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EXECUTIVE SUMMARY 

Objectives-based management of cumulative effects is a new, innovative approach to 
integrated land management. There is an emerging consensus that limits on land use-
based impacts can help to sustain desired landscape conditions while still achieving 
economic and social objectives. The selection of explicit targets at a regional level can be 
used to inform decision making on the regulation and assessment of individual 
development projects. These socio-economic or ecological targets need to be developed 
using science, traditional and local knowledge, and social values. 

The Sahtu Land Use Planning Board is mandated to develop and implement a land use 
plan for the Sahtu Settlement Area of the Northwest Territories. The Board released a 
first draft of the Sahtu Land Use Plan in February, 2007. In preparation of the first draft 
of the Plan, the Board considered many different tools and approaches. Management 
objectives were thought to be a useful approach, but their implementation was not 
formally pursued at that time. A November 2007 workshop identified a large degree of 
support for implementing management targets in the Sahtu Land Use Plan by a wide 
variety of stakeholders, including Sahtu community members and representatives from 
government, industry and non-governmental organizations. This study was commissioned 
by the Sahtu Land Use Planning Board to identify useful valued components and provide 
science-based information on candidate targets that could be used to manage these valued 
components as part of the land use plan. 

Three general Valued Components – wildlife, water quality, and fish were identified for 
the implementation project. Woodland caribou, water quality, and lake trout are 
concluded to be the best regional examples of these Valued Components for target 
implementation because relatively good information is available to generate candidate 
objectives for one or more regions of the Sahtu Settlement Area.  

Linear density (all types of corridors in zone expressed as km/km2) and young forest  
(% of zone <30 years old following burns or clearing) are proposed as the most suitable 
indicators for managing woodland caribou in the Sahtu Settlement Area. These were 
identified as the key variables in the most recent evaluation of cumulative effects on 
western woodland caribou. Candidate management objectives are defined for these 
indicators: a Cautionary Marker that specifies the point at which routine screening and 
monitoring should begin; a Management Target that specifies the point at which 
enhanced assessment and protection should begin; and a Management Threshold that 
defines the point at which environmental impact review and restrictive protection 
measures would be required.  

Linear density is also a useful indicator for water quality because of the influence of 
roads and stream crossings on stream hydrology, sediment, nutrients, and pollutants. 
Candidate management objectives are also defined to manage this Valued Component.  

Lake trout are a very good indicator of the influence of harvest on fish community health. 
Candidate tiered objectives are provided for old, large lake trout catch rate in Great Bear 
Lake, consistent with documented lake trout response to harvest and the management 
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vision specified in the Great Bear Lake Watershed Management Plan (Great Bear Lake 
Working Group 2005).  

The following steps should be used for target implementation in the Sahtu Settlement 
Area:  

1. Adopt the candidate woodland caribou, water quality, and lake trout targets 
proposed in Sections 2, 3 and 4 as a foundation for further discussion. 

2. Obtain and process required land cover and land use information described in 
Section 5 so that it can be provided in a consistent and readily available format. 
Investigate opportunities to leverage NWT Environmental Stewardship 
Framework information management initiatives.  

3. Refine standardized analysis, reporting, and review methods proposed in 
Sections 6.2 through 6.4 in conjunction with the SLUPB, decision makers, and 
land users.   

4. Evaluate the likely future economic and environmental implications of target 
implementation using ALCES scenario modeling in conjunction with the 
SLUPB, decision makers, and land users. Use this as an opportunity to educate 
land users, and decision-makers about what this approach means to encourage 
Aboriginal peoples’ understanding and buy-in. This is described in Section 6.5.  

5. Implement a non-binding pilot study to test and refine analysis, reporting, and 
review methods, and build stakeholder confidence and awareness about the 
long-term benefits of this approach; and  

6. Continue monitoring as required to refine dose-response curves, targets, and 
management actions.  

 

Anticipated roles and responsibilities for these steps are discussed.  
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1. INTRODUCTION 

The Sahtu Land Use Planning Board (the Board) is mandated to develop and implement a 
land use plan for the Sahtu Settlement Area of the Northwest Territories. The Board 
released a first draft of the Sahtu Land Use Plan in February, 2007 (SLUPB 2007). The 
Sahtu Land Use Plan (hereafter referred to as ‘the Plan’) is organized to reflect the three 
Sahtu Settlement Area Districts: Déline District, K’ahsho Got’ine District, and Tulita 
District (Figure 1). 

 Three types of land use zones are established in the Plan. Conservation Zones prohibit 
industrial development. Multiple Use Zones are subject to standard regulatory system 
planning and mitigation measures. An intermediate zone, the Special Management Zone, 
allows industrial development but applies development conditions that recognize the 
“special” nature of ecological and cultural resources in that area. 

Objectives-based management of cumulative effects is a new, innovative approach to 
integrated land management. There is an emerging consensus that limits on land use-
based impacts can help to sustain desired landscape conditions while still achieving 
economic and social objectives. The selection of explicit targets at a regional level can be 
used to inform decision making on the regulation and assessment of individual 
development projects. These socio- economic or ecological targets need to be developed 
using science, traditional and local knowledge, and social values. 

In preparation of the first draft of the Plan, the Board considered many different tools and 
approaches. Management targets were thought to be a useful approach, but their 
implementation was not formally pursued at that time.  

A two-day workshop on targets-based management of cumulative effects was held 
November 2007 in Yellowknife with a wide variety of stakeholders, including Sahtu 
community members and representatives from government, industry and non-
governmental organizations. There was a large degree of support for implementing 
management targets in the Sahtu Land Use Plan by workshop participants. Many of the 
participants expressed the need to manage cumulative effects of existing and proposed 
human activity on the environment and cultural values. In an effort to achieve the 
sustainable development vision of the Plan, targets could be used to guide decision 
making on land and resource use (Holroyd et al. 2008). 

However, participants recommended that the implementation of targets should not delay 
Plan approval. They suggested that while the Plan is being finalized and adopted, 
research and consultation on the definition and implementation of targets could continue 
simultaneously so that at minimum, a process for target implementation could be 
included in the Plan. The following approach was recommended to set targets for the 
Plan:  

1. Identify valued components and indicators;  
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2. Research appropriate targets for the valued components (using science and social 
values); 

3. Consult with stakeholders to discuss targets and the implications of setting them; 
and, 

4. Include targets into latest version of the Plan. 
 
Building on this workshop, the Board commissioned the ALCES Group to undertake 
tasks 1 and 2 as the Sahtu Target Implementation Project and continue to support the 
development of land management targets.  

1.1 PROJECT OBJECTIVES 

The goal of the Sahtu Target Implementation Project is to assist the Board in achieving 
balanced development in the Sahtu Settlement Area through implementation of the Sahtu 
Land Use Plan. The Board is currently working on a second draft of the February 2007 
release. The second draft will refine the long term vision, zoning and terms provided in 
Draft 1 “to protect and promote the existing and future well-being of the residents and 
communities of the settlement area having regard to the interests of all Canadians.” as 
prescribed by the Sahtu Dene and Metis Comprehensive Land Claim (SLCA). 

The Sahtu Target Implementation Project focuses on steps 1 and 2 of the identified 
workshop tasks identified above. These materials can be subsequently used for 
stakeholder consultation during preparation of the Sahtu Land Use Plan. More 
specifically, the objectives of this project are to: 

1. Identify candidate targets for two Valued Components (woodland and barren-
ground caribou; and fish / water quality1) that reflect latest scientific knowledge 
and management guidance provided in the Great Bear Lake Management Plan, 
Federal Wetland Policy, and other Sahtu region planning documents; 

2. Evaluate the suitability of Ducks Unlimited Earth Cover Classification, The 
Nature Conservancy’s Freshwater Classification, and Ducks Unlimited’s 
Predictive Waterfowl Distribution model for target development and 
implementation;  

3. Propose target implementation measures that reflect existing land claims and 
resource management policies, procedures, and approaches; and  

4. Identify a process including mapping and scenario modelling that could be 
implemented to consult with stakeholders about the anticipated advantages and 
disadvantages (including benefits and costs) of candidate targets and 
implementation measures.  

                                                 
1 Fish / water quality. The health of individual fish and fish populations may be effective indicators of 
overall water quality and aquatic integrity. Candidate targets will also attempt to include or be applicable to 
wetland ecosystems, to the extent feasible. 
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Figure 1.  Sahtu Settlement Area and land management Districts. 
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1.2 TARGET IMPLEMENTATION FRAMEWORK AND DEFINITIONS 

The concept of ‘Valued Component’ indicators and targets was introduced through the 
NWT Environmental Stewardship Framework (ESF2) and Cumulative Impact Monitoring 
Program (CIMP) initiatives. These elements form a hierarchical system that helps focus 
research, monitoring, and management activities on priority issues (Figure 2). Further 
information on this framework relevant to the Sahtu Settlement Area and other regions of 
the NWT is provided in the ESRF Valued Component Objectives project (Antoniuk et al. 
2009). The terms and definitions provided below have been adopted from the ESRF 
report to ensure that terminology is consistent and clearly defined.   

 

 

 

 

 

 

 

 

 

 

Figure 2.   NWT Valued Component hierarchy described by NWT Environmental 
Stewardship Framework. 

1.2.1 Valued Components 

A Valued Component is an aspect of the environment that is considered important on the 
basis of economic, social, cultural, community, ecological, legal, or political concern. A 
Valued Component is not an indicator in itself, although impacts on, or trends in, some 
characteristic of a Valued Component may be used as an indicator." (DIAND 2003). 

The ESRF study proposed a suite of eight general Valued Components that could be 
applied anywhere in the Mackenzie basin (i.e., Air Quality; Water Quality and Quantity; 
Sensitive Features and Habitats; Focal Wildlife Species; Focal Fish Species; Traditional 
Culture and Land Use; Community Well-being; and Economy and Business). These 
                                                 
2  The ESF was formerly known as the Cumulative Effect Assessment and Management Framework or 
CEAMF initiative.  
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general Valued Components are “an aspect of the territorial environment that is 
considered important for cumulative effects management or monitoring” (Antoniuk et al. 
2009). 

The ESRF framework also suggested that these generalized Valued Components be 
represented by more specific regional or sub-regional Valued Components that are of 
particular economic, social, cultural, community, ecological, legal, or political concern in 
a management area. Three regional Valued Components (caribou, water quality, and fish) 
were selected for this Sahtu implementation project. These Valued Components have 
regional social, economic and recreational value based on guidance provided in the 
February 2007 Draft Sahtu Land Use Plan (SLUPB 2007), Great Bear Management Plan 
(Great Bear Lake Working Group 2005), and discussions at the November 2007 
workshop (Holroyd et al. 2008). In addition, there is reasonable regional and scientific 
knowledge about cumulative effects on the regional Valued Components.  

1.2.2 Indicators, Objectives, and Targets 

‘Indicators’ are “a characteristic of the social or ecological setting that is used to describe, 
measure, manage, and report on one or more Valued Components” (DIAND 2003). 
Indicators provide information on the status of one or more selected Valued Components, 
but do not provide information on whether or not the current status is acceptable. For this 
reason, ESF also identified the need for explicit targets, thresholds, or objectives to be 
linked to these indicators to differentiate acceptable and unacceptable conditions. This 
‘Management by Objective’ approach is commonly used in both the private and public 
sectors to guide day-to-day decision making and is also applicable to resource 
management.  

A tiered objectives approach was developed to manage deposition of acidic air pollutants 
(Bull 1991, 1992). Tiered objectives provide a series of progressive markers that reflect 
increasing degrees of concern or risk to desired outcomes. These numerical objectives are 
in turn related to appropriate monitoring, management, and regulatory responses. Tiered 
objectives:  

• address scientific and political uncertainty by providing progressive decision 
points; 

• encourage innovation; 

• provide clear ‘rules of the road’; and 

• maintain flexibility for all land users.  
 

Figure 3 illustrates a three tiered objective model originally developed for the Clean Air 
Strategic Alliance (AENV and CASA 1999). Note that current conditions may actually 
exceed markers, targets, or thresholds. 
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Figure 3. A conceptual tiered objective structure showing how markers, targets 
and thresholds are linked to management actions. 

 

 

Tiered objectives can be integrated with Valued Components and indicators into a Sahtu 
land and resource management framework as shown in Figure 4. Here, explicit 
management objectives are linked to regional Valued Components to differentiate ranges 
of ‘desirable’, ‘acceptable’ and ‘unacceptable’ indicator conditions.  

• ‘Desirable’ conditions are where cumulative effects have had no or negligible 
adverse effect on the Valued Component (e.g., stable to increasing caribou 
population).  

• ‘Acceptable’ conditions are where a greater level of adverse effects has 
occurred, but the status of the Valued Component is considered adequate 
from a social or ecological perspective (e.g., stable caribou population).  

• ‘Unacceptable’ conditions are where the status of the Valued Component does 
not achieve socially- or ecologically-based objectives (e.g., declining caribou 
population).  

 

A ‘target’ is a management objective that relates the current or future status of a Valued 
Component indicator to regional or sub-regional ecological or social values. Land use 
plans generally discuss or describe these values, so explicit targets are the clearest way to 
translate desired outcomes directly into management actions when land use decisions are 
made.  
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Figure 4. Sahtu target implementation framework linking Valued Components, indicators, and tiered management 
objectives to management actions. 
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In this report the term ‘targets’ is substituted for ‘thresholds’ or ‘limits’. The word 
‘thresholds’ has been frequently used in the past to describe land management objectives. 
However, this word is particularly problematic because it is most commonly considered 
to represent a science-based value that clearly differentiates acceptable and unacceptable 
conditions. In practice, few such thresholds exist. Further, a ‘target’ implies something to 
be managed to, rather than a cap or no-go point, and also implies (correctly), that social 
or economic values have been considered when it was developed (Antoniuk et al. 2009).  

When applying the regional Valued Component framework depicted in Figure 4, 
objectives for desirable, acceptable, and unacceptable indicator status are specifically 
linked to three management and decision-making stages differentiated by the pre-defined 
markers, targets, thresholds, or limits.  

Management Thresholds or Regulatory Limits represent the predefined point at which the 
indicator changes from Acceptable to Unacceptable status and restrictive management 
measures are initiated to avoid further impacts on the Valued Component (the red area in 
Figure 3and Figure 4). A level of acceptable change must be defined in order to establish 
this marker (e.g., no caribou population decline). Once the acceptable change level is 
defined, a science-based threshold is derived from best available information. As 
examples, the management threshold may be based on predicted probability of population 
decline (Lamberson et al. 1992), or the probability and severity of an undesirable effect 
on a Valued Component (Francis and Shotton 1997). CASA defined threshold loads 
using ‘levels of protection’, where a 100% level of protection meant protection for all 
ecosystems and a 90% level of protection meant that 10% of ecosystems or species might 
experience stress above their critical load. When this marker is reached, restrictive 
protection measures become approval requirements. Examples of such measures would 
include no net habitat loss, Best Available Technology, restrictive harvest regulations, 
and market-based instruments that discourage further habitat loss.  

A Management Target is linked to enhanced protection measures intended to maintain 
indicator status within the acceptable range (the orange area in Figure 3 and Figure 4). 
Management Targets may be characterized as the level that is politically and practically 
achievable and provides adequate long-term protection to the Valued Component (note 
that this reflects a trade-off relative to desirable conditions for the Valued Component). 
Management Targets may also be established conservatively to reflect scientific 
uncertainty, social preference, or to reflect uncertainty associated with natural 
disturbances such as weather, predation, disease, etc. When this marker is reached, 
enhanced protection measures are formally adopted. These measures can include: 
expanded environmental monitoring and applied research; required use of best practices 
such as Best Available Technology that is Economically Achievable (BATEA); or more 
detailed regulatory review. Management Targets are typically designed to be more 
flexible than thresholds so that they can be altered as research and monitoring 
information becomes available or social preferences change.  
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Cautionary Markers are used where there is uncertainty about the actual local response. 
They may be used to define the point at which monitoring is initiated or intensified, or 
the point at which the indicator changes from a desirable to an acceptable status. There is 
limited regulatory review during this phase (the green area in Figure 4), but all activities 
must comply with established regulatory guidelines and standard industry practices. 
Routine audits are conducted to confirm that these standards are being met. The example 
shown in Figure 4 suggests that the Cautionary Marker would be higher than background 
or current conditions, but it may actually be below or equal to one or both of these 
conditions.  

 

Discussions of proposed indicators and candidate targets for caribou, water quality, and 
fish are provided below in Sections 2, 3, and 4 respectively.  
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2. TERRESTRIAL VALUED COMPONENT: CARIBOU 

Two types of caribou are found within the Sahtu Settlement Area: barren-ground caribou 
and woodland caribou. The social, cultural, and economic value of caribou to residents of 
the Sahtu Settlement Area and other regions of the Northwest Territories is clearly 
recognized (ENR 2006a,b). Caribou are identified as a valued component in the draft 
Sahtu Land Use Plan (SLUPB 2007), and both ecotypes have been identified as Valued 
Components by CIMP (INAC 2007). Caribou are also commonly used as Valued 
Components in project environmental assessments.  

2.1 WOODLAND CARIBOU 

Woodland caribou are found in the Mackenzie Mountains and boreal forest to the east. 
Those living in the mountains are considered to represent the Northern Mountain 
ecotype, while those found in boreal forest represent the Boreal ecotype. Mountain 
caribou are found in groups that may number in the thousands during late summer to late 
spring and have distinct seasonal migrations, using different elevations during the 
changing seasons. Boreal caribou do not migrate, tend to live in small groups and prefer 
different forest types than mountain caribou (ENR 2006b; INAC 2007). 

