Monitoring Land Use and Human Activities and
Assessing their Potential Effects on
Grizzly Bears in the
Babine Watershed Monitoring Trust Study Area:
Phase 1 – Preliminary Analysis of Road
Development and Access and
Proposed Framework for Monitoring
Prepared for:
Babine Watershed Monitoring Trust
Smithers, BC

Prepared by:
D.W. Wellwood, R.P.Bio.
Raven Ecological Services,
Smithers BC
J. Pfalz, B.Sc.
Eclipse GIS,
Smithers BC

June 12, 2009

Land Use & Human Activities & their Effects on Grizzly Bears: Phase 1–Road Development & Access

Executive Summary
The Babine Watershed has an extensive history of land use planning that included the
establishment of numerous goals, objectives and strategies specific to grizzly bears. As a
species of special concern, grizzly bears were given specific consideration in the
development of the Bulkley Land and Resource Management Plan and Kispiox Land and
Resource Management Plan. They played a key role in the development of management
objectives and strategies in both land use planning processes. Three key factors are assumed
to affect risk to the grizzly bear population in the Babine River watershed: human–bear
interactions that result in direct mortality (e.g. hunting, poaching, problem wildlife control
kills, defense of life or property); disruption of feeding and movement activities (e.g. through
displacement or habitat fragmentation); and loss of important habitats. Of these factors,
direct mortality resulting from human–bear interactions likely poses the greatest risk to the
grizzly bear population in the Babine Watershed.
Objectives to reduce negative human–bear interactions include various strategies to: exclude,
reduce or restrict motorized vehicle access (e.g. road density targets, road access controls); to
reduce risk of displacement of bears and bear mortality (e.g., line-of-sight distance along
roads, vegetative screening along roadsides); and to educate people to reduce human–bear
conflicts.
In this study, we develop a conceptualized framework for monitoring and assessing land use
and human activities and their potential effects on grizzly bears in the Babine Watershed
Monitoring Trust study area. Within this framework, we explore various elements related to
road development and access (e.g., road type, status and density) to:
1. Monitor the implementation of selected land use plan strategies, for identified indicators
and targets, specific to the prevention or mitigation of road-related impacts to grizzly
bears.
2. Assess the risk to grizzly bears associated with road-related land use and human activities.
Due to limited funding, as well as several unknowns regarding various aspects of this project,
such as the data that would be available and quality of this data, we proposed that this project
be completed in two phases including:
Phase 1:
1. Conduct a preliminary GIS analysis of road type, status and density including a summary
of limitations of existing data and recommendations for improvement.
2. Gather background information to support the development of a conceptualized
framework for monitoring the implementation of road-related land use plan strategies
specific to grizzly bears and assessing the potential risk to grizzly bears associated with
road-related land use and human activities.
3. Explore road-related variables as potential indicators of risk to grizzly bears.
4. Develop a theoretical framework for monitoring land use and human activities and
assessing their potential effects on grizzly bears.
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Phase 2:
1. Complete the development of the theoretical framework.
2. Identify data and knowledge required to monitor implementation of specified land use
plan strategies, target and measures.
3. Identify data and knowledge required to assess risk to grizzly bears associated with
specified land uses and human activities.
4. Conduct fieldwork and continue office-based investigations, as required;
5. Complete monitoring for implementation of specified land use plan strategies, targets and
measures.
6. Complete an assessment of risk to grizzly bears associated with specified land use and
human activities.
This report fulfills Phase 1 of the proposal. We present this report in four sections:
•
•
•
•

Part I – preliminary GIS analysis of existing data for road type, status and density in
the Babine Monitoring Trust study area, broken down by analysis sub-unit (e.g.,
watershed sub-units, special management zones).
Part II – a proposed theoretical framework for monitoring land use and human
activities and assessing their potential effects on grizzly bears.
Part III – a work plan and proposal for soliciting funding and in-kind support for
completion of Phase 2 of this project.
Part IV – a Power Point presentation summarizing the results, discussion and
recommendations we provide here in Phase I.

Objectives
The overall objectives for this project, through to completion of Phase 2, are as follows:
1. Monitor implementation of selected land use plan strategies specific to the mitigation of
road-related impacts to grizzly bears and assess the risk to grizzly bears associated with
road-related land use and human activities. By evaluating risk to grizzly bears, we can
better evaluate the potential effectiveness, and associated uncertainties, of land use
management. Ultimately, the information gained in this study will better support and
focus efforts to achieve the stated objectives for grizzly bears in land use planning
documents.
2. Build on existing scientific knowledge and provide a foundation that future studies can
continue to build on and improve upon to increase our understanding about humancaused effects on grizzly bears and better focus management efforts to reduce negative
effects. This information will better direct and support future research monitoring
projects.
Study Area
The study area is located in the Babine River Watershed in mid-western British Columbia.
The southeastern extent of the project area is at the mouth of the river flowing out of Babine
Lake, approximately 65 km northeast of Smithers. The western extent of the project area is
at the confluence of the Babine and Skeena Rivers, approximately 55 km north of Hazelton.
D.W. Wellwood and J. Pfalz
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Our study area follows the Babine Watershed Monitoring Trust’s specified area of interest
for monitoring activities.
Part I. Preliminary GIS Analysis of Road Density
Phase 1 of this study relied entirely on office-based analysis of GIS data that had been
previously acquired and prepared for analysis for another project funded by the Babine River
Foundation; completed in the spring of 2008. We used this data set to complete our analysis
of road type (i.e., primary, secondary), status (i.e., active, deactivated, proposed), and density
(km/km2) which was a collation of existing data sets.
The spatial units we selected for use in our analysis specifically address the data and
knowledge gap identified for information regarding road density by watershed in the Babine
Watershed Monitoring Framework Appendix 2: Knowledge Base. In addition to watershed
sub-units, we included several other analysis sub-units that were considered relevant to
various land use plans to provide a more comprehensive analysis of road density. We
calculated and reported road densities in the study area for primary roads, which included
active and deactivated roads, and secondary roads, which included active, deactivated and
proposed roads, for the Babine Watershed Monitoring Trust study area and identified
analysis sub-units (e.g., watershed sub-units, resource management zones).
For the purpose of this analysis, we assumed that:
• roads designated as Road Permit were classified as existing roads unless there was
additional information to classify them as proposed;
• any road that did not qualify as a primary road, based on road attributes and visual
inspection, was classified as a secondary road (i.e., by default);
• deactivated roads, as defined in the Kispiox SRMP (MSRM 2004) and resultantly in this
phase of the study, pose varying levels of risk to grizzly bears, depending on the level and
type of human use. Note: deactivated roads were identified as not accessible by fourwheel drive, but may have been accessible by people using other types of motorized
vehicles (e.g., All Terrain Vehicle [ATV]). Therefore, we reported road density for
active roads, deactivated roads, proposed roads, and total roads. We focus our discussion
on total roads in this report because it is unknown whether or not motorized vehicles such
as ATVs can access these roads; and
• open roads with any kind of motorized vehicle access pose a higher risk to bears than
roads that are closed to motorized vehicles. The risk to grizzly bears associated with
human access through roads will vary depending on the level and type of use. As a
conservative measure until interviews and ground investigations can be conducted to
identify open roads (i.e., those that are accessible by any type of motorized vehicle), we
focus our discussion on total road density, rather than active road density.
Our analysis indicates that that a total of 1,259.8 km of road has been built (1,251.3 km) or is
proposed to be built (8.6 km) in the study area. With an area of 4,024 km2, this results in a
total road density of 0.32 km/km2. The road network within the watershed consists of 275.0
km of primary active roads and 872.1 km of secondary active roads. Primary active roads
contribute only 0.07 km/km2 to the overall road density. A total of 104.2 km of secondary
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roads were reported as deactivated (i.e., defined as not accessible by four wheel drive
vehicle).
The West Babine Sustainable Resource Management Plan provides specific indicators and
targets/measures for roads within the Hanawald and Shedin watersheds. These targets
specify road density of less than 0.6 km/km2 for at least 80% of each watershed for timber
harvesting activity occurring at any one time. Deactivated roads (i.e., not accessible by fourwheel drive vehicle) were not considered in this road density target/measure. Our
preliminary analysis indicated that 95.8% of Hanawald Watershed (0.08 km/km2) and 94.8%
of the Shedin Watershed (0.11 km/km2) sub-units had a total and active road density of less
than 0.6 km/km2.
A road density of 0.6 km/km2 was estimated as the moderate risk threshold value for roads
through or adjacent to moderate or lower value habitats with respect to risk of grizzly bear
mortality in the Babine Watershed Monitoring Framework, Appendix 2 - Knowledge Base:
Information used for Estimating Risk, Uncertainty and Probability of Success. Therefore, we
explored road density in the remaining watershed sub-units, even though specific road
density targets/measures were not identified in land use plans providing management
direction for grizzly bears in these areas. Total road density and active road density were
approaching or higher than this threshold in the Babine (Bulkley TSA), Nichyeskwa (Kispiox
TSA) and Gail-Thomlinson (Kispiox TSA) watershed sub-units. The Babine (Bulkley TSA)
had a total road density of 0.55 km/km2 and active road density of 0.53 km/km2. The
Nichyeskwa had a total road density of 0.67 km/km2 and active road density of 0.60 km/km2.
The Gail-Tomlinson had a total road density of 0.59 km/km2 and active road density of 0.53
km/km2. We consider the total density of roads calculated for these watershed sub-units to
be red flags indicating that further investigations to assess risk to grizzly bears associated
with road access in these areas are warranted. Our preliminary results indicate that the risk to
grizzly bears in these watershed sub-units and possibly other sub-units may be high.
However, uncertainty associated with these results is also high, as the implementation and
effectiveness of strategies to reduce or mitigate risk to grizzly bears associated with roads
have not yet been explored.
We also investigated total and active road density for several additional management zones
including: Babine River Corridor Provincial Park, Babine Special Management Zone, the
300 m buffer area outside the park boundary, Landscape Corridors and Core Ecosystems.
Based on our preliminary results, we also consider the total density of roads calculated for
Babine River Corridor Provincial Park, the Babine Special Management Zone, and the 300 m
buffer surrounding the park to be red flags indicating that further investigations are warranted
including interviews and field studies to verify existing data and collect additional data.
As our analysis was entirely office-based using existing data. We consider them to be
preliminary. We identify several limitations for the data used in our analysis and provide
recommendations for improvement.
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Part II. Conceptualized Framework and Preliminary Study Design
Ensuring an ecologically sustainable grizzly bear population in the study area, in conjunction
with ongoing expansion of multiple land use activities will require focused efforts to:
• prevent or mitigate negative effects on grizzly bears;
• conduct implementation, effectiveness and compliance monitoring to ensure that
objectives for grizzly bears are being achieved; and
• if necessary, adapt existing management practices that are considered ineffective.
The likelihood of success will be increased through proactive efforts to explore, monitor and
increase understanding of the various effects of individual land uses and cumulative effects
of multiple land uses on bears.
Monitoring and Assessment – The Big Picture
Based on further consideration and the results of our literature review, we modified and
expanded on our original proposal to explore open road density and use as an indicator of
human–bear interaction. This focus only considers a few of many factors associated with
land use and human activities that may negatively impact the Babine grizzly bear population
and that were considered in land use planning. Therefore, we chose to broaden our field of
view by developing a conceptualized framework that considers the cumulative effects of all
land uses and human activities in the project area. We did this because empirical data
regarding various aspects of grizzly bears and human-caused effects on grizzly bears were
either lacking or limited for the study area. In the absence of this information, which would
require long term studies and considerable financial resources, we would need to rely on
expert knowledge, opinion and judgment to support timelier monitoring and assessment of
risk. We also believe this work will be more defensible if it is developed and presented with
consideration for and within the context of all factors known or thought to influence risk
associated with human-caused impacts to grizzly bears.
We then narrowed our focus on the area of interest to propose a study design for the
continuation of this project. Specifically, we focus on mortality risk to grizzly bears
associated with road access in the study area. Through this approach, we strived to highlight
the various aspects to be considered when assessing human-caused effects on grizzly bears
and provide a foundation that this study and future research and monitoring can build on.
Framework for Assessing and Monitoring Road-Related Impacts to Grizzly Bears–
Narrowing Scope for this Study
We recommend the following conceptualized framework for further development in Phase 2
of this project to assess, monitor and direct prevention and mitigation of road-related impacts
to grizzly bears in the Babine Watershed Monitoring Trust study area. This framework
includes two separate but closely related studies including: 1) an assessment of the
implementation of land use planning strategies specific to mitigation of road-related impacts
to grizzly bears; 2) an assessment of risk of road-related grizzly bear mortality. The results
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of these studies will better support an evaluation of the effectiveness of management efforts
to mitigate impacts to grizzly bears in the study area.
We recommend that the assessment of implementation of land use planning strategies be
conducted at the same time as the assessment of risk of road-related grizzly bear mortality.
The methods used for the assessment of implementation will depend on the decisions made
about how to proceed with the risk assessment in Phase 2.
We recommend that the assessment of risk of road-related grizzly bear mortality be
completed based on methods developed for:
1. determining open motorized road density, total motorized road density, and security core
habitat, based on methods used by Summerfield et al. (2004). This information can be
used to document and follow trends in road development and access management and
evaluate the availability of secure habitat areas over time; and
2. determining the Mortality Risk Index within the framework of the Cumulative Effects
Model developed by the USDA Forest Service (1990) and adapted by MacHutchon
(1998). The information gathered can be used to support implementation monitoring and
increase understanding regarding the various risk factors that exist in the study area.
As the Babine Watershed Monitoring Trust is specifically interested in monitoring the
implementation and effectiveness of road-related aspects of land use planning for grizzly
bears and road density and use as indicators of risk of human–bear interaction, we
recommend that Phase 2 be focused on the following, as the Trust decides to proceed based
on the results of this study and as resources can be acquired:
1. Complete an update of the road data set for the Bulkley Forest District.
2. Complete interviews and field investigations to verify and update road data sets and
collect addition data.
3. Based on the results from completing points 1 and 2, assess the implementation of
access-related strategies to mitigate impacts to grizzly bears.
4. Complete an analysis of open and total motorized density and security core habitat.
5. Complete the mortality risk sub-model with mortality risk index. We recommend
focusing on road-related aspects of this model to start.
6. Based on the results from completing points 1 to 5, evaluate the effectiveness, and
associated uncertainties, of access-related strategies to mitigate impacts to grizzly bears.
In this report, we provide several assumptions that we considered in the development of the
proposed monitoring and assessment framework. We also describe and propose a Delphi
survey process for acquiring expert knowledge and opinion to support the development of
various aspects of the study design and models. This type of survey is used to: poll several
experts who are asked a series of question; the experts respond, providing rationale for their
response; and then each expert reviews the aggregate responses and revises their original
response to the questions based on the responses and rational that were received from other
experts. We propose that expert knowledge be acquired using a modified Delphi survey
technique because it provides a process for soliciting expert knowledge and opinions and
defining levels of agreement.
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We provide an overview of methods for road density and security core habitat areas analyses
and building a mortality sub-model (for the motorized access component only). We also
provide recommendations for data management, acquisition of expert knowledge and
opinion, preparation for field investigations, field investigations, data analysis, reporting and
data storage. These are followed with recommendations for areas of focus for the Delphi
survey.
To support the initiation of Phase 2, we provide a preliminary study design for review and
revision based on the results of the Delphi Survey including: an implementation monitoring
component; assessment of mortality risk component based on road density analysis;
assessment of mortality risk component based on mortality sub-model; establishing
boundaries for areas of investigations; revision of road classification descriptions; and
considerations for development of the mortality sub-model. Finally, we present a summary
of key limitations of the proposed study design to support decisions about how to proceed
with this study.
Part III. Draft Work Plan and Proposal for Phase 2
Part III provides:
• a proposed draft work plan for completion of Phase 2; and
• a review draft proposal to provide a foundation for proposal development to solicit
funding and in-kind support for completion of Phase 2.
We recommend that the proposal be finalized based direction provided by the Babine
Watershed Monitoring Trust, based on their review of this report (Phase 1).
Part III has been submitted as a separate report (Wellwood and Pfalz 2009a).
Part IV. Project Presentation
A Power Point Presentation providing a summary of this project has also been submitted as a
digital file separate from this report.
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1.0

