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EXECUTIVE SUMMARY 
This report provides a discussion of a monitoring strategy for the Quesnel Timber Supply 
Area based on a criterion and three associated indicators intended to assess success in 
sustaining biological richness (Bunnell et al. 2003).  The approach is fundamentally 
premised on monitoring the effectiveness of management practices because it is not 
possible to be certain practices will achieve the stated goal of sustaining species richness.  
To be credible in the face of uncertainty, an effectiveness monitoring approach is 
required.  However, it is not possible nor necessary to monitor large numbers of species.  
Rather, monitoring carefully selected species for responses to specific practices in a well 
designed manner will provide information and feedback at the species level that can help 
inform and refine practices. 
 
The indicators, measures and targets currently under development for CSA certification 
on Canfor’s DFA in the Quesnel TSA capture elements of the monitoring approach 
developed by Bunnell et al. (2003).  However, they do not yet incorporate the necessary 
components of an effectiveness monitoring program.  A specific, detailed effectiveness 
monitoring program will require direct involvement of forestry planners and 
consideration of practices at an operational level. 
 
The spatial scale and intensity of the current MPB outbreak mean that impacts of salvage 
operations will be a primary focus of Criterion 1 monitoring in the Quesnel TSA for the 
foreseeable future.  In the short term, monitoring should focus on impacts associated with 
salvage operations on habitat elements, especially riparian habitats with special 
consideration of impacts on fish habitat.  Caribou and interior songbird species are 
identified as priority species for monitoring.  In the long term, forecasting is required to 
consider the best approaches to ensure recruitment of snags and down wood.  Finally, 
ecosystem representation can help identify the ecosystem types most effected by salvage, 
particularly less common and riparian ecosystems. 
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INTRODUCTION 
This report is intended to support implementation of a monitoring strategy for sustaining 
biological richness on Canfor’s tenure in the Quesnel Timber Supply Area (TSA).  It 
provides descriptions of and rationales for a biological richness criterion and associated 
indicators, and discusses approaches for using the indicators as a basis for monitoring 
success in achieving the criterion. 
 
Monitoring is central component of a management strategy to sustain biodiversity 
because the lack of knowledge and complexity of how to do so means it is not possible to 
know with certainty what the best strategy is.  As a result, a learning based management 
approach is required.  Linking management to monitoring is a key component of such an 
approach. 
 
It is also important to emphasize that one of the challenges and opportunities of learning 
to sustain biological diversity is that there is no simple cookbook approach, and this 
report will not provide one.  Managers need to consider the principles associated with a 
monitoring strategy for sustaining biological diversity, and apply the intent creatively.  
Further, a monitoring program will not be achieved solely through outside reports such as 
this.  Working groups involving licensee planners, agency officials, Public Advisory 
Group members and invited experts will be necessary to develop operational level 
monitor plans. 
 
The first section of this report provides descriptions and rationales for a monitoring 
strategy based on a criterion and three indicators intended to sustaining biological 
richness and a generic description of approaches and methods of monitoring for each of 
the three indicators.  The second section reviews indicators, measures and targets 
developed for certification on Canfor’s tenure in the Quesnel TSA. 
 
 
Study Area 

The Quesnel TSA is located in the northern part of the Southern Interior Forest Region, 
and covers about 1.6 million hectares (Figure 1).  Of this, 1.3 million hectares 
(approximately 81%) is productive Crown forest, of which just over 1 million hectares 
(78% of productive crown forest area) is included in the current timber harvesting land 
base (Pedersen 2004). 
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Biogeoclimatic Ecosystem Classification (BEC) zones present in the TSA include sub-
boreal pine-spruce, sub-boreal spruce, montane spruce, Engelmann spruce-subalpine fir, 
interior Douglas-fir, interior cedar-hemlock, and alpine tundra.  The TSA varies from a 
relatively dry climate predominated by lodgepole pine west of the Fraser River to a 
wetter climate east of the Fraser River, where forests contain more spruce and balsam 
(Pedersen 2004).  Overall, the TSA is covered by stands of lodgepole pine (85 percent), 
spruce (10 percent), and Douglas-fir (3 percent) with hemlock and balsam, and deciduous 
species forming minor components (Pedersen 2004). 
 
The study area is currently undergoing an unprecedented mountain pine beetle (MPB) 
outbreak, currently affecting over 4.2 million hectares provincially (BCMOF 2003).  In 
the TSA alone, nearly 1 million hectares is expected to be infested by 2005 (much of the 
occurrence of lodgepole pine stands in the management unit), affecting over 56 million 
cubic meters of wood volume (BCMOF 2004).  This outbreak is anticipated to have a 
significant impact on harvesting in the TSA, shifting harvest rates upwards and towards 
pine stands in the short term followed by a substantial decline in harvest after one or two 
decades.  Specifically, the annual allowable cut (AAC) was recently increased 63% to 
over 5 million m3, and it is conceivable that after two decades this could drop below 1 
million m3 before eventually returning to a long run sustained yield of 2.2 million m3 
(Pedersen 2004).  Clearly, the MPB outbreak will be the predominant influence on forest 
harvesting the TSA for a full stand rotation. 
 
 
 
 

 
Figure 1.  Quesnel Forest District, including TSA, TFLs and provincial parks 
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LEARNING TO SUSTAIN BIOLOGICAL RICHNESS: CRITERION AND 
INDICATOR APPROACH 
The biological richness criterion and three associated indicators discussed here were 
initially developed by the Weyerhaeuser Adaptive Management Working Group for 
Weyerhaeuser’s coastal tenure (Bunnell et al. 2003).  These concepts have been 
incorporated into a Framework for Sustainable Forest Management (SFM), a strategic 
guidance document for implementing SFM (Canfor 2004).  The biological richness 
criterion is ‘Criterion 1’ of the framework. 
 
The goal defined by Criterion 1 is to sustain species richness, or put another way, to 
maintain all species found on the given management unit.  As such, the approach is 
inherently species based, as is the associated monitoring strategy.  This does not mean the 
approach is founded on monitoring species directly (though that is a component of the 
strategy).  Rather, it means that the indicators were developed on the basis of sustaining 
species.  For Indicator 1, monitoring focuses on ecosystem representation, for Indicator 2, 
habitat elements and types, while Indicator 3 directly links with selected species, with 
careful consideration of monitoring objectives.  The next section discusses some general 
principles of monitoring, followed by a discussion of monitoring for the criterion and 
three associated indicators (some sections amended from Wells 2004). 
 
 
Four Steps to Monitoring for Biological Richness 

Bunnell et al. (2003) propose four questions managers should consider when developing 
a monitoring program for Criterion 1.  Bunnell (2004) describes these in detail, I 
summarize them here as follows: 
 

1. Where do we want to go? 
Having a clear goal (Criterion 1) and effective tools to assess success towards 
achieving the goal (Indictors 1-3) are key components of a monitoring program.  
Criterion 1 and Indicators 1-3 provide the framework for the monitoring program. 

 
2. How do we get there? 

An effective monitoring program needs something to evaluate.  Question 2 relates 
to the development of planning and practices intended to sustain biological 
richness.  While the application of the indicators is primarily the focus of 
question 3, clearly managers will want to link planning and practices to the 
indicators and be mindful of the overall goal of sustaining biological richness.  
Managers should also be mindful of the risks of creating a ‘cookbook’ approach 
too tightly linked to the indicators.  Since uncertainty is a key reason for 
monitoring biological richness in the first place, it’s critical to be thoughtful and 
creative, following the principle of ensuring you ‘don’t do the same thing 
everywhere’. 
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3. Are we going in the right direction? 
This is the core of the monitoring program, where the practices are evaluated.  
Bunnell (2004) suggests five types of monitoring.  Two key types fall into two 
classes that cover the essence of the approach.  The first is implementation 
monitoring, which asks “did you do what you committed to doing?”.  This type of 
monitoring could be consider procedural, focusing on the implementation of 
practices.  Compliance monitoring (focusing on whether a regulation or 
certification commitment has been met) can be considered a type of 
implementation monitoring.  The second is effectiveness monitoring, which asks 
“did it work?”.  This type of monitoring could be considered to be performance 
based and is critical where uncertainty exists in whether or not the practices are 
delivering the hoped for benefits.  Both types of monitoring are key to a 
successful monitoring program. 

