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Acronyms 

ACC – Alberta Caribou Committee 

ALT – Athabasca Landscape Team  

ASRD – Alberta Sustainable Resource Development 

CLAWR – Cold Lake Air Weapons Range 

COSEWIC – Committee on the Status of Endangered Wildlife in Canada.  URL: 

http://www.cosewic.gc.ca [Updated April 2006]. 

EC – Environment Canada 

ESAR – East Side of Athabasca River 

RE – Red Earth  

SARA – Species at Risk Act, Statutes of Canada 2002, chapter 29   

TT – Beaver Lake Cree Nation’s Traditional Territory in Alberta, as taken from the map included 

in Figure 1 of this report   

WSAR – West Side of the Athabasca River 

 

Definitions  

Critical Habitat: The resources and conditions required for persistence of local populations of 

boreal caribou throughout their current distribution in Canada.  The quantity, quality and 

spatial configuration of resources and conditions may be influenced by both natural and 

human-induced conditions (from EC 2008). 

Ecotypes: forms of a given species with characteristic adaptations. 

Habitat: The suite of resources (food, shelter) and environmental conditions (abiotic variables 

such as temperature and biotic variables such as competitors and predators) that determine 

the presence, survival and reproduction of a population (Caughley and Gunn 1996).  (from EC 

2008). 

Home range: The area covered by an individual during its reproductive life-time.   

Local Population: A group of caribou occupying a defined area that can be distinguished 

spatially from areas occupied by other groups of caribou.  Local populations experience limited 

exchange of individuals with other groups, such that population dynamics are driven by local 
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factors affecting birth and death rates, rather than immigration or emigration among groups   

(from EC 2008). 

Lambda: Population growth expressed as population recruitment/survival expressed on a 

yearly basis.  Values <1 signify the population has decreased from one year to the next while 

values >1 signify population increase.  Details of calculations can be found in Appendix 1.   

Range: A geographic area occupied by individuals of a local population that are subjected to the 

same influences affecting vital rates over a defined time frame (see Appendix 4.2: Delineating 

Units of Analysis for Boreal Caribou Critical Habitat Identification, EC 2008). 

Realized Population Growth: Changes in population size determined by multiplying year 

lambda values together.  Details of calculations can be found in Appendix 1.   

 

Assumptions 

 

I have assumed that the Traditional Territory of the Beaver Lake Cree Nation in Alberta is the 

area set out in the map included in Figure 1 of this report (I do not render any opinion about 

whether this map accurately reflects the Beaver Lake Cree Nation’s Traditional Territory in 

Alberta). 

 

Author’s statement 

 

The opinions in this report are my own.  While some portions of the report involving GIS 

mapping and data summaries (Appendix 3) were prepared by others under my supervision, I am 

responsible for the entire contents of the report as the sole author. 

I certify that I am aware of my duty as an expert witness to assist the court and not be an 

advocate for any party.  I further certify that I have made this report in conformity with this 

duty and will, if called on to give oral or written testimony, give that testimony in conformity 

with this duty. 

 

 

Dr. Stan Boutin PhD, FRSC 
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Summary 

Caribou inhabiting the TT are classified as the boreal ecotype of the woodland subspecies 

(Rangifer tarandus caribou). All woodland caribou in Alberta have been designated as 

Threatened by the Committee on the Status of Endangered Wildlife in Canada (COSEWIC 2007), 

and also listed as Threatened under Canada’s Species at Risk Act (SARA).  Under the 

Government of Alberta general wildlife status process, woodland caribou have been 

determined to be an At Risk species in the province (Alberta Sustainable Resource Development 

2007).  The provincial wildlife status review process resulted in woodland caribou receiving 

legal status as a Threatened species under Alberta’s Wildlife Act in 2001.   

Woodland caribou in the TT are estimated to number between 175 and 275.  This is down 10-

fold from historical numbers.  Recent systematic monitoring indicates that numbers have been 

declining.  The ESAR herd has declined by 71% since 1996 while the CLAWR has declined 74% 

since 1998. This level of decline is dramatic and it is a strong signal that drastic immediate 

management action is required to keep caribou from disappearing completely in the TT.  If 

current rates of decline continue, this population will drop below 50 individuals (the number of 

individuals below which small populations are vulnerable to extinction events and at extreme 

risk of extirpation) by 2025-2030.  The current rate of population decline is likely to increase 

over the next decade if human-caused habitat change continues to increase, further reducing 

the time to extirpation. 

The ultimate cause of the decline is human-caused changes in vegetation and the creation of 

linear features such as seismic lines, pipelines, and roads.   These changes can result in physical 

loss of habitat, avoidance of areas by woodland caribou, and increased caribou mortality as a 

result of population increases of moose and deer and wolves.   The primary changes that have 

occurred in the TT on or near caribou range include agricultural development to the south of 

caribou range, forest harvesting (107,998 ha cut or 2.8% of the range in TT), energy sector 

development (34,773 wells, 66,489 km of seismic lines, 11,591 km of pipelines), and 12,283 km 

of roads associated with this activity.   Given that the creation of linear features due to energy 

sector development is the most prominent human-caused habitat change in caribou range in 

the TT, it is likely that these changes are the primary contributor to the declines in caribou seen 

in the TT.  Extensive oil and gas deposits underlie most caribou ranges in Alberta and very high 

levels of petroleum and natural gas exploration and development have taken place on most of 

Alberta’s caribou ranges including the caribou range within the TT.  The majority of the well 

sites, seismic lines, and pipelines created by the energy sector remain in place on caribou range 

because of continued industrial use, slow forest regeneration, and/or high levels of recreational 

vehicle use.  All of these human-caused changes have decreased the quality and quantity of 

caribou habitat in the TT by reducing lichen cover, enhancing habitat for moose and deer which 
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has led to increased numbers of predators, and increasing access to caribou habitat by 

predators.   There are 20,005 km of linear features on caribou range in the TT.  Caribou are 

known to avoid habitat within 250m of these features.  If all linear features are buffered within 

caribou range in the TT, 51% of CLAWR and 66% of ESAR caribou ranges in the TT would be 

functionally lost.  

There is clear evidence that the human-caused changes in vegetation on caribou range in the TT 

are well above any threshold that could support viable caribou populations.  Population 

declines in recent years have been drastic and recovery of caribou in the TT requires immediate 

action involving restoration of linear features, well sites, and cut blocks to natural vegetation, 

no further habitat change caused by human land use (full protection of caribou range), and 

caribou mortality management.   It is clear that the history of planning and mitigation of 

activities at local project scales has not worked to protect caribou.  The cumulative effects of 

many individual projects have led to total industrial activity exceeding the levels that can 

support viable caribou herds in the TT and surrounding area.   

The information necessary to act to conserve caribou has been available for the past 3-5 years 

but there has been no action undertaken on the ground to date.   The identification of critical 

habitat and development of a recovery strategy are fundamental steps in the conservation of 

any species, including caribou (see also the Federal SARA).  No National Recovery Strategy has 

been produced for caribou, partially due to a purported claim that Critical Habitat has not yet 

been identified (EC 2008).  In my opinion, the scientific information provided in EC (2008) was 

fully adequate to identify caribou Critical Habitat. This opinion was also held by the Scientific 

Advisory Group (of which I was a member) involved in drafting of the document.   

Any delays in the implementation of conservation actions for caribou greatly increase the risk 

of failure (ALT 2009).  Given the rapid rates of decline that are now well-documented for the 

herds in the TT, the number of animals left is fast approaching levels where management 

actions are less and less likely to be effective.    It is my opinion that caribou will be extirpated 

from the TT, most of northeastern Alberta, and in many other parts of Canada if the 

conservation actions outlined in this report are not implemented immediately.  
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Woodland caribou in the TT 

All woodland caribou in Alberta belong to either the nationally defined Boreal or Southern 

Mountain populations, both of which have been designated as Threatened by the COSEWIC 

(COSEWIC 2007), and also listed as Threatened under Canada’s Species at Risk Act (SARA).   

Under the Government of Alberta general wildlife status process, woodland caribou have been 

determined to be an At Risk species in the province (Alberta Sustainable Resource Development 

2007).  The provincial wildlife status review process resulted in woodland caribou receiving 

legal status as a Threatened species under Alberta’s Wildlife Act in 2001.   

Ecotypes (forms of a given species with characteristic adaptations) are frequently used in the 

description of caribou (Edmonds 1991, Thomas and Gray 2002). Woodland caribou that live 

year-round in forested habitat are of the boreal ecotype.  

Caribou inhabiting the TT are classified as the boreal ecotype of the woodland subspecies 

(Rangifer tarandus caribou).  Throughout this document this ecotype will simply be referred to 

as “caribou”.   