Introduction

The Babine Watershed has an extensive history of land use planning that included the
establishment of numerous goals, objectives, and strategies specific to grizzly bears (Ursus
arctos). As a species of special concern, grizzly bears were given specific consideration in
the development of the Bulkley Land and Resource Management Plan (LRMP, Bulkley
Valley Community Resources Board Interagency Planning Team [BVCRB] 1998) and
Kispiox Land and Resource Management Plan (Kispiox LRMP Planning Team [KLRMPT]
2001). They played a key role in the development of management objectives and strategies
in both land use planning processes. Broad objectives in the Bulkley LRMP that include
conservation of wildlife habitat and populations are supplemented with specific direction for
grizzly bears (BVCRB 1998). In the Kispiox LRMP (KLRMPT 2001), broad objectives
include: maintenance of natural habitat to sustain viable populations of wildlife; protection
and enhancement of regionally significant species; provision for sustainable harvest of big
game species and furbearers; aboriginal use of wildlife; maintenance of a viable guiding
industry; and provision and promotion of opportunities to view and appreciate wildlife. The
Kispiox LRMP also specifies strategies for achieving objectives for grizzly bears.
The conservation of a grizzly bear population, and hence the achievement of objectives to
maintain or provide for the use of resource, is influenced by rates of birth, death, emigration
and immigration. Three key factors are assumed to affect risk to the grizzly bear population
in the Babine River watershed (Price and Daust 2004). First, human–bear interactions that
result in direct mortality would increase death rate (e.g. hunting, poaching, problem wildlife
control kills, defense of life or property). Second, disruption of feeding and movement
activities (e.g. through displacement or fragmentation) that compromise the acquisition of
energy–critical to maintenance, growth, denning, survivorship and reproduction–may
decrease birth rate and increase death rate. Third, loss of important habitats may also
decrease birth rate and increase death rate. Rates of emigration and immigration would be
influenced by factors operating within and outside the project area (Price and Daust 2004).
Of these factors, direct mortality resulting from human–bear interactions likely poses the
greatest risk to the grizzly bear population in the Babine Watershed. Mortality risk is a
function of the rate of interactions between people and bears and the lethality of those
interactions (Price and Daust 2004).
Area specific objectives and strategies/targets to reduce human–bear interactions that apply
throughout plan areas are listed in the Babine Landscape Unit Plan (Babine LUP, Ministry of
Forests [MOF] 1999a), the Nilkitkwa Landscape Unit Plan (Nilkitkwa LUP, MOF 1999b),
the West Babine Sustainable Resource Management Plan (West Babine SRMP, Ministry of
Sustainable Resource Management [MSRM] 2004), and the Babine River Corridor Park
Management Direction Statement [BRCPMDS] Ministry of Environment, Lands and Parks,
[MELP] 2000). Additional objectives are specified for defined treatment units or
management zones within these plans. Objectives to reduce negative human–bear
interactions include various strategies to exclude, reduce or restrict motorized vehicle access
(e.g. road density targets, road access controls), to reduce risk of displacement of bears and
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bear mortality (e.g., line-of-sight distance along roads, vegetative screening along roadsides),
and to educate people to reduce human–bear conflicts.
In 2005, the Babine Watershed Monitoring Trust (BWMT) was formed with the purpose of:
• planning, prioritizing, directing, facilitating and funding impartial monitoring research
of the implementation and effectiveness of public land use plans and related natural
resource management activities in the Babine Watershed;
• educating the public on natural resources management of the Babine Watershed
environment and the implementation and effectiveness of Babine Watershed public land
use plans through collecting and disseminating information monitoring activities and
providing results of monitoring research; and
• providing credible monitoring results as part of a formal rigorous adaptive management
process that enables continuous improvement of public land use plans resulting in better
management of environmental values in the Babine Watershed (BWMT 2005:p.4)
In 2007, the BWMT granted funding for a Human/Bear Interaction and Open Road Density
study (BWMT 2007:p.13). The goals for this project were to increase the monitoring
knowledge base by completing “…an assessment of current risk and associated uncertainty to
human/bear interactions in relation to open road density” and provide support for
management decisions, “…through appropriate processes which are separate from the
BWMT, by showing the level of risk and uncertainty associated with current open road
densities in each watershed. It may increase confidence in current activities, suggest further
monitoring projects or lead to initiation of a plan-amendment process” (BWMT 2007:p. 13).
This project was subsequently delayed to allow for road data sets for the Kispiox Forest
District to be updated and funding was carried over to 2008 when we initiated this project
(BWMT 2008:p.15).
In this study, we develop a theoretical framework for monitoring and assessing land use and
human activities and their potential effects on grizzly bears in the BWMT study area. Within
this framework, we explore various elements related to road development and access (e.g.,
road type, status and density) to:
1. Monitor the implementation of selected land use plan strategies, based on identified
indicators and targets, specific to the mitigation of road-related impacts to grizzly bears.
2. Assess the risk to grizzly bears associated with road-related land use and human activities.
Due to limited funding, as well as several unknowns regarding various aspects of this project,
such as the data that would be available and quality of this data, we proposed that this project
be completed in two phases as follows:
Phase 1:
1. Conduct a preliminary GIS analysis of road type, status and density including a summary
of limitations of existing data and recommendations for improvement.
2. Gather background information to support the development of a conceptualized
framework for monitoring the implementation of road-related land use plan strategies
specific to grizzly bears and assessing the potential risk to grizzly bears associated with
road-related land use and human activities.
D.W. Wellwood and J. Pfalz
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3. Explore road-related variables as potential indicators of risk to grizzly bears.
4. Develop a theoretical framework for monitoring land use and human activities and
assessing their potential effects on grizzly bears.
Phase 2:
1. Complete the development of the theoretical framework.
2. Identify data and knowledge required to monitor implementation of specified land use
plan strategies, target and measures.
3. Identify data and knowledge required to assess risk to grizzly bears associated with
specified land uses and human activities.
4. Conduct fieldwork and continue office-based investigations, as required;
5. Complete monitoring for implementation of specified land use plan strategies, targets and
measures.
6. Complete an assessment of risk to grizzly bears associated with specified land use and
human activities.
This report fulfills Phase 1 of the proposal. We present this report in four sections:
•
•
•
•

Part I – preliminary GIS analysis of existing data for road type, status and density in the
Babine Monitoring Trust study area, broken down by analysis sub-unit (e.g., watershed
sub-units, special management zones).
Part II – a proposed theoretical framework for monitoring land use and human activities
and assessing their potential effects on grizzly bears.
Part III – a proposed work plan and proposal for soliciting funding and in-kind support
for completion of Phase 2 of this project.
Part IV – a Power Point presentation summarizing the results, discussion and
recommendations for Phase I.

Sections 1 and 2 are contained within this report. Section 3 is provided in a separate report
(Wellwood and Pfalz 2009a) and section 4 is provided as a Power Point file labeled:
Wellwood and Pfalz BWMT 2009 Final Report.ppt (Wellwood and Pfalz 2009b).

2.0

Objectives

The overall objectives for this project, through to completion of Phase 2, are as follows:
1. Monitor implementation of selected land use plan strategies specific to the mitigation of
road-related impacts to grizzly bears and assess the risk to grizzly bears associated with
road-related land use and human activities. By evaluating risk to grizzly bears, we can
better evaluate the potential effectiveness, and associated uncertainties, of land use
management. Ultimately, the information gained in this study will better support and
focus efforts to achieve the stated objectives for grizzly bears in land use planning
documents.
2. Build on existing scientific knowledge and provide a foundation that future studies can
continue to build on and improve upon to increase our understanding about humancaused effects on grizzly bears and better focus management efforts to reduce negative
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effects. This information will better direct and support future research monitoring
projects.

3.0

Study Area

The study area is located in the Babine River Watershed in mid-western British Columbia.
The southeastern extent of the project area is at the mouth of the river flowing out of Babine
Lake, approximately 65 km northeast of Smithers. The western extent of the project area is
at the confluence of the Babine and Skeena Rivers, approximately 55 km north of Hazelton
(Figure 1). Our study area follows the BWMT’s specified area of interest for monitoring
activities. The boundary corresponds to the provincially designated watershed boundary for
the Babine River Watershed (Freshwater Atlas, BC Government, 2008) with the exception of
the southern portion, which extends beyond the Freshwater Atlas watershed boundary to also
include a small portion of the Babine Lake watershed. The southern boundary of the BWMT
boundary was modified slightly to match the Babine Landscape Unit Plan boundary.
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Figure 1. Study area for monitoring road-related uses and activities and assessing their
potential effects on grizzly bears within the Babine Watershed Monitoring Trust study
area, Babine River, B.C.
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3.1

Land Use Planning
The Babine Watershed has been the focus of land use planning since the early 1990’s. Land
use planning was initiated with the Babine River Land Resource Use Plan (Babine LRUP,
MOF and MELP 1994). Subsequent land use plans, in order of completion, include the:
• Kispiox LRMP (KLRMPT 1996, amended 2001),
• Bulkley Land and Resource Management Plan (BVCRB 1998),
• Babine Landscape Unit Plan (MOF 1999a),
• Nilkitkwa Landscape Unit Plan (MOF 1999b),
• Babine River Corridor Park Management Direction Statement (BC Parks 2000),
• Bulkley LRMP Higher Level Plan Order (Government of BC 2000),
• West Babine Sustainable Resource Management Plan (MSRM 2004), and
• Bulkley LRMP Objectives set by Government (ILMB 2006).
The Babine River LRUP was an interim management plan, developed prior to the
establishment of approved land use plans (MOF and MELP 1994). In this plan, the Babine
River watershed was subdivided into ten sub-drainages, five within the Bulkley Forest
District and five within the Kispiox Forest District. Sub-drainages delineated for the Bulkley
Forest District were the Boucher, Horetsky, Nichyeskwa North, Nichyeskwa South and
Nilkitkwa sub-drainages. Sub-drainages delineated for the Kispiox Forest District were the
Shenismike, Gail, Shelagyote North, Shelagyote South and Shedin sub-drainages (Figure 2).
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Figure 2. Sub-drainages originally delineated for the Babine River Interim Local
Resource Use Plan area (Taken from MOF and MELP 1994a).

Two management zones were identified in the Babine River LRUP: a wilderness zone, now
Babine River Corridor Provincial Park, and a special management zone buffering the
wilderness zone (MOF and MELP 1994a). Four management units were also identified in
the Babine River LRUP area. Objectives and strategies for grizzly bears in these management
units were subsequently listed in the Babine LUP (MOF 1999a). Management Units 1 to 3
were within the Bulkley Forest District while Management Unit 4 was within the Bulkley
and Kispiox Forest Districts and listed as a Special Management Zone in the Babine LUP
(MOF 1999a). Management Unit 1, Boucher Creek Wetlands, is comprised of wetlands, bogs
and small lakes on the eastside of the Babine River that provides grizzly bear feeding habitat
for multiple seasons. Management Unit 2, referred to as South of Nichyeskwa Creek, has
important grizzly bear habitats including alder-fern, spruce-horsetail and willow-sedge
wetland habitats. Management Unit 3 is referred to as North of Nichyeskwa Creek. This
management unit has aspen-maple, alder-fern, willow sedge and black spruce bog habitats
which were also identified as important grizzly bear habitats.
The relationship between land use plans (including the Bulkley LRMP, Kispiox LRMP,
Babine LUP, Nilkitkwa LUP and West Babine SRMP) directing land use strategies for
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grizzly bears and the sub-drainages which were originally defined for the Babine River
LRUP are provided in Table 1.

Table 1. Land use plans directing land use strategies for grizzly bears and the subdrainages originally defined in the Babine River Land Resource Use Plan.
Land and
Resource
Management
Plan (LRMP)
Area
Bulkley LRMP

Landscape Unit and Resource Management Plan
Areas

Babine Landscape Unit Plan

Kispiox LRMP

Nilkitkwa Landscape Unit Plan
West Babine Sustainable Resource Management Plan

Babine River
LRUP SubDrainages

Boucher
Horetsky
Nichyeskwa
North
Nichyeskwa
South
Nilkitkwa
Shenismike
Gail
Shelagyote North
Shelagyote South
Shedin

Subsequent to the Babine LRUP (MOF and MELP 1994), the Kispiox and Bulkley LRMPs
were approved by government in 1996 and in amended 2001 (KLRMPT 2001) and 1998
(BVCRB 1998), respectively. Two Bulkley LRMP planning units are within the eastern
portion of the BWMT study area–Upper Nilkitkwa and Babine River (Figure 1). Subregional plans that provided more detail and were guided by the Bulkley LRMP are the
Babine (Ministry of Forests 1999a) and Nilkitkwa (Ministry of Forests 1999b) LUPs. The
portion of the Kispiox LRMP within the Babine Watershed was further refined by the West
Babine SRMP in 2004 (MSRM 2004). The western portion of the BWMT study areas is
entirely with in the Kispiox SRMP plan area for which six watersheds were delineated for
planning purposes–Hanawald, Shedin, Babine River, Gail–Thomlinson, Nichyeskwa, and
Shelagyote watersheds (Figure 1). In 2000, the various land use planning documents
pertaining to the Bulkley TSA were streamlined by the Bulkley LRMP Higher Level Plan
Ministerial Order (BC Government 2000). Appendix 1 of this Order was rescinded in 2006
by the Bulkley LRMP Objectives set by Government (Integrated Land Management Bureau
[ILMB] 2006). Figure 3 depicts the lifecycle of the land use plans relevant to the Babine
Watershed.
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Figure 3. Summary of the history of land use planning for areas within the Babine Watershed Monitoring Trust study area,
Babine River, B.C. (J. Pfalz unpublished figure 2008).
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A summary of land-use planning objectives, strategies, indicators and targets, as specified
and as they relate to grizzly bears, is provided in Appendix 1. This summary was adapted
from Price and Daust (2004:pp. 8–11, table 1.1) in Appendix 1 Land-use Plan Summary:
Summarised Goals, Objectives, Strategies, Indicators and Targets to:
1. Identify whether or not strategies, indicators or targets were considered relevant to this
study and if so, the phase (phase 1 or 2) it in which it would be considered; and
2. Identify analyses sub-units required to explore the data with respect to a particular
strategy or indicator.
Based on Appendix 1, strategies or indicators that were considered suitable for preliminary
investigation in Phase 1 or were considered possibilities for investigation in Phase 2 of this
project are provided in Table 2.
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Table 2. A summary of land-use planning objectives, strategies or indicators, and targets specific to grizzly bears and roads
considered suitable for monitoring road-related uses and activities and assessing their potential effects on grizzly bears within the
Babine Watershed Monitoring Trust study area, Babine River, B.C.. Table adapted from Price and Daust (2004:pp. 8-11, table 1.1).
Objective
Category
Reduce
human–
bear
interactions

Objectives
Throughout plan areas: reduce human–bear
interactions (SRMP Table 7); avoid human–bear
conflicts (Babine LUP Ob 2.3); protect the Babine
River Corridor Park’s grizzly bears (MDS)

Strategies or Indicators plus Targets
Minimize open, active road networks
(K)

Target road density open to harvesting
activity per mid-sized watershed (<0.6
km/km2 in 80% of the Shedin and
Hanawald watersheds) (K)
Deactivate or block unnecessary
temporary and secondary roads (K)
Avoid mainline roads through highvalue habitat and use temporary roads
where possible (BB)
Construct roads >150 m from listed
habitat types (BB)

Within defined zones: Minimize human–bear
interaction in Shenismike West zone (SRMP
Table 7); reduce potential for human–bear contact
in Nichyeskwa South and North units (Babine
LUP Ob 2.7, 2.8)

Minimize potential for human-/bear interaction in
Babine River Valley SMZ (SRMP Table 12)

Provide ~100 m of forested cover
adjacent to listed habitat types for
security cover (BB)
Note that many strategies listed under
the objective to minimize disruption
are also designed to reduce human–
bear interactions (K, BB); some
specifics include: retain visual
screening along main haul road and
blocks in Nichyeskwa South unit;
along aspen-Douglas maple habitat in
Nichyeskwa North unit, and along
aspen-Douglas maple habitat in
identified mixed forest habitat (BB)
Target of <300m sight distance along
roads in Babine River Valley SMZ (K)
and Babine River SM2 (BB)
Deactivate secondary and tertiary
roads south of primary road in
Shenismike West zone (K)
No roads within Shenismike Corridor
(K).
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Monitoring
Category
Road Access –
Open/Active

Phase

Analysis Sub-Unit

Phase 1

Kispiox District

Road Access –
Density

Phase1

Shedin Watershed
Hanawald Watershed

Road Access –
Deactivation
Road Access –
High-value
Habitats
Road Access –
Listed Habitat
Types
Harvest –
Security Habitat

Phase 2

Kispiox District

Phase 2

Babine LUP

Phase 2

Babine LUP

Phase 2

Babine LUP

Road Access –
Screening

Phase 2

Road Access –
Line-of-Sight

Phase 2

Road Access –
Deactivation

Phase 2

Kispiox District Babine SMZ
Bulkley District –
Babine River SM2
Shenismike West

Road Access –
Not Permitted

Phase 1

Shenismike Corridor

•
•
•

Nichyeskwa South
Nichyeskwa North
Babine LUP area:
Aspen-Douglas Maple
Habitat in identified
mixed forest Habitat
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Table 2. Continued.
Objective
Category
Reduce
human–
bear
interactions

Objectives

Strategies or Indicators plus Targets
No permanent roads within 150 m of
listed critical habitats (unless no
alternative) (K).

Provide forest cover adjacent to non-forested
critical habitats within high-value habitat (SRMP
Table 7)
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Monitoring
Category
Road Access –
Habitat Value

Phase

Analysis Sub-Unit

Phase 2

Listed Critical Habitats

Phase 2

Bulkley District

Phase 2

Bulkley District

Phase 2

Nichyeskwa South

Phase 2

Nichyeskwa North

Road Access –
Habitat Value

Phase 2

Nichyeskwa South

Operations –
Harvesting

Phase 2
– roads
only
Phase 2
– roads
only
Phase 2
– roads
only

Bulkley Forest District

Phase 2
– roads
only
Phase 2
– roads
only
Phase 2
– roads
only

Kispiox Forest District

No roads within 150 m of listed highvalue habitat types (BB)
No mainline roads through identified
high-value habitat (BB)
Close roads through high-value habitat
in Nichyeskwa South (BB)
No roads parallel to aspen-Douglas
maple habitat in Nichyeskwa North; if
roads cross aspen-Douglas maple
habitat, maximum right-of-way of 20
m (BB)
Maximum right-of-way of 20 m in
high value habitat within Nichyeskwa
South (BB)
No harvesting in critical habitats (BB)

Road Access –
Habitat Value
Road Access –
Habitat Value
Road Access –
Habitat Value
Road Access –
Habitat Value

No alteration of critical habitats
(unless no alternative) (K)

Operations Habitat Alteration

Provide ~100 m of forested habitat
adjacent to critical habitats for cover
and bedding habitat (required degree
of cover will vary) (BB)
Provide 100 m of windfirm functional
forest adjacent to non-forested critical
habitats (unless no alternative) (K)
Configure forested cover within
critical habitat to provide interior
forest conditions (K)
Retain current level of apsen-Douglas
maple habitat (BB)

Operations Habitat Alteration
Specifications
Operations Habitat Alteration
Specifications
Operations Habitat Alteration
Specifications
Operations Habitat Value

Kispiox Forest District

Bulkley Forest District

Kispiox Forest District

Bulkley Forest District
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3.2

Biogeoclimatic Zones
The project area includes portions of the Babine Uplands Ecosection (BAU) and Southern
Skeena Mountains (SSM) Ecosection within the Sub-Boreal Interior Ecoprovince. Six
biogeoclimatic subzone/variants occur in the Babine River watershed including:
•
•
•
•
•
•

Sub-Boreal Spruce Zone, Moist Cold subzone, Babine variant (SBSmc2);
Interior Cedar-Hemlock zone, Moist Cold subzone, Nass variant (ICHmc1);
Interior Cedar-Hemlock zone, Moist Cold subzone, Hazelton variant (ICHmc2);
Engelmann Spruce-Subalpine Fir Moist Cold subzone (ESSFmc);
Engelmann Spruce-Subalpine Fir Wet Very Cold subzone (ESSFwv); and
Alpine Tundra zone (Banner et al. 1993).

