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The following herd plans are a result of Phase One planning and are an incomplete product. 
Additionally, the documents are ‘living’ reports and will be updated regularly as Phase Two 
progresses.   

Phase Two planning is currently underway for some herds however still at its early stages of 
development; many plans reflect this as they are in different stages along their scheduled project 
continuum.  

One of the cornerstone guiding principles to the Caribou Recovery Program (the Program) is to 
use consistent, fact-based approaches for all woodland caribou herds in the province. The 
Program has refined and adopted a new format to herd planning that will effectively: 

 Provide a consistent approach to managing all woodland caribou herds in BC 
 Recognize the unique circumstances of each herd 
 Build from current (legacy) caribou management plans 
 Consider First Nations’ and stakeholder interests and ideas 
 Be included in larger regional plans 

Completed herd plans will describe the status of each herd, and the threats faced by that 
particular herd. The plans will take note of previous actions, and actions that are planned to take 
place in the future. As we implement the herd plans, the Program will carefully monitor to which 
extent and magnitude the caribou respond, and modify its actions as accordingly. Herd plans will 
help us document our decisions and discuss issues with First Nations and with stakeholders. 

Phase One consisted of: 

 Status of herd or sub-population 
 Identified threats 
 Literature 
 Previous work completed 

Phase Two will consist of input from: 

 Engagement with Indigenous communities 
 Provincial Caribou Science Team 
 Stakeholders 
 Decision-support tools 
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2 POPULATION DESCRIPTION 
Caribou in the Snake-Sahtaneh range are a subpopulation of boreal caribou, an ecotype of woodland caribou 
federally designated as Threatened under the Species at Risk Act.  Boreal caribou are broadly distributed within 
the boreal forests of Canada, occurring in seven provinces and two territories.  At present, this distribution 
contains 51 recognized ranges, defined as geographic areas containing groups of interacting boreal caribou that 
are subject to similar ecological conditions that influence their demography (Environment Canada 2012).  Within 
the classification system for caribou adopted by the Committee on the Status of Endangered Wildlife in Canada, 
boreal caribou constitute Designatable Unit 6 (COSEWIC 2011).  

In British Columbia, boreal caribou are found in the northeast corner of the province within the Boreal Plains and 
Taiga Plains ecoprovinces (Fig. 1).  There are currently five recognized ranges: Calendar, Chinchaga, 
Maxhamish, Snake-Sahtaneh, and Westside Fort Nelson.  In general, these ranges capture 99% of historic and 
recent telemetry data (BC MoE / MFLNRO 2017) and range boundaries are delineated by large river corridors or 
jurisdictional boundaries (Culling et al. 2004).  For ranges (n = 3) bounded by provincial and/or territorial 
borders, caribou are likely part of larger subpopulations that cross jurisdictions.  Provincially, boreal caribou are 
currently Red-listed due to suspected declines across their distribution.    

2.1 DISTRIBUTION 
The range of the Snake-Sahtaneh subpopulation is centrally located among the five boreal caribou ranges in 
northeast British Columbia, lying east and northeast of the community of Fort Nelson (Fig. 1).  The 12,301 km2 

range, which is second largest among the five boreal caribou ranges, is bounded to the north by the Petitot River, 
to the south by the Fontas River, to the east by an upland, aspen-dominated escarpment on the eastern edge of the 
Etsho Plateau, and to the west by the Fort Nelson River and the Maxhamish range.  The range contains six habitat 
cores – Tsea, Etsho, Kotcho, Shush Creek, Paradise, and Clarke.  Habitat cores are areas with high habitat 
suitability and encompass > 90% of caribou telemetry locations (Culling et al. 2004, BC MoE / MFLNRO 2017).  
The Snake-Sahtaneh range also encompasses Kotcho Lake Protected Area. 

2.2 HABITAT AND BEHAVIOUR 
Across their distribution, boreal caribou occur at low-densities (e.g. ≤ 3 / 100 km2; COSEWIC 2002) within large 
tracts of old-growth forest and low-lying peatland complexes (Bradshaw et al. 1995, Culling et al. 2006, DeMars 
2015).  Snake-Sahtaneh caribou typify this habitat preference, showing high selection for black spruce (Picea 
mariana) peatlands with low gradients of slope (Culling et al. 2006).  Within these habitat types, boreal caribou 
are uniquely adapted to subsist on terrestrial lichens, particularly during the winter (Thompson et al. 2015).  The 
ability to exploit these low-productivity habitats is thought to be an evolutionary strategy for reducing predation 
risk because it spatially separates caribou from other ungulate species and their generalist predators, which 
generally favor drier, more productive upland areas (James et al. 2004). 

The Snake-Sahtaneh range is typical of most boreal caribou ranges in their western distribution (i.e. Alberta and 
British Columbia), consisting of a mosaic of deciduous and mixed-wood uplands, treed peatland complexes and 
riparian areas.  Common upland tree species include white spruce (Picea glauca), lodgepole pine (Pinus 
contorta), trembling aspen (Populous tremuloides), and paper birch (Betula papyrifera).  Low-lying peatlands are 
characterized by black spruce and tamarack (Larix laricina).  The range contains an abundance of lakes (> 5,500), 
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most of which are < 1 ha in size.  Terrain is generally flat to undulating with elevations ranging from 400 to 750-
m. 

Among caribou ecotypes, boreal caribou are considered sedentary as they inhabit boreal forests year-round. 
Although they do not undergo long-distance migrations like barren-ground caribou, boreal caribou still exhibit 
seasonal changes in movement and social behaviours (Schaefer et al. 2000, Ferguson and Elkie 2004) and they 
have adapted a unique spacing strategy to reduce predation risk. During fall, winter and early spring, boreal 
caribou generally occur in small groups of 5 – 10 individuals (Rettie and Messier 1998, Culling et al. 2006).  
Group-living during these periods is likely advantageous because it reduces encounter rates with predators 
(DeMars et al. 2016) and facilitates early predator detection (Pulliam 1973).  Just prior to calving, however, 
females leave groups and disperse widely on the landscape as individuals.  This “spacing out” strategy (sensu 
Bergerud and Page 1987) is evolutionarily advantageous because it eliminates the likelihood of predators killing 
multiple vulnerable calves on encounter if caribou were to remain in groups at calving (DeMars et al. 2016).  
Parturient females in the Snake-Sahtaneh range also show a slight seasonal change in habitat selection, shifting 
from treed bogs in winter to nutrient-poor fens at calving (DeMars 2015).   

2.3 POPULATION SIZE AND TREND 
Historical accounts of boreal caribou in northeastern British Columbia are limited to three references from the 
early 1900s, which is insufficient for evaluating long-term changes in abundance and distribution (Spalding 
2000). Traditional ecological knowledge from First Nations suggests that boreal caribou were more widespread 
and abundant then they are today with declines attributed to impacts from agriculture and natural resource 
exploration and extraction (FNFN 2017).  

Reliable estimates of population size are currently lacking for most boreal caribou ranges, primarily because these 
animals are difficult to count due to their cryptic nature and preference for forested habitats. Recent advances in 
fecal DNA mark-recapture methods are promising (e.g. Hettinga et al. 2012) but as yet have not been applied in 
British Columbia ranges.  

The first estimate of population size for the Snake-Sahtaneh range was provided in 2004 (Culling et al. 2004). 
This estimate of 365 caribou (80% confidence interval: 359 – 371) was based on density estimates extrapolated 
from winter ungulate inventories conducted in Wildlife Management Units 7-55 and 7-56. Subsequent estimates 
provided by BC Ministry of Environment in 2010 and by Environment Canada in 2012 suggested a population 
size of 360 caribou (reviewed in Culling and Cichowski 2017). 

In December 2012, a large-scale radio-collaring program was initiated as part of the Boreal Caribou 
Implementation Plan released in 2011 (BC Ministry of Environment 2011a).  The program’s objective was to 
maintain a sample of radio-collared caribou representing ~ 15% of each range’s estimated population.  Following 
collar deployments, annual aerial surveys have been conducted to estimate the minimum number of caribou alive 
in each range (Culling and Culling 2013, 2014, 2015, 2016, 2017).  These estimates are derived by relocating 
radio-collared caribou then enumerating all caribou associated with radio-collared individuals as well caribou 
groups encountered incidentally.  For the Snake-Sahtaneh range, the highest estimate was recorded in 2013 (n = 
321) and subsequent estimates have suggested a declining population (n = 169 in 2017; Fig. 2). 
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Because reliably estimating population size for boreal caribou is difficult, many jurisdictions rely on the “R/M” 
equation to monitor population trend (Hatter and Bergerud 1991, DeCesare et al. 2012, Hervieux et al. 2013).  
This equation takes the form 

𝜆𝜆 =
1 −𝑀𝑀
1 − 𝑅𝑅

 

where λ is the population growth rate , M is the mortality rate estimated from radio-collared individuals and R is 
juvenile recruitment, defined as calf survival to ~ 10 months of age.  DeCesare et al. (2012) recommended that R 
be adjusted to reflect the ratio of juvenile females to total females in the population.  Growing populations are 
reflected by values λ > 1.0 whereas λ is < 1.0 for declining populations.  For the Snake-Sahtaneh population, the λ 
value for the first year of monitoring (2014) was significantly below 1.0 but since then values have increased with 
the 2017 value exceeding 1.0 (Fig. 3).  Note that population trends are most effectively evaluated over three 
generations (~ 6.7 years per generation for caribou), which is 20 years for caribou, and thus the short monitoring 
interval of four years for the Snake-Sahtaneh ranges limits inferences on population trend (COSEWIC 2002).   