 

General habitat needs 

The basic habitat of caribou must provide adequate food and protection from predation.  

Lichen is the major winter food source and it is considered to be the food most influential to 

caribou habitat delineation.  Caribou require large tracts of low productivity mature to old 

coniferous forests or forested peatlands that contain lichens.  These tracts must be large 

(caribou herd ranges are 3,000-18,000 km2 and individual caribou home ranges are 700 km2) 

and there must be relatively low productivity of ground vegetation (shrubs, herbs, and grasses)  

to prevent their use by other ungulate species such as moose and white-tailed deer.  The latter 

is important because abundant deer and moose support higher numbers of wolves.  High wolf 

densities make areas uninhabitable for caribou because predator-caused mortality becomes 

too high.  The current suggested threshold for wolf densities is 6.5 wolves/1000 km2 with wolf 

densities above this target meaning that caribou populations will decline because caribou 

productivity cannot match the mortality rates caused by predators (Bergerud and Elliot 1986).   

There are three recent comprehensive reviews of caribou habitat requirements and all have 

produced similar conclusions to the above.  The most thorough review can be found in EC 

(2008) which states:   

In general, suitable boreal caribou habitat is characterized by large tracts of mature to 

old conifer forests with abundant lichens, or peatlands intermixed with uplands 



 

2 

 

dominated by mature to old conifers (Darby and Pruitt 1984; Brown et al. 1986; 

Bradshaw et al. 1995; Stuart-Smith et al. 1997; Rettie and Messier 2000; Courtois 2003). 

However, there is variability among regions in vegetation types used.   

Boreal caribou have distinct habitat requirements at different spatial and temporal 

scales (Rettie and Messier 2000, Johnson et al. 2001, O’Brien and Manseau 2003)....  

Coarser scales encompass large areas (e.g. ranges) and broad time frames (e.g. seasons, 

years and decades), whereas finer scales cover small areas (e.g. forest stands or habitat 

patches) and narrow time frames (e.g. hours and days).   Boreal caribou [appear to] 

select habitat to avoid predation at coarser scales (Bergerud 1988; Johnson et al. 2001) 

and then select habitat to meet forage requirements at finer scales (Schaefer and Pruitt 

1991; Rettie and Messier 2000). 

At coarser scales, boreal caribou local populations require large range areas that contain 

sufficient suitable habitat and reduce predation by allowing caribou to avoid areas of 

high predation risk (Rettie and Messier 2001; Brown et al. 2003).  At finer scales, boreal 

caribou select individual habitat patches (within ranges) that provide food, particularly 

ground and tree lichens during late winter and early spring, and they avoid early stage 

seral forests and recently disturbed areas (Schaefer and Pruitt 1991; Stuart-Smith et al. 

1997; Rettie and Messier 2000). Although forest fire destroys lichens and other 

vegetation in the short term, it is an important factor in regenerating caribou forage 

over long time scales (Dunford 2003).... 

In general, boreal caribou require habitats that provide necessary functional attributes 

(the conditions and resources which provide for all of their life requirements), including 

physiological health, dispersal of cows during calving and post-calving periods, and 

refuge from predation.  

EC (2008) defined woodland caribou critical habitat as: “the resources and environmental 

conditions required for persistence of local populations of woodland caribou throughout their 

current distribution in Canada”, and added: 

local population range is the relevant spatial scale for identification of critical habitat 

conditions that includes the habitat conditions (quantity, quality,  spatial configuration) 

required for caribou. 

Similar statements can be found in ALT (2009) and in ASRD (2010).  For example, ASRD (2010) 

states that: 

Woodland caribou require large tracts of relatively low-productivity mature to old 

coniferous forests and forested peat lands, which contain lichens, the primary winter 

food source for caribou.  Under natural conditions, the forests used by woodland 

caribou typically contain relatively few other ungulates and as a result contain few 

wolves; predation by wolves is the primary cause of woodland caribou death.  Through 
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their adaptation to these types of habitats, under natural conditions woodland caribou 

are able to spatially separate themselves from other prey species and thereby reduce 

the risk of predation by wolves.   

Although the proximate cause of caribou mortality has always likely been predation, under 

historical conditions, predator-caused mortality was sufficiently low to allow cows to produce 

enough calves that survived to adulthood to allow for replacement of adults, thus leading to 

stable populations.    

There have been no published studies of habitat use by caribou occupying the TT but there 

have been numerous studies on adjacent herds (WSAR and RE).  These include Bradshaw et al. 

1995, Stuart-Smith et al. 1997, Anderson 1999, James et al. 2004, Dunford et al. 2006, Latham 

2009).  These studies were conducted in areas that have very similar conditions to those found 

in the TT and they reinforce the general finding that caribou are found in mature to old conifer 

or forested peatlands and they avoid shrub-rich habitats (often termed uplands in the 

woodland caribou literature) that support higher densities of moose and deer.  

 

Caribou habitat and ranges in the TT 

The TT contains important caribou habitat as delineated by Provincial Government caribou 

range maps (Fig. 1, boundaries provided by ASRD staff 19 January, 2010). As outlined in EC 

(2008), the herd range is the accepted unit of analysis for caribou population viability and 

conservation.   
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Figure 1.  Caribou ranges within the Beaver Lake Cree Nation’s Traditional Territory in Alberta (boundaries of 

Traditional Territory are taken from Schedule 1 to the Amended Statement of Claim, filed 23 October 2009, for 

Alberta Court of Queen's Bench Action No. 0803 06718).   Caribou range boundaries provided by ASRD staff 19 

January 2010.    
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Two (ESAR, CLAWR) of the 12 designated boreal ecotype woodland caribou herds in Alberta 

have 52% and 100% respectively, of their current ranges within the TT.  ESAR extends north of 

the TT while the northern CLAWR boundary is jurisdictional (Federal Cold Lake Air Weapons 

Range) rather than biological and there is likely exchange of animals between the ESAR and 

CLAWR herds.   Both ESAR and CLAWR are bounded on the east by the Alberta-Saskatchewan 

border and there is likely exchange of animals across this border.   

The range occurring within the TT represents 11% of the total boreal caribou range in the 

Province (13,294 of 115,608 km2). The caribou range within the TT is important because it 

supports a significant proportion of the estimated total number of boreal caribou in Alberta (8-

10% of the roughly 2265-2725 caribou thought to be currently present in the Province (ASRD 

2010)); it comprises the southeastern boundary of caribou range in the province, and if 

compromised, would greatly increase the risk of extinction for the ESAR and CLAWR herds.   

The current ESAR and CLAWR boundaries are based on caribou habitat (as defined above), 

telemetry locations of radio-collared animals, and sightings of caribou.  These boundaries 

represent the best estimates by Provincial Government biologists and are those accepted by 

federal agencies and caribou researchers.  The exact range boundaries are regularly updated as 

new information is obtained.  Historical ranges are more difficult to determine, but Thomas and 

Gray (1992) show the historical southern distribution of caribou to be well south of their 

current distribution.  There is widespread agreement that the southern distribution of caribou 

has moved northward in the last 30-50 years.   Hummel and Ray (2008) suggest that as much as 

60% of historical woodland caribou range in Alberta has disappeared.  ASRD (2010) states: 

The current distribution of woodland caribou in Alberta has declined relative to its 

historical distribution.  Although a detailed description of historical caribou distribution 

in northern Alberta is not available, Soper (1964) described the former range of 

woodland caribou in the northern part of the province as the “whole of northern 

Alberta south to the lower limits of mixed-wood forest (approximately Cold Lake; Lac la 

Biche; Barrhead) and south in comparable, western environment to about the latitude 

of Sundre; now absent in the major part of that region.   

Although one cannot be certain of the exact amount of range contraction, I support the 

conclusion that caribou range contraction has taken place in the TT.    
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Changes in habitat condition in recent times  

Quoting from ASRD (2010): 

Habitat change as a result of human activities can result in both physical loss of habitat 

and avoidance of areas by woodland caribou (e.g., Smith et al. 2000, Dyer et al. 2001, 

Oberg 2002).  It can also cause increased caribou mortality as a result of population 

increases in other ungulate prey species and wolves (Bowman et al. 2010), and 

increased predator travel efficiency and hunting success (James 1999, James and Stuart-

Smith 2000).The primary anthropogenic disturbances to woodland caribou habitat in 

Alberta are due to oil and gas exploration and development, forest harvesting, peat 

mining, agricultural development, and the development of linear features (e.g., roads, 

pipelines, seismic lines) associated with these activities.     