 
4. How do we change if the direction is wrong? 

This question focuses on ensuring that monitoring results provide direction and 
ultimately lead to changes where monitoring results demonstrate problems in the 
current practices.  An important consideration is how monitoring results will be 
incorporated into the management decision making process.  Finally, part of the 
feedback should guide changes to the monitoring program itself, either because 
changes have occurred in practices or because evaluation has shown a given 
monitoring component to be ineffective. 

 
While consideration of all four questions is essential to developing an monitoring 
program, this report focuses primarily on questions 1 and 3.  Question 1 provides the 
framework, defining a ‘roadmap’ for the monitoring program.  Question 3 most directly 
links to the monitoring itself, the topic of this report.   
 
 
Initial Thresholds and Targets 

Indicators provide qualitative guidance and direction, but in order to meet the intent of 
the indictors, managers need to set specific, quantitative objectives.  These are defined as 
measures under the SFM framework (Canfor 2004).  Targets are required to set levels for 
an individual measure.  For the indicators associated with the biological richness criterion 
it is not generally possible to know with certainty what target to set.  As such, targets 
(which are necessary), can be considered initial management targets, a starting point 
from which to frame the monitoring program. 
 
The intent is to develop targets that allow a response before significant or irreparable 
damage occurs.  In this context, targets can be considered thresholds, which are intended 
to trigger a management response (such as change in management activities or an 
increase in monitoring efforts).  Monitoring efforts may also reveal that the threshold is 
either not conservative enough, or too conservative and may be adjusted accordingly 
(Figure 2).  This latter case is in fact one of the primary goals of effectiveness 
monitoring: to improve understanding and allow better (more effective) management 
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guidelines to be determined.  In Figure 2, this is represented as the threshold change at 
time ‘B’. 
 
Initial targets or thresholds are rarely readily available or easily obtained (Bunnell and 
Dunsworth (2004).  Bunnell (2004) summarizes three ways to estimate, as follows: 
 

• Synthesis of available data.  Data already collected by various groups 
(government agencies, naturalists, and consultants) can be synthesized and 
analyzed.  

 
• Projecting known relationships.  Consequences of forest practices remain over 

long periods and large areas.  Present conditions and actions can have large future 
consequences.  For example, the sustained provision of large snags 200 years 
from now requires that some trees be planted or designated now that will provide 
those future snags.  Estimating sustained provision of a resource requires 
projecting relevant relationships now using simulation models.  In this example, 
relevant relations include mortality rates, snag fall rates, and decay rates of trees. 

 
• Reasoned guesses.  Data are sometimes insufficient to permit reliable estimates 

of thresholds.  For example, researchers relating coarse woody debris to forest-
dwelling organisms have no agreed-upon protocols, so studies are extremely 
difficult to summarize and compare.  That makes extraction of a threshold 
difficult but permits a reasoned guess.   
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Figure 2.  Hypothetical results of monitoring a resource over time1.  Shaded area in the 
centre represents the target range of variability. Dotted lines bordering the target area represent 
management thresholds which serve as early warning signals triggering increased monitoring.  
For example, during time interval A the resource falls below the target range; increased 
monitoring is implemented and, if necessary, corrective action is initiated to bring the indicator 
back above the threshold.  At time B, new information obtained from monitoring, research or 
adaptive management indicates the target range should be altered.  Long dashed lines represent 
upper and lower “ultimate” thresholds beyond which the resource is no longer sustainable; this 
point is often unknown 
 
 
Some General Considerations for Monitoring 

Effectiveness monitoring is the basis of any assessment of success in meeting objectives, 
and is an essential element of adaptive management (Noss and Cooperrider 1994; 
Lindenmayer and Franklin 2002; Bunnell et al. 2003).  Given the substantial uncertainties 
and risks associated with managing to sustain biological richness, there is no way to 
determine whether conservation-oriented management strategies are effective without 
monitoring.   
 
Some guidelines for consideration during the design and implementation of a monitoring 
plan include (adopted from Wells et al. 2003):  
 

1. Assessment of current conditions.  Establish what we know (current knowledge 
and existing data), and what we don’t know (knowledge and gaps). 

 
2. Identification of management practices and management objectives.  Objectives 

must be clear.  They are important to help define the monitoring questions and 
                                                 
1 Figure (from Tembec 2002) was developed by the Tembec SFM Working Group, of which the author was 
a member. 
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select adequate measures.  Without clear objectives, the rest of the adaptive 
management process will be hampered by uncertainty (Noss and Cooperrider 
1994).  

 
3. Identification of monitoring questions.  A set of monitoring questions is 

developed for each objective.  For example, if the objective is retention of wildlife 
tree patches to maintain cavity users, the monitoring questions should address the 
various sizes and distribution patterns of patches that are required to maintain 
populations of cavity users. 

 
4. Prioritization of monitoring questions and data needs.  It is not possible to 

monitor everything.  Monitoring questions and data collection must be prioritized 
based on what issues need immediate attention and may face greater uncertainty 
and ecological risk if left unattended. 

 
5. Selection of measures.  When designing a monitoring program, it is critical to 

select adequate measures.  The selection of inappropriate measures can lead to 
poor experimental design and biases in management.  Limited resources and 
logistic issues do not allow the investigation of management practices on all 
species over large areas (Lindenmayer et al. 2000; Lindenmayer 1999; Franklin 
1993; Kneeshaw et al. 2000).  A number of surrogate taxa must be selected.  
These must be credible, measurable, cost-effective, and connected to forest 
practices (CMFN 2000; Kneeshaw et al. 2000; Ferris and Humphrey 1999). 

 
6. Closing the loop.  Knowledge acquired from monitoring results can be used to 

modify practices to better achieve management objectives.  Adequacy of 
measurables is assessed, targets and thresholds are revised, and models are 
validated. 

 
The successful monitoring plan will be able to collect data, summarize the data into 
useful information, and interpret that information to advance understanding and 
knowledge to improve management decisions (Gaines et al. 1999). 
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CRITERION 1:  SUSTAINING BIOLOGICAL RICHNESS 
Description and Rationale 

Biological Diversity Criterion:  Biological richness and its associated values are 
sustained within the management unit (e.g., Quesnel TSA). 
 
This criterion defines the goal of maintaining biological diversity within a SFM 
framework.  Sustaining biological richness is proposed as an interim surrogate for 
sustaining biodiversity because of the inherent complexity involved in defining 
biodiversity. 
 
Precisely defined, biological richness simply means ‘the number of species’.  Using 
biological richness as a proxy for a biodiversity criterion provides a clear and precise 
goal: a commitment to sustaining all species in a defined management area.  The intent is 
not to simply ensure species presence.  Rather, the goal is to maintain productive, well-
distributed populations of native species in the defined management area.  This in turn is 
intended to sustain the variation among individuals and species, allowing species to 
persist in changing environments (Bunnell 1998). 
 
Since it is not possible to monitor every species individually, success in attaining the 
biological richness criterion must be assessed by monitoring indicators that provide 
credible surrogates for species in forested ecosystems.  The three indicators discussed in 
the remainder of this report are based on representative ecosystems, habitat elements and 
types known to be important to species and focal species.  These indicators are 
hierarchical in nature, ranging from coarse filter to fine filter, and are intended to be 
applied in an integrated manner.   
 
The biological richness criterion and three associated indicators discussed here were 
developed as a framework for evaluating success of forest management practices in 
sustaining biodiversity (Bunnell et al. 2003).  As such, they are the foundation of a 
monitoring program.   
 



