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Introduction 

Our objective was to evaluate the degree to which non-vertebrate species could be assigned to groups 
within the Species Accounting System (SAS) developed for TFL6 (Bunnell et al. 2009b).  That accounting 
system facilitates evaluation of forest practices, so ability to assign non-vertebrate species to groups 
within it would be helpful.  Seven groups of non-vertebrates were examined: vascular plants, butterflies, 
odonates, carabid beetles, liverworts, mosses, and lichens.  Evaluation of vascular plants was limited to 
those red- or blue-listed or assigned priority 1 and 2 within SARCO’s (Provincial Conservation 
Framework) due to time constraints.   Unlike some non-vertebrate groups, there is abundant data for 
vascular plants and for this progress report time had to be distributed across seven groups.   Fungi and 
the many other non-vertebrates were not thoroughly addressed due to both limitations on time available 
and generally poorer knowledge on how some non-vertebrate groups respond to habitat elements and 
forest types.  For some non-vertebrates, such as vascular plants, we noted where ranges were specific to 
northern versus southern Vancouver Island or the mainland coast.  For butterflies, the information 
presented applies coast wide.  Ranges for mosses and lichens are provincial, but we hope to become 
more specific next year by using Trevor Goward’s work (in prep) to specify lichens found on the coast.  
The comments below briefly report progress on each group and summarise assignments to species 
accounting groups that are detailed in the attached appendices.  The comments also indicate where more 
work could be done on these groups to complete or improve assignment to monitoring groups.  

Vascular Plants 
We confined our treatment of vascular plants of TFL6 to those that were red- or blue-listed by the 
provincial Conservation Data Centre or ranked as priority 1 or 2 for any of the three goals of the provincial 
conservation framework.  Rationale for the framework and its goals is described in Bunnell et al. (2009).  
For these species we noted their status, recorded their habitat, and placed them into species accounting 
groups.  Ranges and habitats were taken from NatureServe species explorer (habitat only), eflora BC or 
from MacKinnon and Pojar (2004).  The latter two sources incorporate locations of the 8-volume series of 
Douglas et al. (1989-1994).  The resulting list of vascular plants, sorted by species accounting group is 
found in Appendix 1.  A brief summary follows. 

• Many (28) of the 66 vascular plants (that are either red- or blue-listed or are ranked as 
priority 1 or 2 for the 3 goals considered by SARCO), are associated with non-forested 
habitats (e.g., sand dunes, scree slopes, alpine meadows; SAS Group 6). 

• 24 species are associated with riparian habitats.  These may be riparian areas near 
flowing water or various wetlands including marshes, bogs or fens (SAS Group 3w). 

• 4 species are generalist and usually associated with open habitats but may also be found 
in forest openings (SAS Group 1). 

• 6 species appear to be associated with forests.  Only one species is closely associated 
with hardwoods, SAS Group 2(H) (Viola praemorsa ssp. praemorsa).  Selaginella 
oregano is associated with moist tree trunks. 

• None of these vascular plants seems to be reliant on forest interior.  
• Some species have very local distributions (Senecio macounii, Viola praemorsa ssp. 

Praemorsa,  Crassula  aquatic,  Euonymus  occidentalis,  Euonymus  occidentalis  var. 
Occidentalis) 
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Placing the non-listed vascular plants into species accounting groups remains to be done.  Some of the 
non-listed plants may be associated with forest interior, particular forest types, or older conifer forest 
forests and could be useful for monitoring effects of forest practices.   

Butterflies 
We developed a list of butterflies of Vancouver Island and coastal BC from information in Butterflies of 
British Columbia (Guppy and Shepard 2001).   We listed species’ ranks for each of the three goals as 
derived within the provincial conservation framework and noted any species listed by CDC as red or blue 
or by COSEWIC.  All the butterflies known from TFL 6 have been placed into species accounting groups 
(Appendix 2).  Most butterflies are reliant on various herbs and shrubs as larval food plants although 
some use overstory trees.   A brief summary follows. 

• Most (21) of the 73 butterflies occurring in TFL6 BC are generalists associated with open 
habitats (Group 1).  For some of these, secondary habitats include riparian areas, shrubs, 
hardwoods, or recently disturbed habitats. 

• 24 butterfly species use primarily non-forested habitats, such as scree, meadows, sand 
dunes (Group 6).   

• 8 are associated with a variety of forest types (designated as 2(all) in Appendix 2), but 
almost all use shrubs as larval food plants. 4 with conifer forest 2(C) and 9 with 
hardwoods 2(H). 

Variety of forest types Conifer hardwood 
Two-banded Checkered 
Skipper 

Johnson's Hairstreak Juvenal's Duskywing 

Grizzled Skipper Zephyr Angelwing Western Tiger Swallowtail 
Northern Cloudywing Cedar Hairstreak Pale Swallowtail 
Red Admiral Western Pine Elfin Persius Duskywing 
Roadside Skipper  Lorquin's Admiral 
Pine White  Propertius Duskywing 
Mourning Cloak  Western Elfin 
Satyr Anglewing  Compton Tortoiseshell 
  Green Comma 

 

• Two are dominantly riparian, 3r (Sylvan Hairstreak and Clodius Apollo (CDC uses the 
name Parnassian Apollo) 

• Four were determined to be associated with forest understory (Reakirt's Copper, Western 
Meadow Fritillary, Oreas Anglewing, Grey Hairstreak) but many others are likely just as 
tied to a few herb or shrub species. 

• None seem to be associated with forest interior. 

Carabid beetles 
We used the literature noted in Appendix 3 to create a table of carabids likely to be found in TFL 6 (see 
Appendix 3).  Although efauna BC lists 483 carabid beetles for British Columbia, it provides no range 
maps or habitat information.  That condition reflects the incomplete sampling for this group.   Instead of 
using Efauna, we used literature and non-published work on forested carabids to create our list.  Where 
no habitat data were available we sometimes assumed that the habitat association of a species was 
similar to the habitats used by other members in the genus. Where no habitats are noted under the 
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"habitat notes" column of Appendix 3, the species accounting group is based on best guess for that genus 
and should be viewed as only a guess. 

A brief summary follows. 

• Eight of the 30 species for which habitat could be at least crudely defined are generalists 
(Group 1), found in open habitats and recently disturbed forest (2(RD)). 

• Another 9 are found in forests of all ages (recently disturbed to old) (designated 2(all)). 
• 10 are forest dwelling and seem to be associated with a canopy of some type (2(C,H). 

Carabids associated with habitats 
under forest canopy 
Nebria crassicornis 

Pterostichus crenicollis 
Pterostichus neobrunneus 

Pterostichus pumilus 
Pterostichus riparius 

Scaphinotus angulatus 
Scaphinotus angusticollis 
Scaphinotus marginatus 

Synchus impunctatus 
Zacotus matthewsii 

 

• 2 are closely associated with old forest (Cychrus tuberculatus, Omus dejeani) 
• One species (Pterostichus ecarinatus) is designated as using recently disturbed sites, but 

also designated as needing uncut areas.  We have yet to determine which or whether 
both statements are accurate.   

Odonates  
Rob Canning (Royal British Columbia Museum) provided unpublished data on odonates (dragonflies and 
damselflies) found near Victoria and sent papers that described odonates and their locations and habitats 
on Vancouver Island.   We noted the ranking from the provincial conservation framework and any CDC 
listings for those species.  All the odonates are associated with riparian or wetland habitats.  Some are 
quite general in the types of riparian or wetland habitats they require, whereas others are associated with 
very specific stream or wetland characteristics (see Appendix 4).  Most of provincial mapping does not 
differentiate wetlands to that fine a scale.  The current provincial wetland classification (MacKenzie and 
Moran 2004) includes many of these wetland types, but even this classification does not delineate 
wetlands as specifically as do the odontates.  Moreover the provincial classification cannot be replicated 
from VRI but requires finer scaled surveys.  Appendix 4 also notes rare or high priority odonates, if these 
are found, particular attention to wetland buffers could be considered in those areas.  

Liverworts 
We used a file created by Isabelle Houde and Fred Bunnell that lists liverworts of BC and their habitats, 
created during preparation of Bunnell et al. (2002a).  We added to that file more rare liverworts that are 
likely found in TFL6 from Ryan (1996) to create a list of 171 liverworts.  We have not found information on 
habitats for all liverworts (24 do not have habitat information in Appendix 5).  More literature searching 
could be done to fill in that information.  Ranges of liverworts are poorly documented; we were not able to 
separate liverworts of coastal BC or TFL 6 from those in the rest of the province. 
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A brief summary follows. 

• Most liverworts are found on substrates that are not necessarily associated with forests.  
Of those 80 liverworts, 37 are on rocks and 43 on soil (80 in SAS Group 6). 

• 25 liverworts are found in many habitats (generalists, SAS Group 1). 
• 20 are found in riparian habitats. 
• 12 are on down wood, some of those are also on bases of trees. 
• One is associated primarily on hardwood trees (Porella cordaena on maples). 

Mosses 
We began from a list of mosses of British Columbia that F. Bunnell had initiated as a contribution to 
developing the provincial conservation framework (Bunnell et al. 2006).  That list had been provided to 
two provincial experts – Patrick Williston and Karen Golinski – to add available information on habitat 
affinity.  Information we added on range was derived largely from Schofield (1992) and Ryan (1996).  
That list included 866 species or subspecies of mosses.  Less than half of those were assigned habitats. 
The lack of information sometimes reflects failure of collectors to designate substrate, but is also is a 
product of the current instability of bryophyte nomenclature.  We added additional habitat information from 
Schofield (1992) and Ryan (1996).  For many species we could not assign substrate affinity.  In some 
instances we assumed habitats for subspecies were the same as habitats listed for species (possibly a 
poor assumption).  Likewise we assumed that if the species appeared present in the area, the subspecies 
also was present.  That too may be a poor assumption.  Appendix 6 includes additional notes.  There is 
likely more that could be done to assign substrate affinity, but search will be impeded by the lack of 
stability in nomenclature. The lack of known affinity is potential important because a majority of members 
of the International Association of Bryologists cited forestry practices as the greatest contributor to the 
decline of bryophyte species and groups (Christy 1992).  The list of BC mosses remains province wide 
and we have not yet been able to specify mosses found on the coast.   

A brief summary follows. 

• 58 of the mosses considered are generalists (Group 1), some of those (9) are also 
somewhat associated with trees and one with understory. 

• 7 are closely associated with hardwoods (Group 2(H)). 
• 15 are associated with trees. 
• 14 are associated with down wood (Group 3dw). 
• 110 are associated with riparian habitats (Group 3w,r). 
• 51 are associated with soils in forests (and simply listed as Group 3 with no explanatory 

bracket). 
• 229 use non-forested habitats (Group 6). 

Lichens 
The Appendix (Appendix 7) of lichens and their habitats was created from two spread sheets developed 
in preparation of Bunnell et al. 2002a,b).  These were derived from material in Goward (1999) and 
Goward et al. (1994). The files collated information on substrate affinity of lichens for rock, soil, moss, 
humus, trees, branches, shrubs or downwood, and also whether they tended to be found on conifers, 
deciduous or both.  We assigned the lichens to species accounting groups according to the listed habitat 
associations.  Again the information on distribution was insufficient to distinguish among regions in BC, so 
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the list is Province wide.  Information should be available from Trevor Goward eventually to permit 
constructing a lichen list specific for the coast (or just for Vancouver Island). 

• 145 species of the 491 lichen species are non-forested (Group 6), mostly found on rock 
and bare soil. 

• 13 lichens are generalists (Group 1), usually using a combination of rock, soil, and down 
wood. 

• 82 are associated with forest in general – 2(all).  Those have habitat elements listed as 
“C/H” or  “t” (for tree). 

• 164 are associated with conifers (2(C); of those several use down wood and several use 
understory as secondary habitats.  Of those 8 are associated with old conifers (group 
2(C2). 

Lichens using only old conifers 
Melanelia fuliginosa 
Nephroma occultum 
Nephroma silvae-veteris 
Platismatia norvegica 
Sticta wrightii 
Sticta Sp. 1 
Lobaria retigera 
Pseudocyphellaria rainierensis 

 

• 49 use hardwoods (Group 2(H)); of those several use down wood and several use 
understory as secondary habitats. 

• 22 are listed as associated with down wood without any notation as to forest type, so are 
simply considered forested or 3(dw). 

• 11 are listed as associated with mosses also without any notation as to forest type.  
These were considered forested or 2(all). 

• 5 are listed as associated with understory, again with no noted forest type association. 
These were considered forested or 3(u). 

 
More work could be done to improve substrate associations.  There was insufficient time within the 
contract to review all recent work (e.g., Bunnell et al. 2008; Spribille et al. 2008).   
 

The CDC lists the following lichen species as red-listed: Heterodermia sitchensis, Hypogymnia 
heterophylla, Pseudocyphellaria rainierensis, Sclerophora peronella.   Nephroma occultum is blue-listed.  
Few lichens have been evaluated within the provincial conservation framework. Priority 1 lichens are 
Leptogium polycarpum and Leptogium platinum.  The single priority 2 lichen is Leioderma sorediatum.  
McCune and Geiser (1997) give the substrate of Leptogium polycarpum as mossy bark, usually 
hardwoods. 

  

Summary of findings on high priority non-vertebrates   
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By high priority we mean ranks or 1 or 2 within any of the three goals of the provincial conservation 
framework.  Rationale for the framework and its goals is described in Bunnell et al. (2009).  Briefly the 
three goals reflect the conservation adage ‘think globally, act locally.  They are: 

1 = To contribute to global efforts for species conservation.  Goal 1 recognizes that some widespread 
species may occur only sparsely in British Columbia but are under threat throughout their range.  It is 
intended to ensure that some provincial resources are assigned to conserving species globally at risk, 
even when these are widely distributed.  

2 = To prevent species from becoming at risk.  Goal 2 is intended to be proactive and provide early 
detection of threats, thereby reducing the need for costly recovery actions.  It is facilitated by including all 
native species in assessments of priority, rather than focusing solely on those already ‘at risk’.   

3 = To maintain the richness of native species.  Goal 3 represents efforts to sustain all native species, 
even when only jurisdictionally rare and abundant elsewhere.  It ensures that challenging, jurisdictionally 
rare species will not be ignored in pursuit of Goal 2. 

  

• Of the 33 vascular plants (Appendix 8) of the northeast that ranked 1 or 2 within one of 
the three gaols of the conservation framework, 15 use non-forested habitats, 6 are 
associated with forests,10 are riparian. One of the forest associates may also have a 
localized distributions (Viola praemorsa ssp. praemorsa).  Balsamorhiza deltoidea may 
also have localized habitats 

• Only 11 of the butterflies (Appendix 9) potentially found in WFPs tenure are listed as 
priority 1 or 2 for goals 1,2 or 3 of the provincial conservation framework.  Nine use non-
forested habitat.  One is associated with conifers Johnson's Hairstreak (feeds on 
hemlocks).  Propertius Duskywing is found usually in Garry Oak forests. 

• Two odonates of Vancouver Island and coastal British Columbia are ranked high priority  
within the conservation framework:   Western pondhawk (Erythemis collocata) ranks 2 for 
goal 2 and is blue listed by CDC.  Black  saddlebags (Tramea lacerate) is ranked 2 for 
goal 3 and is red listed by CDC.  All are riparian or wetland, but not well captured by 
coarse filter analyses but likely their habitat not at risk. 

• No carabid beetles or liverworts are assessed within the provincial conservation 
framework. 

• .Of the 144 mosses (Appendix 10) that have priorities 1 or 2 for any goal of the provincial 
conservation framework, 36 use riparian habitats; 8 are found on trees or down wood. 

• Of lichens evaluated by SARCO only three were assigned priority 1 or 2.  Priority 1 
lichens in BC include Leptogium polycarpum and Leptogium platinum.  The priority 2 
lichen is Leioderma sorediatum). The CDC lists the following lichens as red-listed: 
Heterodermia  sitchensis,  Hypogymnia  heterophylla,  Pseudocyphellaria  rainierensis, 
Sclerophora peronella.   Nephroma occultum is blue listed 
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Executive Summary 
 
British Columbia recently adapted a conservation framework intended to make the allocation of resources 
to conservation activities more effective.  This report summarizes the ability of coarse filter analyses to 
assess the likelihood that current forest planning and practice will sustain vertebrates that rank highly in 
the provincial conservation framework and require cavity sites or down wood.  It exploits biodiversity 
sustainability analysis which combines features of the Species Accounting System and coarse filter 
analyses of forest planning and practice.  Non-vertebrates also are addressed, but data for them are 
much more limiting.    
 
The recent provincial conservation framework is summarized in §2.  The Species Accounting System is 
reviewed in §3.  The Species Accounting System recognizes species using cavities for >50% of their 
nesting, denning or roosting sites (Group 3c) or reliant on down wood (Group 3dw).  Species are 
considered high priority if they rank 1 or 2 in any of the three goals of the conservation framework.  In 
total, 17 vertebrate species presumed breeding within TFL 6 rank highly and are dependent on dying and 
dead wood (Table 1).  
 
Forest practices can influence species dependent on dying and dead wood in 5 major ways, by:  

1) failing to provide sufficient dead wood of adequate size;  
2) significantly reducing the amount of older forest age classes over large areas (each forest type is 

significant to some species); products of age, such as larger diameters and advanced decay, are 
requirements for most of these species; 

3) converting significant amounts of hardwood or mixed wood types to conifer-leading types 
(decayed and dead hardwoods are preferred by species in several groups of organisms);   

4) failing to provide the full range of decay classes on a sustained basis in both conifer and 
hardwood types (different organisms seek different decay classes; even-aged management with 
close utilization standards can produce gaps in the sustained provision of all decay classes); and 

5) failing to distribute dead wood in ways that meet organisms’ requirements.  
 
Analyses address each of these ways to the extent possible (§6).  Findings are summarized for each of 
the 17 species in §7.1.  Given current planning and practice, no species is a candidate for monitoring 
focused specifically on that species.  Several bat species, however, merit inventory – in some instances 
their presence is inferred rather than documented.  Recommendations for improvements to current 
practice and for implementation and effectiveness monitoring of forest practices likely to impact high 
priority vertebrate species are offered (§7.2 and §7.3). 
 
There are two major limitations to the coarse-filter evaluation of effectiveness of forest planning and 
practice at sustaining high-priority species dependent on dying and dead wood: 
 
1)  The survey method employed (Breeding Bird Surveys) does not adequately assess most cavity users.  
Despite 1472 station x year combinations, for most species very few observations were attained from 
which to derive preferred forest types (Table 1).  Other groups within the Species Accounting System are 
much better sampled by Breeding Bird Surveys. 
 
2)  Coarse-filter analyses are necessarily map-based and riparian habitats are incompletely represented 
using current monitoring techniques.  Five high priority cavity users are likely affected by practices in 
riparian areas (brown creeper, chestnut-backed chickadee, tree swallow, Vaux’s swift and western 
screech-owl).  Conditions in riparian areas cannot be adequately assessed by the coarse filter approach 
without better information on practices within the Riparian Management Zone. 
 
The first limitation can be addressed by other monitoring methods; the second by specific, targeted 
implementation or effectiveness monitoring (see §7.3).  Despite these limitations the coarse filter 
analyses are useful.  Briefly, they: 
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1) Expose which species are most in need of targeted monitoring.  In the TFL it is the northern 
pygmy owl and western screech-owl.  In some instances the analyses also indicate how relatively 
simple implementation monitoring can clarify the need for more expensive effectiveness 
monitoring before the latter is undertaken.  Examples are Vaux’s swift and other species 
associated with riparian areas.   
 

2) Expose which species are most in need of inventory.  In this case, the bats are.  Even their 
presence within the DFA is sometimes ambiguous. 
 

3) Suggest key areas of implementation and effectiveness monitoring directed to ensuring that 
current planning and practice do not negatively affect the species.  Examples of implementation 
monitoring include structures as well as species being retained in the NHLB and Riparian 
Management Zones.  A clear example of effectiveness monitoring is evaluation of how well 
current retention created for other purposes is sustaining cavity-users seeking large trees. 
 

4) Illustrate and focus credible and cost-effective measures for monitoring preferred habitat of most 
species.  Two examples of inexpensive first steps that would focus monitoring are given for the 
sooty grouse and Vaux’s swift in §7.1 

 

 

 

 

 

 

 

 

 

 



iii 
 

Table of Contents 
 
1   Introduction......................................................................................................................................... 1 
2   Conservation Framework .................................................................................................................... 1 
3   Species Accounting System ................................................................................................................ 1 
4   Coarse filter analyses ......................................................................................................................... 2 
5    High priority species .......................................................................................................................... 3 

Non-vertebrates use of dying and dead wood .................................................................................. 7 

6   Findings .............................................................................................................................................. 8 

6.1  Adequate sizes of dying and dead wood ........................................................................................ 9 

6.2  Amounts of suitable older age classes ......................................................................................... 10 

6.3  Amounts of hardwoods ............................................................................................................... 16 

6.4  Gaps in the decay stage distribution ............................................................................................ 17 

6.5  Distribution of dead wood .......................................................................................................... 18 

7  Summary ........................................................................................................................................... 18 

7.1  Major findings ............................................................................................................................. 18 

7.2  Recommendations for practice ................................................................................................... 22 

7.3  Recommendations for monitoring............................................................................................... 23 

Implementation monitoring ........................................................................................................... 23 

Effectiveness monitoring ............................................................................................................... 24 

7.4  Limitations and utility of the approach ........................................................................................ 26 

8  Literature cited ................................................................................................................................... 27 

 



iv 
 

List of Tables  

Table 1.  High priority vertebrate species likely occurring on TFL 6 and using cavities >50% or 
strongly reliant on down wood.  Statistically significant habitat associations in bold. ..................... 5 

Table 2.  Attributes of trees sought as ‘cavity’ sites by high priority species known or likely to 
occur in TFL 6.  Shaded species are those for which data are primarily from Vancouver Island or 
other coastal areas. .............................................................................................................................. 6 

Table 3.  Use of down wood and stumps by mammals occurring in TFL 6.  Means in bold. ......... 7 

Table 4.  High priority mosses using down wood or dead trees in British Columbia. ..................... 8 

Table 5.  Estimates of suitable diameters and densities of dead wood for TFL 6.  Shaded values 
indicate estimates that are little more than reasoned guesses....................................................... 10 

Table 6.  Areas of different habitat types within TFL 6 (ha) as of 2007. ........................................ 10 

Table 7.  Current and projected areas (ha) of the three major forest types older than 20 years in 
the THLB and NHLB of TFL 6. .......................................................................................................... 12 

Table 8.  Findings of coarse filter evaluation of the effects of forest planning and practices for 
species of high conservation priority known or presumed breeding in the TFL 6. ........................ 19 

 
 
 
List of Figures 
 
Figure 1.  Proportions of broad forest types in TFL 6 within the THLB and NHLB (smaller circle).  
All major forested variants are combined. RD = recently disturbed; HL = hardwood-leading; CL 
= conifer-leading; 1 = 21 to 140 years old; 2 = >140 years. ........................................................... 11 

Figure 2.  Projected distribution of stands >140 years old on TFL 6 under the current 20-year 
plan.  THLB > 140 years is red; NHLB is blue.  Gray areas indicate areas scheduled to be cut 
within the current 20-year plan. ......................................................................................................... 13 

Figure 3.  Current and projected area in patches of different sizes in the two conifer age classes 
for the major forested variants in the THLB of TFL 6. ..................................................................... 14 

Figure 4.  Current and projected area in patches of different sizes in the two conifer age classes 
for the two forested variants in the NHLB of TFL 6. ........................................................................ 15 

Figure 5.  Current and projected age distribution of deciduous (hardwood) and conifer stands on 
TFL 6.  Current is 2007; projected is based on the 20-year plan. .................................................. 17 

 
 
 
 
 
 
 
 
 
 



1 
 

1   Introduction 
Biodiversity sustainability analysis combines features of the Species Accounting System and coarse filter 
analyses of forest planning and practice.  This report summarizes the ability of coarse filter analyses to 
assess the likelihood that current forest planning and practice will sustain vertebrates that rank high in the 
provincial conservation framework and require cavity sites or downed wood.  Non-vertebrates also are 
addressed, but data for them are much more limiting.  Species’ ranges are rarely so narrowly defined that 
they are restricted to a single DFA.  The high priority species addressed here are expected to occur in 
most or all of Western Forest Products’ tenures on northern Vancouver Island.  Features of coarse filter 
analyses, however, specifically address conditions on TFL 6.  We briefly review the nature of the 
provincial conservation framework, the Species Accounting System and coarse filter analyses of the 
impacts of forest planning and practice.  We then summarize the high priority species occurring on 
northern Vancouver Island and present findings of the application of coarse filter analyses to those 
species as they occur on TFL 6.  We close with a brief summary.   
 
2   Conservation Framework 
In 2008 the province adapted a conservation framework intended to make the allocation of conservation 
effort more cost-effective in terms of allocation of resources and more effective in achieving desired 
outcomes.  That framework is described in detail by Bunnell et al. (2009a).   One feature of the framework 
is a ranking of each species by priority in three different goals that broadly recognize the conservation 
adage – think globally act locally. These goals are:  
 
1 = To contribute to global efforts for species conservation.  Goal 1 recognizes that some widespread 
species may occur only sparsely in British Columbia but are under threat throughout their range.  It is 
intended to ensure that some provincial resources are assigned to conserving species globally at risk, 
even when these are widely distributed.  
 
2 = To prevent species from becoming at risk.  Goal 2 is intended to be proactive and provide early 
detection of threats, thereby reducing the need for costly recovery actions.  It is facilitated by including all 
native species in assessments of priority, rather than focusing solely on those already ‘at risk’.   
 
3 = To maintain the richness of native species.  Goal 3 represents efforts to sustain all native species, 
even when only jurisdictionally rare and abundant elsewhere.  It ensures that challenging, jurisdictionally 
rare species will not be ignored in pursuit of Goal 2. 
 
There are 6 potential ranks with 1 = highest and 6 = lowest.  The province reports rankings2 for each 
species evaluated within each of the three broad goals for conservation.  We considered high ranking 
species to be those ranking 1 or 2 in any of the three goals.  The subjects of this report are species that 
ranked 1 or 2 and also show strong dependencies on cavity sites or down wood. 
 
