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Abstract:  This projected developed and tested cost-effective means of coarse-filter analysis of the 
impacts of forest planning and practice on sustaining biodiversity.  The primary focus was vertebrates, but 
non-vertebrates were included to the extent that data permitted.  The project itself was limited to three 
Canfor divisions in northeastern BC but the methodology has since been applied to southeastern and 
coastal tenures.  Two broad methodologies were developed.  The first assigns species to monitoring 
groups within the Species Accounting System; the second is the coarse-filter analyses themselves.  
These are described separately in Methods.  In each case the objective was to rely on widely-available, 
map-based data to the extent possible.  That has the advantages of being inexpensive and applicable to 
any tenure in the province.  These methodologies yield 3 significant outcomes: 1) they permit 
recommendations that will improve forest planning and practice, 2) they expose inadequacies or 
omissions in SFM plans that provide focus to implementation and effectiveness monitoring so that 
monitoring is cost-effective and informative, and 3) they reveal inadequacies in current monitoring 
approaches that require strengthening and permit ranking of priorities for improvement.  Examples are 
provided in Results.  The approach has been applied to high priority species within three DFAs (funded 
by FIA).  One major product is a conservation framework that can be applied regionally (across DFAs) 
that focuses resources on potential solutions, and provides credibility to the management plan where 
credibility is warranted. 
 
 
Introduction 
The practice of forestry to sustain all values potentially provided by forests is one of humanity’s most 
complex undertakings.  Attempting to devise planning and practice that sustains biodiversity is particularly 
complicated, because large portions remain poorly understood.  There are two broad barriers to 
developing credible, cost-effective ways of evaluating effectiveness of forest management practices at 
sustaining biological diversity.  The first is the fact that forest is planned and implemented over large 
areas and long periods, thus changing habitat in a large spatial and temporal domain.  The second is that 
biodiversity encompasses an enormous variety of responses to these changes in habitat.  The most 
comprehensive approach to evaluating effectiveness of forest management practices at sustaining 
biological diversity in British Columbia was initiated by MacMillan Bloedel and continued by 
Weyerhaeuser and Western Forest Products in coastal forests.  Similar projects in western North 
American have either focused on a more circumscribed part of forest planning and practice (e.g., Aubry et 
al. 2004; Schmiegelow et al. 1997; Vyse et al. 1998), or their scope has been determined by regulation.  
For example, the US Endangered Species Act or the survey and manage approach of the Northwest 
Forest Plan (Molina et al. 2006).  Still other projects have attempted a broad assessment of trends in 
multiple species, such as the Alberta Biodiversity Monitoring Program (ABMP) and the Finnish Wildlife 
Triangles (ABMP 2005; Pellikka et al. 2005).  
 
Relatively early in the coastal work initiated by MacMillan Bloedel, it became apparent that some way of 
accounting was needed for where and when in the large spatial-temporal domain of forest practices 
habitat for a given species would be available (Bunnell and Dunsworth 2009).  The need was captured 
under the term ‘species accounting system’ and work developing it was funding by the Forest Sciences 
Program, initially through Y051045-Y073045.  This project continued its development, application and 
testing.  The Species Accounting System is helpful but insufficient.   Ways were needed to assess current 
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effects of forest planning and practice on a wide range of species and also effects as these appeared 
likely to occur in the future.  Developing means of coarse-filter analysis of the impacts of forest planning 
and practice on sustaining biodiversity became the primary focus of this project.   
 
 
Methods 
There are two broadly different methodologies within this project, reflecting the two major thrusts: 1) the 
Species Accounting System that provides focus to the analyses, and 2) the coarse-filter analyses 
themselves.  This summary of the Species Accounting System as applied in northeastern British 
Columbia draws on the description provided by Bunnell et al. (2009a).  The three Canfor tenures in 
northeastern British Columbia are TFL 48, Fort St. John TSA and Fort Nelson TSA.  Together with 
smaller intervening areas they encompass about 18 million ha in the northeastern corner of the province.  
The Species Accounting System (SAS) acknowledges the complexity and the high costs of monitoring by 
creating a self-correcting1 system that adds detail as detail appears required.  As presented here, the 
system treats terrestrial vertebrates and is being expanded to include non-vertebrates to the extent 
possible.  Examination of the species groups below indicates that these groups are applicable to many 
species other than vertebrates (see Kremsater and Bunnell 2009).  The system itself is intended to:   
 

1) estimate approximate amounts and location within a DFA of suitable habitat for all2 forest-
dwelling vertebrates; 

2) permit ‘scaling up’ of monitoring findings over an entire DFA, providing estimates of the amount of 
suitable habitat, including where and when, over the entire area; 

3) provide credence to indicators assessing ecosystem representation and habitat by evaluating 
species associations with those measures; 

4) provide trend estimates for species (as data are accumulated); 
5) focus more expensive effectiveness monitoring on areas of greatest uncertainty; and 
6) be self-correcting thereby increasing the credibility of the system as data are acquired.  

 
The approach assigns species to the least costly form of monitoring appropriate to the species’ natural 
history.  The accounting system incorporates five groups of species determined by their response to 
forest practice and their accessibility to monitoring.  The five monitoring groups are: 
 
Group 1 – generalists, species that inhabit many habitat types (several respond positively to forest  
                 practices); 
Group 2 – species that can be statistically assigned broad habitat types as defined within VRI, (e.g. young  
                 hardwoods, older conifer stands); 
Group 3 – species with strong dependencies on specific habitat elements (e.g. snags or understory), so  
     can be useful in effectiveness monitoring; 
Group 4 – species restricted to specialized and highly localized habitats; and 
Group 5 – species for which patch size and connectivity are considered important.  
 
