement 
(changes in snow depth/condition, increased blowdown) could also lead to changes in 
habitat selection if caribou decrease their use of mountain pine beetle killed forests.

Changes in caribou range use and habitat use will also depend on the extent and 
distribution of mountain pine beetle attack at both landscape and stand levels. Caribou 
habitat use patterns could also change once trees fall down, affecting both winter and 
summer travel.  This could lead to shifts in migration patterns, range use, summer habitat 
use and even further shifts in winter habitat use patterns.  At the landscape level, the 
distribution of mountain pine beetle-killed trees will affect how caribou move through 
their range. A sufficient matrix of unattacked forest (spruce, unttacked pine) would allow 
caribou to travel within their winter range and access foraging sites that have been 
affected by mountain pine beetles. At the stand level, increased snow depths resulting 
from decreased canopy interception, and eventual blowdown of beetle-killed trees could 
impede caribou movement. As not all trees are killed by, or are susceptible to, mountain 
pine beetle attack, the number of live trees remaining in each stand will depend on the 
resistance of individual trees to attack, the size of the lodgepole pine trees, and the 
number of trees present from other species.  Changes in snow interception and amount of 
blowdown will depend on the original stand density and the number of trees killed in the 
stand. For blowdown, if initial stand density is low, the level of blowdown may not be 
sufficient to impede movements.  

Preliminary information on caribou habitat use and range use on the Tweedsmuir-Entiako 
caribou winter range during the grey attack phase of the mountain pine beetle epidemic 
shows that caribou are continuing to use their winter range, and are continuing to crater 
for terrestrial lichens in open beetle-killed pine forests (Cichowski 2008a). Caribou are 
also foraging on arboreal lichens in all habitats, and switching from terrestrial lichens to 
arboreal lichens appears to be more dependent on weather conditions (e.g. melt/freeze 
cycles affecting snow penetrability) than on changes in snow depth/conditions resulting 
from the mountain pine beetle epidemic (Cichowski 2008a).  

Effects on Population Dynamics

Currently, predation is the primary limiting factor for woodland caribou, maintaining 
population levels far below food carrying capacity (Seip and Cichowski 1996).  Effects of 
mountain pine beetles that result in changes in predation risk could therefore affect 
caribou numbers. The decline in terrestrial lichen abundance may not affect caribou 
numbers in the Tweedsmuir-Entiako caribou population since they are not limited by 
food.  Instead, effects of mountain pine beetles on caribou numbers will more likely be 
mediated indirectly through potential changes in other prey forage and abundance, and 
predator (wolves, grizzly bears) abundance and efficiency.  
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Moose are the only other prey animals other than caribou on the Tweedsmuir-Entiako 
caribou range that are abundant enough to affect predator-prey dynamics.  Stone (1995) 
documented a positive relationship between moose use of mountain pine beetle attacked 
stands and degree of attack, based on fecal pellet counts in 1 ha plots.  Moose use was 
higher in heavily attacked stands where abundance of grass was high.  In the 
Tweedsmuir-Entiako area, where grass and moose forage shrubs did not appear to 
respond to mountain pine beetle attack, the mountain pine beetle epidemic may not lead 
to significant increases in moose forage and subsequently moose and predator numbers.  

The greatest effects of the mountain pine beetle epidemic on predator-prey dynamics may 
be the relative effects of changes in snow conditions and coarse woody debris levels on 
movements of caribou, moose, wolf and grizzly bear (coarse woody debris only).  For 
example, changes in snow conditions that have neutral effects on caribou movements but 
negative effects on moose and wolf movements could be potentially beneficial to caribou. 
Conversely, changes in snow conditions and/or coarse woody debris accumulations that 
have negative effects on caribou movements but positive effects on wolf and grizzly bear 
movements could be detrimental to caribou.  