Based on the above and similar conclusions in EC (2008) and ALT (2009), I conclude that the 

quality of the ESAR and CLAWR caribou range in and around the TT has declined relative to 

historical conditions.  Any human-caused vegetation change which is favourable for moose or 

deer is detrimental to caribou.  The primary changes that have occurred in the TT on or near 

caribou range include: 

1) agricultural development to the south of caribou range 

2) forest harvesting (107,998 ha cut or 2.8% of the range in TT) 

3) energy sector development (34,773 wells, 66,489 km of seismic lines, 11,591 km of 

pipelines), and  

4)  12,283 km of roads associated with this activity.   

Data sources for these figures can be found in Appendix 3.   All of these changes have 

decreased the quality and quantity of caribou habitat in the TT by reducing lichen cover and 

enhancing habitat for moose and deer which has led to increased predator densities.  These 

habitat changes are the root cause of a proximate increase in predation risk to caribou.  Each of 

these aspects will be discussed in detail when limiting factors are considered.    

 

Historical and current caribou densities 

Most density estimates of boreal woodland caribou are considered “best guesses” because 

methods to count caribou accurately are unproven and costly.  Estimates from ASRD (2010) 

include values of 150-250 for ESAR and 100-150 for CLAWR.  Given that all of the CLAWR and 

roughly half of the ESAR are in the TT, the current estimate of caribou within the TT is 175-275 

animals.   
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Historical estimates of population size do not exist but estimates based on a range capacity of 

3.3 caribou per 100 km2 (Thomas and Gray 1992, ALT 2009) would put the potential number of 

caribou in the TT at 1286 animals, roughly 10 times higher than current values.  The difference 

between current and historic numbers of caribou in the TT is likely to be greater than outlined 

above, given that the actual area occupied by caribou in the TT has shrunk relative to historical 

conditions.   

 

Population trend and risk of extirpation 

Although it is not possible to get accurate estimates of population size it is possible to measure 

population trend (lambda and realized population growth) through systematic monitoring.  

Details of the methods employed can be found in Appendix 1.  In general, the technique 

involves assessing adult female survival through the use of radio telemetry and measuring calf 

recruitment through the ratio of calves per cow as obtained through aerial surveys in February-

March.  This methodology has been used for the ESAR herd since 1996 and for the CLAWR herd 

since 1998.  Adult survival and calf recruitment are combined to determine the finite rate of 

increase (termed lambda).  A lambda of 1 means the population is stable from one year to the 

next whereas <1 means the population is declining and >1 means the population is increasing.  

When yearly estimates of lambda are multiplied together one can calculate the realized 

population change (Fig 2a,b).  By these calculations the ESAR herd has declined by 71% since 

1996 while the CLAWR has declined 74% since 1998.  Given the sample data used in the 

calculation, it is possible that the population declines could be as low as 50% or as high as 90%.   

Although there is uncertainty around the exact rate of population decline given the available 

data, there is high certainty that both the ESAR and CLAWR herds have declined since detailed 

monitoring began in 1996 and 1998.  This level of decline is dramatic and it is a strong signal 

that drastic immediate management action is required to keep caribou from disappearing 

completely in the TT.  
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Figure. 2a. 

 

Figure 2b.  

 

Figure 2.  Realized population change for ESAR (a) and CLAWR (b).  See Appendix 1 for methods and definitions.   

Caribou herds immediately adjacent to the TT show similar population trends.  WSAR, directly 

west of the TT has declined by 66% since 1996 levels while RE (northwest of TT) has declined by 

74% from 1995 levels.  The Richardson herd, located north of the TT, is considered stable at 

present but monitoring has been done for the past 3 years only.    
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It is difficult to determine the actual time to extinction for a population because small 

populations (<50 individuals) are subject to potential rapid extinction due to chance events.  As 

a guideline for calculating when populations are at high risk of extinction EC (2008) states: 

Therefore, the population assessment component of critical habitat identification 

recognizes that very small populations (<50) are vulnerable to stochastic events and 

phenomena, resulting in an especially low probability of persistence, whereas local 

populations of >50 but <300 caribou are less vulnerable but still face risks, and 

populations greater than 300 can persist indefinitely when range conditions support 

average adult female and calf survival.  

Two independent assessments of the risk of extirpation for the caribou in ESAR and CLAWR (EC 

2008, ALT 2009) rated these herds as having a high risk of extirpation in the absence of 

management intervention; I support these assessments.  If the populations in the TT were to 

continue to decline at the rates seen since systematic monitoring began and current population 

size is taken as 175-275 individuals, the population would reach 50 individuals by 2025-30 and 

10 individuals by 2041-46.  The current rate of population decline is likely to increase over the 

next decade if human-caused habitat change continues to increase, further reducing the time 

to extirpation.   

 

Causes of population decline  

Early studies suggested that the direct loss of habitat could be a major limiting factor for 

caribou populations (Edwards 1954, Bloomfield 1980), but Bergerud (1974) proposed that it 

was not the loss or alteration of habitat that caused the decline and range recession of caribou 

in many areas of North America, but rather the secondary effects associated with increased 

predation.  This latter view is now embodied in the concept that human-caused habitat changes 

ultimately affect caribou populations by affecting habitat use, movements and the abundance 

of predators and alternate prey. This results in increased predation on caribou which becomes 

the proximate factor for declining caribou populations in the presence of industrial activity 

(McLoughlin et al. 2003, Bowman et al. 2010).  I strongly support this view, as do many other 

scientists (EC 2008, ALT 2009, ASRD 2010, Festa-Bianchet et al. 2010).  

Human-caused habitat change can affect the vulnerability of caribou to predation in the 

following ways:  

1) by altering vegetation through agriculture, forest cutting, and the creation of well-sites 

and linear features leading to an increase in the density of other prey species which in 

turn, increases wolf density 
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2) by creating linear features (seismic lines, pipelines, roads) that increase hunting 

efficiency and penetration by wolves into caribou range, and  

3) by both of the above, leading to a reduction in large, intact patches of habitat where 

caribou can space themselves out and away from other ungulates and wolves.   

Predation (primarily by wolves) is the main proximate limiting factor for woodland caribou 

throughout Alberta and Canada (Bergerud 1974, 1988, 1992, Bergerud and Elliot 1986, Rettie 

and Messier 1998, Schaefer et al. 1999, Thomas and Gray 2002, McLoughlin et al. 2003, 

Wittmer et al. 2005a, 2005b, Courtois et al. 2007, Festa-Bianchet et al. 2010).  Woodland 

caribou that are able to spatially separate themselves from other ungulates and wolves are less 

susceptible to predation (Bergerud and Page 1987, Seip 1992, James et al. 2004, Latham 2009).  

Boreal caribou normally exist at low densities in very large range areas that contain lower 

densities of alternate prey and hence lower densities of predators.  Boreal caribou in and 

around the TT select fen/bog complexes whereas moose, deer and wolves select well-drained 

habitat, resulting in spatial separation (James et al. 2004, Latham 2009).  In winter, predation 

pressure and risk were found to be higher in well-drained upland habitat than in fen/bog 

complexes in the WSAR (McLoughlin et al. 2005, James et al. 2004).   

Small changes in predation pressure can trigger caribou population declines (e.g., Wittmer et al. 

2005b, 2007) and the availability of other prey species means that wolves have the potential to 

extirpate caribou herds because there is no negative feedback effect on their own populations 

(i.e., apparent competition; Edmonds 1988, Holt and Lawton 1994, Messier 1994, Cumming et 

al. 1996, Rettie and Messier 2000, Mech and Boitani 2003, James et al. 2004, Wittmer et al. 

2005b, Hebblewhite et al. 2007). 

If wolves reach a density of >6.5 wolves/1000 km2, caribou populations are expected to decline 

(Bergerud and Elliot 1986).  Recent surveys suggest that the wolf density estimates are now 10-

11/1000 km2 in the ESAR and CLAWR (Latham 2009, ALT 2009).   

I will now address the potential effects of the human activities that are the ultimate cause of 

changes in caribou numbers in the TT.   

Agriculture 

The amount of agriculture in the TT is 7891.66 km2 which is roughly 20% of the TT (based on the 

2001 Agricultural census of Alberta).  Forested areas near agriculture can be highly productive 

deer and moose habitat because wolf numbers are reduced in agricultural areas (predator 

refuge) and food supply is abundant (ALT 2009).  These productive populations, in turn, 

increase populations in adjacent habitat which leads to higher wolf densities.   Aerial surveys of 

moose and deer by Provincial Government personnel in Wildlife Management Units in the TT 
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that contain agriculture suggest relatively high moose and deer densities (up to 36 moose and 

203 deer per 100km2, ALT 2009).  Although wolf densities have not been measured in these 

areas it is likely that their densities are also high and this could increase predation pressure on 

caribou in adjacent caribou range.    

Forest cutting 

Habitat created following forest cutting tends to favour moose and deer and this effect can last 

up to 30 years (Rempel et al. 1997, Festa-Bianchet et al. 2010).   Timber harvesting in black 

spruce/larch forests (caribou habitat) is generally not currently cost effective in Alberta.   

