
 
 
 
 
 
 
 
 
Local Level Indicators for Biodiversity: A preliminary 

evaluation of the Prince George TSA (McGregor Model Forest) 

 

 

 

 

 

 

Ralph W. Wells, Isabelle Houde, Mandy Kellner and Devon Haag. 

 

Report prepared for the McGregor Model Forest Association. 

 

March 31, 2003 

 
 



 1

The biological diversity criterion and three associated indicators discussed here were 
initially developed by Dr. Fred Bunnell and the Weyerhaeuser Adaptive Management 
Working Group (Bunnell et al. 2003).  The rationale is described further for Canfor’s 
TFL-48 (Bunnell 2002), which shares some ecosystem types with the Prince George 
TSA. 
 
 

INTRODUCTION 

This report was undertaken in support of Theme 2 (Local Level Indicators) of 
Program Area 1 (Science and Technology Support for SFM Planning and 
Implementation) of the McGregor Model Forest Phase III Workplan (McGregor 
2002). 
 
We have two objectives for this report.  The first is to describe a set of indicators 
intended to assess the success of forest management approaches to sustain biological 
diversity.  The second is to review and evaluate the application of the indicators as 
part of a monitoring framework for biological diversity in the McGregor Model 
Forest.  This report is intended as an introduction to the approach. 
 
The Model Forest Phase 3 includes the Prince George Timber Supply Area (TSA), 
Tree Farm License (TFL) 30, and associated parks and protected areas (McGregor 
2002).  In this report, we refer to this as the Model Forest or Model Forest study area.  
The Model Forest represents over 7.7 million hectares in the north-central interior of 
British Columbia (McGregor 2002).  Much of this area is in the Prince George TSA 
(over 7.5 million hectares), one of the largest forestry management units in the 
province (BCMOF 2001).  The TSA also has the largest AAC of any management 
unit in the province at over 12 million m3/year1 (Pedersen 2002).   
 
Four forested biogeoclimatic zones (Meidinger and Pojar 1991) are found in the study 
area, including the Interior Cedar Hemlock (ICH), the Sub-Boreal Spruce Zone 
(SBS), Sub-Boreal Pine Spruce (SPBS) zone and the Engelmann Spruce-Subalpine 
Fir zone (BCMOF 2001).  The study area is dominated by the SBS at lower elevations 
and the ESSF at higher elevations (BCMOF 2001).  The area is home to a wide range 
of wildlife, including regionally significant species such as mountain and woodland 
caribou, grizzly bear, mountain goat and fisher (BCMOF 2001). 
 
The study area is currently undergoing a significant Mountain Pine Beetle (MPB) 
outbreak, currently affecting ove r 210,000 hectares in the TSA (BCMOF 2002).  This 
is estimated to increase to over 380,000 hectares over the next 4 to 6 years at current 
rates of spread (BCMOF 2002). 
 
We note that our assessment does not address aquatic ecosystems.  A complete 
strategy to address biodiversity in forested ecosystems will require consideration of 
aquatic as well as terrestrial ecosystems.  Finally, we note that our reviews of projects 

                                                 
1 This AAC reflects a short-term uplift in response to the current MPB outbreak.  The 
long term, sustainable harvest is estimated to be approximately 9 million m3/year 
based on current management objectives (BCMOF 2001). 
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that have occurred or are ongoing in the study area are not intended to be exhaustively 
comprehensive, as that is beyond the scope of this project. 
 
 
 

BIOLOGICAL DIVERSITY CRITERION AND INDICATORS - RATIONALE 

Although they differ somewhat in content, the criterion and indicators for biodiversity 
that we present here are consistent with the Criteria and Indicators (C&I) model of the 
Canadian Council of Forest Ministers Framework (CCFM 1997).  In the CCFM 
Framework (1997), criteria represent goal statements, providing a clear definition of 
what is to be sustained; indicators are intended to assess success in achieving the goal. 
 
The rationale we provide here is a summary of that developed by Bunnell et al. (2003) 
and presented in more detail then our summary in Bunnell (2002). 
 
 
Biological Diversity Criterion:  Biological richness and its associate d values are 
sustained within the management unit (e.g. Prince George TSA). 
 
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 2002; 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). 
 
Success in attaining the biological diversity criterion can be assessed by three 
indicators (Bunnell et al. 2003). 
 
Indicator 1:  Ecologically distinct habitat types are represented in the non-
harvestable land base of the management unit (e.g. Prince George 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 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.  Forest tenures in BC 
typically have 20% to 50% or more of forest in an unmanaged state – values that are 
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comparable to recommendations given in the conservation literature.  Therefore, the 
critical question for monitoring may not be the total amount of unmanaged forest, but 
whether or not most or all ecosystem types are adequately represented in the 
unmanaged landbase 
 
Indicator 2:  The amount, distribution, and heterogeneity of habitat and landscape 
structure 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, 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.  Broadly, habitat structure  falls 
into six general categories (or ‘sub-indicators’): dead and dying wood, coarse woody 
debris, hardwoods, riparian, shrubs and seral stages (Bunnell 1999).  Landscape 
pattern and structure (i.e., edge) 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.   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 2002). 
 