Mountain Pine Beetle Management Activities

Management activities associated with mountain pine beetles may also affect woodland 
caribou.  When mountain pine beetles are at endemic levels, management focuses on 
individual tree treatments such as fall and burn.  As beetle numbers increase, mountain 
pine beetle management focuses on sanitation logging, where large areas are harvested in 
an attempt to remove infested trees prior to the next beetle flight.  At epidemic levels 
when sanitation logging is no longer effective, salvage logging is conducted as soon as 
possible to harvest beetle-killed trees before wood quality deteriorates.  

For the Tweedsmuir-Entiako caribou population, much of the winter range is in Entiako 
Provincial Park, and a large part of the summer range is in northern Tweedsmuir Park, 
where forest harvesting is not permitted.  During the late 1990s, before Entiako 
Provincial Park was established, “snip and skid” logging was conducted within 2 km of 
the south side of Tetachuck Lake; the objective was to remove beetle-attacked trees while 
minimizing removal of un-attacked trees.  Mountain pine beetle management and salvage 
logging has occurred in the East Ootsa area (north of Tetachuck Lake) and in the area 
south of Entiako Provincial Park, but logging has decreased in the last few years as 
salvage efforts are concentrated closer to the head of the epidemic. 

Although research has been conducted on the effects of forest harvesting on caribou 
habitat, those studies were conducted on a pre-mountain pine beetle landscape.  On a 
mountain pine beetle landscape, vegetation responses to salvage harvesting could be 
influenced by landscape level changes in hydrology resulting from the mountain pine 
beetle epidemic and therefore could differ from vegetation responses to forest harvesting 
in an unattacked landscape.  
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CLIMATE CHANGE

Climate change and the resulting alteration of long-term weather patterns may affect the 
Tweedsmuir-Entiako caribou population by changing vegetation composition and altering 
natural disturbance cycles. 

Climate change models predict increases in average annual and winter temperatures, little 
change in precipitation pattern, and a slightly longer fire season (Stocks et al. 2000, 
Cubasch and Meehl 2001, Ministry of Water, Land and Air Protection 2002). Sudden, 
extreme and intense weather events are also expected. Longer and more severe fire 
seasons will likely result in significant increases in fire activity and area burned and could 
result in more frequent and severe crown fires, shorter fire return intervals, and a skewing 
of forest age distribution toward younger stands (Cichowski et al. 2001a). With increased 
average winter temperatures and fewer cold weather extremes predicted, winter 
temperatures may become insufficient to maintain populations at endemic levels 
(Ministry of Water, Land and Air Protection 2002) leading to a potential reduction of 
mature pine forests over the long term.

Vegetation composition on the Tweedsmuir-Entiako caribou range will also likely be 
affected by changes in local climatic conditions, even without changes in disturbance 
patterns.  A recent vegetation-climate model developed by Hamann (2004) suggests that 
most of the low elevation portion of the Tweedsmuir-Entiako caribou winter range will 
shift from the Sub-Boreal Pine Spruce (SBPS) or Sub-Boreal Spruce (SBS) 
biogeoclimatic zones to the Interior Douglas-Fir (IDF) zone in the next 80 years.  At the 
same time, frequency of lodgepole pine is expected to decrease while the frequency of 
Douglas-fir, which is currently absent from the Tweedsmuir-Entiako caribou range, is 
expected to increase dramatically.  The higher elevation Alpine Tundra (AT) and 
Engelmann-Spruce Subalpine-Fir (ESSF) zones in the Entiako area will also disappear 
and be replaced by the moister Interior Cedar-Hemlock (ICH) zone.  Much of the 
continental portion of the northern Tweedsmuir Park area will also shift to the IDF zone. 
The western coastal-interior transition portion of the Tweedsmuir-Entiako caribou range 
will shift predominantly to the Coastal Western Hemlock (CWH) zone while the 
Mountain Hemlock (MH) disappears.  

All these factors can affect terrestrial lichen abundance through changes in microclimate 
conditions, productivity of competing vegetation, and frequency of disturbance.  

Changes in vegetation species and snow conditions resulting from climate change could 
potentially result in more favourable habitat conditions for other ungulate species, such as 
moose and deer.  Increased use of the area by other ungulates could lead to higher 
predation risk to the Tweedsmuir-Entiako caribou population. 