The variability in λ values is reflected in both of its components, adult female survival and juvenile recruitment 
(Fig. 4).  Over the four years of available data, both demographic parameters increased, with adult female survival 
rising from 0.77 to 0.96 and juvenile recruitment increasing from 11 calves: 100 females in 2014 to 27 calves: 
100 females in 2017.  As with λ, inferences on trend in these two demographic parameters is limited by the short, 
four-year monitoring interval. 
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Figure 1: The geographical location of the Snake-Sahtaneh subpopulation of boreal caribou. The 12,301 
km2 range (inset: red outline) is situated in northeast British Columbia east of the community of Fort 
Nelson.   
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Figure 2: Estimates of the minimum number of caribou alive by year for the Snake-Sahtaneh subpopulation of 
boreal caribou.  Estimates represent the number of caribou observed during aerial surveys conducted in late 
winter (March) where all groups containing collared females were enumerated as well as groups incidentally 
observed. 
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Figure 3: Estimates of annual population growth rates (λ) for the Snake-Sahtaneh subpopulation of boreal 
caribou in northeastern British Columbia.  Values above 1.0 (horizontal dashed line) indicate population 
growth whereas values < 1.0 indicate population decline. 
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Figure 4: Annual estimates of adult female survival (A) and juvenile recruitment (B) for the Snake-
Sahtaneh subpopulation of boreal caribou in northeastern British Columbia. Estimates of adult female 
survival were derived from a Kaplan-Meier staggered entry (by month) design with the number of radio-
collared individuals starting each monitoring year (1 May – 30 April) varying from 29 to 32.  Estimates of 
juvenile recruitment are indexed by the number of calves per 100 females, which is derived from aerial 
surveys conducted during late winter (March) and thus calves are counted when they are ~10 months old.  
Horizontal dashed line represents the ratio of calves-to-adult females that is generally associated with 
stable populations (Environment Canada 2008).   

A 

B 
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3 THREATS AND LIMITING FACTORS 
Current declines in woodland caribou populations have been ultimately attributed to direct and indirect effects of 
human activities and climate change (Environment Canada 2008, 2012, Vors and Boyce 2009, Festa-Bianchet et 
al. 2011).  These effects have resulted in lowered rates of adult female survival and/or juvenile recruitment, two 
demographic rates that have high influence on caribou population dynamics (DeCesare et al. 2012).  For most 
populations, effects of human activities and climate change have led to unsustainable rates of predation 
(McLoughlin et al. 2003, Wittmer et al. 2005, Courtois et al. 2007).  Compared to other ungulates, caribou are 
particularly vulnerable to increasing predation because they have low reproductive rates (Bergerud 2000).  To 
reduce predation risk, caribou generally occur at low densities and have evolved to live in low productivity 
habitats that spatially separates them from other ungulates and their generalist predators (Bergerud 1992).  Effects 
from human activities and climate change likely compromise this spacing strategy by changing the abundance and 
spatial distribution of these other ungulates and predators, increasing the likelihood of caribou-predator 
encounters and consequently increasing predation rates (Festa-Bianchet et al. 2011).  

The federal Recovery Strategy for boreal caribou (Environment Canada 2012) identified a number of threats 
potentially affecting caribou populations and their habitat.  These threats include: habitat alteration from human 
activities, habitat alteration from natural disturbance (e.g. fire), predation, parasites and disease, hunting, and 
climate change.  This section follows a similar approach, discussing these threats – and others – and their order 
does not reflect their relative importance to a specific population.  Note that while threats are discussed 
individually, they are not mutually exclusive as they may interact and their effects on caribou population 
dynamics are likely cumulative (Sorensen et al. 2008, Johnson et al. 2015).  Threat effects may also be lagged as 
demographic or distributional changes in caribou populations may take years to manifest (Vors et al. 2007).  

3.1 PREDATION 
Increasing rates of predation are the primary proximate cause of decline in most woodland caribou populations 
(McLoughlin et al. 2003, Wittmer et al. 2005, Apps et al. 2013).  Increasing predation has been attributed to 
changes in the abundances and distributions of predators and alternate prey in response to human-mediated 
landscape alteration and climate change (Seip 1992, Latham et al. 2011a, Apps et al. 2013, DeMars and Boutin 
2018).  Hypothesized mechanisms relating increased predation to landscape alteration and climate change are 
detailed under Section 3.3 Human Activities and Section 3.6 Climate Change. 

For boreal caribou in northeastern British Columbia, wolf predation has been the leading cause of mortality 
among radio-collared caribou (n = 240; Culling and Culling 2016, 2017).  From 2012 to 2016, a total of 104 
mortality sites were investigated (94 radio-collared caribou, 9 uncollared) and of these 72 were attributed to 
wolves and seven others were suspected to be from wolf predation (Culling and Cichowski 2017).  The only other 
cause of predation-related mortality was attributed to wolverine (n = 3).  

The high incidence of wolf predation is likely a result of high wolf densities in northeastern British Columbia. In 
2004, Culling et al. (2006) estimated a minimum wolf density of 6.3 wolves / 1000 km2 in the Snake-Sahtaneh 
range.  Aerial surveys conducted in 2015 estimated a wolf density of 6.4 – 7.0 wolves / 1000 km2 in the Calendar 
range and 13.3 – 15.6 wolves / 1000 km2 in the Chinchaga range, both of which are adjacent to the Snake-
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Sahtaneh range (Serrouya et al. 2015a).  These latter two estimates exceed densities associated with stable 
caribou populations (e.g. ≤ 6.5 wolves / 1000 km2; Bergerud and Elliot 1986).   

3.2 FOOD LIMITATION 
Spatiotemporal changes in the quality and quantity of food resources can influence the dynamics of caribou 
populations by directly affecting survival and reproductive rates (Parker et al. 2009).  Woodland caribou are 
generally associated with old-growth habitats and food limitation may occur if such habitats are converted to 
early seral habitats (i.e. younger forest), which are avoided because of increased predation risk (Fortin et al. 2013, 
Serrouya et al. 2017b).  Such avoidance behaviours may also result in caribou restricting their annual movements, 
leading to over-grazing of seasonal areas (Heard and Zimmerman 2017).  Climate change may further affect food 
availability and quality; for example, an increase in rain-on-snow events may limit forage availability by 
increasing the probability of icing (Hansen et al. 2011).   

For woodland caribou, evidence to date suggests that food limitation is not a primary factor in recent population 
declines (Wittmer et al. 2005, Festa-Bianchet et al. 2011, McLellan et al. 2012). Such evidence, however, does 
not preclude any food limitation effect.  For example, risk-sensitive foraging in highly altered landscapes that 
limits caribou distribution may lead to over-grazing that could result in lowered rates of pregnancy, parturition, 
and over-winter survival (Parker et al. 2009, Heard and Zimmerman 2017), which cumulatively can lower 
population resilience to other limiting factors such as predation.  Food limitations may also result in smaller 
calves, which could have increased predation risk (Adams et al. 1995).   

To assess potential food limitations within woodland caribou, the National Council for Air and Stream 
Improvement (NCASI) initiated a study in 2012 to assess nutritional condition of animals captured during the 
deployment of GPS radio-collars in British Columbia and the Northwest Territories (Cook and Cook 2015). This 
effort included sampling boreal caribou captured in northeast British Columbia. Nutritional condition was 
indexed by body condition scores and measurements of rump fat obtained by ultrasound.  Preliminary results 
from this study, which is still ongoing, suggested that boreal caribou populations in British Columbia had 
moderate levels of body fat compared to other caribou populations (e.g. boreal caribou in the Northwest 
Territories [rated high]; northern ecotype populations in the South Peace [rated low]). Other findings suggested 
that females raising a calf the previous year had lower indices of body fat.  At the population level, this nutritional 
deficit may affect productivity in subsequent years by lowering pregnancy rates, reducing over-winter survival of 
the fetus, and/or lowering calf birth weights and subsequently reducing calf survival (Cook et al. 2004, Parker et 
al. 2009).  The extent to which this potential nutrition deficit factors into current declines of many boreal caribou 
populations is unclear.  Moreover, determining the magnitude of food limitation effects is difficult in a high 
predation environment because predation may occur before effects on body condition become evident (Boutin 
and Merrill 2016).  

3.3 HUMAN ACTIVITIES 
Human activities within and adjacent to caribou range are believed to be a primary driver of current declines in 
woodland caribou populations (Wittmer et al. 2007, Environment Canada 2008, Sorensen et al. 2008, Johnson et 
al. 2015).  Such activities can impact caribou populations through multiple mechanisms including direct habitat 
loss, displacement from preferred habitats (Seip et al. 2007, Lesmerises et al. 2018) and indirectly increasing 
predation (Courtois et al. 2007, Apps et al. 2013, DeMars and Boutin 2018).  This section focuses on impacts 
associated with industrial activities, recreational activities and other activities such as agriculture and roads.   
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3.3.1 INDUSTRIAL 
Industrial activities include forestry, mining, oil & gas development and clean energy.   