Monitoring Indicator 3 is important for three reasons.  First, we monitor species 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 s ustain the values of biological diversity (Bunnell 1998b).  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, we monitor Indicator 3 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.   
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STEPS FOR IMPLIMENTATION IN THE MCGREGOR MODEL FOREST 

There are four categories of projects that can be undertaken to implement a 
biodiversity strategy based on the three indicators:  species-habitat synthesis, 
assessing current data, assessing current conditions and developing species 
monitoring programs.  We outline the approach for each category for the McGregor 
Model Forest. 
 
 
1. Habitat Synthesis 
 
The habitat synthesis integrates indicators, primarily Indicators 2 and 3.  The 
synthesis might also incorporate Indicator 1, where a species association is found with 
the ecosystem types that are used to evaluate representation.  Key structural 
components and habitat requirements of forest-dwelling species that potentially occur 
in the management area are reviewed and synthesized.  The goals of this type of 
synthesis are: 
 

1.  To identify major structural features of forests that relate directly to biological 
diversity, connect directly with species, and are manipulated by forest 
practices.  This provides information on the kinds, amounts, and heterogeneity 
of forest structures necessary to sustain organisms in the management area 
(Indicator 2).  It also provides indications on the levels of habitat measures 
that appear to become limiting to forest-dwelling organisms (Bunnell et al. 
1999).   

 
2.  To identify the forest-dwelling species that potentially occur in the 

management area, and review their habitat requiremen ts.  This information 
helps evaluate the importance of forest structural attributes in sustaining 
species and biological richness.  For some species of special concern, 
distribution maps may be developed. 

 
3.  To help develop the rationale around each indicato r and sub -indicator.  

Developing indicators and selecting sub-indicators to assess success in 
meeting objectives requires a rationale for each variable.  It is important to 
understand the mechanisms that create predicted outcomes, and to assess the 
feasibility of sampling (Bunnell 2002; Bunnell et al. 2003). 

 
4.  To help set clearly defined objectives.  Efforts to evaluate success proceed best 

through the framework of adaptive management.  This framework must have 
clearly defined objectives in order to be effec tive. 
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Species – Habitat Relationships in the McGregor Model Forest. 
 
Bunnell et al. (1999) undertook a synthesis, based on studies conducted in the Pacific 
Northwest, to summarize the effect of harvesting and stand manipulation on forest 
structure and vertebrate species.  Six key structural elements with which vertebrates 
are likely associated were identified:  dead and dying wood, downed wood, shrubs, 
hardwoods, riparian habitat, and seral stages.   
 
To help illustrate the outcome of a synthesis on biological diversity attributes, we 
produced an example using approximate species richness values for the Model Forest 
area2.  This example is based only on vertebrate species.   
 
 
2.1.1 Dead and dying trees 
Dead and dying standing trees, or snags, provide wildlife with cover and habitat for 
breeding and foraging.  In the Model Forest study area, about 24% of the vertebrate 
fauna uses cavities in dead and dying trees.  These include primary cavity nesters 
(species that excavate their own cavities - mostly woodpeckers) and secondary cavity 
users (species that use cavities already excavated or natural cavities - other birds, bats, 
and some mammals).  Primary cavity nesters are keystone species that excavate holes 
on which other species rely for reproduction and roosting.  In the study area, about 
9% of the species are primary cavity nesters.   This implies that 15% of the vertebrate 
species in the study area depend on these primary excavator species.  Primary 
excavators would be important sub-indicators in a monitoring program for the Model 
Forest (Table 1). 
 
The synthesis allows characterization of preferred trees for excavation.  For example, 
in the Pacific Northwest, conifer trees (>50 cm dbh) would accommodate most bird 
species, but hardwood trees can provide cavities at a younger age and at smaller 
diameters (Bunnell et al. 1999).  Conifer trees are usually harder to excavate and 
decay at a slower rate than hardwoods.  As a result, potential cavity sites occur more 
commonly and at an earlier age in hardwoods than in conifers (Bunnell et al. 1999). 
 
2.1.2 Hardwoods 
Hardwoods also provide foraging sites and substrate for invertebrates and attract 
herbivores that browse on young trees and birds that feed in the canopy.  Bunnell et 
al. (1999) found that the contribution of hardwoods to vertebrate richness was 
disproportionately greater than their relative abundance, suggesting that a major loss 
of hardwood cover would have serious local impacts.  In the study area, about 23% of 
the vertebrate fauna may be affected by reductions in hardwood composition.  
 