However, as with agriculture, cutting adjacent to or in uplands within peatlands, can increase 

moose, deer, and wolf densities.  Although the magnitude of change will vary among caribou 

ranges, there is a strong theoretical and empirical basis for the relationship between timber 

harvesting in or near caribou range and its subsequent effects on predator-caribou dynamics 

(e.g. Seip 1992, Messier 1994, Cumming et al. 1996, James 1999, Vors et al. 2007, Bowman et 

al. 2010).  In Ontario, Schaefer (2003) hypothesized that the northward recession of caribou 

was driven by the northward advancement of timber harvesting.  This was supported by Vors et 

al. (2007), who determined that the probability of caribou persistence was negatively related to 

the presence of timber harvesting and Smith et al. (2000) found that caribou avoided cutblocks  

for up to 1 km away in west central Alberta.    

The amount of forest cut in the last 30 years in the TT is 1080 km2 which is roughly 3% of the 

TT.  This is a relatively small change suggesting that forest harvesting has played a small role to 

date in the caribou population decline in the TT.   Forest harvesting also creates roads, and this 

potentially negative effect will be addressed below.    

Energy sector activities 

Extensive oil and gas deposits underlie most caribou ranges in Alberta and very high levels of 

petroleum and natural gas exploration and development have taken place on most of Alberta’s 

caribou ranges including the caribou range within the TT.  The majority of the well sites, seismic 

lines, and pipelines created by the energy sector remain in place on caribou range because of 

continued industrial use, slow forest regeneration, and/or high levels of recreational vehicle use 

(Lee and Boutin 2006).  Linear features may affect caribou populations by altering the 

movements and distribution of both predators and prey, and by providing easier access for 

predators to travel into caribou habitats and prey on caribou (James and Stuart-Smith 2000).  

Wolves have been found to occur closer to linear features than expected by chance and to use 

linear features as travel routes (Musiani et al. 1998, James 1999, James and Stuart-Smith 2000, 

Whittington et al. 2005, Neufeld 2006).  These features may give wolves greater access into 

caribou range, especially to areas that weren’t previously accessible.  It also means that linear 
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features are associated with high predation risk for caribou as a result of increased wolf-caribou 

encounters.  James and Stuart-Smith (2000) found that caribou killed by wolves were closer to 

linear features than were locations of live caribou.  Furthermore, wolf use of lines is associated 

with faster travel (James 1999), which could lead to increased wolf hunting efficiency and kill 

rates.   

Boreal caribou in Alberta have also been documented to avoid roads, pipelines, seismic lines, 

and well sites.  Caribou avoidance distances depend on season, and the type and age of the 

disturbance, but range from 0.1 to 1.2 km (Smith et al. 2000, Dyer et al. 2001, Oberg 2001).  

Dyer et al. (2002) determined that seismic lines were not barriers to caribou movements while 

roads with moderate vehicle traffic acted as semi-permeable barriers.    

In the case of energy sector activities, functional habitat loss (as a result of caribou avoidance 

behaviours) is estimated to be much greater than direct habitat loss.  For example, Dyer et al. 

(2001) estimated that during late winter in the WSAR, 1% of habitat was directly lost to 

anthropogenic disturbance (predominantly seismic lines) and 48% was functionally lost as a 

result of avoidance behaviour by caribou.  This major increase in functional habitat loss arises 

when avoidance buffers are applied to each linear feature.  Dyer et al. (2001) used a 250m 

buffer (caribou avoided habitat within 250m of a linear feature) and as a consequence, linear 

features that were only 5-8 m wide become 500m wide (see Fig. 3 for an example).   The total 

km of linear features (seismic, pipelines) on caribou range in the TT is 20,005 km.  If the 250m 

buffer suggested by Dyer et al. (2001) is implemented, 51% of CLAWR and 66% of ESAR in the 

TT would be functionally lost to caribou.   
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Figure 3. An example of how buffering of linear features can have large effects on the proportion of habitat 

affected.   

The consequence of direct and indirect habitat loss is that caribou have less available habitat to 

space themselves away from other prey species and wolves, possibly resulting in effective 

increases in caribou density and predictability of distribution, and contributing to population 

declines because of increased susceptibility to predation.  Compression of caribou populations 

into higher densities (e.g., Nellemann and Cameron 1998, Vistnes and Nellemann 2001, 

Nellemann et al. 2001) may make individual caribou easier for wolves to find (Smith et al. 2000, 

Dyer et al. 2001, 2002, Kuzyk et al. 2004).  Studies to date for boreal caribou in northern Alberta 

have failed to demonstrate decreased home range size in response to anthropogenic 

disturbance (Tracz 2005, Tracz et al., in prep.; also see Dalerum et al. 2007).   

Although the majority of pipelines are buried, some above-ground pipelines are constructed 

when Steam Assisted Gravity Drainage (SAGD) is the mode of oil extraction.  Above-ground 

pipelines tend to be <0.8 m above ground and such lines act as barriers to caribou movement 

(Dunn and Quinn 2009).  There is some scientific evidence that caribou will cross under 

piplelines >2.0 m above ground and above-ground pipeline crossings are also constructed at 

variable intervals as a mitigation technique.   Although there are records (photographs) of 

caribou using these crossings, there is no evidence to indicate that such structures fully mitigate 
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the barrier effect of above-ground pipelines.  At present there are relatively few above-ground 

pipelines (< 50 km) in the TT but this amount will grow as SAGD extraction systems develop.    

Sensory disturbance (e.g., noise and activity associated with industrial or recreational activities) 

may affect caribou by increased energetic expenditure and/or habitat avoidance. Caribou in 

northern Alberta that were exposed to simulated elements of seismic activity showed higher 

mean movement rates and linear displacement relative to control animals, but feeding patterns 

were not affected by the disturbance (Bradshaw et al. 1997, Bradshaw et al. 1998).  Caribou 

behavioural responses (displacement/avoidance) have been demonstrated in oilfields in Alaska 

(Dau and Cameron 1986, Murphy and Curatolo 1987, Nellemann and Cameron 1996) but not in 

Alberta.  Sensory disturbance is likely to have a much smaller effect on caribou survival and 

productivity compared to the effects of predation.  

The number of well sites within caribou range in the TT is 11,111 with each well site being 

roughly 1 ha in size.  Well sites represent a loss of habitat for caribou in winter because these 

sites would have no lichen present.  In addition, Dyer et al. (2001) reported functional habitat 

loss around well sites (250m radius).    

Roads  

Although roads were found to act as semi-permeable barriers to caribou (Dyer et al. 2002) and 

they can lead to mortality through collisions, the greatest effect is likely to occur through the 

increased access they create for hunters.  Licensed harvest of caribou has not been allowed in 

Alberta since 1981 but hunting by First Nations can still occur.    Available data for some boreal 

ecotype caribou populations indicates that human hunting may account for at least 15% to 20% 

of mortality on radio collared adult caribou (ACC unpubl.).  Improved access into caribou range 

as a result of an expanding network of linear corridors could lead to increased First Nations and 

illegal hunting of caribou.   

Caribou range in the TT contains 948.31 km of roads.   Although not insignificant, seismic lines 

and pipelines are likely more important in providing human and predator access to caribou 

range.   

Hunting 

There is no opportunity for a harvestable surplus of caribou in the TT given the low numbers of 

caribou currently present.  In addition, reproductive rates of caribou are much lower than 

moose or deer, meaning that any harvest by humans would result in a population decline 

unless other sources of mortality (predator) were greatly reduced.  Any level of hunting is not 

advisable until recovery has taken place.   
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Fire 

Fire is the dominant natural factor shaping the boreal forest of Alberta (Rowe and Scotter 1973) 

and has important implications for caribou populations.  In the short term, fire is detrimental to 

caribou habitat by removing lichens; however, in the long term, fire may be beneficial in some 

situations by removing competing vegetation and rejuvenating growing conditions for lichens 

that are declining in productivity (Scotter 1970, Klein 1982, Schaefer and Pruitt 1991, Thomas 

1998).  Terrestrial lichen abundance recovered 40 years after fire disturbance in peatlands in 

northern Alberta (Dunford et al. 2006), although caribou winter use of burned areas 60 years 

post-fire is generally low (Schaefer and Pruitt 1991, Thomas et al. 1998, Dalerum et al. 2007).  

In northern Alberta, boreal caribou did not change home range size or shift home ranges 

following fire, probably since initial home range sizes were large enough to provide adequate 

habitat and space for caribou even with fire disturbance (Dalerum et al. 2007).  In general, 

woodland caribou have evolved in the presence of forest fires and have persisted in the boreal 

forest with the occurrence of this natural disturbance.  However, I and several of my colleagues 

have raised concerns for the persistence of woodland caribou in relation to the combined 

effects of forest fire and the human-caused habitat changes listed above (e.g. Sorenson et al. 

