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ABSTRACT 
 

This report describes indicators, thresholds and targets for a biological 

richness criterion and three associated indicators initially developed by the 

Weyerhaeuser Adaptive Management Working Group for Weyerhaeuser’s 

coastal tenure.  The indicators are intended for use in a multi-objective 

optimization model created as a tool to assist in sustainable forest 

development planning in the Invermere Timber Supply Area (TSA).  These 

indicators were based on ecological representation, critical habitat elements 

and species-based effectiveness monitoring.  Because threshold and targets 

are in the early stages of development and do not yet exist for the Invermere 

Timber Supply Area, we developed example targets and thresholds for the 

trade-off analysis. 

 

The trade-off analysis can help refine the development of management 

targets and thresholds by identifying which are constraining on other values 

and where flexibility still exists.  As additional measures and targets are 

developed for biodiversity in the Invermere TSA, these targets can be refined 

in part through iterations of the trade-off analysis.  This iterative approach is 

an important component of the development of targets and thresholds for 

biodiversity in part because it is not possible to be certain of the appropriate 

target or threshold.  The complexity of ecological processes associated with 

biodiversity are such that it is not possible to be certain management targets 

and thresholds will be effective.  As a result, Indicator 3 is based on 

developing ‘effectiveness’ monitoring to evaluate the effectiveness of 

management targets and thresholds for biodiversity indicators (Bunnell et al. 

2003).  Trade-off analysis can assist in the development of management 

threshold and targets by identifying which are constraining on other values 

and where flexibility still exists. 
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1 INTRODUCTION 

 

A multi-objective, multi-period optimization model was created for tactical 

forest planning for two integrated forest products companies located in the 

East Kootenay area of British Columbia.  A set of SFM criteria and indicators 

were developed based on information that could be collected from regional 

GIS databases, and potential outputs from the model. The study area was the 

Invermere Timber Supply Area (TSA) – an area of 1,110,700 hectares located 

in the interior dry belt of Southeastern British Columbia. 

 

For this project, we chose indicators, thresholds and targets for a biological 

richness criterion and three associated indicators initially developed by the 

Weyerhaeuser Adaptive Management Working Group for Weyerhaeuser’s 

coastal tenure (Bunnell et al. 2003).  These indicators, which are described in 

more detail below, are based on ecological representation, critical habitat 

elements and species-based effectiveness monitoring.   

 

The indicators are currently being developed in the East Kootenays, including 

Invermere Timber Supply Area (TSA) as part of local level Criteria and 

Indicator (C&I) development in the East Kootenays by Slocan Forest 

Products1 (Radium Division) and Tembec Industries Inc (Slocan 2004; 

Tembec 2002).   

 

Initial management thresholds have not yet been developed by Slocan or 

Tembec for the biological richness criterion (Wells 2004).  For this project we 

propose example thresholds based on work currently underway to evaluate 

ecological representation (Wells et al. 2004), and current management 

objectives for habitat (Forsite 2004). 

 

 

                                            
1 Slocan Forest Products is known as Canfor Ltd. as of April 2, 2004. 
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2 BIOLOGICAL RICHNESS CRITERION AND INDICATORS - 
RATIONALE 

For context and background, we provide a summary and rationale for the 

biological richness and associated indicator to provide context for the 

biodiversity targets and thresholds developed in this project. 

 

Although they differ somewhat in content, the criterion and indicators for 

biodiversity that we present here are conceptually consistent with the Criteria 

and Indicators (C&I) model of the Canadian Council of Forest Ministers 

Framework (CCFM 2003).  In the CCFM Framework, criteria represent goal 

statements, providing a clear definition of what is to be sustained; indicators 

are intended to assess success in achieving the goal.  However, the specific 

criterion and indicators we discuss below differ from the CCFM Framework; 

here we provide a description and rationale. 

 

 

Biological Diversity Criterion:  Biological richness and its associated values 

are sustained within the management unit (e.g., Invermere Timber Supply 

Area). 

 

This criterion defines the goal of maintaining biological diversity within a 

sustainable forest management framework.  Given the inherent complexity of 

biodiversity, species richness can be used as a credible interim surrogate for 

a criterion intended to maintain biological diversity (e.g., Bunnell 1998a).  