3.3

Wildlife and Fish
Grizzly bears and black bears (U. americanus) are common in the study area. Other
carnivores include wolverine (Gulo gulo), river otter (Lutra canadensis), marten (Martes
americana), wolf (Canis lupus), coyote (C. latrans) and red fox (Vulpes vulpes). Moose
(Alces alces) are the most common ungulate in the study area. Mule deer (Odocoileus
hemionus) are also present. Numerous species of birds, including osprey (Pandion haliaetus)
and bald eagles (Haliaeetus leucocephalus), and small mammals also occur in the study area.
Seasonal runs of spawning salmon include Chinook (Oncorhynchus tshawytscha), chum (O.
keta), coho (O. kisutch), sockeye (O. nerka), pink (O. gorbuscha) and steelhead (O. mykiss).
Resident fish include cutthroat trout (O. clarki), Dolly Varden char (Salvelinus malma), bull
trout (S. confluentus) and Rocky Mountain whitefish (Prosopium williamsoni).

4.0

Part I. Preliminary GIS Analysis of Road Density

Part I of this study involved a preliminary analysis of road density, by road type and status,
for identified analysis sub-units in the Babine Watershed Monitoring Trust study area.

4.1

Methods

4.1.1 Data Sources
Phase 1 of this study relied entirely on office-based analysis of GIS data that had been
previously acquired and prepared for analysis for another project funded by the Babine River
Foundation (BRF); completed in the spring of 2008. We used this data set to complete our
analysis of road type (i.e., primary, secondary), status (i.e., active, deactivated, proposed),
and density (km/km2) which was a collation of three data sets built for:
1. MOF forest tenure roads (FTEN),
2. licensee roads, and
3. MOF Kispiox roads.
These data sets originated from three main sources. The data set for MOF forest tenure roads
was obtained from the Land and Resource Data Warehouse (LRDW). The data set for
D.W. Wellwood and J. Pfalz
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licensee roads was obtained through the Northwest Data Sharing Network. The data set for
MOF Kispiox roads was obtained from the Cassiar–Stikine Ministry of Forests District
office. We considered all roads, including forestry, community, private and local roads in
our analysis.
The boundaries of the various land use planning units were taken from the respective land
use planning databases. For the Bulkley Forest District portion of the study area these
included:
• Special Management Zones from the Bulkley LRMP Higher Level Plan Order (BC
Government 2000); and
• Watershed sub-unit (i.e., Landscape Planning Units) boundaries and delineated resource
features, such as Core Ecosystems, Landscape Corridors, and Grizzly Bear Habitat from
the Bulkley LRMP Objectives set by Government (ILMB 2006).
For the Kispiox Forest District portion of the study area databases developed for the West
Babine SRMP (ILMB 2004) were used including:
• watershed sub-units, which match the designated Watershed Planning Units;
• resource management zones; and
• delineated resource features.
4.1.2 Assessment of Data
4.1.2.1 Review of Available Data
Prior to the initiation of this study, we reviewed the data sets previously collated for the BRF
study for suitability for use in this study. The major benefits to utilizing these data were: the
three separate data sets had already been prepared to support analysis for the entire study
area; and the MOF Kispiox road data set had been updated and considerably improved
relatively recently. Additionally, we also considered the cost savings of utilizing an existing
GIS ready road data set which would allow for greater effort to be dedicated to data analysis
and reporting. Had this data not been available, about half of the funding for this project
would have been required to gather road data and prepare it for GIS analysis. Considering
the benefits and in particular the significant cost savings given the funding available, we
concluded that the BRF data set would be appropriate for use in Phase 1 of this project.
Based our experience utilizing the data set and the results of our analysis, we could then
evaluate the data set and provide recommendations for additions or revisions, if or as
required, for Phase 2 of the project.
4.1.2.2 Timing of Most Recent Updates
The MOF forest tenure (FTEN) data set had been updated daily in the LRDW from
operational databases. This data set was obtained in May 2008 from the LRDW. The
licensee data had been updated in the NWDSN on a schedule determined by the licensees.
This data set had been date stamped May 26, 2008. The MOF Kispiox roads data had been
extensively updated, based on 2006 orthophotos, in 2007 by MOF district staff.
D.W. Wellwood and J. Pfalz
28

Land Use & Human Activities & their Effects on Grizzly Bears: Phase 1–Road Development & Access

4.1.2.3 Comprehensiveness and Quality
The data sets were assessed for comprehensiveness with respect to spatial line work, as well
as the corresponding attribute data.
MOF FTEN road data set:
• covered the entire study area;
• only provided information on forest roads that had been tenured (i.e., this data set
included road tenures only); and
• contained very few attributes. It only described general road status (Forest Service Road
or Road Permit). It was not clear whether roads designated as Road Permit were
pending or a road permit had only been requested.
The licensee road data set:
• only included roads that have been built;
• only covered the Timber Forest License areas within the study area; and
• fields were complete, describing road type (main, secondary), and road status (active,
pending, deactivated).
MOF Kispiox road data set:
• only included roads that have been built;
• covered the entire Kispiox Forest District;
• the spatial line work of the Kispiox data had been re-adjusted manually by matching it
with 0.5 metre resolution colour orthophotos from 2006; and
• the status fields were updated by cross-referencing FCODE fields with Terrestrial
Resources Inventory Mapping road data. The attribute information described the road
conditions in detail allowing a more detailed road classification to be created.
4.1.3 Data Preparation and Definitions for Road Classes
The three road data sets were merged together for the BRF in the spring of 2008 as follows:
• The MOF FTEN and the MOF Kispiox road layers were merged into one road layer.
When overlaps occurred between data sets the MOF FTEN data were removed because
the MOF Kispiox road data was more descriptive with respect to road status.
• Roads from the licensee layer were then added to complete the final road layer that we
acquired for use in our analysis.
The road class attributes of the three data sets were standardized to allow simplification of
the GIS queries. The data sets were standardized according to road type (primary,
secondary) and status (active, deactivated, proposed). Definitions for road type were
consistent with Ciarniello (2006) as follows: a primary road was defined as a main artery that
serviced a number of cutblocks; and a secondary road was defined as a spur off of a primary
road that provided access to cut blocks. Within each road type, the status of the road was
also described–active, deactivated, or proposed. Active roads were defined as roads that
were identified as accessible by four-wheel drive vehicle based on the information provided
in the digital road data sets. Deactivated roads were defined as roads that were not
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considered accessible by four-wheel drive vehicle. Proposed roads were roads that had been
delineated and tenured but had not been constructed. Appendix 2 describes the attributes for
each data set and how they were mapped to a common value by road status for this project.
The deactivated, four-wheel drive (Deact, FWD) attribute in the MOF Kispiox data set was
classified as active to comply with the target definitions provided in the West Babine SRMP
(ILMB 2004:p. 26). The West Babine SRMP (2004) defines deactivated roads as “…roads
which effectively prevent four-wheel drive access”. These roads do not contribute towards
the road density targets identified in the West Babine SRMP. A primary road was defined as
a main artery that serviced a number of cutblocks. Primary roads were determined according
to data attribute values (Main, FSR) as well as manually selecting roads when no attributes
were given. An overview of the locations of roads, by type and status, is provided in Figure
4.
The databases delineating resource management zones (RMZ) identified for land use
planning in the Bulkley LRMP and West Babine SRMP were merged to create a seamless
database. These RMZs included the Babine River Special Management Zone 2, Core
Ecosystems and Landscape Riparian Corridors
4.1.4 Analysis Units
The spatial units we selected for use in our analysis specifically address the data and
knowledge gap identified for information regarding road density by watershed in the Babine
Watershed Monitoring Framework Appendix 2: Knowledge Base (BMWT 2005:p. 44, Table
3.1). Watershed sub-units used in our analysis match the boundaries described for Upper
Nilkitkwa and Babine River planning units in the Bulkley Forest District (a portion of the
Bulkley LRMP area) and the Hanawald, Shedin, Babine River, Gail–Thomlinson,
Nichyeskwa, and Shelagyote watersheds in the Kispoix Forest District (Kispiox SRMP area).
To avoid confusion, we use the term watershed in the study area description (i.e., BWMT
study area), which contains planning units and watersheds described in land use planning
documents. We collectively refer to planning units and watersheds as watershed sub-units.
Watershed sub-units matching the boundaries of the Babine River Planning Unit and Babine
River Watershed are referred to as the Babine River (Bulkley TSA) and Babine River
(Kispiox TSA) watershed sub-units respectively. In addition to watershed sub-units, we
included several other analysis sub-units that were considered relevant to various land use
plans to provide a more comprehensive analysis of road density. The analysis units
investigated in this project (from largest to smallest in area) are described in Table 3 and
figures 5 and 6.
Additional sub-units that were not investigated in this study but may be considered useful for
future analyses were the sub-drainages originally delineated in the Babine LRUP (MOF and
MELP 1994) and presented here in Figure 2. These sub-drainages were used by Halter
(1995, 1996, 1997, 1998) and Wellwood (2002, 2004, 2005) for reporting grizzly bear
mortalities (1984–2003) for the Babine Grizzly Bear Monitoring Study. We were unable to
easily locate digital data delineating these sub-units and have therefore not included them the
analysis in this phase.
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Figure 4. Roads, by type and status, within the Babine Watershed Monitoring Trust
study area, Babine River, B.C.
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Table 3. Analysis sub-units used for road density analysis, with relevant land use
planning documents, for the Babine Watershed Monitoring Trust study area, Babine
River, B.C.
Analysis Unit
Babine Watershed (based on the BWMT
study area boundary)
Timber Supply Areas (TSA) – two subunits including the Bulkley TSA and
Kispiox TSA

West Babine SRMP planning area
Watershed sub-units (landscape planning
units) – Bulkley Forest District
Watershed sub-units (watershed planning
units) – Kispiox Forest District
Babine River Corridor Provincial Park
(formerly Special Management Zone 1)
Babine Special Management Zone
(formerly Special Management Zone 2)
300 m Buffer Outside Park Boundary
Core Ecosystems

Landscape Corridors

High-Value (Unspecified), (High-Value)
Mixed Forest, and Moderate-Value
Grizzly Bear Habitat Areas
High-Value Grizzly Bear Habitat Areas
Barbeau Creek Special Management
Zone (SMZ1)
Atna–Shelagyote Special Management
Zone
Shenismike Wildlife Movement Corridor

Relevant Land Use Plans
Entire project area. Refer to following sub-units.
This sub-unit category was not based on
recommendations from land use plans, but was
included in this project to review the data for
suspected differences in road density that likely
resulted from variation in the comprehensiveness
and accuracy of the various road data sets utilized
for this project.
West Babine SRMP (MSRM 2004)
Bulkley LRMP Objectives set by Government
(ILMB 2006)
West Babine SRMP (MSRM 2004)
Management Direction Statement for Babine River
Corridor Provincial Park (BC Parks 2000)
West Babine SRMP (MSRM 2004)
Bulkley Higher Level Plan Order (BC Government
2000)
Babine LUP (MOF 1999a)
West Babine SRMP (MSRM 2004)
West Babine SRMP (MSRM 2004)
Bulkley LRMP Objectives set by Government
(ILMB 2006)
West Babine SRMP (MSRM 2004)
Bulkley LRMP Objectives set by Government
(ILMB 2006)
Bulkley LRMP Objectives set by Government
(ILMB 2006)
West Babine SRMP (MSRM 2004)
Bulkley Higher Level Plan Order (Government of
BC 2000)
West Babine SRMP (MSRM 2004)
West Babine SRMP (MSRM 2004)
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Figure 5. Analysis sub-units used in the analysis of road density, Babine Watershed
Monitoring Trust study area, Babine River, B.C.

D.W. Wellwood and J. Pfalz
33

Land Use & Human Activities & their Effects on Grizzly Bears: Phase 1–Road Development & Access

Figure 6. Detail of analysis sub-units used to calculate road density within the Babine River Corridor Provincial Park and
adjacent area within the Babine Watershed Monitoring Trust study area, Babine River, B.C.
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4.1.5 Analysis
We calculated and reported road densities in the study area for primary roads, which included
active and deactivated roads, and secondary roads, which included active, deactivated and
proposed roads, for the BWMT study area and identified analysis sub-units (e.g., watershed
sub-units, resource management zones).
The GIS analysis was performed using Manifold GIS software. Three projects were created
within Manifold as follows:
• density_run1: sum of total road length by analysis units
• density_run2: sum of total road length by road status, road type and sub-watershed
• density_run3: sum of total road length by road status, road type and various land use
resource management zones.
The final merged road database was overlayed with the watershed/land use planning subunits. Structured Query Language (SQL) queries were created to calculate the sum of total
area as well as road length for each sub-watershed. Further queries were developed in the
density_run2 project to calculate area and road length by road status, road type and subwatershed. The third GIS Manifold project calculated area and road length by status, type,
and various land use planning zones. All values are presented by the GIS system in metres.
The results of the SQL queries were then entered into a Microsoft Excel spreadsheet. We
then calculated the total road network in kilometres as well as the road density for each
analysis unit. The results are presented in section 4.2. Data and calculations are presented
in more detail in Appendix 3.
4.1.6 Assumptions
For the purpose of this analysis, we assumed that:
• roads designated as Road Permit were classified as existing roads unless there was
additional information to classify them as proposed;
• any road that did not qualify as a primary road, based on road attributes and visual
inspection, was classified as a secondary road (i.e., by default);
• deactivated roads, as defined in the Kispiox SRMP (MSRM 2004) and resultantly in this
phase of the study, pose varying levels of risk to grizzly bears, depending on the level and
type of human use. Note: deactivated roads were identified as not accessible by fourwheel drive, but may have been accessible by people using other types of motorized
vehicles (e.g., All Terrain Vehicle [ATV]). Therefore, we reported road density for
active roads, deactivated roads, proposed roads, and total roads. We focus our discussion
on total roads in this report because it is unknown whether or not motorized vehicles such
as ATVs can access these roads; and
• open roads with any kind of motorized vehicle access pose a higher risk to bears than
roads that are closed to motorized vehicles. The risk to grizzly bears associated with
human access through roads will vary depending on the level and type of use. As a
conservative measure until interviews and ground investigations can be conducted to
identify open roads (i.e., those that are accessible by any type of motorized vehicle), we
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focus our discussion on total road density, rather than active road density. Our
recommendations are also based on the results for total road density.

4.2

Results and Discussion
An overview of the road density analysis for roads within the BWMT study area is provided
in Table 4. The results are classified by road type (primary or secondary). As a sub-set of
road type, the results are also classified by road status (active, deactivated, or proposed).
Active roads included primary and secondary roads. All deactivated roads were secondary
roads. Proposed roads consisted of primary and secondary roads.
Our preliminary analysis indicates that that a total of 1,259.8 km of road has been built
(1,251.3 km) or is proposed to be built (8.6 km) in the BWMT study area. With an area of
4,024 km2, this results in a total road density of 0.32 km/km2 for the study area. The road
network within the watershed consists of 275.0 km of primary active roads and 872.1 km of
secondary active roads. Primary active roads contribute only 0.07 km/km2 to the overall road
density. A total of 104.2 km of secondary roads were reported as deactivated (i.e., defined as
not accessible by four wheel drive vehicle).

Table 4. Preliminary analysis of road density, by road type and road status, within the
Babine Watershed Monitoring Trust study area, Babine River, British Columbia.
Babine BWMT Study Area
(Area = 4,024 km2)
Primary – Active
Primary – Proposed
Secondary – Active
Secondary – Proposed
Secondary – Deactivated
Sub-total Active Roads
Total Roads (Existing & Proposed)

Length
(km)
275.0
8.3
872.1
0.2
104.2
1147.1
1259.8

Density
(km/km2)
0.07
0.00
0.22
0.00
0.03
0.29
0.32

4.2.1 Timber Supply Area
The BWMT study area encompasses the western section of the Bulkley Timber Supply Area
(TSA) as well as the eastern section of the Kispiox TSA. The intent of conducting road
density analysis by TSA was to try to detect suspected differences in road density that likely
resulted from variation in the comprehensiveness and accuracy of the road data sets. Timber
Supply Areas are managed by different MOF District offices. Variation in the
comprehensiveness and accuracy of the corresponding data sets was anticipated because
maintenance and updates of the databases are influenced by the priorities and budgets of each
district (G. Buhr, pers. comm., MOF Skeena-Stikine District Office, May 2008).
The Bulkley TSA portion within the study area covers 1,649 km2 (Table 5). It had a total of
754.2 km of road delineated including existing (745.6 km) and proposed (8.6 km) road. The
total road density including existing (active and deactivated) and proposed roads was
calculated to be 0.46 km/km2. The active road network was calculated to be 735.3 km,
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resulting in an active road density of 0.45 km/km2. In contrast, the Kispiox TSA portion,
with an area of 2,367 km2, had a total road network of 495.8 km of existing road of which
401.9 km was identified as active road network (Table 6). No roads were identified as
proposed in the Kispiox TSA. This resulted in a total road density of 0.21 km/km2 and active
road density of 0.17 km/km2. Analyzing the road density by the two timber supply areas
shows much higher road densities on the eastern side of the project area within the Bulkley
TSA as compared to the western side of within the Kispiox TSA. Based on a review of Map
6 presenting forestry activity within the Babine Watershed that was prepared for the Babine
River Foundation (Eclipse GIS 2008), this difference is largely a reflection of more extensive
forest harvest activity within the Bulkley TSA.