2.1.1 Cumulative Effect Pathways 

Most available research describing cumulative effects on western woodland caribou is 
from Alberta and British Columbia. Research programs to estimate population size, 
productivity, and recruitment and to identify and map boreal woodland caribou habitat 
have been conducted in the Sahtu Settlement Area, Gwich’in Settlement Area, and 
Dehcho region, but results of these programs are not yet available.  

Woodland caribou have a low reproductive rate, as cows do not usually calve until their 
second or third year. This makes boreal caribou particularly sensitive to human activities 
because even a small change in the rate of survival for adults could cause a population 
decline. As a result, caribou populations are naturally prone to wide fluctuations in 
numbers over several decades. Limiting factors that affect year-to-year abundance 
include predation, winter snow and weather conditions, and insects. In most areas, the 
most important sources of mortality are predation by wolves and other predators and 
legal and illegal hunting (Thomas and Gray 2002; McLoughlin et al. 2003). 

Caribou require large, contiguous tracts of old lowland black spruce or upland pine forest 
so that they can maintain low population densities across their range. In part, this 
behaviour is a critically important antipredator tactic, as predators typically hunt in areas 
with high prey density or predictability. Caribou also avoid predation by using different 
habitats than other ungulates, since predators are drawn to areas of young or mixedwood 
forest where moose, beaver and other prey species are abundant (Hervieux et al. 2005; 
Latham 2009).  
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Wolf predation has been concluded to be the immediate cause of recent woodland 
caribou population declines observed in the western provinces (Dzus 2001; Thomas and 
Gray 2002; Culling et al. 2006). Caribou are generally incidental prey taken on an 
opportunistic basis by wolves whose primary diet is other prey (e.g., moose, deer). Calf 
mortality is highest immediately after calving (Stuart-Smith et al. 1997; Dunford et al. 
2003), while adult female mortality can vary seasonally. A cow’s ability to avoid 
predators during the calving and summer period appears to have the greatest effect on 
both adult and calf survival (Wittmer et al. 2005).  

Fire and forest clearing for oil and gas exploration and production, timber harvesting, and 
other industrial land use increase the amount and distribution of young forest stands and 
plant species that can attract and sustain increased numbers of moose, beaver, deer, 
and/or snowshoe hare. The expanding network of cutlines and roads is believed to be 
creating habitat for white-tailed deer (Bayne et al. 2004), allowing them to use lowland 
caribou habitat areas for winter feeding activities (Latham 2009). White-tailed deer 
appear to be expanding their range northward and are being seen more frequently in the 
southern Northwest Territories. Changes in the abundance and distribution of other prey, 
including moose and beaver, lead to increases in the number of predators, especially 
wolves, and a subsequent increase in predation threat to caribou (e.g., Seip 1992). These 
conditions appear to have created a ‘predator pit’, with predator numbers maintained at 
relatively high numbers despite the ongoing decline of an individual prey species such as 
caribou (Bergerud and Elliot 1986; Seip 1989; Messier 1994). 

2.1.2 Developing Targets 

The following discussion adapted from Antoniuk et al. (2009) uses woodland caribou as 
an example of how management targets can be established for selected Valued 
Components and indicators in the Sahtu Settlement Area. Woodland caribou were chosen 
as the best terrestrial example because this species is affected by land use activities, it is a 
species of management interest, there is a strong scientific basis for identifying an 
indicator that links land use with population response, and the appropriate indicator 
would be comparatively easy to measure, monitor, and manage.  

2.1.2.1 Applying Science 

The science of cumulative effects theorizes that ecological, social, and economic 
conditions respond to human-induced changes in ways that can be measured empirically. 
The best examples of existing science-based objectives are air and water quality criteria 
developed by the federal government (e.g., CCME 2004). These are based on observed or 
modeled ‘dose-response curves’ that relate observed changes in Valued Component 
indicator status to changes in land use, human population, or economic measures. Figure 
5 provides an example of a dose-response curve developed for woodland caribou herds 
by Sorensen et al. (2008). This curve relates the population growth rate (referred to as 
lambda or λ) of Alberta woodland caribou herds to two indicators within the herd’s 
range. Population decline occurs where lambda is <1 (the shaded area) and growth occurs 
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where lambda is >1 (the white area); lambda of 1 indicates that the population is stable − 
neither growing nor declining.  

Sorensen et al.’s (2008) analysis showed that woodland caribou population growth rate 
can be predicted by two factors: the proportion of each herd’s range burned in the last 50 
years (Y axis in Figure 5); and the proportion of each range within 250 m of the direct 
footprint (all types of clearings and corridors; X axis in Figure 5). When these two 
indicators exceeded 60% of the herd’s range, either singly or in combination, population 
decline was observed; with the risk of decline/extirpation increasing as the range moves 
further above the black line between 60% burned and 60% industrial. While this equation 
was not intended to be used to predict or manage population growth rates, it does provide 
a clear scientific foundation for establishing management targets in Sahtu woodland 
caribou ranges.  

 

 

 

 

 

 

 

 

 

 

Figure 5. Dose-response curve relating woodland caribou population 
persistence to Industrial Footprint and burned area (from Sorensen et 
al. 2008). 

 

Boutin and Arienti (2008) developed a revised version of the Sorensen et al. (2008) 
equation at the request of the Canadian Association of Petroleum Producers.  

Woodland caribou habitat-based population performance   
= 

1.0184 (constant) 
- 0.0234 * Linear feature density (km/km2)  

- 0.0021 * % Young habitat (<30 years old, Burn plus Cut)   
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In this revised equation, woodland caribou population growth rate is predicted by two 
similar factors: average linear feature density in a herd’s range (km/km2); and % young 
habitat (burns plus cutblocks <30 years old). These factors are directly equivalent to, and 
highly correlated with, the industrial and burn coefficients included in the original 
equation. Both are thought to increase the abundance and distribution of other prey such 
as moose which would indirectly increase incidental mortality of caribou, and thereby 
lead to caribou population decline. While these links have not been confirmed directly for 
woodland caribou in the Sahtu Settlement Area, the same underlying mechanisms would 
be present (for example, more young forest would increase moose and wolf populations 
and lead to greater predation of caribou).   

Both the Sorensen et al. (2008) and Boutin and Arienti (2008) equations are intended to 
be applied at the range scale (generally thousands to tens of thousands square kilometres).  

2.1.2.2 Applying Traditional and Community Knowledge 

Sahtu residents have proposed protection for caribou habitat areas identified through 
traditional and community knowledge. The draft Sahtu Land Use Plan (SLUPB 2007) 
identifies caribou conservation as a management priority in a number of areas: Caribou 
Point, Johnny Hoe River, and Horton Lake Conservation Zones in the Déline District; 
Ramparts River Watershed, Anderson River, Mountain River, Underground River, 
Maunoir Dome, and Colville Traditional Use Conservation Zones and K’ahsho Got’ine 
Group Trapping Area Special Management Zone in the K’ahsho Got’ine District; and 
Mountain Lakes, Nahanni Headwaters, Ravens Throat and Redstone River, Keele River, 
Headwaters and Backbone Range, and Kelly Lake and Lennie Lake Conservation Zones 
in the Tulita District.  

Dose-response curves like Figure 6can also be built or refined using traditional and local 
knowledge. For example, community elders could be asked to describe changes in 
caribou distribution or abundance that have occurred concurrent with increased land use 
(new roads), increased harvest levels, or severe winters. Actual population monitoring 
data can then be used to supplement these knowledge-based curves as necessary. Dose-
response curves that combine these two ‘data sets’ could be used to help build the 
common understanding and trust needed to work with Sahtu communities and help 
stakeholders understand implications of further change.   

2.1.2.3 Social Values and Risk Tolerance 

The dose-response curve shown in Figure 5provides information about the probable 
responses and relative risks under different land management options, but it provides no 
direct measure of which outcome(s) or level of risk(s) is acceptable. Setting management 
targets therefore requires input on social values and preferences of Sahtu residents, land 
managers, and land users.  

Experience with other projects indicates that stakeholders are likely to have different 
opinions on the applicability of dose-response curves like Figure 5(Holroyd et al. 2008; 
Antoniuk et al. 2009). Supporters generally believe that precautionary management 
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actions should be implemented based on these curves because they represent best 
available information; that correlations are useful in the absence of specific cause-effect 
relationships; and that generalized responses provide early warning of likely outcomes. 
Opponents criticize the use of dose-response curves because they: are often based on data 
from outside the region in which they are being applied; may describe correlations rather 
than specific cause-effect relationships; frequently do not provide definite thresholds or 
limits; and represent generalized responses that may not occur in every situation. This 
latter view maintains that specific causes and effects must be documented locally before 
they are addressed, although cumulative effects literature indicates that this approach has 
commonly resulted in unintended or undesirable outcomes.  

Fundamentally, these views represent different degrees of risk tolerance, social values, or 
desired scientific certainty. Tiered objectives (described earlier in Section 1.2.2) provide 
an effective and transparent approach to accommodate these different views by 
documenting actual local responses when development-related footprint is low so that the 
dose-response curves can be validated while risk levels and mitigation costs are low.  

Figure 6 shows three examples of how tiered objectives could be applied to the woodland 
caribou dose-response curve developed by Sorensen et al. (2008). Here caribou 
population decline is assumed to represent an unacceptable condition, so the objectives 
are being set to minimize the risk of population decline.  

Option a) represents a case where industrial development is maximized and 
impact of burns on caribou range is not considered (i.e., single factor design). It 
would be the simplest to implement and provide the greatest certainty for 
regulators and land users. This suite of objectives would have the highest risk for 
caribou because it ignores the potential influence of fires and maximizes 
allowable footprint. A large fire consuming a substantial portion of the range 
would lead to caribou decline if industrial footprint was at or near the 
management threshold. The Cautionary Marker is set at 20% Industrial Footprint, 
the point at which detectable change has been observed elsewhere. This provides 
the impetus to collect regional data and confirm or refine the dose-response curve. 
The Management Target is set at a level that accommodates both fires and 
industrial development, but is deemed acceptable because it substantially 
minimizes risk of population decline relative to the Management Threshold. This 
approach appears to be inconsistent with management direction provided for 
Special Management Zones in the draft Sahtu Land Use Plan because it does not 
provide adequate protection for caribou.  

Option b) represents a case where both Industrial Footprint and burns are 
factored into the management objectives (i.e., multi-factor design). This would 
reduce risk to caribou, but be more difficult to implement and provide less 
certainty to regulators and land users because both fire and footprint would need 
to be tracked and managed simultaneously. For example, if combined disturbance 
from fire and industrial footprint exceeds the management threshold following a 
large fire, no additional industrial footprint would be allowed until enough 
existing footprint is restored. 
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Figure 6. Social risk ratings applied to Industrial Footprint indicator using the 
woodland caribou dose-response curve. Red, yellow, and green lines 
represent potential Management Threshold, Management Target, and Cautionary 
Marker, respectively 
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Option c) represents similar management objectives to option b) where both 
Industrial Footprint and burns are considered though in this case the markers are set 
more conservatively to accommodate natural variability, for example greater than 
expected burned areas. In this case risk to caribou is minimized, but the maximum 
industrial footprint is reduced. This would increase the need for restrictive 
protection measures under intensive development scenarios and thus would have 
economic implications relative to graph a). This trade-offs should be explicitly 
evaluated to identify the appropriate risk: benefit balance.  

The three different management scenarios can be viewed in terms of a decision matrix: 

Economic Risk of Ease of  Resilience to  
Cost Caribou Implementation Natural Fires  
  Decline 

Option a) Lowest Highest Easiest Lowest 

Option b) Intermediate Intermediate Most Difficult Intermediate 

Option c) Highest Lowest Intermediate Highest 

 

The draft Sahtu Land Use Plan (SLUPB 2007) specifies a maximum linear disturbance 
density of 1 km/km2 in Special Management Zones. The updated Boutin and Arienti 
(2008) equation indicates that to minimize risk of population decline with 5% burned 
area, total density of roads, cutlines, pipelines, and trails would need to be <0.4 km/km2. 
This monitoring-based value is much lower than previously calculated (Anderson et al. 
2002; Salmo et al. 2004). Vors et al. (2007) documented a 20 year lag between the 
initiation of forest harvest and caribou extirpation, and the latest linear density values 
could reflect the delayed response to earlier disturbance. Recent evaluations in northeast 
Alberta concluded that persistence of caribou populations in areas with moderate to 
intensive land use is unlikely without ongoing predator and other prey control (ALT 
2009).  

Available information suggests that there woodland caribou persistence is likely to be 
incompatible with industrial land use, and trade-offs between economic and ecological 
values will be required. 

2.1.2.4 Candidate Woodland Caribou Objectives 

Linear density (all corridors in zone expressed as km/km2) and young forest (% of zone 
<30 years old following burns or clearing) are proposed as the most defensible indicators 
for managing woodland caribou in the Sahtu Settlement Area. These were identified as 
the key variables in the most recent evaluation of cumulative effects on western 
woodland caribou. These factors appear to be additive, and should be considered 
together.  
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Evaluations conducted by the authors indicate that risk of woodland caribou extirpation 
in Alberta and British Columbia is extremely high if a ‘predator pit’ is created by 
industrial land use or extensive burns (e.g., ALT 2009). Further, there is no evidence that 
land use-induced declines can be reversed without ongoing predator control. Avoiding 
declines by minimizing industrial footprint must be considered the lowest risk option 
until such time as research and monitoring demonstrates that woodland caribou in the 
Sahtu respond differently than other herds in western Canada.  

Table 1summarizes candidate tiered objectives proposed for Special Management Zones 
where woodland caribou persistence is a defined management priority. The Sahtu land 
claim states that protect and conserve the wildlife and environment of the settlement area 
are to be protected and conserved for present and future generations; this was assumed to 
provide direction that candidate objectives should be conservative.   

 

Table 1. Candidate woodland caribou objectives for Special Management 
Zones. 

Candidate 
Objectives 

Indicator Status Comments 

Management 
Threshold 

Total density of all linear 
features (regardless of 
width) is >0.4 km/km2 or 
young forest area exceeds 
9%. 

Value derived from Boutin and Arienti (2008) 
equation associated with ongoing caribou 
population decline.   

This is lower than previously thought and suggests 
that caribou populations cannot coexist with 
industrial land-use in the absence of ongoing 
predator and other prey control.  

Because linear density and young forest are 
additive, a large natural fire could preclude 
industrial development activities.  

Management 
Target 

Total density of all linear 
features (regardless of 
width) is >0.3 km/km2 or 
young forest area exceeds 
7%. 

Roughly 75% of the woodland caribou decline 
threshold calculated using the Boutin and Arienti 
(2008) equation. 

Woodland caribou appear to be sensitive to 
extremely low land disturbance levels. This would 
require enhanced mitigation measures to be 
initiated for most industrial land-use activity.  

Cautionary 
Marker 

Total density of all linear 
features (regardless of 
width) is>0.2 km/km2 or 
young forest area exceeds 
5%. 

Roughly half of the woodland caribou decline 
threshold calculated using the Boutin and Arienti 
(2008) equation.  

Would require monitoring to be initiated when any 
industrial land-use activity is proposed. 
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Implementation Considerations 
Factors that need to be specifically considered to implement woodland caribou land 
management targets include: 

• Over what area will the indicators be measured (e.g., designated caribou 
range, ecodistrict, designated land use zone)? 

• What land uses are included in the ‘linear density’ indicator (e.g., both 
conventional and low impact seismic lines)? 

• How will burned areas less than 30 years old be measured, monitored, and 
reported on when forest age class data are not currently available? 

• Who is responsible for collecting information on and calculating status of 
industrial footprint and other relevant natural or external factors? 

• Under what conditions can industrial footprints be removed from calculations 
(e.g., a linear corridor has been reclaimed)? 

• What is the legal or regulatory authority(s) for reviewing and 
approving/rejecting land use that meets/exceeds industrial footprint 
objectives? 

• Who is responsible for compliance monitoring to ensure that approved 
industrial footprint has not been exceeded (e.g., regulator, land use planning 
agency; industry)? 

• Who is responsible for ongoing effects monitoring to validate the dose-
response curve and track actual caribou population response (e.g., 
government, industry, cooperative program)? 

• How should allowable industrial footprint be allocated to be fair to existing 
and future land users and maximize local, regional, and national benefits 
(e.g., first in; annual auctions; maximum local benefits)? 

These implementation issues are discussed in Section 6.  
 

2.2 BARREN-GROUND CARIBOU 

Barren-ground caribou are one of four sub-species of caribou found in the NWT, and are 
by far the most abundant of the caribou sub-species. In Dogrib, people refer to caribou as 
"ek-wo"; in Chipewyan they are known as "et-then"; in Gwich’in “Vadzaih”; and in 
Slavey caribou are "ekwe".  

Barren-ground caribou is the most culturally and economically important wildlife 
resource in northern Canada (e.g., ENR 2006a). They are an iconic northern wildlife 
species, and are commonly associated with northern wilderness landscapes. The seasonal 
harvesting of barren-ground caribou has been the foundation of Sub-arctic First Nation 
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culture and traditional economy for millennia. Given this long co-existence between 
people and barren-ground caribou, and their prominent ecological role in northern 
ecosystems, they are both an ecologically and culturally significant Valued Component in 
the Sahtu Settlement Area. 

Three barren-ground caribou herds are found in the Sahtu Settlement Area: Bathurst, 
Bluenose-West, and Bluenose-East (Figure 7). Most of the barren-ground ranges are 
within the Déline and K’ahsho Got’ine Districts, in the eastern portion of the Sahtu 
Settlement Area. In terms of numbers and accessibility, the Bluenose herds are the most 
important to the Sahtu communities. 

 

 

Figure 7. Distribution of barren-ground caribou herds in the NWT (source: GNWT 
Environment and Natural Resources, Fish and Wildlife Division). 