2.1.3 Riparian  
Riparian habitats are valuable to wildlife because of their higher productivity, 
frequent disturbance, and greater richness of vascular plants.  Bunnell et al. (1999) 
and Knopf and Samson (1994) suggested that the greater vegetation richness in 
riparian zones appeared more responsible for attracting vertebrate species than did the 
structural diversity.   In the Model Forest, about 48% of vertebrate species are 

                                                 
2  Data for this analysis were provided by the Centre for Applied Conservation 
Research.  
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associates of riparian habitat, and 25% are restricted to riparian vegetation (riparian 
obligates).  Practices in the riparian zone may potentially impact almost half of the 
vertebrate species in the study area. 
 
2.1.4 Shrubs 
Shrubs provide browsing material for ungulates, berries for many species, cover for 
small mammals, and breeding and foraging sites for shrub-nesting birds and 
understory foragers (Bunnell et al. 1999).  In the Model Forest study area, about 18% 
of the birds are shrub nesters; these species primarily use riparian shrubs, rather than 
shrubs found in upland forest openings.  Although shrub nesters respond positively to 
shrub abundance, Bunnell et al. (1999) found no evidence of response from shrub 
nesters to clearcutting of inland forests, indicating that both shrubs and shrub neste rs 
are mostly localized in riparian areas.  Other species associated with shrubs, such as 
ground nesters and understory foragers, respond positively to early seral sites and 
edges. 
 
2.1.5 Seral stages 
In the Model Forest study area, late -successional associates (29%) and generalist 
(44%) species seem most common.  Habitat requirements for generalist species are 
not related to the age of the stand.  Generalist species are less likely to be affected by 
forest practices and about half of generalists respond positively to edges.  In the study 
area, about 19% of the vertebrate species select early-successional habitats (0-25 yrs) 
or large openings, and about 21% show preference for mid-seral stands (25-60 yrs).  
Although mid-seral successional habitat provides the least structural diversity, some 
species of birds seek areas with high and diverse foliage density, often found in mid-
seral forests.  
 
2.1.6 Downed wood 
The size, decay stage, amount and distribution of downed wood provides various 
habitat components to wildlife.  Downed wood may be used as cover, denning and 
nesting sites, or foraging sites where vertebrates feed on fungi, invertebrates, and 
smaller mammals.   Downed wood also contributes to the aquatic habitat of fish and 
amphibians.   In the study area, about 13% of the vertebrate species may respond 
positively to downed wood.  However, past forest practices have reduced current 
downed wood accumulations; if these accumulations of downed wood are not 
replenished, some species will decline in abundance (Bunnell et al. 1999).  
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Table 1.  Percent of vertebrate species in the Model Forest study area associated with 
selected forest components.  Numbers are approximate estimates only. 
 

 
 
2. Assess Existing Data  
 
 
Background 
In order to establish the types and amounts of data available and to identify 
knowledge gaps for the synthesis work, it is necessary to compile local data and 
literature on forest-dwelling species and habitats.  We reviewed information on past 
and present wildlife and habitat research in  the McGregor Model Forest study area.  
Information was kindly provided during discussions with government and private 
biologists and researchers.  This summary is not intended to be a complete review.  
Rather, it aims to identify the majority of projects, with emphasis on larger projects, 
conducted in the study area. 
 
Results 
Information is detailed in Appendix 2.  Although we focused on projects conducted in 
the Canfor SFM planning area, several projects that occurred adjacent to the SFM 
area were included because they likely overlap with and provide information pertinent 
to the Model Forest. For example, the Robson Valley Enhanced Forest Management 
Pilot Project (EFMPP) has supported research on caribou, grizzly bear, mountain 
goats, lichen, and forest structure. There has also been a large lichen project ongoing 
in the north Caribou mountains and the Wells area. 
 
We identified 42 main projects for the Model Forest study area. Several of these also 
had sub-projects and associated reports, resulting in 82 studies or reports. For 
example, the Parsnip Grizzly Bear study had both grizzly and black bear components, 
and had reports for each component. The majority of projects in the SFM area were 
single -species inventory, habitat-use, or other research projects. Nine studies 
investigated habitat attributes (snags, coarse woody debris, late seral forest).  Among 
the species-based studies, 58 investigated vertebrates, 5 looked at invertebrates 
(spruce budworm, weevils and beetles), and 10 examined lichens and fungi (Table 2). 
Overall, 79% of the species -based studies were on vertebrates, 69% of which 
discussed mammals (mostly bears and ungulates). 
 

Total Shr.
1

G
2

E
2

M
2

L
2

Cav.
3

DW
4

Dec.
5

Rip.
6

Amphibians 6 0.0 66.7 0.0 0.0 16.7 0.0 0.0 0.0 83.3
Reptiles 2 0.0 50.0 50.0 0.0 0.0 0.0 0.0 0.0 100.0
Birds 139 18.0 38.1 20.1 26.6 32.4 24.5 3.6 27.3 46.8
mammals 51 2.0 56.9 17.6 7.8 23.5 25.5 41.2 13.7 45.1
Total 198 13.1 43.9 19.2 20.7 29.3 23.7 13.1 22.7 48.0
1 Birds that are shrub nesters; Ehrlich et al. (1988); Campbell et al. (1990 a, b, 1997).