Table 5. Preliminary analysis of road density in the portion of the Babine Watershed
Monitoring Trust study area that is within the Bulkley Timber Supply Area, Babine
River, British Columbia.
Bulkley TSA
(Area = 1649 km2)
Primary – Active
Primary – Proposed
Secondary – Active
Secondary- Proposed
Secondary – Deactivated
Sub-Total Active Road
Total Road (Existing & Proposed)

Length (km)
163.8
8.3
571.4
0.3
10.3
735.3
754.2

Density
(km/km2)
0.10
0.01
0.35
0.00
0.01
0.45
0.46

Table 6. Preliminary analysis of road density in the portion of the Babine Watershed
Monitoring Trust study area that is within the Kispiox Timber Supply Area, Babine
River, British Columbia.
Kispiox TSA
(Area = 2367 km2)
Primary – Active
Secondary – Active
Secondary – Deactivated
Sub-Total Active Road
Total Road

Length
(km)
111.2
290.7
93.9
401.9
495.8

Density
(km/km2)
0.05
0.12
0.04
0.17
0.21

Although, overall, the Kispiox TSA section of the Babine watershed had a much lower active
road density (0.17 versus 0.45 km) and it had a much higher density of deactivated roads as
compared to the Bulkley TSA (0.04 versus 0.01 km/km2). Some of the difference may have
been due to different data update cycles because a thorough review and update of road data
(e.g., MOF FTEN data, orthophotos) was conducted in 2007 to build the Kispiox road data
set whereas roads in the Bulkley TSA were based entirely on MOF FTEN data. We
conducted a cursory examination of the possibility that different road management practices
between forest districts could result in a difference in deactivated road densities, but this is
unlikely as the Forest Practices Board has recently conducted an audit and determined the
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Forest Service Roads in the Bulkley and Kispiox TSAs are being appropriately managed
(Forest Practices Board 2009). We suspect that the Bulkley road data set was not up to date.
Therefore, roads that were identified as active may have qualified as deactivated.
4.2.2 Watershed Sub-Unit (Landscape Planning Unit)
The Babine Watershed Monitoring Framework, Appendix 2 - Knowledge Base: Information
used for Estimating Risk, Uncertainty and Probability of Success indicated that information
regarding road density indicator values, by watershed sub-unit, were either not available or
were conflicting (Price and Daust 2005:p. 44). To provide a comprehensive overview of
road density across the entire project area, road density was calculated for the six watershed
identified in the West Babine SRMP (MSRM 2004) including the Hanawald, Shedin, Babine
River, Gail–Tomlinson, Nichyeskwa and Shelagyote and for the two planning units within
the Bulkley TSA–Babine River Planning Unit and Upper Nilkitkwa Planning Unit–that were
identified in the Bulkley LRMP (BVCRB 1998).
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Table 7 provides a summary of the total and active road density of each watershed sub-unit.
Figure 7 provides a summary of active road density, by watershed sub-unit. Detailed
summaries of active and proposed road networks within each watershed sub-unit are
provided in Table 8 for primary roads and Table 9 for secondary roads. We examined the
Hanawald (Table 10, Figure 8) and Shedin (Table 11, Figure 9) watershed sub-units in
greater detail because area specific targets were provided for them in the West Babine SRMP
(MSRM 2004). We also chose to analyze the Babine (Bulkley TSA, Table 12), Nichyeskwa
(Kispiox TSA, Table 13), and Gail-Thomlinson (Kispiox TSA, Table 14) watershed subunits, in more detail because our initial analysis indicated that they had a relatively high
active and total road density (>0.50 km/km2). The Nichyeskwa watershed had the highest
road density at 0.67 and 0.60 km/km2, total and active road density respectively. Road
densities in these watershed sub-units are reaching or exceeding the road density roughly
estimated as the threshold for moderate risk to grizzly bears associated with open roads
through or adjacent to moderate value habitats (Price and Daust 2005).
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Table 7. Preliminary analysis of total and active road densities, by watershed sub-unit,
in the Babine Watershed Monitoring Trust study area, Babine River, British Columbia.
Watershed
Sub-unit
Bulkley TSA
Babine River (Babine)
Upper Nilkitkwa
(Nilkitkwa)
Total
Kispiox TSA
Hanawald
Shedin
Babine River
Gail-Thomlinson
Nichyeskwa
Shelagyote
Total

Planning
Area
(km2)

Active
Road (km)

1,205.4

638.8

0.53

657.7
96.5

0.55
0.22

445.5
1,650.9

96.5
735.3

0.22
0.45

754.1

0.46

238.0
610.7
560.2
253.2
130.7
575.4
2,368.2

18.2
50.5
120.8
133.9
78.4
0.00
401.8

0.08
0.08
0.22
0.53
0.60
0.00
0.17

18.2
68.8
171.1
149.5
88.2
0.0
495.8

0.08
0.11
0.31
0.59
0.68
0.00
0.21

Active
Road Density
(km/km2)

Total
Road
(km)

Total Road
Density
(km/km2)
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Figure 7. Preliminary analysis of active road density by watershed sub-unit within the
Babine Watershed Monitoring Trust study area, Babine River, B.C.
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Table 8. Preliminary analysis for density of primary roads, by watershed sub-unit, within the Babine Watershed
Monitoring Trust study area, Babine River, British Columbia.
Watershed
Sub-unit

Area
(km2)

Primary – Active
Length
(km)

Density
(km/km2)

Primary - Proposed
Roads
Length
Density
(km)
(km/km2)

Total Primary Roads
Length
(km)

Density
(km/km2)

Bulkley TSA
Babine
Nilkitkwa
Kispiox TSA

1,205.4
445.5

163.4
0.40

0.14
0.00

8.3
0.00

0.01
0.00

171.8
0.40

0.14
0.00

Babine River
Gail-Thomlinson
Hanawald
Nichyeskwa
Shedin
Shelagyote

560.18
253.20
238.02
130.68
610.70
575.40

29.9
46.5
0.0
19.5
15.2
0.0

0.05
0.18
0.00
0.15
0.02
0.00

0.0
0.0
0.0
0.0
0.0
0.0

0.00
0.00
0.00
0.00
0.00
0.00

29.9
46.5
0.0
19.5
15.2
0.0

0.05
0.18
0.00
0.15
0.02
0.00
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Table 9. Preliminary analysis for density of secondary roads, by watershed sub-unit, within the Babine Watershed Monitoring
Trust study area, Babine River, British Columbia.
Watershed
Sub-unit

Bulkley TSA
Babine
Nilkitkwa
Kispiox TSA
Babine River
Gail–Thomlinson
Hanawald
Nichyeskwa
Shedin
Shelagyote

Area
(km2)

Secondary - Active

Secondary Proposed

Secondary Deactivated

Total Secondary
Roads

Length
(km)

Density
(km/km2)

Length
(km)

Density
(km/km2)

Length
(km)

Density
(km/km2)

Length
(km)

Density
(km/km2)

1,205.4
445.5

475.4
96.1

0.39
0.22

0.3
0.0

0.00
0.00

10.3
0.0

0.01
0.00

485.9
96.1

0.40
0.22

560.2
253.2
238.0
130.7
610.7

90.9
87.4
18.2
58.9
35.3
0.00

0.16
0.35
0.08
0.45
0.06
0.00

0.0
0.0
0.0
0.0
0.0

0.00
0.00
0.00
0.00
0.00

0.0

0.00

50.4
15.5
0.0
9.8
18.3
0.0

0.09
0.06
0.00
0.07
0.03
0.00

141.2
102.9
18.2
68.7
53.6
0.0

0.25
0.41
0.08
0.53
0.09
0.00

575.4
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4.2.3 Watershed Sub-units with Specified Road Density Target/Measures
4.2.3.1 Management Direction Considered
The West Babine SRMP (MSRM 2004: p. 26, Section 3.1.2.2) provides specific indicators
and targets/measures for roads within the Hanawald and Shedin watersheds. These targets
specify road density of less than 0.6 km/km2 for at least 80% of each watershed for timber
harvesting activity occurring at any one time. Deactivated roads (i.e., not accessible by fourwheel drive vehicle) were not considered in this road density target/measure.
4.2.3.2 Results and Discussion
Hanawald Watershed Sub-Unit
The total area of the Hanawald Watershed sub-unit is 238.0 km2 (Table 10). Our analysis
indicated that 95.8% of the sub-watershed had a total and active road density of less than 0.6
km/km2. The distribution of total road density classes within the Hanawald is shown in
Figure 8. The road network consisted of 18.2 km of secondary active roads. No primary
roads or deactivated roads were identified. This watershed had a total road density and an
active road density of 0.08 km/km2. Based on our analysis of the available data, active road
densities within these watersheds were below the specified targets/measures.
We recommend future analysis also analyze total road density.

Table 10. Preliminary analysis for density of roads in the Hanawald Watershed subunit, within the Babine Watershed Monitoring Trust study area, Babine River, British
Columbia.
Hanawald Watershed Sub-unit
(Total Area = 238.0 km2)
Primary – Active
Primary – Proposed
Primary – Deactivated
Secondary – Active
Secondary – Proposed
Secondary – Deactivated
Sub-Total Active Roads
Total Roads

Length (km)
0.0
0.0
0.0
18.2
0.0
0.0
18.2
18.2

Density
(km/km2)
0.00
0.00
0.00
0.08
0.00
0.00
0.08
0.08
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Figure 8. Preliminary analysis of active road density estimates for the Hanawald
Watershed sub-unit, Babine Watershed Monitoring Trust study area, Babine River,
B.C. Note: recommendation to analyze total road density.

Shedin Watershed Sub-Unit
The total area of the Shedin Watershed sub-unit is 610.7 km2 (Table 11). Our analysis
indicated that 94.8 % of the Shedin watershed sub-unit had a road density less than 0.6
km/km2. The spatial distribution of road density classes is presented in Figure 9. The road
network consisted of two discrete areas situated in the northwest and the southwest. These
two components of the road network were not connected. Table 11 describes the road
network within the Shedin Watershed sub-unit. It consisted of 15.2 km of primary active
roads, 35.3 km of secondary active roads, and 18.3 km of deactivated roads. For the Shedin,
the total road density was 0.11 km/km2 and the active road density was 0.08 km/km2.
The length of active roads was likely lower in the Shedin Watershed sub-unit than our
analysis indicated because we suspect that some of the roads that were identified as active,
when considered in context of digital road data within the surrounding area, were likely
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deactivated. Specifically, we suspect that 25 km of road that was classified as active
secondary road within the Shedin has been deactivated.
We recommend future analysis also analyze total road density.

Table 11. Preliminary analysis of density of roads within the Shedin Watershed subunit, Babine Watershed Monitoring Trust study area, Babine River, B.C.
Shedin Watershed Sub-Unit
(Total Area = 610.7 km2)
Primary – Active
Primary – Proposed
Secondary – Active
Secondary – Proposed
Secondary – Deactivated
Sub-Total Active Roads
Total Roads

Length (km)
15.2
0.0
35.3
0.0
18.3
50.3
68.8

Density
(km/km2)
0.02
0.00
0.06
0.00
0.03
0.08
0.11
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Figure 9. Preliminary analysis of active road density estimates for the Shedin
Watershed sub-unit, Babine Watershed Monitoring Trust study area, Babine River,
B.C. Note: recommendation to analyze total road density.

4.2.4 Other Watershed Approaching or Greater than Moderate Risk Threshold
Value
Management Direction Considered
A road density of 0.6 km/km2 was estimated as the moderate risk threshold value for roads
through or adjacent to moderate or lower value habitats with respect to risk of grizzly bear
mortality in the Babine Watershed Monitoring Framework, Appendix 2 - Knowledge Base:
Information used for Estimating Risk, Uncertainty and Probability of Success (Price and
Daust 2005:42). Therefore, we explore road density in the remaining watershed sub-units,
even though specific road density targets/measures were not identified in land use plans
providing management direction for grizzly bears in these areas. Total road density and
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active road density were approaching or higher than this threshold in the Babine (Bulkley
TSA), Nichyeskwa (Kispiox TSA) and Gail-Thomlinson (Kispiox TSA) watershed sub-units.
Babine (Bulkley TSA) Results
The Babine Watershed sub-unit (Bulkley TSA) is the largest watershed within the study area
with an area of 1,205 km2 (Table 12). This area is nearly twice the size of the Shedin
Watershed sub-unit, which is the second largest watershed sub-unit in the study area. The
Babine Watershed sub-unit estimate included a total of 657.7 km of road with a total road
density of 0.55 km/km2. The road network consisted of 638.8 km of active roads including
163.4 km of primary road and 475.4 km of secondary roads. The active road density was
0.53 km/km2. This was the only watershed sub-unit that had any proposed roads with 8.3 km
of primary and 0.28 km of secondary road proposed. Ten kilometres of road were identified
as deactivated.
Table 12. Preliminary analysis for density of roads within the Babine Watershed subunit, Babine Watershed Monitoring Trust study area, Babine River, B.C.
Babine Watershed Sub-Unit
(Total Area = 1,205 km2)
Primary – Active
Primary – Proposed
Secondary – Active
Secondary – Proposed
Secondary – Deactivated
Sub-Total Active Roads
Total Roads

Length (km)
163.4
8.3
475.4
0.3
10.3
638.8
657.7

Density
(km/km2)
0.14
0.01
0.39
0.00
0.01
0.53
0.55

4.2.4.1 Nichyeskwa (Kispiox TSA) Results
The Nichyeskwa Watershed sub-unit has an area of 130.7 km2 (Table 13). The length of the
road network estimated within the Nichyeskwa was 88.2 km with 19.5 km primary active
roads, 59.0 km secondary active roads, and 9.8 km secondary deactivated roads. Our
analysis results indicate a total road density of 0.67 km/km2 and an active road density of
0.60 km/km2.
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Table 13. Preliminary analysis for density of roads within the Nichyeskwa Watershed
sub-unit, Babine Watershed Monitoring Trust study area, Babine River, B.C.
Nichyeskwa Watershed
Sub-Unit
(Total Area = 130.7 km2)
Primary – Active
Primary – Proposed
Secondary – Active
Secondary – Proposed
Secondary – Deactivated
Sub-Total Active Roads
Total Roads

Length (km)

19.5
0.0
59.0
0.0
9.8
78.5
88.3

Density
(km/km2)
0.15
0.00
0.45
0.00
0.07
0.60
0.67

4.2.4.2 Gail–Thomlinson (Kispiox TSA) Results
The Gail–Thomlinson watershed sub-unit covers an area of 253.2 km2 (Table 14). It
contained 149.5 km of roads with 134.0 km of active road. The total road density was 0.59
km/km2 and the active road density was 0.53 km/km2. The road network consisted of 46.5
km of primary active roads, 87.5 km of secondary active roads, and 15.5 km of deactivated
roads.
4.2.4.3 Discussion
We consider the total density of roads calculated for the Bulkley (Bulkley TSA), Nichyeskwa
(Kispiox TSA), and Gail–Tomlinson (Kispiox TSA) to be red flags indicating that further
investigations to assess risk to grizzly bears associated with road access are warranted. Our
preliminary results indicate that the risk to grizzly bears in these watershed sub-units and
possibly other sub-units may be high. However, uncertainty associated with these results is
also high, as the implementation and effectiveness of strategies to reduce or mitigate risk to
grizzly bears associated with roads have not yet been explored. Information regarding the
frequency and type human use associated with road access into these areas were either not
available or not gathered for this analysis. Interviews and field studies would be required to
verify the accuracy of existing data and collect additional information (e.g., effectiveness of
access controls, estimate of level and type of motorized vehicle access etc.).
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Table 14. Preliminary analysis for density of roads within the Gail-Thomlinson
Watershed sub-unit, Babine Watershed Monitoring Trust study area, Babine River,
B.C.
Gail-Thomlinson Watershed
Sub-Unit
(Total Area = 253.2 km2)
Primary – Active
Primary – Proposed
Secondary – Active
Secondary – Proposed
Secondary – Deactivated
Sub-Total Active Roads
Total Roads

Length (km)

Density
(km/km2)

46.5
0.0
87.5
0.0
15.5
134.0
149.5

0.18
0.00
0.35
0.00
0.09
0.53
0.59

4.2.5 Land Use Planning Zones Management Direction, Results and
Discussion
We also explored road density within the various management zones described in land use
planning documents to detect potential access-related issues of concern–with respect to land
use planning objectives for grizzly bears–in the context of land use planning strategies,
targets and measures and the road density threshold of 0.6 km/km2 for moderate risk to bears
for roads through or adjacent to moderate value habitat as estimated by Price and Daust
(2005).
Table 15 describes the zones we conducted analysis for and the corresponding road density
values.

Table 15. Preliminary analysis for road densities estimated for various land use
planning areas, special management zones and resource management zones in the
Babine River Watershed Monitoring Trust study area, British Columbia.
Management Zones

Babine River Corridor Provincial
Park (formerly SMZ1)
Babine Special Management Zone
(formerly SMZ2)
300m Buffer Outside Park Boundary
Landscape Corridors
Core Ecosystems

Area
(km2)

Total
Road
Length

Total
Road
Density

Active
Road
Length
(km)

Active
Road
Density
(km/km2)

153.7

21.5

0.14

19.3

0.13

192.2
48.8
451.1
340.5

76.8
24.6
76.7
18.2

0.40
0.50
0.17
0.05

57.1
21.2
69.8
14.4

0.30
0.44
0.16
0.04
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4.2.5.1 Babine River Corridor Provincial Park
The Bulkley LRMP (BVCRB 1998) states the following with respect to access into Babine
River Corridor Provincial Park:
• Access planning with the corridor must be part of the formal Management plan for the
Protected Area.
• Access within the Protected Area will be co-ordinate with access to the entire planning
area unit with input from the Board and the public as necessary.
The Kispiox LRMP (KLRMPT 2001) states “…timber harvesting, exploration and
development of minerals, oil and natural gas, and hydro-electric development will not be
permitted in protected areas.”
The Babine River Corridor Provincial Park sub-unit covers an area of 153.7 km2 (Table 16).
It contained 21.5 km of roads with 19.3 km of active road. The total road density was 0.14
km/km2 and the active road density was 0.13 km/km2. The road network consisted of 5.9 km
of primary active roads, 13.4 km of secondary active roads, 2.2 km of deactivated roads.
We do not know if roads within the BRCPP were built before management direction for this
area was formally established or after. The road data sets do not contain information
regarding the dates roads were constructed so we were unable to explore for changes in
density of roads before and after the establishment of targets/measures for this zone.
We consider the total density of roads calculated for this zone to be a red flag indicating that
further investigations are warranted including interviews and field studies to verify existing
data and collect additional data. Information regarding the location, density and use of open
roads would better support monitoring for implementation of relevant strategies and reduce
uncertainty in assessing the risk of human–bear interactions associated with road access for
the park and the overall BWMT study area.
Table 16 . Preliminary analysis for road density in the Babine River Corridor Park
within the Babine Watershed Monitoring Trust study area, Babine River, B.C.
Babine River Corridor Park (Area =
153.7 km2)
Primary - Active
Primary – Proposed
Secondary – Active
Secondary – Proposed
Secondary – Deactivated
Sub-total Active Roads
Total Roads