 

 

Caribou herd size varies naturally over time, but at present, all three herds found in the 
Sahtu Settlement Area are reported to have declined over the last decade (Table 2). These 
rapid population declines resulted in a significant management response from GNWT, 
including the hosting of a Caribou Summit in 2007, and the temporary closure of 
commercial barren-ground caribou outfitting operations. 
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Considerable debate has occurred regarding the validity of the population estimates and 
trends as well as potential causes. The reason for the significant population declines over 
the past decade remains uncertain. Climate change, climate anomalies (i.e. snow and 
icing events, deep snow years, etc.), over-harvesting, predation, habitat change, 
cumulative land use impacts, and natural population cycles have all been suggested. 
Understanding the relative contribution of each factor, and separating the relative effect 
of these factors from natural environmental variation or longer-term climate cycles, is the 
key challenge of cumulative effects management for barren-ground caribou in northern 
Canada. 

Table 2. Population trends for barren-ground caribou herds found in the Sahtu 
Settlement Area (source:  GNWT Barren-ground caribou survey results, Sept 8 
and 16, 2006). 

Herd Population Trend 
Bluenose-West The population declined from an estimated 98,900 in 1987 to an 

estimated 20,800 in 2005. In 2006, herd size was estimated at 
18,000. 

Bluenose-East The population declined from an estimated 104,000 in 2000 to 
an estimated 66,600 in 2005.  In 2006, herd size was estimated 
at 66,200. 

Bathurst The population declined from an estimated 472,000 in 1986 to 
an estimated 186,000 in 2003. In 2006, herd size was estimated 
at 128,000. 

 
 

2.2.1 Cumulative Effect Pathways 

The health and productivity of barren-ground caribou herds is the result of the 
‘cumulative effect’ of a number of different factors interacting in complex ways. Natural 
factors include weather events, snow condition, habitat quality, fire activity, predation, 
and insects. Human factors include harvest levels and the potential combined effects of 
industrial land use (mines, pipelines, roads, etc). From a management perspective, human 
factors can be managed; most natural factors cannot (Francis 2008). These interactions 
are further complicated because barren-ground caribou undertake extended seasonal 
movements between summer, winter, and calving ranges and individual stressors may be 
present on one or more of these ranges.  

Habitat quality is determined by the availability and nutritional value of preferred foods 
such as lichen on summer, winter, and calving ranges. In the long run, forest fires 
maintain productivity of lichen ranges, but in the short-term wildfires may alter the 
winter distribution of the herds, as caribou must search for available forage. Extreme 
wildfire seasons are associated with the occurrence of hot, dry summers, which may also 
be difficult insect years for barren-ground caribou. 

Weather (the short-term condition of the atmosphere) affects caribou throughout the year. 
Hot or calm summers can increase harassment by biting insects and reduce time available 
for foraging or, in extreme cases, lead to direct mortality. Cool windy summers allow 
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caribou to maximize summer foraging time. Harsh winters can bring deep snow or ice, 
making it difficult for caribou to feed and travel.  

Longer-term climate patterns are thought to be responsible for the observed synchrony in 
continental-scale barren-ground caribou population trends (Figure 8). These longer term 
trends may drive population cycles because they affect multi-year green-up periods, snow 
melt, insect emergent dates, wildfire activity, and river crossings (break-up and freeze-
up) that influence net reproduction and survival. 

 

 
 
Figure 8. Relative population trends for barren-ground caribou in North America 

(1970 – 2003). (source: Kofinas and Russell (2004). 
 
 
Predation by wolves, grizzly bears, and wolverines is an important source of caribou 
mortality. An adult wolf can kill 15-30 caribou per year. The number of wolves in the 
ranges of barren-ground caribou herds varies substantially over time. When wolf numbers 
are high, wolf predation will partly determine if a herd increases or decreases. Barren-
ground grizzly bears may also be effective predators on caribou, particularly in mid-
summer prior to the ripening of berries on the tundra.  

Harvesting can have a direct impact on the size of a barren-ground caribou herd (ENR 
2006a). Changes in the herd’s winter and summer distribution can change the availability 
of caribou to people who rely on subsistence harvesting or commercial outfitting.  

Industrial land use can affect habitat availability and quality by direct loss and alteration, 
indirect modification by dustfall or chemical deposition, and reduced use associated with 
avoidance of land-use features, human activity, aircraft, vehicles or equipment. Land use 
can also result in direct mortality from collisions or management actions (e.g. Wolfe et al. 
2000). Studies have documented caribou and reindeer avoidance of roads and above 
ground pipelines (Cameron and Whitten 1980; Curatolo and Murphy 1986; Murphy and 
Curatolo 1987; Cooley 2001; Wolfe et al. 2000); powerlines and resorts (Nellemann et al. 
2001); and areas near snowmachine and industrial activity, particularly where caribou are 
directly approached (Fancy 1983; Simpson 1987). Disturbance from flying aircraft and 
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blasting may also affect caribou distribution and energetics (Miller and Gunn 1979; 
Wolfe et al. 2000). Actual response depends on many factors including season, sex, and 
previous exposure to development. In the Alaska North Slope oil fields, studies show that 
barren-ground caribou can accommodate some levels and types of development, 
particularly during the summer when harassed by insects (Murphy and Lawhead 2000). 
Similarly, during migration, caribou have been observed using roads, an airstrip and 
tailing ponds at the Lupine Gold Mine, Northwest Territories (NWT) (RWED 1998), and 
have been observed foraging adjacent to the elevated Trans-Alaska Pipeline (Carruthers 
et al. 1984). Cows and calves during the calving season are the most easily disturbed 
group. 

2.2.1.1 Resilience 

Gunn et al. (2001) describe the concept of ‘resilience’ as the foundation to understand, 
monitor, and manage cumulative effects on barren-ground caribou. In this context, the 
term resilience describes a caribou individual’s or herd’s ability to cope with 
environmental changes, including both natural variability and human activities. 

The theoretical basis for the resilience concept is as follows (adapted from Gunn et al. 
(2001) : 

• At both the individual and herd levels, resilience varies between years, 
depending on natural environmental influences. The most important 
environmental influences are considered to be annual variation in snow 
conditions, timing of plant growth and flowering, and the severity of insect 
harassment. 

• All of these influences affect caribou behaviour, especially the time spent 
foraging, which affects their intake of energy and protein. Caribou cows store 
energy and protein as body reserves, including fat. The amount of body fat 
determines the likelihood of a cow becoming pregnant and raising a calf, or 
of an animal surviving the winter.  

• At both the individual and herd levels, the ability to cope with human 
activities varies between years, depending on energy balance. An individual 
caribou’s body reserves are therefore a measure of its ability to survive and 
reproduce in response to natural environmental variation or additional 
influences such as human activity. 

• Caribou behavioural responses, such as avoidance or reduced foraging in 
proximity to human features and activities, may have energetic costs that 
could annually accumulate to affect the chances of a cow weaning its calf or 
becoming pregnant. 
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Resilience of barren-ground caribou can therefore be measured at two levels3: 1) 
individual – represented by body condition and measured by amount of back fat, the 
probability of pregnancy, or calf survival; and 2) herd – increasing or decreasing 
population size, herd demographics, and distribution and movements 

NWT Environment and Natural Resource (ENR) and Wek'eezhii Renewable Resources 
Board have initiated work to develop a cumulative effects model for barren-ground 
caribou. The Bathurst herd summer range has been selected for initial study 
(Adamczewski and Clark 2008). Assessment of cumulative effects on the long term well-
being of the Bathurst caribou herd has been recognized as a knowledge gap during 
environmental reviews of diamond mines in the central NWT. The challenge is 
considerable as weather, hunting, and other factors will continue to affect caribou, along 
with development. Development must be assessed in the context of natural variation in 
caribou numbers and distribution (Cameron et al. 2005).   

2.2.2 Developing Targets 

2.2.2.1 Applying Science 

Most research on land-use effects on barren-ground caribou is from the Central Arctic 
and Western Arctic herds on the Alaskan North Slope. Hydrocarbon development in 
Prudhoe Bay and nearby fields overlaps the calving and post-calving grounds of these 
herds. Both of these herds are Grant’s caribou, a different barren-ground sub-species than 
those found in the Sahtu Settlement Area. 

Notwithstanding the amount of research that has been conducted, there is considerable 
debate about the presence of, or magnitude of, effects associated with hydrocarbon 
development (e.g., Truett and Johnson 2000; NRC 2003). Cameron et al. (2005) report 
the following key conclusions for the Central Arctic Herd: 

• The CAH increased from about 6,000 animals in 1978 to 23,000 in 1992, 
declined to 18, 000 by 1995, and again increased to 27,000 by 2000. 

• In the Kuparuk Development Area (KDA) west of Prudhoe Bay, abundance of 
calving caribou was less than expected within 4 km of roads and declined 
exponentially with road density (Figure 9 and 10). 

• With increasing infrastructure, high-density calving shifted from the KDA to 
inland areas with lower forage biomass. 

 
 
 

                                                 
3 Gunn et al. (2001) also describe a third measure of resilience—the sustained availability of caribou to user 
communities, and the adaptive capacity of those communities to respond to changing conditions. This 
concept is not discussed further in this report. 
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Figure 9. Changes in mean density of calving caribou from the Central Arctic 

Herd from 1978-81 (before road construction) versus 1982-87 (after 
road construction), at distances in 1 km intervals. Source: Cameron et al. 
(1992). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10. Relationship between mean density of calving caribou from the 

Central Arctic Herd and road density within the Kuparuk Development 
Area, Prudhoe Bay oilfield, 1987-92. Different letters indicate significant 
difference (a vs. b). Source: Cameron et al. (2005).  
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• During July and early August, caribou were relatively unsuccessful in 
crossing road/pipeline corridors in the KDA, particularly when in large, 
insect-harassed aggregations; and both abundance and movements of females 
were lower in the oil field complex at Prudhoe Bay than in other areas along 
the Arctic coast. 

• Female caribou exposed to petroleum development west of the Sagavanirktok 
River may have consumed less forage during the calving period and 
experienced lower energy balance during the midsummer insect season than 
those under disturbance-free conditions east of the river. The probable 
consequences were poorer body condition at breeding and lower parturition 
rates for western females than for eastern females (e.g., 1988–94: 64% vs. 
83% parturient, respectively; p = 0.003), which depressed the productivity of 
the herd. 

These findings illustrate the potential confounding influence of barren-ground caribou 
resilience on measured effects. Although effects on nutrition and calving were 
documented, the Central Arctic Herd continued to increase in size while hydrocarbon 
development was occurring. Land-use effects during a sustained decline phase have not 
been documented.  

Linear density and total disturbed area appear to be useful cumulative effects indicators 
for barren-ground caribou because they reflect both direct and indirect effects. However, 
land-use or ecological targets have been infrequently used for barren-ground caribou. 
Possible reasons are: limited development pressures in many herd ranges; lack of 
knowledge about actual effects of land use; and the perceived importance of natural 
environmental factors in controlling body condition and ultimately, populations (i.e. 
development impacts may play a secondary role). In the NWT, it may be difficult to 
detect a strong spatial response of caribou to relatively few, widely spaced anthropogenic 
features (Johnson et al. 2005). 

While habitat and land-use targets represent some of most practical tools for managing 
potential cumulative impacts of land use, it is currently very difficult to directly link 
levels of land use or habitat conversion to barren-ground caribou population-level 
responses, or to separate the potential effects of land use from natural population and 
environmental variation. Bridging this critical habitat – population linkage is the goal of 
cumulative effects models currently being developed by the Government of the 
Northwest Territories (Adamczewski and Clark 2008). 

2.2.2.2 Applying Traditional and Community Knowledge 

The North Yukon land use planning process (NYPC 2007) provides a model for applying 
traditional and community knowledge to develop barren-ground caribou management 
targets. Planners met with knowledgeable hunters to identify seasonal caribou habitat 
quality and movement patterns. This information was combined with scientific research 
on the Porcupine caribou herd and used to identify migration corridors, concentrated use 
areas, and land management zones.  
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2.2.2.3 Social Values and Risk Tolerance 

The North Yukon land use planning process incorporated the concepts of risk and social 
values when establishing management zones and management targets (NYPC 2007). 
Their approach was similar to that described conceptually for woodland caribou in 
Section 2.1.2.3. 

The Final Recommended North Yukon Land Use Plan (NYPC January 2009) 
recommended tiered targets for two indicators, linear density and total amount of human-
caused surface disturbance, within different land use zones (Table 3). These targets were 
linked to management of the barren-ground Porcupine caribou herd, the most significant 
wildlife resource in the planning region. The North Yukon Planning Commission 
concluded that targets for barren-ground caribou conservation of should be applied within 
large, ecologically based planning units because they are a highly mobile species that 
migrate large distances each year. 

 

Table 3. Cumulative effect indicators and targets included for Integrated 
Management Areas (equivalent to Sahtu Special Management Zones) 
in the Final Recommended North Yukon Land Use Plan (2009). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2.2.2.4 Implementation 

Although there is considerable regional and territorial interest in barren-ground caribou 
management, when compared to woodland caribou, insufficient information is currently 
available relative to woodland caribou. For this reason, candidate targets are not proposed 
for the Sahtu target implementation project. Alternatively, candidate management 
objectives provided for woodland caribou could also be applied to barren-ground caribou 
until better dose-response relationships are developed.  
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3. AQUATIC VALUED COMPONENT: WATER QUALITY 

Water is essential for communities, industry, and the environment. Community residents 
see this in their livelihoods tied to fishing, to trapping along the rivers and lakes, to 
travelling the waterways for hunting, and for drinking. Scientists see this in the tight 
relationships of the area’s fish and wildlife to clean, abundant water. Business people see 
this in their needs for using water and waterways for industry and development. 
Governments see this in the need to balance the use of the area’s water with the 
protection of that water. People of the world see this as one of the last places on earth 
where water remains unpolluted and pristine.  

The way that water ties many relationships together is its strength, but also a potential 
weakness. If water quality and quantity is impacted, far-off relationships can be also be 
harmed, sometimes in ways that are not immediately apparent. The addition of many 
small, independent effects on a watershed can easily cause cumulative impacts that are 
far larger than any single effect.  

The Sahtu elders of Déline have brought these relationships together in their teaching of 
the story of the ‘Water Heart’, to highlight the importance of how all beings and values 
are connected through the water. ‘The Water Heart’: A management plan for Great Bear 
Lake and its Watershed (Great Bear Lake Working Group 2005) identifies the waters of 
the Great Bear Lake ecosystem as a key component of a regional land use plan. The 
vision described in this plan is: “Great Bear Lake must be kept clean and bountiful for all 
time”. 

3.1 WATER QUALITY AND WETLAND INTEGRITY 

Cumulative effects on watersheds can result from the accumulation of the seemingly 
insignificant effects of small routine activities, or from changes in dominant watershed 
processes (Collins and Pess 1997). Studies in western North America have shown that 
clearings and road and trail networks created for resource extraction can create direct and 
indirect effects on water quality and temperature, flow rates, flow patterns, sediment 
yield, invertebrates, and fisheries (Furniss et al. 1991, McGurk and Fong 1995, Collins 
and Pess 1997, Trombulak and Frissell 2000).  

3.1.1 Cumulative Effect Pathways 

3.1.1.1 Wetland Alteration and Loss 

The occurrence and maintenance of wetlands reflects large-scale and long-term 
characteristics of watersheds and landscapes as well as more local processes. Human 
activities above and within wetlands can alter the very processes that build and maintain 
them. Wetlands are subject to numerous sources of stress, including: alteration of 
hydrologic patterns, point and nonpoint discharges of nutrients and sediments; 
introduction of pesticides, heavy metals, and other toxic substances; harvesting of timber, 
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other vegetation and peat; deposition of acidic substances and other atmospheric 
pollutants; and invasion by exotic plant and animal species (review in Bedford and 
Preston 1988).  

The critical role of wetlands in maintaining water quality is well-recognized and studied 
(see review by Bullock and Acreman 2003). Loss of wetlands results in increased silt 
run-off, higher levels of sediment flowing into lakes and rivers, losses of biodiversity, 
and loss of carbon storage (Jenkins et al. 2003, Euliss et al. 2006, Yang et al. 2008). 
Wetland loss can occur directly through draining for industry and peat mining, or 
indirectly through flow alteration by road and pipeline construction and water 
withdrawal. In Canada, over 70% of wetlands have been lost (DUC 2009). Restoring and 
reconstructing these lost wetlands remains a difficult issue (Zedler and Callaway 1999, 
Zedler 2000).   

3.1.1.2 Pollutant Input 

Direct and indirect pollutant input can affect wetlands, water quality, and aquatic 
organisms. Pollution from local industries, such as the radioactive tailings from the Port 
Radium uranium mine remains an important concern for local residents (Canada-Déline 
Uranium Table 2002). Contaminants coming into the watershed via atmospheric transport 
are an additional pathway (Berti et al. 1998), and general global emissions of mercury 
can cause increases in mercury in remote northern lakes (Lockhart et al. 1995, 1998). 
Outflow from mines in the Great Bear Lake area could result in run-off of toxic 
chemicals and increases in fish body burdens (Moore and Sutherland 1981). Forest fires 
or logging can also cause significant increases in mercury in fish in boreal lakes (Kelly et 
al. 2006). Salt on roads and runways, and de-icing solutions on aircraft can run-off into 
local waterways and affect water quality (NWT 2008). 

Water quality degradation can also occur through abnormal increases in natural 
substances that enter water. Landscape-level run-off from forestry, communities, or 
agriculture can lead to increased nutrients in water (Soranno et al. 1996; Carpenter et al. 
1998; Rabalais 2002) and this is a major ecological and economic problem in North 
America (see review by Dodds et al. 2009). General changes to water quality can also 
occur after forest fires and have indirect effects on fish communities (Tonn et al. 2004).  