2008).    

Twenty-nine to 35 percent of the caribou range within the TT has burned in the last 50 years.   

Cumulative effects 

It is difficult to apportion components of the caribou decline to different human land use 

changes and it may not be necessary to do so since the energy sector, forest cutting and roads 

tend to develop together.  In other words, it is the combined disturbances that create the 

potential negative effects on caribou.  Using data from Alberta woodland caribou populations, 

both Boutin and Arienti (2008) and Sorenson et al. (2008) demonstrated a negative relationship 

between the amount of linear features and young forest and caribou population growth rate.  

Sorenson et al. (2008) developed a 2 variable model which showed that the percentage of the 

caribou range within 250m of any linear feature and the percentage of the caribou range 

burned (burns in the last 50 years) had negative effects on lambda (rate of population change – 

described above).   Similarly, Boutin and Arienti (2008), using updated information, determined 

that the density of linear features and the proportion of range covered by young forest (burns 

plus cut blocks in the last 30 years) were negatively correlated with caribou population growth 

(see Appendix 2).  Both studies developed equations to describe the negative relationship 

between lambda and habitat alteration.  According to these equations, given the linear feature 

density, percentage of young forest and percentage burned, the predicted lambda in the ranges 

is 0.88-0.89 for ESAR and 0.92-0.95 for CLAWR.   
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Given that the creation of linear features due to energy sector development is the most 

prominent human-caused habitat change in caribou range in the TT, it is likely that these 

changes are the primary contributor to the declines in caribou seen in the TT.   

In other studies, female adult caribou survival was negatively associated with linear feature 

density in northern boreal caribou ranges (Dunford 2003) and with cut block and road density 

in west-central caribou ranges (Smith 2004).  These results are consistent with research findings 

in other provinces.  For example, in Québec, Courtois et al. (2007) found that caribou were 

more likely to die as the amount of disturbed habitat, from timber harvest and fire, increased in 

their range.  In British Columbia, Wittmer et al. (2007) established that survival of female 

mountain caribou declined with the proportion of early and mid-seral stage forests within the 

home range; higher survival was associated with increasing proportion of older forests.  Kinley 

and Apps (2001) also determined that adult survival was lower in British Columbia ranges with 

more young forest as a result of timber harvesting, higher road densities, and more 

fragmentation.  More generally, Apps and McLellan (2006) suggested that the persistence of 

mountain caribou in British Columbia was linked to the presence of old forest and to their 

isolation from human presence, areas of high road density and motorized access.   

It is difficult to tease apart the potential causes of decline in the TT but all indications are that 

human-caused habitat change is playing a significant role.  The changes to habitat created by 

human activity predict a population lambda of 0.88-0.89 for ESAR and 0.92-0.95 for CLAWR.  

Observed average lambdas are .9135 for ESAR and .8935 for CLAWR.  These values would 

suggest that population size will drop by half every 8-10 years.   

Disease and parasites 

There is no evidence that caribou declines in Alberta are linked to disease or parasites.   

Weather and climate warming 

There are some arguments in the literature that weather can affect caribou population 

dynamics by reducing energy intake through deep snow or icing limiting access to lichens or by 

increasing calf mortality through wet, cold conditions during calving.  These situations have 

been documented for migratory and Peary caribou but not for woodland caribou (Festa-

Bianchet et al. 2010).  In most years, winter conditions in Alberta are not likely to negatively 

affect caribou condition, survival or reproduction.  However, it is possible that in winters with 

above average snowfall and/or severe crusting, caribou condition, reproduction and survival 

might be compromised.  There is no information to my knowledge to suggest that weather in 

recent years has been more severe for caribou in Alberta or in the TT.   
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Warming associated with global climate change may alter caribou population dynamics through 

increased frequency/severity of forest fires and forest insect outbreaks (such as mountain pine 

beetle although this is not applicable to the TT), changes to forage type/quality/abundance, 

changes in conditions that may favour caribou diseases and parasites, and altered predator-

prey dynamics.  For climate warming to affect caribou in the TT, the effects have to be 

immediate, given that human-caused habitat changes are likely to lead to extirpation in the 

next 20-40 years.  Given this, the most likely effects of warming climate would involve an 

increase in fire frequency and most importantly, an increase in deer abundance.  Latham (2009) 

and Charest (2005) showed that deer are expanding northward in northeastern Alberta to the 

point that they have reached densities capable of supporting wolf populations.  The cause of 

the northward expansion remains unknown but there is growing support for both habitat 

change (discussed above) and less severe winters (Dawe unpubl.) being contributing factors.    

There is no evidence to suggest that winter weather or climate conditions have made the TT 

less suitable for caribou.   

 

Recommendations for restoration and maintenance of caribou in the TT 

The ALT (2009) report summarizes the recommended actions for recovery of caribou in the 

ESAR and CLAWR. The report is based on extensive modeling work using the best available 

information for the region.  I fully support their recommendations which include: 

1. The time for management action is now. 

2. A suite of management actions requiring hundreds of millions of dollars is necessary to 

recover caribou. 

3. The suite of management actions must include: aggressive restoration of seismic lines, 

well pads and pipelines; no further increase in industrial activity (no further habitat 

change caused by human land use; full protection of caribou range); and reduction of 

caribou mortality risk.   

The ALT (2009) recommends that caribou management be conducted at a landscape scale.  

Tough choices need to be made between caribou conservation and industrial development of 

oil reserves.  It is clear that the history of planning and mitigation of activities at local project 

scales has not worked to protect caribou.  The cumulative effects of many individual projects 

have led to total industrial activity exceeding the levels that can support viable caribou herds in 

the TT and surrounding area.  Restoration, protection, and caribou mortality management need 

to be part of a broad land use planning framework that recognizes the trade-off between 

caribou conservation and industrial development.  The ALT (2009) recommends that zones 

within caribou range be created where caribou mortality management, restoration, and 
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protection are implemented.  However, the smaller the proportion of the ranges that receives 

these management actions the lesser the effect will be on caribou population increase.   It is 

more likely that recovery would be successful if the entire caribou range within the TT received 

all three management actions.   Finally, long-term risk to caribou will be minimized if habitat 

restoration in the entire caribou range within the TT begins as soon as possible (ALT 2009).  

 

Is there enough information available to act to conserve caribou?  

Scientific knowledge concerning caribou habitat requirements, caribou status, and appropriate 

conservation actions has become available in the last 10 years and there was fully adequate 

knowledge to act in the last 3-5 years.  This holds for the herds residing in the TT, northeastern 

Alberta, and the rest of Canada.  Dzus (2001) reported most of the population trends and 

management concerns outlined here.  Boreal caribou in Alberta were listed as Threatened 

under SARA in 2002 and a recovery plan was tabled in 2005 (ASRD 2005).  Although the 

Provincial government developed a recovery strategy in 2004, no on the ground actions have 

been implemented to date with the exception of the Little Smoky Range in west-central 

Alberta.    

The identification of critical habitat and development of a recovery strategy are fundamental 

steps in the conservation of any species, including caribou (see also the Federal SARA).  No 

National Recovery Strategy has been produced for caribou, partially due to a purported claim 

that Critical Habitat has not yet been identified (EC 2008).  In my opinion, the scientific 

information provided in EC (2008) was fully adequate to identify caribou Critical Habitat. This 

opinion was also held by the Scientific Advisory Group (of which I was a member) involved in 

drafting of the document.  A ‘preface’ to the recent assessment EC (2008) hints at continued 

delay of the recovery strategy until 2011.    

Neither the Provincial or Federal Governments have implemented any conservation-based 

land-use plans in the TT.  The Lower Athabasca Regional Plan is currently under development 

but there are no explicit conservation strategies for woodland caribou.  Recommendations 

made by ALT (2009) included the establishment of zone 1 areas within each caribou range that 

have caribou conservation as a priority. The management elements included caribou mortality 

management, restoration of current energy sector footprint and establishment of areas with no 

further industrial development.  The location and size of these zones were not made explicit 

and to date, the Provincial Government has not acted to implement the ALT (2009) 

recommendations.  

There is ample evidence to support the claim that any delays in the implementation of 

conservation actions for caribou greatly increase the risk of failure (ALT 2009).  Given the rapid 
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rates of decline that are now well-documented for the herds in  the TT, the number of animals 

left is fast approaching levels where management actions are less and less likely to be effective.    

It is my opinion that caribou will be extirpated from the TT, most of northeastern Alberta, and 

in many other parts of Canada if the conservation actions outlined in this report are not 

implemented immediately.  
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Appendix 1.  Calculation of lambda and realized population change, from Latham et al. (in 

press): Invading white-tailed deer change wolf-caribou dynamics in northeastern Alberta. 