Length (km)
5.9
0.0
13.4
0.0
2.2
19.3
21.5

Density
(km/km2)
0.04
0.00
0.09
0.00
0.01
0.13
0.14
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4.2.5.2 Babine Special Management Zone
The Babine LUP (Bulkley/Cassiar Forest District 1999a) states the following with respect to
road development and use in the Babine SMZ: “Restrict access as shown on Map 2 using
deactivation strategy, access control point or temporary roads. All temporary access will
remain at least 300 metres from the wilderness zone boundary”
The Bulkley HLP objectives for the Babine SMZ states there will be no construction of new,
permanent, unrestricted road access north of the Babine River Bridge as well as road
construction to the Babine River Corridor Park boundary will be avoided (BC Government
2000). Strategies for restricting access at the landscape level may include access control
points (e.g., gates), winter roads, or deactivation.
The Kispiox LRMP (KLRMPT 2001) states management strategies will be consistent with
the Bulkley LRUP including “…roads will be temporary and will be deactivated when they
are no longer required for forestry, and cutblocks and temporary roads will be located to
minimize impacts on the adjacent protected area.” The West Babine SRMP (MSRM 2004:
p. 39, Section 3.2.3.1, Table 12) states the target/measure for the Babine Special
Management Zone, buffering Babine River Corridor Provincial Park are: no permanent
motorized access within this zone; all temporary access will be at least 300 m from the park
boundary; and access control points will be established on the Tomlinson Road and at
Shelagyote Crossing prior to entering the special management zone.
Results and Discussion
The Babine SMZ (formerly SMZ1) covers an area 192.2 km2 (Table 17). The total road
network had 76.8 km of road, of which 57.1 km was identified as active road (including 0.28
km of proposed secondary road). The road network included 20.9 km of active primary
roads, 36.2 km of active secondary roads, 0.3 km of proposed secondary road, and 19.4 km
of deactivated roads. The total road density was 0.40 km/km2 and the active road density
was 0.30 km/km2.
There are roads within the SMZ that were built before management direction for this area
was formally established. However, the road data sets do not contain information regarding
the dates roads were constructed so we were unable to explore for changes in density of roads
before and after the establishment of targets/measures for this zone.
We consider the total density of roads calculated for this zone to be a red flag indicating that
further investigations are warranted including interviews and field investigations to identify
access controls and field studies to verify existing data and collect additional data.
Information regarding the location, density and use of open roads would better support
monitoring for implementation of relevant strategies and reduce uncertainty in assessing the
risk of human–bear interactions associated with road access for this area and the overall
BWMT study area.
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Table 17. Preliminary analysis for road density in the Babine Special Management
Zone within the Babine Watershed Monitoring Trust study area, Babine River, B.C.
Babine SMZ (Area = 192.2 km2)
Primary – Active
Primary – Proposed
Secondary – Active
Secondary – Proposed
Secondary – Deactivated
Sub-total Active Roads
Total Roads

Length
(km)
20.9
0.00
36.2
0.3
19.4
57.1
76.8

Density
(km/km2)
0.11
0.00
0.19
0.00
0.10
0.30
0.40

4.2.5.3 300 Meter Buffer Around Babine River Corridor Provincial Park
Within the Babine River SMZ, the Babine LUP (Bulkley/Cassiar Forest District 1999a)
states the following: “All temporary access will remain at least 300 metres from the
wilderness zone boundary.” In addition to the target/measure specifying no permanent
access in the Babine SMZ, the West Babine SRMP (MSRM 2004) also states all temporary
access must be set back a minimum of 300 m from the park boundary.
The area within the 300 m buffer surrounding BRCPP is 48.8 km2 (Table 18). For the area
within this buffer we calculated a total of 24.6 km of road of which 21.2 km was classified as
active road. This road network consisted of 9.6 km of primary active road, 11.6 km of
secondary active roads, and 3.4 km deactivated. The total road density was 0.50 km/km2 and
the active road density was 0.43 km/km2. We were unable to explore for changes in density
of roads before and after the establishment of targets/measures for this zone because the road
data sets do not contain information regarding the dates roads were constructed.
We consider the total density of roads calculated for this zone to be a red flag indicating that
further investigations are warranted including interviews and field studies to verify existing
data and collect additional data. Information regarding the location, density and use of open
roads would better support monitoring for implementation of relevant strategies and reduce
uncertainty in assessing the risk of human–bear interactions associated with road access for
this area and the overall BWMT study area.

D.W. Wellwood and J. Pfalz
53

Land Use & Human Activities & their Effects on Grizzly Bears: Phase 1–Road Development & Access

Table 18. Preliminary analysis for road density within the 300 m buffer surrounding
Babine River Corridor Provincial Park within the Babine Watershed Monitoring Trust
study area, Babine River, B.C.
Within 300m Buffer Surrounding BRCPP
(Area = 48.8 km2)
Primary – Active
Primary – Proposed
Secondary – Active
Secondary – Proposed
Secondary – Deactivated
Sub-total Active Roads
Total Roads

Road Length
(km)
9.6
0.0
11.6
0.0
3.4
21.2
24.6

Road Density
(km/km2)
0.20
0.00
0.24
0.00
0.07
0.43
0.50
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4.2.5.4 Core Ecosystems
The Bulkley LRMP Objectives set by Government (ILMB 2006) and West Babine SRMP
(MSRM 2004) delineate core ecosystems to maintain elements of biodiversity. While not
specific identified for grizzly bears, we assumed that some elements of biodiversity would be
of interest to this study. In the Bulkley LRMP Objectives set by Government (ILMB 2006),
core ecosystems include areas identified to maintain a cross-section of naturally-occurring
ecosystems, areas with forest interior conditions, and representative examples of rare and
endangered plant communities. In the West Babine SRMP (2004), areas were selected to
provide representation of seral stage distribution and old growth retention. The Bulkley
LRMP Objectives set by Government (ILMB 2006) does not specify road density
targets/measures for core ecosystems. However, they do state that there will be no timber
harvesting in core ecosystems unless “…it is necessary for:
a. protecting the integrity and function of the ecosystem;
b. mineral and energy exploration and development;
c. providing access to timber outside the core ecosystem that would otherwise be
isolated, or
d. forest health control where there is a risk to operable timber outside of the
core ecosystem” (ILMB 2006).
The Bulkley LRMP Objectives Set by Government 2006 supersede the Babine and Nilkitkwa
Landscape Unit Plans. The Babine and Nilkitkwa LUP Objectives 1.1 specified: If
harvesting does occur, no roads can be built (employ long skids or helicopter logging) and
modified harvest practices such as single tree selection (to maintain old growth structure) or
small openings (<2 hectares to create or maintain early seral conditions) should be utilized).
Where alternative access is not possible, roads can be built through a core ecosystem to avoid
alienating operable timber outside the core ecosystem.
The West Babine SRMP (MSRM 2004: p. 15, Section 3.1.1.2, Table 2) states: “no alteration
within Core Ecosystems, except to manage natural processes that threaten resources outside
of the zone.” Management considerations include “…no harvesting within Core
Ecosystems…except for incidental tree cutting for mining and exploration purposes” and
“no road building within Core Ecosystems with the exception of:
• accessing timber that would otherwise be inaccessible; and
for mineral development”.
The total area of Core Ecosystems that have been delineated throughout the plan area is
340.5 km2, with a total of 18.2 km of existing road of which 14.4 km was classified as active
road (Table 19). The road network consisted of 8.1 km of primary active road, 6.3 km of
secondary active road, and 3.9 km of deactivated road. The Core Ecosystems had a total
road density of 0.05 km/km2 and active road density of 0.04 km/km2. It was not possible to
determine the date of road construction or the purpose of road development (forestry versus
mining) from the GIS data sets.
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Table 19. Preliminary analysis for road density in Core Ecosystems within the Babine
Watershed Monitoring Trust study area, Babine River, B.C.
Core Ecosystems
(Total Area = 340.5 km2)
Primary – Active
Primary – Proposed
Secondary – Active
Secondary – Proposed
Secondary – Deactivated
Sub-Total Active Roads
Total Roads

Road Length
(km)
8.1
0.0
6.3
0.0
3.9
14.4
18.2

Road Density
(km/km2)
0.02
0.00
0.02
0.00
0.01
0.04
0.05

4.2.5.5 Landscape Corridors
While not specifically identified in land use planning with respect to grizzly bears, we
assumed landscape corridors would also be of interest to this study.
The Bulkley LRMP Objectives set by Government (ILMB 2006) and the West Babine SRMP
(MSRM 2004) also identify Landscape Corridors to maintain habitat connectivity and
movement and dispersal of organisms (ILMB 2006) and to “...maintain connectivity of old
and mature forest cover within Landscape Riparian Corridors” (MSRM 2004). The Bulkley
LRMP Objectives set by Government does not specify road density targets for landscape
riparian corridors. The Bulkley LRMP Objectives Set by Government (2006) supersede the
Babine and Nilkitkwa Landscape Unit Plans. The Babine and Nilkitkwa LUP Objectives 1.2
specified: Access into landscape corridors should be temporary unless no other alternative is
reasonable for ecological or economic reasons. The West Babine SRMP (2004: p. 16 Section
3.1.1.2, Table 2) states “...road building is not permitted in Landscape Riparian Corridors,
except to access areas that would otherwise be inaccessible” where road density will be
minimized and access “... should be temporary unless no other alternative is reasonable for
ecological or economic reasons.”
Across the BWMT study area, Landscape Corridors cover 451.1 km2 with a total road
network of 76.7 km and an active road network of 69.8 km (Table 20). The road network
included 31.5 km of active primary road, 38.2 km of active secondary road, and 6.9 km of
deactivated road. This resulted in a total road density of 0.17 km/km2 active road density of
0.15 km/km2. It was not possible to determine the date of road construction or purpose of
road (forestry versus mining) from the available data.
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Table 20. Preliminary analysis for road density in Landscape Corridors within the
Babine Watershed Monitoring Trust study area, Babine River, B.C.
Landscape Corridor
(Area = 451.1 km2)
Primary – Active
Primary – Proposed
Secondary – Active
Secondary – Proposed
Secondary – Deactivated
Sub-total Active Roads
Total Roads

Length
(km)
31.5
0.0
38.3
0.0
6.9
69.8
76.7

Density
(km/km2)
0.07
0.00
0.08
0.00
0.02
0.15
0.17

4.2.5.6 Identified Grizzly Bear Habitats
Specific objectives from the Bulkley LRMP Objectives set by Government (ILMB 2006: p.
9, Section 2.5c) for grizzly bears specify providing “…high-value habitat for security and
bedding for grizzly bears…” and limiting “…road development and the number and duration
of entries within moderate-value grizzly bear habitat…” within areas identified in Map 5
provided with the objectives. Numerous important grizzly bear habitat types were identified
in the Babine River Interim Local Resource Use Plan (1994) which also included a subsection specific to mixed-forest with deciduous and confer components. High-value, mixed
forest, and moderate value habitats have been identified and mapped for the Bulkley LRMP
Objectives set by Government (ILMB 2006: p. 15).
The West Babine SRMP (MSRM 2004: p. 27, Section 3.1.2.2, Table 7) provides
management direction for maintaining grizzly bear habitat and addressing access issues and
states the following regarding specific targets/measures related to grizzly bear habitat and
access in the:
• Big Slide Access Management Zone: “industrialized motorized use only within the Big
Slide access management zone during forest operations,” and “no motorized use
(including snowmobiles and ATVs) past access control point…between operations.”
• Shenismike Creek – was specific to movements, rather than habitat value, refer to section
7.2.5.8.
• Sperry/Rosenthal Access Management Zone: five year window for harvest activities
including road building with no motorized access past specified access control point
between operations.
Additionally general targets/measures are provided for high value grizzly bear habitat
(MSRM 2004: p. 29, Section 3.1.2.2, Table 7): “no alteration of critical habitats, unless no
practical alternative exists” ; “provide a 100m buffer of windfirm, functional forest cover
adjacent to non-forested critical habitats, unless no practical alternative exists”; and “no
permanent roads located within 150m of roads unless no practical alternative exists.”
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The Kispiox SRMP (MSRM 2004) provides maps for specified access management zones
(Big Slide and Sperry/Rosenthal, p. 27, Section 3.1.2.2, Table 7), the Shenismike Corridor
and habitat types for critical habitat patches (p. 29, Section 3.1.2.2, Table 7)
While not specified, we assumed that mixed-forest was mapped separately as sub-set of highvalue grizzly bear habitat. Our analysis included road density estimates for moderate-value
and high-value, including mixed forest habitat as a subset, within identified grizzly bear
habitats.
Across the study area, high-value grizzly bear habitat, including mixed-forest covers 648.2
km2, and contained 104.8 km of road of which 85.3 km was classified as active road (Table
21). This resulted in a total road density of 0.16 km/km2 and an active road density of 0.13
km/km2. The highest total road density was in mixed forest in the Bulkley TSA (0.38
km/km2) followed by other unspecified high-value habitat types in the Bulkley TSA (0.24
km/km2) and high-value habitat types in the Kispiox TSA (0.13 km/km2).
There was 139.8 km of road identified within moderate-value grizzly bear habitats specified
within the Kispiox TSA with a road density of 0.52 km/km2. We did not analyze road
density for the Big Slide Access Management zone or Sperry/Rosenthal Access Management
Zone with respect to habitat value. We recommend that these management zones be
investigated through an interview process and ground investigations in Phase 2.

Table 21. Preliminary analysis for road density in identified high-value and moderatevalue grizzly bear habitat within the Babine Watershed Monitoring Trust study area,
Babine River, B.C.

Management Zones
High Value Habitat (Bulkley)
High Value Habitat (Kispiox)
Mixed Forest Habitat
(Bulkley)
Total High Value Habitat
Moderate Value Habitat
(Kispiox)

Area
(km2)
121.6
501.2

Total
Road
Length
(km)
28.5
66.9

Total
Road
Density
(km/km2)
0.24
0.13

Active
Road
Length
(km)
27.3
48.6

Active
Road
Density
(km/km2)
0.22
0.10

25.3
648.2

9.4
104.8

0.38
0.16

9.4
85.3

0.38
0.13

266.8

139.8

0.52

139.2

0.52

4.2.5.7 Atna–Shelagyote Special Management Zone
A plan specific target/measure from the West Babine SRMP (MSRM 2004: p. 41, Section
3.2.3.2, Table 13) states “…no commercial logging within the [Shelagyote] SMZ, except
where required for mineral exploration and mine development”.
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This is a relatively large zone covering 699.1 km2 (Table 22). It contained 4.9 km of active
primary road resulting in a total road density of 0.0 km/ km2. It was not possible for us to
determine the date of road construction or purpose (forestry, mining or other) from the
available data.

Table 22. Preliminary analysis for road density in the Atna–Shelagyote Special
Management Zone within the Babine Watershed Monitoring Trust study area, Babine
River, B.C.
Atna-Shelagyote SMZ
(Area = 699.1 km2)
Primary – Active
Primary – Proposed
Secondary – Active
Secondary - Proposed
Secondary - Deactivated
Sub-total Active Roads
Total Roads

Road Length
(km)
4.9
0.0
0.0
0.0
0.0
4.9
4.9

Road Density
(km/km2)
0.01
0.00
0.00
0.00
0.00
0.01
0.01

4.2.5.8 Shenismike Corridor
Management direction for grizzly bears in the Kispiox SRMP (MSRM 2004: p. 27, Section
3.1.2.2, Table 7) includes an objective to “minimize disruption to bear movement along
Shenismike Creek” with a target/measure of “no roads built within the Shenismike Corridor.”
The Shenismike Corridor is relatively small zone covering 28.8 km2 and our analysis
indicates that no roads have been built in this area.
4.2.5.9 Circle Routes
With respect to road development for access to a range of resources including timber,
minerals, range and recreational destinations, the Bulkley LRMP (1998: p. 32) states “Circle
routes within the Bulkley Plan Area and connecting to the adjacent districts can potentially
be detrimental and should be discouraged where ever possible. This applies whenever other
values are paramount”.
We did not explore data for circle routes in this phase. We recommend that circle routes be
investigated through an interview process and ground investigations in Phase 2.

4.3

Limitations Specific to Land Use Plans with Recommendations for
Improvement

Limitation
From a planning perspective deactivated roads are defined as “roads which effectively
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prevent four wheel drive access” in the West Babine SRMP (MSRM 2004: p. 26). However,
from the perspective of examining the risks that motorized access poses to grizzly bears, in
particular risk of mortality, roads that are accessible by an ATV are considered a major threat
(Ciarniello 2006). Open roads with any kind of motorized vehicle access can be anticipated
to pose a higher risk to bears than roads that are closed to motorized vehicles. The risk to
grizzly bears associated with human access through roads will vary depending on the level
and type of human use.
Recommendation
Focus efforts on assessing whether or not the definition and targets/measures provided for
deactivated roads are appropriate for effectively achieving the specified objectives for grizzly
bears. Based on our preliminary investigations, we recommend that terminology and
associated definitions for roads be redefined based on a review of those used in scientific
literature related to the effects of road access on grizzly bears. Focus field work on
identifying open roads and classifying them by the type of motorized vehicles that can access
them. Identification of the various classes of open roads that allow any kind of motorized
vehicle will better support an evaluation of risk to grizzly bears in the study area.