3 Cavity users; includes Primary and weak cavity Nester, and secondary Cavity users.
4  Species that use downed wood for roosting, nesting, or foraging..
5 Dec=Species strongly associated with deciduous.
6
 Rip=Riparian obligates and associates.

2 G =Generalist species, showing little response to seral stage; species favored by particular seral stages are designated "E"(early), 
"M"(middle), and "L"(late).
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Table 2. Number of studies/ reports on species in the Canfor SFM planning area and 
adjacent to the area.  
 
Non vertebrates 

(10 or 14%) 
Invertebrates         

(5 or 7%) Vertebrates  (58 or79%) 

Lichen Fungi Spruce 
Budworm  Others Amphibans & 

Reptiles Birds Mammals Vertebrates 
general 

9 1 3 2 2 15 40 1 

     Song birds (7) Caribou (14)  
     Cavity users (4) Bear (10)  
     Eagle/ Osprey (2) Moose (8)  
     Grouse (1) Small mammals (4)  
     Waterfowl (1) Bats (3)  
      Deer/ Elk (2)  
      Mountain goat (1)  
      Marten (1)  

 
 
Species projects 
The Parsnip Grizzly-Bear study is a large, multi-year project looking at population 
dynamics, habitat use, and human impacts in the Parsnip area. Black bear work has 
also been done on this project. Other grizzly bear projects have occurred in the 
Bowron valley and Finger/Tatuk area. At least 7 caribou inventory, ecology, and 
habitat use projects have looked at the different woodland and northern caribou herds, 
and there are several additional ungulate winter-range and habitat use studies. Other 
research projects include investigations into reducing the use of road-side corridors by 
moose, and the effects of herbicide treatments on small mammal populations, as well 
as marten research in TFL30, a spruce-grouse project in the Willow/Bowron, and a 
black-capped chickadee project at UNBC.  
 
A multi-species inventory project in the Vanderhoof area assessed coarse woody 
debris, wildlife trees, songbirds, owls, and small mammals, as well as use of coarse 
woody debris and wildlife tree resources. Work has also been done in the John Prince 
Research Forest on use of wildlife tree patches. There have been inventory-type 
projects done for songbirds (McGregor Model Forest), general wildlife (Upper 
Fraser), herpatiles (Prince George), bats (Prince George Forest District), beetles (Fort 
St. James), waterfowl (Vanderhoof), raptors (Vanderhoof), and primary cavity-nesters 
(Willow and Salmon drainages). There are 2 inventory projects, one on lichen and one 
on birds, which looked at species in relation to stand age.  
 
There is one ongoing forest structure / habitat project in the area. The Northern Wet-
Belt Silvicultural Systems Research project at Pinkerton Mountain (Stevenson et al. 
1999) examines the silvicultural and wildlife-habitat effects of partial-cutting, 
including impacts on CWD, wildlife tress, stand structure, and lichen communities.  
 
Though this is not a comprehensive review, our results suggest that studies in the 
Prince George Region focused mostly on large mammal taxa.  Other species play 
important ecological roles in the forest ecosystem (e.g., keystone species, nitrogen 
fixing species), and appear to have been poorly studied in the area.  For example, only 
one study investigated primary cavity excavators.  This is an important gap, knowing 
that about 14% of the vertebrate species in the Prince George Region are secondary 
cavity users and depend on primary excavators for nesting and roosting 
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3. Assess current conditions 
 
Existing information may be used in various ways to assess current conditions.  
Reserve areas should be evaluated for ecological value (Indicator 1), attributes of 
biological diversity (Indicators 2 & 3) should be reviewed and synthesized, and 
existing data and knowledge gaps should be identified.  Such information helps with 
identification of the landscape characteristics and structural attributes that are 
necessary to maintain populations of species and biological diversity. 
 
Ecological representation analysis (Indicator 1) 

Ecological representation is intended to assess how well ecosystem types are 
represented in the unmanaged landbase (Bunnell 2002).  Representation is based on 
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.. 
 
A representation ana lysis can do three things.  First, it can identify some types that 
have minimal representation and could be priorities for locating late seral reserves.  
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). 
 
We based our assessment on the landbase definition from the recent Prince George 
TSA timber supply review (BCMOF 2001).    We evaluated ecological representation 
at the BEC variant level for the Prince George TSA. We also compared the proportion 
of BEC variants found in the TSA to their provincial extent (one can consider the 
higher the proportion of variant in the TSA, the higher the local responsibility for 
management for  conservation of biological richness). 
 