Developing credible assignments of species to these groups has the compelling advantages of including 
all forest-dwelling vertebrates and associating species with the least costly form of monitoring.  Once 
there is confidence in the assignment of species to groups, focal species can be selected that are most 
informative for particular questions about the impacts of forest practices.  Assignments of species to 
accounting groups are summarized for all three DFAs in Appendix 1 of Bunnell et al. (2009b). 
 
Boundaries between classes are necessarily arbitrary and influenced by natural history features (primary) 
and the approach to monitoring (secondary).  Membership is based on available local data and 
assessment by experts.  All vertebrates believed present within each DFA are included, with emphasis on 
those that are forest dwelling.  The monitoring design must include the ability to continually inform 

                                                             
1
  This is not self-correcting like a self-cleaning oven; effort is required to update the system on the basis of new data as it is 

acquired.  The format of the system, however, encourages and permits correction. 
2
 Group 4 species are an exception because their habitat is too finely discriminated to be included in GIS layers.  For these species 

specifically designed guidelines are created so appropriate action can be undertaken when that habitat is encountered in the field. 
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assignment to groups (i.e., improve the efficiency of monitoring) while evaluating success in meeting the 
goal of sustaining native species richness.  By including BEC variants in the monitoring design it is easier 
to evaluate which species are accommodated within the non-harvestable land base (NHLB) and to focus 
monitoring where it is most informative.   
 
Groups are often accompanied by modifiers.  These are summarized in Table 1.  Statistical tests could be 
applied only to habitat types derived from VRI (shaded types of Table I).  Tests were applied to both VRI 
and BEC variant and are based on observed versus expected values for individual types or BEC variant 
using the Bonferroni correction.  Water was classified then removed from statistical tests because it was 
not sampled directly.  For TFL 48, Fort St John TSA and Fort Nelson TSA potential associations with 9 
VRI classes are reported.  One potential refinement we evaluated was discrimination between conifer- 
and hardwood-leading in young and old mixed wood.  Fewer statistical associations were documented 
with that discrimination than without it (e.g., 352 versus 504 for Fort St John), so we employed the nine-
class system that permitted more statistically significant associations.  Tests are reported for 7 years of 
data from TFL 48, 4 years from Fort St John and 3 years of data from Fort Nelson.  Current observations 
suggest that with further data from Fort Nelson TSA, greater statistical distinction between hardwood- and 
conifer-leading mixed wood will be apparent.  Tests are possible only for bird species, because only birds 
were sampled by a design permitting testing.  Observations for other groups are based on opportunistic 
sampling and literature.   Because DFAs encompass different variants, analysis permitted testing of 
different variants within DFAs: 
TFL 48:  5 variants – BWBSmw1, BSBSmwk, ESSFmv2, ESSFmk2, SBSwk2  
Fort St John TSA:  6 variants – BWBSmw1, BWBSmw2, BWBSwk2, ESSFmv4, SWBmk, SWBmks 
Fort Nelson: 3 variants – BWBSmw2, BWBSdk2, SWBmk 
 
Table 1.   Groups and their modifiers as used in the Species Accounting System.  Groups shaded gray 
were tested statistically from data collected on site (as were many of those designated generalist or 2:all). 
 
 
Group 

Group 
Modifier 

 
Description 

1 Forest type generalist various Uses habitat type modifier when species occurs commonly in that habitat 
2 Habitat type; most 
often forested1 

NV Non-Vegetated upland: less than 5% vegetation cover; includes roadsides, oil and 
gas developments (excludes lakes, rivers and ponds) 

 NT Non-treed upland or wetland : less than 10% tree cover; includes tundra, wetland, 
and other sparsely treed sites such as non-commercial brush (NCBR)  

 RD Recent Disturbance: 0 to 30 yrs old; too early in succession to classify confidently 
as mixed wood, hardwood- or conifer- leading 

 H1 Young Hardwoods: 31 to 90 yrs old; at least 75% hardwood 

 H2 Old Hardwoods: >90 yrs old; at least 75% hardwood 

 MW1 Young Mixed Wood: 31 to 90 years old; neither hardwoods nor conifers attain 
75% 

 MW2 Old Mixed Wood: >90 yrs old; neither hardwoods nor conifers attain 75% 

 C1 Young Conifers: 31 to 140 yrs old; at least 75% conifer 

 C2 Old Conifers: >140 yrs old; at least 75% conifer 

 open Open areas of low vegetation, may only be a single tree present 

 R Riparian forest - streams, lakes and rivers; not wetlands  

 all uses All forested types, but little NT or NV 

3 Habitat elements c Cavity sites are critical 

 dw Down Wood large pieces are critical 

 r strong affinity for Riparian of streams, rivers and larger lakes (>5 ha) 

 u Understory, often shrubs, is critical 

 w strong affinity for Wetlands or small lakes (<5 ha) 

4 Localized habitats various Habitat modifier indicates generic constraints 

5Distribution important various Uses habitat type modifier when species occurs commonly in that habitat 

6  Non-forested a Alpine, including subalpine and forest-tundra ecotone  
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 cl Cliffs or banks 

 gr Grasslands 

 isl Islands, may not be vegetated 

 mm Man-made – includes buildings as well as agricultural habitats 
1 Water was classified, but because it was not sampled directly associations cannot be tested and are not reported. 
 
Individual species may be assigned two groups, in which case the first group has primacy.  This happens 
most often for Group 3 species.  For example, the Yellow-bellied Sapsucker may be designated 
3c/MW1,H2.  That indicates the species’ preferred habitat is young mixed wood and old hardwoods, but 
before using the simplifying approach of tracking only those forest types, we first need to evaluate 
whether forest practices are sustaining cavity sites in those forest types.  That is Group 3 can be 
considered ‘2 plus’, where the habitat type is the simplest stratum, but practices within the type must be 
considered.  Another example is ‘1/2:RD’ which indicates that the species is a generalist with respect to 
forest type, but within forest types prefers early seral stages (recently disturbed).   
 