4.4

Limitations Specific to Available Data with Recommendations for
Improvement
We were unable to completely assess several of the land use plan target/measures related to
roads because the data sets did not have the type or level of detailed information that would
be required to do this. The following outlines several key technical limitations discovered
during the analysis and provides recommendations for improving the data sets for this project
and for future projects. As many of these recommendations benefit multiple agencies, such
as the BWMT, MOE, MOF District Office, ILMB and the BRF, we recommend exploring
multiple funding sources/partnerships to undertake these recommendations.
Limitation
Dates that roads were developed were not included in any of the databases. Therefore, we
were unable to investigate the data for the periods before and after the implementation of
land use plans.
Recommendations
• Identify indicators and targets in land use planning that require information regarding
roads developed before and after the establishment of management zones.
• Develop a data layer that spatially delineates only those roads that existed before the
management zones of interest were established. This information would provide a
baseline of the road network(s) that existed prior to the establishment of access-related
management strategies for specified zones. This information will support analysis to
determine whether indicators/targets specific to the time period following the
establishment of land use plans have been achieved.
• Ensure that any existing or new road data sets include a data field for the dates of road
development and other management activities related to access. This will support the
tracking of road access (e.g., development, deactivation, access controls) over time.
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Limitation
All road data sets did not have information that allowed us to identify the rational and
purpose of road construction in areas where these types of information were specified in the
management direction. Therefore, we were unable to investigate the data for
targets/measures specific to the purpose of road development. For example, information was
required to determine whether a road was built for mining, forestry, or other purposes. In
another, information was required to determine whether there was appropriate/acceptable
rationale for building the road.
Recommendations
• Identify indicators and targets in land use planning that require information regarding the
purpose and rationale for each road developed in specified management zones.
• Formalize data collection protocol and revise existing databases to ensure the availability
of the types of information that are required to support monitoring for implementation of
management strategies for road development in areas where road purpose and rationale
are specified.
Limitation
The Kispiox road data set appeared to be better quality and more reliable than the Bulkley
FTEN data set. The Kispiox data set described roads that had been built, whereas the FTEN
road tenure data described road tenures. The Kispiox road data set also contained more
detailed information because it had been recently updated by the MOF district office. This
disparity in quantity of information fields and quality of data had a major influence on our
analyses of road densities. The Kispiox TSA road data was considered more reliable because
it was updated in 2007 at the district level. We were also able to identify deactivated roads
and their recent status such as 2 versus 4-wheel drive access. The Bulkley TSA road data
(FTEN data) did not identify road classes to the same level of detail. Ministry of Forests
intends to update the Bulkley roads data but a schedule and funding allocations have not been
established for this work (G. Buhr pers. comm.).
Recommendation
Update the Bulkley TSA road data set to ensure that the data collected and the quality of the
data is comparable to the Kispiox road data set. This will improve the quality of data
analyses and allow for more reliable comparisons between the Bulkley TSA and Kispiox
TSA sides of the study area.
Limitation
Many indicators or targets make reference to seasonal roads (winter access only), temporary
access roads, or road access controls. The effectiveness of access controls has not been
determined. Data was not collected to evaluate these types of criteria, which extends beyond
GIS analysis.
Recommendations
• Identify site or area specific indicators or targets that require additional information
and/or verification beyond what was available in the GIS databases.
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•
•

Gather the required information and assess the reliability of information through
interviews, and field investigations.
Ensure that this information is included in the GIS databases or stored using some other
method that allows retrieval as required.

Limitation
The road databases did not consistently provide information about whether or not deactivated
roads were accessible by ATV. The Kispiox database did provide some information as to
whether a road was considered ATV accessible, but even this information was not
consistently provided for all deactivated roads.
Recommendation
Conduct interviews and field investigations to identify access control points and, if feasible,
monitoring to determine their effectiveness for excluding people from motorized access to
the areas specified. For roads that are considered accessible by motorized vehicle, provide
information about the type of vehicle the road is considered to be accessible to. Record this
information in the GIS roads databases for future reference.
Limitation
Gathering GIS data to complete individual BWMT projects is time consuming and
expensive. We have identified significant overlaps among this project, other BWMT
projects, and projects conducted by other agencies that also have an interest in GIS data
specific to the Babine watershed. There could be significant cost savings to the BWMT if
spatial data related to projects was housed and maintained separately from project
deliverables so that it can be easily retrieved as required.
Recommendation
Setup and maintain a spatial data warehouse specific to the BWMT study area. This allows a
baseline of spatial information to be gathered, maintained and accessed by BWMT, project
leads, and other partners.

5.0

Part 2. Theoretical Framework and Preliminary Study Design

5.1

Background
Grizzly bear populations are vulnerable to negative impacts associated with human
developments and activities. Ongoing expansion of developments and access into areas used
by grizzly bears has contributed to the decline and in some areas extirpation of grizzly bears
in North America. In Canada, “grizzly bears have been extirpated from 24% of their original
range and 63% of the current range is designated at risk, either vulnerable or threatened”
(Banci et al. 1994:pp.129). At the provincial level, the British Columbia Conservation Data
Center (CDC) has identified grizzly bears as a Blue listed species. A Blue listed species is
defined as: “…any indigenous species or subspecies considered to be Vulnerable in British
Columbia. Vulnerable taxa are of special concern because of characteristics that make them
particularly sensitive to human activities or natural events. Blue-listed species are at risk, but
are not Extirpated, Endangered or Threatened” (Ministry of Environment 2009).
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While historically grizzly bears were distributed throughout most of B.C, populations are
now considered extirpated or not viable in 12% and threatened in 9% of their former range.
Grizzly bears have been extirpated in the southwestern portion of mainland B.C. including
the lower Fraser Valley where the human population is the most concentrated in the
province. In addition, grizzly bear populations are considered not viable in a relatively large
expanse of south central B.C. extending to just north of Prince George and a smaller area of
mid-eastern B.C. (Ministry of Water, Land and Air Protection 2003). Fragmented island
populations or populations reduced to “peninsulas” extending from the southern fringe of
grizzly bear distribution in British Columbia include the North Cascades area and the
Southern Selkirk Mountains area (McLellan 1998, Proctor et al. 2002). Low densities of
grizzly bears are also found in the headwaters of Toba and Jevis inlets, the upper Squamish
River and the Coast Mountains from Chilco Lake to the Nahatlatch River (McLellan 1998).
A grizzly bear population unit (GBPU) is defined as “… an identified area that defines and
individual grizzly bear population for the purposes of management and conservation (MOE
2007). The entire project area is within the Babine Grizzly Bear Population Unit (Figure 10).
Studies to estimate the size of the grizzly bear population have not been conducted in the
BWMT study area. However, based on a multiple regression model developed by Mowatt et
al. (2004), an estimate of 487 grizzly bears was made in 2004 (Hamilton et al. 2004). This
estimate was subsequently revised by Hamilton (2008) to a population estimate of 286
grizzly bears. Regionally, the Babine grizzly bear population is classified as viable (BC
Environment 2004).
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Figure 10. The location of the Babine Watershed Monitoring Trust study area within
the Babine Grizzly Bear Management Unit, Babine River, B.C.

Ensuring an ecologically sustainable grizzly bear population in the BWMT study area, in
conjunction with ongoing expansion of multiple land use activities will require focused
efforts to:
• prevent or reduce negative impacts;
• conduct implementation, effectiveness and compliance monitoring to ensure that
objectives for grizzly bears are being achieved; and
• if necessary, adapt existing management practices that are considered ineffective.
The likelihood of success will be increased through proactive efforts to mitigate impacts and
exploring, monitoring, and increasing understanding of the various effects of individual land
uses and cumulative effects of multiple land uses on bears. If failures or short comings in the
implementation or effectiveness of management strategies can be detected early then efforts
can be better directed to prevent or mitigate these impacts.
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5.2

Monitoring and Assessment - The Big Picture

Based on further consideration and the results of our literature review, we modified and
expanded on our original proposal to explore open road density and use as an indicator of
human–bear interaction. This focus only considers a few of many factors associated with
land use and human activities that may negatively impact the Babine grizzly bear population
and that were considered in land use planning. Therefore, we chose to broaden our field of
view by developing a conceptualized framework that considers the cumulative effects of all
land uses and human activities in the project area. We did this because empirical data
regarding various aspects of grizzly bears and human-caused effects on grizzly bears were
either lacking or limited for the study area. In the absence of this information, which would
require long term studies and considerable financial resources, we would need to rely on
expert knowledge, opinion and judgment to support timelier monitoring and assessment of
risk. We also believe this work will be more defensible if it is developed and presented with
consideration for and within the context of all factors known or thought to influence risk
associated with human-caused impacts to grizzly bears.
We then narrowed our focus on the area of interest to propose a framework and study design
for the continuation of this project. This framework includes two separate but closely related
studies including: 1) an assessment of the implementation of land use planning strategies
specific to mitigation of road-related impacts to grizzly bears; 2) an assessment of risk of
road-related grizzly bear mortality. Through this approach, we strived to highlight the
various aspects to be considered when assessing human-caused effects on grizzly bears and
provide a foundation that this study and future research and monitoring can build on.
5.2.1 Road Density and Security Core Habitat Analyses Background
Road density and security core habitat analysis have been used to monitor implementation of
access management activities, road density and habitat security over time (Summerfield et al.
2004). To assess open motorized road density (OMRD) and total motorized road density
(TMRD), they used a GIS supported moving window technique first applied by Mace et al.
(1996 in Summerfield et al. 2004) for analysis of grizzly bear habitat and moving window
protocol established by W. Wakkinen and W. Kasworm (Grizzly bears and road density
relationships in the Selkirk and Cabinet–Yaak recovery zones, Interagency Grizzly Bear
Committee, Libby, Montana, USA 1997 in Summerfield et al. 2004).
Methods to assess and visually display the densities of open and total motorized route
densities used a moving window GIS analysis method to calculate road densities for Bear
Management Units. They used a moving window that moved from pixel to pixel of a GIS
map to calculate road density. For each 30 x 30 m pixel, a road density was calculated for 1mile2 circular window surrounding the pixel. The aggregate total of road density for all
pixels within a Bear Management Unit provided OMRD and TMRD for that unit. Densities
were expressed as the percent of a BMU exceeding the road density specified as 1 mile/mile2
for OMRD and 2 miles/mile2 for TMRD. A limitation of this method was they were unable
to convert the road densities calculated with the moving window technique from English
units to metric units. They also examined security core habitat, defined as area >500 m from
open or gated road (IGBC 1998 in Summerfield et al. 2004), by using a standard GIS
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buffering routine. In a relatively recent use of the methodology, Summerfield et al. (2004)
state that “OMRD, TMRD, and core habitat are currently recognized as the best available
measure of the effects of motorized access on grizzly bears (IGBC 1998)”.
5.2.1 Cumulative Effects Assessment Background
A conceptualized framework for a model to assess cumulative effects of multiple land uses
and management activities on grizzly bears across all grizzly bear ecosystems in the U.S. was
developed by the USDA Forest Service (1990) based on an assessment process initiated by
Christensen and Madel (1982 in USDA Forest Service 1990). In this document, they provide
a brief history of the evolution of cumulative effects assessment and model development for
grizzly bears in various ecosystems including the Selkirk/Cabinet-Yak, Rocky Mountain
Front, and Greater Yellowstone ecosystems. The USDA Forest Service (1990) cumulative
effects model was further adapted by MacHutchon (1998) to develop a “framework for a
B.C. based CEM – a model for assessing effects of land uses and human activities on grizzly
bears and their habitat.”
MacHutchon (1998) describes in detail four sub-models to be used in the CEM: a habitat
sub-model, displacement sub-model, mortality risk sub-model and fragmentation sub-model
(Table 23). He proposed three time frames and two spatial scales for the analysis. These
were: near term, mid term and long term time frames, defined as 10 years, 25 years and 100
years respectively; and landscape and sub-regional scales.

Table 23. Framework for a B.C. based CEM – a model for assessing effects of land uses
and human activities on grizzly bears and their habitat (this table revised from
MacHutchon 1998a and adapted by MacHutchon 1998a from USDA Forest Service
1990).
Habitat Sub-model

Displacement
Sub-model
Food Plants
Activity type
Security cover
Activity source
Edge density
Use duration
Protein sources
Use pattern
Use level
Habitat Effectiveness

Mortality
Sub-model
Habitat value
Activity category
Attractants
Hunting seasons
Firearms present
Mortality Risk Index

Fragmentation
Sub-model
Landscape
Subregional

Fragmentation

MacHutchon (1998) described the CEM sub-models as follows:
Habitat Sub-model – “The habitat submodel quantifies grizzly bear habitat values. Habitat
value can reflect both existing and potential conditions and incorporates the factors of food
plants, security cover, edge density and animal food protein” (MacHutchon 1998a:p. 19).
Displacement Sub-model: “The displacement submodel quantifies the effects of displacement
associated with human activities on a grizzly bears ability to use habitats. The interaction of
habitat value (habitat submodel) and displacement (displacement submodel) determines an
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area’s habitat effectiveness, i.e., a measure of the area’s actual ability to support bears
(USDA Forest Service 1990)” (MacHutchon 1998a:p. 26).
Mortality Risk Sub-Model – “The mortality submodel assesses the cumulative mortality risk
associated with human activities or developments and provides a relative numeric evaluation
of this risk. This routine culminates in the calculation of a mortality risk index (MRI) for the
analysis area (USDA Forest Sevice 1990)” (MacHutchon 1998a:p.7).
Fragmentation Sub-Model – “Weir and Hamilton (1996) suggested adding an additional submodel, fragmentation, to the 3 submodels of the U.S. CEM (USDA Forest Service 1990) and
this addition was approved by the Grizzly Bear Scientific Advisory Committee set up under
the British Columbia Conservation Strategy (Province of British Columbia 1995).
Fragmentation is reduction in grizzly bear movements within the sub-region or landscape as
a result of human activities. The fragmentation assessment is based upon the identification
of potential movement corridors between and within home ranges and the overlap of zones of
influence on these corridors” (MacHutchon 1998a:p. 32).
Habitat effectiveness, mortality risk index (USDA Forest Service 1990, MacHutchon 1998a)
and fragmentation (MacHutchon 1998a) are the model outputs. Habitat effectiveness is
described as product of the habitat and displacement sub-models which “…reflects the area’s
actual ability to support bears given the quality of habitat and the type of human disturbance
imposed upon the area” (USDA Forest Service 1990). Mortality Risk Index is “…an overall
evaluation of the risk of grizzly bear mortality attributable to all human activities within an
analysis area for a particular season” (USDA Forest Service 1990).
The final step of the cumulative effects assessment process is considered the establishment of
threshold levels for the habitat effectiveness and mortality risk index (USDA Forest Service
1990) and habitat fragmentation. These can be established and verified through ongoing
research to document bear response to various environmental conditions and human activities
(USDA 1990), or in the absence of this information, a review of existing data and acquisition
of expert knowledge and opinions regarding grizzly bear response to varying levels of
cumulative impact (MacHutchon 1996).

5.3

Framework for Assessing and Monitoring Road-Related Impacts to
Grizzly Bears – Narrowing Scope for this Study

We recommend the following conceptualized framework for further development in Phase 2
of this project to assess, monitor and direct mitigation of road-related impacts to grizzly bears
in the BWMT study area. This is a framework to assess the implementation of land use
planning strategies specific to mitigation of road-related impacts to grizzly bears and assess
risk of road-related grizzly bear mortality. The results of these studies will better support an
evaluation of the effectiveness management efforts to mitigate impacts to grizzly bears in the
BWMT study area.
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We recommend that the assessment of implementation of land use planning strategies be
conducted at the same time as the assessment of risk of road-related grizzly bear mortality.
The methods used to assess risk should be supported by decisions made by the BWMT about
how to proceed.
We recommend that the assessment of risk of road-related grizzly bear mortality be
completed based on methods developed for:
1. determining OMRD, TMRD, and security core habitat, based on methods used by
Summerfield et al. (2004). This information can be used to document and follow trends
in road development and access management and evaluate the availability of secure
habitat areas over time; and
2. determining the Mortality Risk Index within the framework of the Cumulative Effects
Model developed by the USDA Forest Service (1990) and adapted by MacHutchon
(1998). The information gathered can be used to support implementation monitoring and
increase understanding regarding the various risk factors that exist in the study area.
Based on our review of the literature, the generalized methods and concepts we propose have
been consistently built and improved upon for over two decades. Furthermore, these
methods have also been used relatively recently.
Empirical data regarding grizzly bear population ecology and habitat selection and the effects
of human-caused impacts to grizzly bears in the BWMT study are either not available or very
limited for supporting the development of a CEM or the interpretation of OMRD, TMRD and
security core habitat analysis. In the absence of long-term studies to gather this information,
expert knowledge and opinion would be required to evaluate the potential effects of multiple
land uses and human activities to grizzly bears; including the potential effects of motorized
access–the specific area of interest to the BWMT in this study.
We recommend that the BWMT consider the much larger question of how the cumulative
effects of human development and activities may be affecting the grizzly bear population(s)
in the study area to support decisions about how to proceed with Phase 2 of this project. By
endorsing, and adopting where feasible and considered appropriate, the framework
recommended by MacHutchon (1998) and adapted from the USDA Forest Service (1990) for
a B.C. based cumulative effects model and the methods used to monitor trends in OMRD,
TMRD and security core habitat for grizzly bears in the BWMT study area, the BWMT will
be endorsing and initiating a foundation that future studies can build on.
As the BWMT is specifically interested in monitoring the implementation and effectiveness
of road-related aspects of land use planning for grizzly bears and road density and use as
indicators of risk of human–bear interaction, we recommend that Phase 2 be focused on the
following, as resources can be acquired:
1. Complete an update of the road data set for the Bulkley Forest District. This will improve
the quality of data and increase the types of data analyses and analysis comparisons that
can be completed.
2. Complete interviews and field investigations to verify and update road data sets and
collect addition data (e.g., habitat value, screening, line-of-sight, effectiveness of access
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3.
4.
5.

6.

controls). This information will support a more reliable and extensive assessment of
implementation of specified management strategies.
Based on the results from completing points 1 and 2, assess the implementation of
access-related strategies to mitigate impacts to grizzly bears.
Complete an analysis of OMRD, TMRD and security core habitat.
Complete the mortality risk sub-model with mortality risk index. We recommend
focusing on road-related aspects of the mortality sub-model to start. Specifically, at this
time we recommend that the BWMT focus on linear and point features associated with
road access. A complete evaluation of risk of human–bear interactions associated with
roads would require fulfillment of all components of the CEM. While the other submodels (e.g., displacement sub-model) are important components for evaluating human
effects on grizzly bears, as they relate to roads, a complete CEM is considered a lower
priority for study at this time. We believe that road-related mortality issues pose the
greatest potential threats to grizzly bears in the project area and that these issues should
be explored as soon as possible, given our preliminary analysis results for road density.
The knowledge gained by acquiring this discrete sub-set of information can be used to
achieve the objectives of this study, which will provide valuable information for
monitoring the implementation and effectiveness of land use planning specific to roadrelate aspects for grizzly bears and enable the Trust and other interested parties to build
on this information.
Based on the results from completing points 1 to 5, evaluate the effectiveness, and
associated uncertainties, of access-related strategies to mitigate impacts to grizzly bears.