 
3   Species Accounting System 
The Species Accounting System (SAS) acknowledges the complexity and the high costs of monitoring by 
creating a self-correcting system that adds detail as detail appears required.  As presented here, the 
system focuses on terrestrial vertebrates.  Examination of the species groups below indicates that these 
are applicable to many species other than vertebrates.   
 
The system itself is intended to: 

1) estimate approximate amounts and location within the DFA of suitable habitat for all3 forest-
dwelling vertebrates; 

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

                                                             
2  Available at www.env.gov.bc.ca/conservationframework/ 
3 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 being created so appropriate action can be undertaken when that habitat is encountered in the 
field. 
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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 potentially expensive effectiveness monitoring on areas of greatest uncertainty; and 
6) be self-correcting,4 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 or respond positively to forest practices; 
Group 2 – species that can be statistically assigned broad habitat types as defined within VRI (e.g. 

    western hemlock-balsam fir, western hemlock-Sitka spruce); 
Group 3 – species with strong dependencies on specific habitat elements (e.g. snags or understory), so  
     may 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.  
 
Group 6 is included for completeness.  It contains species known or expected to occur in the area, but 
that are not dependent upon forested environments and are not monitored. 
 
Developing credible assignments of species to these groups has the compelling advantages of including 
all forest-dwelling species 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.  Boundaries between groups or 
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 the DFA are included, with emphasis on those that are forest-
dwelling.  The monitoring design must include the ability to continually inform assignment to groups (i.e., 
improve the efficiency of monitoring) while evaluating success in meeting the criterion of sustaining native 
species richness.  By including BEC variant in the monitoring design, it is easier to evaluate which 
species are accommodated within the non-harvestable land base (NHLB).   
 
Species’ ranks are determined by the provincial conservation framework.  The form of coarse filter 
analysis that is applicable is determined by the Species Accounting System.  Species treated are 
members of Group 3 (those dependent on specific habitat elements) ranking 1 or 2 for any goal within the 
provincial conservation framework.  Species dependent on cavity sites are designated 3c; species 
dependent on down wood as 3dw.  For example, because its foraging behavior is directed to ants living in 
down wood, the pileated woodpecker is designated 3c,dw (but it is not a high priority species).  Only high 
priority species are treated here.  Group 3 species may show a statistically significant association with a 
particular habitat type, and specific assignment to that type is reported.  Among species treated here 
(Table 1), the brown creeper ranks highly and is designated 3c/HC2.  That indicates that the Group 2 
habitat type (old western hemlock-western redcedar) must first be assessed for its ability to provide cavity 
sites (3c), before using habitat type as an index of suitable habitat. 
 
 
4   Coarse filter analyses 
Detailed treatment of methods of coarse filter analysis are provided in Bunnell et al. (2009b,c,d).  
Provincial data are most reliable and complete for vertebrates.  The reports noted also include literature 
reviews that modify appropriate metrics of analyses derived primarily from vertebrate data to 
accommodate the different responses of other groups of organisms – fungi, lichens, bryophytes and 
invertebrates.  This report specifically exploits features for assessing contributions of dying and dead 
wood as described in Bunnell (2009b).  It presents analyses of features appropriate for assessing the 

                                                             
4  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. 
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likely response of vertebrate species using cavities or strongly associated with down wood.  Practices that 
can have a deleterious effect on amounts and kinds of deadwood within a DFA are those that: 
 

6) fail to provide sufficient dead wood of adequate size;  
7) reduce the amount of older forest age classes over large areas (each forest type is  significant to 

some species; Table 1); products of age, such as larger diameters and advanced decay, also are 
requirements for some species; 

8) convert significant amounts of hardwood or mixed wood types to conifer-leading types (decayed 
and dead hardwoods are preferred by species in several groups of organisms);   

9) fail to provide the full range of decay classes on a sustained basis in both conifer and hardwood 
types (different organisms seek different decay classes; even-aged management with close 
utilization standards can produce gaps in the sustained provision of all decay classes); and 

10) fail to distribute dead wood in ways that meet organisms’ requirements.  
  
Because coarse filter analyses of effects of forest practice are intended to be applied broadly, they are 
map-based to the extent possible – exploiting BEC and VRI classifications.  In some instances, practices 
themselves must be evaluated.  That evaluation follows the existing SFM plan.  Descriptions of practices 
within the SFM plan were not confirmed on the ground.  If they appear to have significant influence they 
are noted as candidates for implementation monitoring (§7.3). 
 
 
5    High priority species 
Species’ ranges are rarely so narrowly defined that they are restricted to a single DFA.  The high priority 
species listed in Table 1 are expected to occur in most or all of Canfor’s tenures in northeastern British 
Columbia.  In Table 1 CoSEWIC refers to the status assigned the species by the Committee on the 
Status of Endangered Wildlife in Canada; NaR indicates assessed and found ‘not at risk’.  Rankings for 
species within Goals 1, 2 and 3 are reported under Priority ; species rankings of either 1 or 2 are 
highlighted red .    
 
Global responsibility is the estimated percentage of the species’ range or population size that occurs 
within the province, and can help guide ranking within the goals.  That percentage is reported in 7 
classes: 
1 = endemic; 100% of the global population 
2 = very high; 75-99% of the global population 
3 = high; 51-74% of the global population 
4 = moderately high; 30-50% of the global population 
5 = intermediate; 11-29% of the global population 
6 = low; less than 10% of the global population occurring in more than 30% of the province 
7 = low; 3 to 10% of the global population occurring in less than 30% of the province 
 
SAS Group  is the group within the Species Accounting System to which the species is assigned.  Groups 
are the six described above.  Where a species is assigned multiple groups, the first is the primary 
assignment (see brown creeper example above).  Analyses to test assignments of species to particular 
SAS groups or to classes within groups relies on VRI data using classes following the BC Land Cover 
Classification System (BC MoSRM 2002).   Initial analysis of VRI for the area suggested that 14 classes 
could be evaluated effectively.  Statistical tests could be applied only to habitat types derived from VRI.  
These are summarized below:  
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Group 

Group  
Modifier 

 
Description 

2 Habitat type; most 
often forested 

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 20 yrs old; intended to represent the period of 
shrub abundance post disturbance 

 H Hardwoods: usually >70% hardwoods; as low as >25%; >21 yrs 
 Cw1 Western redcedar >70%; 21 – 140 yrs  
 Cw2 Western redcedar >70%; >140 yrs  
 Hw1 Western hemlock >70%; 21 – 140 yrs 
 Hw2 Western hemlock >70%; >140 yrs 
 HB1 Western hemlock-balsam fir >60%; 21 – 140 yrs 
 HB2 Western hemlock-balsam fir >60%; >140 yrs 
 HC1 Western hemlock-western redcedar >60%; 21 – 140 yrs 
 HC2 Western hemlock-western redcedar >60%; >140 yrs 
 HwSs Western hemlock-Sitka spruce >60%; >21 yrs 
 CM Mixed conifer – all conifers combined >70% 
 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 
 
 
Statistical tests could be applied only to habitat types derived from VRI (shaded types of Table 1).  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.  The Breeding Bird Survey (BBS) routes 
did not use orthophotos to locate birds, so expected values were derived from portions available within 
circles of 200-m radius around each station.  That necessity reduced the number of significant 
associations resulting from testing.  After reviewing the tree species mix in mapped polygons, we elected 
to test across 14 potential habitat types.  The most sparsely occurring of these represented only 1.9% of 
the sampled area (Cw1 and Cw2).  The most commonly occurring forest types were younger types – RD 
(22.2%), HwSs (16.3%) and HC1 (11.4%).  Because the sampling stations are roadside, NV represented 
12.7% of the sampled area and NT, 5.7%.   For TFL 6, potential associations with 14 classes based on 
VRI are reported.  Tests are possible only for bird species, because only birds were sampled by a design 
permitting testing.  Data were tested across 1472 station x year combinations.  Observations for other 
groups are based on opportunistic sampling and the literature.  
 
Associations recorded under BEC are at the variant level.  Within TFL 6, associations with only two 
variants could be tested statistically – CWHvh and CWHvm.  Sampling did not include higher elevations 
CWH variants, the MH or alpine because little or no forest harvesting occurred there.  Only statistically 
significant associations are reported.  Tests across BEC units are based on observed versus expected 
values for individual types or BEC variant using the Bonferroni correction.  Expected values are derived 
under the assumption that the species exerted no selection and was observed in BEC variants in 
proportion to which the variants were sampled.  The number of stations x years in the analyses for both 
BEC and SAS group is 1472. 
 
Relative abundance  is assessed in 2 ways: 1) where species were recorded on BBS routes the number 
of records over the 9-year sampling period is noted; 2) an estimate of how common the species is within 
the DFA.  That estimate employs three broad classes originally derived for birds (the richest vertebrate 
group).  The definitions of classes below are those for birds, here broadly adapted to other vertebrates as 
well.  
Com = common; 20 or more individuals per day in suitable habitat; moderate numbers. 
UCom = uncommon; 7-20 individuals per day in suitable habitat; low numbers or irregular; often  
 concentrated locally. 
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Cas = casual (includes rare and vagrant); casual = 1- 6 individuals per season; occurs most years but  
 usually few records per year; rare and vagrant are less frequent occurrences. 
W = regularly winters in the area but is largely transient in the area during the breeding period.  
 
In all cases the designation applies to favourable habitat.  For example, some amphibian species could  
be designated common, but only in appropriate wetland sites.  The highest abundance is reported.   
 
Table 1 .  High priority vertebrate species likely occurring on TFL 6 and using cavities >50% or strongly 
reliant on down wood.  Statistically significant habitat associations in bold . 
 

  Priority Global 

Resps. 

SAS 

Group 

 

BEC 

Relative 

Common Name CoSEWIC 1 2 3 Abundance 

Cavity’ sites         

American Kestrel  6 2 4 7 3c/open       2  cas 

Barrow's Goldeneye   4 1 3 2 3c/2:R CWHvm1      4   w 

Brown Creeper   4 1 3 2 3c/HC2     23  com 

Chestnut-backed Chickadee  4 2 4 4 3c/H CWHvm1   322  com 

Common Goldeneye NaR 6 1 3 6 3c/2:R        0  w     

Northern Pygmy-owl
1
 NAR 2 4 4 1 3c/C2 CWHvm1        2  ucom 

Tree Swallow   6 2 4 6 3c/[R,open] CWHvm1        3  ucom 

Vaux's Swift   4 2 4 6 4/3c/2HB2,R,6mm       13  ucom 

Western Screech-owl
2
 SC 3 1 2 3 3c/[H,R]         0  ucom 

American Marten  2 2 4 6 5/3c,dw/C2,H             com 

Californian Myotis   5 2 4 5 3c/[C]  nd 

Keen’s Myotis DD 1 6 1 2 3c/[C]  nd 

Long-eared myotis   5 2 4 5 3c/2:[C]  nd 

Long-legged Myotis   5 2 4 5 3c/2:[C]  nd 

Silver-haired bat   6 2 4 6 3c/2:[C,H]  nd 

Down wood         

Ensatina  6 2 4 7 3dw  ? 

Western Skink   6 1 2 7 3dw  ? 

Ruffed Grouse  4 2 4 6 3dw/H,Cw2       25  com 

Sooty (Blue) Grouse  5 2 4 4 2/RD,C       72  ucom 
1  Glaucidium gnoma swarthi  2 Megascops kennicottii kennicottii 
 
Sooty grouse is included in Table 1 primarily for completeness.  We do not consider its association with 
down wood strong enough to designate it 3dw (see §7.1).  Among high priority species, 7 bird species 
breeding within the DFA use cavities as nest sites more than 50% of the time, often 100%.  Two highly 
ranked, cavity-using ducks occur, but generally as transients.  Other species use cavities more 
opportunistically (e.g., harlequin duck, Pacific-slope flycatcher).  Not all species listed in Table 1 use 
conventional cavities.  The bats and brown creeper use cracks in or behind deeply furrowed bark as well 
as conventional cavities.  Only 52 of 150 brown creeper nests summarized in Table 2 were in cavities.  
The trees brown creepers and bats seek, however, are similar to those providing cavity sites.  The 5 bat 
species included as cavity users are poorly inventoried and their local requirements are poorly known.  
Marten uses down wood as well as cavities.  Of the 15 high priority species regularly using cavities on the 
DFA, only 2 occur commonly in habitat adequately sampled by BBS.  BBS routes generally sample cavity 
users poorly, so unlike other monitoring groups in the Species Accounting System there are few 
observations even with 9 years of data, and fewer still that are significant (Table 1).  Affinity of bat species 
for particular broad forest types was based on review of tree species used for denning and roosting 
(Bunnell et al. 2009b); for marten it was based on studies on Vancouver Island (Baker 1992). 
 
We considered only 4 high priority species likely to occur within the DFA to be strongly associated with 
down wood (the marten also requires cavity sites).  Many other species make more opportunistic use of 
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down wood, but relations vary widely among sites as a function of amounts of understory, potential for 
earthen burrows and other habitat features that may provide cover.  
 
Natural history features of these species guide the coarse filter analyses of effectiveness of practices.  
For example, the diameter of cavity sites used determines the appropriate age classes that can provide 
suitable habitat.  Diameters are summarized in Table 2.  Note that only one of these species excavates its 
own cavity – the chestnut-backed chickadee – and it is a weak excavator.  All others rely on cavities 
excavated by strong excavators in the region, or natural cavities in old trees experiencing advanced 
decay.  Non-vertebrate assignments to species accounting or monitoring groups are summarized in 
Kremsater and Bunnell (2009).  Many vascular plants and mosses rank highly within the provincial 
conservation framework (as do a few species among other groups we examined - butterflies, odonates, 
carabids, liverworts and lichens).  However, very few non vertebrate species dependent on dead or down 
wood are of high priority.  
 
Table 2 .  Attributes of trees sought as ‘cavity’ sites by high priority species known or likely to occur in TFL 
6.  Shaded species are those for which data are primarily from Vancouver Island or other coastal areas. 
 
  DBH (cm)  % Dead % Hardwoods  
Species  SAS1 Con Hdwd  Both 2 % # % # 
Weak excavator          
Chestnut-backed Chickadee H 72.0 nd 39.5 58.3 132 50 8 
Secondary nesters          
American Kestrel open 71.3 56.2 60.4 38.5 144 55.2 114 
Brown Creeper HC2 32.9 56.9 29.9 85.7 244 27.1 244 
Northern Pygmy-owl1 [C] 54.0 nd  100.0 7 0.0 2 
Tree Swallow [C,open] 38.3 29.2 34.7 89.0 245 53.8 234 
Vaux's Swift HB2,R 117.6 nd 51.8 34.0 61 11.0 82 
Western Screech-owl2 [H] 57.5 53.9  nd nd 100.0 7 
Mammals          
American Marten [C] 72.8 nd  28.9 906 0.0 906 
Californian Myotis [C] 55.9 nd  97.4 39 0.0 39 
Keen’s Myotis [C] 95.0 nd  54.7 86 0.0 86 
Long-eared Myotis [H,C] 65.0 nd  89.7 58 4.8 63 
Long-legged Myotis [C,H] 58.8 45.7  93.3 60 6.1 66 
Silver-haired Bat [C,H] 48.5 42.5  65.6 128 33.8 128 
1  Glaucidium gnoma swarthy     1   Megascops kennicottii kennicottii 
 
We found coastal studies having sufficient data to estimate diameter from for only two species – chestnut-
backed chickadee (Deal 2009; Mahon et al. 2008; Zarnowtiz and Manuwal 1986) and Keen’s myotis 
(Boland et et. 2009).  Data for % dead and % hardwood include all studies to illustrate selection over a 
range of opportunities.  Sources are summarized in Appendix 1 of Bunnell et al. (2009e).  Note that 
studies reporting proportion of dead and proportion hardwood sometimes are independent and drawing 
from different pools of data.  They can be assumed common only when sample #’s in Table 2 are the 
same. 
 
Some cavity-using species seek larger hollows in trees or logs that are created by heart rot.  These 
include two high priority species occurring in the DFA – Vaux’s swift and marten (Table 1).  Because large 
cavities result only from a living tree’s defense against fungi, a tree without decay that succumbs to 
windthrow will never become hollow.   The only species strongly associated with down wood for which 
diameters could be informatively estimated is the American marten.    
 
Table 3 summarizes dimensions of down wood – logs and stumps – used by mammals occurring on TFL 
6.  We restricted most data to coastal studies; bat sources are from inland sources except for Keen’s 
myotis.  Two high priority bat species likely to occur in the DFA make opportunistic use of stumps (about 
60 cm diameter) and logs (Table 3).  Two species (little brown bat and black bear) are included in Table 3 
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simply to indicate that species not ranked highly within the conservation framework also use large pieces 
of dead wood.  The studies on little brown bat and long-eared myotis focused on clearcuts, so the percent 
use of stumps and logs is inflated but indicates that they are used.  Coastal studies of black bears 
suggest that burrows beneath large diameter stumps (172.5 cm diameter on average) are used about 
10% of the time; logs averaging 132 cm in diameter are used 21% of the time. Coastal black bears do not 
den in debris piles.  In coastal regions summarized in Table 3, marten den under large stumps, logs and 
debris piles (20% of den sites).   Of the 7 natal marten dens from Vancouver Island reported by Baker 
(1992) all were associated with dead wood (stumps, root ball of a windthrown tree and debris piles); logs 
comprising the 3 coarse woody debris piles ranged from 51 to 57 cm in diameter. Inland studies report 
marten denning within large logs (>100 cm in diameter); that does not appear to occur on the coast. 
 
Table 3.  Use of down wood and stumps by mammals occurring in TFL 6.  Means in bold .  
    Debris  

Piles    Stumps  Logs  
Species  Site Ø(cm) Ht(m) % Ø(cm) Lgth(m)  % % 
Keen’s Myotis 86-ro   7%   0.0 0.0 
         
Little brown bat1 5-ro 38.2 2.2 20.0     
 6-ro 85.0 1.8 16.7 55.0 8 16.7 0.0 
      Mean  61.6 2.0 18.4 55 8 17.7 0.0 
         
Long-eared myotis 2-ro 40.8 1.0 100 nd nd   
 73-ro 59 1.33 56.2 nd nd 2.7 0.0 
      Mean  58.1 126.9 78.1   2.7 0.0 
         
American Marten 332-rs nd nd 0.9 nd nd 9.9 10.2 
         
 25-d nd nd 0.0 nd nd 4 8.0 
 7-d >100.0 nd 42.8 nd nd  42.8 
      Mean     >100.0  17.9   7.0 20.3 
         
Black bear1 10-d 176  20.0 120.6  50 0.0 
 67-d 169  11.9 143  5.9 0.0 
 39-d nd nd 2.6 nd nd 7.6a 0.0 
      Mean  172.5  11.5 131.8  21.2  
 1  The little brown bat and black bear are not high priority, but are included to indicate the range of use made by mammals of down 
wood. 
 
 
Sources for Table 3 are:  Keen’s myotis – Boland et al. (2009); little brown bat – Rasheed and Holroyd 
(1995), Kalcounis & Hecker (1996); long-eared myotis – Grindal (1997), Waldien et al. (2000);  American 
marten – Baker (1992), Raphael and Jones (1997); black bear - Davis (1996); MCA (2003), Nobel et al. 
(1990); northern river otter – Gorman et al. (2006).   
 

Non-vertebrates use of dying and dead wood   

Many more non-vertebrates than vertebrates use dying and dead wood, standing and down.  No data 
were acquired within the DFA on non-vertebrates.  Generally, British Columbia has been inadequately 
surveyed for these groups.  A review of relevant literature is summarized in Bunnell et al. (2009b); non-
vertebrates assigned to Species Accounting Group 3dw are treated in Kremsater and Bunnell (2009).  
Data for non-vertebrates are sparse and few have been assigned a high conservation priority.  Key points 
for non-vertebrate groups generally are summarized below. 
 
Fungi:  Fungi are the primary agents of the decay sought by cavity users and are present in living trees, 
snags and down wood.  To maintain the full range of fungi richness and an intact system of 



8 
 

decomposition and nutrient cycling, a continuum of all decay classes must be sustained.  Although larger 
diameters encourage greater richness, fine wood debris (twigs, small branches) makes important 
contributions and some fungal groups are largely limited to fine debris.  Some fungal species are specific 
to individual or groups of tree species, so species composition is important. 
 
Lichens and bryophytes:  Both groups contain members inhabiting living, dying and dead trees and logs.  
Tree species composition again is important.  Both groups show greater species richness on logs of 
larger diameter.  Richness of lichens generally peaks in the early stages of decay class 3 whereas 
epiphytic bryophyte richness is highest on logs in the latter stages of decay class 3 and decay class 4.   
Kremsater and Bunnell (2009) report 12 liverworts, 14 mosses, and more than a hundred lichens 
associated with dead (usually down) wood.  No lichens known to occur on Vancouver Island are listed as 
having priority 1 or 2 for any of the three provincial conservation goals.  Of lichens evaluated within the 
conservation framework, only three were assigned priority 1 or 2.  Priority 1 lichens in BC include 
Leptogium polycarpum and Leptogium platinum.  The priority 2 lichen is Leioderma sorediatum.  No 
liverworts are assessed within the provincial conservation framework.  Many mosses rank highly within 
the provincial conservation framework, but only 8 of these appear largely restricted to dead or dying trees, 
(Table 4). 
 
Table 4 .  High priority mosses using down wood or dead trees in British Columbia. 
 

Bryhnia hultenii 
Campylium calcareum 
Daltonia splachnoides 
Dicranum fuscescens 
Entodon concinnus 
Orthotrichum tenellum 
Stegonia latifolia 
Tortella humilis 

 
 
Vascular plants: None of the 42 high priority vascular plants within the DFA are strongly associated with 
standing or down dead wood. 
 
Wood-inhabiting invertebrates:  Similar to fungi – require the entire range of decay states, exploit fine 
debris and can be tree-species specific.  Larger diameters encourage greater richness.  No carabid 
beetles are currently listed within the provincial conservation framework. 
 
In summary, the appropriate metrics for evaluating contributions of dying and dead wood are diameter 
(larger diameters important for cavity using vertebrates, but fine debris important to fungi and 
invertebrates), decay state (entire range), and tree species composition.  These metrics define what is 
suitable when evaluating trends in amounts. 
 
 

6   Findings 
The natural history of species using dying and dead wood determines the attributes of dead wood 
necessary to sustain biodiversity.  A critical feature determining the suitability of dead wood as habitat is 
decay state.  Because decay usually originates in living trees and all stages of decay are relevant, dying 
and dead trees need to be considered jointly.   We discuss species’ associations with standing and fallen 
dead wood separately. 
 
Among high priority bird species occurring in the DFA, 7 species breed there.  An additional 6 mammal 
species, 5 of them bats, seek cavity sites within the tenure.  A further 5 species show  ome dependence 
on down wood (Table 1).  We evaluated to the extent possible the 5 ways (see §4) in which forest 
practices can influence amounts and distribution of suitable dying and dead wood.  We relate these 
findings to each of the 17 high priority species in §7.1. 
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6.1  Adequate sizes of dying and dead wood 
For many of the cavity-using birds and bats potentially breeding in the DFA, the diameter of appropriate 
nest trees is broadly known, as is the relative preference for hardwoods or conifers (Table 2).  The two 
owls are exceptions for which we could find little data.  Diameter reflects age, thus diameters of known 
cavity sites provide an estimate of the age at which a desirable decay state and suitable habitat is 
attained.  In any significant sample of nest tree diameters, the mean is usually well above the median, 
because the lower end is constrained but some uncommonly large trees are used (Bunnell et al. 2002).  
Examples of the phenomenon for northern Vancouver Island are illustrated in Bunnell et al. (2009e: 
Figure 1).  The appropriate diameter to encompass 50% of preferred nest sites is thus less than means 
reported in Table 2.  Bunnell et al. (2009e: Figure 2) extracted quadratic mean diameter versus age 
curves from two major coastal forest types – western hemlock-leading and western redcedar-leading.   
The quadratic mean diameter represents the tree of average basal area.  It does not represent the largest 
stems; some trees will be larger, some smaller, but it likely is representative of the major cohort.  In 
natural stands, it most often will slightly exceed the mean diameter.    
 
Age of a stand or forest type likely is representative of the provision of cavity sites for 5 of the 7 bird 
species of Table 2 – chestnut-backed chickadee, brown creeper, northern pygmy owl, tree swallow and 
western screech-owl.   Given the chickadee’s frequent selection of stumps, it is least well represented by 
broad forest type.  The American kestrel seeks open areas, little affected by forest practice.  Vaux’s swift 
likely uses both old hemlock-balsam (Table 2) and riparian areas with large cottonwoods.  In riparian 
areas (including the Riparian Management Zone) practices may prove more important than stand age.  
Note that both Barrow’s and common goldeneye rank highly within the conservation framework, but are                          
only transient in the TFL and do not breed there.   
 
In our analyses of all cavity-nesting birds (Bunnell et al. 2009e) we recommended a target diameter for 
retained trees of 50 cm dbh to maintain most cavity-nesting species, and noted that in the major forest 
types this diameter was attained before 140 years of age.  That diameter would provide suitable habitat 
for all high priority species with the possible exception of the American kestrel and Vaux’s swift (Table 2).  
We tested for species preference between forest ages 21 to 140 years and >140 years by aggregating all 
forest types.  Only two high priority species show a preference for one of these age classes over the 
other:  chestnut-backed chickadee preferred >140 years; Vaux’s swift preferred 21 to 140 years (p < 
0.05).  We believe the findings indicate that the chickadee, a weak excavator, is seeking well-rotted 
substrate and the swift is finding large cottonwoods in riparian areas.  For high priority bird species, the 
analyses that follow retain the target diameter of 50 cm dbh and include treatment of the age class >140 
years for reasons expanded below.  
 
For mammals, Table 2 indicates that diameters somewhat larger than 50 cm are sought, likely because 
mammals are more reliant on large natural cavities.  We could not test preferences for age classes by 
mammals.  A precautionary approach suggests that habitat >140 years is most suitable.  For both birds 
and mammals, it is noteworthy that smaller diameters are sought in hardwoods than in conifers for all 
species.  That likely occurs because hardwoods rot earlier and often compartmentalize soft rot within a 
hard outer shell.  This finding indicates the importance of maintaining older hardwoods in both riparian 
and upland sites. 
 