For BEC variants where the provincial extent in the Prince George TSA was greater 
than 10%, representation of productive crown forest ranged from 21% to 89% in the 
NHLB (Figure 1; Appendix 1).  We consider representation for the remaining variants 
to be uncertain, since most of their area exists outside the TSA.  Variants for which 
representation is lowest and responsibility is highest are candidates for prioritising 
habitat management goals (for example, habitat elements discussed in Indicator 2).  
By these criteria, the SBSwk3, mc3 and dw2 rank as highest priority for the Prince 
George TSA. 
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Figure 1.  Percent NHLB and percent of provincial extent for BEC variants with >10% of 
provincial occurrence in the PG TSA (see Appendix 1 for complete listing).  Data 
provided by MSRM (Traci Leys -Schirok p. comm.). 
 
A pilot representation analysis has been undertaken for TFL 30 (FES 2003).  This 
analysis used ecosystem types that were developed by grouping BEC site series based 
on shared vegetation communities.  This approach is considered to better capture the 
range of ecosystem types than the coarser variant level of classification.  The TFL 30 
analysis can be considered a pilot for a larger project for the Prince George TSA.   
 
To undertake a representation analysis, three components are required: ecosystem 
definitions, landbase netdown (includes definitions of both the timber harvesting and 
non-timber harvesting landbases) and ecosystem mapping.  The primary steps 
required to evaluate ecosystem representation are as follows (see Huggard 2000 and 
FES 2003 for details): 
 
1.  Ecosystem groupings. 
Ecosystem classification is required to undertake a representation analysis.  We 
recommend ecosystem classes based on site series groupings.  A draft set of site series 
clusters have been developed for TFL 30 and recommendations have been developed 
for scaling groupings up to the TSA (FES 2003). 
 
2.  Landbase netdown (NHLB/TLHB definition). 
A definition of the non-harvested (NHLB) forested landbase is required to evaluate 
ecosystem distribution in the NHLB.  Landbase netdown databases for current 
practices (TSR2) are available for the Prince George TSA (Traci Leys -Schirok p. 
comm.) and TFL 30 (Bill Wade p. comm.).  Some changes to the netdown process are 
required for representation purposes.  For example, roads, landings and trails are 
typically included in the NHLB in timber supply netdowns (BCMOF 2001), but 
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should not be included in the NHLB for representation purposes.  More examples are 
discussed in FES 2003. 
 
3.  PEM mapping. 
Predictive ecosystem mapping (PEM) is required to map the distribution of ecosystem 
groups in the NHLB and THLB.  PEM is available for TFL 30 and the Vanderhoof 
District, and PEM mapping development is planned for the remainder of the Prince 
George TSA (Joe Kavanagh p. comm.). 
 
 
Indicator 2. 

A number of initiatives relevant to Indicator 2 are underway in the study area, and for 
four sub-indicators in particular: dead and dying wood, coarse woody debris, 
hardwoods and late seral.  The University of Northern British Columbia, in 
partnership with Canfor Ltd, is developing snag and coarse woody debris 
management and mixedwood strategies for the Prince George TSA (UNBC 2003a, 
2003b).  The approaches that are outlined in the strategy documents are very 
compatible with the approach we discuss in this report, and represent substantial 
progress on some of the steps we outline.  For example, the snag management strategy 
document includes a bibliography of local data and knowledge associated with snag 
management (UNBC 2003a).  There is a long-term commitment to develop and 
implement the snag and hardwood strategies (Patience Byman p. comm.).  We also 
note that a recent workshop (NIVMA/NSC 2002) was organised to review 
management for wildlife trees and coarse woody debris. 
 
Late seral objectives are currently under development by a Landscape Objective 
Working Group (Judy Vasily p. comm.).  Landscape targets based on the evaluation 
of natural ranges of variability (NRV) in the region (Delong 2002) have been 
proposed, and are currently under evaluation for BEC variants in the Prince George 
TSA (Craig Delong p. comm.).  Canfor Ltd is also implementing landscape patch 
targets on their management areas in the TSA as a component of their certification 
objectives (Wade 2002).  These targets are also based on evaluation of NRV by 
Delong (2002). 
 
We did not observe specific management strategies or broad evaluations of two other 
sub-indicators (riparian and shrubs).  In particular, mapping or management 
objectives related to terrestrial riparian habitat do not appear to exist.  However some 
initiatives are relevant.  In particular, data acquired from the Northern Interior 
Vegetation Management association (NIVMA) permanent sample plots will likely 
prove invaluable for evaluating the status of understory vegetation relative to current 
or proposed management practices. 
 
 
Modeling strategy 

Modeling is required to evaluate the long-term landscape effects of management 
strategies and natural disturbance events (e.g., current MPB outbreak) on biodiversity 
indicators.  In particular, modeling projects should be considered to assess landscape 
effects on the snag and shrub sub-indicators.  Where good species-habitat relations 
have been developed, modeling can be used to estimate potential impacts on species.  
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These species-level evaluations can support the development of field-based 
monitoring studies by identifying potential impacts of management on habitat. 
 