Methods for coarse-filter analyses of effects of forest planning and practice were developed de novo. 
Their development was a major objective of the grant.  The coarse-filter was intended to embrace as 
much of forest planning and practice as practical.  Management actions and associated targets 
considered to be part of the coarse-filter approach include:  
 

1) Non-harvestable land base by Biogeoclimatic Ecological Classification (BEC) unit. 
2) Rare ecosystem groups as identified by representation analysis.   
3) Riparian Reserves netted out for Timber Supply Review based on actual practices. 
4) Wildlife Habitat Areas and Ungulate Winter Ranges. 
5) Late-seral forest targets as related to natural disturbance units and distributed over BEC units. 
6) Shrubs/early forest targets by Landscape Unit or BEC variant over time.  
7) Broad habitat types as derived from VRI, including non-commercial types such as NT and NV in 

the BC Land Cover Classification Scheme (BC MSRM 2002). 
8) Forest age distribution for particular forest types (e.g., old conifer-leading) 
9) Practices to maintain specified levels of particular habitat elements (e.g., cavity sites, downed 

wood, practices in the Riparian Management Zone). 
10) Patch size distribution and connectivity. 

  
Note that this list extends the concept of coarse-filter approaches to include wide spread practices. 
Specific methodologies and their rationales for major functional groups of vertebrates and non-
vertebrates are described for species dependent on dying and dead wood (Bunnell et al. 2009c), 
hardwoods (Bunnell et al. 2009d) and understory, particularly shrubs (Bunnell et al. 2009d).  These 
reports all have been posted through RIMS. 
 
Results: 
Results are presented as they are summarized in the six deliverables.  These deliverables were 
expanded beyond those specified at the onset of the project. 
 
1) Create guidelines for a credible approach to mon itoring the effectiveness of coarse-filter 
approaches to sustaining biodiversity. 
For any given DFA, the Species Accounting System indicates the membership of the major functional 
groups noted.  The natural histories of species forming that group determine specific guidelines.  For 
example, the diameter of nest trees sought by cavity nesters in the northeast is significantly less than 
those sought by the same species in coastal forests.  That is a product of the age and size at which 
decay creates appropriate cavity sites.  The pattern differs between hardwoods and conifers, and 
determines appropriate forest age classes to use in the analyses.   Statistical associations with particular 
habitat types and BEC further guide analyses by indicating which habitat types should be analyzed to 
address specific questions and the degree to which the NHBL encompasses habitat sought by a 
particular species or groups of species.  Field data were available for many of the vertebrates and 
statistically significant associations with BEC variants or with particular habitat types are reported for 



5 

 

them.  Results of statistical tests and relative abundance of vertebrate species within each DFA are 
presented in Bunnell et al. (2009a) and Appendix 1 of Bunnell et al. (2009b).  An example table from 
Bunnell et al. (2009 a) is presented for understory associates as Table 2.  Field data were not available 
for non-vertebrates and neither their ranges nor habitat requirements are as well known.  Treatment of 
non-vertebrates is brief, summarizing major findings. 
 
For example, there are numerous significant statistical associations for both habitat type and BEC variant 
among birds strongly associated with understory (Table 2).  Within Table 2, there are 52 statistically 
significant associations with habitat type across the three DFAs; 22 of these are with NT and 4 with NV – 
non-commercial types.  Although these species respond strongly and often are dependent on understory, 
there are only 7 significant selections for recently disturbed areas.  That reflects the fact that many of 
these species seek shrubs under canopy (Bunnell et al. 2009e).  When forested types are preferred, they 
are more often hardwood-leading or mixed wood types than conifer-leading, and more often older than 
younger types.  That again reflects the importance of radiation regimes and their influence on shrubs 
under canopy.  The selection for particular BEC zones also is revealing.  There are 34 significant 
preferences: 26 for BWBS, 7 for SBS and 1 for SWB.  As expected, no understory associate shows 
selection for zones where understory is not abundant (e.g., ESSF).  The predominant selection for BWBS 
likely reflects the greater abundance of hardwood-leading and mixed wood types in that zone.  Selection 
for SBS is restricted to TFL 48, but SBS was sampled only in TFL 48.  Seven of these 26 species rank 2 
within Goal 2 (proactive) of the provincial conservation framework; the Connecticut Warbler ranks 2 within 
Goal 3 (maintain native species richness).  There are 25 understory associates occurring on TFL 48; most 
are common (17), the veery is at the edge of is range and casual, 7 are uncommon. 
 
Table 2.  Vertebrate species occurring in northeastern British Columbia that are strongly associated with 
understory(Group 3u).   Statistically significant habitat associations in bold  (p < 0.05).   
 

   Group 3u modifier  BEC Variant  
Common Name Prio  GR TFL 48 FSJ FN TFL 48 FSJ FN 
Alder Flycatcher 6 2 NT,RD,R NT,R NT,NV,R SBSwk2 BWBSmw2 BWBSmw2 