Review draft March 31, 2005. 

 10

INDICATOR 1: MAINTAINING ECOSYSTEM REPRESENTATION 
Description and Rationale 

Indicator 1:  Ecologically distinct ecosystem types are represented in the non-
harvestable land base of the management unit (e.g., Quesnel TSA) 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 maintaining biological diversity based on the 
principle of maintaining representation of a full range of ecosystem types.  It is not 
intended as a stand-alone strategy, but rather to complement Indicators 2 and 3.  This 
indicator is ‘precautionary’, intended to sustain those species for which knowledge is 
sparse or absent, by ensuring that some portion of each distinct ecosystem type is 
represented in a relatively unmanaged state.  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. 
 
Ecosystem representation is determined by evaluating the proportion of productive crown 
forest found in the non-harvested land base (NHLB), including parks and protected areas, 
but also including areas excluded from harvest for other reasons such as operability 
constraints. 
 
An ecosystem representation analysis (ERA) can do three things.  First, it can identify 
some types that have minimal representation and could be priorities for locating reserves 
or special management.  Second, results can set the context for Indicator 2.  For example, 
one can choose to emphasize snag management or coarse woody debris objectives in 
ecosystem types for which representation is poor.  Finally, it can provide direction on 
which ecosystem types to focus effectiveness monitoring efforts (Indicator 3) 
 
 
Monitoring Indicator 1 – Ecosystem Representation 

Assessing Ecosystem Representation 
To undertake a representation analysis, based on the approach developed by Bunnell et 
al. (2003), data are required for three types of information: an ecological classification is 
needed to identify ecologically distinct ecosystem types, ecosystem mapping is required to 
map the ecosystem types, and a landbase netdown is required to determine the 
distribution of ecosystem types over the harvested and non-harvested forested landbase. 
 
1. Ecosystem groupings. 
To identify ecologically distinct ecosystem types, an ecosystem classification is required.  
In British Columbia, it is possible to define ecosystems by vegetation community using 
Biogeoclimatic Ecosystem Classification (BEC) site series groupings.  Ecosystem 
groupings based on site series are developed by statistical analysis of BEC vegetation 
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plot data, and refined by ecological review by individuals with expertise in the BEC 
variants in question.  Bunnell et al. (2003) and Wells et al. (2004) describe the rationale 
behind and methods for developing ecosystem groupings. 
 
2. Ecosystem mapping. 
Since ecosystem groups are based on sites series, site series mapping is required for the 
management unit in question.  Site series mapping can be provided by terrestrial 
ecosystem mapping (TEM) or predictive ecosystem mapping (PEM).  PEM is generally 
the only practical mapping available for representation analyses since TEM is rarely 
available for an entire forest management unit.  Data issues associated with using PEM 
mapping for ERA include PEM ‘entities’ that are combinations of site series, aspatial  
site series ‘deciles’ and PEM accuracy.  See FESL (2004) and Wells et al. (2004) for 
further discussion and examples. 
 
3. Land base netdown. 
To assess ecosystem representation it is necessary to define the harvested and non-
harvested forested landscape of the management unit in question.  Typically, these 
definitions are based on landbase netdowns created for Timber Supply Reviews (TSR).  
The data required to define the land base netdown are the resultant database associated 
with a given TSR.  Data issues include aspatial netdowns (percent based), and adjusting 
netdowns to reflect ERA objectives.  More information on applying TSR netdowns to 
ERA can be found in FESL (2004) and Wells et al. (2004). 
 
 
Setting Targets and Thresholds 
Setting management targets or thresholds for ecosystem representation is challenging.  
Because the primary intent of ecosystem representation is to sustain poorly understood or 
unknown species it is not possible to know with precision the level of representation 
required.  Where studies have examined the level of representation required to represent a 
full range of known ecosystems or species in a study area, there is a consensus that the 
oft-cited 10-12% target is likely to be insufficient.  At this level, some ecosystem types or 
species were often found to have little or no protection.  Some studies found that 
representation in the range of 40-60% would be required to fully represent the range of 
ecosystems and species or species assemblages in a study area (e.g., Soule and Sanjayan 
1998; Solomon et al. 2003).  Many studies also spoke to the need to stratify 
representation targets among ecosystem and habitat types, to ensure that some types were 
not missed, which might otherwise occur where overall landscape representation was 
relatively high (e.g., Groves et al. 2002; Reyer et al. 2002). 
 
Despite the challenges associated with setting targets for ecosystem representation, the 
results of a representation analysis provide clear strategic direction for management.  The 
primary benefit of an ERA is that it allows priorities for management actions to be 
determined – it can bring management focus to those groups that representation is a 
problem, and not on those for which representation is very good. 
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To use an ERA to set management priorities, it is necessary to rank ecosystem groups 
according their relative risk.  There is no exact science in determining relative risk, but to 
assist this task, some general principles can be applied: 
 
1. Consider representation for poorly represented ecosystem groups. 
Managers should prioritize ecosystem groups for which representation is low. 
The most obvious metric to consider is representation itself (proportion of a given 
ecosystem group in non-harvested landbase).  Because the approach developed by 
Bunnell et al. (2003) stratifies across of ecosystem types, it lessens the concern noted 
previously that some ecosystem diversity may be missed when setting management 
targets or thresholds without stratification.   
 
2. Consider management unit responsibility for each ecosystem group. 
Managers should prioritize ecosystem groups for which responsibility is high. 
‘Responsibility’ can be defined as the proportion of an ecosystem groups that falls within 
a management unit.  The greater the proportion, the greater the responsibility. 
 
3. Consider uncommon and rare ecosystem groups. 
Because of their unique character, and relative uncommonness, these groups should be 
given higher priority than more common groups. 
Ecosystem groups typically consist of widespread circum-mesic (upland) groups and less 
common or rare hygric (riparian) or xeric (dry) groups.  These uncommon groups deserve 
consideration both because of their ecological uniqueness, and relative uncommonness.  
In many cases, these ecosystem groups are quite rare relative to the common types (i.e., 
<1000 ha in a 1,000,000 ha management unit).  It is not unreasonable to consider fully 
reserving the most uncommon of these types.  
 
4. Consider ecological values. 
Ecosystem groups that have recognized ecological values should be given priority. 
Some types may have ecological attributes that are recognized as being important, for 
example, riparian types or types that contain hardwoods.  Uncommon and rare groups are 
often also vegetationally distinct from the circum-mesic groups. 
 
5. Consider spatial distribution. 
Ecosystem groups in which the non-harvested portion are poorly distributed or highly 
fragmented should be given priority.  Where possible, representation strategies should be 
developed for ‘nested sets’ of ecosystem groups. 
It is important to consider whether the non-harvested portion of an ecosystem group is 
fragmented or poorly distributed relative to the distribution of the entire ecosystem group.  
If the non-harvested portion of an ecosystem group is fragmented, it may be susceptible 
to edge effects.  One way to assess this is to evaluate potential edge effects is to 
undertake an edge analysis as part of an ERA. 
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Another concern is whether the non-harvested portion of the ecosystem group is well 
distributed, because the groupings are proxies for ecosystem types.  In reality, the range 
and gradients of ecosystem types are more complex than the classifications we use.  If the 
non-harvested portion of the ecosystem group is well distributed across the range of the 
ecosystem group, it more likely that this unclassified variation in ecosystem diversity will 
be captured.  It is possible to evaluate the spatial distribution of ecosystem groups, 
comparing the distribution of the ecosystem group as a whole to the distribution in the 
NHLB.  Where the NHLB distribution varies substantially from the ecosystem 
distribution,  Wells et al. (2004) noted that in their evaluation, ecosystem groups < 30% 
in the NHLB varied significantly from the ecosystem distributions, and only at NHLB > 
60% did we observe similar distributions. 
 