We note that a Forest Innovation Investment (FII) proposal is being developed to 
model landscape level effects of management and natural disturbance on snags in the 
Model Forest study area (Craig Delong p. comm.).  We believe this proposal should 
be considered a high priority for assessing the status of Indicator 2 (see 
recommendation section, below). 
 
 
Mountain Pine Beetle 

The current mountain pine beetle outbreak has significant short and long-term 
implications for the biodiversity indicators we present in this report.  In the short term, 
snag recruitment of pine will be substantial for the affected stands.  Even after 
salvage, significant amounts of snags are expected to remain on the landscape because 
of inaccessibility and the size and rate of spread of the outbreak.  However, it is 
possible that salvage efforts will result in significant harvesting on some poorly 
represented ecosystem types.  Where representation analyses are undertaken, 
evaluation of salvage harvesting on representation should be considered.  
 
In the long term, seral stage and snag distributions will be substantially shifted in the 
affected areas.  Modeling efforts can allow evaluation of the long-term landscape 
level implications of the MPB outbreak on seral stage distributions and snags. 
 
 

 
4.  Monitoring Biological Richness: Indicator 3. 
 
Adaptive management involves using new information to improve practices and to 
better achieve management goals.  It revolves around setting objectives and 
determining whether or not these objectives have been met.  Monitoring is the basis of 
any assessment of success in meeting objectives, and is hence 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 
conservation biology, there is no way to determine whether conservation-oriented 
management strategies are effective without rigorous monitoring.   
 
The main steps necessary to design and incorporate a monitoring program into an 
adaptive management plan include:  
 

1.  Assessment of current conditions (see steps 2 and 3 in this report).  Establish 
what we know (existing data), and what we don’t know (knowledge gaps). 

 
2.  Identification of best management practices and management objectives.  

Objectives must be clear.  They are important to help define the monitoring 
questions and select adequate measures.  Without clear objectives, the rest of 
the adaptive management process will be clouded with uncertainty (Noss and 
Cooperrider 1994).  
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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.  We must prioritize monitoring questions and data 
collection 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 indicators 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 (Robinson 2002;  CMFN 2000;  Kneeshaw et al. 2000;  Ferris 
and Humphrey 1999).   

 
6.  Selection of monitoring scale and adequate methods.  There are various levels 

of ecological organization (landscape, stand, species, genetic), and species 
respond to factors at multiple spatial scales (Gaineset et al. 1999) .  
Maintaining biological richness will require maintaining habitat across the full 
range of spatial scales, using several strategies at various scales concurrently 
(Lindenmayer and Franklin 2002).  

 
7.  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). 
 
 
 

NEXT STEPS FOR THE PRINCE GEORGE TSA 

We offer the following recommendations for implementing a biodiversity strategy in 
the McGregor Model Forest based on the three biodiversity indicators.  In general, we 
recommend continuing progress in the four categories we outline in our report.  In 
particular, continue the development of ecosystem representation evaluation, based on 
the pilot analysis undertaken on TFL 30.  We support the management strategies 
being developed in the Prince George TSA for snags, hardwoods and old seral.  
However, we recommend that the results of ecosystem representation analysis be 
considered when management objectives are being developed for these sub-indicators.  
For example, management objectives for snags or late seral should be developed for 
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poorly represented ecosystem types.  The development of management strategies for 
two additional sub-indicators (riparian and shrubs) of Indicator 2 should also be 
considered.  Continue to evaluate data and knowledge gaps and prioritise future 
studies.  Finally, development of a monitoring strategy should be a priority.  
 
We offer the following specific recommendations: 
 
Indicator 1 

• Continue development of site series clusters based on recommendations in 
found in FES (2003). 

• Consider undertaking a representation analysis for the Vanderhoof Forest 
District, where PEM has been completed. 

• Continue Predictive Ecosystem Mapping (PEM) for the TSA, to allow for 
mapping of site series-based ecosystem groups. 

• Evaluate ecosystem state (e.g,. seral stage distributions, snags within 
ecosystem groups) to link representation results with Indicator 2 objectives. 

 
 
Indicator 2 

• Develop mapping and inventory of terrestrial riparian habitat. 
• Evaluate long-term implications of management and natural disturbance (the 

MPB outbreak in particular) on seral distributions and landscape level snag 
distributions. 

• Evaluate current and proposed stand tending management strategies on 
understory vegetation (shrubs and herbs). 

 
 
Indicator 3 

• Complete the compilation of local studies and existing data on forest-dwelling 
species to properly identify knowledge gaps (e.g., cavity nesting birds). 

• Start synthesis of habitat and species relationships. 
• Develop maps of species ranges within the study area. 
• Prioritise studies to investigate different forest-dwelling species of vertebrates 

(besides bears and ungulates).  We encourage studies on cavity nesting species 
- in the study area, about 23% of the vertebrate species are cavity users; we 
found only 1 study on primary cavity excavator species. 

• Investigate groups of non-vertebrate species with important ecological 
functions in forested habitats (e.g., lichens and by).   