The SFM plan for TFL 6 specifies no minimum target diameter for wildlife trees or snags in retention 
areas, possibly because much of the retention area has resulted through regulation rather than planning.  
We could not analyze what is actually retained in various set-asides.  That should be done as a form of 
implementation monitoring.  Potential target diameters and densities for both standing and down wood 
were derived by Bunnell et al. (2009e) considering all species present (Table 4). 
 
A dbh of 65 cm intended for larger birds and mammals would encompass all bats but Keen’s myotis, 
potentially the marten, but not the black bear, based on data reported (Table 1).   Although not a priority 
species, black bear must be accommodated in tree hollows, particularly as climate change reduces the 
efficacy of earthen dens by encouraging warmer, moister soil.   
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Table 5.  Estimates of suitable diameters and densities of dead wood for TFL 6.  Shaded values indicate 
estimates that are little more than reasoned guesses.   
 Living, dyi ng & dead trees  Logs  

Species Group  Diametera # per ha Diameter # per ha 
Most cavity nesters >50 cm 3     >17.5 na 
Larger bird species,  mammals >65 cm 1 >60 cm 1 
Lichens, bryophytes, insects >17.5 cm 3 >17.5 cm 3 
  a  

Diameter is quadratic mean diameter which can be derived from VRI, and is slightly larger than arithmetic mean diameter. 

 
Data of Table 4 illustrate the importance of large down wood in maintaining vertebrate species – both as 
logs and stumps.  However, the largest sizes are not sought by high priority species.  Values of Table 5 
should accommodate all high priority species including non-vertebrates such as fungi, lichens, bryophytes 
and invertebrates, but are not adequate for black bear. 
 
The review for vertebrates implies that the simplest coarse filter approach to assessing suitable habitat is 
to assess amounts of habitat available for hardwoods (particularly older hardwoods) and of conifer-
leading types of both broad age classes: 21-140 years and >140 years (age class 8 plus).  In addition, the 
degree to which large black cottonwoods and other hardwoods are retained in riparian should be 
assessed.  Our review of non-vertebrate responses to dying and dead wood (Bunnell et al. 2009b) 
suggests that these ages and what they reflect are likely suitable for non-vertebrates as well.   
6.2  Amounts of suitable older age classes 
The simplest measure of potential effectiveness in providing dying and dead wood is amounts of forest in 
older age classes with some consideration for patch size.  Age must be old enough to permit trees of the 
required size.  Suitable age boundaries were derived from consideration of the natural history of species 
present (§6.1). 
 
Both NHLB (Non-harvestable land base) and THLB (Harvestable land base) can contribute to older 
forests; the former is not currently scheduled for harvest.  An overview of all older forest in the DFA, 
including the area of forest currently reserved from harvest (NHLB) for various reasons, is summarized in 
Table 6.  Because of changes in species composition during early stages of succession, stands <21 
years old are not assigned a forest type.  Amounts of older forest in the THLB will change as harvest 
progresses and with natural disturbance.  Amounts in the NHLB will change with natural disturbance and 
aging of younger stands currently in the NHLB.  The NHLB provides the most secure contribution to older 
age classes.  Therefore our basic assessment of adequacy of old forest in the long term focuses on the 
NHLB.   
 
Table 6.  Areas of different habitat types within TFL 6 (ha) as of 2007.   
 
 THLB Age (yrs)  NHLB Age (yrs)  
Habitat Type  0-20 21 to 140 >140 21 to 140 >140 All ages  
Recently disturbed 21833 NA NA NA NA NA 
Hardwood-leading NA 4135 21 750 14 764 
Conifer-leading NA 70812 37005 3781 23841 27623 
 
 
Both hardwood and conifer types are important.  In fact, 5 of the 13 high priority, cavity-using species 
prefer hardwoods (Table 2).  Coastal forests naturally host few hardwoods.  Forest-type polygons typed 
as ‘hardwood-leading’ >140 years almost certainly host hardwoods less than 140 years but these still may 
provide suitable cavity sites.  Ignoring recently disturbed, of the area in the DFA typed as ‘hardwood-
leading’ only 15.5% occurs in the NHLB; 20.4% of conifer-leading occurs in the NHLB as of 2007 (Table 
6).  The older NHLB represents ‘minimal’ amounts of older forest; the THLB cannot all be harvested at 
once, although it can be harvested quickly (see Table 7).  Three features are apparent.  First, even 
though some vertebrate and non-vertebrate species present in the TFL prefer hardwoods, hardwoods are 
naturally uncommon; that emphasizes the importance of maintaining hardwoods in both riparian and 
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upland areas.  Second, because the major hardwood species is red alder which has a relatively short 
longevity, the NHLB cannot be considered a reservoir of hardwoods; that emphasizes the importance of 
maintaining hardwoods in both riparian and upland areas plus approaching alder control thoughtfully.  
Third, although relations illustrated in Bunnell et al. (2009b: Figure 4) may not scale up well, they suggest 
a value of about 30% older forest to maintain the full complement of cavity nesters.  Only the older 
portions of age class 21-140 (age class 7) provide the diameters sought by most cavity users.  Although 
currently 86% of conifer-leading within the NHLB is >140 years, it still suggests a potential shortfall in 
forest types providing cavity sites.  About 20% of all conifer-leading is age class 8 and in the NHLB.  Note 
that areas of retention are included in the NHLB for this analysis.  A further potential problem could occur 
if the favourable older habitat was not well-distributed.   When older age classes are reduced to the 
proportion projected, distribution is likely to become a problem for poorly dispersing species (see Figure 
2). 
 
Figure 1 illustrates combined amounts of older forest in the THLB and NHLB by major forest type (all 
conifer types combined) over all major forested variants.   Older conifer-leading forest (>140 years) 
comprises about 64,630 ha (Table 6).   About 43% of older forest currently is within the NHLB (Figure 1).   
.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
          
 
 
 
 
 
 

 
 
 

Figure 1.  Proportions of broad forest types in TFL 6 within the THLB and NHLB (smaller circle).  All 
major forested variants are combined. RD = recently disturbed; HL = hardwood-leading; CL = conifer-
leading; 1 = 21 to 140 years old; 2 = >140 years.  
 
The target for stand-level retention in TFL 6 is 10% of annual harvest area.  The large bulk of this 
retention appears to result from regulation (e.g., RRZs, WHAs, UWRs, WTPs).  It may be for this reason 
that there are no targets or guidelines for minimal diameters or other attributes of retained areas.   The 
fact that amounts of NHLB are currently below the only crude empirical guideline for that required to 
sustain the full complement of cavity nesters, and going lower (Table 7), suggests three actions: 1) 
implementation monitoring of any NHLB not derived from regulation to assess structures retained, 2) 
implementation monitoring of the NHLB derived from regulation to assess structures retained, 3) periodic 
trend monitoring of cavity-nesters to extend current base-line data.  
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Values of Table 6 and Figure 1 are ‘snap shots’ of near-current conditions.  The utility of data in Table 6 
and Figure 1 will emerge as forest management continues.  Simple projection of future conditions is 
possible.  Rather than use more complex models, our projections are based on the existing 20-year plan 
prepared in 2007.  That plan is broken into ten 2-year periods.  To project broad forest types 20 years into 
the future, the landscape age was projected and updated in ten steps; WFP’s 20-year plan was used to 
reset the age of harvested areas.  Projected age was calculated by successively adding 2 years at 10 
different periods to the current age (2007).  After calculating the new age, the areas of projected broad 
forest types were determined.  Results for all major forested variants are summarized in Table 7 (only two 
of these variants were effectively sampled for birds – CWHvh1 and CWHvm2). 
 
Table 7.  Current and projected areas (ha) of the three major forest types older than 20 years in the THLB 
and NHLB of TFL 6.   
 

 
Variant 

THLB NHLB 

Conifer <140 Conifer >140  Hardwood  Conifer <140 Conifer >140  Hardwood  
2007 +20  2007 +20  2007 +20  2007 +20  2007 +20  2007 + 20  

CWHvh 1 3177 3424 5426 680 244 149 142 206 2801 2808 49 50 
CWHvm 1 62368 45473 24807 2368 3803 1723 3330 3974 13879 13976 679 696 
CWHvm 2 5204 4977 6467 203 108 76 280 352 5735 5737 36 36 
MHmm 1 63 32 303 1 0 0 29 43 1411 1411 0 0 

             

Total 70812 53907 37002 3252 4156 1949 3781 4575 23827 23932 764 782 

% change  -23.9  -91.2  -53.1  +21.0  +0.4  +2.3 

 
Given the number of events that influence harvest schedules, even a simple 20-year projection is unlikely 
to be correct.  A more troubling issue is our inability to project impacts of climate change.  Climate change 
apparently has already increased background mortality rates among a wide range of conifer species in 
western North America, including British Columbia (van Mantgem et al. 2009).  Those authors concluded, 
“Regional warming and consequent increases in water deficits are likely contributors to the increases in 
tree mortality rates” (van Mantgem et al. 2009: 521).  Within the projection, amounts of conifer forest >20 
years old increase in the NHLB as a product of ingrowth; they are uncorrected for apparent recent 
increases in mortality rates.  Much of the THLB >20 years will be harvested; the area in conifer age class 
>140 years in the THLB will be reduced by over 90% under the current plan.  About 33% of the conifer 
forest is in the NHLB; the proportion of conifer that is >140 years and in the NHLB is 28%.  Species 
relying on dying and dead wood are among the groups most likely to be limited by reductions in older 
forest.  Although only one high priority species showed a preference for conifer age classes >140 years, 
in total, 21 of 37 species tested show such preference (Bunnell et al. 2009e).  Trends in susceptible 
species and the older age class merit monitoring.  
 
The apparent value of 30% older forest to retain the full complement of cavity users assumes that the 
remaining forest will be well distributed.  Because much of WFPs retention in TFL 6 is a product of 
regulation for a range of species, the result after projecting the current 20-year plan is that the older age 
class is well distributed across the tenure (Figure 2).  One obvious question is: is the total amount 
adequate?  Another obvious question is: how this total amount is distributed; that is, are patch sizes 
adequate?  Forest practices create patches in three broad ways, by: 1) reserving forest in different sized 
blocks or patches within the NHLB, 2) creating future patch sizes by implementing cut blocks in the THLB 
(thereby also altering the size of pre-harvest patches), and 3) retaining patches of various sizes within cut 
blocks.  That is, both the non-harvestable land base (NHLB) and timber harvesting land base (THLB) can 
contribute to sustaining dead wood, the latter through various forms of retention.  Unlike boreal forests 
(where fire is the major determinant of patch size), in coastal forests, forestry practices are the major 
determinant, particularly for larger patches.  The NHLB is unaffected by harvest. The current and 
projected distributions of patch sizes within the THLB and NHLB are shown in Figures 3 and 4. 
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There is little unequivocal guidance on appropriate patch size, or how amounts of older forest should be 
distributed to best support biodiversity.  Science provides only broad guidelines for patch distribution 
within the NHLB and THLB: a range of patch sizes is preferable.  Guidelines for retention patches within 
the THLB can be made more explicit than for larger blocks across the landscape.  For example, 1) 
retention patches will be large enough to permit retained trees >23 cm to die naturally and fall to the 
ground (this permits sustaining the full range of decay classes), and 2) where snags are retained as 
stubs, these also will be allowed to die, fall to the ground, and remain on site as logs. 
. 
      
        
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.  Projected distribution of stands >140 years old on TFL 6 under the current 20-year plan.  THLB 
> 140 years is red; NHLB is blue.  Gray areas indicate areas scheduled to be cut within the current 20-
year plan. 
 

Superficially, Figure 2 suggests that relatively little area of older age classes within the TFL is in larger 
patches.  Moreover, a large portion of it appears to be higher elevation and non-commercial ‘scrub’.  
These areas and sometimes their variants have not been well surveyed, so there currently is no way of 
assessing what they contribute to sustaining biodiversity.  It could be relatively little.  We examined the 
distribution of patch sizes using five size classes we considered biologically or socially meaningful.  The 
smallest size (<2 ha) was chosen specifically for the THLB on the basis of estimates for the smallest 
effective size for sustaining snags in retention patches within the THLB.  It is a reasoned estimate.  
Assuming a tree height of 30 m and a no-work zone of 1.5 times tree height, the smallest patch sustaining 
a single snag is about 0.16 ha.  We suggest that the lower boundary for effective patches should be set at 
0.25 ha.  Current research from Vancouver Island suggests that patches of this size do contribute to 
sustaining biodiversity. No patches less than 0.25 were tallied (in most instances these are GIS ‘slivers’).  
In fact, patches <2 ha comprise relatively little area in either the THLB or NHLB (Figures 3 and 4).  The 
patch size class of 2-10 ha encompasses the home range or territory size of many forest-dwelling 
species; 10 to 40 ha reflects a common regulatory constraint restricting size of cutblocks to 40 ha.  The 
sizes 40 to 100 ha and 100+ ha reflect two classes that clearly contain interior forest conditions, the latter 
contributing to even the most wide-ranging species.  Current and projected patch sizes within the THLB 
are summarized in Figure 4.    
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Figure 3.  Current and projected area in patches of different sizes in the two conifer age classes for the 
major forested variants in the THLB of TFL 6.   
 
Figure 3 illustrates two conifer age classes (21-140 years and >140 years) for the three variants most 
intensively harvested in the TFL.  For each variant the area in patch sizes >10 ha declines dramatically 
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for age classes >140 years.  The decline is not as dramatic, and in one variant (CWHvh1) shows an 
increase, in area in larger patches in conifer age classes 21 to 140 years old.  The pattern is the same in 
the much rarer hardwood polygons (not illustrated).  The clear consequence is that within 20 years most 
forest interior habitat will be found only within the NHLB.  Results of comparable analysis for the NHLB 
are illustrated in Figure 4.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

         

 

 

 

 

 

 

 

 

 

Figure 4.  Current and projected area in patches of different sizes in the two conifer age classes for the 
two forested variants in the NHLB of TFL 6. 
 
Most of the non-harvestable conifer land base occurs in the CWHvm1.  In the NHLB, there are few conifer 
patches >40 ha in the 21 to 140 year age class (Figure 4: left column).  More patches >40 ha occur in the 
age class >140 years, but total areas in those patch sizes are relatively small, particularly in the CWHvm2 
(Figure 5: right column).  Within the younger age class (21 to 140 years), the area of larger patches 
shows a tendency to increase as a result of ingrowth (uncorrected for natural disturbance).  Under the 
current age distribution, ingrowth does not result in a greater area of the oldest age classes.  There is little 
perceptible change in patch size distribution across hardwood polygons in the NHLB.  That is potentially 
misleading given the relatively short longevity of hardwood species present; in reality a decline is likely. 
 
Of the five high priority vertebrates strongly associated with down wood, only one (the American marten) 
is assigned Group 5 (species found by at least one study to be responsive to distribution of habitat).  That 
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assignment is based on at least one study suggesting that the marten exhibits negative edge effects and 
responds to patch size.   Across all studies we reviewed, a total of 906 denning and resting sites in 
standing trees were reported – all of them conifer and about 70% of them alive (Table 2).   Conifer is the 
preferred forest type.  These trees must be old enough to permit cavities large enough to host a marten.  
Baker (1992) reported mean annual home ranges of marten on Vancouver Island of 2.7 and 4.8 km for 
females and males, respectively.  Given the projected patch sizes of older conifer (Figure 4), the THLB 
will soon become an inhospitable area if the marten truly avoids edges.  However, marten’s avoidance of 
edges is not universal (Baker 1992; Porter et al. 2005; Poole et al. 2004; Potvin et al. 2000).   Baker 
(1992) reported that on Vancouver Island, the use of second growth was greater and use of mature and 
old-growth forest was less than that reported elsewhere in North America.  Moreover, home-ranges were 
smaller on Vancouver Island, suggesting that marten were finding sufficient forage in smaller areas.   
 
All 7 natal dens reported by Baker (1992) were in second-growth forest, and all were associated with 
large woody debris (Table 3).  She stated:  “Large amounts of coarse woody debris occurred at nearly all 
marten locations” (Baker 1992: page iv).  Provided sufficiently large debris is retained after harvesting, 
marten on Vancouver Island should not show strong responses to patch size of older forest. 
 
We believe that trends in suitable habitat for five high-priority bird species can be adequately monitored 
by trends in particular forest types – brown creeper, chestnut-backed chickadee, northern pygmy owl, tree 
swallow and western screech-owl.  Such trends are also currently the best available measure for 
assessing suitable habitat for the marten and forest-dwelling bats.  Bats have been poorly inventoried.  
Their presence in the DFA is inferred from sparse data.  
 
6.3  Amounts of hardwoods 
Coastal forests naturally host fewer hardwoods than do boreal or inland forests (e.g., Table 6).  That does 
not imply that the contributions of hardwoods are minor.  Many species among bryophytes, lichens and 
non-vertebrates are restricted to hardwoods.  Kremsater and Bunnell (2009) note 7 mosses and 49 
lichens associated with hardwoods, but not all of these require dead or dying wood.  Among vertebrate 
species dependent on dying and dead wood, 10 of 29 species preferentially seek out hardwoods as nest 
sites (Bunnell et al. 2009e).  That likely occurs because of the differential patterns of decay within 
hardwoods and conifers; review in Bunnell et al. (2009b,c).  On the mainland coast, “The proportion of 
deciduous trees and the density of dead trees were the best predictors of nest abundance [of cavity 
nesters]”, Mahon et al. (2008: 2145).  In short, hardwoods in coastal forests make important contributions 
to sustaining biodiversity. 
 
Because they occur as small inclusions and often in sufficiently small amounts that the polygon will not be 
typed as hardwoods, hardwoods are difficult to project accurately.  We attempted to overcome this 
problem by allowing proportions as low as 25% to be typed as ‘hardwood’.  Despite that low proportion, 
the amount of hardwood declines by over 50% in the 20-year period of projection (Table 7).  Little 
hardwood (782 ha) occurs in the NHLB.  The minor increase in the amounts of hardwoods within the 
NHLB (Table 7) is misleading and is more likely a decline (the natural longevity of the primary hardwood 
present – red alder – was not incorporated in the projection).  The apparent decline in the THLB, 
however, is likely overestimated because red alder disperses well and rapidly colonizes newly disturbed 
sites.  That newly colonizing alder, however, will be young. 
 
Given the importance of hardwoods to maintaining biodiversity, the low amounts and the difficulty in 
projecting area of tree species that occur as small inclusions, the state of hardwoods merits monitoring.  
That is particularly true of the larger hardwoods that occur in riparian areas.  Three high priority, cavity-
nesting birds show a strong preference for riparian areas (as do 4 other cavity nesters ranked lower in the 
conservation framework).  The three are: tree swallow, Vaux’s swift and western screech-owl.  
 
Most species strongly linked to riparian habitats are linked because of strong associations with 
hardwoods or with abundant understory and the products of these, such as abundant insects.  Cavity-
using species seeking riparian areas also seek hardwoods.  On TFL 6, Western Forest Products currently 
follows current FRPA Forest Planning and Practices Regulation default requirements.  S1 streams 
receive a 30 m reserve zone, S2 30 m and S3 20 m (all those streams are fish bearing).  All these stream 
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classes also receive a 20-m management zone, which has various restrictions on practices but local 
application varies (non-fish bearing streams have no reserve requirements).  S4 streams, which are small 
fish bearing and non-fish bearing streams have no reserve requirements but require a 30-m management 
zone.  Local practices in the riparian management zone are not clear.  Similarly wetlands and lakes have 
reserve zone and management zones.  Again practices in those management zones vary locally.   
 
The degree to which Riparian Reserve Zones (RRZs) and Riparian Management Zones (RMZs) are 
sustaining hardwoods is not documented.  Nor can it be evaluated by coarse-filter approaches.  
Hardwood inclusions making significant contributions to biodiversity often are sufficiently small that they 
do not influence polygon typing, so are overlooked by coarse filter approaches.  A single large hardwood 
tree can be significant to Vaux’s swift or cavity-nesting waterfowl.  The cavity-nesting wood duck is a high 
priority species, is not yet recorded from the TFL, but appears to be moving north.  Amount of retention of 
hardwoods in RRZs and RMZs is an obvious candidate for implementation monitoring.  
 
6.4  Gaps in the decay stage distribution 
Whereas vertebrates typically seek a relatively narrow range of decay, non-vertebrates exploit all stages 
of decay and their continued presence appears dependent on provision of all stages of decay.   
                                        2007                                                               2027 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.  Current and projected age distribution of deciduous (hardwood) and conifer stands on TFL 6.  
Current is 2007; projected is based on the 20-year plan. 
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Retention patches where trees are left to die a natural death help to sustain decay stages in harvested 
areas.  A broader picture across the entire tenure is attained by examining the apparent age structure of 
the hardwood and conifer forest types.  Current and projected age-class distributions are summarized in 
Figure 5.   
 

The lack of natural disturbance in the projections means that the projected total area in ages >20 years is 
somewhat overestimated, because some will suffer blow down or other natural mortality.  The lack of 
natural succession means that projected areas of the three oldest age classes of hardwoods or 
deciduous also are overestimated.  Alder stands seldom survive past 100 years and are beginning to 
break up earlier (Niemec et al. 1995).  Despite these limitations, two points are apparent in Figure 5: 1) 
there are no apparent gaps in existing age structure that would prohibit sustaining all decay classes 
among hardwoods when the entire tenure is considered, 2) the mean age of conifers will gradually 
decline and stands >140 years old will be largely restricted to the NHLB (see also Table 7).   
 

6.5  Distribution of dead wood  
Consideration of distribution immediately confronts the scale problem.  Current literature permits only the 
broadest generalizations.  Values of Table 3 apply best to areas of about 2 to 10 ha (e.g., retention 
patches); their utility beyond that is suspect.  Figure 2 illustrates projected areas of stands >140 years old 
after implementation of the current 20-year plan.   
 
It is apparent that older stands will be both reduced in amount and widely scattered.  Figure 2 includes 
both NHLB and THLB and represents the future large-scale distribution of appropriate cavity sites and 
large down wood.  Retention is included.  Amount is likely to be more significant to birds and mammals 
than is distribution, but the distribution is likely to have a negative effect on those bryophytes, lichens 
fungi and invertebrates that are largely restricted to older forest.  The terrestrial breeding salamanders 
(laying eggs in well-rotten dead wood and including the highly ranked ensatina) also could be affected.  
Impact on them could be reduced by leaving woody debris.  
 

At the finer scale of operational planning, within blocks of 40 to 100 ha, about 30% retention appears 
sufficient to maintain the full complement of cavity users (Bunnell et al. 2009b: Figure 4).  The need for 
such retention in the THLB is lessened to the degree that older forest is maintained in the NHLB.  It is 
unclear whether the value of 30% can be scaled up to larger areas.  On TFL 6, the NHLB hosts 28% of 
the conifer >140 years old, below the empirical 30% value.  The trend merits monitoring and emphasizes 
the importance of determining the value of the NHLB in contributing to sustaining biodiversity. 
 
Specific guidelines cannot be drawn from current literature for down wood (review of Bunnell et al. 
2009b), but three generalities are apparent.  First, simply burning down wood ignores and eliminates its 
contribution to sustaining biodiversity.  Second, dispersed distribution of down wood is of much greater 
value to most non-vertebrates than are piles.  Third, piles of down wood rapidly lose their value over 
about 1 m in height.  These issues reflect practice and are not readily accessible to coarse filter analysis.  
We make specific recommendations under monitoring (§7.3). 
 

 

7  Summary 
We summarize major findings, recommendations regarding practice and monitoring derived from these 
findings and limitations to the approach. 
 
7.1  Major findings 
The coarse filter evaluation is meant to evaluate effectiveness of planning and practices intended to 
sustain biodiversity.  In several instances (e.g., appropriate patch size, targets for late-seral forest) 
effectiveness cannot be evaluated against data collected on site, but must be assessed on the basis of 
literature or natural baselines.  The evaluation is thus a combination of specific findings that can be 
supported from data collected on site, interpretation of the SFM Plan and relevant literature.  Of all the 
monitoring groups derived from the Species Accounting System, only 3w and 3r (wetland and riparian) 
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are less well evaluated by the coarse filter approach than are species associated with dying and dead 
wood.  Despite that limitation, some guidance is available.  Findings are summarized by species in Table 
8. 

 
Table 8.  Findings of coarse filter evaluation of the effects of forest planning and practices for species of 
high conservation priority known or presumed breeding in the TFL 6. 
 

 

Common Name 

Relative 

Abundance 

Size Amount Patch 

Size 

Decay 

Range 

 

Riparian Tree Log Cur Trend 

Ensatina         ? ↔ ↔ ↔ ↔ ↔ ↔ ↔ 

Western Skink         ? ↔ ↔ ↔ ↔ ↔ ↔ ↔ 

American Kestrel   2  Com ↔ ↔ ↔ ↔ ↔ ↔ ↔ 

Brown Creeper 14 Ucom � ↔ ↔ � ↔ � ? 

Chestnut-backed  

  Chickadee 

  0  Cas ↔ ↔ ↔ � ↔ � ? 

Northern Pygmy Owl   0  Cas � ↔ ↔ � ↔ � ↔ 

Ruffed Grouse   0  Com ↔ � ↔ � ↔ ↔ ? 

Sooty (Blue) Grouse 72  Com ↔ ↔ ↔ � ↔ ↔ ↔ 

Tree Swallow 17  Com ↔ ↔ ↔ ↔ ↔ ↔ ? 

Vaux’s Swift 13  Ucom � ↔ ↔ � ↔ � ? 

Western Screech-owl   0  Ucom � ↔ ↔ � ↔ � ? 

American Marten       Com � � ↔ � ↔ � ↔ 

Californian Myotis       Cas � ↔ ↔ � ↔ ↔ ↔ 

Keen’s Myotis     Ucom � ↔ ↔ � ? � ? 