Canada Warbler 2(2) 1 H1 H2,MW2 H2,NT BWBSmw1 BWBSmw1 BWBSmw1 

Cedar Waxwing 6 2 NT,NV,R NT,H1,R RD,NT,R SBSwk2   

Common Yellowthroat 5 2 r,w/NT r,w/NT 3r,w/NT,RD   BWBSmw2 

Connecticut Warbler 2(3) 0 H1,MW1 H1,MW1 H1,H2    

Dusky Flycatcher 4 2 NT,MW NT,C2 NT,C1 BWBSmw1   

Fox Sparrow 5 2 C1,NT MW2,NT NT,RD  BWBSmw1 BWBSmw2 

Lincoln's Sparrow 6 2 NT,NV NT,NV RD,NV  BWBSmw1 BWBSmw2 

MacGillivray's Warbler 5 4 NT,MW2 RD,MW2 NT SBSmk2   

Mourning Warbler 2(2) 2 H2,NT NT,RD NT,RD   BWBSmw2 

Orange-crowned 

Warbler 

5 2 NT,RD  RD,NT  RD,NT BWBSmw1 SWBmk  

Palm Warbler 4 1 absent w/NT,C1 w/C1,NT absent  BWBSmw2 

Red-eyed Vireo 2(2) 2 NT,H2 H1,H2 RD,MW1 BWBSmw1  BWBSmw2 

Song Sparrow 6 2 w/RD w w/NT,MW    

Swainson's Thrush 2(2) 2 NT,MW2 MW2, H2 MW1,H2 SBSwk2 BWBSmw1 BWBSmw2 

Tennessee Warbler 6 2 NT,NV H2, NT NT,RD SBSwk2 BWBSmw2 BWBSmw2 

Veery 2(2) 2 r,w/2H r,w/2H r,w/2H    

White-throated Sparrow 6 2 NT,H2 NT,H2  NT,RD BWBSmw1 BWBSwk2 BWBSmw2 

Wilson's Warbler 2(2) 3 NT,C2,R NT,C2,R NV,NT,R SBSwk2 BWBWmw1  

Yellow Warbler 2(2) 2 NT,H2 H1,NT NV.MW1 BWBSmw1 BWBSmw1  

Yellow-bellied  

  Flycatcher 

6 1 RD,NV NT,C1 C1,C2 SBSwk2   

Elk 5 2  1      

Moose 6 2  1      

Mule Deer 6 2  1      

Snowshoe Hare 5 2  1      

White-tailed Deer 6 2  1/6mm     
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Guidelines specific to analyzing effects of forest planning and practice on understory associates are 
summarized in Bunnell (2009e).   A summary of all guidelines with examples of application is provided in 
Bunnell and Kremsater (2009a).  Both these reports are posted through RIMS.  The latter report is 
intended to summarize guidelines for coarse-filter analyses of the impacts on forest planning and practice 
on sustaining biodiversity.  Because it provides a broad overview, some details are omitted but found in 
companion reports.  Reviews of relationships of biodiversity to features treated in coarse-filter analyses 
and a detailed rationale for the analyses are found in companion reports (Bunnell et al. 2009 c,d,e).    
Bunnell et al. (2009a) summarizes the approaches provided in more detail in the companion reports and 
illustrates them with examples from TFL 48. 
 
The intent was to create a methodology that was map-based to the extent possible and therefore cost 
effective.  The approach relies on VRI and BEC which are readily available across the province, making 
the approach not only cheap but generic.  Habitat classes are derived following the BC Land Cover 
Classification Scheme (BC MSRM 2002).  Key points derived from application of the system to the three 
northeastern DFAs were summarized by Bunnell and Kremsater (2009a) as: 
 

• Exposing weaknesses: The Species Accounting System (SAS) exposes weaknesses in 
monitoring.  Some groups of species are inadequately assessed by current monitoring (Breeding 
Bird Survey routes) – e.g., many wetland and riparian species, owls and several cavity users.  
Known weaknesses can be improved.  

 
• Focusing effort and analysis:  The Species Accounting System provides a useful framework for 

guiding and focusing coarse-filter analyses of the effects of forest planning and practice on 
sustaining biodiversity (e.g., Table 2 and associated text). 

 
• Improving practice: The combination of simple approaches (SAS with map-based coarse-filter 

analyses) exposes areas where forest practices can be usefully improved (e.g., the current target 
diameter for retained wildlife trees is >17.5 cm; to retain all species this should be increased to 
>23 cm dbh.  Even 23 cm dbh is inadequate for a few species. 

 
• Improving planning: Simple map-based, coarse-filter analyses can refine and guide forest 

planning.  For example, the present 20-year plan should be revisited to determine whether there 
is flexibility in the amount of harvest proposed for mixed wood in the BWBSmw1 variant.  Note 
that the analysis focuses the problem to the variant level.  

 
• Guiding implementation monitoring: Simple map-based, coarse-filter analyses can guide 

implementation monitoring.  Examples of helpful implementation monitoring exposed by these 
analyses include assessment of the diameter of trees actually retained in retention patches and 
the likelihood of harvest near small wetlands.   

 
• Guiding effectiveness monitoring: Simple map-based, coarse-filter analyses can guide 

effectiveness monitoring.  Examples of helpful effectiveness monitoring exposed by these 
analyses include better assessment of the contributions of the NHLB and effects of vegetation 
management.  The assumption that NHLB contributes significantly should be checked.  Currently 
of the 20,337 sample points through 2008, 64.5% are in the THLB, 17.8% are in the NHLB, and 
17.7 % are in land excluded from productive forest (e.g., non-commercial brush classified as NT 
but favoured by some species).  Potential effects of vegetation management in modifying the 
mixed wood contribution to biodiversity and duration of any reduction in hardwood and understory 
cover should be evaluated.  Study currently is underway.  

 
• Assessing high priority species:  The province recently adapted a conservation framework that 

ranks species for allocation of effort .  In many instances, the apparent need to directly monitor 
species ranking highly within the provincial conservation framework is readily assessed.  These 
analyses suggest that the fisher, for example, does not require direct monitoring; nor do high 
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priority species strongly linked to particular forest types (e.g., black-throated green warbler, 
Pacific-slope flycatcher, red crossbill). 

 
 
2)  Report on methodology and results of assessing coarse-filter provision of cavity sites, dead 
wood and hardwoods. 
The methodologies and results for the assessment of dying and dead wood and for hardwoods are 
presented separately and are the subject of separate reports. 
  
Cavity sites and dead wood: 
Bunnell et al.( 2009c) summarize the methodology for analyzing effects of forest planning and practice on 
species requiring dying and dead wood using examples from TFL 48 (posted through RIMS).  They also 
review literature on non-vertebrates to ensure that focus on the better known vertebrates does not lead to 
potentially misleading metrics from evaluation.  Major points extracted from that report follow. 
 