Species richness, as a proxy, is intended to meet the standards for SFM 

criteria; it is measurable, cost effective and scientifically credible (Bunnell et 

al. 2003).  The intent of this criterion is to maintain productive, well-distributed 

populations of species in a defined management area.  This will sustain the 

variation among individuals and species, allowing species to persist in 

changing environments (Bunnell 1998b). 
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Success in attaining the biological diversity criterion can be assessed by three 

indicators that are hierarchical in nature, ranging from coarse filter to fine filter, 

and intended to be applied in an integrated manner (Bunnell et al. 2003). 

 

 

Indicator 1:  Ecologically distinct ecosystem types are represented in the 

non-harvestable land base of the management unit to maintain lesser known 

species and ecological functions.  

Maintaining representation of a full range of ecosystem types is a widely 

accepted strategy to conserve biodiversity in protected areas (e.g., Margules 

and Pressey 2000) and is suggested for landscapes managed for forestry 

(e.g., Lindenmayer and Franklin 2002).  Indicator 1 is a “coarse-filter” 

approach to sustain biological diversity based on this principle.  It is not 

intended as a stand-alone strategy, but rather to complement and provide 

context for Indicators 2 and 3.  Most species, especially those for which 

knowledge is sparse or absent, are best sustained by ensuring that some 

portion of each distinct ecosystem type is represented in a relatively 

unmanaged state.  Unmanaged stands act as a precautionary buffer against 

errors in efforts intended to sustain species in the managed forest.  

Unmanaged areas also help to sustain poorly understood ecosystem 

functions and provide an ecological baseline against which the effects of 

human activities can be compared. 

 

 

Indicator 2:  The amount, distribution, and heterogeneity of stand and forest 

structures important to sustain biological richness is maintained over time. 

 

Managing for forest structures that are both important for habitat and are 

affected by forest practices has long been recognised as an important 

strategy for maintaining species in forested landscapes (e.g., Thomas 1979; 

Bunnell and Kremsater 1990; Lindenmayer and Franklin. 2002).  Indicator 2 is 

a “medium-filter” approach based on these principles; it is designed to capture 

the habitat requirements of many species.  Indicator 2 addresses the kinds, 
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amounts and variability of forest structures that are necessary to sustain 

organisms in managed stands and landscapes. As an example, habitat 

structures for terrestrial vertebrate species fall into six general categories (or 

‘sub-indicators’): dead and dying wood, coarse woody debris, hardwoods, 

riparian, shrubs and seral stages (Bunnell et al. 1999).  Landscape pattern 

and structure (i.e., edge habitat) are also covered by Indicator 2. 

 

 

Indicator 3:  Productive and well-distributed populations of forest-dwelling 

species are maintained over time. 

 

Indicator 3 is a "fine-filter" approach, intended to monitor the presence and 

trends of species in response to changes in habitat structure and pattern.  

Indicator 3 tests the broader approaches of Indicators 1 and 2 using a 

species-based effectiveness monitoring program.  Effectiveness monitoring 

for Indicator 3 primarily helps to assess whether or not the provision of habitat 

structure in the management area (Indicator 2) and in reserves (Indicator 1) 

can actually result in persistent populations of species.  The maintenance of 

productive populations of species and species guilds is based on three 

assumptions: (1) species distributions and productivity are affected by 

availability and quality of habitat; (2) populations of species will be maintained 

if their habitat requirements are maintained; (3) a large portion of the 

vertebrate species can be maintained by managing the main forest structural 

components with which these species are likely associated (Bunnell et al. 

2003). 

 

3 TARGETS AND THRESHOLDS FOR BIODIVERISTY 
INDICATORS 

To undertake the trade-off analysis [Maness 2004], development of thresholds 

and targets are required for the three indicators associated with the biological 

richness criterion.  These include targets and thresholds for ecological 

representation (Indicator 1), habitat elements (e.g. dead and dying trees, 
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down wood, hardwood and mixedwood stands, riparian habitats, shrubs, seral 

stages and landscape elements such as edge habitat) important to sustain 

biodiversity (Indicator 2), and for selected focal species (Indicator 3). 