Long-eared Myotis       Cas � ↔ ↔ � ↔ � ↔ 

Long-legged Myotis       Cas � ↔ ↔ � ↔ � ↔ 

Silver-haired Bat       Cas � ↔ ↔ � ↔ � ↔ 

 
Species for which tree size is important are likely to experience negative consequences from the current 
conversion of old growth.  They include 11 of the 17 high priority species.  Few species (2) are likely to be 
affected by the gradual reduction in log size.  We consider all species needs to be satisfied by current 
amounts on older forest, but 13 are likely to be negatively impacted by the projected reduction in 
amounts.  For most of these it is reduction in older conifers, but for some (e.g., chestnut-backed 
chickadee and ruffed grouse, it is hardwoods).  We see no negative effects of current or projected effects 
of patch size, but acknowledge that data are too sparse to evaluate Keen’s myotis.  Impacts of decay 
range result occur among species seeking the kinds of cavity sites in conifers that require ample time to 
develop.  Conversion of older forest likely will reduce the abundance of those sites for 10 species.  
Generally, we could not evaluate the consequences of riparian practices.  Thus species with a preference 
for riparian areas or affinity for hardwoods are designated ‘?’. 
 
In the following comments for specific species, ‘directed monitoring’ refers to monitoring focused on or 
directed specifically to that species.  Even when not candidates for directed monitoring, these species 
should be included in more general monitoring, such as Breeding Bird Surveys (even though these 
surveys do not adequately sample most cavity users). 
 
Ensatina :  The ensatina is completely terrestrial and prefers moist coniferous and deciduous forest. 
However, they appear extremely adaptable, occurring in old-growth forest, slash piles in clearcuts and 
urban areas (under wood piles).  In all habitats ensatina seek abundant leaf litter and cover, as provided 
by down wood.  Eggs are laid in underground chambers or rotten wood.  Ensatina will be most influenced 
by waste management, and possibly riparian practices.  It ranks highly in Goal 2 (proactive) because it is 
poorly inventoried.  It likely could be monitored relatively easily by cover boards.  It is not a candidate for 
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directed monitoring, unless waste management becomes intensive or waste is largely piled and burned 
(and no portion is left scattered). 
 
Western Skink :  The western skink ranks 1 in Goal 2 (proactive) and 2 in Goal 3 (retain native species 
richness).  It inhabits areas that are damper and less open than are used by most lizards.  Its presence 
on Vancouver Island is not confirmed; there is one reported sight record northwest of Courtenay.  It is 
secretive, often occurring under wood, bark and rocks.  Purposeful surveys, however, reveal the species 
to be more common than casual observation would suggest.  Its habitat in southeastern British Columbia 
was described as, “…warm , dry, open sparsely treed habitat with high levels of solar insolation, loose 
soil, and abundant escape cover” (Dulisse 2006: 99).  It is not a candidate for directed monitoring 
because its presence has not been confirmed. 
 
American kestrel :  The kestrel ranks 2 in Goal 2 (proactive).  Because of its selection of open habitat, 
typically in areas without forest cover, the kestrel is relatively immune from consequences of forest 
practices and will not benefit from monitoring. 
 
Brown creeper :  This species is ranked 1 in Goal 2 (proactive).  About one-third of brown creeper nests 
are in typical tree cavities; most of the remainder are under bark slabs of conifer trees.  Table 8 flags 
declining size and amounts of nest trees and riparian practices as potential weaknesses.  The latter is 
because almost 30% of reported nest trees are in hardwoods, many of large diameter (Table 2).  Large 
hardwoods are most common in riparian areas.  Most nests are in conifers with a mean diameter 
somewhat over 30 cm dbh.  That diameter is attained by age class 5 in the major forest types of the DFA.  
Whether there is a negative impact from declining amounts and sizes of older conifer depends greatly on 
the rotation length.  The degree to which practices retain hardwoods, particularly in Riparian Management 
Areas, should be assessed.  Current conditions suggest it is not a candidate for directed monitoring.  It is 
one of a group of species that could be tracked to assess general trends in cavity users. 
 
Chestnut-backed chickadee :  The chestnut-backed chickadee ranks 2 in Goal 2 (proactive). This 
chickadee seeks out hardwood forests (Table 1) or well-rotted age class 8 conifers (Table 2).  We expect 
and find the species to use nesting sites of larger diameter (Table 2), because diameters often are below 
breast height.  The species excavates poorly and often nests in well-rotted stumps.  Of 84 cavities 
excavated by chestnut-backed chickadees, 39 (46%) were close to the ground in rotting stumps 
(Campbell et al. 1997).  That suggests it will nest in clearcuts.  Older conifers will apparently decrease 
markedly (Table 6).  There will be abundant stumps, but such low nests will be vulnerable to predation 
creating a potential ‘ecological trap’.   Given the projected decline in older conifer habitat, the major 
means of assuring chickadee numbers is through retaining older hardwoods.  We could not assess 
current rates of harvest of red alder, impacts of alder control or practices in riparian areas.  The impacts of 
these on amounts of older hardwood should be evaluated.  The species is not a candidate for directed 
monitoring, but it is one of a group of species that could be tracked to assess general trends in cavity 
users. 
 
Northern pygmy owl :  The subspecies present on the tenure is Glaucidium gnoma swarthi.  It is one of 
the few taxa ranking highly in Goal 3 (contribute to global conservation efforts); it ranks 2.  This owl is 
likely to be affected by current forest planning and practice.  It prefers older conifer which is projected to 
decline markedly (Table 6).  In conifers, the mean nest tree is 54 cm dbh (Table 2); in boreal forests it 
nests in hardwoods 20 cm dbh (Bunnell et al. 2009b).  We could not assess impacts of current practices 
on hardwoods for the TFL.  This species, along with the western screech-owl, is a candidate for directed 
monitoring.  Riparian areas should be included. 
 
Ruffed grouse :  The ruffed grouse ranks 2 in Goal 2 (proactive).  Table 8 indicates three areas of 
potentially troubling or inadequate information.  The planned conversion of most of the older THLB to 
second growth suggests a gradual, long term decline in size and amounts of larger logs – the hub of 
ruffed grouse territories.   Hardwoods are a significant contributor to preferred habitat, and could not be 
effectively evaluated.  The species itself is not currently a candidate for directed monitoring, but 
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implementation monitoring is desirable (quantifying what is actually being left as coarse woody debris and 
what older hardwoods are maintained in riparian and upland areas). 
 
Sooty grouse :  The sooty grouse also ranks 2 in Goal 2.  Like the ruffed grouse, the sooty grouse uses 
logs as hooting sites, but is not as closely tied to them and uses rocks and stumps as well.  It also 
frequently nests beside down logs.  The expected decline in log size should not influence it, but amounts 
of older conifer forest may.  Sooty grouse typically winter in older conifer.  Given that the remaining older 
conifer (for winter) will be well distributed (Figure 2) and abundant recently disturbed (favoured breeding 
areas) will be present, a major impact seems unlikely.  Clearcuts provide more abundant forage for the 
grouse when they are burned.  Although the species appears to have experienced long-term declines it is 
not a candidate for directed monitoring.  It should be retained in any more general surveys and trend 
evaluated from existing data across the entire WFP tenure.  Trend also should be evaluated over the long 
term to determine whether the beginning of the decline is associated with a reduction in prescribed 
burning. 
 
Tree swallow:  The tree swallow ranks 2 in Goal 2 (proactive).  It nests in trees well below the target 
diameter recommended to sustain the full complement of cavity users (Table 2).  The species also shows 
a preference for more open areas, so should not be disadvantaged by logging.   As well it frequently 
seeks riparian areas.  We could not evaluate the degree to which hardwoods are maintained in the 
Riparian Management Areas.  Other than the potential removal of nest trees from the RMZs, the species 
is unlikely to be negatively affected by current forest planning and practice and is not a candidate for 
directed monitoring. 
 
Vaux’s swift:  Vaux’s swift ranks 2 in Goal 2 (proactive).  It nests in hollow, old trees, which are 
becoming less common.  Within the TFL, the two major nest sites candidates are old Abies in the 
hemlock-balsam forest and large cottonwoods in riparian areas.  Across the tenure, amounts of older 
forest are projected to decrease significantly.  About 24,000 ha of conifer >140 years will remain in the 
NHLB (Table 7), some of which will be Abies.  We could not evaluate what is retained in the Riparian 
Management Areas.  The species is not a candidate for directed monitoring primarily because the 
monitoring required is sufficiently specialized that it would focus resources on a single species.  However, 
it may be possible by pooling data across the entire tenure to assess if one of the candidate nest trees is 
sought more frequently.  That would help to target practice to sustain the species. 
 
Western screech-owl :  On TFL 6, the subspecies present is Megascops kennicottii kennicottii.  It ranks 1 
in Goal 2 (proactive) and 2 in Goal 3 (maintain native species richness).  Regionally, reported nest tree 
diameters exceed 50 cm dbh and are from hardwoods.  Generally, the species prefers riparian areas.  
We could not evaluate practices for riparian generally, and particularly for the RMZs.  This species, along 
with the northern pygmy owl, is a candidate for directed monitoring.  Riparian areas should be targeted 
during surveys. 
 
American marten :  Marten is ranked 2 in Goal 2 (proactive). Historically the marten was viewed as a 
species of large tracts of unfragmented, late-seral stages.   That likely was a product of the marten’s high 
vulnerability to trapping, which was lower or non-existent in large tracts without roads or trails (Bunnell et 
al. 1997).  More recently it has become apparent that viable marten populations can be maintained in 
early seral and second-growth forests where sufficient physical structure is present (Baker 1992; Bowman 
and Robitaille 1997; Payer and Harrison 2003), and when prey populations are high (Baker 1992; Lofroth 
1993; Paragi et al. 1996; Potvin et al. 2000).  Baker (1992) reported that on Vancouver Island, the use of 
second growth was greater and use of mature and old-growth forest was less than that reported 
elsewhere in North American (her study was prior to those cited immediately above).  Moreover, home-
ranges were smaller on Vancouver Island, suggested that marten were finding sufficient forage in smaller 
areas.  Of the 7 natal dens reported by Baker (1992) from Vancouver Island, all were in down wood – 
under stumps, a root ball of a windthrown tree and debris piles; logs comprising the debris piles ranged 
from 51 to 57 cm in diameter.  Inland studies report marten denning within large logs (>100 cm in 
diameter); that does not appear to occur on the coast.   
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Table 8 notes 4 areas of potential weakness or ambiguity in terms of the TFL’s ability to sustain marten 
populations.  Negative values for tree size, trend in older conifer and decay range reflect the decline in 
amounts of older conifer (all 906 marten denning and resting sites we summarized were in conifers).  The 
projected gradual decline in log size likely has less impact on Vancouver Island than where marten den 
inside rather than beside or underneath logs.  We project that there will be less suitable habitat in 20 
years than currently exists, but that the population should remain healthy and viable.  The marten  
does not currently  appear to be a candidate for directed monitoring. 
 
Californian myotis :  This bat ranks 2 in Goal 2 (proactive).  Data summarized for this species in Table 2 
indicate roost trees averaging 55.9 cm in dbh, all conifer and the large majority dead.   Current projections 
suggest far fewer such nest sites after completion of the current 20-year plan.  Those projections are 
difficult to interpret.  Although presence within the DFA is confirmed relative abundance is unknown.   The 
species is a candidate for basic inventory, before considering monitoring. 
 
Keen’s myotis : Keen’s myotis ranks 1 within Goal 2 (proactive) and 2 within Goal 3 (maintain native 
species richness).  A large portion of the species’ range occurs within British Columbia; it has been 
confirmed from the DFA.  Of all bat species in the province, we know least about this one.  The major 
study in BC is from Hot Spring Island in Haida Gwaii where it roosts under warmed rocks.  Cavity sites 
reported in Table 2 are from work in the Alaskan panhandle (Prince of Wales Island).  That study reported 
86 cavity trees, all conifer, about half of them dead and averaging 95 cm in dbh.  Current projections for 
the TFL again suggest many fewer such cavity sites in the future and are similarly difficult to interpret.  
Keen’s myotis is a candidate for basic inventory, not monitoring. 
 
Long-eared myotis :  This species ranks 2 in Goal 2 (proactive).  Its presence has not been confirmed for 
the DFA, but is inferred from its presence farther south on the Vancouver Island.  Long-eared myotis seek 
large, dead conifers with an average diameter of 65 cm dbh.   Our findings are similar to those for the two 
previous bat species – a projected reduction in cavity sites, but difficulty in interpreting the consequences.  
Given that the species is not yet documented for the DFA, it is a candidate for basic inventory, not 
monitoring. 
 
Long-legged myotis :  The long-legged myotis ranks 2 in Goal 2 and has been confirmed from the DFA. 
Studies reviewed indicate over 90% of denning or roosting sites were in dead conifers, averaging 58.8 cm 
dbh (Table 2).  Results of projecting forest attributes are as for other bats, and no easier to interpret.  The 
species is a candidate for basic inventory, not monitoring. 
 
Silver-haired bat :  The silver-haired bat ranks 2 in Goal 2 (proactive).  The species’ presence near the 
DFA has been confirmed.  Available data indicate about two-thirds of denning or roosting sites in dead 
conifers averaging 48.5 and 42.5 cm dbh in conifers and hardwoods, respectively (Table 2).   Those data 
suggest that suitable trees would be found in age class 7, as well as age class 8.  Hardwoods are more 
significant to this species than for other bats on the tenure.  Lack of natural history data again hinders 
interpretation but suggests that impacts should be smaller than for the preceding species.  The species is 
a candidate for basic inventory, not monitoring. 
 

7.2  Recommendations for practice 

Coastal forestry is sufficiently closely regulated that it is difficult to interject changes to practice even 
where these might be effective.  We offer the following suggestions: 
 

• Integrating the results of various regulations to report the actual retention associated with specific 
blocks would be helpful.  It is not important to biodiversity whether the retention is labeled WTP, 
RRZ or something other within stand retention.  What is important is the amount and quality 
(structural composition). 
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• Creating an accurate picture of the amount of old forest on the landscape is important.  When 
amounts are reported by category (e.g., WTP, RMZ, OGMA, WHA) there can be considerable 
overlap and total amounts of old forest remaining are not clear.  Figure 2 offers a clearer picture. 

• To maintain biodiversity, waste management guidelines need to allow retention of larger diameter 
material.  Similarly, what is best for sustaining biodiversity in terms of pile size and burning does 
not appear consistent with current practice.  

• Practices in RMZs are not clear and should be documented and monitored to provide measures 
of the likely structural composition of RRZs and RMZs. 

• Hardwoods should be recognized as a significant, though relatively uncommon, contributor to 
sustaining biodiversity, and some proportion in all age classes should be retained from harvest.  

 

7.3  Recommendations for monitoring 
Recommendations are summarized separately for implementation and effectiveness monitoring. 

Implementation monitoring 
Implementation monitoring should focus on areas where direct or cumulative effects currently appear 
negative (Table 8). It should be directly linked to practices that offer opportunity for improvement.  Note 
that in some instances it is important that implementation monitoring be initiated before effectiveness 
monitoring, because implementation monitoring can determine whether effectiveness monitoring is 
required.  We have estimated priorities for specific habitat attributes (VH = very high; H = high; M = 
moderate; L = low); issues following are ordered by priority.   
 
Integration: Monitoring plans should not be developed on a tenure by tenure basis; problems common to 
different divisions on northern Vancouver Island should be addressed commonly to permit reduction in 
cost and broader-based, more credible sampling (VH priority ).  We provide examples in §7.1 where 
pooling data across divisions would provide more insight in the status of high priority species in a cost-
effective fashion. 
 
Amounts of late seral:  Status relative to current targets should be assessed every 5 years.  We 
recommend late seral be defined as >140 years for conifers.  Trends in amounts of older forest should be 
tracked by forest type within BEC variant for both the NHLB and THLB.   For species associated with 
dead and dying wood, late seral targets are more important than early seral targets; conifer targets should 
change if climate change significantly increases the mortality rate, as currently appears true (VH priority ).  
Trends in older hardwoods are discussed below.  
 
Hardwoods:  Hardwoods make a disproportionate contribution to sustaining biodiversity, including high 
priority species.  In coastal forests, hardwoods rarely are common enough to influence typing of a 
polygon (Tables 6 and 7), so are commonly overlooked.  We attempted to overcome that by permitting 
polygons with as few as 25% hardwoods to be grouped as hardwood types.  Until the effectiveness of this 
approach can be tested (perhaps as simply as by introducing ortho-photos to BBSs) this hardwood type 
should be tracked every 5 years (VH priority ).  Where hardwoods are clearly dominant, there is utility in 
distinguishing two age classes, with the older age class beginning at 60 years for upland types.  Area of 
alder control also should be tracked.  Hardwoods in riparian merit particular attention, because they are 
less likely to be disturbed and more likely to attain suitable diameters (see riparian).   
 
Retention patches:  Within the THLB the state (size, age, tree and log attributes, species composition, 
anchor points) should be monitored to document their contribution to sustaining habitat elements 
important to sustaining biodiversity.  An important initial step is to determine the degree to which habitat 
sampling by MacMillan Bloedel and Weyerhaeuser apply to TFL 6, perhaps by variant and forest cover 
type (VH priority ).  That will determine the need and guide the relative priority of actual monitoring.  
Informative measures include:  

Size: The lower boundary for effective patches should be set at 0.25 ha,5 until further evaluated.   

                                                             
5  Coastal research suggests that patches of this size do contribute to sustaining biodiversity. 
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Age:  The current target for age is >140 years for species dependent on dying and dead wood.  
Actual age should be estimated.  
Tree and log attributes:  Number, dbh, species, and height should be measured for live trees and 
snags; number, diameter, decay state and length should be measured for a sample of logs. 
Anchor points:  Rationale for patch locations should be recorded.  Natural anchor points may be 
riparian boundaries, wetlands, appropriate wildlife trees, etc.  Actual conditions should be recorded. 

 
Riparian:  Several cavity-using species seek large hardwoods in riparian areas.  The degree to which 
larger hardwoods (and shrubs) occur in the Riparian Management Reserve and are retained in the 
Riparian Management Zone should be monitored (H priority ). 
 
Coarse woody debris:  Actual amounts being left behind and unburned do not appear to be documented. 
Diameter is a more informative measure than volume, so diameter records (random from transects) 
should be kept.  Some sampling of length is informative; stumps (diameter and height) should be 
measured.  Total area from which all wood >17.5 cm in diameter is removed should be recorded, as 
should the relative proportion of debris left scattered and piled.  Height of unburned piles should be 
estimated.  Little advantage to biodiversity is gained beyond 1 m in height (M priority ). 
  
Late seral patch sizes:  Few, if any, of the vertebrate dead wood associates on TFL 6 appear to respond 
negatively to edge.  That is not true of non-vertebrates.  Trends in late-seral patch size (e.g., Figures 3 
and 4) should be tracked.  Status should be assessed every 5 years when polygons are updated for TSR 
review.  Trends in size of older forest patches should be tracked by forest type within BEC variant for both 
the NHLB and THLB.  Current analyses suggest a marked reduction in patch size distribution for older 
conifer that merits monitoring.  Consequences are difficult to interpret because contributions of the NHLB 
currently cannot be well documented (see effectiveness monitoring). Two trends are undesirable: 1) a 
long-term tendency towards homogeneity in patch size, 2) a decline in mean size of patches with 
appropriate attributes (age, tree size).  (M priority ). 
 

Effectiveness monitoring  
Effectiveness for biodiversity can only be credibly assessed in terms of organisms themselves.  While 
those data accumulate, effectiveness can sometimes be inferred.  Note that portions of implementation 
monitoring inform effectiveness monitoring.  Major management ‘levers’ that can be used to counter 
unfavourable trends are noted.  We have estimated priorities for specific attributes (VH = very high; H = 
high; M = moderate; L = low).   
 
Integration: Monitoring plans should not be developed on a tenure by tenure basis; problems common to 
different divisions on northern Vancouver Island should be addressed commonly to permit reduction in 
cost and broader based, more credible sampling (VH priority ).  We provide examples in §7.1 where 
pooling data across divisions would provide more insight in the status of high priority species and 
appropriate practices in a cost-effective fashion. 
 
Non-harvestable land base:  Because they were designed for a different purpose, current survey methods 
do not permit assessing the effectiveness of NHLB effectively, particularly those portions not assigned by 
regulatory measures (e.g., WHAs).  That omission undermines three important objectives: 1) placing 
various forms of NHLB or retention into context and documenting their relative contributions, 2) evaluating 
the apparent need for retention within the harvestable land base, 3) placing incidental take into credible 
context (for this latter objective, non-commercial NT and NV also merit evaluation).6  Given that 88% of 
the remaining conifer forest >140 years will be in the NHLB (Table 7), assessing the effectiveness of the 
contribution of the NHLB to sustaining biodiversity is VH priority.  Evaluation should help to guide 
retention anchor points. 

                                                             
6   ‘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.  
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Wildlife tree patches:  It will be most effective to include all forms of upland retention. Relevant variables 
are noted under implementation monitoring.  Steps noted under implementation monitoring should be 
completed first, to focus effectiveness monitoring.  In the near term effectiveness can be evaluated in 
terms of the target diameters and ages noted, recognizing that neither the diameter limits nor age classes 
have been locally confirmed (see late seral below)  (VH priority ).  Longer-term, more credible evaluations 
require assessment of patches for suites of organisms responsive to dead and dying wood (H priority ).  
See organisms below.  Data would be strengthened by the inclusion of nest-tree diameters when found to 
challenge the diameter limits currently extracted from sometimes sparse data.  Evaluation could lead to 
refinement of retention guidelines; for example, by recognizing large cottonwoods as a useful anchor 
point where they occur. 
 
Late seral:  The simple question is: will there be sufficient late seral forest to sustain those species 
dependent upon it?  A corollary is: does age 140 years reflect an informative lower boundary, or should 
be higher as suggested by some work on coastal epiphytes?  For many species, the apparent 
effectiveness of the recommended boundary to determine late seral could be evaluated only for diameter 
of cavity trees sought by vertebrates in the area (often based on literature from other forest types).  It is 
not known whether they are effective for other organisms.  Forest interior plots should be used to assess 
projected effectiveness for cavity-nesting birds (VH priority ) and for bryophytes and lichens (M priority ).  
See also organisms below.  Downward trends in older age classes can be somewhat ameliorated by 
increased retention, but shortfalls in truly old stands cannot be remedied quickly. 
 
Hardwoods:  The current tests of habitat associations include an uncommonly large halo of error and 
underestimate the contribution of types occupying small areas, such as hardwoods, to sustaining 
biodiversity.  Contributions of hardwoods currently are poorly documented, but many species in the TFL 
seek hardwoods.  Hardwood contribution could be better assessed by refining current survey methods to 
include ortho-photos are targeted sampling of hardwood stands.  If hardwoods are found important, 
management levers including evaluating approaches to hardwood harvest and recognizing significance of 
hardwoods when choosing anchor points for retention (VH priority ). 
 
Organisms:  Response of organisms is the most credible, and ultimately a necessary measure, of 
effectiveness.  Candidate organisms for TFL 6 are listed with priorities derived from review of current data 
and the literature (portions VH priority ).  Different candidate groups are assigned the priorities of the 
management issue implied by the preceding analyses.  Focus is on a suite of species to attain an 
aggregate response less susceptible to vagaries of individual species.  That is particularly necessary 
given that the BBSs sample most cavity-users inadequately (Table 5).  The focus here is on species 
associated with dying and dead wood.  Because cavity-users are inadequately sampled, we also have 
included species that reflect the age class sought by cavity users (>140 years) to create candidate groups 
to monitor.  The aggregate number of observations from that group can be compared to the mean over 
the initial 9-year monitoring period; a 30% decline merits further examination. 

Cavity-nester suite – ideally, these should be divided into two groups: largely hardwood dependent 
and largely conifer dependent (Table 2).  For example, brown creeper, hairy woodpecker, northern 
flicker, pileated woodpecker, violet-green swallow and potentially winter wren for conifers;7 
chestnut-backed chickadee, downy woodpecker and red-breasted nuthatch for hardwoods (several 
cavity-using species with a strong preference for hardwoods also use riparian areas, which is a 
different issue – see old-riparian suite).  Only two of these species rank highly in the provincial 
conservation framework, but a suite of species may be more reliable in estimated trends among 
cavity-users.  Initial efforts should focus on retention patches; larger retention patches will assist 
scaling up over the entire tenure (VH priority ).  Forest interior plots may ultimately prove 
necessary for some species (M priority ). 
Old-hardwood suite – as well as cavity nesters associated with old hardwood types these include 
evening grosbeak, least flycatcher, red crossbill, ruffed grouse and western tanager.  As for the 
cavity nesters, most of these are intended to act as surrogates for the less readily sampled high-

                                                             
7  Pacific-slope flycatcher could be added to this group, although it is an opportunistic user of cavities (about 8% of the time; Davis et 
al. 1963). 
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priority species.  In mostinstances these are surveyed more readily than cavity nesters, so may 
prove a useful index of older hardwoods.  They will not reveal appropriate diameters.  Given that 
many are migratory, they should be monitored as a suite (H priority ). 
Owls – two owl species occurring in the TFL are of high conservation and are poorly known 
(northern pygmy owl and western screech-owl).  The sparse data we could collate for these 
species are summarized in Table 2 and associated text.  Both require large diameter trees, usually 
old enough to have larger natural cavities.  The western screech-owl might be accommodated in 
riparian areas under appropriate practice.  These two species merit monitoring, likely by call-
playback (H priority ). 
Old-riparian suite – riparian species are not readily monitored by Breeding Bird Surveys (e.g., 
cavity-nesting ducks).  Implementation monitoring of riparian practices would indicate whether they 
‘should be’ there, but that ultimately needs confirmation.  We have ranked it M priority  because no 
problem is apparent and the surveys are specialized.  
Bryophytes and lichens – those dependent on down wood appear most likely to be threatened.  
Tree species, diameter and decay state should be recorded during surveys of snags and down 
wood.  Initial efforts should focus on retention patches with adjacent ‘natural’ controls.  We ranked 
this M priority  primarily because of the difficulty in finding qualified personnel.  
Marten – we acknowledge marten because historically it has been suggested as an indicator of 
late-seral forest that requires both cavities and down wood.  Requirements have been documented 
on Vancouver Island and it is not an indicator of late-seral there (L priority).   
 