A further consideration is the ‘nestedness’ of ecosystem groups.  Typically less common 
riparian or dry ecosystem types occur ‘nested’ within more common circum-mesic types.  
It may be appropriate to consider these nested groups as a whole since this better reflects 
the distribution and linkages among ecosystem types on the landscape.  Addressing 
representation for nested groups (rather than individually), may be also the best strategy 
for capturing the unmeasured variation that the classifications do not capture. 
 
 
Monitoring Requirements 
Monitoring ecosystem representation is primarily implementation monitoring, given that 
some aspects of representation are inherently not testable.  Ecosystem representation is 
useful in identifying ecosystem types to focus effectiveness monitoring for Indicators 2 
and 3.  It is possible to partially evaluate the effectiveness of ecosystem representation: 
reviewing and field testing ecosystem groupings could be considered a type of 
effectiveness monitoring.  One can also compare the NHLB portion of an ecosystem to 
the THLB portion for habitat elements and species to see if it the NHLB is providing the 
expected habitat value for species we do have information about.  Huggard et al. (2003) 
provide an excellent example of this, finding differences in structure between the NHLB 
and THLB in the Arrow TSA (in the West Kootenays) but generally not detecting 
differences in species responses to those structure differences.  When considering such a 
test it is important to consider the priority relative to other effectiveness monitoring 
questions.  For example, it is unlikely that evaluating structure and habitat responses in 
ecosystem groups which are well represented in the NHLB will be a high priority. 
 
Implementation monitoring of ecosystem representation will generally be triggered by the 
availability of new information, rather than initiated at regular intervals: 
 
1. Ecosystem groups. 
Whenever ecosystem groups are revised an ERA will require an update. 
After ecosystem groups are established, they should require few updates and minimal 
monitoring.  Currently however, ecosystem groups either do not exist, or are in draft 
stages of development.  Ecosystem groups require development where they do not yet 
exist, and existing groups require review and refinement. 



Review draft March 31, 2005. 

 14

 
2. Ecosystem mapping. 
An ERA requires an update whenever PEM is updated or revised. 
PEM accuracy assessments can be used to evaluate accuracy of mapping of ecosystem 
groups.  An assessment of accuracy of mapping of ecosystem groups can help determine 
where improved mapping may be required. 
 
3. Landbase netdown. 
An ERA requires an update whenever a new land base netdown is created. 
This generally will occur in conjunction with a TSR.  With any netdown, different 
netdown categories (e.g., operability, riparian reserves, etc.) should also be evaluated to 
assess the spatial accuracy of mapping of the netdown type, and the likelihood that the 
area will be excluded from harvesting in the long term. 
 
 

INDICATOR 2: MAINTAINING HABITAT ELEMENTS AND TYPES 
Description and Rationale 

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 recognized 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, amounts and variability of forest structures that are necessary to sustain 
organisms in managed stands and landscapes.  Like Indicator 1, maintaining diverse 
habitat structure is intended to provide for a broad range of organisms, including many 
that are poorly known.  As an example, habitat structure 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.  Where 
knowledge allows, Indicator 2 should incorporate all taxa, including aquatic vertebrate 
species, invertebrates, vascular and non-vascular plant species and fungi (see Bunnell et 
al. 2003 for examples). 
 
Monitoring Considerations for Indicator 2 

There is a wealth of information on the types and characteristics of important habitat 
elements to sustain in managed landscapes (e.g., Thomas 1979, Bunnell and Kremsater 
1990, Bunnell et al. 1999; Lindenmayer and Franklin. 2002), and how to incorporate 
these as part of a management and monitoring strategy (e.g., Bunnell et al. 2003; 
Kremsater et al. 2003; Wells and Haag 2003).  These reports and others (e.g., Timberline 
2004) provide information on data and inventory sources and approaches to monitoring, 
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and facilitate the development of initial thresholds and targets.  Because habitat elements 
are temporally dynamic, modelling is a required component of a monitoring strategy 
(e.g., Seely et al. 2004). 
 
Here I provide a short summary of data and information sources helpful to accessing 
Indicator 2 habitat elements: 
 
1. Dead and dying wood. 
Estimates of snag densities can be derived from temporary sample plot data (TSP), 
permanent sample plot data (PSP) and Vegetation Resources Inventory (VRI) plot data 
and linked to stand types and age classes to develop coarse estimates of snag levels at the 
landscape level.  Since this attribute is temporally dynamic, modelling is required to 
estimate long term snag levels under different harvest scenarios. 
 
2. Coarse woody debris. 
Coarse woody debris (CWD) levels tend to be widely variable and poorly correlated to 
age class or stand type.  Given this variability, the best strategy for tracking CWD is to 
monitor it at the cut-block level.  Ideally tracking systems would be developed that record 
CWD retained after harvest, based on some proportion of the pre-harvest levels (see also 
discussion in targets and thresholds). 
 
3. Hardwoods. 
VRI or FIP forest cover mapping can identify mixed wood or pure hardwood stands.  
Wells and Haag (2003) provide an example on how inventory data can be used to 
develop landscape level mapping of hardwood distribution to support planning and 
monitoring. 
 
4. Riparian. 
Current riparian inventories are based on stream width and the presence or absence of 
fish.  This is inadequate to fully identify riparian habitats because it does not account for 
the habitat character of riparian stands.  Riparian inventories could be improved by 
including riparian ecosystem groups developed for Indicator 1, and airphoto 
identification of riparian habitats (see discussion in Wells and Haag 2003 for an example 
of the latter approach). 
 
5. Shrubs. 
Early seral stands identified by VRI or FIP forest cover mapping can be used as proxies 
to identify stands likely to have abundant shrubs.  Since this attribute is temporally 
dynamic, modelling is required to estimate long term shrub habitat under different 
harvest scenarios. 
 
6. Seral stages. 
Old-growth management area (OGMA) mapping, and VRI or FIP forest cover age 
classes can be used to estimate existing seral stage distributions.  Since this attribute is 
temporally dynamic, modelling is required to estimate long term seral stages under 
different harvest scenarios.   
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Setting Targets and Thresholds 
While there are few definitive estimates of thresholds available, as noted previously there 
is a wealth of literature available to inform the development of initial management 
thresholds.  An overview: 
 
1. Dead and dying wood. 
Bunnell et al. (1999) estimate that 2 large snags/ha along with some smaller snags for 
foraging can sustain cavity nesting species.  Stand and landscape level practices intended 
to sustain this level of snag abundance would provide a reasonable initial management 
threshold.  Understanding of habitat use in forests of northern British Columbia is limited 
and research into the characteristics of nest trees is warranted (Wells and Haag 2003b).  
Emphasis should be given where ecosystem representation is poor. 
 
2. Coarse woody debris. 
There are no clear thresholds of CWD levels required to sustain species.  Coarse woody 
debris (CWD) levels also tend to be widely variable and poorly correlated to age class or 
stand type (e.g., Wells and Trofymow 1997).  Given this variability, the best strategy for 
developing CWD targets is to commit to retaining some proportion of pre-harvest levels 
rather than imposing a set target.  Long term strategies will require consideration of 
CWD recruitment. 
 
3. Hardwoods. 
Hardwoods are very important to sustaining species (Bunnell et al. 1999; Bunnell et al. 
2002).  A precautionary approach would be to ensure that hardwoods persist over a full 
range of age classes at current levels, and to avoid conversion of hardwood to confer 
stands. 
 
4. Riparian habitat. 
Like hardwoods, riparian habitat is very important to many species (e.g., Bunnell et al. 
1999).  Reserve strategies should be expanded to include incorporation of riparian 
ecosystem groups (Indicator 1), and other sites identified as having significant riparian 
values. 
 
5. Shrubs. 
Early seral habitats are likely to sustained in harvested landscapes.  Nonetheless, it is 
worth undertaking analyses to ensure that silvicultural practices intended to achieve ‘free 
to grow’ are not so successful as to significantly reduce early seral habitats.  This is worth 
considering primarily for ecosystem types poorly represented in the non-harvested 
landbase. 
 