Species using dying and dead wood within the TFL:  A total of 30 bird species within the TFL use 
cavities in dying and dead trees for more that 50% (often 100%) of their nest sites.  Only 7 of these are 
strong primary excavators that provide most of the nest sites for the 18 species of secondary cavity-
nesters.  Only 2 are large enough to excavate cavities required by the 5 cavity-nesting waterfowl.  Sparse 
regional data on nest sites was available for 26 species.  Of these, 6 are largely restricted to conifers, 8 
largely restricted to hardwoods and 12 show no pronounced preference (Table 3).  Analyses of habitat 
preferences indicate that cavity-nesting birds showed major preferences for older mixed wood or 
hardwood-leading stands about 45% of the time, followed by conifers (33%), then other types.  Younger 
hardwoods and mixed woods were avoided.  Species that preferred hardwoods generally avoided 
conifers.  Hardwoods chosen as nest sites are typically alive, while conifers are more commonly dead.  Of 
those 26 species, 8 appear to use nest trees with a mean diameter >23 cm dbh; 3 of these are ducks 
whose nesting is largely restricted to riparian areas, 2 are raptors (the barred owl is a habitat generalist; 
the American kestrel seeks open areas), and 3 are excavators (northern flicker, pileated woodpecker and 
yellow-belled sapsucker).  For a further 5 of the 26 regularly cavity-nesting birds, the mean diameter used 
is 20 cm or slightly less.   
 
Twelve mammal species also use cavities regularly.  Three of the bat species likely occurring within the 
TFL favour hardwood species (commonly aspen) as roosting or denning sites, as does the northern flying 
squirrel.  Den sites for fisher in the region have been recorded only from hardwoods.  Like birds, 
mammals favour living hardwoods and dead conifers as den and roost sites.  Mammals do not excavate 
their cavities and typically seek older, larger trees with well developed hollows.  The mean dbh of fisher 
den trees in the region is 54.6 cm.  Even the bats seek larger trees.  In other forest types, mean dbh of 
bat roost trees is 41.1 and 51.0 cm for hardwoods and conifers, respectively.  As with birds, data from 
southern forest types are unreliable indicators.  Hardwood trees used by northern flying squirrel in boreal 
forests averaged 26.6 cm dbh; in southern forests they use conifers averaging 72.4 cm.  After review of 
available data we recommend: 1) target diameters of retained trees be >23 cm dbh for hardwoods and 
>30 cm for conifers, 2) age classes of suitable habitat for coarse-filter analyses be >90 years for 
hardwood-leading and mixed wood and >140 years for conifer leading, 3) hardwoods be retained in 
riparian management zones where they can attain larger sizes.  Review of non-vertebrates using 
standing dying and dead wood suggests these values will accommodate them as well. 
 
Only 5 vertebrate species appear strongly responsive to amounts of down wood.  In northeastern BC, 
marten and fisher rest beside or under logs rather than den inside them as they do in southern forests.  
For that reason, we recommend that logs >17.5 cm diameter be retained with some dispersed rather than 
piles.  Again, this diameter appears to accommodate non-vertebrates, but species richness will be higher 
in and on logs of larger diameter. 
 
Many more non-vertebrates than vertebrates require dying and dead wood.  Diameters and densities 
recommended (Table 13) appear to accommodate both groups, though it is important that down wood be 
dispersed and the practice of retention be sustained.  Species dependent on dead and dying wood are 
the most threatened globally and, in BC, 35% of cavity users rank highly within the provincial 
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conservation framework.  Most rank highly in Goal 2 (proactive) indicating that there is no imminent 
threat, but that practices to sustain dying and dead wood are critical. 
 
Major findings:  
1. The coarse-filter approaches of the SFM plan for TFL 48 appear well-reasoned but should be 

evaluated through effectiveness monitoring (§6.3).  The current trend to more wildfires in boreal 
forests suggests that targets based on historical natural disturbance regimes may no longer be 
‘natural’ and possibly are unattainable. 

 
2. Minimal diameters of retained trees as specified in the SFM plan appear too low (Table 13).  

Diameters actually retained should be assessed. 
 

3. The most troubling trend is a projected decline in the amount of old mixed wood within the THLB, 
particularly within the BWBSmw1 (the proportion of mixed wood across the entire tenure shows no 
negative trend but is influenced by the contribution of mixed wood by the NHLB that is uncorrected for 
natural disturbance).  Harvest scheduling should be evaluated to assess whether there is flexibility in 
the amount of mixed wood harvest in the BWMSmw1.  Analyses of data from Fort St John and 
potentially Fort Nelson on what constitutes mixed wood should guide any decision. 

 
4. Data from other boreal forests on lichens, bryophytes and insects suggest that dispersed retention of 

down wood (both conifer and hardwood) is more favourable than retention in piles.   
 
Recommendations for planning and practice: Tables 18 and 19 of Bunnell et al. (2009c) reveal five 
areas where current practice could be beneficially altered or, minimally, closely monitored through early 
implementation monitoring. 
 
1) The 20-year projection of the decline in older mixed wood is not fait accompli.  Harvest scheduling 

should be evaluated to determine its likely impact on old mixed wood and the potential for 
modification.  Evaluation should include ecological boundaries of what constitutes mixed wood using 
data from the Fort St John and Fort Nelson TSAs. 

2) Guidelines for retained wildlife trees should be tree sizes >23 cm, and patch wise densities of 3 per 
ha.  Greater densities of small snags also should be retained.  

3) Anchor points for retention should acknowledge potential limitations (e.g., older mixed wood, 
hardwoods >23 cm dbh; conifer trees >30 cm dbh). 

4) Waste management guidelines should ensure than some larger conifer pieces (>17.5 cm) are 
retained where stand conditions permit.  

5) Pieces of down wood >17.5 cm should not all be piled, but some left scattered on site.   
 