Journal of Wildlife Management (please see original for references).  

A. DAVID M. LATHAM, M. CECILIA LATHAM, NICOLE A. MCCUTCHEN, STAN BOUTIN 

The finite rate of population increase, lambda (λ), for caribou herds was based on a long 

term provincial monitoring program that tracked the survival and recruitment rates of collared 

caribou in northeastern Alberta.  We typically maintained a sample size of 23 to 44 female 

caribou per range each year. 

Caribou survival rates were determined by relocating radiocollared adult female caribou 

3 to 12 times per year to check if they were alive, dead, or censored (i.e., the collar signal was 

lost).  Annual survival rates and variance for each ‘year’ (May to April) were calculated using the 

Kaplan-Meier program in Krebs (1999), which is based on Pollock et al.’s (1989) staggered entry 

modification of Kaplan-Meier’s (1958) survivorship model.  Calf:cow ratios (calves per 100 

cows) were used to estimate recruitment rates.  Ratios were determined after recruitment 

surveys were flown in February or March of each year (i.e., when calves were 10 or 11 months 

old).  We counted the number of calves and females in each group of caribou encountered 

during the survey.  We predominantly used radiocollar signals to find groups of caribou; 

however, we also classified any groups encountered opportunistically during the survey.  The 

mean calf:cow ratio and its variance was calculated for the entire survey with the means of 

ratio program in Krebs (1999), which is based on Cochran (1977).   

Annual estimates of λ from 1996 to 2009 were calculated using a stochastic version of 

Hatter and Bergerud's (1991) equation, in which λ = S/(1-R), S = female adult survival, and R = 

female calf recruitment (also see Patterson et al. 2002). We calculated female calf recruitment 

as (Y/2)/(100 + Y/2),  in which Y = number of calves per 100 cows.  We generated error 

estimates around λ by randomly drawing from annual survival and recruitment distributions 

(i.e., means and standard deviations) 10,000 times using the Monte Carlo PopTools extension 

for Excel (Hood 2009). Survival rates were drawn from a beta distribution (which truncates 

values at 0 and 1) and calf:cow rates were drawn from a lognormal distribution (which 

truncates values at 0) (see Morris and Doak 2002). Annual estimates of λ prior to 1996 were 

calculated using the original deterministic version of Hatter and Bergerud’s (1991) equation 

because the raw recruitment data were not available.   

Realized population change was calculated as the successive product of λ calculated 

from the first year of monitoring up to and including the 2009 λ calculation following Anthony 

et al. (2003).  For example, if λ for 1996, 1997, and 1998 was 0.97, 1.01, and 0.98 respectively, 

then realized population change would be calculated as (0.97)(1.01)(0.98) = 0.96.  When λ was 

estimated stochastically, we generated error estimates around realized population change by 

drawing randomly from annual λ distributions (i.e., mean and standard deviation) 10,000 times 

using the Monte Carlo PopTools extension for Excel (Hood 2009). Lambda was drawn from a 

lognormal distribution.  
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Appendix 2.  Calculation of the relationship between linear feature density, young forest and 

caribou population growth (lambda).    

Adapted from Boutin, S., and C. Arienti. 2008.  BCC equation reanalysis – final report.  

Unpublished report prepared for the Alberta Caribou Committee, Edmonton, AB.  19 pp.    
 

Sorensen et al. (2008) derived a linear regression equation relating caribou population growth 

rate (λ) to the proportion of each range within 250m of a linear feature and the Proportion of 

range burned in the last 30 years.  The Sorensen et al. (2008) model was:  

λ =1.192-0.00315* (% within 250m of Industrial features)-0.0029(%Burned).   

We performed a similar analysis but used additional years of caribou demographic information 

and more herds to derive an updated equation.  The objectives were to examine potential 

statistical relationships between woodland caribou population growth and various disturbance 

variables (fires and human-caused).  Selected variables for consideration were meant to assess 

the proposed relationship between human activities and the creation of primary prey habitat 

(young forest) and improved predator access (linear features).       

 

Methods 

We used nine herds in the analysis (WSAR, ESAR, Cold Lake Air Weapons Range (CLAWR), 

Chinchaga (CH), Red Earth (RE), Caribou Mountains (CM), Little Smoky (LS), Red Rock Prairie 

Creek (RRPC), and A La Peche (ALP); Table 1).   

We calculated the geometric mean of annual λ for each herd as described in McLoughlin et al. 

(2003) over the period 1993-2006. For the Little Smoky herd, geometrical mean and variance 

were calculated over the period 1993-2005, discarding the population data from years after 

wolf control and calf penning were implemented.  

We obtained range boundaries for each herd from the ACC website.  The Base Features 2006 

dataset was used as a source for all linear feature information.  From it we calculated:  

Linear feature density (LF): Road, Pipeline and Seismic line polyline shapefiles were intersected 

with the range to obtain the total length, in km, of each type of linear feature per range. The 

total length was then divided by the area of the range to obtain densities of roads, pipelines 

and seismic lines in km/km2. These were also summed to provide the total density of all linear 

features.  
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Linear feature area (ha) + buffers: The Road, Pipeline and Seismic line polygonal shapefiles 

described above (where each polyline was buffered to represent their actual on-the-ground 

area) were each buffered by applying a 25m  buffer to each side (50 m buffer in total), with flat 

ends, and then completely dissolved in order to remove any overlaps. Buffer sizes of 100m 

(50m to each side) and 200m (100m to each side) were also applied. Once buffered, each linear 

feature type was intersected with the range shapefiles in order to obtain the total area, in ha, 

of each type of linear features plus its buffer.  This was then used to calculate the % of each 

range within a designated buffer.  

We also calculated a number of variables that attempted to capture the potential of each range 

to support other ungulates as indicated by the % of recently disturbed habitat.  These variables 

included: 

Burns: Fire polygons were obtained from the Alberta fire database. All fires that occurred 

between 01/01/1976 and 01/01/2006 were included in the analysis (i.e. fires less than 30 yrs 

old). Polygons with burncode = I (unburnt islands) were discarded, however, polygons with 

burncode = PB (partial burns) were retained. All fire polygons were dissolved together in order 

to remove any overlap. The fire shapefile was then intersected with the range and buffered 

range shapefiles in order to obtain the total area, in ha, and the percent area of burns less than 

30 yrs old.  

Harvested: Because we couldn’t get recent cutblock shapefiles for all of the ranges, we used a 

tabular database (provided by the Alberta Sustainable Resource Develeopment Forest Branch) 

containing information on forestry cutblocks (location (see below), area and harvest date) that 

were harvested between 01/01/1976 to 01/01/2006. Many of the cutblock records in the 

tabular database had information on the township, range, meridian and section (TTRRMMSS) in 

which the cutblock is located; however, some of the records only had information on township, 

range, meridian (TTRRMM) so this was the only spatial reference that could be used. Each 

TTRRMMSS and TTRRMM was intersected with the range shapefiles, and the proportion of each 

one of these cells falling within each range/buffered range was calculated. Once this was 

known, each cutblock was matched to a range or buffered range based on the TTRRMMSS or 

TTRRMM where it is located. For those TTRRMMSS/TTRRMM that fell only partially within a 

certain range, the known area of the cutblock was multiplied by the proportion of the 

corresponding TTRRMMSS or TTRRMM that fell within the range or buffered range. We did this 

to avoid counting the totality of a large cutblock for a certain range if only part of the 

corresponding TTRRMMSS/TTRRMM fell within the range/buffered range. Once each cutblock 

was matched to a range and its area within the range proportionally adjusted, we added them 

in order to obtain the total area as well as the % of the range consisting of cutblocks less than 

30 yrs old.   
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Young: This variable was calculated by adding the area of young burns and young cutblocks and 

then dividing this by the total area of the range. Additionally, we calculated the proportion of 

the range that had been disturbed; this variable included the area of young burns, young 

cutblocks, well sites (1 ha each), roads (10-30m), pipelines (30m) and seismic lines (5m).  

 

Dependent and independent variables 

Table 1 summarizes the values used in our statistical analysis.  Road, pipeline, seismic, LF (linear 

features) values are expressed as km/km2.  Burn is the % of each range that has burned in the 

last 30 years and Harvested is the % of each range that has been harvested in the past 30 years.  

Young is the sum of Burn plus Harvested.  

We used total linear feature density in our regression analyses.  Linear features were 

dominated by seismic lines (75-99% of all linear features).   Also, linear feature density and the 

% of range within buffers (25, 50, and 100m) of linear features were highly correlated (R> 0.98) 

so we did not include any buffer measures in the analysis.   