Given that relatively little empirical data has been acquired for grizzly bears in the project
area (e.g., population ecology, habitat selection), expert knowledge and opinions will be
required to build a defensible road-related grizzly bear mortality risk sub-model and evaluate
and establish thresholds for risk associated with road access. We recommend that this input
be solicited from several qualified experts through a modified Delphi survey process, similar
to that used by the U.S. Department of Interior (USDI) Fish and Wildlife Service (Guidelines
for using the Delphi Technique to Develop Habitat Suitability Index Curves, 1987), described
in further detail in section 5.3.2. The key benefits to using this technique are that it increases
understanding about areas or elements of the model where convergence or divergence of
expert opinion exist and it provides a method for evaluating how uncertainties may affect the
model outputs. Perhaps the greatest incentive for utilizing a Delphi survey process, at this
time, is that it can be used to gather and clearly lay out the best expert knowledge available to
direct efforts to mitigate impacts to grizzly bears in the study area, albeit with greater
uncertainty. This could be done relatively quickly and for a much lower cost than would be
required to conduct the long-term scientific studies that would be required to qualitatively
assess road-related mortality risk for grizzly bears. With our proposed framework,
subsequent studies can build on these efforts.
5.3.1 Assumptions for Selecting Framework Approach
Our recommended framework for assessing the risk of road-related mortality risk to grizzly
bears is based on the following assumptions:
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• knowledge about how roads and road access are likely to impact the grizzly bear
population(s) in the BWMT study area is needed as soon as possible given: the land use
objectives for grizzly bears in this area; our preliminary analysis indicates that several
analysis sub-units have road densities are nearing or have exceeded the threshold road
density of 0.6 km/km2, specified by Price and Daust (2005); and additional threats
related to climate change may have a major effect on the grizzly bear population(s) (e.g.,
impacts to salmon food resource) in the relatively near future.
• possibilities for acquiring funding for long-term habitat selection, population ecology and
population monitoring studies of grizzly bears in this area appear are likely to be limited.
This assumption is based on past efforts to study grizzly bears in the project area (Hatler
1996, MacHutchon and Mahon 2003, Wellwood 2003). Additionally, in a fiscal and
economic update (February 2, 2009), the Province of B.C. anticipates tough economic
times ahead (Province of B.C. 2009).
5.3.2 Delphi Survey Process: Acquisition of Expert Knowledge and Opinion
In their presentation of a CEM framework, the USDA Forest Service (1990) states that
“individuals involved in grizzly bear habitat management have widely diverging opinions on
this concept.” Nevertheless, expert knowledge and opinion are commonly used to support
decisions about natural resource and conservation issues, particularly where species are
difficult or challenging to monitor, such as for expert-based habitat suitability models
(Johnson and Gillingham 2004). In their case study of a simple expert-based predictive
model to assess the degree of uncertainty generated from expert opinion Johnson and
Gillingham (2004:p. 1039) state “the results of our work suggest that variation in expert
opinion can have dramatic effects on model predictions and ultimately conservation and
management actions”. Further they state “regardless of how coefficients are generated,
model evaluation should be an integral component of the process. Evaluation may include
validation relative to some criteria, such as successful prediction, but would benefit greatly
from UA [Uncertainty Analysis] and SA [Sensitivity Analysis] (Fielding and Bell 1997:p.
1040).”
The Delphi survey technique has been used in natural resource studies, with various
modifications, for at least a couple decades including early efforts described in Guidelines for
Using the Delphi Technique to Develop Habitat Suitability Index Curves (Crance 1987) and
as recently as 2008 where Moore et al. “…used a Policy Delphi survey of ecologists to
explore their perspectives on a number of current topics in ecology.” Hess and King (2002)
used this technique to select focal species for planning open spaces for wildlife. They
“believe this process can be applied to a broad range of conservation problems, which are
often characterized by a high degree of uncertainty and the need to act quickly.”
In brief, the procedures for using this survey technique “…are as follows: (1) the experts are
polled on a question or series of questions; (2) the responses are tabulated, analyzed, and fed
back to the experts; and (3) the experts reanswer the questions in light of the information
generated by the aggregate responses…” (Crance 1987).
We propose that expert knowledge be acquired using a modified Delphi survey technique
because it provides a process for soliciting expert knowledge and opinions and defining
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levels of agreement (Uhmann et al. 2001; Hess and King in Johnson and Gillingham 2004).
Johnson and Gillingham (2004) are uncertain about when in the survey process divergence in
opinion should be considered. This shortcoming would need to be considered and addressed,
as best as possible, in the development of the survey.
5.3.3 Road Density and Security Core Habitat Areas Methods
We recommend a moving window (also referred to as roving window) method of GIS
analysis as described by Summerfield et al. (2004:pp.116-117) to calculate OMRD, TMRD
and security core habitat within the project area (described in Section 5.2.2). To prepare for
this analysis, the Bulkley Forest Service data set would need to be updated and field
investigations would be required to verify road status and use.
The methods for analysis of OMRD, TMRD and security core habitats are relatively straight
forward. Defining ecologically and demographically meaningful and defensible thresholds
to support an assessment of risk of road-related impacts to grizzly bear will be more
challenging. We recommend that thresholds for road-density be established based on expert
knowledge and opinion using the Delphi survey technique.
5.3.4 Mortality Sub-Model – Motorized Access Component Methods
The framework for the fulfilling the road access related component of the mortality submodel recommended by MacHutchon (1998) is also relatively straight forward. However,
establishing model inputs and thresholds for outputs would also need to rely heavily on
expert knowledge and opinion, as very little area specific information about grizzly bears
exists. Further, a relatively significant amount of field data would need to be collected.
Most notably detailed habitat suitability mapping coverage is lacking for much of the
Bulkley Forest District portion of the study area and we were not able to determine the
reliability of identified moderate and high-value habitat polygons. We recommend that the
Delphi survey technique be used to establish model assumptions and methods (e.g.,
identification of components for model inputs, establish thresholds for model outputs) to
better support an evaluation of risk, and associated uncertainty, to grizzly bears.

5.4

Review and Address Recommendations Provided in Phase I
We have provided several recommendations in Phase 1 to be reviewed and addressed, as
considered appropriate, for completion in Phase 2. A brief summary of these
recommendations is provided in this section.
Phase 1 recommendations were specific to the following:
Data Management
• Conduct a review of road classes and definitions as they relate to risk of road-related
mortality for grizzly and revise accordingly based on scientific literature. Use revised
road classes and definitions for data collection and analysis to assess road-related risk and
monitor effectiveness of road-related management strategies. The current definitions for
roads may also be used to monitor implementation of various strategies identified in land
use planning documents. However, we do not consider them useful for assessing
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•

•

effectiveness of these strategies because we strongly suspect that risk will vary widely
within the classes currently described.
Revise existing data sets and formalize data collection protocol to ensure the availability
of the types of information that are required to support implementation and effectiveness
monitoring for road development in areas. Ensure that the dates that roads were
constructed, and other management actions were taken (e.g., installation or removal of
access control) can be identified. Ensure that the purpose and rationale for road
development can be identified.
Review and update road data sets for the Bulkley Forest District, as has been completed
for Kispiox Forest District.

Acquisition of Expert Knowledge and Opinion
• Develop a survey based on a modified Delphi survey technique for a group of biologists
with expertise in grizzly bear ecology and behaviour, and human–bear interactions to
gather knowledge and opinions to support the finalization of the Phase 2 study design.
• Conduct a Delphi survey to gather the expert knowledge and opinion required.
• Identify areas of converging and diverging opinion so that the issues related to
uncertainty in the methods used can be clearly identified for consideration in decisions
related to future research and management efforts.
Preparation for Field Investigations
• Complete study design and methodology for road-related mortality risk sub-model based
on input received through the Delphi survey.
• Investigate and evaluate existing information regarding the location and type of access
controls.
Field Investigations
The following is a preliminary outline of field investigations that may be required:
• Conduct field investigations to verify and update as required the roads database (i.e.,
type, status, frequency of use);
• Conduct field investigations to verify the location and type of access controls and
evaluate the implementation and effectiveness of access controls; and
• Conduct field investigations to collect additional information regarding habitat suitability,
visual screening, line-of-sight distance, and relative availability bear food plants along
the road right-of-way. This information will be useful for implementation monitoring
and depending on the results of the Delphi survey, may also be considered beneficial to
effectiveness monitoring.
Data Analysis
• Update and revised the Phase 1 GIS analysis of road density in the study area based on
the results of field investigations. Use moving window analysis methods to calculate
OMRD, TMRD and identify secure habitat areas that are consistent with Wakkinen and
Kasworm (unpublished report 1997 in Summerfield et al. 2004) protocol.
• Run mortality risk sub-model utilizing data collected in field investigations.
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Reporting
• Finalize protocol for further implementation and effectiveness monitoring;
• Provide recommendations for adaptation to access management strategies, if/as required.
Data Storage
• Setup and maintain a spatial data warehouse specific to the Babine watershed. This
allows a baseline of spatial information to be gathered, maintained and accessed by
BWMT, project leads, and other partners.

5.5

Recommendations for Areas of Focus for Delphi Survey

The following provides a brief description of recommendations for areas of focus when
acquiring expert knowledge and opinion through a Delphi survey process. We anticipate
that, based on input gained from participating experts, some components of the methods
introduced in this section may be excluded; some may require revision; and others may be
added :
1. Review existing Watershed sub-unit boundaries to determine whether they are considered
appropriate for use as Bear Management Units. Watershed sub-units on the Bulkley
TSA side of the project area (Babine River and Upper Nilkitkwa) are considered the least
suitable, as compared to the Kispiox TSA side, for use as Bear Management Units.
2. Re-define existing road categories (i.e., active, deactivated and proposed) as considered
relevant to risk of road-related grizzly bear mortality (i.e., roads that are open to specific
types of motorized access, restricted roads, closed roads, and decommissioned roads).
3. Assess and visually display OMRD, TMRD, and security core habitat using GIS
supported moving window analysis used by Summerfield et al. (2004), that was first
applied to grizzly bears by Mace et al. (1996 in Summerfield et al. 2004)) and based on
protocol presented by Wakkinen and Kasworm (1997 in Summerfield et al. 2004), .
Note: Summerfield et al. (2004) included trails in their analysis which they referred to as
open motorized routes and total motorized routes (versus roads in this study). Future
studies could build on this study to consider motorized and non-motorized access related
to trails.
4. Assess and visually display relative risk of road-related grizzly bear mortality, by Bear
Management Units, based on a Mortality Risk Index calculated for each analysis unit. In
addition to model variables described by USDA Forest Service (1990) and MacHutchon
(1998), we suggest that several additional variables be considered for inclusion in the
model. These include: delineation of road-related linear features including location, type
and use; habitat-value or suitability (as this information is available); visibility (i.e., road
line-of-sight, roadside screening); availability of native and non-native food plants along
road right-of-ways; presence of fire arms; zone-of-influence for point features with
concentrated human activity (e.g., recreation areas, seasonal camps including
forestry/hunting/First Nations/DFO and communities). Ideally, data specific to relative
bear use or relative bear abundance would be acquired to support comparisons among
analysis sub-units. The design should allow for these types of information to be
incorporated into the mortality sub-model as they become available. Additional data
could also be collected to refine the sub-model to include information related to traffic
volumes, seasonal timing of traffic and more specific information regarding human use
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and activities related to road use. We recommend that methods used here be broadly
based on, and compatible with, methods developed for the mortality component of
Cumulative Effects Models (e.g., USDA 1990) and will be further refined based on the
outcomes of a Delphi survey of experts.

5.6

Preliminary Study Design for Review and Revision Based on Delphi
Survey
We propose the following preliminary study design and methods for consideration and
revision, as considered appropriate given input received through the Delphi survey and the
funding and in-kind resources that can be acquired for the next phase(s) of this project:

•

•
•
•

•

•
•
•

5.6.1 Implementation Monitoring Component
Identify road-related site or area specific indicators or targets that require information
and/or verification to assess implementation of strategies specific to mitigation of roadrelated impacts to grizzly bears. Road type, status and density, screening and line-ofsight should be relatively easy data to acquire. Habitat suitability, availability of road
side attractants (i.e., bear food plants associated with road right-of-way), and likely
effectiveness of access control points for excluding the identified class of motorized
vehicle, will require more resources and effort;
Conduct interviews and field investigations to ground truth data, develop an
implementation assessment model and modify and update the existing GIS database as
required;
Build database to support long-term implementation monitoring efforts; and
Analyze data and report on the implementation of road-related strategies identified for the
purpose of mitigating road-related impacts to grizzly bears.
5.6.2 Assessment of Mortality Risk Component – Road Density Analysis
Identify road-related site or area specific indicators or targets that require information
and/or verification to assess road-related mortality risk to grizzly bears. Most of the data
requirements are anticipated to overlap with those required for the implementation
monitoring component;
Conduct interviews and field investigations to ground truth data, develop mortality submodel and update existing GIS database;
Build databases to support long-term tracking of road-related mortality risk; and
Analyze data and report the OMRD, TMRD, and habitat security core areas and evaluate
the effectiveness, and associated uncertainty, of road-related mitigation of impacts to
grizzly bears.

5.6.3 Assessment of Mortality Risk Component – Mortality Sub-Model
• Identify road-related site or area specific indicators or targets that require information
and/or verification to assess road-related mortality risk to grizzly bears. Most of the data
requirements are anticipated to overlap with those required for the implementation
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monitoring component and assessment of mortality risk based on road density analysis;
• Conduct interviews and field investigations to ground truth data, develop mortality submodel, and update existing GIS database;
• Build mortality sub-model to support long-term tracking of road-related mortality risk;
and
• Analyze data and report the Mortality Risk Indices, by analysis sub-unit, and evaluate the
effectiveness, and associated uncertainty, of road-related mitigation of impacts to grizzly
bears.
5.6.4 Establishing Boundaries for Area of Investigation
The BWMT study area will form the outer boundaries of the area investigated. For Phase 2
of the study, due to the area of interest to the BWMT in road-related risks to grizzly bears
and apparently limited options for funding, we recommend that investigations conducted in
Phase 2 be focused on linear features associated with all types of motorized access (e.g., road
accessible by 2-wheel drive, 4-wheel drive, off highway vehicle or not accessible to
motorized vehicle) for the implementation monitoring and road density components. We
recommend that investigations for the mortality risk sub-model be focused on linear and
point (e.g., permanent or seasonal residence, permanent or seasonal camp) features
associated with all types of motorized access. With this foundation, additional studies could
be conducted to complete additional sub-models (i.e., habitat, displacement or fragmentation
sub-models) or CEM.
5.6.5 Revision of Road Class Descriptions
Suggested road classes for review purposes, adapted from definitions used by Summerfield et
al. (2004), include:
• open roads 2-wheel-drive – accessible by all motorized vehicles,
• open roads 4-wheel-drive – only accessible by 4-wheel-drive, ATVs and other offhighway-vehicles,
• open roads OHV – only accessible by ATVs and other off-highway-vehicles
• restricted roads – accessible by all motorized vehicles but restricted (e.g., by locked gate)
to authorized persons,
• closed roads – not accessible by any motorized vehicles (i.e. motorized vehicle access is
effectively obstructed by a barrier),
• total roads – sum of open, restricted and closed roads,
• proposed roads – roads tenured but not yet constructed. Note that proposed roads were
included in our analysis for Phase 1 because we were unable to confirm whether
proposed roads had been built, and
• decommissioned roads – roads that are not useable by motorized vehicle, regardless of
access controls. For example, the road has been reclaimed.
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5.6.6 Considerations for Mortality Sub-Model
The following provides various aspects of the mortality sub-model for consideration in the
Delphi survey:
Assumptions for Mortality Sub-Model
The USDA Forest Service (1990:p. 12) assumptions for the Mortality Sub-Model for CEM:
1. “The risk of bear mortality associated with human activities is cumulative and
can be expressed as an index to mortality risk.
2. The risk of bear mortality associated with multiple human activities accumulates
in an additive manner.
3. The risk of a bear mortality associated with each activity classification type
remains constant.
4. The risk of a bear mortality increases with increased human activity or
association.
5. The availability food attractants associated with human activities increase the
risk of bear mortality.
6. The presence of firearms associated with human activities increase the risk of
bear mortality.
7. Risk of bear mortality increases during all legal hunting seasons.
8. Mortality risk associated with habituated bears is reflected in mortality
coefficients developed for each ecosystem.”
To this list of assumptions, we propose one more assumption for consideration:
• Mortality risk increases with increases in visibility. Notably, bears are more likely to be
hunted or poached in areas were visibility is good than in areas where visibility is poor.
In addition to the assumptions provided by USDA Forest Service (1990) for the mortality
sub-model, we also propose the following area specific assumptions:
1. The Babine Grizzly Bear Population Unit is below carrying capacity.
2. Some people that live, work or recreate within the study area, carry firearms outside of
the hunting season, particularly for defense against bears.
3. Firearms are more commonly present during hunting seasons than non-hunting seasons.
4. Firearms are more commonly present during the fall hunting season than the spring
hunting season (i.e., more hunters). Comment: consider investigating the feasibility of
estimating and summarizing hunter presence in the study area (e.g., by management unit,
species hunted, hunter days).
5. Firearms are commonly present in point locations where people live and/or work on an
annual or seasonal basis.
6. Clover species (Trifollium spp.) have recently invaded the study area; they are highly
attractive to bears; and rapid colonization of these species occurs along road sides
following road development. Comment: the rate and extent of colonization is unknown.
7. Salmon is highly attractive to bears and is locally abundant in some areas. Risk of
grizzly bear mortality is seasonally greater in areas when and where salmon are abundant
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and accessible to bears. The highest concentrations of bears in the study area are expected
to occur in these areas (e.g., Babine River fish weir and bridge area, Grizzly Drop).
Ratings Scheme
As scientific knowledge about grizzly bears in the study area is limited, we recommend
considering a 4-class rating scheme to provide a qualitative and visual display of estimated
risk relative to other road-related point and linear features within the project area as follows:
Nil (only applicable to closed roads in security core habitats); Low (L); Moderate (M); and
High (H). As more information becomes available this rating scheme could be increased to
6-classes including: Nil; Low, Moderately Low, Moderate, Moderately High and High.
Sampling Protocol for Field Investigations
As 1260 km of road have been documented in the study area we recommend that data
collection be based on a sub-sample of roads in the study area be considered. The following
sampling protocol assumes data will be collected for all three components recommended for
study (i.e., implementation monitoring, road density and secure areas and road-related
mortality sub-model:
• Sub-divide all roads in the digital road data set developed for this project (Phase 1) into
segments of specified length (1 km segments recommended for discussion purposes);
• Randomly select one or more points per road segment for road line-of-sight, lateral lineof-sight and availability of bear food plants along road right-of-way (to be defined) and
evaluation of grizzly bear habitat mapping (as available);
• GPS all roads driven using Resource Inventory Committee Standards;
• Take waypoint at road start and end point;
• Identify road type;
• Identify road status;
• Identify access control points; and
• Assess effectiveness of access control points (based on interviews and field
investigations). Provide recommendations for further investigations, monitoring, and if
required for adaptive management.
Road Line-of-Sight
Recommend estimating line-of-sight to the nearest 25 m that can then be placed into and
summarized by distance categories (to be defined; e.g., <100, <200 m, <300 m) as follows:
• Estimate/measure line-of-sight from randomly selected point/km;
• Estimate distance to furthest point in backward line-of-sight using some form of distance
metre; and
• Drive to furthest point in forward line-of-sight and mark with GPS.
Visual Screening (Lateral Line-of-Sight)
Recommend estimating proportion of road side (within 20 m of road) with visual screening
as follows:
• Estimate/measure lateral line-of-sight at randomly selected point/km; and
• Visually estimate the proportion of roadside with visual screening along a 40 m section of
road.
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Availability of Bear Food Plants along Road Right-of-Way
• Visually estimate % cover bear food plants located in road right-of-way in 10 m
(perpendicular from edge of road) x 40 m (along length of road) plot; and
• Use these data to identify the extent of invasion and relative abundance of Clover species
(Trifollium spp.) in the project area.
Grizzly Bear Habitat Suitability Adjacent to Road
• Utilize existing grizzly bear habitat suitability mapping that has been completed for the
Kispiox Forest District portion of the study area.
• Review high-value grizzly bear habitat polygons currently available for the Bulkley
Forest District portion of the study area.
• Habitat suitability mapping for grizzly bears would likely be required to complete the
mortality sub-model for the portion of the study area within the Bulkley TSA. Decisions
about how to proceed would be better supported by gathering knowledge and input from
several experts regarding the extent of mapping required. Specifically, would it be
acceptable and what would be the associated benefits/costs to completing habitat
suitability for habitat polygons associated with roads only.
Motorized Activity Classification
The USDA Forest Service (1990) considered four activity types–motorized, non-motorized,
explosive, and aircraft–with motorized and non-motorized activity types described as a
linear, point and dispersed feature with duration (diurnal or 24-hour) and intensity (high
intensity, low intensity, incidental) for quantifying the effects of disturbance and mortality
risk associated with human uses or activities. In this study, we only consider roads (linear
features) with motorized and non-motorized access and point features with motorized access
to evaluate risk of grizzly bear mortality associated with road access.
Mortality Factors to Consider
The following mortality factors are taken from USDA Forest Service (1990):
1. habitat value (from habitat routine);
2. activity classification (used in the disturbance routine),
3. availability of attractants,
4. legal hunting seasons,
5. presence of firearms, and
6. association with livestock.
Habitat value, as described by the USDA Forest Service (1990), includes: habitat coefficients
where seasonal values rank vegetative habitat based on the availability of food and/or cover;
edge coefficients for ecosystems where grizzly bears are known to prefer cover-non-cover
ecotones; and protein coefficients where animal foods such as ungulates and fish these food
items are concentrated.
5.6.7 Study Limitations
The following provides as a summary of key limitations of the proposed study design to
support decisions about how to proceed with this study:
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•