Recommendations for monitoring:  Recommendations are summarized separately for implementation 
and effectiveness monitoring in §6.3 of Bunnell et al. (2009c).  Monitoring should focus on areas where 
direct or cumulative effects currently are unknown and potentially negative (Table 19), and on areas 
where potential problems are evident but existing data are inadequate to assess them.  Monitoring should 
be directly linked to practices that offer opportunity for improvement.  See Bunnell et al. (2009c) for 
details. 
 
 
Hardwoods: 
Bunnell et al.( 2009d) summarize the methodology for analyzing effects of forest planning and practice on 
hardwood associates using examples from TFL 48 (posted through RIMS).  They also review literature on 
non-vertebrates to ensure that focus on the better known vertebrates does not lead to potentially 
misleading metrics from evaluation.  Major points extracted from that report follow. 
 
Hardwood associates within the TFL:  A total of 33 bird species within the DFA show preference for 
upland hardwood or mixed wood types.  Some of these are strongly dependent on additional habitat 
elements: understory under canopy, cavity sites and wetland or riparian habitat.  For these latter species, 
coarse-filter evaluation of effects of forest practice must first address the key elements – understory, dead 
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wood and riparian (see Bunnell et al. 2009a,c,e).  Of the 19 bird species responding primarily to forest 
type, the large majority are primarily tree nesters (16 of 19).  Three of these are hawks preying on small 
vertebrates; the others forage predominately by gleaning foliage (13 of 16).   Of the three that are not 
hawks, one forages primarily by probing bark (black-and-white warbler), one in hardwood litter (ovenbird) 
and one is a flycatcher taking prey from the air and by hover gleaning.  In short, the vast majority are 
responding to insects feeding on hardwood foliage that is less protected by secondary compounds than is 
conifer foliage.  About half use shrubs as foraging substrate and as nesting substrate or cover.   
 
Among mammals, 12 or 13 species have some affiliation with hardwood or mixed wood cover.  Often the 
association is not pronounced and is a product of affinity for riparian areas (e.g., Pacific water shrew; 
western jumping mouse) or because they forage on young hardwood trees, shrubs and herbaceous 
vegetation that often is more abundant in hardwood than in conifer stands (e.g., long-tailed vole 
Townsend’s vole, elk during winter).  Only the beaver appears largely limited to hardwood trees and 
shrubs, but will eat pine when hardwoods are unavailable.  Because of its affinity for water, the beaver is 
monitored as a wetland species.  Three of the bat species likely occurring within the TFL favour hardwood 
species (commonly aspen) as roost or den sites, as does the northern flying squirrel.  They are accounted 
for as cavity-users.  The associations of some amphibians with hardwood stands is primarily a response 
to their seeking riparian areas.   
 
Hardwoods also enrich forests by providing habitats for lichens and mosses specific to those substrates.  
As well, many butterflies and carabid beetles are found in hardwood stands and some use them 
preferentially.  It is likely that some non-vertebrates do well in young hardwood stands, but literature from 
areas where forestry has been practiced longer suggests that most threatened species occur in older 
stands.  It is less clear whether interior portions of hardwood stands are important for vascular plants or 
invertebrates, but some lichen and moss species that are specific to hardwoods likely are sensitive to 
drying in edge habitats. 
 
Of the 56 significant associations with habitat type across the three DFAs, 59% are with hardwood-
leading or mixed wood; 25% with conifer-leading.  Statistically significant associations with NT are usually 
secondary – a stronger preference is usually shown for a forested type such as hardwood-leading.  Few 
of these species show strong associations with NV or recently disturbed (RD).  
 
Major findings: 
1. Targets within the SFM plan are well-reasoned but should be evaluated through effectiveness 

monitoring.  The current trend to more wildfires in boreal forests suggests that targets based on 
historical natural disturbance regimes may no longer be ‘natural’ and possibly are unattainable. 

2. The most troubling trend is a projected decline in the amount of old mixed wood within the THLB 
(Timber Harvesting Land Base), particularly within the BWBSmw1 (the proportion of mixed wood 
across the entire tenure shows no negative trend but is influenced by the contribution of mixed wood 
by the NHLB that is uncorrected for natural disturbance).  Harvest scheduling should be evaluated to 
assess whether there is flexibility in the amount of mixed wood harvest in the BWMSmw1.   

3. Minimal diameters of retained trees as specified in the SFM plan appear too low.  Diameters actually 
retained should be assessed. 

4. Data from other boreal forests on lichens, bryophytes and insects suggest that dispersed retention of 
down wood is more favourable than retention in piles.   

 
Recommendations for planning and practice:  Analyses reveal five areas where current practice could 
be beneficially altered or, minimally, closely monitored through early implementation monitoring. 
 
1. Guidelines for retained wildlife trees in patch-wise retention should be tree sizes >23 cm dbh, with 

local densities of 3 per ha.  Greater densities of small snags also should be retained, not all 
hardwood.  

2. Waste management guidelines should ensure than some larger hardwood pieces (>17.5 cm; random 
diameter) are retained where stand conditions permit.  

3. All pieces of downed wood >17.5 cm (random diameter) should not be piled, but some should be left 
scattered on site.  
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4. Riparian management practices should ensure that larger, older hardwoods are retained in the 
riparian management zones.  This may not be a modification depending evaluation by implementation 
monitoring. 

5. The 20-year projection of the decline in older mixed wood is not fait accompli.  Harvest scheduling 
can be evaluated to determine its likely impact on old mixed wood.  

 
Recommendations for monitoring:  Recommendations are summarized separately for implementation 
and effectiveness monitoring in §7.3 of Bunnell et al. (2009d).  Monitoring should focus on areas where 
direct or cumulative effects currently are unknown and potentially negative, and on areas where potential 
problems are evident but existing data are inadequate to assess them.  Monitoring should be directly 
linked to practices that offer opportunity for improvement.  Examples are provided in Bunnell et al. 
(2009d). 
 