Coliform bacteria naturally exist in watersheds, as part of the normal processes of run-off 
of animal waste into streams and lakes. At very low, natural levels, these bacteria pose 
little risk to humans. However, higher-than-normal levels of these bacteria are harmful to 
human health. These conditions can occur in areas where land use is concentrated 
(Traister and Anisfeld 2006), during periods of high storm-water run-off from 
communities (Shehane et al. 2005), or from inadequate sewage treatment.  

Pharmaceuticals have been found in waters draining urban centers (Kolpin et al 2002). 
These types of chemicals might eventually be found in remote areas such as the 
Mackenzie River in the Sahtu region, but would have their origin from sources far 
upstream such as the cities of Peace River and Fort McMurray. These chemicals may 
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alter hormones in wild fish and have serious consequences to populations (Jobling et al 
1998).  

3.1.1.3 Climate Change 

Global climate change could result in a vast array of changes to water in Canada 
(Schindler 2001; Ford and Smit 2004). Examples in the Sahtu area might include: 

• industry pumping more water for ice roads and stream crossings because of 
less naturally-formed ice during warmer winters; 

• more ice jams, and increased spring and summer flooding, such as seen at Fort 
Good Hope (NWT 2008) and expected in other northern settlements 
(Andrishak and Hicks 2008a); 

• timing of freeze-up and break-up, as well as mid-winter ice thickness may be 
different (Rouse et al. 2003; Woo and Thorne 2003), causing changes to 
winter travel on trails and winter roads. Winter roads may have shorter active 
seasons (Woo and Lonergan 1992) and river crossing may be highly altered 
to the point of requiring bridges (Andrishak and Hicks 2008b);   

• traditional hunting, fishing, and trapping trails usually follow rivers and lake 
margins. Conditions of the trails may change from conditions that anyone can 
remember. Stories about unusual winters in the past in the Sahtu area may 
become more important than ever (Woo et al. 2007); and 

• possibility of more dangerous crossings at lake narrows, as described by 
Porsild (1932) for the currents near Ritch Island in T’echo cho deh t’a tlaa in 
the Caribou Point Conservation (Edaiila) area. 

3.1.2 Developing Targets 

Linear density and total disturbed area are the most common indicators for indirect 
effects of land use on aquatic integrity and water quality. The following discussion 
identifies how candidate objectives can be developed to maintain water quality in the 
Sahtu Settlement Area. 

3.1.2.1 Applying Science 

Salmo et al. (2004) discussed the applicability of using road densities, stream crossing 
indices, and other measurements as cumulative effects indicators in the Deh Cho region 
of the NWT, and recommended stream crossing indices as the most practical aquatic 
cumulative effects indicator for the Deh Cho region. Their rationale was that the index: is 
readily calculated; and provides the most direct indicator of cumulative effects erosion 
and mortality risk, because it includes features that intersect watercourses directly. Linear 
density is proposed as the water quality indicator for the Sahtu region because recent 
work has shown that stream crossing density is highly correlated with linear density (Park 
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et al. 2008), and this indicator is also proposed for woodland caribou (thereby minimizing 
indicator monitoring effort and costs).  

Total linear density is recommended as a useful cumulative effects indicator for water 
quality. Road density is one of the most functional surrogates for cumulative human 
effects on water quality and aquatic integrity more generally (see reviews by Forman and 
Alexander 1998; Hourdequin 2000; and Trombulak and Frissell 2000). Human access 
(for a wide variety of domestic purposes including trapping, hunting, fishing, recreation, 
and tourism) and most forms of industrial development is typically dependant on linear 
features. These include all season roads and other features that provide vehicle access 
such as seismic lines, powerlines, pipelines, and winter roads. The degree of human-
caused effects can be related to the amount of linear features (hereafter referred to as 
roads, but meant to include all forms of linear access features) on a landscape.  

Road effects extend well beyond their direct footprint and can influence watershed-scale 
processes such as sediment transport and peak flows in streams. Forman (2000) estimated 
that about one-fifth of the United States land area is directly affected, in an ecological 
sense, by roads. Roads are related to aquatic degradation through a wide variety of 
mechanisms, but can be summarized into three primary effects; changes to changes to 
flow, water quality, and aquatic communities.  

Changes to Flow 
Road networks may increase floods and debris flows in streams. These dynamics degrade 
the stream’s ability to naturally recover from these periodic events. In Oregon, Jones et 
al. (2000) showed how high densities of roads (1-3 km/km2) increased flood peaks and 
debris flows in logged (25% cut) basins to levels equivalent to basins with 100% of the 
area logged. In a detailed study of water flow in logged areas of western Oregon 
(Wemple et al. 1996), logging road densities of 1.9 km/km2 became an extension of the 
water drainage network and contributed to changes in peak flows and timing of floods. 

In a study of roads and streams in Alberta’s boreal forest, Martell (2004) found that roads 
disrupted surface and subsurface flow in both upland and lowland sites roads. This was 
strongly confounded by the presence of beaver dams at most road-stream crossings, but 
suggested that wetlands could be lost below road crossings, although they may also be 
created above road crossings.  

Changes in flow patterns can also influence water temperature and dissolved and 
suspended levels of oxygen, nutrients, inorganic and organic compounds, and 
contaminants.  

Changes to Water Quality 
High concentrations of sediments and heavy metals are a concern for the water quality of 
the Mackenzie River and Great Bear Lake drainages (Lumb et al 2006). The source of 
most of these pollutants is believed to be natural erosion of upstream soils, but 
observations of increasing concentrations may possibly be related to increased access 



  Sahtu Target Implementation Project 

ALCES Group  24 

roads and development in upstream areas (Lumb et al. 2006, p. 426), as local pollutant 
sources were believed to cause only very localized effects on water quality.  

In other jurisdictions, however, the detrimental effect of roads is well-documented. 
Increased road density in watersheds of southern United States mountain streams was 
correlated to increased degradation of most water quality parameters including nutrients, 
bacteria, and turbidity. This degradation was strongest during storm and flood events. 
Road densities in these highly productive and intensively developed ecosystems were 
approximately 2 – 3 km/km2 (Bolstad and Swank 1997). 

In semi-urban wetlands in southern Ontario, Houlahan and Findlay (2004) found that 
potassium and nitrate levels were positively correlated to road density as far as 2 km from 
the road. In less-developed areas of northern Alberta, relatively low level commercial 
forestry (average of 15% of watershed logged) resulted in an average 40% increase in 
phosphorus concentrations in small boreal lakes, further resulting in increases in algae 
concentrations in these lakes. Buffer strip sizes of up to 200m had no detectable influence 
on this response (Prepas et al. 2001). Similar results were noted in a study of effects of 
logging on lake trout lakes in Ontario’s boreal shield (Steedman 2000), with road 
densities in these logging operations of between 0.8 and 1.9 km /km2.  In both studies, 
effects of logging on nutrient run-off were strongly correlated to precipitation (i.e., more 
rain and snow resulted in stronger effects of roads on water quality). The effects of 
logging on water quality appear to be primarily a result of road construction and road use 
required for logging, rather than the cutblocks themselves (Tinker et al. 1998; 
Kreutzweiser and Capell 2001).  

Increased run-off caused by road cover resulted in a large increase in pollution from lead, 
zinc, and copper in a suburban watershed in Indiana (Bhaduri et al. 2000). Pollution from 
heavy metal as well as bacteria is a typical water quality response to runoff from areas 
with high (>2 km/km2) densities of road and urban development (Davis et al. 2001; Lee 
and Bang 2000; Jiang et al. 2001). Very high densities of roads (and other paved areas) in 
urban areas are well-known to be associated with a variety of ecosystem degradation 
responses (see review by Paul and Meyer 2001).  

In localized areas, road salt runoff (commonly NaCl, but also CalCl2 or MgCl2 used in 
very cold temperature areas) is an issue of increasing concern to water quality managers 
(Marsalek 2003). The effects of road salt on a wetland were observed as far as 1 km from 
a large highway (Forman and Deblinger 2000). Airport runways and the effects of 
extensive use of runway clearing and de-icing chemicals on water quality is a particular 
concern in northern areas (Ellis et al. 1997), but is believed to be restricted to the 
immediate area downstream of the point-source pollution. 

Unlike the biological and chemical process inherent in aquatic communities and water 
quality, water flow in northern unproductive areas is not likely strongly affected by 
temperature and climate, other than having a much briefer period of open water and 
significantly lower potential evapotranspiration. Stream flow is therefore likely similar or 
even enhanced during the summer season, compared to more southern areas. Effects of 
roads on the quantity of flow of streams in the Sahtu area would likely be similar to those 
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of other areas. Road densities exceeding 1 km/km2 could therefore be expected to result 
in noticeable changes to floods and drainage patterns (i.e., Cautionary Marker of 1.0 
km/km2).  

Changes to Aquatic and Riparian Communities 
Suttle et al. (2004) showed that fine sediments typical of those eroding from roads 
resulted in a decrease on drifting invertebrates and an increase in burrowing 
invertebrates, which were unavailable as prey to small trout. This consequently led to the 
decline in the growth and survival of the trout. Suttle’s study also found that even small 
increases in sediment were associated with negative effects on fish. Sediment runoff into 
streams (and its effects on fish and invertebrates) from roads is a particular problem on 
gravel roads (Reid and Dunne 1984), and increasing levels of traffic on these roads is 
directly related to increases in sediment. Reid and Dunne (1984) found that a heavily 
used road contributed 130 times as much sediment as an abandoned road. The sediment 
run-off from roads appears to have more serious effects on invertebrates than other road-
based pollutants such as road salt (Blasius and Merrit 2002).   

Communities of animals living alongside streams and in wetlands can be severely 
degraded by cumulative effects linked with roads. Findlay and Bourdages (2000) showed 
that wetland birds, mammals, plants, amphibians and reptiles declined when large, paved 
roads were constructed within 2 km of Ontario wetlands. Species continued to decline 
over a period of four decades. Parendes and Jones (2000) demonstrated that exotic 
species of riparian plants increased with an extensive logging road development and with 
its corresponding increased flood frequency along small streams in an Oregon mountain 
forested basin. The exotic plants were found almost exclusively alongside roads and in 
the riparian areas of disturbed streams. Ecological effects of a large road (i.e., four lane 
highway) in an urban area were found to extend approximately 600 m from the road 
(Forman and Deblinger 2000). The structure of wildlife habitat in forests is strongly 
associated with road density, with changes in core areas, edge density and size and shape 
of forest patches shown to change appreciably at road densities exceeding 0.4 km/km2 in 
a study in Wyoming (Tinker et al. 1998).     

BCFS and BCE (1995) suggest that overall risk of adverse aquatic effects is low when 
total linear density is less than 0.9 km/km2, high when total linear density exceeds 1.8 
km/km2, and moderate at an intermediate value (1.4 km/km2). Based on studies 
summarized above, measurable effects on local water quality occurred with road densities 
as low as 0.8 km/km2 in the moderately productive boreal forests of Ontario and Alberta. 
In studies of moderate to high density road development (> 2 km/km2), effects on water 
quality were well documented. 

3.1.2.2 Applying Traditional and Community Knowledge 

Given the comparatively low current footprint, traditional and community knowledge in 
the Sahtu region is likely restricted to the impacts of pollutant point sources on local 
water quality. Resident input on water quality indicators should be incorporated with the 
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process described in Section 5 to consider the anticipated benefits and costs of water 
quality management objectives.  

3.1.2.3 Social Values and Risk Tolerance 

The draft Sahtu Land Use Plan identifies water resources planning as a key component of 
land use planning and suggests that good water quality is one of the highest concerns for 
Sahtu region residents. There are also federal and territorial policies or guidelines 
relevant to water quality and wetland management. 

The Canadian National Wetland Policy strives to achieve no net loss of wetlands on all 
federal lands and waters. One strategy to achieve this is by incorporating environmental 
objectives into land and resource use decision making (EC 1991). 

In 1987, the Water Quality Task Group of the Canadian Council of Environment 
Ministers (CCME) published the Canadian Water Quality Guidelines (CCREM 1987). 
The document included recommended guidelines for five water uses: raw water for 
drinking water supply; recreational water quality and aesthetics; aquatic life (freshwater 
and marine); agricultural uses; and industrial water supplies. These guidelines have been 
adopted by the GNWT and distributed widely by the United Nations Environment 
Program and the World Health Organization and are currently used in 45 different 
countries around the world. These Water Quality Guidelines are annually updated by the 
CCME and are summarized by CCME (2004). The guidelines are best applied to 
pollutant point sources and accommodate some deterioration in water quality.  

3.1.2.4 Candidate Water Quality Objectives 

Linear density (all corridors in zone expressed as km/km2) is proposed as the most 
defensible indicator for managing overall water quality in the Sahtu Settlement Area. 
Canadian Water Quality Guidelines should continue to be used to manage pollutant point 
sources.  

Table 4summarizes candidate tiered objectives proposed for land use zones where water 
quality is a defined management priority. Note that lower linear densities would be 
proposed where this indicator is used to protect fish and aquatic communities because of 
the overriding influence of harvest and mortality. The candidate water quality objectives 
will not achieve ‘no net loss’ of wetlands, but have been selected to ensure that overall 
wetland function is not compromised at the watershed scale. 
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Table 4. Candidate tiered objectives for water quality in the Sahtu Settlement 
Area 

Candidate 
Objectives 

Indicator Status Comments 

Management 
Threshold 

Total density of all linear 
features (regardless of 
width) is >1 km/km2.  

Effects on water quality likely with linear corridor 
densities of >2 km/km2; measurable effects 
documented at 0.8 km/km2. The candidate 
threshold value was set in the lower part of this 
range to reflect the regional value of clean water 
and the lower productivity of northern ecosystems.  

Management 
Target 

Total density of all linear 
features (regardless of 
width) is >0.7 km/km2. 

Set just below value where measurable effects on 
water quality have been documented to reflect 
regional value of clean water.  

Cautionary 
Marker 

Total density of all linear 
features (regardless of 
width) is>0.4 km/km2. 

Cautionary marker set at half value where 
measurable effects on water quality have been 
documented to ensure that monitoring is begun 
before substantial effects occur.  

Implementation Considerations 
Factors that need to be specifically considered to implement water quality land 
management targets include: 

• Over what area will the indicators be measured (e.g., watershed, ecodistrict, 
designated land use zone)? 

• What land uses are included in the ‘linear density’ indicator (e.g., both 
conventional and low impact seismic lines)? 

• Who is responsible for collecting information on and calculating status of 
industrial footprint and any other relevant natural or external factors? 

• Under what conditions can industrial footprints be removed from calculations 
(e.g., a linear corridor has been reclaimed)? 

• What is the legal or regulatory authority(s) for reviewing and 
approving/rejecting land use that meets/exceeds industrial footprint 
objectives? 

• Who is responsible for compliance monitoring to ensure that approved 
industrial footprint has not been exceeded (e.g., regulator, land use planning 
agency; industry)? 

• Who is responsible for ongoing effects monitoring to validate the dose-
response curve and track actual water quality (e.g., government, industry, 
cooperative program)? 

• How should allowable industrial footprint be allocated to be fair to existing 
and future land users and maximize local, regional, and national benefits 
(e.g., first in; annual auctions; maximum local benefits)? 
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4. AQUATIC VALUED COMPONENT: FISH 

To understand the complex ways that this watershed can be affected by humans, it is 
helpful to focus on one Valued Component (an important fish species or fish community) 
because of its close link with water quality and land use. A measureable and meaningful 
aspect of fish community health, called an “Indicator”, can be used to help us understand 
the amount of change that human activity may have caused to fish because of changes in 
water quality and the watershed. Deciding how much change is acceptable to Sahtu 
residents and stakeholders is then used to establish targets for that Valued Component 
and indicator.  

Socially and economically important fish species found in the Sahtu region include: 
several types of whitefish, burbot (loche), lake trout, walleye, inconnu (coney), northern 
pike (jackfish), and Arctic grayling. For this implementation project, we focus on lake 
trout as a Valued Component for the Great Bear Lake watershed because good historical 
data are available from Great Bear Lake. Other fish species are also important for many 
reasons in this or other watersheds and should not be ignored. However, because of their 
importance for many values, lake trout are a good example of a fish Valued Component 
and demonstrate how this concept can be applied to other species in other watersheds of 
the Sahtu Settlement Area.  

Perhaps no other image of northern Canada is more iconic than an angler holding a giant 
lake trout from Great Bear Lake. Lake trout are the key attraction for thousands of 
anglers (and their dollars) to this area each year. Lake trout hold an important role in food 
fisheries for the Sahtu people and as part of their cultural heritage. Biologists study the 
diversity of lake trout body forms within this single lake and advance their knowledge of 
ecology and evolution. Lake trout themselves maintain the integrity of the lake’s ecology 
through their role as a top predator.  

Lake trout are also a very good indicator of the influence of water quality and wetland 
integrity at the watershed scale. Water ultimately comes from rain and snow, but as it 
drains through wetlands and into the lakes and rivers, its availability and quality can be 
altered by human activities. These changes, both in water quality and in the wetlands that 
are so important for holding, storing and releasing water, can affect the fish, wildlife, and 
people that are dependent on water. Using lake trout as the indicator or umbrella species 
to understand the land’s complex interactions with water quality is an important scientific 
concept. 