Coarse woody debris:  Collate estimates on use of down wood by bryophytes and lichens relying on down 
wood (M priority ).  Major management ‘levers’ are retention guidelines and waste management 
practices. 
 
Hardwoods:  The current tests of habitat associations include an uncommonly large halo of error and 
underestimate the contribution of types occupying small areas, such as hardwoods, to sustaining 
biodiversity.  Contributions of hardwoods currently are poorly documented, but many species in the DFA , 
seek hardwoods.  Hardwood contribution could be better assessed by refining current survey methods to 
include ortho-photos are targeted sampling of hardwood stands.  If hardwoods are found important, 
management levers including evaluating approaches to hardwood harvest and recognizing significance of 
hardwoods when choosing anchor points for retention (VH priority ). 
 

7.4  Limitations and utility of the approach 
There are two major limitations to the coarse-filter evaluation of effectiveness of forest planning and 
practice at sustaining high-priority species dependent on dying and dead wood: 
 
1)  The survey method employed (Breeding Bird Surveys) does not adequately assess most cavity users.  
Despite 1472 station x year combinations, for most species very few observations were attained from 
which to derive preferred forest types (Table 1).  Other groups within the Species Accounting System are 
much better sampled by Breeding Bird Surveys. 
 
2)  Coarse-filter analyses are necessarily map-based and riparian habitats are incompletely represented 
using current monitoring techniques.  Five high priority cavity users are likely affected by practices in 
riparian areas (brown creeper, chestnut-backed chickadee, tree swallow, Vaux’s swift and western 
screech-owl).  Conditions in riparian areas cannot be adequately assessed by the coarse filter approach 
without better information on practices within the Riparian Management Zone. 
 
The first limitation can be addressed by other monitoring methods; the second by specific, targeted 
implementation or effectiveness monitoring (see §7.3).  Despite these limitations the coarse filter 
analyses are useful.  Briefly, they: 
 

1) Expose which species are most in need of targeted monitoring.  In the TFL it is the northern 
pygmy owl and western screech-owl.  In some instances the analyses also indicate how relatively 
simple implementation monitoring can clarify the need for more expensive effectiveness 



27 
 

monitoring before the latter is undertaken.  Examples are Vaux’s swift and other species 
associated with riparian areas.   
 

2) Expose which species are most in need of inventory.  In this case, the bats are.  Even their 
presence within the DFA is sometimes ambiguous. 
 

3) Suggest key areas of implementation and effectiveness monitoring directed to ensuring that 
current planning and practice do not negatively affect the species.  Examples of implementation 
monitoring include structures as well as species being retained in the NHLB and Riparian 
Management Zones.  A clear example of effectiveness monitoring is evaluation of how well 
current retention created for other purposes is sustaining cavity-users seeking large trees. 
 

4) Illustrate and focus credible and cost-effective measures for monitoring preferred habitat of most 
species.  Two examples of inexpensive first steps that would focus monitoring are given for the 
sooty grouse and Vaux’s swift in §7.1 
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Executive summary 
There are three objectives: 
1)  summarize the Species Accounting System for native forest-dwelling vertebrates for TFL 6  
        assigning species to groups statistically where data permit,  
2)  illustrate the process for coarse filter analysis of the effects of forest practices on species using dying  
        and dead wood, and  
3)  present the coarse filter analysis and findings for dead wood and vertebrate species.  
 
The Species Accounting System assigns all vertebrate species within the TFL to the least costly form of 
monitoring appropriate to the species‘ natural history.   Groups treated are: 
Group 1 – generalists, species that inhabit many habitat types or 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 elements (so may be useful in effectiveness 
                monitoring, including: 

    3c – use cavities or deeply furrowed bark for >50% of nest, roost or den sites, 
    3dw – dependent on down wood, 
    3u – dependent on understory and 
    3w,r – dependent on wetlands and small lakes (<5 ha) or riverine riparian and large lakes (>5  
 ha);  

Group 4 – species restricted to highly localized habitats; and 
Group 5 – species for which patch size and connectivity are considered important.  
 
Group 6 is included for completeness.  It contains species known or expected to occur in the area, but 
that are not dependent upon forested environments and are not monitored. 
 
Results are presented in Appendix 2 and summarized in Tables 2 through 9.  Non-vertebrates associated 
with deadwood are treated to the extent that data permit (e.g., Table 11) and further discussed in 
Kremsater and Bunnell (2009). 
 
Coarse filter analysis of the effects of forest practices on species using dying and dead wood employs 
map-based data and literature to assess potentially deleterious practices.  Practices were not assessed 
on the ground.  Practices that can have a deleterious effect on amounts and kinds of deadwood within the 
Defined Forest Area (DFA) are those that: 

1) fail to provide sufficient dead wood of adequate size;  
2) significantly reduce the amount of older forest age classes over large areas (each forest type 

is  significant to some species; Table 10); products of age, such as larger diameters and 
advanced decay, also are requirements for some species; 

3) significantly reduce amounts of hardwood (decayed and dead hardwoods are preferred by 
species in several groups of organisms);  

4) fail to provide the full range of decay classes on a sustained basis in both conifer and  
hardwood types (different organisms seek different decay classes; even-aged management 
with close utilization standards can produce gaps in the sustained provision of all decay 
classes); and 

5) fail to distribute dead wood in ways that meet organisms‘ requirements.  

 
Each of these potential effects are evaluated in §4.1 through §4.5 and key measures, cumulative effects 
and apparent trends are summarized in §4.6. 
 
Major findings are: 
 

 The Breeding Bird Surveys did not employ ortho-photos, so the halo of error is larger than for 
some areas.  That reduces the ability to determine affiliations with habitat type reported in §2.  
The result is lessened utility of coarse-filter analysis. 
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 The Breeding Bird Survey routes are constrained to roads and were laid out specifically to 
document potential effects of forest practice.  One result is that they do not allow confident 
assessment of the contribution of the NHLB to sustaining biodiversity.  Of the 111 stations within 
TFL 6, 56 were in THLB and only 8 in the NHLB.  Another 47 stations were in ‗other‘ which 
includes NT and NV.  These latter stations are insightful in that they help to document the 
contribution of non-commercial sites such as non-commercial brush which typically appears as 
NT.  The lack of ability to confidently assess contributions of the NHLB is that consequences of 
‗incidental take‘

2
 are difficult to assess.  Knowing contributions of the NHLB to sustaining 

migratory birds would permit more informed discussion and negotiation of incidental take.  Nor 
can the need for further retention be well addressed without better knowledge of the contributions 
of the NHLB. 

 
 TFL 6 is a relatively small area over which to assess the likelihood of sustaining biodiversity 

(about 178,000 ha).  For analysis of bird responses to habitat we incorporated an additional 70 
stations adjacent to the TFL.  It is likely that the analyses would have been more credible and 
more powerful and have illustrated more practical trade-offs among practices had they been over 
all of Western Forest Products tenure on northern Vancouver Island. Canfor, for example, 
exploits that approach in northeastern and northcentral BC, as do Canfor and Tembec in 
southeastern BC. 

 
 Consequences of some portions of the SFM plan for TFL 6 are difficult to interpret.   This results 

primarily from the difficulty of incorporating many regulatory initiatives into an operational plan.  
An unfortunate consequence is that it is difficult to document where these interacting regulatory 
initiatives are contradictory to the objective of sustaining biodiversity and where they are 
supportive.   

 
 Partly because of the regulatory approach, the SFM plan is silent on specific targets for diameters 

of wildlife trees to be retained or appropriate dimensions for down wood.  We derived suitable 
targets based on the natural history of species present on the tenure.  These are summarized for 
most species in Table 13 (content repeated below).  Coastal black bears den predominantly in 
wooden structures and require larger structures than those of Table 13; see Table 12 and 
associated text.  

 
Based on these findings recommendations for improving practice and directing implementation monitoring 
and effectiveness monitoring are offered in §5.2 and §5.3. 
 

                                                 
2
   ‗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.  
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1   Introduction 
The biodiversity sustainability analysis combines groupings of species derived from the Species 
Accounting System with coarse filter analyses developed to assess the degree to which forest 
practices contribute to sustaining biological diversity.  Development of the Species Accounting 
System began with Tembec Inc and Canfor (FSP Y051045 through 073045); approaches to 
coarse filter analysis were developed for Canfor‘s TFL 48 within FSP Y071014 through Y093014.  
The combined analysis also is intended to reveal where current practices are wanting.  This 
report focuses on species dependent on dying and dead wood in TFL 6 of Western Forest 
Products.  The report has three objectives: 
 
1) it summarizes the Species Accounting System for native forest-dwelling vertebrates for  TFL 6 
       and assigns species to groups statistically where data permit,  
2) it describes the process for coarse filter analysis of the effects of species using dying and dead 
       wood, and  
3) it presents the coarse filter analysis and findings for dead wood and vertebrate species.  

 
2   The Species Accounting System for TFL 6  
The Species Accounting System (SAS) acknowledges the complexity and the high costs of 
monitoring by creating a self-correcting system that adds detail as detail appears required.  As 
presented here, the system treats terrestrial vertebrates.  Examination of the species groups 
below indicates that these are applicable to many species other than vertebrates.  The system 
itself is intended to: 
 

1) estimate approximate amounts and location within the Defined Forest Area (DFA) of 
suitable habitat for all

3
 forest-dwelling vertebrates; 

2) permit ‗scaling up‘ of monitoring findings over the 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

4
 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; 
Group 2 – species that can be statistically assigned broad habitat types as defined within VRI, 
(e.g.  

    hardwoods, older hemlock-cedar stands); 
Group 3 – species with strong dependencies on specific elements (e.g. snags or understory), so 
may  

    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.  
 
Group 6 is included for completeness.  It contains species known or expected to occur in the 
area, but that are not dependent upon forested environments and are not monitored. 
 

                                                 
3
 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 being created so appropriate action can be undertaken when that 
habitat is encountered in the field. 
4
  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. 
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Developing credible assignments of species to these groups has the compelling advantages of 
including all forest-dwelling species 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.  Boundaries between groups or classes are necessarily arbitrary and influenced by: 
natural history features (primary) and the approach to monitoring (secondary).  Current group 
membership is summarized below.  Membership is based on available local data and assessment 
by experts.  All vertebrates believed present within the DFA are included, with emphasis on those 
that are forest dwelling.  The monitoring design must include the ability to continually inform 
assignment to groups (i.e., improve the efficiency of monitoring) while evaluating success in 
meeting the criterion of sustaining native species richness.  By including BEC variant in the 
monitoring design it is easier to evaluate which species are accommodated within the non-
harvestable land base (NHLB).  Groups are designated as 1 through 6 and often are 
accompanied by modifiers (Table 1). 
 
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 forested

1
 

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 20 yrs old; intended to represent the period of 

shrub abundance post disturbance 

 H Hardwoods: usually >70% hardwoods; as low as >25%; >21 yrs 

 Cw1 Western redcedar >70%; 21 – 140 yrs  

 Cw2 Western redcedar >70%; >140 yrs  

 Hw1 Western hemlock >70%; 21 – 140 yrs 

 Hw2 Western hemlock >70%; >140 yrs 

 HB1 Western hemlock-balsam fir >60%; 21 – 140 yrs 

 HB2 Western hemlock-balsam fir; >60%; >140 yrs 

 HC1 Western hemlock-western redcedar >60%; 21 – 140 yrs 

 HC2 Western hemlock-western redcedar >60%; >140 yrs 

 HwSs Western hemlock-Sitka spruce >60%; >21 yrs 

 CM Mixed conifer – all conifers combined >70% 

 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 (< ha) 

4 Localized habitats none  

5 Distribution important none Uses habitat type modifier when species occurs commonly in that habitat 

6  Non-forested at Alpine Tundra 

 cl Cliffs or banks 

 gr Grasslands 

 isl Islands, may not be vegetated 

 mm Man-made – includes buildings as well as agricultural habitats 

 sh Seashore  
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1
 Water was classified, but because it was not sampled directly association with ‗water‘ cannot be tested and is 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 winter wren is designated 3c/H,HC2.  
That indicates the species‘ preferred habitat is hardwoods and old hemlock-cedar, 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/RD‘ which indicates that the species is a generalist 
with respect to forest type, but within forest types prefers early seral stages (recently disturbed). 
 
Statistical tests could be applied only to habitat types derived from VRI (shaded types of Table 1).  
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.  The Breeding Bird 
Survey (BBS) routes did not use orthophotos to locate birds, so expected values were derived 
from portions available within circles of 200-m radius around each station.  That necessity 
reduced the number of significant associations resulting from testing.  After reviewing the tree 
species mix in mapped polygons we elected to test across 14 potential habitat types.  The most 
sparsely occurring of these represented only 1.9% of the sampled area (Cw1 and Cw2).

5
  The 

most commonly occurring forest types were younger types – RD (22.2%), HwSs (16.3%) and 
HC1 (11.4%).  Because the sampling stations are roadside, NV represented 12.7% of the 
sampled area and NT, 5.7%.   For TFL 6 potential associations with 14 classes based on VRI are 
reported.  Tests are possible only for bird species, because only birds were sampled by a design 
permitting testing.  Data were tested across 1472 station x year combinations.  These include 70 
stations immediately adjacent to TFL 6.  Observations for other groups are based on 
opportunistic sampling and the literature.  
 
We treat each group individually below.  Tables are derived from Appendix 2, which lists all 
terrestrial vertebrates known or expected to occur in the DFA.  Definitions in the Tables are the 
same for each group, so are defined here.  In many instances vertebrate distributions are not well 
enough known to designate to a specific DFA.  In Appendix 2 species distributions are assigned 
to four broad regions of Western Forest Products tenure – southern Vancouver Island, northern 
Vancouver Island, mainland and Queen Charlotte Islands.  The species expected to be found in 
TFL 6 are those noted as occurring on northern Vancouver Island.  Each table has the same 
format so details of the column headings are provided once here.  
 
CoSEWIC:  The current status of the species as determined by the Committee on the Status of 
Endangered Wildlife in Canada.  E = Endangered, NaR =  evaluated and found ‗not at risk‘; SC = 
‗of special concern‘,  Th = ‗threatened‘.  
 
Priority:  The conservation priority as ranked within the provincial conservation framework.  There 
are 6 potential ranks with 1 = highest and 6 = lowest.  The province ranks each species within 
three broad goals for conservation.  These are:  
1 = To contribute to global efforts for species conservation.  Goal 1 recognizes that some 
widespread species may occur only sparsely in British Columbia but are under threat throughout 
their range.  It is intended to ensure that some provincial resources are assigned to conserving 
species globally at risk, even when these are widely distributed.  
2 = To prevent species from becoming at risk.  Goal 2 is intended to be proactive and provide 
early detection of threats, thereby reducing the need for costly recovery actions.  It is facilitated by 
including all native species in assessments of priority, rather than focusing solely on those 
already ‗at risk‘.   

                                                 
5
  Codes are those in Table 1; e.g. Cw is western redcedar >140 years; HwSs is western hemlock-Sitka spruce >21 years. 
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3 = To maintain the richness of native species.  Goal 3 represents efforts to sustain all native 
species, even when only jurisdictionally rare and abundant elsewhere.  It ensures that 
challenging, jurisdictionally rare species will not be ignored in pursuit of Goal 2. 
 
Rankings for Goals 1, 2 and 3 are reported; species ranking either 1 or 2 are highlighted red. 
 
Global responsibility:  Global responsibility is the estimated percentage of the species‘ range or 
population size that occurs within the province, and can help guide ranking within the goals.  That 
percentage is reported in 7 classes: 
1= endemic; 100% of the global population 
2 = very high; 75-99% of the global population 
3 = high; 51-74% of the global population  
4 = moderately high; 30-50% of the global population 
5 = intermediate, 11-29% of the global population 
6 = low; less than 10% of the global population occurring in more than 30% of the province 
7 = low; less than 10% of the global population occurring in less than 30% of the province 
 
SAS Group: Is the group within the Species Accounting System to which the species is assigned.  
Groups are the six described above.  Where a species is assigned multiple groups the first is the 
primary assignment.  For example, the pine siskin is designated 1/HC1 indicating the species is a 
generalist (Group 1) found in most forest types, but current data indicates that during the course 
of the study this irruptive species was most often encountered in young hemlock-cedar stands.  
 
BEC variant:  Tests across BEC units are based on observed versus expected values for 
individual variants using the Bonferroni correction.  Expected values are derived under the 
assumption that the species exerted no selection and was observed in BEC variants in proportion 
to which the variants were sampled.  The most preferred variant is reported only when there is a 
statistically significant preference (p < 0.05).  Sampling within the TFL permitted testing selection 
across only 2 variants: CWHvh1 and CWHvm1 for the TFL.  Tables following summarize those 
tests.  Appendix 2, however, includes data for all BBS routes on northern Vancouver Island and 
reports testing across 4 subzones: CWHvh, CWHvm, CWHmm  and CHWxm.  The number of 
stations x years in this analysis was 4520. 
 
Relative abundance:  Number of observations of species obtained from BBS routes is reported.  
Relative abundance also provides a more general estimate of how common the species is within 
the DFA.  That general estimate is not closely related to actual observations.  For example, the 
gray jay is designated ‗common‘, but 0 observations are recorded (Table 3).  That is because the 
routes in the DFA did not go high enough to enter gray jay habitat (other north island routes did).  
This general estimate employs three broad classes originally derived for birds (the richest 
vertebrate group).  The definitions of classes below are those for birds, here broadly adapted to 
other vertebrates as well.  
Com = common; 20 or more individuals per day in suitable habitat; moderate numbers. 
UCom = uncommon; 7-20 individuals per day in suitable habitat; low numbers or irregular, often  
  concentrated locally. 
Cas =  casual (includes rare and vagrant); casual = 1-6 individuals per season; occurs most years 
but  
            usually few records per year; rare and vagrant are less frequent occurrences. 
Winter = the species winters in the area and although it has been sighted, is not reported to breed 
there.  
 
In all cases the designation applies to favourable habitat; some amphibian species may be 
designated common, but only in appropriate wetland sites.  Note that the highest abundance is 
reported; amphibians, for example, are locally concentrated.  Gray shaded areas of tables 
following indicate uncertainty in the estimate of relative abundance. 
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2.1  Group 1 – generalists 
Generalists are species that inhabit many forest types or respond positively to forest practices.  
The designation ‗generalist‘ refers primarily to the forest types or the broadest level of 
classification.  For example, the barred owl is assigned 3c/1.  That indicates that during 
monitoring, the species must first be recognized as a cavity nester (3c) and success in 
maintaining it depends foremost on planning and practices designed to sustain cavity sites.  
However, with respect to forest type the species is a generalist (SAS Group 1) and will select 
cavity sites in virtually any broad forest type.  We consider 28 species potentially occurring within 
the DFA to be habitat generalists (Table 2).  It is unclear whether the wolverine is still present on 
Vancouver Island.  The exotic European starling is established in the area and would be 
considered a generalist. 
 

Few of these species need to be monitored because they either benefit from 
forest practices or occur across a wide range of forest cover types. 

 
Generalists are well represented among the more common species.  Excluding the wolverine, of 
the 27 species designated generalists, 16 are considered common and 8 are considered 
uncommon.  Only 3 are casual within the DFA (Table 2).  Most generalists do not show 
statistically significant associations with a particular BEC variant. 
 
Only 2 of 27 habitat generalists rank highly within the provincial conservation framework for at 
least one Goal.  The rufous hummingbird ranks 2 within Goal 2, which is intended to be proactive 
and avoid declines, particularly among species for which the province has a high global 
responsibility.   The short-tailed weasel (subspecies anguinae) ranks 2 in both Goal 2 and Goal 3 
(contribute to global conservation efforts).  Several habitat generalists have been evaluated by 
CoSEWIC and found ‗not at risk‘.  The wolverine may still occur; it has been designated ‗SC‘ by 
CoSEWIC. 
  
Table 2.  Vertebrate species occurring in TFL 6 and designated as habitat generalists.   
 

Common Name 
CoS 

EWIC 
Priority Global 

Resp. 
SAS 

Group 
 

BEC 
Relative 

Abundance 1 2 3 

Northwestern Garter 

Snake 

  5 3 4 5 1             Ucom 

American Robin   6 6 6 6 1/H  1104  Com 

Brown-headed Cowbird   6 6 5 6 1 CWHvm1        2  Ucom 

Bushtit   6 6 6 7 1         0  Ucom 

Chipping Sparrow   6 6 5 6 1         1  Cas 

Common Raven   6 6 5 6 1/HC1     146  Com 

Dark-eyed Junco   6 6 5 6 1 CWHvm1    137  Com 

Golden Eagle NaR 6 4 5 6 1/6cl         0  Cas 

Great Horned Owl   6 6 6 6 1         0  Ucom 

Northwestern Crow  5 6 5 2 1/HC2/6sh CWHvm1   109  Com 

Pine Siskin   6 6 5 6 1/HC1 CWHvm1     47  Com 

Red-tailed Hawk NaR 6 6 6 6 1        0  UCom 

Rufous Hummingbird   6 2 4 3 1 CWHvm1   233  Com 

Spotted Sandpiper   6 6 6 6 1/3w  CWHvm1       2  Ucom 

Townsend's Solitaire   6 6 5 5 1         0  Cas 

Turkey Vulture  6 6 5 7 1/open CWHvm1       0  Ucom 

Deer Mouse   6 6 6 6 1             Com 

Dusky Shrew   6 6 6 6 1             Com 

Gray Wolf NaR 3 6 5 6 1             Ucom 

Northwestern Deer Mouse  3 6 6 2 1             Com 

Mountain Lion   6 6 5 6 1             Com 

Raccoon   6 6 6 7 1/w.r             Com 

Short-tailed Weasel1   2 2 3 1 1             Com 

Townsend’s Vole  6 6 6 5 1/RD            Com 
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Vagrant Shrew  6 6 6 6 1/3w            Com 

Western Jumping Mouse   6 6 6 6 1/open,RD            Com 

Wolverine SC 3 4 4 6 1             ?   
1
  subspecies anguinae 

 
 
2.2  Group 2 
Group 2 species are those that can be accounted for by forest type and for which no other 
element of habitat use dominates the appropriate monitoring approach.  Vertebrates species in 
Group 2 are summarized in Table 3. 
 
Table 3.  Vertebrate species within TFL 6 that can be accounted for solely by habitat type.  
Statistically significant habitat associations in bold (p < 0.05).      
 

  Priority Global 
Resps. 

SAS 
Group 

 
BEC 

Relative 
Abundance Common Name CoSEWIC 1 2 3 

Bald Eagle NaR 6 6 6 4 2:[C2] CWHvm1     26  Ucom 

Band-tailed Pigeon  5 2 3 7 1/HC2 CWHvm1     81  Ucom 

Black-throated Gray 

Warbler  

  6 2 4 7 2:Cw2 CWHvm1       8  Ucom 

Cassin’s Vireo  6 6 6 5 2;[C]        1  Ucom 

Common Raven   6 6 5 6 2:HC1    146  Com 

Evening Grosbeak   6 2 4 6 2:[H]        0  Ucom 

Gray Jay   6 6 6 6 2:[C] CWHvm1       0  Com 

Great Blue Heron  4 2 3 6 2:[C2,H,R] CWHvm1       3  Ucom 

Hammond's Flycatcher   6 6 6 4 2:HC2 CWHvm1      21  Ucom 

Hermit Thrush   6 6 6 6 2:HC CWHvh1    475  Com 

Hutton’s Vireo  6 6 5 7 2:all      26  Ucom 

Least Flycatcher   6 6 6 6 2:H        1  Cas 

Marbled Murrelet1 T 1 6 1 5 2:[C]        1  Ucom 

Merlin NaR 6 6 6 6 2:[H,CM] CWHvm1       0  Ucom 

Olive-sided Flycatcher   5 2 4 6 1/HB2,HC2 CHWvm     84  Ucom 

Pine Grosbeak   6 6 6 6 2:[C]       2  Ucom 

Purple Finch   6 2 4 6 2:[C]/3w       3  Ucom 

Red Crossbill   6 2 4 6 2:H,HC CWHvh1   575  Com 

Ruby-crowned Kinglet   6 6 6 6 2:HC2  CWHvm1    16  Com 

Ruffed Grouse   4 2 4 6 2:H,Hw2  CWHvm1    25  Com 

Sharp-shinned Hawk NaR 6 6 6 6 2:all        2  Ucom 

Sooty (Blue) Grouse  na na na 4 2:RD,HC1 CWHvm1    72  Ucom 

Steller's Jay   6 6 6 3 2:HB1.HC2 CWHvh1  457  Com 

Townsend's Warbler   6 6 6 3 2:HC2 CWHvm1  422  Com 

Varied Thrush   6 6 6 4 2:Hw1,HC1   471  Com 

Warbling Vireo   6 6 6 6 2:Cw2,HC1     82  Ucom 

Western Tanager   6 6 6 5 2:[C,H,R] CWHvm1      4  Ucom 

Western Wood-Pewee   6 2 4 6 2:all       0  Ucom 

Yellow-rumped Warbler  6 6 5 6 2:RD,HC1 CWHvm1    12  Com 

Hoary Bat   6 2 4 6 2:C2,C1           Ucom 

Northern Flying Squirrel   6 6 5 6 2:[C2,H]/3c           Com 

Red Squirrel   6 6 5 6 2:[C]/3c           Com 
1
  The marbled murrelet might be considered a Group 4 species by some..  It is not considered Group 4 here, because the 

Recovery Plan for marbled murrelets specifies creation of Wildlife Habitat Areas and many of these already have been 
identified.  

 
Among vertebrates, 32 species can be accounted for solely by forest type.  Although red squirrel 
and northern flying squirrel frequently use cavities, use is not consistent and they have been 
assigned to Group 2.  Additional species can be accounted for by forest type provided practices 
are retaining other key requirements.  Some cavity-users for example show strong affinities for 
particular forest types (Table 4), as do several understory associates (Table 5).  These species, 
however, will breed in the preferred forest type only if cavity sites or appropriate understory are 
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available.  For that reason, within the accounting and monitoring program they are first addressed 
as cavity users or understory associates to ascertain the likelihood of their presence, and are 
included in Group 3.   
 