 

Because management targets and thresholds do not yet exist for indictors in 

Invermere TSA (Wells et al. 2003), we developed example targets and 

thresholds for this project.  We chose two indicators for biodiversity based on 

the indicators developed by Bunnell et al. (2003) and described in the 

previous section.  The first was a representation indicator (Indicator 1, below), 

where targets and thresholds were developed for three ecosystem groups 

found to be poorly represented in the East Kootenays (Wells et al. 2004).  The 

second was an old growth indicator (an element of Indicator 2), where targets 

and thresholds were developed for Old Growth Management Areas (OGMA’s) 

for the Invermere TSA. 

 

 

3.1 Ecological Representation (Indicator 1) 

For the representation indicator, we developed targets for ecosystem groups 

that were ranked as either Low (<20% representation) or Moderate (20-39% 

representation) (Wells et al. 2004).  The target was set based on determining 

a contribution for the Invermere TSA to meeting a Target of 25% 

representation, and a Threshold of 20% representation in the non-harvested 

land base (NHLB) within a East Kootenay Conservation Program study area 

(EKCP) (Wells et al. 2004).  For each group, we calculated the area required 

to achieve the target in the TSA, weighted by the responsibility of the TSA for 

that group relative to the EKCP (i.e., the proportion of a given group’s extent 

within the ECKP that occurs in the Invermere TSA). 

 

For the selected ecosystem groups, we determined the number of hectares 

required to meet the Target and Thresholds for the TSA (Table 1). 
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3.2 OGMA Targets (Indicator 2) 

Targets and thresholds were also developed for the OGMA indicator, based 

on current requirements to maintain OGMA’s in the TSA (Forsite 2004).  We 

linked our OGMA indicator to the representation indicator by requiring that 

OGMA Targets and Thresholds be met by OGMA candidates found in poorly 

represented ecosystem groups.  We set a base Target of 1159ha and a 

Threshold of 949ha for OGMA’s in the Invermere TSA.  These were then 

weighted by a prioritization table which was linked to highest ranked OGMA’s 

(‘Excellent’ and ‘Good’) for poorly represented ecosystem groups (Table 2). 

 

 

 
Table 1: Thresholds and Targets for Representation Indicator. 

 

EK group # Name Threshold (20%) Target (25%)
1 subxeric-submesic IDF/PP 914 1836
3 cirum-mesic IDF/ICH/MS 0 1221
7 mesic MS/IDFdm2a 0 2284

Total Area: 914 5341  
 

 

 
Table 2: Weighting factors for OGMA Indicator 

 

OGMA Rank 1 3 7
Excellent & Good 1.0 0.7 0.7
Medium & Low 0.5 0.4 0.4

Ecosystem Group
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4 DISCUSSION 

We have provided example thresholds for one indicator (Indicator 1 – 

Ecological Representation) and a component of another (Indicator 2 – Habitat 

Elements) to support the trade-off analysis of [Maness]. 

 

The development of thresholds and targets for the biodiversity indicators is an 

ongoing process, and currently at the early stages of development in the 

Invermere TSA (Wells 2004).  The trade-off analysis can help refine the 

development of management targets and thresholds by identifying which are 

constraining on other values and where flexibility still exists.  As additional 

measures and targets are developed for biodiversity in the Invermere TSA, 

these targets can be refined through iterations of the trade-off analysis.  

 

This iterative approach is an important component of the development of 

targets and thresholds for biodiversity in part because it is not possible to be 

certain that the chosen target or threshold will be effective.  These targets and 

thresholds are based on review and synthesis of available data, and ‘best 

guesses’ (Bunnell et al. 2003).  The complexity of ecological processes 

associated with biodiversity are such that it is not possible to be certain 

management targets and thresholds will be effective.  As a result, Indicator 3 

is based on developing ‘effectiveness monitoring’ to evaluate the 

effectiveness of management targets and thresholds for biodiversity indicators 

(Bunnell et al. 2003).  Trade-off analysis can assist in the development of 

initial management threshold and targets by identifying which are constraining 

on other values and where flexibility still exists.  Priority in hose targets and 

thresholds with limited flexibility  
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