6. Seral stages. 
There are no species-based thresholds available to establish the amount and distribution 
of seral stages that should be sustained, though historical levels may provide some 
guidance.  Delong (1998) provides a useful approach for northeastern British Columbia.  
Whatever the approach, priority should be to ensure strategies are in place to sustain old-
growth stands, particularly where representation is poor.  A caution: while the benefits of 
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maintaining a distribution of seral stages (including old stands) and their associated 
structure is well established, the benefits of imposing patch targets are not.  The impacts 
on timber supply of attempts to impose landscape pattern can be substantial (Nelson and 
Wells 2000), while the benefits of landscape pattern to sustaining species are nebulous, 
relative to the benefits of sustaining the habitat elements themselves (Bunnell 1999). 
 
 

INDICATOR 3: MAINTAINING PRODUCTIVE POPULATIONS 
Description and Rationale 

Indicator 3:  Productive and well-distributed populations of native forest-dwelling 
species are maintained over time. 
 
Indicator 3 is the "fine-filter" of the three indicators, focusing on species and most 
directly linking back to the criterion.  It is 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.  Monitoring 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). 
 
Monitoring Indicator 3 is important for three reasons.  First, monitor species is intended 
to ensure that the generative, adaptive capacity of the forest is sustained (Bunnell et al. 
2003).  Variability among individuals, populations, species, and ecosystems allows for 
adaptation to change, which ultimately makes possible the generation of new 
biodiversity.  Sustaining species across their distribution is the simplest and most 
effective way to sustain the values of biological diversity (Bunnell 1998).  Second, 
monitoring Indicator 3 helps evaluate the habitat benchmarks used, and helps verify the 
assumptions (Indicator 1 and 2) on which the maintenance of productive species and 
species guilds is based (Indicator 3).  Finally, monitoring Indicator 3 is important because 
the public sees sustenance of species as the ultimate measure of success or failure 
(Bunnell et al. 2003).  The public tends to associate biodiversity with species richness 
(i.e., the number of species in a given area), and the loss of biodiversity is often equated 
with the loss of species.   
 
The primary focus of Indicator 3 is monitoring, but it necessarily must address 
management for some species that require species based management.  For example, high 
profile game species, such as moose and elk, wide ranging carnivores such as grizzly bear 
and species at risk.  In this aspect, Indicator 3 is like the other indicators which have a 
more direct management focus. 
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Monitoring Indicator 3 

Of the three indicators, Indicator 3 is most strongly associated with effectiveness 
monitoring.  As noted in the rationale, this indicator links directly back to the goal of 
sustaining productive populations of native species: since the goal is to sustain species, 
the monitoring must ultimately connect back to species as well.  After developing 
management approaches primarily based on ecosystem representation (Indicator 1), 
habitat elements (Indicator 2), as well as for some species, Indicator 3 is in essence where 
one stands back and asks the necessary question “is it working?”.  As such, Indicator 3 
can be considered the integrity of the monitoring program, without which it could not be 
considered complete. 
 
Fortunately, it is not necessary (nor possible) to monitor all species, nor everything about 
a given species.  Rather, by careful evaluation of planning and practices associated with 
all three indicators, it is possible to develop and prioritize a set questions.  On the basis of 
those questions specific monitoring designs can be developed. 
 
A specific, detailed monitoring program for Indicator 3 requires direct involvement of 
forestry planners and careful localized planning, well beyond the scope of this report.  
This is where specific practices that are being applied to maintain specific habitat 
elements are identified (for example wildlife tree patches intended to sustain cavity 
nesters, or riparian buffers intended to provide habitat to riparian associates).  Bunnell et 
al. (2003) provide detailed examples based on the monitoring program developed and 
applied on Weyerhaeuser’s coastal tenures.  Here, I discuss some general principles and 
guidelines that need to be considered when planning such an approach. 
 
A fundamental element of the indicators is their hierarchical nature.  Use of this 
characteristic is key to focusing monitoring efforts where they are most needed, allowing 
limited budgets (human resources and dollars) to be more efficiently allocated, and 
avoiding efforts where they are not needed.  It’s particularly important to utilize this 
characteristic when planning the monitoring program for Indicator 3.  The following 
steps provide some guidance on how to utilize the indicators hierarchal nature, working 
from Indicator 1 through Indicator 3 to design an efficient and effective monitoring 
program: 
 
1. Identify ecosystem types which are poorly represented. 
Monitoring should focus on stand types that are found in poorly represented ecosystem 
types in the harvested landbase.  
Stand types found in poorly represented ecosystem types can be reviewed, and associated 
forest practices identified.  In this way, ecosystem representation results can help focus 
monitoring efforts on ecosystem types where they are most needed, allowing limited 
budgets to be more efficiently allocated.  
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2. Identify habitat elements affected by forest management. 
Monitoring should focus on habitat elements closely linked to forest practices. 
Those stand types found on the poorly represented types will be associated with specific 
practices and specific habitat elements and types.  For example, a stand type may be 
associated with hardwoods, or a specific riparian habitat.  Practices may involve partial 
harvesting or clear-cuts with reserves.  Evaluating these practices in relation to the habitat 
elements intended to be sustained will further help focus a monitoring strategy. 
 
3. Identify species linked to priority stand types and habitat elements. 
Monitoring should focus on species linked to stand types, habitat elements and associated 
practices. 
Evaluation of stand types and habitat elements in the previous steps will allow a 
refinement of species lists by identifying species likely to be affected by practices on a 
given management unit.  The goal is to identify only those species potentially effected by 
forest management in the management unit.  At this stage, species would be evaluated for 
suitability for monitoring based on ease of detection and sensitivity to practices, further 
narrowing the list. 
 
Though the overall goal is to sustain productive populations, populations and population 
trends would rarely be assessed directly as this is often not possible, and rarely practical.  
Rather, species presence or abundance, would most often be assessed, towards the goal 
of understanding basic linkages between species and practices.  Further, relatively 
common species that are cost-effective to monitor and are known to be sensitive to forest 
practices would typically be chosen.  In some cases, where concerns warrant the 
increased effort and expense, species productivity might be appropriate to consider 
whether a species is reproducing successfully.  In certain cases involvement in studies 
that evaluate population trends such as the breeding bird surveys (BBS) of North 
America (Sauer et al. 2004) may be warranted.  Finally, in rare cases, population viability 
analysis (Akçakaya and Sjögren-Gluve 2000) may be appropriate, though this would 
most likely be a multi-agency effort focused on a specific species at risk. 
 
Finally, it is necessary to understand that while it is important to incorporate species level 
monitoring, doing so will not automatically ensure all other associated species or even 
that the monitored species is necessarily ‘sustained’.  That is an impractical goal (see for 
example the review of Lindenmayer and Franklin 2002 on the significant limitations of 
‘indicator’ species).  Rather, monitoring carefully selected species for responses to 
specific practices in a well designed manner will provide information and feedback at the 
species level that can help inform and refine the practices.  In particular, it will provide 
the best chance of evaluating whether initial targets and thresholds (Figure 2) are in fact 
precautionary or if data suggest that problems may exist and thresholds (and associated 
practices) should be adjusted. 
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MONITORING CRITERION 1 IN CANFOR’S QUESNEL TENURE 
This section considers the current status of the development and implementation of the 
biological richness criterion and indicators for Canfor’s tenure in the Quesnel TSA, and 
the implications for monitoring.  It examines indicators, measures and targets currently 
under consideration for Canadian Standards Association (CSA) certification 
(Appendix 1).  Finally, recommendations from a report identifying Criterion 1 
monitoring priorities for MPB (Bunnell et al. 2004a)are summarized. 
 
Quesnel CSA Indicator, Measure and Target Matrix: Indicator 1-1 

As discussed, ecosystem representation is the strategic foundation of the three indicators, 
identifying the portion of the managed landbase which should be prioritized for applying 
Indicators 1 and 2, and associated monitoring.  As such, completing an ecosystem 
representation analysis (ERA) is a high priority. 
 