Great Bear Lake is scientifically valuable because of the unique evolution of “tribes” or 
phenotypes of lake trout in Great Bear Lake including trophy fish-eating trout, slow-
growing plankton-eating trout, and unusual forms such as butterfly trout, humpers, and 
bulldog trout (Blackie et al. 2003; Alfonso 2004; Zimmerman et al. 2006). Protecting this 
unusual biodiversity from overfishing is of both local and scientific interest (Howland et 
al. 2007).  
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The value of old, large lake trout as an indicator was clearly understood by the members 
of the Great Bear Lake Working Group when they described how the catch rate of large 
trout (> 9 kg) must not be allowed to fall below baseline levels (GBLWG, Technical 
Working Group, January 2004). For any one person, this level may translate into a 
healthy group of elder trout (TEK-based values), a strong core of reproductive potential 
(science-based values), a high-quality sport fishery (economic-based values), or an 
abundant supply of subsistence food (local-based values). As such, this indicator is 
readily understood and equally valued by members of the wide community of people 
(i.e., the Sahtu Band members, and members of the scientific, economic, and industrial 
communities).   

The abundance of old, large trout is an easily defined indicator, and is also useful for 
modelling and quantitative relationships. The mathematical value of this indicator can be 
measured in current and future field studies and from archived data. It may be 
quantitatively defined for sport catches (i.e., angled fish/h), for subsistence net catches 
(i.e., fish/net), research netting (i.e., fish/100m2/24h), or even for non-lethal sonar counts 
(i.e., fish/100m transect). The abundance of these fish can also be qualitatively measured, 
using stories from oral tradition or recollections of hunter/fishermen (e.g., did you catch 
many or few of these big lake trout? Was this much more or less than your catches 
today?).  

The potential changes in abundance of old, large lake trout can be modeled with existing 
dose-response relationships relating to harvest and angler pressure (Post et al. 2003). 
Landscape and habitat-related cumulative effects on older, large lake trout can be 
modeled using detailed sub-models within the existing ALCES model. 

4.1.1 Cumulative Effect Pathways 

The three primary effects of humans on fish communities are through overfishing, loss of 
water quality (including habitat loss), and changes to the fish community (such as 
introduction of exotic species). Because the low productivity and simple nature of 
northern fish communities, especially in the Great Bear Lake watershed, the magnitude of 
these effects can be high even when occurring at what seem to be very low levels. 

4.1.1.1 Overfishing 

Overfishing is widespread throughout Canada (Post et al. 2002), and restoring fish 
communities after overfishing can be very difficult, even with restrictive fishing 
regulations (Sullivan 2003a; Post et al. 2003). In northern Ontario, lake trout declines are 
closely associated with road access, even with simple winter trail access (Gunn and Sein 
2000). Most, if not all fish in the cold, unproductive lakes and streams of the Sahtu area 
are especially sensitive to overfishing (Millar 1946; Clark 1994). The sensitivity of the 
lake trout in Great Bear Lake is particularly well-known (Moshenko and Gillman 1978; 
Yaremchuk 1986; Stewart 1996, 1997). Declines of bull trout and Arctic grayling have 
also been documented in association with increased access and harvest.  
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It is expected that very sensitive species such as trout and Arctic grayling in the Sahtu 
area will be overfished with very low levels of road access. In Alberta’s foothills, bull 
trout populations show notable declines at linear feature densities of 0.5 km/km2 and 
severe declines at linear densities exceeding 1 km/km2 (Park 2009). In an intensive study 
of bull trout and forestry in the Kakwa River basin of NW Alberta, bull trout were shown 
to be absent in 50% of the streams at linear densities exceeding 0.4  km/km2, and nearly 
completely absent at linear densities exceeding 1 km/km2 (Ripley et al. 2005). In both 
these studies, bull trout were completely protected from legal angling harvest by catch-
and-release regulations. These population declines were believed to be a result of illegal 
harvest by anglers and accidental hooking mortality (Post et al. 2003; C. Johnson, Alberta 
Fish and Wildlife, Grande Prairie, personal communication, May 2009).  

In Alaska, a study on Arctic grayling in rivers of the Seward Peninsula (DeCicco 1994) 
showed that even very low levels of road access resulted in smaller grayling. Grayling in 
the 50 km long Sinuk River (with a single road crossing near its mouth) were 
considerably larger than were grayling in two similar rivers (Snake and Pilgrim rivers), 
each with a single road running adjacent to each river.  In many rivers in Alaska, 
construction of pipelines and roads has led to the severe decline and collapse of arctic 
grayling (Burr et al. 1998). In that study, the Tanana, Chena, Chatanika rivers and 
numbers of their tributaries all showed major declines in grayling abundance after road 
access used sport fishermen was developed. These declines resulted in closures to the 
sport harvesting of grayling. 

In northern British Columbia, Arctic grayling in the Williston Reservoir watershed have 
declined precipitously following relatively low levels of road and boat access to 
previously inaccessible rivers and streams (see review by Northcote 1993). Of 25 streams 
surveyed with historical records of good populations, only 2 streams still maintained 
grayling (but with low numbers) after a decade of improved access for sport fishing. 
Grayling in many areas of this once-inaccessible watershed were considered to be 
“functionally extirpated” by the early 1990s.  

In northern Ontario, Gunn and Sein (2000) demonstrated the effects of constructing a 
single road to a previously unexploited lake trout population. Within 3 weeks of the 
opening of a winter road (snowmobile and ATV access only), the lake trout population in 
a small (148 ha), remote lake had been harvested beyond its maximum annual level. 
Within 4 months of the road opening, the lake was so severely overfished that anglers had 
abandoned the fishery. 

Managing human access, angling effort, and fish harvest to sustainable levels will be 
required to maintain lake trout size, abundance, and diversity in Great Bear Lake. 
Increases in angling pressure can be directly related to access and development in the 
Sahtu area.  
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4.1.1.2 Habitat Alteration and Loss 

Water and the landscape that contributes to good water quality can be thought of as part 
of the habitat for fish. The Déline elders describe this interconnectedness as the “Water 
Heart”. Ecologists and engineers describe this as the science of hydrology. Loss of water 
quality in an area as sensitive as the Great Bear Lake watershed (Evans 2000) could 
occur through a wide variety of pathways and mechanisms introduced earlier in Section 
3.1 and elaborated on here. 

Water Quality: Pollutants 
Long-lived fishes, especially those that eat other fish like northern pike, walleye and 
some lake trout, will concentrate naturally-occurring and man-made chemicals such as 
mercury and PCBs (Rasmussen et al. 1990). In cold climates such as the Sahtu area, 
natural levels of these chemicals can be near levels that cause human health concerns 
(Berti et al. 1998; Jewett, et al. 2003). Increases in run-off and silt loading due to 
flooding, forest fires or permafrost melting are natural processes that could further 
increase these levels.   

Silt flowing in water is a normal and necessary part of the natural environment. However, 
if silt appears at the wrong time of year, or in unnatural amounts, it can be a pollutant that 
alters water quality and fish health. During winter, stream flow is usually very clean 
water holding little silt. Some species of fish spawn during the autumn or winter to avoid 
the silt-laden river water common in northern rivers during spring and summer. These fall 
spawning fish, such as whitefishes and lake trout have eggs that overwinter and are very 
sensitive to silt during incubation. Spring-spawning fish such as Arctic grayling and 
northern pike avoid the silty spring and summer run-off in the larger rivers by moving 
into small, clean streams and lake margins to spawn. Their eggs are also sensitive to 
changes in water quality, especially silt. Arctic grayling are also very sensitive to silt 
during juvenile and adult stages, and grayling in the Great Bear Lake area have very 
specific habitat requirements (Jones and Tonn 2004a) including clean, silt-free water.  

Mining and construction activities such as road-building can cause silt to flow into 
streams, decreasing water quality for fish and invertebrates (Barton 1977) and lowering 
light penetration in the brief Arctic summer so that algae cannot grow (Van 
Nieuwenhuyse and LaPerriere 1986). Great Bear Lake is noted for its unusually clear 
water and very simple and sparse algae community (Rawson 1956; Moore 1980) which 
forms the basis for its fish food web. Global climate change can melt permafrost, causing 
slumping and increases in silt (Huscroft et al. 2004).  

Channel and Flow Changes 
Streams in the Sahtu area are home to a variety of fish species including Arctic grayling, 
sculpins, bull trout, Dolly Varden, mountain whitefish, and northern pike (Mochnacz and 
Reist 2007). Natural water flows can be highly variable in the Sahtu area (Gibson 2006) 
and northern fish are adapted to these changes (Jones et al. 2003). Natural flows and lake 
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and wetland surface water levels can be altered directly and indirectly by water 
withdrawal, watershed disturbance, stream crossings, and climate change.  

The quantity of water in the Sahtu area is seldom considered to be a limited resource, 
with its hundreds of streams and lakes, and the massive size of Great Bear Lake (often 
cited as the 4th largest lake in North America). However, low winter water levels in the 
surrounding lakes and streams can be limiting for the fishes that live there. Eggs and 
young of winter-incubating fish (lake trout, burbot (loche), whitefishes) can’t move from 
amongst their overwintering sites in stream or near-shore bottom gravel.  Overwintering 
fish in small lakes often can’t move between lakes because of low winter stream flows.  

Industrial and local uses of water during winter such as pumping water for ice bridges 
and roads, or for local consumption may occur on small streams or from small lakes. This 
local effect can lower water levels and decrease winter flow. Reductions in winter flow 
may freeze or suffocate eggs and young of fall-spawning char (Curry et al. 1995; Baxter 
and McPhail 1999). Although winterkill in boreal lakes is a natural phenomenon 
(Danylchuk and Tonn 2006), winter withdrawals of water for purposes such as mining, 
drilling, consumption at work-crew camps, ice and snow-bridge making, can reduce 
water levels in small lakes and streams to the point where oxygen depletion can cause 
fish to suffocate. Cumulative water withdrawal rates are not currently monitored in the 
Sahtu Settlement Area. 

Direct and indirect habitat loss can occur through fragmentation of streams, through 
draining of lakes and wetlands used for spawning and nursery areas or by building 
structures along stream and lake margins. Habitat requirements of fish, particularly in 
cold areas like the Sahtu can be very complex and restoring lost habitat is difficult (Jones 
and Tonn 2004b; Jones et al. 2008).  

Stream crossing density has been used and proposed as a useful indicator of watershed-
scale risk to fisheries (BCFS and BCE 1995; Salmo et al. 2003). Culverts used in many 
crossings typically become fish barriers after flood events. When water levels drop, the 
culvert has become a hanging “waterfall” barrier to most fish. Barriers at road-stream 
crossings can also occur as a result of debris blockages and increases in water velocity 
beyond the swimming ability of fish. Park et al. (2008) showed that up to 20% of the 
stream habitat in a boreal watershed in Alberta was lost to Arctic grayling and other 
fishes because of fragmentation by hanging culverts. Road densities in the most severely 
fragmented watershed were 0.4 km /km2, but significant fragmentation (i.e., >5% habitat 
loss) was observed at road densities as low as 0.11 km/km2. Despite regulations that 
prohibit this loss of fish habitat (Harper and Quigley 2000; Nelson et al. 2002), up to half 
of culverts on boreal streams in Alberta and British Columbia are now fish barriers (Park 
et al. 2008; FPB 2009). Concern has been raised about long-term changes caused by 
global climate change (Kerr 1997). More variation in water flow (more floods and 
droughts) will cause more culverts to become barriers to fish migrating in small streams.  

Roads built across streams or adjacent to streams can result in loss of fish habitat in a 
variety of other ways in addition to overfishing and fragmentation. Silt can increase 
because of enhanced run-off and erosion, water temperature may change because of loss 
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of stream-side vegetation, and oxygen levels may decline because of increased nutrient 
inflow and subsequent algae blooms. In the Battle River of north-central Alberta, habitat 
conditions for fish declined to where most fish species, including resilient species, were 
lost at road densities of between 1.0 and 1.3 km/km2 (Stevens and Council 2008). In two 
watersheds in northern Alberta, sensitive fish species (notably bull trout and grayling) 
were lost when road densities increased beyond 0.1 km/km2 (Scrimgeour et al 2008). 
Even in highly productive coldwater stream ecosystems of Washington and Oregon, fish 
and amphibian communities were degraded in basins with road densities exceeding 1.3 
km/km2 (Hughes et al. 2004).  

4.1.1.3 Exotic Species 

Northern aquatic ecosystems are usually quite simple, with low productivity. 
Introductions of exotic species or different strains of native species can quickly alter 
these simple communities. Alberta’s mountains and foothills ecosystem is quite similar to 
northern areas like the Sahtu landscape, in terms of cold, unproductive waters and simple 
fish communities. Introductions of exotic fish and strains such as brook trout and rainbow 
trout have seriously changed the local fish communities in much of Alberta’s east slopes 
rivers and lakes (Post and Johnson 2002). Problems include exotic fish competing with 
native fish (Gunckel et al. 2002), attracting excessive angling pressure which results in 
declines in native fish (Post et al 2003; Paul and Post 2003) and hybridization with local 
fish, causing reduced survival (Hitt et al 2003; Robinson 2007).  

Managing exotic species is a very difficult task. Illegal introductions of fish have 
occurred through Alberta and British Columbia, even in remote areas. Once established, 
elimination of these fish is usually impossible. More manageable, however, is the 
introduction of fish through well-meaning, but uninformed government or public 
programs. Fish stocking, either of local species (but exotic strains) or new species is very 
popular and is often demanded when local fish stocks decline. Even in the Yellowknife 
area, anglers are insistent in demanding more fish stocking into local lakes (DFO 2005). 
The Great Bear Lake management plan recommends that that introduction of fish (or 
other organisms) in the Great Bear Lake watershed should be prohibited (Great Bear 
Lake Working Group 2005). 

4.1.1.4 Combined Effects 

The overall cumulative effects of industrial activities in northern Canada have been 
shown to alter entire fish communities, especially top predators and sensitive species like 
trout and Arctic grayling (Scrimgeour et al. 2008; Stevens and Council 2008). Even in 
more robust southern systems, the cumulative effects of human development are clearly 
associated with major changes to entire fish communities (Scott et al. 1986).  

Both natural variability and human-induced change must be considered to appropriately 
manage cumulative aquatic effects. The combined effects of these various activities may 
result in the need for management actions that are not immediately obvious. For example, 
controlled burns in Jasper National Park, intended for fire protection, caused an increased 
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nutrient flow into a local lake, changing the trophic status of lake trout and causing their 
level of mercury contamination to exceed health guidelines (Kelly et al. 2006).      

4.1.2 Developing Targets 

The many effects that humans can have on a fish population all contribute to one major 
and obvious change; the disappearance of older, larger fish. This can be a critical loss 
because of the ecological, social, and economic importance of these fish. Thus, 
abundance of old, large lake trout is a useful indicator of population health in the Great 
Bear Lake watershed.  

In terms of economics, it is the unusually large, trophy-sized lake trout that are the 
primary draw for angler-tourists to the Sahtu area. For decades, these fish have been the 
economic engine that supports the local fishing lodge and guiding industry, and the 
resultant spin-off employment and investment.  

In terms of fisheries science, many studies show the importance of older fish for 
ecological and population stability. Studies show that older fish are necessary for 
production of high-quality eggs and larvae (Marshall and Keough 2004; Berkeley et al. 
2004), for maintaining trophic function (Friedlander and DeMartini 2002), and as 
reservoirs of genetic diversity (Hauser et al. 2002). These factors interact and result in 
older fish providing populations with resilience to ecosystem changes (Birkeland and 
Dayton 2005).  

In terms of traditional ecological knowledge (TEK), some people believe that, similar to 
human cultures, animal communities value their elder animals. For example, the Kluane 
First Nations people in the Yukon describe how the oldest Dall’s sheep rams (the elders 
of the sheep community) are needed as teachers of mating traditions and survival skills 
for the younger sheep (Nadasdy 2003). This traditional view of elders in animal 
communities is well supported by recent behavioural studies on fish showing that older, 
larger fish in schools are necessary for behavioural reasons such as leading migration and 
for leadership roles in avoiding predation (Sumpter et al. 2008; Harcourt et al. 2009).  

The immediate value of these old, large fish is especially important when considering the 
changes that are facing the Great Bear Lake watershed. Economic development (e.g., 
energy, mining, tourism and forestry), and natural and human-induced landscape changes 
(e.g., global climate change) could affect the resilience of the Great Bear Lake watershed. 
Maintaining (or even increasing) the abundance of old, large trout would be an indicator 
of ecosystem integrity.   

Consistent with the structure described earlier in Section 1.2.2, targets for abundance of 
old, large lake trout can be related to three ranges of abundances, each with their own 
management action. Management targets for large lake trout abundance should reflect the 
intrinsic values that different people put on this indicator. For example, a fishing lodge 
operator will likely value large fish more than would a heavy equipment contractor. 
Therefore, the specific level of each objective can only be determined through discussion 
and advice that allows different people (with different knowledge and experiences) to 
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explain their values. These differences can be broken into three main types of types of 
knowledge and values; scientific, traditional-knowledge, and broader social or political.  

4.1.2.1 Applying Science 

To be clear and defensible, targets should ideally be based on documented population 
responses of fish. For example, Post et al. (2003) discuss ‘depensatory’ population 
responses: if trout abundances drop below certain levels, the population will experience 
recruitment failures and ecosystem instability that affects size and abundance. For boreal 
fish populations in Alberta, serious impacts have been observed when fish densities fall 
below approximately 10% of unexploited levels (Sullivan 2002, 2003a). This science-
based threshold could likely be considered the lowest level of abundance, below which 
the status would be considered ‘unacceptable’.  

Abundance of large lake trout or other fish species can be monitored directly with nets or 
traps, or indirectly from harvester and angler catch rates. Using catch rates from 
fishermen (both sport and subsistence) as a key indicator of fish status is likely the 
simplest, most economical and socially useful method of monitoring at a coarse scale. 
However, it has considerable weaknesses if used to detect fine-scale changes in fish 
status. An initial monitoring program using catch rates can be easily implemented and 
should provide adequate, basic information on the status of older lake trout.  