3.3.1.1 FORESTRY  
Woodland caribou are an old-growth forest dependent species (Bergerud 2000) and are therefore affected by 
forestry practices.  Logging of old-growth forests can result in direct habitat loss and an increase in the extent of 
early seral (or young) forest, which can increase the abundance and alter the distribution of other ungulates (e.g. 
moose) and their predators, potentially leading to increased caribou predation (Seip 1992, James et al. 2004, 
Serrouya et al. 2011, 2015b).  Cutblocks can further increase predation risk for caribou if behavioural avoidance 
of these areas causes caribou to become more clumped in their distribution (Schaefer and Mahoney 2007, Fortin 
et al. 2013).   

The Snake-Sahtaneh range has had minimal impacts from logging.  Analyses of forestry GIS data up to 2015 
suggests that cutblocks < 20 years old comprise < 0.5% of the total range area 
(https://apps.gov.bc.ca/pub/geometadata/metadataDetail.do?recordUID=50580&recordSet=ISO19115).  Existing 
cutblocks are distributed within the central portion of the range and along the west and southeast boundaries. 
Logging also results in the creation of forestry access roads and such features may facilitate predator movements 
that ultimately result in increased predation of caribou.  The impacts of roads on caribou-predatory dynamics are 
further discussed in Section 3.3.3.3 Linear Features below. 

3.3.1.2 MINING  
Impacts from mining primarily relate to direct habitat loss.  The effective amount of habitat loss, however, can 
extend well beyond its physical footprint due to behavioural avoidance of areas surrounding mine infrastructure 
(Polfus et al. 2011, Johnson et al. 2015). As noted previously, impacts that limit the spatial distribution of caribou 
can potentially lead to increased predation risk (Fortin et al. 2013, DeMars et al. 2016).  Related infrastructure 
such as roads may further increase predation risk by increasing predator hunting efficiency and facilitating 
predator movement into caribou habitat (Latham et al. 2011a, DeMars and Boutin 2018).  

There are no impacts from mining within the Snake-Sahtaneh boreal caribou range. 

3.3.1.3 OIL AND GAS  
Landscape alteration from oil and gas exploration and extraction can affect caribou populations through direct 
habitat loss and by indirectly increasing predation. As with other industrial impacts, avoidance behaviours by 
caribou can increase the effective extent of habitat loss (Dyer et al. 2001, Vistnes and Nellemann 2008) and limit 
the spatial distribution of caribou, potentially increasing predation risk (Fortin et al. 2013, DeMars et al. 2016).  
Oil and gas impacts may further increase predation risk by facilitating the expansion of alternate prey (e.g. white-
tailed deer) into caribou range (Dawe and Boutin 2016).  Linear features associated with oil and gas development 
may also increase predation risk by enhancing predator hunting efficiency and facilitating predator movement 
into caribou range (McKenzie et al. 2012, Dickie et al. 2017b, DeMars and Boutin 2018; see also Section 3.3.3.3 
Linear Features below).   

Impacts from oil and gas exploration and extraction constitute the most ubiquitous form of human disturbance in 
northeastern British Columbia, including within the Snake-Sahtaneh caribou range (Thiessen 2009a, DeMars and 
Boutin 2018).  Such disturbances include polygonal features such well sites and camps as well as linear 
disturbances such as seismic lines, pipe lines and roads. For the former, GIS data available from the BC Oil and 
Gas Commission suggests that there are > 1950 active, completed or abandoned wells within the Snake-Sahtaneh 

https://apps.gov.bc.ca/pub/geometadata/metadataDetail.do?recordUID=50580&recordSet=ISO19115
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range.  Linear features are the most widespread form of disturbance and their impacts are further discussed in 
Section 3.3.3.3 Linear Features below.  

3.3.1.4 CLEAN ENERGY  
Infrastructure related to clean energy production (e.g. hydroelectric facilities, wind power) can impact caribou 
populations through mechanisms similar to other industrial developments.  Caribou may avoid such infrastructure 
with the degree of avoidance dependent on the degree of human activity (Mahoney and Schaefer 2002, Colman et 
al. 2013).  Such avoidance can alter seasonal migration patterns (Mahoney and Schaefer 2002), which can result 
in negative demographic impacts (Bolger et al. 2008).  Power lines associated with energy development can also 
increase predation risk for caribou because these features create relatively permanent early seral habitat that is 
favorable to other ungulates (e.g. moose, white-tailed deer) and provide movement corridors for predators 
(Latham et al. 2011a, Dickie et al. 2017b).  

There are no clean energy facilities located within the Snake-Sahtaneh boreal caribou range. 

3.3.1.5 OTHER 
There are currently no other major forms of industrial development within the Snake-Sahtaneh boreal caribou 
range. 

3.3.2 RECREATION 
Recreational activities conducted within caribou range can impact caribou populations by displacing individuals 
into sub-optimal habitats (Seip et al. 2007, Lesmerises et al. 2018), increasing stress levels (Freeman 2008) and / 
or facilitating predator movement into caribou habitat (Whittington et al. 2011).  This section considers impacts 
related to snowmobiling and backcountry skiing as well as other activities such as hiking and mountain biking.  

3.3.2.1 SNOWMOBILE  
Among winter recreational activities, snowmobiling may have the highest potential impact on boreal caribou. 
Compacted trails from snowmobiles may facilitate movement of predators into winter habitats of caribou, thereby 
increasing predation risk (Droghini and Boutin 2017). Snowmobiling has also been shown to displace caribou 
from preferred areas and the degree of displacement – both in space and time – can depend on the intensity of 
snowmobile use (Simpson and Terry 2000, Seip et al. 2007).  Snowmobiling may further induce physiological 
stress, potentially affecting individual fitness and population dynamics (Freeman 2008).   

Snowmobiling impacts within the Snake-Sahtaneh boreal caribou range are minimal.  Areas with the highest 
snowmobile use are along the Fort Nelson / Sikanni Chief River and near Clarke Lake.  

3.3.2.2 HELI-SKI / CAT-SKI 
Impacts from heli- and cat-skiing are primarily restricted to mountain-dwelling populations of woodland caribou.  
There are no heli-skiing or cat-skiing activities in the Snake-Sahtaneh caribou range. 

3.3.2.3 SUMMER RECREATION 
Recreational activities in the snow-free seasons can also impact caribou populations. Off-road vehicles trails and 
those associated with hiking, mountain biking and horseback riding may facilitate predator movements into 
summer habitats used by caribou, potentially increasing predation risk (Whittington et al. 2011).  Human presence 
on hiking trails may also induce physiological stress, though this response may attenuate if humans are not 
perceived as a predation threat (Lesmerises et al. 2017).   
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Impacts from summer recreational activities are generally minimal in the Snake-Sahtaneh range and the boggy 
terrain limits off-road vehicle use.  

3.3.2.4 OTHER 
There are no other forms of recreation currently impacting the Snake-Sahtaneh caribou range. 

3.3.3 OTHER 
This section considers other forms of human activity potentially impacting caribou populations, including 
agriculture, major highways linear features and hunting.   

3.3.3.1 AGRICULTURE  
Agriculture can impact caribou populations through a number of mechanisms.  First, conversion of forested areas 
to agriculture can result in direct habitat loss and avoidance behaviours by caribou may increase the extent of loss 
beyond the physical footprint (Vistnes and Nellemann 2008).  Second, agricultural areas are generally favourable 
to alternate prey (e.g. deer and elk), potentially increasing their populations and those of predators, which 
ultimately may increase predation rates of caribou.  Third, agriculture could increase the likelihood of disease and 
parasite transmission among domesticated animals, alternate prey and caribou although such links have not been 
established within British Columbia caribou herds (Vors and Boyce 2009, Martin et al. 2011). 

There are no agricultural areas within the Snake-Sahtaneh boreal caribou range.  Small agricultural areas are 
found just outside of the range’s southwest boundary near the community of Fort Nelson. 

3.3.3.2 MAJOR HIGHWAY CORRIDORS 
Major highways can constitute a direct source of mortality (i.e. road kill) for caribou and may further alter or 
impede caribou movements (Leblond et al. 2013). Although road kill of caribou is generally rare, it can become 
an increasingly important mortality source for small populations (Kinley and Apps 2001).  With respect to 
movement impacts, the relative permeability of highways to caribou movement is inversely related to traffic 
volumes (Leblond et al. 2013) and, as such, major highways with high traffic may lead to population 
fragmentation (Apps and McLellan 2006).  

There are no major highways within the Snake-Sahtaneh range; however, a number of all-season petroleum 
development roads are found throughout the range.  The Sierra-Yoyo-Desan, which runs eastward out of Fort 
Nelson, has the highest use and is paved for the first 40 km.  Other roads include Clarke Lake, Helmet-Desan, 
Komie and Elleh.  The degree of traffic on each varies, depending on the timing and intensity of industrial 
activities.    