 
 
 



 15

 

ACKNOWLEDGEMENTS 

We gratefully acknowledge the financial support of the McGregor Model Forest 
Association.  We thank Dave Harrison and Bill Wade of Canfor for their support and 
encouragement in undertaking this project.  Traci Leys -Schirok and Frank Spears of the 
B.C. Ministry of Sustainable Resource Management kindly provided us with spatial data 
for the representation evaluation.  Many individuals took time for discussions related to 
this project.  Though we cannot list them all here, we wish to thank them for their 
contribution to this report.  Database for species synthesis example was kindly provided 
by the Centre for Applied Conservation Biology.  The concepts presented in the rationale 
section of this report were originally developed by the Weyerhaeuser Adaptive 
Management Working Group. 
 
 
 

LITERATURE CITED 

Brodo I. M., S. Sharnoff, and S. D. Sharnoff.  2001.  Lichens of North America. Yale 
University Press, New Haven and London.   

 
Bunnell, F.L.  1997.  Operational criteria for sustainable forestry: focusing on the essence.  

Forestry Chronicle  73:679-684. 
 
Bunnell, F.L.  2002.  Establishing objectives and evaluating success.  Chapter 2 in  

Sustaining biological diversity on TFL-48.  Review draft prepared for Canfor TFL-48.  
Chetwynd, B.C. 

 
Bunnell, F.L.  1998a.  Setting goals for biodiversity in managed forests.  Pp. 117-153 in  

F.L. Bunnell and J.F. Johnson (eds).  Policy and practices for biodiversity in managed 
forests:  The living dance.  UBC Press, Vancouver, B.C. 

 
Bunnell, F.L.  1998b.  Overcoming paralysis by complexity when establishing operational 

goals for biodiversity.  Journal of Sustainable Forestry 7:145-164. 
 
Bunnell, F.L. and L.L. Kremsater.  1990.  Sustaining wildlife in managed forests.  

Northwest Environmental Journal 6:243-269. 
 
Bunnell F.L., B.G. Dunsworth, D,J, Huggard, and L.L. Kremsater.  2003.  Learning to 

sustain biological diversity on Weyerhaeuser’s coastal tenure. The Forest Project, 
Weyerhaeuser, Nanaimo, BC. 

 
Bunnell, F.L., L.L. Kremsater and E. Wind.  1999.  Managing to sustain vertebrate 

richness in forests of the Pacific Northwest: relationships within stands. 
Environmental Review 7: 97-146. 

 
British Columbia Ministry of Forests.  2001.  Prince George Timber Supply Analysis 

Report.  Victoria, B.C. 
 



 16

British Columbia Ministry of Forests.  2002.  Prince George Timber Supply Area Public 
Discussion Paper: Information about a proposed temporary allowable annual cut 
increase due to mountain pine beetles.  Victoria, B.C. 

 
Canadian Council of Forest Ministers.  1997.  Criteria and indicators of sustainable forest 

management in Canada: Technical report.  Canadian Forest Service, Natural 
Resources Canada. 

 
Canadian Model Forest Network.  2000.  A user's guide to local level indicators of 

sustainable forest management: Experiences from the Canadian Model Forest 
Network. Natural Resources Canada - Canadian Forest Service. 265 pp. 

 
Delong, C.  2002.  Natural Disturbance Units of the Prince George Forest Region: 

guidance for Sustainable Forest Management.  Ministry of Forests.  Prince George 
Forest Region.  Prince George, B.C. 

 
Ferris, R. and J.W. Humphrey.  1999.  A review of Potential Biodiversity Indicators for 

Application in British Forests. Forestry 72(4): 313-328. 
 
Forest Ecosystem Solutions (FES) Ltd.  2003.  Ecosystem Representation in the Non-

Harvestable Land Base of TFL 30.  Contract Report Prepared for Canadian Forest 
Products Ltd. March 31, 2003. 43 pp.  

 
Franklin, J.F.  1993.  Preserving Biodiversity: species, ecosystems or landscapes? 

Ecological Applications 3: 202-205. 
 
Gaines, W.L., R.J. Harrod and J.F. Lehmkuhl.  1999.  Monitoring biodiversity: 

Quantification and interpretation.  USDA general Technical Report PNW-GTR-443. 
 
Huggard D.  2000.  Ecological Representation in the Arrow IFPA Non-harvestable 

Landbase.  Prepared for Arrow IFPA, Slocan, BC. 
 
Kneeshaw, D.D., A. Leduc, P.Drapeau, S. Gauthier, D.Pare, R.Carignan, R. Doucet, L. 

Bouthillier and C. Messier.  2000.  Development of integrated ecological standards of 
sustainable forest management at an operational scale. The Forestry Chronicle 76(3): 
481-493. 

 
Knopf F.L., and F.B. Samson.  1994.  Scale Perspectives in Avian Diversity in Western 

Riparian Ecosystems. Conservation Biology 8:669-676. 
 