Climate change could also affect snow conditions, which could alter the ability of caribou 
to move within their winter range and to crater for terrestrial lichens. Warmer 
temperatures could also result in more favourable conditions for diseases and parasites 
that affect caribou.
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COMMERCIAL / INDUSTRIAL ACTIVITIES

Commercial / Industrial Activities on the Tweedsmuir-Entiako Caribou Range

The most extensively conducted industrial activity on the Tweedsmuir-Entiako caribou 
range has been forest harvesting, although forest harvesting has recently decreased and 
mining and oil and gas exploration and development activities could increase in the 
future.  

Forest Harvesting

Relatively low-value pine forests and its remote location made the Tweedsmuir-Entiako 
caribou range unattractive for forest harvesting prior to the 1970’s.  Forest harvesting 
began in the area north of Whitesail and Ootsa lakes in the early  (Hatter 1979), and in 
the Entiako area in the early 1980’s.  Area harvested increased from the 1970’s to a peak 
in the late 1990’s and early 2000’s, when large-scale mountain pine beetle management 
and salvage harvesting was conducted during the height of the current beetle epidemic 
(Cichowski and MacLean 2005).  Harvesting activities have since decreased in the area. 

Mining and Oil and Gas Exploration and Development

Mining and oil and gas exploration and development have played a relatively minor role 
in industrial activities on the Tweedsmuir-Entiako caribou range.  Although actual oil and 
gas and mining developments may affect smaller areas than forest harvesting (i.e. specific 
mine sites, oil and gas refineries and well sites vs. cutblocks over the landscape), 
exploration activities and linear disturbances resulting from development can affect 
significant areas.  Potential effects of mining and oil and gas activities include 
displacement of caribou, and impacts associated with increased road access (see Linear 
Corridors and Access).  

Mineral tenures include sites in or near Capoose Lake, the Fawnie Mountains, Uduk 
Lake, Haven Lake, Zinc Bay on Whitesail Lake, and the Sibola Mountains. The only 
active large-scale mine, Huckleberry Mine, is located on the north side of Ootsa Lake at 
the northern periphery of the Tweedsmuir-Entiako caribou range.  

Although the level of mining and oil and gas activity in the area is currently low, recent 
government policies and incentives that promote mining activities in the province, and oil 
and gas exploration in the Nechako Basin, may result in increased activity in the area. 

Hydroelectric Generation

In the early 1950’s, the construction of the Kenney Dam resulted in the flooding of 
Tahtsa, Whitesail, Sinclair, Ootsa, Intata, Natalkuz, Euchu, Chelaslie, and Tetachuck 
lakes.  Flooding of the reservoir contributed to caribou mortality in the first few years as 
caribou crossed the lake and had difficulty reaching shore because of debris (M. 
Robertson, pers. comm.), and may have contributed to reduced use of ranges north of 
Ootsa Lake (Cichowski et al. 2001a).  A potential future impact of the reservoir could 
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include drawdown of the lake level exposing muddy shorelines that may make it difficult 
for caribou to reach the water to cross the lake, or to reach shore once they have crossed. 
Drawdown of the reservoir could also potentially result in land links between calving 
islands in Ootsa Lake and the mainland.

Tourism / Commercial Recreation

Most tourism/commercial recreation activities in the area are wilderness-based and are 
conducted primarily in the summer months.  Lodges are located at Pondosy Bay and 
Eutsuk Lake in northern Tweedsmuir Park, at Aslin Creek in Entiako Provincial Park, at 
Redfern Rapids on the north side of Tetachuck Lake, and on Moose Lake just south of 
Entiako Provincial Park.  Additional commercial recreation and private lease cabins are 
scattered throughout the area and include cabins at Chief Louis Lake, Tesla Lake, 
Tetachuck Lake, Entiako Lake, and Cow Lake. During summer, commercial operators 
provide guided angling, boating, hiking and hunting services.  Activities are primarily 
water-based from the system of large lakes, but also include fly-in opportunities for 
guided angling to smaller lakes.  Guided hunting activities are mostly land-based.  