 
3)  Report on methodology and results of assessing coarse-filter provision of shrubs (possibly the 
herb layer). 
It proved impossible to evaluate the herb layer effectively, although it is captured indirectly through 
analysis of early seral stages.  Bunnell et al. ( 2009e) summarize the methodology using examples from 
TFL 48 (posted through RIMS).  Major points extracted from that report follow. 
 
Understory associates within the TFL: A total of 29 bird species occurring on the TFL are strongly 
responsive to understory.  Small mammals can often substitute down wood and rocks when understory is 
sought as cover, but about 15 species of mammals are strongly responsive to understory cover and at 
least 8 show preferences for early seral stages.  Larvae of at least 3 butterfly species present, and 
undoubtedly other insects, feed on particular understory species.  Habitat types most preferred by bird 
species strongly associated with understory are NT (non-treed), followed by older mixed woods and 
hardwoods.  Nine species of birds designated as understory associates are ranked 2 for at least one Goal 
within the provincial system of conservation priorities (none are ranked 1).  No mammals strongly 
associated with understory received high ranks (1 or 2).  Of high priority understory associates, specific 
operating guidelines have been formulated for sharp-tailed grouse; no other species appears threatened 
by forest practices.  Dusky grouse also is high priority, but reasons for its apparent decline are unclear 
and may reflect a lack of survey data from sub-alpine sites.  Much of this species’ global range occurs in 
British Columbia so monitoring should be high priority.  Forestry, however, appears to have little impact 
on the species in the TFL, and responsibility for that monitoring should reside with the Ministry of 
Environment.  
 
Major findings:  
1. The conventional index of shrubby habitat – early seral stages – applies less well in northeast BC 

than in some other areas because at least 12 species prefer shrubs under canopy and a further 8 
species are associated with shrubs in boggy, wetland areas.  Early seral stage is an incomplete index 
of shrub habitat. 

 
2. Current data suggest that species responding to shrubs under canopy can be indexed by amounts of 

older mixed woods and hardwoods.  The apparent downward trend in mixed wood requires 
monitoring. 

 
3. Vegetation management has large potential impacts on the suitability of early seral stages, but the 

duration of that impact could be so short that there is little overall affect.  Presently potential impacts 
are unclear but a study has been initiated to acquire key data.  

 
4. The contributions of riparian areas to understory habitat are poorly documented, as are potential 

consequences of practices within the Riparian Management Zone.  Of more than 60 species of 
wetland and riparian associates occurring on the TFL, about 50 prefer small wetlands and lakes (<5 
ha) that are not protected by default riparian guidelines. 
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Recommendations for planning and practice:  The apparent downward trend in old mixed wood would 
affect more than understory associates, including the region’s keystone excavator – yellow-bellied 
sapsucker.  Harvest scheduling should be reviewed to assess whether the current rate of harvest of old 
mixed wood can be reduced.  Although our review is hampered by inadequate information for some 
potential consequences, there appears to be no need to change current practice intended to sustain 
shrubby habitat.  Lack of some key information provides focus to monitoring.   
 
Recommendations for monitoring:  Recommendations are summarized separately for implementation 
and effectiveness monitoring in §6.3 of Bunnell et al. (2009e).  Monitoring should focus on areas where 
direct or cumulative effects currently are unknown and potentially negative, and on areas where potential 
problems are evident but data are inadequate to assess them.  Monitoring should be directly linked to 
practices that offer opportunity for improvement.  Examples are provided in Bunnell et al. (2009e). 

 
4)  Report on ability to incorporate selected non-v ertebrate groups into analysis. 
Our initial anticipation was that for non-vertebrate groups we could be able to assign them within classes 
of the Species Accounting System through substrate affinity.  Species of lichens, bryophytes, fungi and 
invertebrates could, for example, be assigned to hardwood trees or dead conifer and thus be assigned a 
monitoring class plus modifier within the Species Accounting System.  We were able to assign sufficient 
species to groups to show that the concept works in principle.  For the vast majority of non-vertebrate 
species, however, the preferred substrate is unknown.  Progress on the task is described in Kremsater 
and Bunnell (2009) which is posted through RIMS. 
 
5  Develop a ‘conservation framework’ that extends over about 18 million ha of northeastern BC.  
The conservation framework for the three Canfor tenures in northeastern British Columbia – TFL 48, Fort 
St John TSA and Fort Nelson TSA – has three broad elements. 
 

1) The Species Accounting System (SAS) that employs knowledge of the species’ natural history 
and monitoring approaches to assign species to the most cost effective form of monitoring while 
highlighting habitat features that are most likely to be limiting.   

2) A set of analytical techniques that provide coarse-filter analyses of effects of forest planning and 
practices as these are focused through the 5 monitoring groups of the SAS. 

3) An approach to monitoring that exploits the SAS and coarse-filter analyses to expose potential 
problem areas in sustaining biodiversity cost-effectively and in a manner that focuses on potential 
solutions, and provides credibility to the management plan where credibility is warranted. 

 
Combined the two methodologies reveal which species: 1) are monitored too poorly to permit adequate 
assessment of their likely sustainability, and 2) can be effectively monitored to guide forest practices 
intended to sustain biodiversity. That is, the combination summarizes where the Sustainable Forestry 
Management plan is achieving its intent, where it is not, and where uncertainty remains.  The monitoring 
component of the conservation framework permits continual improvement in forest practices intended to 
both extract wood fibre and sustain biodiversity.  There are significant and well-established means of 
encouraging extraction of wood fibre.  The conservation framework emphasizes contributions to 
sustaining biodiversity.   Products of the monitoring program include recommended changes to planning 
or practice and key elements of implementation and effectiveness monitoring that can guide appropriate 
choice of practice. 
 