3.3.3.3 LINEAR FEATURES  
Industrial activities within forested systems are often accompanied by the creation of linear features such as roads, 
railways, power lines, pipe lines and seismic lines.  Such features are thought to increase predation of caribou by 
increasing predator hunting efficiency (McKenzie et al. 2012, Dickie et al. 2017b) and facilitating predator 
movement into caribou range (Whittington et al. 2011, DeMars and Boutin 2018).  Linear features may further 
contribute to caribou-predator spatial overlap if such features facilitate the movement of alternate prey into 
caribou range (Dawe and Boutin 2016, Fisher et al. 2017).  

Linear features are the most ubiquitous form of human-caused disturbance within the Snake-Sahtaneh range.  In 
2015, the mean density of linear features was estimated to be 5.66 km/km2 (SD = 3.79), which is the highest 
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among the five boreal caribou ranges (DeMars and Boutin 2018 [Appendix A]).  The spatial extent of linear 
features is such that most areas of the range are within 500-m of a linear feature and areas devoid of linear 
features – on a per km basis – are rare, constituting ≤ 1% of the range’s area (DeMars and Boutin 2018 [Appendix 
A]). Note that the age, width and state of regeneration on linear features within the Snake-Sahtaneh range is 
largely unknown and that these attributes likely play a significant role in determining predator use of – and 
movement efficiency on – a given linear feature (Dickie et al. 2017a). 

3.3.3.4 HUNTING 
Historical records and traditional knowledge indicate that boreal caribou have long been hunted by First Nations 
residing in northeastern BC (Spalding 2000, FNFN 2017).  There has been no recreational hunting for boreal 
caribou in British Columbia (COSEWIC 2002) and First Nations subsistence hunting is likely rare (FNFN 2017).   

3.3.3.5 POACHING 
The current impact of illegal hunting is unknown but is likely small due to the relative remoteness of the Snake-
Sahtaneh range.  

3.4 NATURAL DISTURBANCE 
Boreal caribou populations are subject to impacts natural disturbances, particularly from forest fires (Dalerum et 
al. 2007, Sorensen et al. 2008).  Areas burned by fire may be avoided for up to 50 years (Dalerum et al. 2007) and 
the early seral habitat created post-fire may facilitate population increases in predators and alternate prey.  
Although caribou are likely adapted to the natural forest fire regime within and adjacent to their ranges, effects of 
forest fire may act cumulatively with human-mediated disturbances to negatively impact caribou demography 
(Sorensen et al. 2008).  Caribou may also be affected by insect or disease outbreaks that affect forest stand 
condition.  For example, mountain pine beetle outbreaks can highly impact old-growth pine stands, affecting 
lichen availability (Cichowski and Haeussler 2015, Apps and Dodd 2017) – a primary forage resource for caribou 
– and increasing the likelihood of fire (Lynch et al. 2006).   

Within the boreal plains of northeastern British Columbia, the median return interval for forest fires is ~ 100 years 
(Johnstone et al. 2010).  Using forest fire data available to 2015, the extent of areas burned < 50 years ago 
constitutes ~ 8% of the Snake-Sahtaneh range. Within this time frame, the largest fire occurred in 2012 (12600 ha 
burned) and was situated near Kotcho Lake. 

3.5 PARASITES AND DISEASES 
Caribou can be impacted by a range of native and introduced diseases and parasites (Bergerud et al. 2008, 
Schwantje et al. 2014).  Disease and parasite outbreaks can limit caribou populations by affecting survival and 
reproductive rates (Klein 1991, Albon et al. 2002) and effects of disease and parasites may interact with other 
limiting factors such as predation and nutrition.  Threats from disease and parasites are predicted to increase with 
climate change (see Section 3.6 below), particularly if spatial overlap between caribou and other ungulate species 
increases (Bradley et al. 2005, Kutz et al. 2005, Dobson 2009).  For example, increasing expansion of white-tailed 
deer into caribou range may increase the prevalence of meningeal worm in caribou, a parasite that is highly 
pathogenic to caribou and whose usual host is white-tailed deer (Anderson 1972).    

In 2013, a three-year study was initiated to investigate the health status of boreal caribou populations in northeast 
British Columbia (Schwantje et al. 2014).  Caribou exposure to parasites and diseases is evaluated by collecting 



Woodland Caribou Plan for the Central Selkirks Subpopulation 

15 
 

biological samples from animals captured during radio-collar deployment and from mortality site investigations.  
During the project’s first year, a number of potential threats to boreal caribou were identified, including the 
pathogenic bacterium Erysipelothrix rhusiopathiae, the protozoan parasite Neospora caninum, and high winter 
tick (Dermacentor albipictus) loads (Schwantje et al. 2014).  Subsequent analyses have suggested that increased 
exposure to E. rhusiopathiae may have contributed to the high rate of mortality observed in 2013 (Schwantje et 
al. 2016).  Further, winter tick may be an emerging threat to boreal caribou in the region as moderate to severe 
infestations were observed in all ranges.  The study will be concluded in 2017 and key final objectives are to 
determine how spatiotemporal variation in landscape factors influence caribou health and, by extension, 
demography, and to develop effective tools for assessing and monitoring caribou health.   

3.6 CLIMATE CHANGE 
Climate change can potentially exert numerous effects on caribou population dynamics.  Warmer winters may 
impact forage availability by increasing icing events and / or causing poor snow conditions that limit the ability of 
caribou to access lichens (Kinley et al. 2007, Hansen et al. 2011).  A warming climate may also change the 
abundances and distribution of alternate prey and their generalist predators, potentially increasing rates of caribou 
predation (Latham et al. 2011b, Dawe and Boutin 2016).  Climate change may alter the spatial and temporal 
distribution of insects, diseases and parasites, potentially affecting individual fitness and population dynamics 
(Bradley et al. 2005).  Changes to the natural disturbance regime (e.g. fire interval and fire intensity) may further 
impact caribou through mechanisms outlined in Section 3.4. 

Impacts of climate change on the Snake-Sahtaneh range have not been well studied.  In the last three years, white-
tailed deer have been captured on remote cameras deployed in the Clarke core (C. DeMars, unpublished data) and 
the northward expansion of this species into boreal caribou ranges is likely facilitated by climate change (Latham 
et al. 2011b, Dawe and Boutin 2016).  Recent analyses using demographic data from northeast British Columbia 
have suggested that woodland caribou may be impacted from effects of climate change other than those related to 
alterations in predator-prey communities.  Specifically, juvenile recruitment was negatively affected by increasing 
mean winter temperatures while adult female survival was positively associated with the timing of spring (i.e., 
later onset of spring growing conditions equated to increased survival; DeMars et al. 2017).  Collectively, these 
relationships suggest that warmer winter temperatures and lowered snowfall may have a negative effect on 
caribou population dynamics.  It is unknown whether the Snake-Sahtaneh subpopulation has been specifically 
impacted by these predicted effects of climate change.    

3.7 SMALL POPULATION SIZE EFFECTS 
Caribou subpopulations that are small and isolated may be subject to negative demographic effects that can occur 
as a result of their small size (Caughley 1994).  Such effects include inbreeding depression, genetic isolation from 
population fragmentation (Serrouya et al. 2012), demographic stochasticity (e.g. all offspring produced are of one 
sex), environmental stochasticity (e.g. the population is extirpated by a random natural disturbance such as an 
avalanche; Hebblewhite et al. 2010), and Allee effects (e.g. lowered demographic performance with decreasing 
population size; Courchamp et al. 1999).  For group-living ungulates such as caribou, McLellan et al. (2010) 
documented a predation-mediated Allee effect where the predation rate may increase with declining population 
size because group size declines at a faster rate than the number of groups in the population and the number of 
groups dictates the rate of caribou-predator encounters.   
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Effects from small population size are likely to be minimal in the Snake-Sahtaneh subpopulation.  Recent 
demographic data suggests a minimum population size of > 100 animals and the estimated growth rate in 2017 
suggested the population was increasing (see Section 2.3).   

4 MANAGEMENT HISTORY 
Boreal caribou have been listed as Threatened by the Committee on the Status of Endangered Wildlife in Canada 
since 2002 but in many jurisdictions they have been a management concern prior to this designation due to 
suspected long-term population declines (Bergerud 1974, Edmonds 1986, Rettie and Messier 1998, Dzus 2001).  
Bergerud (1974) was among the first to suggest that observed declines in woodland caribou populations were due 
to increasing predation ultimately facilitated by human-mediated landscape alteration.  Because of this link, early 
management recommendations for boreal caribou, such as those developed in Alberta, focused on protecting 
habitat and managing its distribution in multi-use landscapes, though many recommendations were never 
officially implemented (reviewed in Dzus 2001).  In 2008, the Scientific Review for the Identification of Critical 
Habitat for boreal caribou documented strong relationships between caribou demographic performance and 
landscape alteration and suggested alteration effects were best measured at the range scale (Environment Canada 
2008).  In 2012, the Federal Recovery Strategy refined this relationship, suggesting that boreal caribou 
populations had a 60% probability of being self-sustaining if > 65% of the area within a range is undisturbed 
(Environment Canada 2012). Attaining 65% undisturbed habitat is now a primary focus of current range plans 
aimed at stabilizing and recovering populations of boreal caribou (ECCC 2017).   