Most Group 2 species can be usefully monitored by GIS ‘table look up’ of the 
amounts and distribution of the appropriate habitat type. 

 
Among the 32 Group 2 species, most are uncommon (19) or casual (1); only 12 occur commonly.  
The potential to track a significant number of uncommon species primarily by habitat type is a 
decided advantage.  Unfortunately, the lack of specificity with which these BBS routes were 
sampled means the habitat discrimination is not as great as can often be acquired.  Nine of these 
rank 2 within Goal 2 – proactive.  
 
2.3  Group 3 
Group 3 consists of species with strong dependencies on specific habitat elements (e.g. cavity 
sites, understory including shrubs, wetlands and riparian areas).  Species assigned to Group 3 
sometimes show strong affinities for particular forest types.  They can be accounted for or 
monitored directly by forest type, provided forest practices are not gradually reducing the specific 
habitat element required (e.g., cavity sites, shrubs under canopy, suitable wetlands).  That is, 
practices must first be evaluated before associations with forest type are employed.  It is for this 
reason that these species are assigned to Group 3 rather than Group 2.  It is also for this reason 
that readily monitored species in this group can be particularly useful in effectiveness monitoring.  
We recognize four broad subgroups responding to particular habitat elements that can be 
modified by forest practices: cavity users, species using down wood, understory associates and 
wetland plus riparian associates. 
 

The association of Group 3 species with particular habitat elements is sufficiently 
critical that practices affecting these elements must be assessed.  Provided 
these practices sustain the element, many of these species can then be 
monitored as for Group 2 – tracking appropriate habitat types.  These species 
can contribute to effectiveness monitoring of specific practices (e.g., appropriate 
size of retained wildlife trees).  Periodic follow-up implementation monitoring is 
important to ensure that appropriate practices are being maintained.  

Cavity users 
A total of 33 bird and mammal species actually or potentially occurring within TFL 6 use cavities 
as nest or den sites more than 50% of the time, often 100% (Table 4).  It is not known whether 
the house wren is present.  Three of the cavity-nesting ducks are present primarily during winter 
(often on estuaries) and unlikely to breed, although Barrow‘s goldeneye has been found inland 
during breeding season.  The wood duck appears to be moving north and could enter the tenure.  
Other species use cavities more opportunistically (e.g., harlequin duck, Pacific-slope flycatcher, 
red squirrel).   
 
Table 4.  Birds and mammals within TFL 6 that use cavities more than 50% of the time.  
Statistically significant habitat associations in bold (p < 0.05).      
 

  Priority Global 
Resps. 

SAS 
Group 

 
BEC 

Relative 
Abundance Common Name CoSEWIC 1 2 3 

American Kestrel   6 2 4 6 3c/open        2   Cas 

Barred Owl   6 6 6 6 3c/1         1  Ucom 

Barrow's Goldeneye   4 1 3 2 3c/2:R CWHvm1        4  trans 

Brown Creeper   4 1 3 6 3c/HC2       23  Com 

Bufflehead   6 6 6 6 3c/2:R      [winter] 

Chestnut-backed 

Chickadee 
  4 2 4 3 3c/H CWHvm1    322  Com 

Common Goldeneye NaR 6 1 3 6 3c/2:R       [winter] 
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Common Merganser   6 6 5 6 3c/2:R  CWHvm1      17  Ucom 

Downy Woodpecker   6 6 5 6 3c/[H]         0  Ucom 

Hairy Woodpecker   6 6 5 6 3c/CM       31  Com 

Hooded Merganser   6 6 6 6 3c,w/R         1  Cas 

House Wren   6 6 5 6 3c/1            ? 

Northern Flicker   6 6 6 6 3c/all       21  Com 

Northern Pygmy Owl1 NaR 2 4 4 1 3c/C2 CWHvm1        2  Ucom 

Northern Saw-whet 

Owl 

  6 6 6 6 3c/[C2]         0  Ucom 

Pileated Woodpecker   6 3 4 6 3c/HC2         3  Ucom 

Red-breasted 

Nuthatch 

  6 6 6 6 3c/[C]         3  Com 

Red-breasted 

Sapsucker 

 6 6 6 6 3c[C,R] CWHvm1       3  Com 

Tree Swallow   6 2 4 6 3c/[R,open] CWHvm1        3  Ucom 

Vaux's Swift   4 2 4 4 4/3c/2HB2,R,6mm       13  Ucom 

Violet-green Swallow   6 6 5 6 3c/2:HB1       26  Ucom 

Western Screech-owl2 SC  3 1 2 3 3c/[H,R]         0  Ucom 

Winter Wren   6 6 6 6 3c,dw/H,HC2 CWHvm1  1248  Com 

California Myotis   5 2 4 3 3c/2:[C]              Ucom 

Keen’s Myotis  1 6 1 2 3c/2:[C]             Ucom 

Little Brown Myotis   6 6 5 2 3c/2:[H,C]              Ucom 

Long-eared Myotis   5 2 4 3 3c/2:[C]             Ucom 

Long-legged Myotis   5 2 4 3 3c/2:[C]              Ucom 

Silver-haired Bat   6 2 4 2 3c/2:[C,H]              Ucom 

American Marten  6 2 4 2 5/3c,dw/[C,H]             Com 

Black Bear NaR 6 6 6 6 3c/1             Com 
1  

Glaucidium gnoma swarthi      
3  

Megascops kennicottii kennicottii
       

 

 
Not all species listed in Table 4 use conventional cavities.  The bats and brown creeper use 
cracks in or behind deeply furrowed bark as well as conventional cavities.  The trees they seek, 
however, are similar to those providing cavity sites.  Black bear and marten also are included 
here.  Large hollows are important as den sites for these species and need to be considered.  
Some literature, however, argues that habitat distribution is important for the marten and that 
even if den sites were available, the species would not inhabit the landscape.  For that reason it is 
considered a Group 5 species with habitat distribution as potentially the most limiting habitat 
feature. 
  
Of the 29 species regularly using cavities and believed to breed in the DFA, only 8 occur 
commonly; 19 are uncommon and 2 are casual.  The bats, however, have been inadequately 
surveyed and their abundance has tentatively been assigned ‗uncommon‘.   Species dependent 
on dying and dead wood are among the most threatened globally.  Among those likely breeding 
in the DFA, 14 of 29 (48%) rank 1 or 2 within the provincial conservation framework.  Most of 
these rank within Goal 2 (proactive).  The Keen‘s myotis, pygmy owl and screech-owl are 
exceptions.  Keen‘s myotis and northern pygmy owl (swarthi subspecies) rank 1 and 2 in Goal 1 
(contribute to global conservation efforts); Keen‘s myotis and western screech-owl (kennicottii 

subspecies) rank 1 and 2 in Goal 3 (maintain species richness).  Vaux‘s swift is treated as a 
Group 4 species, but is included here in recognition of its need for hollow trees.  See Bunnell and 
Kremsater (2009) for discussion of high priority species. 

Vertebrates strongly associated with down wood 
Species strongly associated with down wood are designated 3dw in Appendix 2.  Eight vertebrate 
species appear to have strong dependencies on down wood.  The three salamanders (clouded 
salamander, ensatina, and western redback salamander) all lay eggs in well decayed down 
wood.  The western skink is oviparous and the requirement of down wood is less certain.  The 
pileated woodpecker forages intensively in rotted down wood for carpenter ants, the winter wren 
frequently nests in upturned root wads, the ruffed grouse requires down wood as ‗booming‘ or 
‗hooting‘ sites and the marten uses down wood as resting sites and as denning sites.  The former 
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two birds are grouped as cavity users; the two furbearers are considered first as species for 
which habitat distribution must be evaluated (Group 5).  The sooty grouse does hoot from down 
wood, but is not nearly as restricted as the ruffed grouse, making do with stumps and rocks. 

Understory associates   
A total of 14 forest-dwelling bird species are strongly associated with understory (Table 5).  Other 
bird species showing strong associations with understory are designated Group 6 because they 
occur primarily in grasslands or shrublands, including alpine and subalpine areas.  The emphasis 
is on shrubs – more small mammal species classified as generalists in response to forest type 
show a preference for early seral stages where they may profit from other understory species 
(these appear as 1/RD in Appendix 2).  Two large mammal species are considered to be strongly 
associated with understory vegetation – black-tailed deer and elk.  Given the association between 
its reproductive rate and abundant fruit, an argument could be made for black bear which 
currently is designated a habitat generalist – 1/3u. 
 

Table 5.  Birds and mammals strongly associated with understory within TFL 6.  Statistically 
significant habitat associations in bold (p < 0.05).      
 

  Priority Global 
Resps. 

SAS 
Group 

 
BEC 

Relative 
Abundance Common Name CoSEWIC 1 2 3 

Black-headed Grosbeak  6 6 6 6 3u/HC2      15  Ucom 

Cedar Waxwing   6 6 6 6 3u/HC1 CWHvh1      39  Com 

Common Yellowthroat   5 6 6 6 3u,r,w/HC CWHvm1     26  Com 

Fox Sparrow   5 6 6 6 3u/HC CWHvh1    483  Com 

MacGillivray's Warbler  6 6 5 4 3u/HC1,R CWHvm1      55  Ucom 

Orange-crowned Warbler  6 6 5 6  3u/RD,HC1 CWHvh,vm   425  Com 

Red-eyed Vireo  6 2 4 6 3u/[H]         0  Cas 

Song Sparrow  6 6 6 6 3u/HC1     393 Com 

Spotted Towhee  6 6 5 6 3u/HwSs      17  Com 

Swainson's Thrush  6 2 4 6 3u/CW1,HC1 CWHvm 1625  Com 

White-crowned Sparrow  6 6 6 6 3u/2:HwSs    CWHvm1       9  Com 

Willow Flycatcher  6 2 4 7 3u/R CWHvm1       0  Com 

Wilson's Warbler  5 2 4 5 3u/2:H,HB1,R CWHvh1   908  Com 

Yellow Warbler  6 2 4 6 3u/MW1,H1 CWHvm1       6  Com 

Black-tailed Deer   6 6 6 6 3u/1/RD             Com 

Elk   5 6 6 6 3u/1/RD             Com 

 
The majority of understory associates occur commonly in the DFA (13 of 16 species); 2 are 
uncommon and 1 is casual.  Five of these rank 2 within Goal 2 (proactive) of the provincial 
conservation framework.  
 

Wetland and riparian associates 
Within the vertebrate fauna of DFA, 11 species show a strong affinity for wetland habitats 
including small ponds and 6 show affinity for riparian areas around larger water bodies (streams, 
rivers, larger lakes).  The distinction is not tidy and other species use both habitats about equally.  
A further 7 cavity nesters prefer riparian and wetland sites, as do 10 understory associates.  
Some species accounted for within Group 2 also show affinity for riparian areas (Table 3). 
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Table 6.  Vertebrate species likely breeding in TFL 6 and strongly associated with wetlands or 
riparian areas (w = wetlands and small ponds, r = streams, rivers and larger lakes (>5 ha).   
 

  Priority Global 
Resps. 

SAS 
Group 

 
BEC 

Relative 
Abundance Common Name CoSEWIC 1 2 3 

Long-toed Salamander   4 6 5 4 3w           Cas 

Northwestern Salamander  5 3 4 4 3w          Ucom 

Pacific Tree Frog  6 6 6 5 3w          Com 

Red-legged Frog  3 1 2 7 3w          Ucom 

Roughskin Newt  4 6 5 3 3w          Com 

Western (Boreal) Toad SC 3 2 4 4 3w           Ucom 

Common Garter Snake   6 6 5 6 3w           Ucom 

Blue-winged Teal   6 6 5 6 3w       0  Cas 

Marsh Wren   5 6 6 6 3w       1  Ucom 

Red-winged Blackbird   5 6 5 6 3w       0  Ucom 

Virginia Rail  6 2 4 7 3w      1  Cas 

Western Garter Snake   4 6 5 6 3w,r           Ucom 

Belted Kingfisher NaR 6 6 5 6 3w,r CWHvm1   12  Ucom 

Canada Goose   6 6 6 6 3w,r/HC2 CWHvm1 184  Com 

Mallard   6 6 5 6 3w,r CWHvm1    13  Com 

Mew Gull  6 6 6 5 3w,r CWHvm1     2  Ucom 

Pied-billed Grebe   6 2 4 7 3w,r       0  Ucom 

Red-throated Loon  6 2 4 6 3w,r CWHvm1     5  Ucom 

Wilson's Snipe   6 6 5 6 3w,r       0  Ucom 

Beaver   6 6 5 6 3w,r           Com 

Mink   6 6 6 2 3w,r           Ucom 

Muskrat   6 6 6 6 3w,r           Com 

Pacific Water Shrew  6 6 6 6 3,w,r          Com 

Coastal Tailed Frog  4 1 2 4 3r          Com 

American Dipper   6 6 6 5 3r       3  Ucom 

Common Loon   6 6 6 6 3r CWHvm1      5  Ucom 

Harlequin Duck   4 1 3 5 3r           Ucom 

Northern River Otter   6 4 5 6 3r           Ucom 

Osprey   6 6 6 6 3r,w       0  Ucom 

 

The majority of wetland and riparian associates within the DFA are uncommon (20 species) or 
casual (3 species).  Six species are considered common.  Of the 29 species, 7 rank 1 or 2 within 
the provincial conservation framework, all within Goal 2 (proactive).  The red-legged frog and 
coastal tailed frog also rank 2 within Goal 3 (maintain native species richness). 
 

2.4  Group 4 
Group 4 species are those whose habitat is highly specialized and often localized.  Because of 
the specialized nature of the habitat it is not readily captured by coarse filter measures such as 
VRI.  For this reason the species are generally not monitored but managed by specific regulatory 
measures (e.g., WHAs) or company guidelines that prescribe actions to be taken when the 
habitat is encountered.  The number of species occurring within the TFL that should be assigned 
to Group 4 is unclear (see Table 7). 
 

Once it is clear that the practices can be implemented to ensure provision of 
habitat, monitoring of these species is primarily through implementation 
monitoring of the practices. 
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Table 7.  Vertebrates occurring within TFL 6 having highly specialized or localized habitats that 
cannot be monitored by coarse filter approaches.   
 

  Priority Global 
Resps. 

SAS 
Group 

 
BEC 

Relative 
Abundance Common Name CoSEWIC 1 2 3 

Black Swift  4 2 4 4 4 CWHvm1       4  trans 

Leach’s Storm Petrel  4 1 3 6 4            Ucom 

Peregrine Falcon Th 5 6 2 6 4/6cl            Cas 

Sandhill Crane  6 2 3 6 4            Ucom 

Vaux's Swift   4 2 4 4 4/3c/2HB2,R       13  Ucom 

 
The black swift has been observed in the area, but is currently believed to be transient with its 
nearest breeding area well distant on the mainland.  The marbled murrelet could be considered 
localized, but currently is addressed by regulation. As expected, none of the 5 candidate Group 4 
species occurs commonly within the DFA.  Likewise, all of these species rank 1 or 2 within the 
provincial conservation strategy, most for Goal 2 (proactive).  The peregrine falcon ranks high in 
Goal 3 (maintain native species richness).  
 
2.5  Group 5 
Group 5 consists of a small group of species for which at least some literature suggests the 
distribution of habitat is more important than the amount of habitat.  Distribution of habitat 
includes features such as patch size and associated negative edge effects and connectivity.  
These features often are lumped under the term fragmentation.  For forest-dwelling species, 
fragmentation has been documented to be a much more serious concern where practices 
contributing to the breaking apart of habitat replace forest rather than simply altering it – e.g., 
agriculture, human settlement, and wide, well-travelled roads (Bunnell 1999; Freemark and 
Merriam 1986; Kremsater and Bunnell 1999; Trombulak and Frissell 2000).  In forested 
environments the group is typically small (three for TFL 6; Table 8). 
 

The simplest form of monitoring for Group 5 is to track patch size distribution of 
the appropriate habitat type (GIS) and visual evaluation of the degree to which 
patches of habitat are becoming disjunct. 

 
Table 8.  Species occurring within TFL 6 for which the distribution of habitat may be more 
important than the total amount.  Statistically significant habitat associations in bold (p < 0.05).     
 

  Priority Global 
Resps. 

SAS 
Group 

 
BEC 

Relative 
Abundance Common Name CoSEWIC 1 2 3 

Golden-crowned Kinglet  4 6 5 6 5/HC CWHvm1  524  Com 

Northern Goshawk subsp 

laingi 

 2 6 1 4 5/3c,dw/C2,H2        2  Cas 

American Marten  6 2 4 6 5/3c,dw/C2,H2         Com 

 
Of the three species in Group 5, two are common and one is casual within the TFL.  Ranks for 
those of the northern goshawk are those of the laingi subspecies, which is ill-defined and 
considered dubious by some.  The goshawk and marten rank highly within goals of the provincial 
conservation strategy.   
 
2.6  Group 6 
Within all DFAs some species occur in habitats that are not affected by forest practices – such as 
alpine, grasslands and other man-made habitats.  Group 6 is included within the Species 
Accounting System to acknowledge the occurrence of the species within the DFA that rarely 
occur in forests and are not affected by forest practice. 
 

Group 6 species are not monitored by the forest tenure holder because they are 
unaffected by forest practice. 
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At least 23 species likely to occur in the DFA use habitats unaffected by forest planning or 
practice.  More species may occur during winter than are listed in Table 9 (e.g., northern shrike).   
None of these species are both widespread and common, though the tufted puffin may be 
common on some cliffs and rocky shorelines.  The majority of these species (14 of 23) favour 
manmade habitats.  The Yuma myotis is a cavity nester, but more commonly roosts and dens in 
manmade structures.  About half of the species noted rank highly within the provincial 
conservation framework – 10 in Goal 2 (proactive) and two (Brandt‘s cormorant, white-tailed 
ptarmigan subspecies saxatilis) in Goal 3 (maintain species richness). 

 
Table 9.  Species occurring within TFL 6 but not using habitat influenced by forest practice.  

  
  Priority Global 

Resps. 
SAS 

Group 
 

BEC 
Relative 

Abundance Common Name CoSEWIC 1 2 3 
Northern Alligator 

Lizard 

NaR 5 3 4 5 6mm/2:RD  

      Ucom 

American Goldfinch  6 2 4 7 6mm/3u/2:RD     0  Ucom   

Barn Owl SC 6 2 3 7 6mm           ? 

Barn Swallow  6 2 3 6 6mm CWHvm1    4  Ucom 

Bewick’s Wren  4 2 4 2 6mm/3u     0  Ucom 

Black Oystercatcher  5 6 5 5 6sh     0  Ucom 

Brandt’s Cormorant  6 6 1 6 6cl,isl     0  Ucom 

Common Nighthawk Th 6 2 4 6 6gr,mm/2:RD CWHvm1    4  Ucom 

Glaucous-winged Gull  6 6 5 5 6isl     0  Ucom 

Golden-crowned 

Sparrow1 

 6 6 6 3 6a/2:RD    Ucom(winter) 

Herring Gull  6 6 5 6 6isl    Ucom (winter) 

Killdeer  6 2 4 6 6mm,sh      1  Ucom 

Northern Rough-winged 

Swallow 

 6 2 4 6 6mm,open      4  Ucom 

Northern Shrike  6 6 6 6 6mm/3u   Ucom (winter) 

Pelagic Cormorant2  6 4 5 7  6cl,sh          Ucom 

Rock Pigeon3  na na na na 6mm      0  exotic 

Savannah Sparrow  6 6 6 6 6gr      0  Ucom 

Short-eared Owl Sc 6 2 3 7 6mm           ? 

Snow Bunting  6 6 5 6 6mm     Ucom (winter) 

Tufted Puffin  5 2 3 6 6cl,sh      Com(local) 

Western Meadowlark  6 2 4 7 6gr,mm     1  Cas 

White-tailed Ptarmigan1  2 4 4 1 6a     0  Ucom 

Yuma Myotis  6 6 6 5 6mm/3ct         Ucom 
1
  The subalpine and alpine was not surveyed.  

2
  resplendens subspecies   

3
 non-native and not assessed for priority. 

 
 

3   Coarse filter analysis – the process for examining consequences of forest 
practices on dying and dead wood  
There is a natural, unbroken continuum in the production of dying and dead wood so use of dying 
and dead wood is treated together.  There are two major forms of analyses:  to determine 
requirements of species present in the DFA using dying and dead wood, and (given species‘ 
requirements) determine the likelihood that forest practices will or will not meet those 
requirements.   
 
3.1  Species using dying and dead trees 
The initial step in the analysis is to determine the species relying on dead and dying wood.  
Natural history attributes of these species determine appropriate measures for the analysis.  
Some species seek standing dead wood, others seek down wood, some use both – patterns of 
use of standing and down wood are treated separately.  Within the study area, data are most 
available for vertebrates.  We first examine cavity use of standing trees by birds and mammals, 
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then use of down wood.  We consider non-vertebrates separately to assess whether the metrics 
derived for birds and mammals are appropriate for non-vertebrates.  Non-vertebrate assignments 
to species accounting or monitoring groups are summarized in Kremsater and Bunnell (2009). 
 
Vertebrates using standing dead wood:  Table 10 assesses the degree to which birds present 
on the DFA are associated with particular forest or habitat types.  Habitat types are those in Table 
1 (e.g., H = hardwood or deciduous, HC2 = hemlock-cedar >140 yrs; HB1= hemlock-balsam 21-
140 yrs.   Age boundaries of these classes were derived from existing data (see §4.1)   First and 
second choices in Table 1 indicate the apparent habitat preferences as derived from survey data; 
avoid indicates habitat avoidance. Bold values are significant (p < 0.05).  Where little or no data 
were collected from survey routes, expected habitat preference is based on literature and 
provided in square brackets.  Vaux‘s swift is included in Table 10 for completeness; it is treated 
as a Group 4 species because its habitat is uncommon and localized. 
 
Table 10.  Habitat affinity for major forest types as expressed by species regularly using cavities 
and likely breeding in the DFA.  Numbers of records are those recorded from the Breeding Bird 
Survey routes through 2008 (9 years of data).   
 

 Con  
Prio

a
 

 Habitat affinity Territory 
Size (ha) 

 
Trend

b
 

Species Records 1
st

  2
nd

  Avoid  

Birds        

American Kestrel s 2(G2) 0 open   0.1-1.75 
pr/km

2
 

-0.2 

American Three-toed 
woodpecker 

6 0 [HB2]   10-20 16.9 

Barred Owl s 6 1 [generalist]   149-321 22.1 

Brown Creeper 1(G2) 23 HC2   0.1-6.4 0.2 

Chestnut-backed Chickadee 2(G2) 322 H  HwSs nso
c
 -0.6 

Common Merganser  s 3 17 [R]   none 2.5 

 Downy Woodpecker 5 2 H   4.4-5.5 0.3 

Hairy Woodpecker 5 14 Hw1   2.5+ 8.8 
Hooded Merganser  s 6 1 [R]   none 3.0 
Northern Flicker   6 19 all all  nso -0.9 

Northern Pygmy Owl 
1
 s 2(G1) 2 [C]   1.2-1.6 km

d
 0.5 

Northern Saw-whet Owl s 6 0 [C,H]   <1 km
2
   nd 

Pileated Woodpecker   3 3 HC2   55-500+ 2.5 

Red-breasted Nuthatch   6 3 [C]   1-5+ 1.4 

Red-breasted Sapsucker 6 3 [C,R]   5.9 -1.1 
Tree Swallow  s  2(G2) 3 [C,R,open]   0.1-0.2 0.6 
Vaux‘s Swift s 2(G2) 13 HB2,R,6mm   colonial 2.3 
Violet-green Swallow s 5 26 HB1   colonial 1.0 
Western Screech-owl 

2  
s 1(G2) 

2(G3) 
0 [H,R] 

  
300-

400m+
d
 

-83.8 

Winter wren s 6 1248 H/[R] HC2 NV,HwSs 0.5-2.5 0.8 

Mammals        

California Myotis 2(G2) 0 [C]     

Keen‘s Myotis 1(G1,3) 0 [C]     

Little Brown Myotis 5 0 [H,C]     

Long-eared Myotis 2(G2) 0 [H,C]     

Long-legged Myotis 2(G2) 0 [C]     

Silver-haired Bat 2(G2) 0 [C,H]     

American Marten 2(G2) 0 [C,H]     

Black Bear 6 0 [generalist]     

 
 a
 Conservation Priority under the provincial system (1 = highest; 6 = lowest).  Highest 2 priority classes in bold.  Number 

in brackets indicates the highest ranked Goal (see text).   
b
 Trend in western BBS routes as analyzed by CWS; %/yr; 

significant trends in bold (positive in blue; negative in red); sample sizes usually are too small to yield significant 
estimates; 

c
 nso = nest site only; defends only a small area around nest site; 

d
  Mean distance between nests.  Significant 

preference; Significant avoidance (p < 0.05). 
  

s = secondary user that does not excavate its own cavity.  
1
  Glaucidium gnoma swarthi     

2
  Megascops kennicottii 

kennicottii 



19 

 

Data of Table 10 are based on 9 years of Breeding Bird Surveys (BBS).  Although BBS are used 
by the Canadian Wildlife Service to evaluate trends for CoSEWIC ranking, most species known to 
be present in the DFA and to use cavities are not adequately sampled by BBS methods.  Thus 
few trends in Table 10 are significant even though values may be large.  Woodpeckers, for 
example, are inadequately sampled by the BBS technique.  Similarly, owls breed much earlier in 
the season than when BBS samples have been acquired.  Sampling to date has occurred on 
forested upland sites and thus has recorded few cavity-nesting ducks and mergansers that nest 
in riparian areas.  Species preferring open areas also are inadequately sampled by forested 
routes.  For example, there are no records for American kestrels because the species prefers 
more open habitat than the forested sites in which the BBS routes are concentrated.  Because 
cavity users are inadequately sampled, there are relatively few statistically significant 
associations with habitat type.  Those that are indicate that a wide range of habitats are preferred 
by different species.  Despite these limitations, it is apparent that cavity-users seek out both 
hardwood and conifer trees as nest sites. 
 