Effects of Commercial/Industrial Activities

Industrial activities may affect the Tweedsmuir-Entiako caribou through habitat 
change/fragmentation and linear corridor development, which can contribute to increased 
predation risk, human-caused mortalities, and displacement. Although each 
commercial/industrial activity has its own potential effects on the Tweedsmuir-Entiako 
caribou population, all activities combined could result in cumulative impacts.  The 
following sections focus on forest harvesting since it is the most prominent industrial 
activity in the Tweedsmuir-Entiako range.

Potential effects of forest harvesting on caribou include: converting habitat from large 
tracts of mature forest (caribou habitat) to early stages of succession that are favoured by 
moose; displacing caribou from preferred areas; and, increasing road access. 

Habitat Change/Fragmentation

Forest harvesting may affect winter habitat at both the stand and landscape levels. At the 
stand level, harvesting and silvicultural techniques may disturb terrestrial lichens, either 
through mechanical damage or physiological responses through altered light, 
temperature, and moisture conditions. Because lichen regeneration is slow, any 
disturbance has long term implications for caribou winter habitat.  Rotations that are too 
short may not allow sufficient time for lichens to re-establish, which could lead to long-
term habitat loss. Some harvesting techniques like winter harvesting and light site 
preparation can minimize disturbance to terrestrial lichens (Harris 1996, Kranrod 1996, 
Coxson and Marsh 2001), but do not reduce impacts to arboreal lichen abundance. 
Harvesting also has different effects under different ecological conditions. Greater 
canopy removal in the dry Chilcotin contributed to a reduction of terrestrial lichens due to 
increased solar radiation (Miège et al. 2001a, 2001b), while canopy removal on moister 
sites dominated by red-stemmed feathermoss may promote an increase in terrestrial 
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lichen cover (Harris 1996, Coxson and Marsh 2001). Slash can also contribute to a 
reduction in terrestrial lichen abundance (Miège et al. 2001a, 2001b, Sulyma 2001). 
Also, forest harvesting may not be equivalent to wildfire in creating conditions for the 
renewal of lichens. At the stand level, forest harvesting may also result in impaired 
mobility due to canopy removal and increased snow accumulation.  Regardless of 
harvesting technique, increased road access in previously inaccessible areas could lead to 
increased predation and displacement by humans (see Linear Corridors and Access). 

At the landscape level, forest harvesting results in a patchwork of different forest age 
classes, which, depending on their spatial arrangement, can lead to avoidance and 
possibly abandonment of that portion of the winter range (Smith et al. 2000).  Smith et al. 
(2000) documented reductions in herd distribution, daily movement rates and individual 
winter range sizes as forest harvesting progressed. (Courtois et al. 2008) documented 
avoidance of cutblocks and a shift in caribou use to the southwest portion of their range 
as forest harvesting increased in the eastern part of the range.  Caribou populations persist 
at low densities due to a number of interacting factors, including predation (Bergerud 
et al. 1984b, Bergerud and Page 1987). Seip (1991) suggests that abandoning a portion of 
a winter range may force caribou to concentrate in a smaller area, which may lead to 
increased predator efficiency by making them easier for predators to locate. In Alberta, 
areas with a large proportion cutblocks were avoided by caribou and selected by wolves 
(Neufeld 2006), and wolves used cutblocks proportionately more compared to forest and 
non-forest anthropogenic habitats (Kuzyk et al. 2004).  A patchwork of early seral and 
mature forests may also enhance habitat for other prey species such as moose that prefer 
early seral forests, which could lead to increased predator numbers and increased 
predation on caribou (Seip 1992). Impacts are especially significant when patches are 
small and contain relatively more available edge habitat for moose. 

Forest harvesting practices that produce a patchwork of different forest age classes linked 
with a network of roads may contain enough lichens to support a caribou population, but 
probably will not provide an environment where caribou can effectively avoid predators 
and poachers. Cichowski and Banner (1993) suggested avoiding high value caribou 
habitat types and creating larger harvest opening sizes that are aggregated in space and 
time to reduce overall availability of edge habitat for moose and to minimize the temporal 
and spatial availability of road access.  