For small and rapidly declining caribou populations residing in highly altered ranges (e.g. < 65% undisturbed 
area), habitat restoration will likely be insufficient to prevent their extirpation in the short-term because it may 
take decades to restore old-growth conditions conducive to caribou persistence (Schneider et al. 2010, Wittmer et 
al. 2010). Consequently, other tools for population management have been developed to sustain caribou 
populations until the effects of habitat protection and restoration can be realized.  Such actions include managing 
populations of predators (Hervieux et al. 2014, Lewis et al. 2017) and / or alternate prey (Serrouya et al. 2015b, 
2017c), and population reinforcement (Smith and Pittaway 2011, Hayek et al. 2016).  

In British Columbia, boreal caribou were ranked as vulnerable and Blue-listed in 2000, a designation for species 
of special concern. This listing coincided with more active management of boreal caribou, beginning with a five-
year radio-collaring study of caribou in the Snake-Sahtaneh range (Culling et al. 2006).  This study resulted in the 
development of industry guidelines for operating within caribou range (Culling et al. 2004).  Further monitoring 
of boreal caribou populations via radio-collaring and aerial surveys occurred over the subsequent five years 
(Rowe 2006, Thiessen 2009b, Thiessen and DeMars 2010).  In 2010, the Implementation Plan for the Ongoing 
Management of Boreal Caribou in BC (BCIP) resulted in the formation of the Research Effectiveness and 
Monitoring Board (REMB), which has since overseen boreal caribou research in the region.  The BCIP also 
provided measurable targets for managing boreal caribou habitat and the industrial footprint within caribou ranges 
(BC Ministry of Environment 2011a).  These targets and other conservation objectives have since been revised in 
the recently released Boreal Caribou Recovery Implementation Plan (BCRIP; BC MoE / MFLNRO 2017). 

This section reviews management actions undertaken for the Snake-Sahtaneh subpopulation under five broad 
categories: habitat management, recreation and access management, predator management, alternate prey 
management, and population reinforcement. 
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4.1 HABITAT 
Protecting and restoring sufficient habitat for caribou to carry out essential life processes and reduce predation 
risk is fundamental to achieving self-sustaining populations (Environment Canada 2012, Ray et al. 2015).  Boreal 
caribou require large tracts of undisturbed habitat and have evolved to inhabit old-growth forests and low-lying 
peatland complexes, which separates them from other ungulates and their generalist predators (Rettie and Messier 
2000, James et al. 2004).  Spatial requirements for caribou may extend beyond range boundaries as abundances of 
alternate prey and predators in surrounding “matrix” habitat may influence caribou-predator dynamics due to 
predators “spilling over” into caribou range (Holt 1984).  In Alberta, the Alberta Caribou Committee Governance 
Board suggested that a 20-km buffer be applied to caribou ranges, an extent that reflects the average territory size 
of wolf packs in western boreal forests (Athabasca Landscape Team 2008). 

Impacts to caribou habitat are generally assessed at the range scale in a cumulative effects framework 
(Environment Canada 2008, 2012).  The 2012 federal Recovery Strategy suggests that populations of boreal 
caribou have a higher probability of being self-sustaining when their range contains at least 65% undisturbed 
habitat (Environment Canada 2012).  This threshold is calculated by adding up the spatial extents of burned areas 
≤ 40 years post-fire and anthropogenic disturbances, which are buffered by 500-m. In 2012, Environment Canada 
estimated that undisturbed habitat comprised 13% of the Snake-Sahtaneh range.  

4.1.1 PROTECTION 
Prior to the release of the BCIP in 2010, management actions for protecting boreal caribou habitat were primarily 
dictated by Ungulate Winter Range (UWR) and Wildlife Habitat Areas (WHA) designated by the Forest and 
Range Practices Act (FRPA; Goddard 2009).  UWRs protected habitats critical for over-winter survival while 
WHAs protected other habitats used during demographically periods such as calving and rutting.  Proposed UWR 
and WHA polygons for boreal caribou were located within core areas (Culling et al. 2006) but did not capture the 
entirety of these cores due to FRPA restrictions on the amount of the timber harvesting land base that can be 
impacted.  In the Fort Nelson Forest District, a maximum of 6,666 ha and 6,580 ha could be impacted by UWRs 
and WHAs, respectively.  However, because boreal caribou predominantly use low-lying peatlands that have 
limited timber value, the proposed UWRs and WHAs encompassed 977,381 ha, of which 701,074 were areas 
where no further forestry-related disturbance was allowed (Goddard 2009).  Note that disturbances from oil and 
gas exploration and extraction were excluded from the FRPA. In subsequent years, UWR and WHA boundaries 
were further refined, resulting in ca. 1.5 million ha of UWR and ca. 275,000 ha of WHAs across all boreal 
caribou ranges (BC Ministry of Environment 2011a).  Within the Snake-Sahtaneh range, UWRs constitute ~ 36% 
of the range’s area while WHAs cover ~ 24%.  The range also contains the Kotcho Lake Protected Area.  

In 2010, the BCIP introduced additional measures for protecting caribou habitat.  These measures included 
developing fire suppression strategies within caribou range, the establishment of UWRs and WHAs under the Oil 
and Gas Activities Act and the creation of Resource Review Areas (BC Ministry of Environment 2011a). RRAs 
are areas where petroleum and natural gas tenure sales were deferred for a period of five years, at which point 
their effectiveness in supporting BCIP goals and objectives would be determined. There are no RRAs within the 
Snake-Sahtaneh range.  

The recently released BCRIP has since revised the implementation actions for habitat protection contained within 
the 2011 BCIP (BC MoE / MFLNRO 2017).  These new actions include maintaining < 6% early seral habitat 
(young forest ≤ 35 years for burns and ≤ 25 years for cutblocks) within a given range, prohibiting the creation of 
new early seral habitat within 15 of the 16 caribou core areas, and applying a 4:1 habitat offset for the 
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development of new linear features, resulting in a net decrease in the linear feature footprint over time with a goal 
of reducing linear features to < 2 km/km2 across all ranges.    

4.1.2 ENHANCEMENT AND RESTORATION 
To date, enhancement and restoration activities within ranges of boreal caribou have been limited with 
management actions primarily focused on protecting caribou habitat. Within the Snake-Sahtaneh range, 
restoration from logging impacts (e.g. cutblocks) has primarily relied on standard re-planting practices and natural 
regeneration. In the last three years, there has been growing interest in evaluating and deploying techniques for 
functionally restoring linear features(Wilson 2015).  Functional restoration refers to techniques that aim to limit 
predator use of LFs to ultimately restore historic caribou-predator encounter rates but such techniques do not 
necessarily result in the restoration of lined areas to their pre-disturbance structural state (i.e. ecological 
restoration). Two pilot studies evaluating functional restoration of seismic lines have taken place in the Snake-
Sahtaneh range.  The first evaluated the efficacy of snow-fencing for limiting predator use lines and results 
indicated that this approach was largely unsuccessful (Bohm et al. 2015).  The second project used tree felling 
techniques to block but the efficacy of this approach was not fully evaluated (FNFN and Shifting Mosaics 
Consulting 2017). 

Proposed actions by the BCRIP should see an increase in habitat restoration within the Snake-Sahtaneh range. 
These actions include prioritizing disturbance features for restoration, focusing restoration efforts on core areas, 
and implementing a 4:1 offset for the creation of new linear features, which should result in the restoration of 
existing and decommissioned linear features (BC MoE / MFLNRO 2017).  

4.2 RECREATION AND ACCESS MANAGEMENT  
Access management to boreal caribou ranges within northeastern British Columbia has primarily focused on 
developing operating guidelines and best practices for the oil and gas industry (Culling et al. 2004, BC Ministry 
of Environment 2011b).  These practices have focused on reducing the disturbance footprint within caribou 
ranges and avoiding activities during demographically important periods such as calving.  For reducing the 
disturbance footprint, guidelines have reduced the allowable width of seismic lines and roads, dictated that shared 
access corridors be used, and limited well sites to < 2 ha.   

Boreal caribou ranges in northeast British Columbia are generally remote and see much lower recreational 
activity than caribou ranges situated in mountainous areas; consequently, there are minimal limitations on 
recreational activities within boreal caribou ranges.  

4.2.1 SNOWMOBILE 
There are currently no restrictions on snowmobiling within the Snake-Sahtaneh range.   

4.2.2 HELI-SKI / CAT-SKI 
The Snake-Sahtaneh range is situated in the boreal plains and thus is not subjected to impacts from heli- and cat-
skiing. 
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4.2.3 SUMMER RECREATION 
Currently, there no regulations on summer activities (e.g. off-road vehicles, hiking, mountain biking) within the 
Snake-Sahtaneh range. 

4.2.4 OTHER 
There are no other restrictions on access and recreation within the Snake-Sahtaneh range. 

4.3 PREDATORS 
Actions aimed at managing predators may include liberalizing hunting and trapping quotas (Cluff and Murray 
1995), diversionary feeding (Lewis et al. 2017), managing alternate prey (Serrouya et al. 2017b), and lethal 
control (Hervieux et al. 2014).  Note that actions such as lethal control are controversial (Boertje et al. 2010, Lute 
and Attari 2017) and are generally considered short-term strategies used to sustain small and rapidly declining 
populations until the effects of habitat restoration and protection are realized (Wittmer et al. 2010, Hervieux et al. 
2014).    