4.1.2.2 Applying Traditional and Community Knowledge 

Traditional ecological knowledge (TEK) relates to the peoples’ understanding of the 
value of large, old trout (elders of the trout community). TEK often describes, in 
traditional terms, the same concepts for what science is now learning. This was clearly 
shown in the similarity of stories from Sahtu elders and the stories from climate scientists 
when describing the weather and climate changes in the Great Bear Lake area (Woo et al. 
2007). Discussion with elders will determine their beliefs regarding healthy abundances 
of old and large lake trout. This level of abundance may be considered to be the highest 
level or “Desired” status of lake trout. 

The experiences of elders and very knowledgeable fishermen would be invaluable for 
understanding the possible level of unexploited abundance that lake trout may have 
attained in Great Bear Lake. This is necessary both for understanding the ranges of the 
“Desired” category and for determining the scale of abundance for the categories of 
lower abundance. 

Déline and Sahtu residents experienced the effects of overfishing of lake trout during the 
1970s and 1980s. Data gathered from sport fishermen and lodge operators during his time 
(Appendix 1) show that trout numbers and sizes declined when angler-effort was above 
7,000 angler-days per year. In response to this threat to their businesses based on very 
high-quality fishing, the lodge operators reduced pressure to nearly 4,000 angler-days per 
year by 1990 (Figure 11). Trout harvests declined from over 18,000 fish to below 5,000 
fish during this time (Figure 12). 
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Figure 11. Number of angler-days estimated for each sport fishing lodge on Great 
Bear Lake during 1972 to 1990. (Data from creel surveys and angler diary 
programs in Yaremchuk (1986), Anderson and Thompson (1991), and Stewart 
(1996). Data points from missing years extrapolated by averaging data from adjacent 
years.). 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 12. Number of lake trout harvested from each sport fishing lodge on Great 

Bear Lake during 1972 to 1990. Data from creel surveys and angler diary 
programs in Yaremchuk (1986), Anderson and Thompson (1991), and Stewart 
(1996). Data points from missing years extrapolated by averaging data from adjacent 
years. 
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People who experienced the fishery at this time, and those with an understanding of the 
changes since that time would be important for consultation regarding management 
targets. How rare were large lake trout during the time of heavy fishing pressure? Have 
the large lake trout recovered in numbers to an acceptable level under today’s fishing 
pressure? Consultations with these knowledgeable community members would not only 
help to define indicator targets, but would also provide realistic management strategies 
for maintaining abundance of lake trout (e.g., what is the acceptable number of anglers 
that Great Bear Lake can sustain?).  

4.1.3 Applying Social Values and Risk Tolerance 

Decisions about land and resource use are ultimately decisions about trade-offs. These 
can only be considered in the light of social values. Careful use of science and modelling 
can present the likely alternative futures, but Sahtu residents, decision-makers, and other 
land users must decide for themselves if these futures are good or bad, and what desired 
outcomes are.  

The most important management objective is clearly defined and well-stated in the vision 
of the Great Bear Lake management plan, “Great Bear Lake must be kept clean and 
bountiful for all time”. The more detailed management targets related to large lake trout 
abundance can be informed by − and help achieve − this larger vision.     

The main trade-off facing the Sahtu area for the Valued Component indicator of old, 
large lake trout is between the immediate economic benefit of more anglers versus 
longer-term loss of the high densities of large fish that now makes this area special.  

The consequences of losing these large lake trout is considered very severe from 
ecological, economic, and social perspectives, so their loss would likely be considered a 
high risk trade-off by many community members (e.g., relatively small increase in 
economic value in attracting more anglers, versus potential loss of valued component of 
large trout). However, people who may directly gain from increases in sport fishermen 
(e.g., people who want to become guides or lodge operators, or fly-in operators from 
Yellowknife) may find this trade-off to be very acceptable. 

Other potential trade-offs include: 1) attracting industrial development with large 
potential economic gain, but detrimental effects on lake trout abundance and watershed 
water quality; 2) building roads into the Sahtu area, bringing lower costs and greater 
goods and services, but with near-certain losses of fishing quality; and 3) reducing 
traditional uses of fish to allow fish communities to become more resilient to detrimental 
effects of future global climate change. 
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4.1.3.1 Candidate Lake Trout Objectives 

Candidate tiered targets for old, large lake trout care provided in Table 4. These are 
consistent with documented lake trout response to harvest and the management vision 
specified in the Great Bear Lake Watershed Management Plan (Great Bear Lake Working 
Group 2005): namely, that the catch of large trophy lake trout (fish in excess of 9kg) by 
any lodge remains stable at baseline levels.  

In general, the Management Threshold would differentiate the lowest abundance category 
or ‘unacceptable’ conditions. At this point, restrictive management actions would be 
implemented to substantially reduce harvest and avoid further loss and recover lake trout. 
The Management Target would reflect the level that is politically and practically 
achievable and provides adequate long-term protection to lake trout. At this point 
enhanced protection measures would be implemented to reduce or redistribute harvest. 
The candidate Cautionary Marker is proposed as an early warning sign that large lake 
trout abundance has been affected and enhanced monitoring should be initiated to track 
any further declines.  

The candidate targets provided in Table 5should be formally evaluated through 
community consultation and additional biological analysis and modeling as described in 
Section 5. The plan notes that baseline or reference levels will be established for various 
stocks as determined by harvest studies in areas used by fishing lodges. 

Table 5. Candidate tiered objectives for managing cumulative effects on old, 
large lake trout in Great Bear Lake. 

. 

Candidate  
Objectives 

Indicator  
Statusa 

Main Cumulative
Effects 

Comments 

Management 
Threshold 

Low density  
(>10 angler days 
per large fish) 

Road density 
Angler-numbers 
Climate change 

Derived from science-based 
assessment of fish population collapse. 
Much lower than current reported 
catch rates. 

Management 
Target 

Moderate density 
(2 to 10 angler 
days per large 
fish)  

Road density 
Angler-numbers 

Candidate value to be confirmed with 
community-based assessment of sport 
fisheries stability 

Cautionary  
Marker 

High density  
 (<2 angler days 
per large fish) 

Angler-numbers Candidate value to be confirmed with 
TEK-based assessment of fish 
community integrity 

a indicator status based on angling catch rate of lake trout > 9 kg.  
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Implementation Considerations 
Factors that need to be specifically considered to implement lake trout tiered targets 
include: 

• Over what area will the indicators be measured (e.g., entire lake, specific 
basins, outfitter operating areas)? 

• Who is responsible for collecting information on and calculating indicator 
status? 

• How should subsistence harvest be monitored?  

• How can old fish harvest be related to effort to ensure that this and other 
potential biases are considered?  

• What is the legal or regulatory authority(s) for implementing enhanced or 
restrictive protection measures? 

• Who is responsible for compliance monitoring to ensure that threshold harvest 
rate has not been exceeded (e.g., regulator, land use planning agency; 
outfitters)? 

• Who is responsible for ongoing effects monitoring to validate the dose-
response curve and track actual lake trout population response (e.g., 
government, outfitters, cooperative program)? 

• How should allowable harvest be allocated to be fair to existing and future 
land users and maximize local, regional, and national benefits (e.g., oldest 
lodges have priority; annual auctions; maximum local benefits)? 

These implementation issues are discussed in Section 6.  
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5. EARTH COVER CLASSIFICATIONS 

This section evaluates the suitability of the following Ducks Unlimited (DU) datasets for 
target development and implementation: 

• Sahtu, NWT Earth Cover Classification including imagery and user guide 
(DU 2001), and  

• Middle Mackenzie Project Earth Cover Classification including imagery and 
user guide (DU 2006); 

• Taiga Plains Ecozone Predictive Waterfowl Distribution Model for the Sahtu 
Settlement Area including model limited supporting information. 

Key considerations were the satellite imagery classification scheme, accuracy and 
coverage, the attributes assigned to land use and landscape features, and the suitability of 
these data for use in the ALCES III scenario model to evaluate trade-offs of candidate 
targets. Emphasis has been placed on features of specific relevance to the Valued 
Component indicators, namely linear disturbance density for woodland caribou and water 
quality, young forest area for woodland caribou, and total disturbed area by groundcover 
type for future watershed monitoring. 

The Earth Observation for Sustainable Development of Forests (EOSD) land cover 
dataset was also evaluated.  

5.1 LAND COVER DATASETS 

5.1.1 Sahtu, NWT Earth Cover Classification Project 

The Sahtu earth cover project encompasses approximately 11% of the Sahtu settlement 
area and is centered on the Mackenzie River in the central portion of the settlement area 
(Figure 13). The project involved classification of a Landsat Thematic Mapper satellite 
scene acquired during the summer 1992 and change detection of this scene with an earlier 
Landsat image, from 1987. Field data was collected in the summers of 1999 and 2000.  

Land cover classification was based on a scheme by Viereck et al. (1992, in DU 2001), 
which had been previously used by DU for earth cover mapping in boreal Alaska. Overall 
accuracy was reported at 81%. Supporting documentation suggests that the variation in 
dates between the imagery and field data may have affected the accuracy assessment. 
Difficulties in classifying recently burned and regenerating burn sites were specifically 
noted.  
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Figure 13. Location of Ducks Unlimited earth cover classification projects. 
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5.1.2 Middle Mackenzie Project Earth Cover Classification 

The Middle Mackenzie earth cover project encompasses approximately 14% of the Sahtu 
settlement area and is centered on the Mackenzie River in the northwest portion of the 
settlement area (Figure 13). There is slight overlap along the eastern edge of the Middle 
Mackenzie project with the Sahtu earth cover classification project area.  
 
The Middle Mackenzie project involved classification of portions of five Landsat 
Thematic Mapper satellite scenes acquired during the summers of 1997 and 1998. Field 
data were collected in the summer 2003. The same classification scheme used for the 
Sahtu project was used as the basis for this project as well, thus similar classification 
outputs were provided by both projects. Overall accuracy reportedly ranged from 71% to 
82%; most of the error involved misclassification between related cover types, such as 
between forested classes or between the wetland classes. 
 

5.1.3 Taiga Plains Ecozone Predictive Waterfowl Distribution Model for the 
Sahtu Settlement Area 

The Taiga Plains Ecozone Predictive Waterfowl Distribution Model encompasses 
approximately 67% of the Sahtu settlement area (Figure 14). While supporting 
documentation specific to this model was unavailable, DU provided the document 
‘Mapping the Spatial Distribution of Waterfowl Pairs in the Boreal-Parkland Transition 
Zone’ as a reference (Slattery et al n.d.). DU indicated that the methodologies were the 
same for development of both models, i.e., for the boreal parkland and the taiga plains 
predictive waterfowl distribution models. 

Three datasets were used for model development and subsequent coarse scale waterfowl 
distribution maps: Waterfowl Breeding Population and Habitat Survey, Natural 
Resources Canada’s waterfraction data based on digital NTS maps and the land cover of 
Canada based on 1995 satellite imagery. Resolution of the latter two datasets was 1 km2. 

The Boreal parkland model was reportedly good for producing waterfowl distribution 
maps, though less valuable in understanding the habitats that waterfowl were keying into, 
i.e., bird density-habitat connections. It is unclear whether a similar conclusion can be 
made for the taiga plains model. 
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Figure 14. Location of Ducks Unlimited Predictive Waterfowl Distribution Model 
data. 
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5.1.4 Earth Observation for Sustainable Development of Forests (EOSD) 
Land Cover Mapping 

The Earth Observation for Sustainable Development of Forests (EOSD) initiative 
(Canadian Forest Service and Canadian Space Agency) developed a dataset of mapped 
land cover for all of the forested regions of Canada in conjunction with the provinces, 
territories, universities and industry. It is based on a classification of Landsat-7 ETM+ 
data circa 2000 with a spatial resolution of 30 m (Wulder 2002). The data includes most 
of the Sahtu Settlement Area (Figure 15). Overall accuracy has not been assessed, but the 
target accuracy was set at 80%. Wulder et al. (2008) have developed a methodology for 
assessing accuracy and a trial sample has shown that the overall accuracy of the EOSD 
classification over Vancouver Island has matched the target accuracy of 80%.  

The EOSD data is available for download free of charge from the SAFORAH (System of 
Agents for Forest Observation Research with Automation Hierarchies) portal 
(http://www4.saforah.org/eosdlcp/nts_prov.html) as 1:250 000 NTS map sheet tiles 
zipped by territory and province. 

5.1.5 Land Cover Classification 

The two earth cover classification datasets provided by DU can be used to represent the 
vegetated landscape for approximately 25% of the Sahtu settlement area. Both projects 
utilized Landsat Thematic Mapper satellite imagery as their base dataset, albeit of 
different vintages, which has several advantages including the regional coverage 
available. Particular to this project is the value of Landsat TM imagery in differentiating 
vegetation types, soil moisture, and water and wetland features. Stand age for forest 
classes is not available with this type of data. The spatial resolution of this dataset is 
approximately 25 m. This is adequate for land cover definition for the ALCES simulation 
model).  

The 29 to 31 earth cover classes included in the DU earth cover classifications are listed 
in Error! Reference source not found.. The Valued Components being considered are 
woodland caribou, water quality, and lake trout. The DU earth cover classification has 
been previously used for woodland caribou habitat mapping in northeast British 
Columbia (Culling et al. 2006); the revised classifications developed for northeast British 
Columbia should be directly applicable to boreal caribou in the Sahtu region. The earth 
cover classification schemes provide sufficient detail for simulation modeling with 
ALCES, as this computer model is restricted to a maximum of 20 earth cover types.   

The EOSD land cover legend was adapted from the National Forest Inventory (NFI) 
Land Cover Classification Scheme, which was based on the British Columbia Land 
Cover Classification Scheme (Wulder and Nelson 2003). Both were designed for use 
with aerial photography. The EOSD classification legend consists of 22 land cover 
classes (Table 6, from Wulder et al. 2004). Similar to the DU datasets, the EOSD land 
cover does not provide information on stand age of forest classes. 
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Figure 15. EOSD data coverage in the Sahtu Settlement Area. 
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Table 6. Earth Cover Classes included in the Sahtu, NWT and Middle 
Mackenzie earth cover classification projects. 
 

Sahtu, NWT Classification Middle Mackenzie 
Classification 

Closed Needleleaf Closed Spruce
Open Needleleaf Lichen Open Spruce - Lichen
Open Needleleaf Open Spruce - Other
Closed Deciduous Closed Deciduous
 Open Deciduous
Closed Mixed 
Needleleaf/Deciduous

Closed Mixed 
Needleleaf/Deciduous

Open Mixed 
Needleleaf/Deciduous

Open Mixed 
Needleleaf/Deciduous

Woodland Needleleaf Lichen Woodland Needleleaf - Lichen 
Woodland Needleleaf Woodland Needleleaf - Other 
Tall Shrub Tall Shrub
Low Shrub Low Shrub - Other
 Low Shrub - Tussock Tundra 
Low Shrub-Lichen Low Shrub - Lichen
Dwarf Shrub / Dwarf Shrub-
Lichen 

Dwarf Shrub - Lichen

Moss Moss
Wet Graminoid Wet Herbaceous
Mesic/Dry Sedge Meadow / 
Mesic/Dry Grass Meadow / 
Mesic/Dry Graminoid/Forb

Mesic/Dry Herbaceaous

Tussock Tundra  
Tussock Tundra-Lichen  
Aquatic Bed Aquatic Bed
Emergent Vegetation Emergent Vegetation 
Clear Water Clear Water 
Turbid Water Turbid Water 
Sparse Vegetation Sparse Vegetation 
Rock/Gravel Rock/Gravel 
 Non-Vegetated Soil 
Urban Urban
Cloud Shadow / Terrain 
Shadow 

Shadow / Cloud Shadow 
 

Snow  
Cloud Cloud 
Fire (Burned) Recent Burn 
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Table 6. EOSD land cover legend (from Wulder et al. 2004). 
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The limited coverage and lack of stand age data are the two principal concerns with the 
two DU earth cover classification datasets. If these data are to be used for caribou target 
implementation, work will need to take place in one of the two dataset coverage areas. 
The Middle Mackenzie appears to be most appropriate because it includes portions of a 
Multiple Use Zone where woodland caribou are designated as a management value. To 
track the young forest indicator, representative forest age class distributions and recent 
burn data will need to be generated from other territorial or national sources. DU earth 
cover data are not available for the Great Bear Lake watershed. This will not affect the 
proposed lake trout catch rate indicator. 

The EOSD dataset likely provides a better option for target implementation because it 
covers most of the Sahtu Settlement Area. It has been used for several previous ALCES 
simulation modeling initiatives in the boreal forest and Northwest Territories.  

If no recent fire data exists, forest age class structure can be simulated following the 
approach of Carlson et al. (2008), where they used the ALCES model with estimated fire 
rates to simulate forest age class structure over 1,000 years and took the average of 100 
simulation runs to estimate the current age structure. 

5.2 LAND USE DATASETS 

While the three earth and land cover datasets are suitable for generating landscape level 
summaries of broad vegetation types required by the ALCES model, these data are 
insufficient to delineate land use features. This is especially true for well sites, cutlines, 
pits, clearings, and other industrial related features which are present on the landscape, 
but are not captured at the resolution of the data. 

Linear features are critical to the target implementation protocol, so land use data will 
need to be generated from digital topographic maps or high resolution satellite imagery.  
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6. TARGET IMPLEMENTATION MEASURES 

Under the Mackenzie Valley Resource Management Act (MVRMA), Land Use Planning 
Boards are given the power to develop land use plans and to ensure that future use of 
lands is carried out in conformity with those plans. Land and resource use planning is 
undertaken to provide guidance on whether, where, and how land use activities should be 
located, encouraged, or restricted to provide an appropriate balance between social, 
economic, and environmental values. The purpose of the Sahtu Land Use Plan defined in 
the Sahtu Dene and Metis Comprehensive Land Claim (SLCA) “…is to protect and 
promote the existing and future well-being of the residents and communities of the 
settlement area having regard to the interests of all Canadians.”   