The current draft of the CSA indicator, measure and target matrix developed for the 
Canfor Defined Forest Area (DFA) in the Quesnel TSA (Appendix 1) incorporates 
ecosystem representation (Indicator 1-1).  Proposed measures are clearly interim, 
identifying the need for an ERA (Measure 1-1.1), and associated representation targets 
(1-1.2).  Old and mature targets by LU and BEC are proposed as an interim measure 
(1-1.3). 
 
Steps towards initiating a representation analysis are underway for the Quesnel TSA, and 
ERA is expected to be completed in 2004-2005.  This is discussed in more detail in Wells 
and Haag (2005).  In summary, draft ecosystem groupings have been prepared and are 
ready for review (Wells and Haag 2005) and PEM has been completed (Moon 2005) or is 
planned for 2004-2005, providing the necessary elements to allow mapping of ecosystem 
types.  A landbase netdown has been completed for the Quesnel TSA to support the 
recent MPB uplift analysis for the Quesnel TSA (Pedersen 2004).  Finally, an ERA has 
been completed for the neighboring Vanderhoof Forest District (FESL 2004), and 
provides a very good example with some overlap in ecosystem types. 
 
When the target for 1-1.1 is met (completed ERA), the PAG can begin developing 
measures which link to Indicator 1.  When considering measures, the PAG should note 
that the NHLB proportion an ecosystem type is the primary measure of ecosystem 
representation.  However, as discussed previously, there are other potential measures, 
particularly the rareness of the ecosystem type and spatial distribution which should also 
be considered. 
 
While it is not possible to determine with certainty the ‘correct’ target for ecosystem 
representation, as a general consideration, the lower the target for ecosystem 
representation, the greater the need for conservative targets under Indicators 2 and 3.  
Further, as the emphasis shifts from representation to the management interventions 
associated with Indicators 2 and 3, the greater the emphasis should be on effectiveness 
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monitoring to assess if the management interventions are in fact working to sustain 
species. 
 
Old and mature targets (the interim measure 1-1.3), are probably more logically linked to 
indicator 2 (which includes seral stages and landscape level habitat elements).  This 
indicator does link to 1-1 in that it is appropriate to consider emphasizing targets for 
those ecosystem types which are poorly represented.  Finally, insomuch as measures 1-
5.1 and 1-5.2 are associated with protected areas, they have linkages to Indicator 1.1.  
These measures could be reviewed to explore the possibility of integrating with 
Indicator 1.1. 
 
Implications of Mountain Pine Beetle Outbreak 
Bunnell et al. (2004a) provide a thorough review of management and monitoring 
implications of large-scale salvage of mountain pine beetle infested stands on 
biodiversity in the central interior (including the Quesnel TSA).  For Indicator 1 they note 
that an ERA did not yet exist, and recommended that in the interim, focus should be on 
ensuring harvesting did not focus on stands of other tree species than pine.  Bunnell et al. 
(2004a) recommend that monitoring should focus on: 
 

1. Evaluating the rate of harvest in non-pine leading stands; 
2. Understanding the greatest contributions that can be gained from non-salvaged 

pine stands. 
 
They also noted that an ERA could identify riparian habitats, citing the Vanderhoof 
example, and that monitoring should focus on salvage effects on riparian habitat (in this 
case riparian classification also links to Indicator 2). 
 
 
Quesnel CSA Measure and Target Matrix: Indicator 1-2 

Measures 1-2.1 through 1-2.7cover the main habitat elements and types typically linked 
to Indicator 2.  As noted, consideration should be given to moving measure 1-1.3 to CSA 
Indictor 1-2 (while emphasizing retention on poorly represented ecosystem types).  
Ecosystem groups can also be used to identify ecologically distinct riparian habitats, 
especially those which are relatively uncommon.  Ecosystem groups which are associated 
with hardwoods and non-pine confer types should also be identified and given priority 
consideration because of the MPB impacts. 
 
Measures 1-2.3 through 1-2.7 all link to stream crossing indices and targets.  The 
underlying objective includes maintenance of  fish habitat.  As such, other measures 
might be considered.  For example, identification of key spawning or fish overwintering 
areas and associated management objectives.  In general, opportunities to integrate 
riparian, fish habitat and hydrological measures and targets should be identified and 
considered. 
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Habitat elements of Indicator 2 (as discussed here) are primarily linked to terrestrial 
vertebrates.  This is partly the result of the greater understanding of habitat needs of many 
vertebrates compared to other taxa.  There is no inherent reason to limit measures to a 
single taxa under this indicator, and consideration should always be given to expanding 
measures to include habitat for other taxa under this indicator as improved understanding 
of habitat requirements become available.   
 
Implications of Mountain Pine Beetle Outbreak 
Bunnell et al. (2004a) propose three key monitoring questions: 
 

1. Are unharvested areas of lodgepole pine being regenerated? 
2. What is the nature of retained patches within salvage cut blocks? 
3. Are major habitat elements being retained? 

 
The key concerns here are ensuring structure is maintained where intense salvage efforts 
are undertaken, and that recruitment of new snags will occur in the future, after the pulse 
of dead pine has decayed.  Mature non-pine conifer species and hardwoods will be 
critical to future recruitment, and should be the focus of monitoring efforts. 
 
As noted for Indicator 1, Bunnell et al. (2004a) also express concern about potential 
salvage impacts on riparian habitat, suggesting riparian monitoring should be a focus, not 
only for terrestrial habitat, but for hydrological impacts with have the potential to affect 
fish species. 
 
 
Quesnel CSA Measure and Target Matrix: Indicator 1-3 

The intent of Indicator 3 is primarily to evaluate whether management objectives and 
measures developed under Indicators 1 and 2 are in fact effective.  In the CSA 
certification framework, there is no explicit requirement for effectiveness monitoring, nor 
any associated mechanism to require feedback and change to management based on the 
outcome of effectiveness monitoring.  Rather, monitoring of most measures and 
associated targets is implicitly implementation monitoring: feedback to management is 
entirely based on whether or not a given measure has been met.  Insomuch as the 
proposed CSA indicators and measures were intended to meet the intent of the Criterion 1 
framework developed by Bunnell et al. (2003), CSA measures currently proposed for 
Indicator 1-3 will require review and refinement if they are to support effectiveness 
monitoring and provide feedback to management. 
 
Measure 1-3.1 potentially provides a step towards effectiveness monitoring, if it 
identifies species that have utility for monitoring effects of management practices on 
habitat elements.  However, without clearly identified questions linked to practices, a list 
of species in and of itself is of little value.  The goal is to develop monitoring plans which 
will provide feedback on whether or not management practices are providing the hoped 
for habitat benefits. 
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Triton and Marsh (2004) provide a good starting point for identifying species of potential 
use for effectiveness monitoring, including lichens as well as vertebrate species.  As 
discussed previously in this report, species lists should be further refined by focusing on 
those found in poorly represented ecosystem types, once an ERA is available.  Finally, 
development and prioritization of monitoring questions will need to be undertaken before 
species choices can be finalized and specific monitoring plans developed.  This is best 
accomplished by a working group of licensee forest planners with support by those with 
identified expertise and review of agency partners and PAG members. 
 
Measure 1-3.2 is similar to the goal of the criterion, and not likely feasible as a measure.  
Measures 1-3.3. and 1-3.4 are practical implementation monitoring measures for 
identified species at risk.  These measures may be facilitated by Houde’s (2004) review 
of listed species along with their distribution, habitat use and potential threats, providing 
guidance on developing management strategies for these species in the Quesnel TSA.  
When doing so, managers should be mindful of focusing on endemic species and cautious 
about incorporating peripheral species (Bunnell et al. 2004).  Houde (2004) classifies 
species according to peripheral status, to facilitate such an evaluation. 
 