Linear Corridors and Access

One of the major threats to caribou is increasing linear corridor development and access 
into their habitat (Bergerud 1978, Johnson 1985, Seip 1991), which may result in 
increased predation risk, direct human-caused mortality, and displacement from preferred 
habitats. 

Much of the Tweedsmuir-Entiako caribou range is currently unroaded. Roads are absent 
from Entiako and Tweedsmuir Provincial Parks, Kitlope Heritage Conservancy, and 
much of the northwestern portion of the area. Access to these remote areas is by boat 
along the lake systems, or by air.  Road systems have been developed primarily for forest 
harvesting, with logging road access to the eastern area from Vanderhoof or Burns Lake, 
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and logging road access to the northwestern area from Houston.  The East Ootsa area is 
reached by barge across Intata Reach and the Whitesail area is reached by barge across 
Tahtsa Reach.  

INCREASED PREDATION RISK

Industrial activities may alter predator-prey relationships and potentially could increase 
the total predation rate of caribou by:

 producing early seral stages with enhanced understory shrub and forb production 
that may increase the abundance of other ungulates or change ungulate 
distribution within caribou habitat, which in turn may increase predator 
populations, leading to more predator-prey encounters with caribou; 

 restricting caribou into mature forest habitat patches which may increase the 
search efficiency of predators; and/or,

 providing easier access, through construction of roads, for predators to travel into 
caribou habitats and prey on caribou (James and Stuart-Smith 2000).

Linear corridors provide easier access for predators to travel into caribou habitats and 
prey on caribou (James and Stuart-Smith 2000) and may allow for increased encounter 
rates between predators and caribou.  In Alberta, mortality sites of radio-collared caribou 
were significantly closer to linear corridors than live caribou locations (James and Stuart-
Smith 2000), and caribou avoided linear corridors, both roads and seismic lines (James 
and Stuart-Smith 2000, Dyer et al. 2001, Oberg 2001). Oberg (2001) found that caribou 
did not avoid seismic lines, possibly because 80% of the seismic lines in the study area 
were more than 23 years old and reforestation may have reduced the biological influence 
of those seismic lines on caribou behaviour (Oberg 2001).  Road avoidance distances 
were greatest in more open habitat and during periods of greater vehicle activity (Dyer et  
al. 2001). In another study, although some seasonal variation occurred, caribou in Alberta 
selected areas farther from facilities, pipelines, seismic lines and roads during winter 
(Neufeld 2006). Smith (2004) concluded that the density of roads within caribou home 
ranges is negatively correlated with adult female survival.

During winter, wolves travelled further and faster on packed (snowmachine trails or 
ploughed) linear corridors and unpacked linear corridors than in forests (James 1999). 
There was no difference in distance travelled on packed or unpacked linear corridors, 
suggesting that the ease of movement did not solely influence wolf use of linear 
corridors, and that the ability to see a long distance likely also influenced wolf use (James 
1999). Within caribou ranges, wolf locations were closer to linear corridors than random 
points (James and Stuart-Smith 2000). 

During summer, caribou, other ungulates and bears may be attracted to vegetation 
surrounding linear corridors, which could potentially increase predation risk if caribou, 
other ungulates and predators are not sufficiently spatially separated.

For the Tweedsmuir-Entiako caribou population, the two main known mortality causes 
are bear predation during spring and summer, and wolf predation throughout the year. 
Currently, winter mortalities are infrequent, but increased road access could result in 
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increased predation risk during winter.  Increased road access in the Whitesail are could 
also potentially lead to increased predation this portion of the summer range.

Human Activities – Mortality

In addition to facilitating predation, linear corridors can result in direct human-caused 
mortality of caribou including vehicle collisions, and increased hunting and poaching. 
Vehicle collisions can be a concern, such as those that have occurred with the opening of 
Highway 3 across the range of the South Selkirk Mountain Caribou population in 
southern BC (Johnson 1976, Simpson et al. 1994). 