Of the cavity-nesting birds occurring within the DFA, 7 rank 1 or 2 within the provincial system of 
conservation priority and all of those are for Goal 2 (Table 10).  Typically these are species that 
could become threatened within the province and for which the province hosts a significant 
portion of their global range.  Two of these (American kestrel and tree swallow) inhabit open 
habitats unlikely to be affected by forestry practices.  Three show a preference for riparian 
habitats when seeking natural cavities – tree swallow, Vaux‘s swift and western screech-owl.  
Two use upland conifer-leading types (brown creeper and northern pygmy owl) while the 
chestnut-backed chickadee prefers both upland and riparian hardwoods.  
 
Eight mammal species in the DFA use cavities for at least 50% of their maternal or roosting sites.  
Five of these mammal species rank 2 for one Goal within the provincial conservation framework, 
usually Goal 2 (proactive), but Keen‘s myotis ranks 1 within Goal 3 (maintain native species 
richness).  Six of the 8 are bats, which may simply reflect inadequate inventory; the single bat 
species not ranking highly commonly uses man-made structures where it is more readily 
encountered.   

Vertebrates using down wood 
We noted (§2.3) that the abundance of only eight vertebrates species in the DFA is likely to be 
influenced by amounts and kinds of down wood – three salamander species, the skink, pileated 
woodpecker, ruffed grouse, winter wren and marten.  Many more vertebrates make opportunistic 
use of down wood, but they are unlikely to find amounts limiting (see review of Bunnell et al. 
2009). 

Non-vertebrates use of dying and dead wood 
Many more non-vertebrates than vertebrates use dying and dead wood, standing and down.  No 
data were acquired within the DFA on non-vertebrates.  Generally, TFL6 has been inadequately 
surveyed for these groups.  A review of relevant literature is summarized in Bunnell et al. 2009; 
current assignments to species accounting groups are summarized in Kremsater and Bunnell 
(2009).  Key points from those reviews are summarized below.   
 
Fungi:  Fungi are the primary agents of decay and are present in living trees, snags and down 
wood.  To maintain the full range of fungi richness and an intact system of decomposition and 
nutrient cycling a continuum of all decay classes must be sustained.  Although larger diameters 
encourage greater richness, fine wood debris (twigs, small branches) makes important 
contributions and some fungal groups are largely limited to fine debris.  Some fungal species are 
specific to individual or groups of tree species, so species composition is important. 
 
Lichens and bryophytes:  Both groups contain members inhabiting living, dying and dead trees 
and logs.  Tree species composition again is important.  Richness of lichens generally peaks in 
the early stages of decay class 3 whereas epiphytic bryophyte richness is highest on logs in the 
latter stages of decay class 3 and decay class 4. Kremsater and Bunnell (2009) report 12 
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liverworts, 14 mosses, and more than a hundred lichens associated with dead (usually down) 
wood. 
 
Vascular plants: No vascular plants within the DFA are strongly associated with standing or down 
dead wood, though many are influenced by the soil type resulting from decay. 
 
Wood-inhabiting invertebrates:  Similar to fungi – require the entire range of decay states, exploit 
fine debris and can be tree-species specific.  Larger diameters encourage greater richness.   
 
In summary, the appropriate metrics for evaluating contributions of dying and dead wood are 
decay state (entire range), diameter (larger diameters important for cavity using vertebrates, but 
fine debris important to fungi and invertebrates), and tree species composition.  These metrics 
define what is suitable when evaluating trends in amounts. 

 
3.2  Impacts of forest planning and practice on provision of dying and dead wood 
Practices that can have a deleterious effect on amounts and kinds of deadwood within the DFA 
are those that: 

1) fail to provide sufficient dead wood of adequate size;  
2) significantly reduce the amount of older forest age classes over large areas; products of 

age, such as larger diameters and advanced decay are requirements for some species; 
3) significantly reduce amounts of hardwoods (decayed and dead hardwoods are preferred 

by species in several groups of organisms);  
4)   fail to provide the full range of decay classes on a sustained basis in both conifer and 

hardwood types (different organisms seek different decay classes; even-aged 
management with close utilization standards can produce gaps in the sustained provision 
of all decay classes); and 

5)   fail to distribute dead wood in ways that meet organisms‘ requirements.  

 
For species nesting, roosting or denning in trees and logs, literature on the sizes sought is 
summarized in Tables 11 and 12.  The simplest measure of potential effectiveness in providing 
dying and dead wood is amounts of forest in suitable older age classes with some consideration 
for patch size.  Age must be old enough to permit trees of the required size.  For patch size, the 
most appropriate guideline for sustaining biodiversity is to maintain a range of patch sizes of 
unmanaged forest within major forest types.  The simplest measure is patch size distribution of 
older age classes by broad forest types.  Trends in total area within which natural decay patterns 
persist, from onset of decay in living trees to incorporation of wood into soil, help to assess the 
ability to sustain the required range of decay classes (§ 4.4 below).  Three kinds of actions and 
decisions determine the distribution of patch sizes: 1) the distribution of patches within the NHLB, 
2) size of cutblocks determine dimensions of future patch size in the THLB (Timber Harvesting 
Land Base), and 3) various retention patches (e.g., WTPs) make small contributions to suitable 
area within harvested blocks.  That is, both the NHLB (Non-harvestable Land Base) and THLB 
make contributions to provision of dying and dead wood. 
 

 
4   Coarse filter analysis – findings of effects of practices on dying and dead wood 
and associated species 
We present findings for each of the five potential impacts noted above. 
 
4.1  Size of dying, dead and fallen wood  
Literature values of sizes of trees sought by birds and mammals as cavity or denning sites are 
summarized in Tables 11 and 12.  From these we estimated adequate diameters and densities of 
dying and dead wood (Table 13).  Only diameters could be usefully estimated.  References used 
to construct Tables 11 and 12 are summarized in Appendix 1.  Where possible, diameter data 
were limited to coastal studies, specifically Vancouver Island; data for % dead and % hardwood 
include all studies to illustrate selection over a range of opportunities.  Species for which data are 
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primarily coastal include:  pileated woodpecker, red-breasted sapsucker, chestnut-backed 
chickadee, violet-green swallow, black bear and Keen‘s myotis.   
 
Table 11.  Attributes of trees sought as ‗cavity‘ sites by vertebrates known or likely to breed in 
TFL 6 and using cavities >50% of the time.  Sources are found in Appendix 1. 
 

  DBH (cm) % Dead % 
Hardwoods 

Species SAS
1
 Con Hdwd Both

2
 % #

3
 % #

3
 

Strong excavators         

American Three-toed Woodpecker [HB2] 29.8 23.7 28.6 20.9 135 50.5 135 

Downy Woodpecker H 25.1 26.3 28.6 60.4 109 60.4 109 

Hairy Woodpecker Hw1 42.0 28.3 46.0 62.4 190 39.4 346 

Northern Flicker all 60.4 34.1 42.0 55.9 717 44.7 998 

Pileated Woodpecker HC2 60.0 42.5 73.6 73.2 202 25.0 199 

Red-breasted Sapsucker [C,R] 84.0 40.0 39.7 70 110 0.0 155 

Weak excavators         

Chestnut-backed Chickadee H 72.0 nd 39.5 58.3 132 50 8 

Red-breasted Nuthatch [C] 45.8 23.6 38.5 89.3 498 71.7 498 

Secondary nesters         

American Kestrel open 71.3 56.2 60.4 38.5 144 55.2 114 

Barred Owl all 43.9 46,4 71.4 26.9 26 96.1 26 

Brown Creeper HC2 32.9 56.9 29.9 27.1 244 85.7 244 

Common Merganser [R] nd nd nd nd nd nd nd 

Hooded Merganser [R] nd 45.7  42.9 7 100 7 

Northern Pygmy-owl
3
 [C] 54.0 nd  100.0 7 0.0 2 

Northern Saw-whet Owl [C,H] 100.0 38.1  100.0 2 0.0 2 

Tree Swallow [R,open] 38.3 29.2 34.7 89.0 245 53.8 234 

Vaux's Swift HB2,R 117.6 nd 51.8 34.0 61 11.0 82 

Violet-green Swallow HB1 98.0 42.07 97.2 nd nd nd nd 

Western Screech-owl
4
 HB2 57.5 53.9  nd nd 100.0 7 

Winter Wren H,HC2 59.8 nd  nd nd nd nd 

Mammals         

American Marten [C] 72.8 nd  28.9 906 0.0 906 

Black Bear all 159.0 nd  8.1 37 0.0 37 

Californian Myotis [C] 55.9 nd  97.4 39 0.0 39 

Keen‘s Myotis [C] 95.0 nd  54,7 86 0.0 86 

Little Brown Myotis [H,C] 24.0 46.3  10.0 20 71.1 45 

Long-eared Myotis [H,C] 65.0 nd  89.7 58 4.8 63 

Long-legged Myotis [C,H] 58.8 45.7  93.3 60 6.1 66 

Silver-haired Bat [C,H] 48.5 42.5  65.6 128 33.8 128 
1
   SAS refers to the Species Accounting Group. [ ] indicate too few observations to test, so derived from literature. 

2
   Some samples do not distinguish between conifers and hardwoods 

3   
Note that studies reporting proportion dead and proportion hardwood sometimes are independent and drawing from 

different pools of data.  They can be assumed common only when #‘s in Table 11 are the same.   

 
There are two major reasons for collating diameters on the kinds of dying and dead wood used by 
organisms: 1) to evaluate whether retention guidelines are adequate, and 2) to establish 
informative lower boundaries of older age classes for use in coarse filter analyses.  For coastal 
areas 50 cm is often assumed the appropriate diameter for provision of large snags (Bunnell et al. 
2002; Carey et al. 1991; Zarnowitz and Manuwal 1985; Nelson 1988).

6
  That provision applies to 

conifers.  Species almost always select smaller diameters when nesting in hardwoods (Table 11).  
Among the 20 bird species within the DFA using cavities more than 50% of the time, the mean 
diameter of conifer nest tree used is <50 cm dbh for only 7 species; nest tree dbh is <50 cm for 
more species when hardwoods are available.  Some studies included in Table 11 focused on 
larger snags, often remnant snags, in clearcuts.   

                                                 
6
 Zarnowitz, and Manuwal (1985) also recommend leaving some snags >75 cm dbh in all successional stages. 
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Figure 1.  Cumulative frequency distributions of nest tree diameters form WFP tenure on 
northern Vancouver Island.  The mean and median dbh for red-breasted nuthatch (RBNU) are 65 
and 56 cm, respectively; for northern flicker (NOFL) 72 and 63 cm, respectively. 
 
Selection always responds to what is available.  Median diameters of nest sites selected are 
always less than the mean, because the few very large trees selected raise the mean above the 
median (Bunnell et al. 2002; Figure 1).  Of the 13 species for which mean nest tree dbh is >50 cm 
dbh, 3 are strong excavators (northern flicker, pileated woodpecker, and red-breasted 
sapsucker).  The sapsucker data are from Vancouver Island; elsewhere on the coast the reported 
mean diameter of nest trees is 39.7 (Mahon et al. 2008).  The other 10 species using nest trees 
>50 cm dbh are secondary users who are more opportunistic in terms of cavity selection.  The 
American kestrel preferentially nests in open areas, primarily in live hardwoods.  Data for the 
cavity-nesting waterfowl are sparse, but they typically seek hardwoods in riparian areas.  Data for 
3 of the owl species also are sparse (Table 11) and reported diameters are potentially misleading.  
For example, the 2 western screech-owl nests from Vancouver Island were 35 and 48 cm dbh.  
Data collated for Vaux‘s swift are primarily from conifer types; the large diameter reported is partly 
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a product of 14 nests in hollowed redwoods averaging 306 cm dbh.  The single nest from 
Vancouver Island was in a western white pine snag, 75 cm dbh.  Like the cavity-nesting 
waterfowl, Vaux‘s swift will seek out large cottonwoods in riparian areas when using natural 
cavities.  It also has been reported nesting and roosting in hollow Abies; local data show a 
preference for old hemlock-subalpine fir forest (Table 4).  Data for the violet-green swallow are 
from Vancouver Island; in northeast BC it nests in hardwoods 20 cm in dbh.  Violet-green 
swallows also are sometimes colonial, nesting in stream cut banks and abandoned cliff swallow 
nests.  Nonetheless, even with more representative samples, the mean diameters of cavity sites 
selected by at least some of these species would likely exceed 50 cm dbh.   
 
We recommend 50 cm dbh as target diameter for most leave trees to sustain the majority of 
cavity nesters (Table 13).  Under that recommendation, we expect the only species on upland 
sites that would be potentially limited by cavity sites are the northern flicker, pileated woodpecker 
red-breasted sapsucker and possibly some owls.   
 
Because they do not excavate their own cavity and are often larger, mammals tend to use older, 
larger trees in which decay has created sizable cavities or whose bark is deep and furrowed 
enough to provide suitable sites (bats).  Of the 8 mammals frequently using cavity sites, 6 species 
used trees with mean diameters >50 cm dbh (Table 11).  Most of these are bats, for which 
regional data are sparse. In nearby TFL 37, Davis (1996) found that 37 of 67 black bear den sites 
(55%) were in hollowed yellow and redcedar trees, most of them live.   On TFL 37, MCA (2003) 
reported 74% (29/39) of black bear winter den sites were in trees, again mostly live yellow and 
redcedar.  Timberwest (2001) reported similar results farther south on Vancouver Island – 79% in 
cedars, mean dbh 210 cm.  The category ‗larger bird species and mammals‘  of Table 13 includes 
3 species of primary excavators (i.e. northern flicker, pileated woodpecker and red-breasted 
sapsucker), the owls and mammals exploiting cavities in trees and down wood (bats, and 
marten).  Although published data do not permit analysis, the median is almost certainly less than 
the mean among mammals as is illustrated for birds (Figure 1).   
 
Table 12.  Use of down wood and stumps by mammals occurring in TFL 6.  Means in bold.  
Sources are found in Appendix 1. 
    Debris 

Piles   Stumps Logs 
Species Site Ø(cm) Ht(m) % Ø(cm) Lgth(m) % % 

Keen‘s Myotis 86-ro   7%   0.0 0.0 

         

Little brown Bat 5-ro 38.2 2.2 20.0     

 6-ro 85.0 1.8 16.7 55.0 8 16.7 0.0 

      Mean  61.6 2.0 18.4 55 8 17.7 0.0 

         

Long-eared Myotis 2-ro 40.8 1.0 100 nd nd   

 73-ro 59 1.33 56.2 nd nd 2.7 0.0 

      Mean  58.1 126.9 78.1   2.7 0.0 

         

American Marten 332-rs nd nd 0.9 nd nd 9.9 10.2 

         

 25-d nd nd 0.0 nd nd 4 8.0 

 7-d >100.0 nd 42.8 nd nd  42.8 

      Mean     >100.0  17.9   7.0 20.3 

         

Black bear 10-d 176  20.0 120.6  50 0.0 

 67-d 169  11.9 143  5.9 0.0 

 39-d nd nd 2.6 nd nd 7.6
a
 0.0 

      Mean  172.5  11.5 131.8  21.2  
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Northern river otter 9-d       22.2 

         
a 
An additional 6 were in trees recently blown down. 

 

During retention we recommend that some conifers of at least 65 cm dbh be retained for species 
seeking larger cavities. This recommendation acknowledges the distinction between median and 
mean and is less than the 75 cm recommended by Zarnowitz and Manuwal (1985).  A dbh of 65 
cm would encompass all bats but Keen‘s myotis, potentially the marten, but not the data reported 
for black bear.  Black bear must be accommodated in tree hollows, particularly as climate change 
reduces the efficacy of earthen dens by encouraging warmer, moister soil.  Values of Table 13 
are intended to guide most retention patches.  Black bear range widely but some retention 
patches within their home ranges should host cedars >150 cm in dbh.  Large stumps also are 
useful, provided they remain dry underneath (Table 12). 
 

Use of down wood by mammals is summarized in Table 12.  We restricted most data to coastal 
studies; little brown bat, long-eared myotis and the river otter are from inland sources.  Three bat 
species likely to occur in the DFA make opportunistic use of stumps (about 60 cm diameter) and 
logs (Table 12).  The studies on little brown bat and long-eared myotis focused on clearcuts, so 
the percent use of stumps and logs is inflated but indicates that they are used.  Coastal studies of 
black bears suggest that burrows beneath large diameter stumps (172.5 cm diameter on 
average) were used about 10% of the time; logs averaging 132 cm in diameter were used 21% of 
the time.  Black bears do not den in debris piles on the coast.  In coastal regions summarized in 
Table 12, marten den under large stumps, logs and debris piles (20% of den sites).   Of the 7 
natal marten dens reported by Baker (1992) from Vancouver Island, the logs comprising the 3 
coarse woody debris piles ranged from 51 to 57 cm in diameter; the den not reported in Table 12 
was in the rootball of a windthrow tree.  Inland studies report marten denning within large logs 
(>100 cm in diameter); that does not appear to occur on the coast.  The 2 den sites reported for 
river otter from debris piles were in blow down.  
 
Four of the cavity users present in the DFA (Table 4) also require logs or use them intensively – 
the pileated woodpecker forages for carpenter ants in down wood; winter wrens nest in upturned 
root wads and well-rotted logs; black bear and marten den under logs in coastal forest types.  The 
ruffed grouse requires down wood as ‗booming‘ or ‗hooting‘ sites.  The sooty grouse (formerly 
blue grouse) does hoot from down wood, but is not nearly as restricted as the ruffed grouse, 
making do with stumps and rocks.  Only the mammals show a strong preference for large logs. 
 
Table 13.  Estimates of suitable diameters and densities of dead wood for TFL 6.  Shaded values 
indicate estimates that are little more than reasoned guesses.   

 
 Living, dying & dead trees Logs 

Species Group Diameter
a
 # per ha Diameter # per ha 

Most cavity nesters >50 cm
b
 3     >17.5 na 

Larger bird species,  mammals >65 cm
b
 1 >60 cm 1 

Lichens, bryophytes, insects >17.5 cm 3 >17.5 cm 3 
a  

Diameter is quadratic mean diameter which can be derived from VRI, and is slightly larger than arithmetic mean 
diameter. 
b
  Derived from Table 11.   

 
Among fungi, lichens, bryophytes and invertebrates, greater richness is supported by logs of 
larger diameter.  Currently there is no reason to expect that pieces >17.5 cm are limiting in terms 
of size.  However, a doubling of log diameter leads to a 51-65% increase in persistence of the log 
(Huggard and Kremsater 2008a), so logs of 60 cm will significantly increase both richness and 
persistence of non-vertebrate groups as well.    
 
For assessing coarse-filter contributions, the estimates of appropriate diameters summarized in 
Table 13 appear adequate, provided some trees or tall stumps large enough to host black bear 
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dens also are retained.  Values in Table 13 are intended to suggest levels of habitat attributes at 
which at least 50% of the entire complement of the species group will be present.  All estimates of 
numbers (densities) in Table 13 are for effectiveness of small patches, and are plagued by the 
issue of scale.  They are not targets for every hectare, but provide guidance in evaluating the 
coarse filter when addressing the contributions of smaller patches, particularly those within the 
THLB.  The values permit two major assessments: 1) fine-scale evaluation of guidelines for 
retention patches, and 2) large-scale evaluations of areas of suitable habitat. 
 
The SFM plan for TFL 6 specifies the stand-level retention target as 10% of annual harvest area 
in stand-level retention initiatives.  At the landscape-level, retention is to meet District FPPR

7
 

section 7 notices for wildlife and ungulates, and meet Provincial Non-Spatial Old Growth Order or 
Landscape Unit objectives.  Stand-level retention targets require that mature timber be retained 
for an entire rotation. Previously constrained timber, including Riparian Reserve Zones, are 
incorporated within the required retention target for WTPs.  That is, stand level retention includes, 
but is not limited to, Wildlife Tree Patches (WTPs), Riparian Reserve Zones, Retention Patches 
committed for an entire rotation or other long-term reserves.  There is no specific mention of the 
kinds of trees that should be targeted for retention.  Table 13 summarizes data that would permit 
greater confidence and credibility if incorporated into retention guidelines. 
 
Suitable sizes of dying, dead and fallen wood determine the lower age boundary of forest age 
classes that should be used in coarse filter analyses.  By evaluating quadratic mean diameter of 
major forest types by age class we can determine lower boundaries that will provide suitable 
trees, guided by estimates of Table 13.   Figure 2 illustrates diameter over age curves for the two 
major forest types within the DFA.  Those curves suggest that 140 years should be adequate to 
encompass the needs of most species.  We attempted an additional check.  The number of 
habitat classes initially chosen meant that some older classes had few observations within them.  
To assess potential age class effects we combined all forest types and tested for apparent 
selection of species between age classes 21 to 140 years and >140 years.  Four cavity nesters 
showed statistically significant selection for age >140 years: chestnut-backed chickadee, hairy 
woodpecker, violet-green swallow and winter wren.  The chickadee and hairy woodpecker will 
find suitable cavities in stands <140 yrs (Table 11; Figure 2).  The chickadee‘s preferred habitat is 
hardwoods (Table 10), suggesting that when it seeks conifers these are older stands with well-
rotted substrates.  The preference of the hairy woodpecker for stands >140 years when all forest 
types are lumped may reflect greater foraging opportunities; its apparent preference when they 
are not lumped is for hemlock-leading <140 years (Table 10).   The violet-green swallow is the 
least-studied of North American swallows, thus difficult to interpret; its preference when types are 
not aggregated is hemlock-balsam <140 yrs (Table 10).  Preferences in Table 10 also indicate 
that upland sites may not be important for winter wrens.  The wren‘s primary preference is for 
hardwoods followed by hemlock-cedar >140 years.   Waterhouse (1998) reported that the 
majority of nests were within 5 m of riparian habitat, which would appear as a preference for 
hardwoods.  The older age class (>140 years) would provide ample down wood including blow 
down that the wren seeks as nesting habitat.  The older age class also is the only source of the 
large diameter trees used as black bear dens.  There is evidence that well-structured wet forest 
types (e.g., the ICH and CWH) host significantly greater abundance of some lichen and bryophyte 
species than do forests <140 years (Goward 1994; Goward and Arsenault 2000; McCune 1993; 
Peck and McCune 1997; Price and Hochachka 2001; Spribille et al. 2009).   
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Figure 2.  Diameter over age curves for the major forest types occurring on TFL 6. 

 
We conclude that habitat suitability for the large majority of vertebrate species present in TFL 6, 
and using older age classes, can be analysed using the age limit >140 years; only the best sites 
produce trees >50 cm dbh at less than 140 years (Figure 2).  To accommodate those vertebrates 
seeking larger trees we recommend that some conifers >65 cm be targeted during retention.  
Older trees in the age class >140 years will provide habitat for those vertebrates seeking large 
trees (e.g., black bears), well-rotted substrate (Vaux‘s swift, violet-green swallow, western 
screech-owl)  and poorly known species such as lichens and bryophytes that may require older 
stands. 
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It is also apparent from Tables 10 and 11 that evaluation of habitat suitability for species 
dependent on dying and dead wood must consider riparian sites.  The two mergansers, Vaux‘s 
swift, tree swallow and winter wren all show a preference or requirement for riparian areas.  All 
also seek out mean diameters >50 cm and likely show a preference for hardwoods when these 
are available (in terms of nest sites, the winter wren is an exception to the latter statement).  In 
coastal forests, the most common hardwood species is red alder; other hardwood species occur, 
such as black cottonwood in riparian areas.  Mature red alder trees are typically 20 to 35 m in 
height (40 m maximum) and 15 to 86 cm in diameter (178 cm maximum; Niemec et al. 1995).  
Red alder are mature at 60 to 70 years; they seldom survive beyond 100 years.   For this reason 
hardwoods are treated as a single age class.  Both red alder and black cottonwood do best in 
riparian sites, and are likely an important source of cavities within the TFL.  Contributions of 
riparian are addressed in §4.3.   
 
4.2  Amounts of older age classes of forest 
In §3.2 we noted that the simplest measure of potential effectiveness in providing dying and dead 
wood is amounts of forest in older age classes with some consideration for patch size.  Age must 
be old enough to permit trees of the required size.  Suitable age boundaries were derived from 
consideration of the natural history of species present (§4.1). 
 
Both NHLB and THLB can contribute to older forests; the former will not be scheduled for harvest.  
An overview of all older forest in the DFA, including the area of forest currently reserved from 
harvest (NHLB) for various reasons, is summarized in Table 14.  Because of changes in species 
composition during early stages of succession, stands <21 years old are not assigned a forest 
type.  Amounts of older forest in the THLB will change as harvest progresses and with natural 
disturbance.  Amounts in the NHLB will change with natural disturbance and aging of younger 
stands currently in the NHLB.  The NHLB provides the most secure contribution to older age 
classes.  Therefore our basic assessment of adequacy of old forest in the long term focuses on 
the NHLB.   
 
Ignoring the recently disturbed areas, the proportion of NHLB by broad age class in the two major 
forest types is summarized in Table 14.  Hardwood-leading types are naturally rare in coastal 
forests and occur as small patches. Red alder is the primary hardwood and given its longevity 
(rarely >100 years) it should be (and is) very rare in the oldest age class.  Among conifer-leading 
stands, the proportion of stands >140 years is 34% in the THLB and 86% (23,841 ha) in the 
NHLB (Table 14).  The older NHLB represents ‗minimal‘ amounts of older forest.   
 
Table 14.  Areas of different habitat types within TFL 6 (ha) as of 2007.   
 