The % of range in young habitat was highly correlated with the % of range that had been 

burned in the last 30 years (r = 0.974).  The % of range that had burned in the last 30 years was 

not strongly correlated with the proportion that had been harvested (r=-0.364).   

Linear features were not correlated with the % of young forest (r=-0.082).  



 

Table 1. Values used in the statistical analyses.   

HERD Lambda Range size (ha) Road  Pipeline Seismic LF Burn Harvested Young 

ALP 1.02324 568717 0.08505 0.02137 0.50524 0.61167 0.00154 2.60203 2.60358 

CM 0.89807 1863867 0.00492 0.00174 0.85822 0.86488 35.71134 0.96317 36.67450 

CH 0.92613 894560 0.06655 0.12457 3.16567 3.35678 2.63241 0.15569 2.78810 

CL 0.93344 267948 0.01821 0.24428 0.88927 1.15176 30.02471 0.02938 30.05409 

ESAR 0.94522 1469081 0.05298 0.23616 1.49452 1.78366 22.70601 1.91660 24.62261 

LS 0.90841 292706 0.21450 0.16892 3.36415 3.74757 0.09608 10.16583 10.26191 

RE 0.92158 1597686 0.04959 0.06526 1.98245 2.09729 25.48671 1.60477 27.09148 

RRPC 0.95995 451338 0.14688 0.06229 0.63225 0.84141 0.38400 5.42790 5.81190 

WSAR 0.97512 1500989 0.05173 0.13034 0.99694 1.17901 2.78638 0.53021 3.31658 



 

Table 1 summarizes the values used in our statistical analysis.  Road, pipeline, seismic, LF (linear 

features) values are expressed as km/km2.  Burn is the % of each range that has burned in the 

last 30 years and Harvested is the % of each range that has been harvested in the past 30 years.  

Young is the sum of Burn plus Harvested. We used total linear feature density in our regression 

analyses.  Linear features were dominated by seismic lines (75-99% of all linear features).   Also, 

linear feature density and the % of range within buffers (25, 50, and 100m) of linear features 

were highly correlated (R> 0.98) so we did not include any buffer measures in the analysis.   

The % of range in young habitat was highly correlated with the % of range that had been 

burned in the last 30 years (r = 0.974).  The % of range that had burned in the last 30 years was 

not strongly correlated with the proportion that had been harvested (r=-0.364).   

Linear features were not correlated with the % of young forest (r=-0.082).  

Statistical analysis 

To conduct regression analysis, we followed the methods used by Sorensen et al. (2008) and 

used a weighted least squares linear regression. The inverse of the geometric variance for each 

herd was used to weight the data. We produced the following set of candidate models for 

comparison using an AIC approach. 

lambda=LF + Harvested + Burn 

= LF 

  =Burn 

  =Harvested  

=LF + Burn 

=LF + Harvested 

=Harvested + Burn  

= Young 

=LF + Young 

 

Note that a model including both Burn and Young was not part of the candidate set because 

these two variables were highly correlated.    
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Table 2. Summary of AIC analyses for regression models listed above.      

 

model AIC            k AICc Delta AICc likelihood wi 

LF+Young -40.272 2 -38.272 0 1 0.590622 

LF+Burn -38.958 2 -36.958 1.3139675 0.5184126 0.306186 

LF+Burn+Harvested 

-

38.3337 3 

-

33.5337 4.7382674 0.0935617 0.05526 

Young -31.727 1 

-

31.1556 7.1164286 0.0284897 0.016827 

LF -30.882 1 

-

30.3106 7.9614307 0.0186723 0.011028 

Burn 

-

30.5501 1 

-

29.9787 8.293342 0.015817 0.009342 

Burn+Harvested 

-

31.1397 2 

-

29.1397 9.1323423 0.0103977 0.006141 

Harvested -27.863 1 

-

27.2916 10.980436 0.0041269 0.002437 

LF+Harvested 

-

29.0466 2 

-

27.0466 11.225409 0.0036512 0.002156 

 

   The model receiving greatest support was Lambda = LF + Young.  However, the model, 

Lambda = LF + Burn ranked second and had similar support.  All other models had much weaker 

support.   

The adjusted r2 on the best model was 0.74 and coefficients for LF and Young were negative and 

statistically significant (see Table 3).  
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Table 3. Summary statistics for the regression model, Lambda = LF +Young. 

Coefficients: Estimate 

Std. 

Error  t value Pr(>|t|)   

(Intercept)        1.018402 0.016543 61.559 

1.24E-

09 

LF          

-

0.023373 0.006393 -3.656 0.01063 

Young 

-

0.002104 0.000538 -3.908 0.00791 

     

Multiple R-squared: 0.802,      Adjusted R-squared: 0.736  

F-statistic: 12.15 on 2 and 6 DF p-value: 0.007759  

Based on the above analyses we adopted the following empirical model to describe the 

relationship between caribou population growth and changes in linear feature density arising 

from energy exploration and restoration:  

Lambda=1.0184-0.0234*Linear feature density-0.0021*%Young 

Where linear feature density is expressed as km/km2 and Young is the % of a caribou range that 

has been burned or harvested in the last 30 years.    
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Appendix 3.  Summary of land use change as determined by GIS-based calculations.   

Area of Ranges 

Cold Lake = 6,719.01 km2 = 671,901.24 ha 

ESAR = 13,150.35 km2 = 1,315,034.79 ha 

WSAR = 15,720.64 km2 =  1,572,063.88 ha 

 

Given the small proportion of WSAR in the TT we did not include it in the report but it is 

included this appendix.   

1- What proportion of ESAR and Cold Lake ranges are in the TT? 

 

CLAWR = 1 

ESAR = 0.516 

 

Note: calculated using the latest available delineated caribou ranges for Alberta (ASRD 2010) 

 

2- What proportion of the TT is covered by caribou habitat? What proportion of the TT is 

covered by delineated ranges?  

 

Proportion of TT covered by caribou habitat (peatland) = 0.3116 

 

 

 

 

 

Upland/Peatland Habitat inside of Caribou ranges in the TT 

Range Habitat Area (ha) Area (km2) 

Cold Lake 
Peatland 354,211.43 3,542.11 

Upland 317,689.81 3,176.90 

ESAR 
Peatland 330,319.09 3,303.19 

Upland 348,747.57 3,487.48 

WSAR 
Peatland 9,268.81 92.69 

Upland 2,929.86 29.30 

Total Peatland in Caribou ranges 693,799.34 6,937.99 

Total Upland in Caribou ranges 669,367.23 6,693.67 

Total in Caribou ranges 1,363,166.57 13,631.67 

Upland/Peatland Habitat in the TT 

Habitat 

type Area (ha) Area (km2) Proportion of  TT 

Peatland 1,214,425.17 12,144.25 0.3116 

Upland 2,682,764.33 26,827.64 0.6884 

Total 3,897,189.50 38,971.90 
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Upland/Peatland Habitat Outside of Caribou ranges in the TT 

Total Peatland outside Caribou ranges 520,625.83 5,206.26 

Total Upland outside Caribou ranges 2,013,397.10 20,133.97 

Total 2,534,022.93 25,340.23 

 

Note: Caribou habitat was calculated using the Alberta Peatland Inventory (Vitt et al. 1998). 

Caribou habitat was considered to be peatland habitat identified as those polygons with more 

than 50% of peatland types (e.g. bogs, fens, etc.) 

 

Proportion of TT covered by delineated ranges = 0.34978 (includes ESAR, CLAWR and a bit 

of WSAR) 

 

Proportion of TT covered by ESAR  = 0.17425 

Proportion of TT covered by WSAR  = 0.00313 

Proportion of TT covered by CLAWR = 0.17241 

 

Note: calculated using the latest available delineated caribou ranges for Alberta (ASRD 2010). 

3- What is the linear feature density in the TT? Total km? 

 

 

 

 

 

Note: Calculated using all roads, pipelines and seismic lines from the Provincial Digital Base Map 

Data (ASRD 2006).  

4- What is the number of well sites in the TT? 

 

 

 

 

In caribou range within the TT 

Linear feature 

type 
Length (km) 

density 

(km/km2) 

Roads 12,283.98 0.3152 

Pipelines 11,591.21 0.2974 

Seismic 66,489.19 1.7061 

Total 90,364.38 2.3187 

Based on a Total Area for the TT = 38,971.90 km2 

 
Number Density (#/km2) 

Oil and gas wells (as of June 2007) 31,036 0.7964 

Oil and gas wells (as of January 2010) 34,773 0.8923 
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CLAWR    7484 

ESAR        3603 

WSAR      24 

 

Total number of wells in caribou ranges within the TT = 11,111 (as of January 2010) 

 

Note: Calculated using all oil and gas wells, surface hole locations, from the dataset by IHS 

Energy (2007, 2010). 