4.3.1 WOLF MANAGEMENT 
Within British Columbia, active management of wolves began in the early 1900s with the introduction of a 
bounty program, which lasted until 1955 (BC Ministry of Forests, Lands and Natural Resource Operations 2014).  
Predator control programs were also initiated during the 1940s and the combined effect of these initiatives 
resulted in wolf populations declining to their lowest estimated numbers provincially in the late 1950s.  

Because of the remoteness of boreal caribou ranges, it is unclear what effect bounty and predator control 
programs specifically had on wolf populations in northeast British Columbia.  In 2004, Culling et al. (2006) 
estimated the minimum wolf density in the Snake-Sahtaneh range to be 6.4 wolves / 1000 km2.  In 2015, an aerial 
survey of the adjacent Calendar range estimated a wolf density of 6.4 – 7.0 / 1000 km2 (Serrouya et al. 2015a).  
This density is at or slightly above thresholds associated with stable caribou populations (e.g. 6.5 wolves / 1000 
km2; Bergerud and Elliot 1986).   

To date, there have been no management actions targeted toward wolves in the Snake-Sahtaneh range. Trapping 
of fur-bearing animals does occur in northeast British Columbia but the effect of trapping on wolves within the 
Snake-Sahtaneh range is likely minimal.  Effects of licensed hunting are also likely minimal, although the current 
bag limit is three in most WMUs in northeast British Columbia and the removal of bag limits is being considered.  

4.3.2 COUGAR MANAGEMENT 
Cougars are absent or rare in the Snake-Sahtaneh range and therefore have not been subject to management 
actions in the context of caribou conservation.  The 2017 bag limit for cougars in WMUs within and adjacent to 
the Snake-Sahtaneh range is one. 

4.3.3 OTHER 
There have been no management actions targeted toward other predators (e.g. bears and wolverine) within the 
Snake-Sahtaneh range. 
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4.4 PRIMARY PREY  
Declines in boreal caribou populations have been attributed to apparent competition, an indirect interaction 
between two or more prey species and a shared predator (Holt 1977, DeCesare et al. 2010, Hebblewhite 2017).  In 
this process, increased abundances of other ungulate species – stemming from an increase in favourable habitat 
following landscape alteration – has led to higher populations of predators, resulting in unsustainable predation of 
caribou.  Because of these linkages, recommended strategies for recovering caribou populations includes reducing 
the abundances of primary prey (Wittmer et al. 2013, Serrouya et al. 2015b, Boutin and Merrill 2016).    

4.4.1 MOOSE MANAGEMENT 
Within the boreal plains of northeastern British Columbia, moose are the most abundant ungulate species 
(Thiessen 2010, McNay et al. 2013). Over the last seven years, boreal caribou ranges in northeast British 
Columbia have been surveyed to estimate moose densities and population size.  In 2010, the estimated density 
within areas encompassing the Tsea and Paradise cores of the Snake-Sahtaneh range were 0.17 and 0.12 moose / 
km2, respectively (Thiessen 2010).  In 2013, the Clarke, Etsho, East Kotcho and North Kotcho cores were 
surveyed, yielding estimates that ranged from 0.13 to 0.15 moose / km2 (McNay et al. 2013).  A repeat survey of 
the Clarke core in 2016 yielded an estimated density of 0.07 moose / km2 (Webster and Lavallee 2016).  These 
estimates are within thresholds associated with stable caribou populations (e.g. < 0.2 – 0.3 / km2, Bergerud 1996; 
< 0.3 / km2, Wilson 2009).  

To date, there has been no active management of moose in the context of caribou conservation within the Snake-
Sahtaneh range.  Licensed hunting for moose is restricted to bulls with a bag limit of one.  The impact of First 
Nations hunting on moose populations is unknown.    

4.4.2 DEER MANAGEMENT 
White-tailed deer and mule deer are considered rare within boreal caribou ranges of northeastern British 
Columbia although the northern distribution and abundance of white-tailed are likely increasing (Latham et al. 
2011b, Dawe and Boutin 2016).  Within the Snake-Sahtaneh range, the hunting season for white-tailed deer is 
limited to males while there is no recreational hunt for mule deer. There are currently no management actions 
targeted toward deer in the context of caribou conservation in northeastern British Columbia.   

4.4.3 OTHER  
Elk may be present at low densities along the Fort Nelson River adjacent to the west boundary of the Snake-
Sahtaneh range, but this species is likely rare or absent within the range itself.   

Beaver, however, are known to be a primary prey item of wolves in northeast British Columbia and elsewhere 
during the snow-free season (Culling et al. 2006, Latham et al. 2013).  Prior to European settlement of North 
America, beaver were abundant but subsequent exploitation led to their near extinction by the early 1900s 
(Naiman et al. 1988).  With declines in trapping pressure, populations have been rebounding across the continent 
and populations are likely increasing in northeastern British Columbia.  In 2011, Thiessen and DeMars (2012) 
estimated beaver density in the Parker and Prophet cores and the resulting estimates (0.21 and 0.33 active lodges / 
km2) were within the range of densities estimated elsewhere in Canada.  Subsequent surveys to estimate beaver 
density in other boreal caribou ranges,, including the Snake-Sahtaneh, were conducted in 2012 by the provincial 
government but these data have yet to be analyzed (Culling and Cichowski 2017).  To date, there have been no 
management actions directed toward beaver populations within the Snake-Sahtaneh caribou range. 
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4.5 POPULATION REINFORCEMENT 
To bolster small populations, management actions may include population reinforcement.  Such measures include 
maternal penning, captive breeding, and translocation.  Population reinforcement techniques are generally 
considered to be highly invasive, logistically difficult and expensive (Hayek et al. 2016).  

4.5.1 MATERNAL PENNING 
Maternal penning is a captive-rearing technique where wild female caribou are captured in late-winter and 
confined to a predator-proof pen within their range to give birth (Hayek et al. 2016).  Females and calves are 
retained in the pen for at least four weeks post-parturition.  The main objective of maternal penning is to increase 
calf survival during the neonate period when predation rates are generally highest (Adams et al. 1995, Pinard et 
al. 2012).  To effectively improve caribou population dynamics, the success of maternal penning depends on the 
proportion of the female population penned, the survival of penned females and calves post-release, and the 
survival of wild females and calves.  

To date, maternal penning has not been used to reinforce the Snake-Sahtaneh subpopulation.  

4.5.2 CAPTIVE BREEDING 
Captive breeding is defined by Hayek et al. (2016) as “keeping and selectively breeding caribou in captivity, 
usually at an ex-situ facility, over a relatively long period of time with the purpose of releasing individuals back 
into the wild”.   To date, captive breeding of caribou has not been implemented as a management tool for 
conserving wild caribou populations. 

There have been no captive breeding efforts undertaken for the Snake-Sahtaneh subpopulation. 

4.5.3 TRANSLOCATION 
Translocation refers to the movement of individuals from one population (or subpopulation) to another (Hayek et 
al. 2016). Numerous translocation efforts for caribou have taken place across North America and are reviewed in 
Bergerud and Mercer (1989) and Hayek et al. (2016). 

There have been no translocation efforts undertaken for the Snake-Sahtaneh subpopulation. 

4.5.4 OTHER 
There have been no other forms of population reinforcement implemented for the Snake-Sahtaneh subpopulation. 

4.6 STEWARDSHIP/OUTREACH 
[NO IDEA WHAT TO PUT HERE....LEAVING THIS FOR GOVERNMENT FOLKS TO FILL IN] 

4.7 RESEARCH 
Over the last 25 years, a large body of research has emerged focused on understanding the population dynamics 
and ecology of boreal caribou (e.g. Bradshaw et al. 1995, Stuart-Smith et al. 1997, Rettie and Messier 1998, 2000, 
McLoughlin et al. 2003; also reviewed in Festa-Bianchet et al. 2011).  Within British Columbia, the majority of 
research has occurred within the last 15 years.  The first formal study was a five-year project initiated in 2000 
within the Snake-Sahtaneh range (Culling et al. 2006).  This comprehensive study monitored 57 adult female 
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caribou fitted with GPS and VHF radio-collars to assess habitat selection, spatial distribution and demography. 
Information from this study resulted in the first delineations of range boundaries in British Columbia, including 
the identification of core habitat areas (Culling et al. 2004).  Similar to other populations within their western 
distribution (e.g., Stuart-Smith et al. 1997, Rettie and Messier 2000), boreal caribou showed high rates of 
selection for treed peatlands. Key demographic findings included low rates of calf survival, particularly during the 
neonate period, and relatively high survival of adult females. The study also assessed predator ecology within the 
Snake-Sahtaneh by deploying radio-collars (18 GPS) on 31 wolves and nine black bears (all GPS).  The strongest 
overlap between caribou and predators occurred during the calving season (May and June).  Wolves were also 
found to be highly associated with beaver habitats during the snow-free season.   

In 2004, a smaller scale study of caribou and wolves was conducted in the Chinchaga range, with GPS radio-
collars deployed on 12 female caribou and 13 wolves (Rowe 2007a).  Similar to previous findings within the 
Snake-Sahtaneh range, this study showed high rates of adult female survival and calf mortality for Chinchaga 
caribou.  Radio-collared females also selected for areas dominated by low-lying, forested wetlands and dietary 
analyses from fecal samples confirmed that terrestrial lichen was a major forage resource during the winter. 