The Sahtu Land Use Plan will establish the ‘vision’ and ‘rules’ for future land and 
resource use in the region. To be most effective, residents and land users should be able 
to relate their on-the-ground actions and activities directly to the overall management 
visions. Regulators should be able to translate these same visions into rules and decision-
making processes. Objectives, including targets, are a way to build links between 
territorial, regional, sub-regional (management zones), and local plans and decisions. The 
SLUPB currently intends to introduce the concept of management targets into the land 
use plan and formally evaluate the merit of including specific targets such as those 
proposed here, so that they can be incorporated (if appropriate) during the first 5-year 
plan review.  

For land use targets to be viewed as useful and effective management tools, they must be 
part of a practical implementation framework. The ESRF Valued Component Thresholds 
report (Antoniuk et al. 2009) discusses target implementation issues and summarizes 
stakeholder views on realistic implementation approaches. They concluded that the key 
implementation challenges include the need to: 1) be consistent with existing legislation, 
policies, and processes; 2) provide clear direction while still maintaining flexibility to be 
able to adapt to better information on biological responses or new social values; and 3) be 
fair to all land users including new entrants. 

The following steps should be used for target implementation in the Sahtu Settlement 
Area:  

1. Adopt the candidate objectives proposed in Sections 2, 3 and 4 as a foundation 
for further discussion. 

2. Obtain and process required land cover and land use information described in 
Section 5 so that it can be provided in a consistent and readily available format. 
Investigate opportunities to leverage ESF data management activities.  

3. Refine standardized analysis, reporting, and review methods proposed in 
Sections 6.2 through 6.4 in conjunction with the SLUPB, decision makers, and 
land users.   

4. Evaluate the likely future economic and environmental implications of target 
implementation using ALCES scenario modeling in conjunction with the 
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SLUPB, decision makers, and land users. Use this as an opportunity to educate 
land users, and decision-makers about what this approach means to encourage 
Aboriginal peoples’ understanding and buy-in. This is described in Section 6.5.  

5. Implement a non-binding pilot study to test and refine analysis, reporting, and 
review methods, and build stakeholder confidence and awareness about the 
long-term benefits of this approach; and  

6. Continue monitoring as required to refine dose-response curves, objectives, 
targets, and management actions.  

 

The Sahtu target implementation project is designed to start slowly and to ‘learn by 
doing’ in a way that is transferable to other jurisdictions. Three Valued Components and 
three indicators are proposed as candidates for further evaluation in the Sahtu Settlement 
Area. Figure 16 shows how these indicators can be directly linked to the Sahtu land use 
plan vision while still forming part of the territory-wide objectives framework described 
for the ESRF study. As described in Sections 2 and 4, woodland caribou and lake trout 
are Sahtu region examples of valued wildlife and fish species, and the indicators selected 
for them are also consistent with territory-wide recommendations developed for the ESF 
and CIMP initiatives (e.g., Macleod 2002; INAC 2007) and ESRF-sponsored studies on 
target implementation (Dillon and Salmo 2006; Antoniuk et al. 2009).  

6.1 ROLES AND RESPONSIBILITIES 

A key issue for objective and target implementation is who is ultimately accountable for 
developing, applying, and enforcing them. Options span the range from a primary 
government role to a primary land user role, but the ESF initiative provides a suitable 
forum to facilitate implementation in the Sahtu region. The following principles 
identified by Salmo et al. (2003) are relevant here:  

• all resource managers and land users share the responsibility for assessment and 
management of cumulative effects; 

• the level of assessment, review, and mitigation should be related to the potential 
risk of undesirable or unintended effects; 

• management actions should be explicitly linked to objectives so that land users 
can choose the most effective method of achieving them; 

• resource managers are responsible for providing clear guidance on the calculation 
and evaluation of indicator status, for providing the information necessary to 
complete these evaluations in a timely manner, and for ensuring that rules are 
consistently and fairly applied; 

• land users are responsible for defining a project’s incremental contribution to 
indicator status; and  

• cooperative research and monitoring should be conducted in selected areas to 
provide information necessary to refine objectives and management actions.  
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Figure 16. Proposed Sahtu Valued Component (VC) framework with regional management indicators and tiered 
objectives linked to regional management vision and the generalized NWT VC framework of Antoniuk et al. 
(2009).
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While land use plans are the single best option for developing targets, other bodies will 
generally be responsible for applying and enforcing them. Guidance provided by the 
MVRMA and SLCA suggests the following roles and responsibilities: 

• Target development: Sahtu Land Use Planning Board, Sahtu Renewable 
Resources Board, other co-management bodies, and departments or agencies 
of the federal and territorial governments responsible for conservation, 
development, or use of one or more resources in the Sahtu Settlement Area. 

• Target application: the responsible authority or party responsible for 
conducting a preliminary screening or environmental assessment or where 
preliminary screening is not required, for issuing leases, licenses, permits or 
other authorizations or interests relating to the use of land or waters or the 
deposit of waste. This includes: Sahtu or Mackenzie Valley Land and Water 
Boards; Mackenzie Valley Environmental Impact Review Board; Sahtu 
Secretariat Incorporated or District Land Corporations; Sahtu First Nation; 
Sahtu Land Use Planning Board (in case of referral); departments or agencies 
of the federal and territorial governments, and every body having authority 
under any federal or territorial law to issue leases, licenses, permits or other 
authorizations or interests.  

• Target monitoring and enforcement: the responsible authority defined by 
the MVRMA, Sahtu or Mackenzie Valley Land and Water Boards, Sahtu 
First Nation, departments and agencies of the federal and territorial 
governments, and every body having authority under any federal or territorial 
law to issue leases, licenses, permits or other authorizations or interests 
relating to the use of land or waters or the deposit of waste. Ultimately a 
central information management group such as the ESF, Mackenzie Valley 
Land and Water Board, or Sahtu Land and Water Board should be designated 
to maintain current information on target status for each management zone in 
which it is applied.  

 

The proposed caribou, water quality, and lake trout indicators would be applied in two 
fundamentally different ways. Candidate caribou and water quality indicators are 
footprint-based measures that would be applied on a project-by-project basis to determine 
required management actions before an activity occurs (proactive management). The lake 
trout indicator is an activity-based measure that would be routinely monitored so that 
required changes to existing management actions can be applied (reactive management). 
Both will require: regulations or voluntary agreements to implement; ongoing monitoring 
to track indicator status and confirm underlying dose-response relationships; reporting to 
communicate indicator status to decision makers and land users; processes to define 
required management responses under different scenarios; and enforcement to ensure that 
activities are being conducted in an approved manner.  
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6.2 WOODLAND CARIBOU OBJECTIVES 

Woodland caribou objectives and targets are designed to prevent declines observed in all 
western provincial herds in association with industrial land use. The candidate objectives 
rely on documented responses of Alberta herds.  

Wildlife harvesting rights of Sahtu participants are outlined in the SLCA. Caribou harvest 
in the Sahtu Settlement Area is regulated and managed by the Government of the 
Northwest Territories, Environment and Natural Resources (GNWT ENR) in cooperation 
with the Sahtu Renewable Resources Board. Land use regulation is the responsibility of 
the Sahtu First Nation on settlement lands, and Sahtu Land and Water Board elsewhere in 
the Sahtu Settlement Area. Departments or agencies of the federal and territorial 
governments may also regulate some land uses or resources. Preliminary screenings of 
proposed activities are conducted by the Sahtu Land and Water Board or other regulatory 
authorities. .  

The candidate linear density and young forest objectives provided in Section 2.1.2.4 are 
intended to provide a reasonable starting point for target implementation. The exact level 
of the management objectives should also consider Sahtu resident’s values on how much 
risk is acceptable; this may change as people’s values change. For these reasons, 
consultation with Sahtu residents, wildlife managers, and regulators will be needed to 
refine the candidate targets (see Section 6.5). The following guidance on implementation 
issues is provided as examples of how these targets can be applied, monitored, and 
enforced. These details will also need to be reviewed with responsible parties before 
being applied in a pilot project.  

6.2.1 Indicator Analysis Protocols 

Indicator status must be calculated in a standardized way to ensure that all land use 
proposals are evaluated consistently and fairly.  

Identification of the appropriate analysis area (spatial boundaries) is a critical component 
of indicator analysis. Selection of a very large analysis area increases the likelihood that 
disturbances will be judged to be of no concern because they are relatively small in 
comparison. In contrast, selection of a very small study area can overstate a disturbance’s 
influence. The woodland caribou indicators described in Section 2 were developed at the 
scale of a caribou herd, ranging in area from roughly 10,000 km2 to 40,000 km2.  

Woodland caribou are widely distributed in the Sahtu Settlement Region, including the 
Mackenzie Mountains Special Management Area and the Norman Mountains, Fort 
McPherson Plain, Mackenzie Valley Plain, and Great Bear Lake Plain ecoregions. The 
Great Bear Lake Plain is mainly within a Special Management Zone while the other 
ecoregions are largely within a Multiple Use Zone on the SLUPB August 2007 
Discussion Draft map.  

No currently proposed land use zone fits all the ideal implementation criteria for 
woodland caribou targets: 1) >10,000 km2 in area to reflect the appropriate size of a 
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woodland caribou management area; 2) designated as a Special Management Zone; and 
3) area where industrial land use potential is high. Because of this, implementation in a 
portion of the Fort McPherson Plain ecoregion north of Fort Good Hope or Mackenzie 
Valley Plain south of Tulita or is recommended. The latter option may be more 
appropriate because hydrocarbons have recently been discovered in the Summit-Keele 
area and current and future oil and gas exploration permit areas cover just over half of 
this area (Tracz et al. 2006). Research on boreal caribou response to industrial land use 
has been initiated and DU and territorial Landsat data are being used to derive a habitat 
classification (Tracz et al. 2006).  

The following protocols outline the methods for compiling and analyzing land use feature 
and landscape data for linear disturbance density and young forest area. It is based on a 
monitoring protocol developed by Antoniuk et al. (2008).  

6.2.1.1 Linear Feature Density 

The linear feature density indicator quantifies the length (in kilometers) of all combined 
linear features (e.g., roads, pipelines, power lines, seismic lines, cutlines, and trails) per 
square kilometer as an average over the analysis area. The following protocol is an 
example of the level of detail that will need to be provided to consistently track and 
report on linear feature density.  

Step 1. Compile data for analysis in a GIS.  

Current linear feature data for the analysis area will need to be acquired from a 
centralized, approved database or generated from digital topographic maps or high 
resolution satellite imagery. Linear feature data should be generated in vector format. 
Each linear feature type that occurs in the analysis area (e.g. major road, minor road, 
pipeline, seismic line, etc.) should be in a separate dataset/layer with a field identifying 
the feature type. This is necessary if feature types are to be tracked separately (i.e., 
densities calculated for individual linear features) or for creating layers for use in ALCES 
simulation modelling.  

Step 2. Clean data. 

Linear feature data should be checked for integrity to ensure lines are complete and 
connected where appropriate. Data should be clipped to the analysis area. Large lakes 
(> 100 ha or other predetermined value) should be excluded if present. 

Step 3. Validate data. 

Merging of the linear layers will often result in different linear feature types paralleling 
each other in close proximity. Without detailed ground survey information, it is 
impossible to definitively say which features share a right-of-way and which features are 
in separate corridors. Standard guidance will need to be provided as to whether all line 
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features are counted individually, which may overestimate actual linear corridor density, 
or whether data will be manipulated such that features running parallel to each other and 
in close proximity (i.e., within 10 m or some other predetermined distance) are combined 
to represent one feature.  

Alternatively, land users or decision makers could decide to ground truth digital datasets 
to provide more accurate estimates of current linear features. This approach is 
recommended where a central information management group is responsible for 
collecting and maintaining up-to-date information on indicator status.  

Step 4. Apply decision rules for reclaimed linear features. 

Depending on currency of linear feature data, some features may have since been 
reclaimed and could be removed from the linear feature density calculation. Decision 
rules will need to be specified to identify the conditions under which certain linear 
footprints can be removed (e.g., all lines with > 80% coverage of shrubs or trees greater 
than 2 m in height in order to minimize line of sight, wolf movement, and caribou 
avoidance). These rules will need balance biological knowledge (e.g., how do caribou, 
wolf, and moose respond to these features) and land use guidance (e.g., is there an 
existing definition of reclaimed for forest management or land use permitting purposes). 
Unless confirmed otherwise, all linear features should be considered to be unreclaimed.  

Step 5. Merge linear feature data.  

Linear feature datasets/layers are merged into a single layer. Once combined, the total 
length of all linear features can be calculated. The lengths of linear features of each type 
can also be calculated separately, if desired. 

Step 6. Calculate average linear feature density for analysis area.  

Calculate the total kilometres of combined linear features in the analysis area and divide 
this number by the area (km2) of the analysis area to arrive at the average linear feature 
density (km/km2).   

6.2.1.2 Area of Young Forest 

The young forest area indicator quantifies the percentage of young forest and recently 
burned and cleared areas in the analysis area. According to Boutin and Arienti (2008), 
young forests are defined as being <30 years old. The following protocol is an example of 
the level of detail that will need to be provided to consistently track and report on this 
indicator.  
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Step 1. Compile data for analysis in a GIS.  
Along with forest land cover classification data, forest age class distribution data will 
need to be acquired or generated from other territorial or national sources in order to 
calculate area of young forest. Where no forest age class distribution data exist, a 
substitute can be generated using fire/burn data and forest clearing/timber harvest data.  
Select only fires/cuts that occurred within the last 30 years in order to identify young 
forest. 

Step 2. Clean data 

Where a land cover classification dataset is used, land cover types classified as “burns” 
“clouds”, “snow” or “shadow” will be dealt with in Step 5 after the burn data is 
incorporated. Where burn/clear-cut data are used, assuming these data will be in 
polygonal format, remove any overlaps in each dataset. Data should be clipped to the 
analysis area. Large lakes (> 100 ha or other predetermined value) should be excluded if 
present. The burn dataset should also be simplified so that there are a minimum number 
of fire year classes within the 30 fire years in the dataset; for example, simplifying to 
create a class for fires that occurred prior to the acquisition date of the land cover dataset 
and a polygon class for fires occurring after the acquisition date of the land cover dataset 
(see Step 5). 

Step 3. Combine burn data with land cover classification 

Within a GIS, there are a number of different methods that can be used to combine the 
fire data with land cover classes to calculate total area where the fire data overlaps with 
the forest land cover classes separately from other land cover classes and areas where 
there were no fires. 

Step 4. Combine timber harvest and clearing data with land cover 
classification 

If timber harvest or clear-cut data exist, the data can be incorporated in a similar manner 
to the burn data.  

Step 5. Determine area of young forest 

The number of cells of each land cover class that fall within the 30 year fire polygons 
should be multiplied by the land cover dataset cell size (e.g., 30m x 30m) to get the area 
of each land cover class for each fire year or fire year class. In this example the fire years 
are grouped into 2 classes (Step 2) - one for fires occurring prior to the acquisition date of 
the land cover dataset and one for fires occurring after the acquisition date of the land 
cover dataset - in order to make adjustments based on the currency of the land cover 
dataset and due to the classification issues outlined in Step 2. 
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For burns that are more recent than the date of acquisition of the land cover data, land 
cover classes would remain as they are in the data. However, for fires that occurred 
before the land cover data acquisition date, some of the land cover classes may have to be 
adjusted. Where a burned area coincides with a forest class, the classification would 
remain unchanged. Where a burned area does not coincide with a forest class, 
representative percentages of grass/shrub(?) vs. forest from the entire dataset would need 
to be applied and a portion would be reclassified as young forest, while the remainder 
would be reclassified as non-forest and would not be included in calculations. 

Sum the areas of the forest land cover classes to determine the area of young forest. 

Step 6. Calculate percentage of young forest in analysis area.  

Calculate the percentage of young forest in the analysis area using the area of young 
forest from the previous step and the total analysis area.  

6.2.2 Linking Monitoring and Management 

Environmental review procedures and management actions should be explicitly linked to 
woodland caribou indicators and targets. The Sahtu Land and Water Board has been 
given the power to regulate the use of land and water, including the issuance of land use 
permits and water licenses on settlement lands, and in the Sahtu Settlement Area more 
generally. The Mackenzie Valley Environmental Impact Review Board (MVEIRB) is the 
main body responsible for environmental assessments in the Sahtu Settlement Area. The 
following tiered review process example shows how woodland caribou indicator status 
could be linked to environmental review and management in the Sahtu Settlement Area.  

Projects proposed for an area with candidate or established targets would require 
proponents to include calculations showing the status of the linear density and young 
forest indicators in the defined analysis area. These calculations would be based on a 
publically available dataset maintained by an organization such as the SLUPB, Sahtu 
Land and Water Board, or ESF Information Management spatial database and apply 
standard protocols like those described in Section 6.2.1.  

The designated environmental screener would compare indicator status to the candidate 
or established targets to reach conclusions on the potential for adverse cumulative effects 
on woodland caribou: 

• If indicators are within the Cautionary Marker, best environmental management 
practices such as low impact seismic would apply, and no further review or 
management action would be required.  

• If one or more indicators exceed the Cautionary Marker, but is within the 
Management Target, no further review would be required as long as enhanced 
environmental protection measures are attached to project approvals and 
cooperative monitoring is initiated in the analysis area. Enhanced practices could 
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include specific measures to reclaim existing footprints to achieve no net habitat 
loss, speed reclamation of disturbed areas, or reduce line-of-sight or movement on 
linear corridors. If enhanced protection measures or cooperative monitoring is not 
planned, the project would be referred for environmental assessment.  