 

5- What percentage of the ranges in TT are covered by young forest? 

 

Proportion of TT covered by fires < 30 yrs old = 0.1619 

Fires <30 yrs old inside of Caribou ranges in TT 

Range Area (ha) Area (km2) 

Fires in Cold Lake 180,762.34 1,807.62 

Fires in ESAR 230,029.71 2,300.30 

Fires in WSAR 193.02 1.93 

Total Fires in Caribou Ranges in TT 410,985.07 4,109.85 

Fires <30 yrs old outside of Caribou ranges in TT 

Fires outside of caribou ranges in TT   219,971.47 2,199.71 

Total area of fires in  TT 630,956.54 6,309.57 

Total area of TT 3,897,189.50 38,971.90 

 

Note: Calculated using fire polygons from the provincial fire database (ASRD 2010). All fires that 

occurred between 30/04/1978 and 30/04/2008 were included in the analysis (i.e. fires less than 

30 yrs old). These dates were selected based on the harvesting data available, which was 

current to 30/04/2008. Polygons with burncode = I (unburnt islands) were discarded, however, 

polygons with burncode = PB (partial burns) were retained. All fire polygons were dissolved 

together in order to remove any overlap.  

Note: Calculated using the Alberta Provincial Fire Database (ASRD 2010). 

 

Proportion of  TT covered by cutblock < 30 yrs old = 0.0277 

Area of cutblocks in the TT = 107,998.10 ha.  
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Note: To calculate area harvested, we used tabular data from the ARIS database (ASRD 2008) 

containing information on forestry cutblocks (area (ha) and harvesting date) harvested between 

30/04/1978 to 30/04/2008 (i.e. cutblocks less than 30 yrs old). Many of the cutblock records in 

the tabular database had information on the section (TTRRMMSS) in which the cutblock is 

located; however, some of the records only had information on the township (TTRRMM); this 

was the only spatial reference information that could be used to spatially locate the cutblocks 

across the province. Township and Section shapefiles were spatially intersected with the TT 

shapefile, and the proportion of each one of these cells falling within the TT was calculated. 

Once this was known, each cutblock in the tabular database was retained if the TTRRMMSS or 

TTRRMM where it was located was itself located within the TT. For those TTRRMMSS/TTRRMM 

that fell only partially within the TT, the known area of the cutblock was multiplied by the 

proportion of the corresponding TTRRMMSS or TTRRMM that fell within the  TT. We did this to 

avoid counting the totality of a large cutblock if only part of the corresponding 

TTRRMMSS/TTRRMM fell within the BLCN TT (and because we didn`t know exactly where in the 

TTRRMMSS or TTRRMM the cutblock was located). Once the cutblocks within the TT were 

identified, and their area within the  TT proportionally adjusted, we added them in order to 

obtain the total area as well as the proportional area of cutblocks less than 30 yrs old within the  

traditional territory. 

6- Linear feature density for the ESAR and CLAWR caribou ranges in the TT. 

Range 

Area 

within 

the TT 

(km2) 

Pipeline 

length 

(km) 

Road 

length 

(km) 

Seismic 

length 

(km) 

Pipeline 

density 

(km/km2) 

Road 

density 

(km/km2) 

Seismic 

density 

(km/km2) 

All LF 

density 

(km/km2) 

CLAWR 6,719.01 2,014.88 394.16 9,198.68 0.300 0.059 1.369 1.73 

ESAR 6,790.67 2,000.95 554.15 12,326.72 0.295 0.082 1.815 2.19 

WSAR 121.99 11.90 - 174.14 0.098 0.000 1.428 1.53 

 

So the density of linear features within ESAR and CLAWR in the TT is 2.19 km/km2 and 1.73 

km/km2, respectively.  

Note: Calculated using all roads, pipelines and seismic lines from the Provincial Digital Base Map 

Data (ASRD 2006).  
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7- Proportion of the ranges in the TT that are within 250m of a linear feature. 

Range 

Area of range 

within the TT (km2) 

Area of LF with 

250m buffer (km2) 

Proportion of the range in 

the  TT within 250m of a LF 

CLAWR 6,719.01 3,436.60 0.511 

ESAR 6,790.67 4,457.19 0.656 

WSAR 121.99 62.91 0.516 

 

Note: Calculated using all roads, pipelines and seismic lines from the Provincial Digital Base Map 

Data (ARSD 2006).  

8- Proportion of young forest (burns and cuts < 30 yrs old) in caribou range within the TT for 

ESAR and CLAWR 

Range 

Area of 

range 

within  TT 

(ha) 

Area (ha) of 

fires ≤30 yrs 

within TT 

portion of 

the range  

Area (ha) of CC 

≤30 yrs within 

TT portion of 

the range 

Area (ha) of 

young habitat 

(burns + cuts ≤30 

yrs old) within 

the TT portion of 

the range 

Proportion of 

young habitat 

(burns + CCs ≤ 30 

yrs old) within the 

TT portion of the 

range 

CLAWR 671,901.25 180,762.34 4,170.64 184,932.98 0.2752 

ESAR 679,066.65 230,029.71 25,221.37 255,251.07 0.3759 

WSAR 12,198.59 193.02 190.95 383.97 0.0315 

 

Note: Calculated using the Alberta Provincial Fire Database (ASRD 2010) and the ARIS database 

(ASRD 2008). 

9- The % burn in caribou range within the TT for ESAR and CLAWR (to use in Sorensen 

equation). The Sorensen equation considers recent fires (≤ 50 yrs old).  

Range 

Area of 

range 

within  TT 

(km2) 

Area of fires 

≤50 yrs within 

the TT portion 

of the range 

(ha) 

Area of fires ≤50 

yrs within the TT 

portion of the 

range (km2) 

Proportion of 

the TT portion 

of the range in 

≤50yrs old 

fires 

Percentage of 

the TT portion 

of the range in 

≤50yrs old fires 

CLAWR 6,719.01 198,222.54 1,982.23 0.295 29.5017 

ESAR 6,790.67 237,360.94 2,373.61 0.350 34.9540 

WSAR 121.99 276.78 2.77 0.023 2.2689 

 

Note: Calculated using the Alberta Provincial Fire Database (ASRD 2010) and the ARIS database 

(ASRD 2008). 
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10- Agriculture 

We used the Census of Agriculture for Alberta (AARD 2001) which provides tabular data on the 

number of farms of a given acreage by county/municipal district (table attached). We calculated 

the area of farms within the TT based on the counties/MDs that fall within the TT (and for those 

counties/MDs that do not fall completely within the TT we adjusted the area proportionally). 

We used a mean size for each acreage category. After doing all these calculations, it comes out 

to a proportion of  0.20250 of the TT under agriculture (789,166.07 ha = 7,891.66 km2).  

 

Data sources: 

- Alberta Agriculture and Rural Development (AARD). 2001. 2001 Census of Agriculture for 

Alberta. Available from 

http://www1.agric.gov.ab.ca.login.ezproxy.library.ualberta.ca/$department/deptdocs.nsf

/all/sdd5726?opendocument 

- Alberta Sustainable Resource Development (ASRD). 2008. Alberta Reforestation Information 

System (ARIS). Maintained by the Forestry Branch, Alberta Sustainable Resource 

Development, Edmonton, Alberta. 

- Alberta Sustainable Resource Development (ASRD). 2010. Delineated Caribou ranges for 

Alberta. Fish and Wildlife Division. 

- Alberta Sustainable Resource Development (ASRD). 2010. Fire history database. Available at 

http://www3.gov.ab.ca/srd/wildfires/ [Verified 01 June 2010] 

- Alberta Sustainable Resource Development (ASRD). 2006. Provincial Digital Base Map Data. 

Resource Management Branch, Edmonton, Alberta. Available from ALTALIS 

(http://www.altalis.com/) 

- IHS Energy. 2007. Wells, Surface Hole. Shapefile, current to June 2006. Calgary, Alberta. 

- IHS Energy. 2010. Wells, Surface Hole. Shapefile, current to January 2010. Calgary, Alberta.  

- Vitt, D.H., L.A. Halsey, M.N. Thormann, and T. Martin. 1998. Peatland Inventory of Alberta. 

Prepared for Alberta Peat Task Force, fall 1996. Sustainable Forest Management Network 

of Centres of Excellence, University of Alberta, Edmonton, Alberta, Canada.  
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Concept to Practice, Sault Ste. Marie (2002) 

22. Faculty of Science Visiting Committee, (2002) 
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27. Australian National University (2000) 
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29. University of Queensland, Brisbane (2000) 
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Holloway and W.E. Magnusson. 2010. Why resist real solutions for biodiversity monitoring and 

research?  Trends in Ecology & Evolution 125:199-200.  
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