Historically, overhunting was primarily a result of road access associated with human 
industrial and recreational development (Bergerud 1978, Stevenson and Hatler 1985). 
Currently, hunting is closed for the Tweedsmuir-Entiako caribou population, but 
increased poaching may be of concern if access and recreational use of the area increases. 
Improved access into caribou range as a result of an expanding network of linear 
corridors could lead to increased illegal hunting of caribou (Dzus 2001).

Human Activities – Displacement/Stress

Industrial activities and associated access can result in increased human activities that 
could lead to displacement of caribou from important habitats in response to noise, traffic 
and/or other disturbance factors.

Hauling by logging trucks in Ontario apparently caused caribou to move out of the haul 
road areas that were preferentially used by caribou in the years before and after hauling 
(Cumming and Hyer 1998). In Alberta, simulated petroleum exploration noise was found 
to increase energy expenditure by boreal caribou and to increase movement rates and 
linear displacement, but feeding patterns were not affected by the disturbance (Bradshaw 
et al. 1997, Bradshaw et al. 1998). Avoidance of well sites by boreal caribou in Alberta 
was greatest during late winter and calving (Dyer et al. 2001). Physical disturbance from 
such exploration, such as roads, drilling sites and seismic lines resulted in avoidance of 
habitats well beyond actual development “footprints” with statistically significant 
avoidance distances of 250 meters (James and Stuart-Smith 2000, Dyer et al. 2001). 
Barren-ground Caribou in Alaska were also found to avoid intense areas of oil and road 
development beyond the actual development “footprints” (Cameron et al. 1979, Smith 
and Cameron 1985, Nellemann and Cameron 1998).  Nellemann and Cameron (1998) 
found that the greatest incremental impacts were attributed to initial construction of roads 
and related facilities and that females and calves were far more sensitive to surface 
development than adult males and yearlings.  Oil and gas facilities also appeared to 
displace calving caribou to other areas, which may lead to increased predation on calves 
(Nellemenn and Cameron 1998).  

Improved access to the summer calving range may increase risk of disturbance by 
humans during calving; calving areas are the most sensitive of all habitats for caribou 
(Seip and Cichowski 1996). Displacement could lead to increased predation risk if 
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caribou are forced into habitats where predation risk is higher.  For the Tweedsmuir-
Entiako caribou population, displacement from high elevation calving areas or islands in 
lakes, where early calf survival is high, to low elevation forested areas where early calf 
survival is low, could result in increased overall calf mortality, contributing to a further 
decline in the population. During winter, displacement could also lead to poorer body 
condition if caribou have to increase energy expenditure to avoid disturbances, or use 
lower quality habitats where food quantity and/or quality are lower.

Highways and roads may also limit caribou movements, particularly for female and 
young caribou moving between seasonal ranges (Simpson et al. 1994). Caribou north of 
Revelstoke appear unwilling to venture south of the Canadian Pacific Railway tracks and 
the Trans-Canada Highway, possibly due to the rail and highway corridors or to the 
dense, second-growth stands (Simpson et al. 1997).  However, caribou appear to 
regularly cross Highway 16, east of Prince George (a section of highway with relatively 
low traffic levels), between the North Cariboo Mountains and the Hart Ranges (Northern 
Caribou Technical Advisory Committee 2004). In Alberta, seismic lines were not barriers 
to boreal caribou movements, but roads with moderate vehicle traffic acted as 
semipermeable barriers (Dyer et al. 2002).

Backcountry Recreation

Excessive levels of recreational activity within caribou winter range may place animals 
under stress, displace caribou from suitable winter habitats, and create hard packed trails 
that could increase predation risk (James and Stuart-Smith 2000, Stuart-Smith et al. 
1996). Chronic disturbance and stress could potentially lead to reduced body condition 
and consequent population level effects if reproductive rates, survival or recruitment are 
affected (Simpson and Terry 2000).  Recent research on elk in Yellowstone National Park 
documented a significant increase in stress-related hormones in elk and wolves during the 
snowmobile season; however there was no evidence that current levels of snowmobile 
activity were affecting the population dynamics of either species (Creel et al. 2002). 