Lindenmayer, D.B.  1999.  Future directions for biodiversity conservation in managed 

forests: indicator species, impact studies and monitoring programs.  Forest Ecology 
and management 115: 277-287. 

 
Lindenmayer D.B. and J.F. Franklin.  2002.  Conserving forest biodiversity: A 

comprehensive multiscaled approach. Island Press, Washington, DC. 351 p. 
 
Lindenmayer, D.B., C.R. Margules and D.B. Botkin.  2000.  Indicators of biodiversity for 

ecologically sustainable forest management.  Conservation Biology 14: 941-950. 
 



 17

Margules, C.R. and R.L. Pressey.  2000.  Systematic conservation planning.  Nature 405: 
243 – 253.  

 
McGregor Model Forest.  2002.  Evaluation and Performance Management Framework 

Phase 3.  Management report.  Prince George, B.C. 
 
Meidinger, D. and J. Pojar (eds.).  1991.  Ecosystems of British Columbia.  B.C. Ministry 

of Forests, Research Branch Special Report, Series 6.  Victoria, B.C. 
 
Northern Interior Vegetation Management Association/Northern Silvicultural Committ ee.  

2002.  Winter workshop: Optimising wildlife trees and coarse woody debris retention 
at the stand and landscape level.  January 22-24, 2002.  Prince George, B.C. 

 
Noss, R.F. and A.Y. Cooperrider.  1994.  Saving natures legacy; protecting and restoring 

biodiversity. Island Press, Washington, D.C. 416p. 
 
Pederson, L.  2002.  Prince George Timber Supply Area: Rationale for Annual Allowable 

Cut (AAC) Determination.  Victoria, B.C. 
 
Robinson, N.  2002.  Criteria and Indicators for Sustainable Forest Management.  

Extension Note 2 prepared for the Arrow Innovative Forest Practices Agreement.  
Slocan, B.C. 

 
Stevenson, S.K., M. Jull and D.S. Coxson.  1999.  Selection silvicultural systems in the 

mountain caribou habitat: logging and learning at Pinkerton Mountain.  Forest 
Research Note.  B.C. Ministry of Forests. Prince George, B.C. 

 
Thomas, J. W., R. G. Anderson, C. Maser and E. L. Bull.  1979.  Snags. Pp. 60-77 in  J. 

W. Thomas (ed.). Wildlife Habitats in Managed Forests: The Blue Mountains of  
Oregon and Washington. USDA Forest Service Agriculture Handbook #553 

 
University of British Columbia.  2003a.  Strategic Plan for identifying and maintaining 

snags in managed stands in the Prince George TSA.  Report prepared for Canfor Ltd.  
Prince George, B.C. 

 
University of British Columbia.  2003b.  Strategic Plan for Sub-Boreal Mixedwood 

Forests of the Prince George TSA.  Report prepared for Canfor Ltd.  Prince George, 
B.C. 

 
Wade, B.  2002.  Sustainable Forest Management Plan.  Canadian Forest Products Ltd.  

Fort St. James and Prince George Operations.  Prince George, B.C. 
 
 



 18

Appendix 1.  Ecosystem representation of BEC variants in the Prince George TSA.  
Data provided by MSRM. 
 

BEC variant Total Area (ha) % NHLB % of BC 
BWBSdk 1  63,189 24.0% 2.0%
ESSFmc 200,045 63.3% 33.6%
ESSFmm 1 1,664 99.9% 0.6%
ESSFmv 1  157,318 27.6% 95.1%
ESSFmv 2  9,227 100.0% 1.8%
ESSFmv 3  442,390 40.9% 43.4%
ESSFwc 3 126,678 89.6% 1.1%
ESSFwk 1 143,235 45.0% 31.8%
ESSFwk 2 222,184 78.8% 41.2%
ESSFwv 28,803 66.2% 2.9%
ESSFxv 1 1,394 37.2% 0.4%
ICH mc 1 12,161 47.1% 2.8%
ICH vk 2 144,146 48.8% 100.0%
ICH wk 3 26,780 30.7% 28.7%
MS  xv 3,806 19.8% 0.4%
SBPSmc 46,124 71.7% 21.0%
SBS dk 187,477 30.1% 30.8%
SBS dw 1 9,107 75.1% 8.6%
SBS dw 2 165,914 21.9% 40.1%
SBS dw 3 598,336 30.0% 100.0%
SBS mc 2 411,411 26.3% 21.1%
SBS mc 3 211,086 20.9% 98.3%
SBS mh 6,118 88.7% 28.3%
SBS mk 1 888,496 26.6% 82.0%
SBS mw 49,323 50.4% 27.9%
SBS vk 263,760 40.8% 95.3%
SBS wk 1 451,525 31.4% 80.3%
SBS wk 3 347,693 20.8% 90.6%
SWB mk 43,266 63.8% 1.2%

 
 



 19

Appendix 2:  Main projects conducted and data collected on forest-dwelling species 
and associated forest habitat in the Prince George Region. 