In 2006, a similar small scale radio-collaring study (n = 8 female caribou) was conducted within the Maxhamish 
range (Rowe 2007b).  This study again corroborated inferences on habitat selection with caribou generally using 
low-gradient treed peatlands and the majority of GPS locations occurring within delineated core areas.  Rates of 
calf recruitment in 2006 were also found to be low (6 calves / 100 females). 

In 2011, a multi-range research project was initiated to investigate caribou-predator dynamics during the calving 
season (DeMars and Boutin 2014).  This study initially deployed 25 GPS radio-collars on female caribou 
distributed among four ranges.  In subsequent years, the study incorporated data from radio-collars deployed as 
part of REMB’s boreal caribou monitoring initiatives (see below) and also deployed radio-collars on wolves (n = 
23) and black bears (n = 19).  A key output from this project was the first predictive map of caribou calving 
habitat within northeast British Columbia.  This project also resulted in the development of a non-invasive 
method for estimating rates of parturition and neonate survival(DeMars et al. 2013), evaluated how linear features 
contribute to caribou-predator spatial overlap and lowered rates of neonate survival (DeMars and Boutin 2018), 
and yielded insights into potential mechanisms influencing the “spacing-out” behaviour of female caribou at 
calving (DeMars et al. 2016).   

The release of the BCIP resulted in the creation of the REMB to oversee research conducted on boreal caribou in 
British Columbia.  With the REMB’s oversight and support, a number of research projects have been initiated 
and/or completed over the last seven years.  These projects include: 

o Evaluating the spatial dynamics of caribou, moose and wolves and the resultant effects on caribou 
demography (Mumma and Gillingham 2017, Mumma et al. 2017).  Results from this project suggest 
that linear features increase the spatial overlap among caribou, moose and wolves with increasing 
overlap negatively affecting caribou survival. 

o A number of studies evaluating habitat restoration and recovery strategies (DeMars and Benesh 2016, 
Pigeon et al. 2016, Tigner et al. 2016, Fitzpatrick et al. 2017, Golder Associates 2017, Serrouya et al. 
2017a).   
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o An evaluation of management options for stabilizing and recovering boreal caribou populations 
(Sutherland et al. 2016). 

o Traditional ecological knowledge studies (Leech et al. 2016) and a trial of First Nations trapping 
methods for controlling wolves in caribou range (Sittler et al. 2016). 

o An ongoing, multi-range study investigating the health status of boreal caribou populations in 
northeast British Columbia (Schwantje et al. 2014, 2016; see also Section 3.5). 

o Demographic responses of boreal caribou to variation in seasonal weather effects (DeMars et al. 
2017). 

Although not directly overseen by the REMB, additional research on boreal caribou has been conducted over the 
last five years.  These studies include investigating the foraging ecology and nutritional condition of boreal 
caribou (Cook and Cook 2015, Denryter et al. 2017), assessing beaver density and habitat selection within caribou 
range (Thiessen and DeMars 2012), and evaluating caribou habitat selection and response to anthropogenic 
features in the Parker core of the Westside Fort Nelson range (Wilson and DeMars 2015).    

Collectively, the large body of research conducted since 2000 has significantly improved the understanding of 
boreal caribou ecology in northeast British Columbia. A number of knowledge gaps remain, however, including 
determining proximate and ultimate causes of calf mortality, evaluating within and between range movements of 
males, and determining sustainable thresholds for linear features within caribou range (see review of knowledge 
gaps in Culling and Cichowski 2017).  Going forward, the REMB will continue to provide oversight to caribou 
research in northeast British Columbia until July 2018, after which the provincial government will likely lead 
ongoing research and monitoring activities (S. Wilson, personal communication). With the release of the BCRIP 
in 2017, future directions will likely include adaptive management-based research aimed at testing management 
actions for stabilizing and recovering boreal caribou populations (BC MoE / MFLNRO 2017).      

4.8 MONITORING 
Monitoring of boreal caribou populations in northeast British Columbia began with the Culling et al. (2006) study 
in 2000.  This four-year study, which deployed radio-collars on 57 female caribou and was restricted to the 
Snake-Sahtaneh range, yielded the first demographic estimates of adult female survival and juvenile recruitment.  
The study also provided the first quantification of space use by boreal caribou in British Columbia.  

Monitoring of boreal caribou by the provincial government began in the mid-2000s.  In 2004, an aerial survey 
was conducted to estimate moose and boreal caribou populations within Wildlife Management Units 7-55 and 7-
56, which cover portions of the Calendar, Maxhamish and Snake-Sahtaneh ranges (Backmeyer 2004).  From 2004 
– 2006, survival and movements of 12 female caribou in the Chinchaga range were monitored with GPS radio-
collars (Rowe 2007a).  In 2008, ten VHF radio-collars were deployed on females in the Parker core (n = 4) and 
Maxhamish range (n = 6) to aid in monitoring (Thiessen 2009b).  Over the following two years, thirty more radio-
collars (9 VHF and 21 GPS) were deployed with collars now distributed across all boreal caribou ranges in 
British Columbia (2009: Parker = 3, Maxhamish = 5, Prophet core = 2; 2010: Calendar = 1, Chinchaga = 3, Fort 
Nelson core = 2, Maxhamish = 9, Snake-Sahtaneh = 5; Thiessen 2009b, Thiessen and DeMars 2010).  These 
collared animals facilitated counts of minimum number alive, contributed to understanding caribou space use, and 
allowed the estimation of annual rates of juvenile recruitment and rates of adult female survival. 
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The BCIP, released in 2010, recommended more intensive monitoring of boreal caribou populations, including 
developing strategies to monitor changes in demography and habitat suitability (BC Ministry of Environment 
2011a).  For the former, a comprehensive strategy was initiated in the winter of 2012-2013 with oversight from 
the REMB.  The strategy’s objective was to maintain a sample of radio-collared individuals within each range 
equating to ~ 15% of each range’s estimated population size. This objective resulted in 164 radio-collars being 
deployed on individual females distributed among all six caribou ranges (Culling and Culling 2013).  In the 
Snake-Sahtaneh range, 56 collars (46 VHF, 10 GPS) were initially deployed. Since this initial deployment, radio-
collared animals have been monitored monthly to estimate survival rates and determine causes of mortality 
(Culling and Culling 2013, 2014, 2015, 2016, 2017).  The higher per-range sample of radio-collared animals has 
also allowed for more robust estimates of minimum population size and juvenile recruitment within each range. 
Range-specific sample sizes have been maintained by re-deploying a sufficient number of radio-collars annually 
to compensate for mortalities and non-functioning collars, which has resulted in 239 adult female caribou being 
fitted with radio-collars between December 2012 and April 2016 (Culling and Culling 2017). Oversight from the 
REMB is expected to end after the March 2018 juvenile recruitment survey, after which the provincial 
government will assume responsibility for caribou population monitoring.  

Ongoing monitoring will be necessary to achieve the primary goals outlined in the recently released draft BCRIP 
(BC MoE / MFLNRO 2017).  These goals include achieving self-sustaining populations and maintaining a 
positive trend in habitat recovery within each boreal caribou range.  For population monitoring, a sufficient 
number of radio-collars will need to be maintained to effectively monitor population trend, particularly given the 
difficulty in estimating population size. For habitat monitoring, efficient methods for evaluating habitat status 
over large spatial scales will be required, in addition to defining when habitat is restored.  

Predator populations have also been monitored in northeast British Columbia to support the management of 
boreal caribou.  Culling et al. (2006) deployed GPS radio-collars on wolves and black bears to assess habitat 
selection by each species and their potential spatial overlap with caribou habitat.  Rowe (2007a) deployed GPS 
radio-collars on 13 wolves in the Chinchaga range with similar objectives of assessing seasonal movements, 
habitat selection and home range size.  In 2009, three wolves were radio-collared in the Calendar range (Thiessen 
2009b).  During their three-year study from 2011 -2013, DeMars and Boutin (2014) also deployed GPS radio-
collars on wolves in packs distributed across all boreal caribou ranges as well as on black bears in three ranges.  
While the collaring efforts by Culling et al. (2006) and DeMars and Boutin (2014) were more research-based, the 
REMB initiated more focused monitoring of wolves in 2013 (Culling and Culling 2014).  This initiative 
attempted to maintain a broad distribution of ~ 20 radio-collared wolves with territories overlapping caribou 
range.  Collaring efforts for the REMB initiative continued annually with the last deployments occurring during 
the winter of 2016-2016.  As of 30 April 2017, only four wolf collars were believed to be still active (Culling and 
Culling 2017).  As a complement to the radio-collaring program, REMB also supported aerial surveys to estimate 
wolf densities in the Calendar range, Parker core, and the Chinchaga RRA (Serrouya et al. 2015a).  Going 
forward, monitoring of wolf populations will likely continue as a key implementation action of the draft BCRIP is 
to control wolf populations such that densities are < 3 wolves / 1000 km2 (BC MoE / MFLNRO 2017). 