• If one or more indicators exceed the Management Target, but are within the 
Management Threshold, the project would be referred for environmental 
assessment and more restrictive protection measures would be expected. These 
could include alternate routing and siting, joint project and regional initiatives 
such as coordinated reclamation programs or cooperative road planning designed 
to reduce existing linear footprints. Boreal caribou recovery planning in the 
Alberta oilsands area has concluded that these are the most beneficial 
management options.  

• If one or more indicators exceed the Management Threshold, the project would be 
referred for environmental assessment and no net loss measures would be 
expected to prevent indicator status from exceeding the threshold. No net loss 
measures could include conservation offsets or habitat restoration/enhancement 
within the same management area. If incremental effects on one or more 
indicators cannot be avoided, the project would automatically be referred to an 
Environmental Impact Review.   

6.3 WATER QUALITY OBJECTIVES 

The candidate linear corridor density objectives identified in Section 3.1 can also be 
applied to avoid adverse cumulative effects on water quality in Sahtu watersheds. The 
appropriate analysis area for this aquatic integrity indicator is at the sub-watershed scale 
(roughly 500 km2). This will require standard sub-watershed units to be defined with a 
digital elevation model or hydrometric dataset. Once these sub-watershed units are 
defined, linear corridor status can be calculated using the same protocol described above 
for woodland caribou. 

Calculated indicator status would then be linked to environmental assessment and 
management decisions as described for woodland caribou. This could affect decisions on 
access routing and construction methods (e.g., wetland avoidance; minimal ground 
disturbance), stream crossing type (e.g., bridges or culverts), sediment or access control 
measures, or removal/reclamation of unused linear corridors.  

6.4 LAKE TROUT OBJECTIVES 

The Great Bear Lake ecosystem provides Sahtu residents and decision makers with a 
clear, simple example of the limits that the natural world will tolerate in terms of 
development; if fishing pressure goes beyond a certain limit, large fish will disappear. If 
humans disturb too much land, the unique water quality of Great Bear Lake will 
disappear. At a high level, solutions are equally simple; fishing pressure, land 
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disturbance, and pollutant input must be controlled and not be allowed to go beyond 
defined thresholds. However, when it comes to implementation, the devil is in the details.  

The exact level of the management limit is a social value and may change as people’s 
values change. However, the need to define the desired limit and avoid crossing it is 
always present. As described further in Section 5.5, consultation with Sahtu residents, 
lodge owners and guides, GNWT fisheries biologists, will be needed to refine the 
candidate targets provided in Section 4.2.3.1.  

Fishing rights of Sahtu participants are outlined in the SLCA. Sport fish harvest in Great 
Bear Lake is regulated and managed by Fisheries and Oceans Canada (DFO) in 
cooperation with the Sahtu Renewable Resources Board and GNWT ENR. Sport 
fishermen require a Special Management Licence to fish in Great Bear Lake. Fisheries 
habitat is regulated by DFO and they issue authorizations for activities affecting fish 
habitat pursuant to the Fisheries Act.  

6.4.1 Monitoring Protocol 

An important implementation issue is the area in which these indicators will be measured. 
The lake trout catch rate indicator is specific to the Great Bear Lake Watershed Special 
Management Zone and should be monitored and managed in this area. 

An ideal lake trout population monitoring program would include population structure 
(age and size class information), density indices, and individual fish health measures such 
as reproductive condition and chemical accumulation (an especially important parameter 
of the health of old, large trout that is being monitored by DFO and Environment Canada 
as part of CIMP). A simplified monitoring program focused on abundance of old, large 
trout is proposed here as an initial step for this Valued Component. Angler effort and 
catch rate are likely to be the key influences on this indicator. Ultimately, the relationship 
between effort and catch rate will need to be defined so that large trout abundance can be 
managed.  

Direct measures of angler effort can be made by monitoring the numbers of Great Bear 
Lake special fishing licenses (NWT 2008) that are issued annually. The catch rate of old, 
large lake trout may be directly measured from creel surveys at the lodges on Great Bear 
Lake. These surveys can be very expensive and need to be carefully administered to be 
successful (Cooke et al. 2000). Andersen and Thompson (1991) described the economical 
and successful use of angler diaries to gather this data from Great Bear Lake. However, 
these surveys may be successful only when fishing is good, and may fail to detect serious 
declines in fish catches. As fish populations in Alberta declined because of overfishing, 
anglers surveyed in standard creel surveys increased their exaggeration and the true 
decline was not detected (Sullivan 2003b). Even at good fisheries, catch rates reported by 
anglers using diaries are typically higher than catch rates measured from standard creel 
surveys (Anderson and Thompson 1991; Mosindy and Duffy 2007). Using creel data 
from guided anglers may also fail to detect serious declines as guides typically will 
compensate for declining catches by increasing their efficiency through travelling to the 
best spots or using better gear. Angler catch rates may also be corroborated through direct 
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monitoring such as test-netting or hydroacoustic sampling. Lake trout fisheries in Alberta 
and Ontario have been successfully monitored using these techniques (Sellers et al. 1998; 
J. Walker, Cold Lake, Alberta Fish and Wildlife, personal communication).  

Other sources of trout harvest must also be estimated, including subsistence harvests by 
Sahtu band members and other persons with rights to harvest fish. Monitoring the catch 
in subsistence or food fisheries, as was done by Berkes (1990) would also be a useful 
index of large lake trout abundance. Studies using data from subsistence fisheries have 
the significant advantage of involving knowledgeable, local fishermen and of 
disseminating information effectively through the community (Hamazaki 2008).  

Using catch rates from fishermen (both sport and subsistence) as a key indicator of fish 
status is likely the simplest, most economical and socially useful method of monitoring at 
a coarse scale. However, it has considerable weaknesses if used to detect fine-scale 
changes in fish status. An initial monitoring program using catch rates can be easily 
implemented and should provide adequate, basic information on the status of older lake 
trout. If catch rates appear to be declining, or other indicators (e.g., local environmental 
knowledge) suggest that the status is declining, more scientifically precise methods of 
assessing status such as population estimates or sonar surveys should be then be used to 
corroborate this basic indicator. 

Finally, additional catch or mortality of large lake trout may also need to be estimated, 
such as illegal harvest and hooking mortality following live release. These aspects of 
fishing mortality can be very large (Person and Hirsch 1994; Lee and Bergersen 1996; 
Sullivan 2002,) and can result in the entire annual production of slow-growing fishes 
being taken even in catch-and-release fisheries (Post et al. 2003). Catch-and-release 
angling can be a significant stress on fish populations, as well as being a strong ethical 
concern for many people (see review by Arlinghaus et al. 2007).  

6.4.2 Linking Monitoring and Management  

Anticipating the possible changes facing Great Bear Lake is critical to avoiding and 
preventing future problems. Any discussions about proposed and potential development 
should include specific estimates of the magnitude of additional harvest pressure, 
watershed disturbance, and project activities on large lake trout abundance as an indicator 
of fish community response.    

Natural variability or unplanned changes that may occur, such as those from global 
climate change, should also be an important aspect of any cumulative effects 
management program. These changes are most likely to be recognized by Sahtu 
community members with a close association with the land. Careful discussions with 
Sahtu elders about changes to landscapes, climate, wildlife and natural process should be 
a regular feature of reporting indicator status.  

In terms of the proposed lake trout Valued Component, a mechanism for controlling 
fishing pressure is required. The Sahtu communities’ long experience with the sport 
fishery on Great Bear Lake shows that limiting effort to approximately 1,000 anglers / 
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year is likely to maintain high catch rates of large trout. The exact threshold number of 
anglers will undoubtedly vary as local conditions or social values change. Nonetheless, a 
relationship between angler effort and large trout catch rate must be developed so that 
effort can be managed to achieve the desired catch rate.  

DFO and the Sahtu Renewable Resource Board are able to establish lake trout harvest 
targets for conservation purposes with the consent of the Déline Renewable Resource 
Council. Possible mechanisms to manage effort and harvest might include the following 
typical fishery management systems; 

- issuing a fixed number of Great Bear Lake sport fishing permits; including set 
allocations to existing lodges and communities, with lottery-style draws to non-
local anglers (i.e., controlled harvest system). 

- fishing only allowed until a fixed sport quota is taken, then the season is closed 
(i.e., quota system). 

- unrestricted fishing allowed, with the entire lake closed until recovery if annual 
thresholds are exceeded (i.e., pulse fishing system).  

- access restrictions on road and river travel (and perhaps even aircraft travel) to 
control illegal or unintentional fish mortality. 

 

6.5 RECOMMENDED CONSULTATION PROCESS 

Land and resource management objectives provide clear guidance about acceptable and 
unacceptable conditions to decision makers, proponents, and the public. They force 
people to think about desired outcomes in advance, and provide an opportunity to avoid 
management crises by introducing objectives when activity levels are low and more 
mitigation options remain. Clear objectives also foster innovation because land users 
benefit when they adopt methods that minimize incremental effects of their activities 
(Antoniuk et al. 2009).  

From a practical perspective, management objectives are considered to be 
administratively efficient because they allow development activities to proceed without 
detailed review until the defined threshold is reached (Ziemer 1994). Past experience 
with air and water quality management demonstrates that implementing policy and 
management practices that reflect socially or ecologically derived objectives is an 
effective and efficient approach to environmental management.  

Finally, there is a growing recognition globally that environmental and social limits exist, 
whether defined in terms of absolute resource availability (e.g., water shortages), 
resilience, or limits of socially acceptable change. Valued Component objectives provide 
the best available tool to manage cumulative impacts (Antoniuk et al. 2009).  

In spite of perceived benefits, defining quantitative Valued Component objectives is one 
of the most challenging aspects of land and resource management because they must be 
technically defensible, politically acceptable, and administratively efficient. Consultation 
and formal evaluations will be required before management objectives and targets can be 
implemented. 
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6.5.1 Technically Defensible and Politically Acceptable 

Formal evaluations are recommended to allow the SLUPB, Sahtu communities, decision 
makers, and land users to gain a better understanding of the likely benefits, costs, and 
trade-offs of objective and target implementation. These evaluations can also be used to 
refine the candidate objectives and ensure that they reflect desired regional values and 
outcomes. Such formal evaluations are necessary because opposition to the use of land 
use objectives has frequently resulted from critics who perceive that ‘there are only 
drawbacks’ to the use of this approach because: it will ‘shut down industry’; or ‘cost too 
much to implement’ (Antoniuk et al. 2009). However, actual evidence from application 
of air and water quality objectives over the last three decades demonstrates that clear 
environmental benefits have occurred without halting industrial land use. Past experience 
shows that target implementation in the Sahtu region is unlikely to be successful without 
a transparent evaluation of benefits, costs, and implementation issues that involves 
affected land users and regulators.  

Management objectives should be tested and refined as part of an iterative process where 
SLUPB representatives apply computer scenario models and consult with interested 
groups and individuals. Computer scenario models such as ALCES provide a transparent 
and rigorous method to reconcile differing perceptions of implementation costs and 
issues. They are used to help residents and others explore different management options 
so that they become better informed about likely changes, risks, and required trade-offs 
between incompatible outcomes. This approach was successfully applied for the North Yukon 
land use planning process (NYPC 2009).  

In the context of land use planning, scenarios are reasonably plausible, but structurally 
different stories about how the future might unfold. As depicted in Figure 17, examples 
include scenarios to compare the likely results of 1) a current practices or ‘Business as 
Usual’ scenario; with 2) a ‘best practices’ scenario (e.g., coordinated reclamation of 
existing corridors); and 3) a ‘management objectives scenario where the candidate 
objectives provided in this report are applied. A recent application of this approach in 
northeast Alberta showed that woodland caribou were likely to be extirpated under 
‘Business as Usual’ and ‘Best Practices’ scenarios, so other management options were 
evaluated as part of an ‘Alternative Futures’ scenario (ALT 2009). Similar scenarios will 
also be required for proposed Sahtu indicators and objectives. 

Scenario modeling typically consists of a series of runs that help inform and guide the 
SLUPB and others. Knowledge gained during the modeling process will progressively 
identify the management objectives that best provide a balance between desired 
economic, social, and environmental outcomes (e.g., oil and gas revenues, jobs, and 
caribou abundance).  
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Figure 17. Overview of the scenario modeling approach to understand the 
benefits and disadvantages of Sahtu management objectives. 

 

The process used for North Yukon land use plan development provides a suitable model, 
and could include the following steps (number references are to Figure 17): 

1. SLUPB to select one or more study areas to implement woodland caribou, 
water quality, and/or lake trout indicators and objectives.  
 
SLUPB to select economic and social indicators such as hydrocarbon 
production and jobs for comparative evaluation. 
 
SLUPB to conduct workshop(s) with community and regional representatives 
to present the management objectives approach and rationale for the candidate 
indicators, and obtain feedback on proposed indicators, the desired local and 
regional conditions for these indicators. SLUPB to gather traditional 
knowledge and experience of residents about Valued Component (caribou, 
water quality and lake trout) relationships to the land, water, climate, and land 
use.  
 
 

1. Identify economic, social, and 
environmental indicators and study areas 

3. Populate computer model 
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indicators under each 
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Visualize scenario 
outcomes on maps 

Compare scenario outcomes 
to desired outcomes

4. Work with communities 
and resource managers to 
define desired outcomes  
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2. SLUPB and modelers to define scenarios to be evaluated. 

3. SLUPB or designate to obtain land cover and land use data for the study 
area(s), agree on land cover and land use classification to be used, and populate 
the ALCES model to define existing footprints and resource values.  
 
Modelers to incorporate future development scenarios prepared for the Sahtu 
Settlement Area by the Mackenzie Gas Project review, Canadian Association 
of Petroleum Producers, or developed in consultation with industry and 
government representatives, into the ALCES model to compare the outcomes 
of reasonable future trajectories. 
 
Modelers to complete simulations with the different future development 
scenarios (including best practices and other mitigation options) and objective 
values and report on the status of social, economic, and environmental 
indicators 50 to 100 years in the future.  
 
SLUPB and modelers to prepare summary maps and presentations to explain 
simulation results to both public and technical audiences. 

4. SLUPB to present findings to Sahtu communities, decision makers, and land 
users and seek their feedback on indicators, objectives, and future outcomes.  

5. Repeat one or more steps based on feedback from consultation.  

 

6.5.2 Administratively Efficient 

Proposed roles and responsibilities for objective implementation, application, monitoring 
and enforcement were presented earlier in Section 6.1. Although the key decision-making 
processes for this approach are in place in the Sahtu Settlement Area, it will be necessary 
to confirm roles and responsibilities because these are likely to require additional 
resource commitments.  

Non-binding trials have been recommended for implementing this type of system 
innovation in other jurisdictions (Axys et al. 2003; Weber et al. 2007). With this 
approach the Sahtu Land and Water Board and other decision-makers would implement 
management objectives in a non-binding way in parallel with the existing review and 
approval process for a preset period. The objective of this trial would be to enable 
decision makers and applicants to understand the process, test design features, and 
determine if applying management objectives will affect project design, application costs, 
review times, decision support, and project approvals. Results of the parallel processes 
should then be compared so that any unintended administrative or environmental 
consequences can be resolved prior to formal implementation of the Valued Component 
objectives in one or more areas of the Sahtu Settlement Area.  
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Appendix 1. Data on angler use and lake trout harvest from lodges on Great Bear lake, 1972 to 1990.  
 From Stewart (1997). 

 

 
LKTR 
killed 

# angler-
days 

LKTR 
killed 

# angler-
days LKTR killed 

# angler-
days 

LKTR 
killed 

# angler-
days LKTR killed 

# angler-
days 

 McTavish  Smith  McVicar  Dease  Smith  

 Arctic Circle Bransons  
Great Bear 
Lodge  Plummers GBL Lodge 

Trophy 
Lodge  

1972 1484 784 3635 1320 2496 435 6828 3192 3709 1600
1973 1904.5 822 3799 1285 2292 815 5494 2913.5 3850 1600
1974 1904.5 822 3963 1285 1659 815 4453.5 2913.5 3304 1600
1975 2325 860 2949 1285 1659 815 4453.5 2913.5 3304 1600
1976 2335 1120.5 2949 1285 1659 815 4453.5 2913.5 2758 1600
1977 2335 1120.5 2949 1285 1659 815 3413 2635 2627.5 1797.5
1978 2335 1120.5 1935 1250 1659 815 3672.5 2413 2627.5 1797.5
1979 2335 1120.5 2249.5 1724.5 1026 1195 3672.5 2413 2627.5 1797.5
1980 2335 1120.5 2249.5 1724.5 1326 1195 3672.5 2413 2497 1995
1981 2335 1120.5 2249.5 1724.5 1326 1195 3672.5 2413 2731 1951.5
1982 2335 1120.5 2249.5 1724.5 1326 1195 3672.5 2413 2731 1951.5
1983 2335 1120.5 2249.5 1724.5 1326 1195 3672.5 2413 2731 1951.5
1984 2345 1381 2564 2199 1626 1195 3932 2191 2731 1951.5
1985 1747.5 1281 2189.5 1909.5 1389.5 1175 2871.5 1843.5 2965 1908
1986 1747 1281 2189.5 1909.5 1389.5 1175 2871.5 1843.5 2341 1577.5
1987 1747 1281 1815 1620 1153 1155 2871.5 1843.5 1717 1247
1988 1150 1181 1780 1828 746 748 1811 1496 1094 1005
1989 1005 689 1353 1398 868 970 1328 1251 1170 1101
1990 839 730 1229 912 868 970 884 714 970 809
           
Data from Stewart 1997         
Red text denotes missing values substituted with averages between existing values     

 