The final report on the conservation framework had three objectives: 
1) to summarize key findings from application of the Species Accounting System to Canfor’s three 

tenures in northeastern British Columbia;  
2) to summarize key findings of coarse-filter analyses of the apparent consequences of forest practices 

on sustaining biodiversity; and 
3) to summarize key recommendations intended to facilitate sustaining biodiversity in northeastern 

British Columbia, including monitoring of success.   
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Objectives were met.  Results are summarized in Bunnell et al. (2009b), and because the report is 
posted are not repeated here. 

 
 

6)  Extension products completed, including PACs, S TACs, webmodules and workshops. 
Extension products were delivered.  Bunnell presented key elements of the conservation framework to 
the Public Advisory Committee of the Fort St John TSA on March 12, 2009.  The core elements 
recommended for the monitoring program were presented to all Canfor Divisions (forest planners of the 
Sustainable Forestry Group) in Prince George  - November 18-19, 2008.  Bunnell and Kremsater both 
attended.   This meeting was a day-long workshop.  Bunnell also met with BC MoE representatives of 
FREP to discuss how the coarse-filter analyses developed could help them with their tasks (November 6, 
December 9-10, 2008).  The Species at Risk Coordination Office expressed interest in the approach as it 
might assist in assessing the need for focused monitoring for species ranking highly in the provincial 
conservation framework.  Bunnell met three times with Dave Fraser during the year and has passed final 
analyses to him to critique.  Bunnell also met with Tembec and the Canadian Wildlife Service to discuss 
how the approach could assist the assessment of ‘incidental take’.  ‘Incidental take’ is the inadvertent 
destruction of nests and eggs in violation of the Migratory Bird Regulations (Section 6a) of the Migratory 
Birds Convention Act.  It has received renewed emphasis by Environment Canada which is seeking ways 
to allow for limited amounts of incidental take in exchange for measures that promote healthy bird 
populations.  A pilot project was undertaken on the Invermere and Cranbrook TSAs. 

 
Discussion: 
The Species Accounting System (SAS) provides useful guidance to the coarse-filter analyses of 
effectiveness of forest planning and practice on sustaining biodiversity.   The monitoring groups of the 
SAS and their relations to forest practice also provide a useful framework for discussion with Public 
Advisory Committees.  MoE staff dealing with FREP and Ecosystem-based Management have found the 
tool informative.  The SAS is limited by the monitoring data that support it but quickly exposes 
weaknesses in the monitoring.  The primary monitoring method employed here is the most widely spread 
and commonly used for vertebrates – Breeding Bird Surveys.  It has serious limitations for several groups 
of birds including owls, some cavity nesters and many species associated with wetland and riparian 
areas. 
 
The coarse filter analyses for assessing consequences of forest practice on biodiversity have been 
applied successfully to six tenures (three through FIA support).  Once the Species Accounting System is 
in place these analyses are designed to be simple and can be done ‘in house’.  Major advantages of the 
system beyond the important one of reducing uncertainty include cost-effectiveness, improving practice, 
improving planning, guiding implementation and effectiveness monitoring and assessing potential impacts 
on high priority species (see Results 1).  Major findings including recommendations for improving practice 
and for focusing monitoring on the most informative questions are noted in Results or presented in 
reports cited.  Analyses focused on species ranking highly in the provincial conservation framework were 
supported by FIA funding and are reported in Bunnell and Kremsater (2009b,c) and Bunnell et al. (2009f). 
 
There are three major limitations to coarse-filter analyses.  The first is that wetland and riparian areas are 
inadequately addressed because map-based data are insufficient.  This limitation is particularly troubling 
in northeastern BC where so many species are dependent on small wetlands that are not protected by 
default riparian regulations.  The analyses do, however, reveal the appropriate implementation monitoring 
necessary to assess whether the potential problem is real.  The second limitation is that SFM Plans report 
what is broadly intended, rather than what is practiced.  Coarse-filter analyses as applied here have no 
‘on-the-ground’ component; for example, without visiting sites we do not know what Riparian 
Management Zones are retaining as shrubs and hardwoods.  Again, the analyses reveal appropriate 
implementation monitoring to reduce uncertainty and possibly improve practice.  The third limitation is that 
coarse-filter approaches simply cannot address some questions important to evaluating the 
consequences of practice.  One example, is the duration of effects of vegetation management.  In this 
case, the analyses quickly exposed the potential magnitude of the issue and stimulated a project that has 
specifically addressed the question. 
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Conclusions and management implications 
Both the Species Accounting System and the coarse-filter analyses are effective and useful tools to 
planners and practitioners.  The SAS is limited primarily by the monitoring data that support it.  The 
analyses, being map-based, cannot address wetlands or riparian habitats well.  Nonetheless, they are 
cost-effective, simple and informative. 
 
We conclude by noting six ways of improving forest planning and practice as derived from the Species 
Accounting System and coarse-filter analyses when applied to northeastern BC:  
 

1. In retention patches <10 ha, guidelines for retained wildlife trees should be tree sizes >23 cm 
dbh, and patch wise densities of 3 per ha.  Greater densities of small snags also should be 
retained.  

2. Anchor points for retention should acknowledge potential limitations (e.g., older mixed wood, 
hardwoods >23 cm dbh; conifer trees >30 cm dbh). 

3. Waste management guidelines should ensure that a few larger conifer pieces (>17.5 cm 
diameter; random, not top- end, diameter) are retained where stand conditions permit; pieces >2 
m long.  

4. Pieces of down wood >17.5 cm diameter (random) should not all be piled; some should be left 
scattered on site.   

5. On TFL 48, harvest scheduling should be evaluated to determine its likely impact on old mixed 
wood and the potential for modification.  Note that analyses of data from Fort St John, and 
potentially Fort Nelson, on what constitutes mixed wood should guide any decision. 

6. Implementation monitoring should assess the proportion of small wetlands potentially affected by 
practice; if that proportion is significant it should be followed by effectiveness monitoring of 
practices potentially affecting wetlands and their inhabitants. 
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