Because population declines within many boreal caribou ranges have been attributed to apparent competition with 
moose (Seip 1992, Bergerud 1996), boreal caribou management in northeast British Columbia has also included 
monitoring moose populations.  In 2004, Backmeyer (2004) surveyed WMU 7-55, which is adjacent to the 
Maxhamish range, to estimate moose and boreal caribou numbers simultaneously, though the objective was not 
necessarily to compare their dynamics. In 2010, Thiessen (2010) used distance sampling to estimate moose 
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densities within the Horn River Basin, a geologic formation that encompasses parts of the Calendar, Maxhamish, 
Snake-Sahtaneh and West Side Fort Nelson ranges.  Results from this survey were used to assess relationships 
between moose and caribou population dynamics (Thiessen and DeMars 2010).  In 2013, moose surveys were 
replicated in seven core areas (Etsho, North Kotcho, East Kotcho, Prophet, Clark, Etthithun, and Milligan) and 
the Chinchaga RRA (McNay et al. 2013).  Surveys were repeated in the Clark and Fortune cores and Chinchaga 
RRA in 2016 (Webster and Lavallee 2016).  Collectively, these surveys have provided a baseline of moose 
abundance and distribution within caribou range. The draft BCRIP does not specifically indicate whether 
monitoring of moose populations will be continued from a caribou management perspective; rather, such 
monitoring will likely be managed by the Peace-Liard Moose Management Plan, which is collaboratively led by 
the provincial government and First Nations (BC MoE / MFLNRO 2017). 

5 IMPLICATIONS TO OTHER WILDLIFE 
Management actions focused on conserving caribou will necessarily have impacts on other wildlife species.  
Caribou require landscapes where densities of other ungulates and predators are low; thus, management actions 
undertaken for caribou may result in population sizes of moose, deer, and wolf that are much lower than those 
currently experienced (Serrouya et al. 2015b, 2017c).  Reducing the populations of these species may occur from 
either direct management actions (e.g. lethal control) or through environmental changes (e.g. habitat restoration 
for caribou) that lowers the extent of suitable habitat.  

Conserving caribou will likely benefit a myriad of other species co-occurring within old-growth forests. In this 
context, caribou may be considered an “umbrella” species (Bichet et al. 2016).  Such species generally have large 
spatial requirements and are sensitive to environmental changes, both attributes associated with caribou. Meeting 
the habitat requirements of caribou will therefore result in the habitat needs of many other species also being met.   

6 IMPLICATIONS TO OTHER VALUES 
Boreal caribou have long been valued by First Nations in northeast British Columbia, being an historically 
important food source as well as being used for specific cultural practices (Leech et al. 2016, FNFN 2017).  Many 
First Nations no longer hunt caribou due to their low numbers, but recovering their populations to where 
sustenance hunting is sustainable has been identified as a high priority (Leech et al. 2016, FNFN 2017).    

Enacting measures to conserve caribou will likely have impacts on social, political and economic values. Most 
woodland caribou populations occur in working landscapes managed for natural resource extraction. Conserving 
caribou in these landscapes will require limits on these activities, which will invoke socioeconomic costs 
(Schneider et al. 2011).  Limiting recreational activities such as snowmobiling and skiing within caribou range 
will likely create further socioeconomic costs.  To effectively mitigate these impacts while conserving caribou in 
multi-use landscapes, conservation planning will need to incorporate both economic costs and the biological 
needs of caribou in a spatially-explicit modelling framework (Schneider et al. 2011, 2012).   

In many caribou ranges, reducing the current densities of other ungulate species will be fundamental to 
conserving caribou (Serrouya et al. 2015b). Lowered populations of big-game species such as moose, elk and 
white-tailed deer will result in reduced hunting opportunities.  While incorporating hunters in the initial lowering 
of these populations can be advantageous and seen as a “win-win” (Serrouya et al. 2015b), the long-term 
suppression of these populations will likely require support from the regional hunting community. 



Woodland Caribou Plan for the Central Selkirks Subpopulation 

26 
 

Caribou have evolved a life history strategy that is dependent on large landscapes of intact wilderness (Bergerud 
2000).  For many, such landscapes have inherent and intangible value.  Intact wilderness also has economic 
benefits, including climate regulation, sedimentation control and nutrient cycling (Balmford et al. 2002).   

Caribou conservation can also elicit ethical issues. For many small and rapidly declining populations, 
management actions may include direct control of predators and other ungulates (Hervieux et al. 2014).  Such 
actions can elicit considerable controversy and, consequently, require substantial scientific support and 
justification for their implementation (Boertje et al. 2010).   

7 PARTNERS / NEIGHBOURS 
[LEAVING THIS FOR THE RELEVANT GOV FOLKS....] 

Partners are bodies, currently existing or with strong future potential, that can assist in some aspect of 
management, such as expertise, financial contribution, in-kind support or moral support. 

Neighbours are bodies within in the caribou subpopulation area that are currently not participating in caribou 
management that could be affected by caribou management, such as local governments, industry tenure holders, 
and recreation groups. These neighbours could potentially become future partners. 

8 RECOMMENDED ACTIONS 
The stated recovery goal in the federal 2012 Recovery Strategy for boreal caribou is to achieve self-sustaining 
populations within all ranges across their current distribution (Environment Canada 2012).  Self-sustaining 
populations are defined as those that, on average, demonstrate stable or increasing population growth over the 
short-term and are of sufficient size to withstand stochastic events and persist over the long-term.  Because 
current declines of boreal caribou populations are ultimately driven by landscape alteration, self-sustaining status 
in the Recovery Strategy is explicitly linked to habitat conditions within a population’s range.  Specifically, 
populations have a higher probability (60%) of being self-sustaining when the amount of undisturbed habitat 
exceeds 65%. The Recovery Strategy, however, recognizes that for rapidly declining populations in highly 
disturbed ranges, other interim actions (e.g., predator and alternate prey management, population augmentation) 
will be necessary to support caribou populations until the effects of protecting and restoring habitat can be 
realized.  

In 2017, the provincial government released the Boreal Caribou Recovery Implementation Plan (BCRIP), which 
outlines a general strategy for stabilizing and recovering boreal caribou populations in the province.  The BCRIP 
has two over-arching goals: to maintain a positive habitat trend across each range; and, to stabilize and achieve 
viable caribou populations within each range.  For the former, measures to protect and restore habitat will be 
required and progress toward this goal will be tracked by assessing the amount of early seral forest and the 
density of linear features within each range.  For the latter, population viability will be tracked by the population 
growth rate (λ) and its two components, adult female survival and juvenile recruitment.  

To achieve these recovery goals, the BCRIP outlines a number of implementation objectives.  These include 
limiting the amount of early seral habitat to < 6% of a range’s area, prohibiting forest harvesting in 15 of the 16 
habitat cores, requiring a net decrease in the density of linear features by applying a 4:1 offset, modifying existing 
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RRAs, managing wildfires, and evaluating the necessity and feasibility of non-habitat related actions (e.g. 
predator and alternate prey management, population augmentation) to support caribou populations in the short-
term.   

Adaptive management will be required to effectively implement the recommended actions to reach recovery 
goals.  This approach involves using known information to select actions predicted to achieve a desired outcome, 
monitoring the response of such actions, then modifying management plans in response to new information.  
Having an adaptive approach will in part be necessary because the recommended management actions are 
generally linked.  For example, reducing the amount of early seral habitat should result in a reduction of non-
caribou ungulates, which in turn should result in a reduction of predators, thereby reducing the need for active 
predator control.   

Appendix D of the draft BCRIP outlines an action plan for the Snake-Sahtaneh boreal caribou range (BC MoE / 
MFLNRO 2017).  The recommended actions primarily focus on habitat protection and recovery.  Achieving 
recovery objectives and goals will also require continued monitoring of caribou populations and their habitat. 

Summary of Recommended Actions for the Snake-Sahtaneh Range  

1. Caribou Habitat Protection and Restoration 

o Management of early seral forest.  Currently, the amount of early seral forest is ~1.1%, which is 
below the maximum threshold target of 6% 

o No forest harvesting or road building within core areas 

o Broad-scale habitat restoration, primarily focusing on linear features 

o Habitat offsetting (4:1 for linear features) 

o Establish RRAs over untenured portions of core areas until habitat protection targets are achieved 

o Manage wildfires to minimize the creation of early seral forests 

2. Access Management 

o Update standard operating practices for industry 

 

Summary of Monitoring Recommendations for the Snake-Sahtaneh Range 

o Deploy and maintain radio-collars on at least 5% of the caribou population 

o Annual surveys to estimate juvenile recruitment and minimum number alive 

o Surveys to estimate wolf numbers every three to five years 

o Continuous tracking of linear feature restoration but summarized every five years 

o Estimation of linear feature density every one to five years 

o Estimation of the extent of early seral habitat every five years 



Woodland Caribou Plan for the Central Selkirks Subpopulation 

28 
 

o Summarize habitat conditions every five years relative to criteria specified in the federal Recovery 
Strategy 

 

8.1 SHORT TERM (WITHIN 6-12 MONTHS) 
[place holder] (activity, budget) 

8.2 MEDIUM TERM (WITHIN 12-24 MONTHS) 
[place holder] (activity, budget) 

8.3 LONG TERM (WITHIN 24-48 MONTHS) 
[place holder] (activity, budget) 
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