•

•

•
•

There is relatively little scientific information available regarding habitat selection
(including habitat use, food habits) and population ecology (e.g., movements, population
discreteness, reproduction, survival) of grizzly bears in this area.
o More than one behavioral ecotype or sub-population of grizzly bears likely occurs in
the BWMT study area. Most information is largely anecdotal, or for the western
portion of the study area, based on a relatively short-term study conducted for a small
sample size of grizzly bears (n = 5). Five bears were monitored for much of the
active season in 2001 (excluding early spring) of which two were also monitored for a
portion of the active season in 2002 (MacHutchon and Mahon 2003). We suspect
that there would be relatively significant variability among bears in their food habits
and habitat use; in particular their relative use of salmon and ungulate food resources.
MacHutchon (1998b) and MacHutchon and Mahon (2003:32–33), prepared a list of
possible, likely or known grizzly bear foods for the Babine River and Kispiox Forest
District, respectively. This information could be expanded on to include the entire
study area updated with new information that becomes available.
o Movement patterns of grizzly bears in this area are largely unknown. We suspect that
immigration and emigration of bears into and out of the study area likely occurs
relatively frequently. In addition, given the relatively gentle topography, facilitating
relatively easy travel, and availability of high quality food resources outside the study
area (e.g., tributaries along Babine Lake), it is likely that a relatively high proportion
of bears that use the study area, also use areas outside the study area. Based on this
study and D. Wellwood’s experience and familiarity with the project area, we suspect
that there is major variation in habitat use and food habits, and resultantly movement
patterns, among individual bears that live year round in BWMT study area. For
example, some bears may move great distances in a short period of time to access
concentrated food resources whereas others may move shorter distances to access
scattered food resources.
o The potential effects of climate change on grizzly bears are largely unknown.
Research and management efforts to mitigate human-caused impacts to grizzly bears
in the study area will also need to consider the potential effects of climate change on
the biological components of ecosystems, notably the distribution and availability of
plant foods for grizzly bears, and potentially impact the salmon food resource for
grizzly bears.
Review Kispiox SRMP, Babine LUP and Nilkitkwa LUP to decide whether their
boundaries are appropriate to use as surrogates for delineating the range of grizzly bear
‘ecotypes’ within the project area. Comment: retain external boundaries defined for the
Babine Watershed by the BWMT and identify internal boundaries based on assumptions
regarding ‘ecotype’ and population density;
Review Watershed Sub-units for appropriateness for use as Bear Management Units and
identify new boundaries for BMUs if/as considered appropriate. Comments: Bear
Management Sub-units should be based on an expert-based estimate of the average home
range size of adult females;
Recommend distance from road to delineate buffer to identify ineffective habitat for
grizzly bears and support roving window analysis of road density; and
Recommend road density classes for roving window analysis to identify secure areas
within each BMU.
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6.0

Part III. Draft Work Plan and Proposal for Phase 2

Part III provides:
• a proposed draft work plan for completion of Phase 2; and
• a review draft proposal to provide a foundation for proposal development to solicit
funding and in-kind support for completion of Phase 2.
We recommend that the proposal be finalized based direction provided by the Babine
Watershed Monitoring Trust, based on their review of this report (Phase 1).
Part III has been submitted as a separate report (Wellwood and Pfalz 2009a).

7.0

Part IV. Project Presentation

A Power Point Presentation providing a summary of this project has also been submitted as a
digital file separate from this report.
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Appendix 1. A summary of land-use planning objectives, strategies or indicators, and targets.
Adapted from Price and Daust (2004).
Objective
Category

Objectives

Strategies or Indicators plus
Targets

Monitoring
Category

Reduce
human–
bear
interactions

Throughout plan areas: reduce human–bear
interactions (SRMP Table 7); avoid human–
bear conflicts (Babine LUP Ob 2.3); protect the
Babine River Corridor Park’s grizzly bears
(MDS)

Minimize open, active road networks
(K)

Road Access
–
Open/Active

Phase 1

Target road density open to
harvesting activity per mid-sized
watershed (<0.6 km/km2 in 80% of
the Shedin and Hanawald watersheds)
(K)
Deactivate or block unnecessary
temporary and secondary roads (K)

Road Access
– Density

Phase1

Shedin
Watershed
Hanawald
Watershed

Road Access
Deactivation
/Closure
Road Access
– High-value
Habitats
Harvest –
Timing
Harvest –
Timing

Phase 2

Kispiox District

Phase 2

Babine LUP

n/a

n/a

n/a

n/a

Road Access
– Listed
Habitat
Types
Harvest –
Security
Habitat
Bear-Human
Conflict
Management

Phase 2

Babine LUP

Phase 2

Babine LUP

n/a

n/a

Avoid mainline roads through highvalue habitat and use temporary roads
where possible (BB)
Harvest in winter (K)
Restrict harvesting adjacent to listed
critical habitat types to periods of low
or no use by bears (BB)
Construct roads >150 m from listed
habitat types (BB)

Provide ~100 m of forested cover
adjacent to listed habitat types for
security cover (BB)
Develop Human–bear Management
Plan; meanwhile, follow interim
management actions; develop and
deliver guidelines on appropriate
human behavior around bears, an
information package about the areas
of the park with high bear use, and

D.W. Wellwood and J. Pfalz
85

Considered
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Proposed
Analysis SubUnit
Kispiox District
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Within defined zones: Minimize human–bear
interaction in Shenismike West zone (SRMP
Table 7); reduce potential for human–bear
contact in Nichyeskwa South and North units
(Babine LUP Ob 2.7, 2.8)

Delineated Grizzly Drop as Special Features
zone (MDS)

Minimize
disruption
of bear
activity

signage; do not allow garbage to
accumulate; provide adequate
enforcement and extension services
(P)
Initiate programs to educate visitors
on methods to minimize interactions
in shared fishing areas; unspecified
target level of public awareness about
reducing human–bear interactions (K)
Unspecified target level of tourism
use within periods of active bear use;
BC Parks will develop strategies to
address risk associated with any
proposed bear-viewing (K)
Note that many strategies listed under
the objective to minimize disruption
are also designed to reduce human–
bear interactions (K, BB); some
specifics include: retain visual
screening along main haul road and
blocks in Nichyeskwa South unit;
along aspen-Douglas maple habitat in
Nichyeskwa North unit, and along
aspen-Douglas maple habitat in
identified mixed forest habitat (BB)
Manage recreational use at Grizzly
Drop (P)

Minimize potential for human-/bear interaction
in Babine River Valley SMZ (SRMP Table 12)

Target of <300m sight distance along
roads in Babine River Valley SMZ
(K) and Babine River SM2 (BB)

Minimize disruption of bear movement and/or
use of high value habitat in mapped zones (Big
Slide near Babine River Corridor and Grizzly
Drop, Sperry/Rosenthal, Shenismike Corridor
and Shenismike West) (SRMP Table 7);
minimize the impact of road building and
harvesting on critical habitat with high-value
habitat (SRMP Table 7). Allow movement of
bears in mapped units (Boucher Creek
Wetlands, Nichyeskwa South and Nichyeskwa
North) (Babine LUP Ob 2.6, 2.7, 2.8); limit
road development and number and duration of

Target of 70% of forest >70 yr in Big
Slide zone; target 50% of forest > 50
yr in Sperry/Rosenthal and
Shenismike West zones (K)

Bear-Human
Conflict
Management

n/a

n/a

Bear-Human
Conflict
Management

n/a

n/a

Road Access
– Screening

Phase 2

•
•
•

Nichyeskwa
South
Nichyeskwa
North
Babine LUP
area: AspenDouglas Maple
Habitat in
identified mixed
forest Habitat

Bear-Human
Conflict
Management
Road Access
– Line-ofSight

n/a

n/a

Phase 2

Harvest –
Seral Stage
Strategies

n/a

Kispiox District
-Babine SMZ
Bulkley District
– Babine River
SM2
n/a
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entries within identified moderate value bear
habitat (Babine LUP Ob 2.5)
Only industrial motorized use within
Big Slide zone (K)
No motorized use between operations
within Big Slide, Sperry/Rosenthal
and Shenismike West zones (K)
Deactivate secondary and tertiary
roads south of primary road in
Shenismike West zone (K)
No roads within Shenismike Corridor
(K).
No permanent roads within 150 m of
listed critical habitats (unless no
alternative) (K).
Only industrial motorized use beyond
access control point in Boucher Creek
Wetlands and Nichyeskwa North unit
between May 1 and November 1
(BB)
No roads within 150 m of listed highvalue habitat types (BB)
No mainline roads through identified
high-value habitat (BB)
Close roads through high-value
habitat in Nichyeskwa South (BB)
No roads parallel to aspen-Douglas
maple habitat in Nichyeskwa North;
if roads cross aspen-Douglas maple
habitat, maximum right-of-way of 20
m (BB)
Maximum right-of-way in high value
habitat within Nichyeskwa South
(BB)
Complete road-building, harvesting
and silviculture within five years in
Sperry/Rosenthal and Shenismike
West zones (K)
Concentrate harvesting and complete

Road Access
– Type of
Use
Road Access
– Type and
Timing of
Use
Road Access
–
Deactivation
Road Access
– Not
Permitted
Roads –
Habitat
Value
Roads
Access –
Type of
Use/Control
Point
Road Access
– Habitat
Value
Road Access
– Habitat
Value
Road Access
– Habitat
Value
Road Access
– Habitat
Value

n/a

n/a

Phase 2

Shenismike
West

Phase 1

Shenismike
Corridor

Phase 2

Listed Critical
Habitats

n/a

Phase 2

Bulkley District

Phase 2

Bulkley District

Phase 2

Nichyeskwa
South

Phase 2

Nichyeskwa
North

Roads –
Habitat
Value
Period of
Activity

Phase 2

Nichyeskwa
South

Period of

n/a
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silviculture and road deactivation
within five years in moderate value
habitat (BB)
Limit duration of operation in
Nichyeskwa South unit (BB)
Use two pass system with >35 years
between passes in Shenismike West
zone (K)
Use two pass system in Boucher
Creek Wetlands, prefer single entry
followed by sustained inactivity of
about half a rotation in moderate
value habitat (BB)
Winter harvesting in Nichyeskwa
North, within high-value grizzly bear
habitat in Nichyeskwa South,
preferred in Boucher Creek Wetlands
(BB)
Harvesting adjacent to listed highvalue habitat types during periods of
low or no use by bears (BB)
Winter harvesting in Shenismike
West and Sperry/Rosenthal zones (K)
No industrial camps in high-value
habitat in Nichyeskwa South (BB)

Maintain
high-value
habitat

Protect grizzly bear conservation values
affected by increased access to the area north of
the Babine River through Nichyeskwa
Connector (SRMP Table 7)
Maintain identified high-value grizzly bear
habitat by addressing critical habitats (Babine
LUP Ob 2.3); within high-value habitat,
maintain integrity of and linkage amongst listed
critical habitats (SRMP Table 7)

Provide forest cover adjacent to non-forested
critical habitats within high-value habitat
(SRMP Table 7)

Activity

Period of
Activity
Period of
Activity

n/a

Period of
Activity

n/a

Season of
Activity

n/a

Season of
Activity

n/a

Season of
Activity
Industrial
Camps –
Habitat
Value
Season of
Activity

n/a

Identify critical habitats during
operational planning (K); critical
habitats are >2 ha or show signs of
high use (BB)

Operations Planning

n/a

No harvesting in critical habitats
(BB)

Operations Harvesting

No alteration of critical habitats
(unless no alternative) (K)

Operations Habitat
Alteration
Operations Habitat
Alteration

Phase 2 – road
development
only
Phase 2 – road
development
only
Phase 2 – road
development
only

Winter only access on Nichyeskwa
Connector (K)

Provide ~100 m of forested habitat
adjacent to critical habitats for cover
and bedding habitat (required degree
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n/a

n/a

n/a

Bulkley Forest
District
Kispiox Forest
District
Bulkley Forest
District
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of cover will vary) (BB)
Provide 100 m of windfirm functional
forest adjacent to non-forested critical
habitats (unless no alternative) (K)

Configure forested cover within
critical habitat to provide interior
forest conditions (K)

Logging is allowed within buffer (K)
Maintain a diverse understory in identified
high-value, mixed forest habitat (Babine LUP
Ob 2.4)

Use group selection in identified
mixed forest habitat (BB)
Use four or five pass removal system
in identified mixed forest habitat
(BB)
Prescribe site preparation methods
that provide berry-producing shrubs
in identified moderate value habitat
(BB)
Use silviculture treatments that
maintain production of foraging areas
and provide cover within harvested
blocks in high-value habitat in
Nichyeskwa South (BB)
Restore habitat value of previouslylogged high-value habitat: e.g.
reforest with a mix of tree species,
create openings to encourage shrub
growth (BB)
Retain current level of apsen-Douglas
maple habitat (BB)

Protect and buffer river-based resource values
(specifically grizzly bears ,…) within the
Babine River Corridor Provincial Park (Kispiox
LRMP)

Management of Babine River SMZ
designed to achieve LRMP objectives
(see strategies below)

Specification
s
Operations Habitat
Alteration
Specification
s
Operations Habitat
Alteration
Specification
s
Operations Harvesting
Operations Harvesting?

Phase 2 – road
development
only

Kispiox Forest
District

Phase 2 – road
development
only

Kispiox Forest
District

n/a
n/a

Operations Harvesting

n/a

Operations Site
Preparation

n/a

Operations Silviculture

n/a

Operations Habitat
Restoration

n/a

Operations Habitat
Value
Park
Management

Phase 2 – road
development
only
See strategies
below
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Maintain habitat quality for grizzly bears in
Babine River SMZ (SRMP Table 12); Manage
Babine River SM2 to protect … high value
grizzly bear habitat … in the Babine River
Corridor (Babine LUP Ob 4.1)

Maintain provincially significant ecological
values (including grizzly bear denning habitat)
in the Atna-Shelagyote (SRMP Table 13)
Maintain Barbeau Creek Watershed in primitive
state to protect …grizzly bear habitat …
(Babine LUP Ob 4.1)

In Babine River SM2 zone, use
partial cutting or small clearcuts (15
ha) within wildlife tree patches, large
leave strips, 150-year rotation, winter
harvest, restricted access (BB); In
Babine River SMZ, use openings <
15 ha, > 30% of forested stands, >
140 years old (200-year rotation),
winter harvest (K)
No harvesting except for mineral
exploration and development
purposes in Atna-Shelagyote SMZ
(K)
No harvesting except for mineral
exploration and development
purposes in Barbeau Creek SM2 (K)

Operations Harvesting

n/a

Operations Harvesting

n/a

Operations Harvesting

n/a
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Appendix 2. GIS methodology – road status generalizations
used classify roads, based on Kispiox, forest tenure and
licensee data attributes, for the preliminary analysis of road
development and access for the Babine Watershed Trust study
area.
Data
Set

Kispiox Data

Forest Tenure
(FTEN) Data

Licensee Data

Attribute
Attribute
Values

(GEN_STATUS)
Act
Act – Brushed in
Community Road
Deact, FWD
Proposed

(ROADTENU_1)
FSR

(NWDSN_STAT)
Active
Existing

Deact, ATV
Deact, FWD,
Brushed in
Wilderness,
ATV/FWD
Wilderness,
Temp Deact

Planned
Proposed
Deactivated
Wilderness

Road
Class (this
Report)

Active

Proposed
Deactivated
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Appendix 3. Detailed road density analysis results.
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Appendix 3. Continued.
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Appendix 3. Continued.
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Appendix 3. Continued.
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