Currently, backcountry recreation levels on the Tweedsmuir-Entiako range are likely low 
during winter and low to moderate during summer.  During winter, some snowmobile use 
occurs in the Fawnie Mountains and potentially some fly-in ice fishing occurs on some 
lakes.  Observations of radio-collared caribou suggest that caribou moved away from a 
portion of the Fawnie Mountains that was used by snowmobiles (D. Cichowski, 
unpublished data). Seip et al. 2007 concluded that intensive snowmobiling displaced 
caribou from an area of suitable habitat. Other winter recreation activities such as 
backcountry skiing are likely uncommon due to the remoteness of most of the area; some 
backcountry skiing activity has occurred in northern Tweedsmuir Park in the Fenton Lake 
area. However, improved access resulting from increased industrial activity in some parts 
of the range may lead to increased backcountry recreation activity. During summer, 
recreational activities include primarily fishing (fly-in to remote lakes; boat-in on 
accessible lakes), boating, canoeing, hiking and hunting.  In the Whitesail area, ATV use 
is becoming an increasing concern (M. Todd, pers. comm.) and ATV’s have now 
accessed Chief Louis Lake in the Lakes LRMP – Migration Zone (Chelaslie area). 
Although the Tweedsmuir-Entiako caribou range currently supports low levels of 
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backcountry recreation, use levels could potentially increase as increased demand and 
advances in technology may result in currently unheard of backcountry recreation 
activities.

Human-caused Mortality

Human-caused mortality includes hunting, poaching and collisions with vehicles.
Increased road access could result in increased risk of poaching mortality.  In Alberta, 
although licensed hunting of Boreal Caribou had not been allowed since 1981, almost 
10% of radio-collared Boreal Caribou mortalities from 1992 to 2000 were suspected to be 
caused by humans (Dzus 2001). Mortality due to poaching and vehicle collisions is 
closely related to access. 

Winter Food Supply (Terrestrial Lichens)

Although food supply is not currently limiting for the Tweedsmuir-Entiako caribou 
population, lichens, which are their primary food source, are highly sensitive to 
disturbance and could potentially take 50-80 years to become abundant following 
disturbance.  Therefore, cumulative impacts of disturbance on lichens will have long term 
implications to food supply.

Although caribou populations appear to persist at densities below food carrying capacity 
(Seip and Cichowski 1996), there is a limit to how much lichen-producing habitat can be 
lost to disturbance (stand level), and still provide adequate forage for a caribou 
population within its range (landscape level). Long-term studies of radio-collared caribou 
have documented that individual caribou and local populations of northern caribou shift 
their landscape level use patterns over time and between winters (J. Young, pers. comm.). 
This “range rotation” presumably reduces foraging pressure on terrestrial lichens in 
portions of their range, allowing lichens to recover from grazing, but no studies have 
been conducted to verify this premise. 

Some annual variation in landscape level winter habitat use patterns may occur in 
response to variation in snow conditions. Forest fragmentation that leads to reduced use 
of portions of caribou winter ranges will force caribou to increase foraging pressure 
within a concentrated portion of their winter range. This could lead to a long-term 
reduction in terrestrial lichen availability in those areas. 

SUMMARY

There were two main components of this report. The first part summarized the literature 
on the ecology of the Tweedsmuir-Entiako caribou population. Presented was an 
overview of the Greater Tweedsmuir Ecosystem, seasonal movements and habitat use of 
the caribou, their historic population dynamics and the dynamics of their major food 
source lichen The second part of the report reviewed the effects of natural and human 
disturbance on caribou and covered natural disturbances – fire and MPB, climate change, 
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and commercial/industrial activities, including forest harvesting, mining, oil and gas 
exploration and development, hydroelectric generation, and tourism and recreation. The 
information and references presented in this report provide the information required to 
develop landscape scale models of caribou habitat use and response to human and natural 
disturbances. Through the development of conceptual models of caribou population 
dynamics and habitat use caribou and land use management strategies can be developed 
that will enhance the resilience of the Tweedsmuir-Entiako caribou to current and future 
landscape disturbance.
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