Implications of Mountain Pine Beetle Outbreak 
For Indicator 3, Bunnell et al (2004a) identify potential threats to species and species 
groups, highlighting woodland caribou, potential impacts on fish habitat, and species 
which may depend on forest interior.  Potential questions for monitoring include: 
 

1. Are songbirds believed to be dependent on forest-interior still present? 
2. Do caribou continue to use lodgepole pine winter ranges after the pine are dead? 
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DISCUSSION 
The monitoring strategy described here is intended to sustain species richness, or put it 
another way, to maintain all species found on a given management unit.  The indicators 
intended to assess success in achieving the goal are inherently species-based, as is the 
associated monitoring strategy.  For Indicator 1, monitoring focuses on ecosystem 
representation, for Indicator 2, habitat elements and types, while Indicator 3 directly links 
with selected species, with careful consideration of monitoring objectives. 
 
The approach is fundamentally premised on monitoring the effectiveness of management 
practices because it is not possible to be certain practices will achieve the stated goal of 
sustaining species richness.  To be credible in the face of uncertainty, an effectiveness 
monitoring approach is necessary.  However, it is not possible nor necessary to monitor 
large numbers of species.  Rather, monitoring carefully selected species for responses to 
specific practices in a well designed manner will provide information and feedback at the 
species level that can help inform and refine practices. 
 
The indicators, measure and targets associated with Criterion 1 currently under 
development for CSA certification on Canfor’s DFA in the Quesnel TSA capture 
elements of the monitoring approach developed by Bunnell et al. (2003).  However, they 
do not yet incorporate the necessary elements of an effectiveness monitoring program.  A 
specific, detailed effectiveness monitoring program will require direct involvement of 
forestry planners and consideration of specific practices at an operational level. 
 
The spatial scale and intensity of the current MPB outbreak mean that impacts of salvage 
operations will be a primary focus of Criterion 1 monitoring in the Quesnel TSA for the 
foreseeable future.  In the short term, monitoring should focus on impacts associated with 
salvage operations on habitat elements, especially riparian habitats with special 
consideration of fish species (Bunnell et al. 2004a).  Caribou and interior songbird 
species are identified as priority species for monitoring (Bunnell et al. 2004a).  In the 
long term, forecasting is required to consider the best approaches to ensure recruitment of 
snags and down wood.  Hardwoods and non-lodgepole pine species will be critical for 
future recruitment.  Finally, ecosystem representation can help identify the ecosystem 
types most effected by salvage, particularly less common and riparian ecosystems. 
 
More generally, the development of an effectiveness monitoring approach can be 
facilitated by the hierarchical nature of the three indicators, by providing focus and 
prioritization of monitoring on ecosystem types and on management practices associated 
with the poorly represented stand types.  This in turn helps focus the specific questions 
and appropriate species and monitoring methods required to answer them. 
 
Because of the large spatial scales associated with ecosystem representation, and the 
range and scope of potential monitoring questions, partnerships among licensees, 
government agencies, researchers and others with identified expertise are required to 
fully realize the potential of the approach. 
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RECOMMENDATIONS 
1.  Refine measures and targets to strengthen linkages to Criterion 1 Indicators. 
Indicator 1: With the completion of an ecosystem representation analysis, appropriate 
measures can be developed for ecosystem representation.  The following examples are 
provided for consideration: 
 
Measure 1 – Ecosystem representation: proportion (%) of ecosystem type in NHLB.  This 
is the core measure of ecosystem representation.  There are no unequivocal targets, 
though many studies suggest that targets in 10-15% range are too low to sustain 
biodiversity.  As a general principle, the lower the representation of an ecosystem group, 
the higher targets should be for Indicator 2, and the greater the emphasis should be on 
effectiveness monitoring. 
 
Measure 2 - Ecosystem rareness: area (ha); proportion (%).  Uncommon or rare 
ecosystems should be identified.  It is not unreasonable to consider full reserve of the 
most uncommon types (which can be very rare).  These can be incorporated into Wildlife 
Tree Patch targets for Indicator 2. 
 
Measure 3 - Special ecosystems (require definition of types):  These would include 
riparian, and other vegetationally distinct types.  Will require local review to identify.  
These can be incorporated into Wildlife tree patch and riparian targets for Indictor 2. 
 
Other measure(s): As noted previously, some consideration should be given to the spatial 
arrangement, and 'nestedness', of ecosystem types to capture ecological gradients that the 
classification would otherwise miss. 
 
Indicator 2:  With the completion of an ecosystem representation analysis, targets for 
indicator 2 measures may be reconsidered to improve retention on stand types found in 
poorly represented ecosystem types, and to lessen emphasis on well represented stand 
types.  Further, uncommon and ecologically unique ecosystem types identified during the 
ecosystem representation analysis can be incorporated into WTP and riparian reserves. 
 
Indicator 3:  Measures linked to effectiveness monitoring should be developed for 
Indicator 3.  Initially, these could be process measures, intended to identify steps towards 
developing an effectiveness monitoring program for Criterion 1.  A key process step 
includes evaluation of forest planning and practices (see Recommendation 2). 
 
 
2.  Undertake an evaluation of Sustainable Forest Management Plans for the DFA to 
identify effectiveness monitoring priorities. 
An effectiveness monitoring program requires a plan to evaluate.  A Sustainable Forest 
Management Plan (SFMP) can provide the best starting point to identify priorities for 
effectiveness monitoring.  Review of practices in the SFMP, and status and trend 
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monitoring of CSA measures (linked to the SFMP) can provide a good basis of 
information to support review of monitoring priorities for Criterion 1. 
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APPENDIX 1:  QUESNEL ECOLOGICAL MATRIX (March 17, 2005) 
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Value Criteria NCSFA Interests Raised 
That Are Represented by 

the Indicator 

Indicators Measures Targets 
(Variance) 

Monitor & Forecast Comments 

Ecologi
cal 

CI. 
Biological 
richness 
and its 
associated 
values are 
sustained 
in the 
defined 
forest area 
(DFA) 

• Measure the amount of 
Ecologicaly Distinct 
Habitat Types 

• Look at the Timber 
Harvesting Land Base 
(THLB) and compare it 
to the Timber Supply 
Area (TSA) and the 
province 

• Look at the amount of 
each ecologically 
distinct habitat type in 
the THLB – and Non 
Harvesting Land Base 
(NHLB).   

1-1. Ecologically 
distinct ecosystem 
groups  are 
represented in an 
unmanaged state in 
the DFA to sustain 
lesser known 
species and 
ecological function. 

1-1.1 A ecosystem representation 
analysis exists that describes 
the number, size and type of 
distinct ecosystem groups in 
both the THLB and NHLB and 
recommends proportion of area 
that should be represented in 
an unmanaged state. 

 
 
 
 
 
1-1.2 Forest Stewardship Plan 

consistency with agreed 
upon representation targets 

 
 
 
 
1-1.3  Interim measure – Percent area 
by old and mature+old seral stage by 
Landscape Unit and BEC subzone for 
the Timber Harvesting Landbase 
within the DFA that is affected by 
forest management 

1 analysis.  (0) 
 
 
 
 
 
 
 
 
100%  (0) 
 
 
 
 
 
Per CCLUP 
biodiversity 
strategy 

 
 
 
 
• Implement analysis in 

mid-2006 following 
completion of PEM 
project 

 
• Ensure FSP report 

format and results 
conforms with above 

 
 
 
• Develop baseline tables 

and charts with maps to 
show spatial implications 
by L.U., NDT, BEC, 
seral stage (old, 
mature).  

 
 
 
 
 
• Identify targets by % and 

short term, long term if 
needed.  

 

PEM uses an 
"enduring features" 
approach -
combinations of 
surficial geology, 
topographic 
variation, and soil 
texture which are 
good predictors of 
the biological 
variability within 
ecosystems. PEM 
is a systematic, 
repeatable 
approach.  
 
 
 
 
 
Look at results of 
2004 Short Term 
Timber 
Assessment report 
and upcoming 
2005 MSRM 
Equivalent 
Excluded Area 
report. Consider 
including 
Biodiversity 
inventory age 
adjustment process 
and forest patch 
analysis. 
 
When research 
data is available 
run variance 
options to reflect 
MPB impact.  
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• Look at habitat 
elements that are the 
most important to 
vertebrates - shrubs, 
deciduous, seral stage, 
riparian areas, downed 
wood, dead and dying.  
Also should include H20 
quality and quantity.  
Need to identify 
baselines. 

• The significance of 
corridors and their inter-
connectivity  

 
 
 
 
 
 
 
 
 
• Maintain biodiversity of 

species 
At this time, we have the 
most information on 
vertebrates so we should 
start with measure for them.  
Could also check with local 
naturalists and use existing 
ministry reports for guidance 

1-2. The amount, 
distribution, and 
diversity of 
terrestrial and 
aquatic habitat 
types elements and 
structure important 
to sustain biological 
richness are 
sustained. 

1-2.1 Dead and/or live standing trees 
on harvested areas in the THLB 
 
 
 
 
 
1-2.2 Stand level retention (eg WTP). 
 
 
 
 
 
1-2.3 Diversity of stand level retention. 
 
 
 
 
1-2.4 Coarse woody debris on 
harvested areas in the THLB 
 
 
 
 
 
1-2.5 Riparian areas in THLB 
 
 
 
1-2.6 Proportion of shrub areas across 
the DFA 
 
 
 
1-2.7 Proportion of deciduous leading 
areas across the DFA 
 
 

# of snags and/or 
live trees/ha where 
prescribed on 
harvested areas 
immediately 
following 
harvesting 
 
100% conformance 
with the current 
district policy 
 
 
 
 
Develop stand level 
retention strategy 
in the FSP.  
  
 
 >4 logs (2m or 
>length with a 
7.5cm or > top) per 
ha  
 
 
 
Riparian strategies 
or standards will 
meet or exceed 
legal requirements. 
 
Track the number 
of hectares in the 
DFA)) 
 
 
Track the number 
of hectares in the 
DFA)) 
 

• Design input form for 
post harvest 
assessment and tracked 
in Phoenix 

 
 
• Tracking WTP’s spatially 

with Phoenix, report by 
L.U. & BEC 

 
 
 
• Measure strategy 

against  district policy 
(which is a result of 
biodiversity guidelines) 

 
• Design input form for 

post harvest 
assessment and tracked 
in Phoenix 

 
 
• TSR reports by stream 

class (S1 – S6) 
 
 
• Report from forest 

inventory file 
 
 
• Report from forest 

inventory file (leading  
species) 

 

PhoenixPro is a 
database and map 
software system 
used to track 
operational 
activities. 
 
 
Current WTP gross 
target 9% of THLB 
volume (4% net). 
 
 
 
 
 
 
 
 
 predict CWD over 
time using TIPSY 
growth and yield 
model 
 
 
 
Measured 
periodically for TSR 
and net down 
applied 
 
 
Data base report 
 
 
 
Data base report 
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1-3. Productive 
populations of 
selected species or 
species guilds are 
well distributed 
throughout the 
range of their 
habitat 

1-3.1 Develop report recommending 
vertebrate species needing monitoring. 
 
 
 
 
 
1-3.2 Recommended vertebrate 
species populations remain viable. 
 
 
 
 
 
 
 
 
1-3.3 Develop Management Strategies 
for identified local Forest Dwelling 
Species at Risk as identified in 
Schedule One of SARA  
 
1-3.4 Percentage of Listed species 
from 1-3.3 management strategies that 
are followed 
 

1 report ( 0) 
 
 
 
 
 
Monitoring plan 
and baseline info 
TBD 
 
 
 
 
 
 
 
1 strategy per 
species (0) 
 
 
100%  (0) 

• Consult with wildlife 
ecologist to develop 
using focal species or 
guild approach 

 
 
• Develop monitoring plan 

with wildlife ecologist – 
link to other monitoring 
activities such as growth 
& yield, silviculture 
treatment, VRI, SIBEC… 

 
• Develop strategic plan 

with wildlife ecologist 
 
• Develop priority list and 

rationale 
 
 
 
 
 

Habitat map to 
follow ERA 
 
 
 
 
 
Discuss with John 
Deal Canfor wildlife 
biologist in Prince 
George. 
 
 
 
 
 
 
Provincial agencies 
looking at Species 
At Risk Act habitat 
implications 
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•  1-4 Water 
resources will be 
sustained  by 
maintaining water 
quality and quantity 

1-4.1 The percentage of Canfor 
stream crossings constructed which 
are planned and installed to design / 
standard. 
 
1-4.2 The amount of sediment entering 
streams due to forest management 
activities will not degrade the aquatic 
environment.  Using the WQCR 
process - the percentage of surveyed 
stream crossings identified with a high 
WQCR rating on forestry roads within 
the DFA for which participants are 
responsible  (*WQCR – water quality 
concern rating) 
 
 
 
 
1-4.3 The percentage of stream 
crossing inspections and their resulting 
mitigation measures completed 
according to schedule. 
 
 
1-4.5 The percentage of temporary 
stream crossings that are removed 
according to standards 
 

100%  
conformance(0) 
 
 
Process to be 
developed and 
implemented 
 
 
 
 
 
 
100%  
conformance (10% 
variance) 
 
 
100%  
compliance…(10) 

• Monitor actions with  
EMS  

 

• Develop and implement 
Principles and User 
Guidelines 

 
• Monitor with EMS  
 
 
 
• Monitor with EMS  
 

Check list and track 
to completion 
 
Borrow process 
from Prince George  
 

see  
http://wlapwww.gov
.bc.ca/wat/wq/BCg
uidelines/working.h
tml#table2 

 
 
 
 
 
 
 

  •  1-5 Government 
designated 
protected areas 
and sites of special 
biological 
significance are 
sustained at the 
site and sub 
regional level 

1-5.1 The percentage and hectares of 
total land-base comprised of 
government designated protected 
areas in the Quesnel District 
 
1-5.2 The  percentage of sites of 
special biological significance are 
managed for within the Forest 
Stewardship Planning process  
 
 
1-5.3 The proportion of forest 
management activities consistent with 
legal objectives and general wildlife 
measures of approved wildlife habitat 
areas, ungulate winter range, caribou 
management areas, and critical fish 
habitat 

I List  (0) 
 
 
100%  (0) of 
discovered and 
documented sites 
 
 
100%  (0) 

• Query from forest 
inventory files 

 
• Known areas will be 

identified and 
considered in FSP. 

 
• Identify in FSP – follow 

FRPA and district policy 
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  • Provincial and Federal 
areas - # of parks 
(identified) / reserves / 
protected areas.  

• Use OGMA and site 
and sub-regional 
information. 

 

1-6 Forest 
management 
activities will 
conserve species 
genetic diversity  

1-6.1 The proportion of seeds for 
coniferous species collected and 
seedlings planted in accordance with 
the current regulation 
 
 
1-6.2 The area that is naturally 
regenerated  
 
 
1-6.3 The amount of natural ingress in 
planted areas will be monitored 

100%  
conformance(0) 
 
 
 
30%  (15%) 
 
 
Monitor trend 

• Tracked in silviculture 
records (currently 
Phoenix) 

 
• Tracked in silviculture 

records (currently 
Phoenix) 

• Tracked in silviculture 
records (currently 
Phoenix), develop query 
to report 

 
 
 

 

  NCSFA Interests Raised 
Not Yet Represented by 

the indicators  

 Comments    

  Invertebrate Species 
Water Quantity, peak flows, 
sediment sources…  
 

  
see Canadian Forest Service, 
Mountain Pine Beetle Initiative 
pfrojects 

   

 