 THLB Age (yrs) NHLB Age (yrs) 

Habitat Type 0-20 21 to 140 >140 21 to 140 >140 All ages 

Recently disturbed 21833 NA NA NA NA NA 

Hardwood-leading NA 4135 21 750 14 764 

Conifer-leading NA 70812 37005 3781 23841 27623 

 
Figure 3 offers a combined view of NHLB plus THLB.  The utility of data in Table 14 and Figure 3 
will emerge as forest management continues.  When forest type was amalgamated to test simply 
for age class differences (21 to 140 years versus >140 years) 21 of 37 species tested showed a 
significant preference for the oldest age class.  Current amounts of older forest appear adequate 
and are significantly buffered by amounts in the NHLB.  The older THLB also contributes, but 
current harvest plans will significantly reduce that contribution (Table 15, Figure 4). TFL 6 has 
adopted government seral stage targets by Landscape Unit.  Currently, targets exist for old forest, 
and recruitment of old forest.  The practice of retention helps ensure that species dependent on 
older stands will remain well distributed.  Realized retention, however, is difficult to calculate or 
interpret.   The target for stand-level retention is 10% of annual harvest area in stand-level 
retention.  Previously constrained timber, including Riparian Reserve Zones, are incorporated 
within the required retention target for WTPs.  Landscape-level is to meet District FPPR section 7 
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2007 - 163,444 ha

13.4%
2.5%

43.3%

22.6%

0.8%

0.5%

18.1%

14.6%

2.3%

RD THLB

HL THLB

CL1 THLB

CL2 THLB

NHLB

RD NHLB

HL NHLB

CL1 NHLB

CL2 NHLB

notices for wildlife and ungulates (presumably WHAs) and meet Provincial Non-Spatial Old-
Growth Order or Landscape Unit objectives.  We could not evaluate realized retention levels and 
found it difficult to discern how landscape- and stand-level targets interact.  This latter difficulty 
reflects the numerous coastal regulatory approaches.   Because different species respond 
differently to different scales of retention, stand-level retention and landscape-level retention 
should be operationally separable and tracked independently.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
          
 
 
 
 
 
 

 
 
 

Figure 3.  Proportions of broad forest types in TFL 6 within the THLB and NHLB (smaller circle).  
All major forested variants are combined. RD = recently disturbed; HL = hardwood-leading; CL = 
conifer-leading; 1 = 21 to 140 years old; 2 = >140 years.  
 
Values of Table 14 and Figure 3 are ‗snap shots‘ of near-current conditions.  Simple projection of 
future conditions is possible.  Rather than use more complex models, our projections are based 
on the existing 20-year plan prepared in 2007.  That plan is broken into ten 2-year periods.  To 
project broad forest types 20 years into the future, the landscape age was projected and updated 
in ten steps and WFP‘s 20-year plan was used to reset the age of harvested areas.   
 
Table 15.  Current and projected areas (ha) of the three major forest types older than 20 years in 
the THLB and NHLB of TFL 6.   
 

 
 
Variant 

THLB NHLB 
Conifer <140 Conifer >140  Hardwood Conifer <140 Conifer >140  Hardwood 

2007 +20  2007 +20  2007 +20  2007 +20  2007 +20  2007 + 20  

CWHvh 1 3177 3424 5426 680 244 149 142 206 2801 2808 49 50 

CWHvm 1 62368 45473 24807 2368 3803 1723 3330 3974 13879 13976 679 696 

CWHvm 2 5204 4977 6467 203 108 76 280 352 5735 5737 36 36 

MHmm 1 63 32 303 1 0 0 29 43 1411 1411 0 0 

             

Total 70812 53907 37002 3252 4156 1949 3781 4575 23827 23932 764 782 

% change  -23.9  -91.2  -53.1  +21.0  +0.4  +2.3 
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Projected age was calculated by successively adding 2 years at 10 different periods to the current 
age (2007).  After calculating the new age, the areas of projected broad forest types were 
determined.  Results for all major forested variants are summarized in Table 15 (only two of these 
variants were effectively sampled for birds – CWHvh1 and CWHvm2). 
 
Given the number of events that influence harvest schedules, even a simple 20-year projection is 
unlikely to be correct, particularly with regard to individual cutblock boundaries.  The more 
troubling issue is our inability to project impacts of climate change.  In western North America, 
including British Columbia, van Mantgem et al. (2009) report that background

 
(non-catastrophic) 

mortality rates have increased rapidly in
 
recent decades and are pervasive across elevations,

 
tree 

sizes, dominant genera and past fire histories. They concluded, ―Regional warming and 
consequent

 
increases in water deficits are likely contributors to the increases

 
in tree mortality 

rates‖ (van Mantgem et al. 2009: 521).  Within the projection, amounts of forest >20 years old 
increase in the NHLB as a product of ingrowth; they are uncorrected for apparent recent 
increases in mortality rates.  Much of the THLB >20 years will be harvested; the area in conifer 
age class >140 years in the THLB will be reduced by over 90% under the current plan.  About 
33% of the conifer forest is in the NHLB; the proportion of conifer that is >140 years and in the 
NHLB is 28%.  Among vertebrates, cavity nesters are among the groups most likely to be limited 
by reductions in older forest.  Relations of Bunnell et al. (2009: Figure 4) probably cannot be 
scaled up, but suggest a value of about 30% older forest to maintain the full complement of cavity 
nesters.  This amount is most useful if distributed across the tenure.  Retention practices of 
Western Forest Products within the DFA help to ensure such distribution and the maintenance of 
cavity-using species (e.g., Figure 7), but are difficult to interpret and to project.  Given that 21 of 
37 species tested show a preference for conifer age classes >140 years, trends in susceptible 
species and the age class merit monitoring.  
 
A remaining issue is how this total amount is distributed – that is, are patch sizes adequate?  
Forest practices create patches in three broad ways, by: 1) reserving forest in different sized 
blocks or patches within the NHLB, 2) creating future patch sizes by implementing cut blocks in 
the THLB (thereby also altering the size of pre-harvest patches), and 3) retaining patches of 
various sizes within cut blocks.  That is, both the non-harvestable land base (NHLB) and timber 
harvesting land base (THLB) can contribute to sustaining dead wood in different patch sizes, the 
latter through various forms of retention.  Unlike boreal forests where large fires are common, in 
coastal forests timber harvest likely has the greatest influence on patch size.  The current and 
projected distributions of patch sizes within the THLB are shown in Figure 4. 

 
There is little unequivocal guidance on appropriate patch size, or how amounts of older forest 
should be distributed to best support biodiversity.  Science provides only broad guidelines for 
patch distribution within the NHLB and THLB: a range of patch sizes is preferable.  Estimates of 
the distribution of patch sizes in naturally disturbed areas reveals large differences among 
disturbance regimes but only equivocal guidance given that rates of disturbance are changing.  
Guidelines for retention patches within the THLB can be made more explicit than for larger blocks 
across the landscape.  For example, retention patches should be large enough to permit retained 
trees to die naturally and fall to the ground (this permits sustaining the full range of decay 
classes).   

 
We examined the distribution of patch sizes using five size classes we considered biologically or 
socially meaningful.  The smallest size (<2 ha) is less applicable to the NHLB and is poorly 
represented there in older stands.  It was chosen specifically for the THLB on the basis of 
estimates for the smallest effective size for sustaining snags in retention patches within the THLB.  
height, the smallest patch sustaining a single snag is about 0.16 ha.  We suggest that the lower 
boundary for effective patches should be set at 0.25 ha.  Current research from Vancouver Island 
suggests that patches of this size do contribute to sustaining biodiversity. No patches less than 
0.25 were tallied (in most instances these are GIS ‗slivers‘).  The patch size class of 2-10 ha 
encompasses the home range or territory size of many forest-dwelling species (Table 10); 10 to 
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40 ha reflects a common regulatory constraint restricting size of cutblocks to 40 ha.  The sizes 40 
to 100 ha and 100+ ha reflect two classes that clearly contain interior forest conditions, the latter 
contributing to even the most wide-ranging species.  Current and projected patch sizes within the 
THLB are summarized in Figure 4.   

 
 
Figure 4.  Current and projected area in patches of different sizes in two conifer age classes for 
the major forested variants in the THLB on TFL 6.   
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Figure 5.  Current and projected area in patches of different sizes in the two conifer age classes 
for major forested variants in the NHLB on TFL 6.   

 
Figure 4 illustrates two conifer age classes (21-140 years and >140 years) for the three variants 
most intensively harvested in the TFL.  For each variant the area in patch sizes >10 ha declines 
dramatically for age classes >140 years.  The decline is not as dramatic, and in one variant 
(CWHvh1) shows an increase, in area in larger patches in conifer age classes 21 to 140 years 
old.  The pattern is the same in the much rarer hardwood polygons (not illustrated).  The clear 
consequence is that within 20 years most forest interior habitat will be found only within the 
NHLB.  Results of comparable analysis for the NHLB are illustrated in Figure 5. 

 
Most of the non-harvestable conifer land base occurs in the CWHvm1.  In the NHLB there are few 
conifer patches >40 ha in the 21 to 140 year age class (Figure 5: left column).  More patches >40 
ha occur in the age class >140 years, but total areas in those patch sizes are small (Figure 5: 
right column).  Within the younger age class (21 to 140 years), the area of larger patches shows a 
tendency to increase as a result of ingrowth (uncorrected for natural disturbance).  Under the 
current age distribution, ingrowth does not result in a greater area of the oldest age classes.  
There is little perceptible change in patch size distribution across hardwood polygons in the 
NHLB.  That is potentially misleading given the relatively short longevity of hardwood species 
present; in reality a decline is likely. 
 



32 

 

Of the five vertebrates strongly associated with down wood, only one (the American marten) is 
assigned Group 5 (species found by at least one study to be responsive to distribution of habitat).  
That assignment is based on at least one study suggesting that the marten exhibits negative 
edge effects.   Across all studies we reviewed, a total of 906 denning and resting sites in standing 
trees were reported – all of them conifer and about 70% of them alive (Table 11).   Conifer is the 
preferred forest type.  These trees must be old enough to permit cavities large enough to host a 
marten.  Baker (1992) reported mean annual home ranges of marten on Vancouver Island of 2.7 
and 4.8 km for females and males, respectively.  Given the projected patch sizes of older conifer 
(Figure 4), the THLB will soon become an inhospitable area if the marten truly avoids edges.  
However, marten‘s avoidance of edges is not universal (Baker 1992; Porter et al. 2005; Poole et 
al. 2004; Potvin et al. 2000).   Baker (1992) reported that on Vancouver Island, the use of second 
growth was greater and use of mature and old-growth forest was less than that reported 
elsewhere in North America.  Moreover, home-ranges were smaller on Vancouver Island, 
suggesting that marten were finding sufficient forage in smaller areas.  Since Baker‘s study 
similar results have been found in other areas (references above). 
 
Baker (1992) found 7 natal dens of marten on Vancouver Island – all in second-growth forest.  
Most of the dens were in large stumps (>1 m in diameter; Table 12) and in piles of coarse woody 
debris (mean piece size .50 cm diameter).  She stated:  ―Large amounts of coarse woody debris 
occurred at nearly all marten locations‖ (Baker 1992: page iv).  Provided sufficiently large debris 
is retained after harvesting, marten on Vancouver Island should not be strongly responsive to 
patch size of older forest. 
 
4.3  Amounts of hardwoods 
Coastal forests naturally host fewer hardwoods than do boreal or inland forests (e.g., Table 14).  
That does not imply that the contributions of hardwoods are minor.  Many species among 
bryophytes, lichens and non-vertebrates are restricted to hardwoods.  Kremsater and Bunnell 
(2009) note 7 mosses and 49 lichens associated with hardwoods, but not all of these require 
dead or dying wood.  Among vertebrate species dependent on dying and dead wood, 10 of 29 
species preferentially seek out hardwoods as nest sites (likely because of the differential patterns 
of decay within hardwoods and conifers; review in Bunnell et al. 2009).  On the mainland coast, 
―The proportion of deciduous trees and the density of dead trees were the best predictors of nest 
abundance [of cavity nesters]‖, Mahon et al. (2008: 2145).  In short, hardwoods in coastal forests 
make important contributions to sustaining biodiversity. 
 
Hardwoods are difficult to project accurately, because they occur as small inclusions and often in 
sufficiently small amounts that the polygon will not be typed as hardwoods.  We attempted to 
overcome this problem by allowing proportions as low as 25% to be typed as ‗hardwood‘.  
Despite that low proportion, the amount of hardwood declines by over 50% in the 20-year period 
of projection (Table 15).  Little hardwood (782 ha) occurs in the NHLB.  The minor increase in the 
amounts of hardwoods within the NHLB (Table 15) is misleading and is more likely a decline (the 
natural longevity of the primary hardwood present – red alder – was not incorporated in the 
projection).  The apparent decline in the THLB, however, is likely overestimated because red 
alder disperses well and rapidly colonizes newly disturbed sites.  That newly colonizing alder, 
however, will be young. 
 
The importance of hardwoods to maintaining biodiversity, the low amounts and the difficulty in 
projecting species that occur as small inclusions indicate that the state of hardwoods merits 
monitoring.  That is particularly true of the larger hardwoods that occur in riparian areas.  Among 
cavity using birds, 7 show a strong preference for riparian areas (Table 10) and two of these (tree 
swallow, Vaux‘s swift and western screech-owl) rank highly within the provincial conservation 
framework. 
 
Most species strongly linked to riparian habitats are linked because of strong associations with 
hardwoods or with abundant understory and the products of these, such as abundant insects.  
Cavity-using species seeking riparian areas also seek hardwoods.  On TFL 6, Western Forest 
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Products currently follows current FRPA Forest Planning and Practices Regulation default 
requirements.  S1 streams receive a 30-m reserve zone, S2 30-m and S3 20-m (all those streams 
are fish bearing).  All those stream classes also receive a 20-m management zone, which have 
various restrictions on practices.  However, but local application varies.  Non-fish-bearing streams 
have no reserve requirements.  S4 streams which are small fish-bearing and non-fish-bearing 
streams have no reserve requirements but require a 30-m management zone.  Local practices in 
the riparian management zone are not clear.  Similarly wetlands and lakes have reserve zone 
and management zones.  Very large (>1000 ha) lakes have no required reserve, lakes between 5 
and 1000 ha need a 10 m reserve and 10 m management zone. 1 to 5 ha lakes have no reserve 
requirement but do have 30 m management zones.  Again, practices in those management zones 
vary locally.  Large wetlands (>5 ha) have 10 m reserves and 40 m management zones; ones < 
0.5 ha have no reserve requirement but have a 30 m management zone.    
 
The degree to which Riparian Reserve Zones (RRZs) and Riparian Management Zones (RMZs) 
are sustaining hardwoods is not documented.  Nor can it be evaluated by coarse-filter 
approaches.  Hardwood inclusions making significant contributions to biodiversity often are 
sufficiently small that they do not influence polygon typing, so are overlooked by coarse filter 
approaches.  A single large hardwood tree can be significant to Vaux‘s swift or cavity-nesting 
waterfowl.  Amount of retention of hardwoods in RRZs and RMZs is an obvious candidate for 
implementation monitoring.  
 
4.4  Gaps in the decay stage distribution 
Whereas vertebrates typically seek a relative narrow range of decay, non-vertebrates exploit all 
stages of decay and their continued presence appears dependent on provision of all stages of 
decay.  Retention patches where trees are left to die a natural death help to sustain decay stages 
in harvested areas.  A broader picture across the entire tenure is attained by examining the age 
structure of the three major forest types.  Current and projected age-class distribution is 
summarized in Figure 6.   
 
The lack of natural disturbance in the projections means that the projected total area in ages >20 
years is somewhat overestimated because some will suffer blow down or other natural mortality.  
The lack of natural succession means that projected areas of the three oldest age classes of 
hardwoods or deciduous also are overestimated.  Alder stands seldom survive past 100 years 
and are beginning to break up earlier (Niemec et al. 1995).  Despite these limitations two points 
are apparent in Figure 6: 1) there are no apparent gaps in existing age structure that would 
prohibit sustaining all decay classes among hardwoods when the entire tenure is considered, 2) 
the mean age of conifers will gradually decline and stands >140 years old will be largely restricted 
to the NHLB (see also Table 15).   
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Figure 6.  Current and projected age distribution of deciduous (hardwood) and conifer stands on 
TFL 6.  Current is 2007; projected is based on the 20-year plan. 
 

 
4.5  Distribution of dead wood  
Consideration of distribution immediately confronts the scale problem.  Current literature permits 
only the broadest generalizations.  Values of Table 13 apply best to areas of about 2 to 10 ha 
(e.g., retention patches); their utility beyond that is suspect.  Figure 7 indicates current (2007) and 
projected areas of stands >140 years old after implementation of the current 20-year plan.   
 
It is apparent that older stands will be both reduced in amount and widely scattered.  Figure 7 
includes both NHLB and THLB and represents the future large-scale distribution of appropriate 
cavity sites and large down wood.  Retention is included.  Amount is likely to be more significant 
to birds and mammals than is distribution, but the distribution is likely to have a negative effect on 
those bryophytes, lichens, fungi and invertebrates that are largely restricted to older forest.  The 
terrestrial breeding salamanders (laying eggs in well-rotten dead wood) also could be affected.  
Impact on them could be reduced by leaving woody debris.  
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              a)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    b) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.  a) Current (2007) and b) projected (2027) distribution of stands >140 years old on TFL 
6.  THLB > 140 years is red; NHLB is blue.  Gray areas indicate areas scheduled to be cut within 
the current 20-year plan. 
 
At the finer scale of operational planning, within blocks of 40 to 100 ha, about 30% retention 
appears sufficient to maintain the full complement of cavity users (Bunnell et al. 2009: Figure 4).  
The need for such retention in the THLB is lessened to the degree that older forest is maintained 
in the NHLB.  It is unclear whether the value of 30% can be scaled up to larger areas.  On TFL 6, 
the NHLB hosts 28% of the conifer >140 years old, below the empirical 30% value.  The trend 
merits monitoring and emphasizes the importance of determining the value of the NHLB in 
contributing to sustaining biodiversity. 
 
For down wood, specific guidelines cannot be drawn from current literature (review of Bunnell et 
al. 2009), but three generalities are apparent.  First, simply burning down wood ignores and 
eliminates its contribution to sustaining biodiversity.  Second, dispersed distribution of down wood 
is of much greater value to most non-vertebrates than are piles.  Third, piles of down wood rapidly 
lose their value over about 1 m in height.  These issues reflect practice and are not readily 
accessible to coarse filter analysis.  We make specific recommendations under monitoring (§5.3). 
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4.6  Key measures and cumulative affects 
The preceding discussion illustrates that relatively few measures are key to coarse-filter 
evaluation of the effectiveness of planning and practice at sustaining dying and dead wood, and 
that these can have cumulative effects.  Table 16 summarizes key measures, their modifiers for 
particular forest types and the major practices that can influence them.  The practices are the 
‗levers‘ managers can use to modify trends that are undesirable.   There are two major limitations 
to evaluating effectiveness at the level of the coarse filter.  The first is the omission of natural 
disturbance from the projections of future conditions.   The ability to project disturbance 
accurately has become particularly challenging in the face of climate change (van Mantgem et al. 
2009).  A second limitation is the absence of fine-filter corroboration or data from organisms 
intended to be sustained (in this case by dying and dead wood).  We used data from organisms 
occurring within the DFA to quantify modifiers, such as appropriate diameters.   
 
Table 16.  Key measures for coarse filter analysis of the provision of dying and dead wood, their 
modifiers and practices influencing them.  

 
Measure Modifiers Planning and practices 

Amount of older  Diameter at age Natural NHLB 

   age classes (ha) Patch size All reserves (WTPs, OGMAs, etc) 
Size of retention patches  

   

Amounts of older hardwood 
   (ha) 

Diameter at age As above, plus: 
Targeted reduction of alder 
Riparian practices   

   

Post-harvest debris Diameter (cm) 
Distribution 

Utilization and waste management 
Piling or not 

   

Contributions of retention Diameter (cm) 
Number (snags, logs) 

Retention guidelines 

 Patch size (ha)  

   

   

To provide greater confidence to the analysis, effectiveness monitoring would include species 
believed to be particularly susceptible to changes in the way dying and dead wood are sustained 
(see §5.3 Effectiveness monitoring).  Susceptible species and other monitoring efforts should be 
selected to assess impacts of any trends that coarse-filter analysis suggests are negative (see 
Table 17). 
 
Variables used to index the suitability of provision of dead wood influence each other.  Amount of 
area reserved from harvest (NHLB) and uninfluenced by current practice influences the need for 
provision of dying and dead wood within the THLB.  Measures of tree size and decay influence 
the suitability of areas reserved from harvest.  All variables change with time – e.g., distribution of 
patch sizes with harvesting, tree or log diameter and decay state with age.  In Table 17 we have 
summarized the effect of key individual features so that potential cumulative interactions can be 
exposed.  We use two time frames: short-term (20 years; the extent of detailed forward planning) 
and potential permanent reduction (permanent reduction results when the effect of the practice 
appears permanent in the area where it is applied).   
 
Table 17 summarizes several negative trends that, when combined, will produce cumulative 
effects.  Accurate projection is obscured by changing rates of natural disturbance.  The number of 
uncertain trends in Table 17 (designated ‗?‘) is troubling.  They are a product of two things: 1) 
lack of data on the contributions of the NHLB, including retention, and 2) lack of information on 
particular habitat elements retained during current operational practice (e.g., waste management 
and down wood, riparian practices and large hardwoods in RRZs and RMZs).  Both of these 
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deficits can be overcome by monitoring.  The strong downward trends in amounts and patch size 
of older conifer also merit monitoring. 
 
Table 17.  Apparent trends in key variables determining effectiveness of dying and dead wood in 
sustaining biodiversity for TFL 6. (CL = conifer leading; HL = hardwood leading).  The most 
troubling trends are ↓. Practices governing trend are noted.   
 

 
Variable 

Apparent trend  
Practices  Short term Permanent 

Area old CL ↓ ↓ Harvest; retention guidelines 

Area old HL  ↔ ↔ Harvest; retention guidelines 

 ? ? Alder control 

 ? ? Riparian practices. 

Patch size old CL ↓ ↓ Harvest 

Patch size old HL ? ? Alder control, riparian practices, retention 

Tree Ø CL ? ? Retention guidelines
1
 

Tree Ø HL ? ? Retention guidelines 

Log Ø CL ? ? Waste management, retention guidelines 

Log Ø HL ? ? Waste management, retention guidelines 

Decay range CL ↓ ↓ Harvest, retention, waste management 

Decay range HL  ? ? Harvest, retention, waste management 
1
  Retained trees are assumed to die on site and become down wood.  
 
There also are cumulative effects that are not a product of forestry. They are not treated here.  It 
is noteworthy, however, that coastal forests do not appear immune to effects of climate change 
on increasing tree mortality (van Mantgem et al. 2009).  
 
 

5   Summary 
We summarize major findings and recommendations regarding practice and monitoring derived 
from these findings. 
 
5.1  Major findings 
The coarse filter evaluation is meant to evaluate effectiveness of planning and practices intended 
to sustain biodiversity.  In several instances (e.g., appropriate patch size, targets for late-seral 
forest) effectiveness cannot be evaluated against data collected on site, but must be assessed on 
the basis of literature.  The evaluation is thus a combination of specific findings that can be 
supported from data collected on site and relevant literature.   
 

 The Breeding Bird Surveys did not employ ortho-photos, so the halo of error is larger 
than for some areas.  That reduces the ability to determine affiliations with habitat type 
reported in §2.  The result is lessened utility of coarse-filter analysis. 
 

 The Breeding Bird Survey routes are constrained to roads and were laid out specifically 
to document potential effects of forest practice.  One result is that they do not allow 
confident assessment of the contribution of the NHLB to sustaining biodiversity.  Of the 
111 stations within TFL 6, 56 were in THLB and only 8 in the NHLB.  Another 47 stations 
were in ‗other‘ which includes NT and NV.  These latter stations are insightful in that they 
help to document the contribution of non-commercial sites such as non-commercial brush 
which typically appears as NT.  The lack of ability to confidently assess contributions of 
the NHLB is that consequences of ‗incidental take‘

8
 are difficult to assess.  Knowing 

                                                 
8
   ‗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.  



38 

 

contributions of the NHLB to sustaining migratory birds would permit more informed 
discussion and negotiation of incidental take.  Nor can the need for further retention be 
well addressed without better knowledge of the contributions of the NHLB. 

 
 TFL 6 is a relatively small area over which to assess the likelihood of sustaining 

biodiversity (about 178,000 ha).  For analysis of bird responses to habitat we 
incorporated an additional 70 stations adjacent to the TFL.  It is likely that the analyses 
would have been more credible and more powerful and have illustrated more practical 
trade-offs among practices had they been over all of Western Forest Products‘ tenure on 
northern Vancouver Island. Canfor, for example, exploits that approach in northeastern 
and northcentral BC, as do Canfor and Tembec in southeastern BC. 

 
 Consequences of some portions of the SFM plan for TFL 6 are difficult to interpret.   This 

results primarily from the difficulty of incorporating many regulatory initiatives into an 
operational plan.  An unfortunate consequence is that it is difficult to document where 
these interacting regulatory initiatives are contradictory to the objective of sustaining 
biodiversity and where they are supportive.   

 
 Partly because of the regulatory approach, the SFM plan is silent on specific targets for 

diameters of wildlife trees to be retained or appropriate dimensions for down wood.  We 
derived suitable targets based on the natural history of species present on the tenure.  
These are summarized for most species in Table 13 (content repeated below).  Coastal 
black bears den predominantly in wooden structures and require larger structures than 
those of Table 13; see Table 12 and associated text.  

 
Estimates of suitable diameters and densities of dead wood for TFL 6.  Shaded 

values indicate estimates that are little more than reasoned guesses. 
 

 Living, dying & dead trees Logs 

Species Group Diameter
a
 # per ha Diameter # per ha 

Most cavity nesters >50 cm
b
 3     >17.5 na 

Larger bird species,  mammals >65 cm
b
 1 >60 cm 1 

Lichens, bryophytes, insects >17.5 cm 3 >17.5 cm 3 
                   a  

Diameter is quadratic mean diameter which can be derived from VRI, and is slightly larger than arithmetic mean  
 diameter. 
                  b

  Derived from Table 1.   

 

 Generally, there are no clear shortfalls in the provision of dead wood.  There is, however, 
strong evidence of potential shortfalls which should be assessed through implementation 
and effectiveness monitoring.  Among these, the most important are the marked 
downward trend in area of conifer types >140 years old and the ambiguity around the 
degree to which larger hardwoods are retained in riparian areas. 

 
 We did not evaluate woody debris management on the ground.  Data from elsewhere for 

lichens, bryophytes and insects suggest that dispersed retention of down wood is more 
favourable than retention in piles.   

 

5.2  Recommendations for practice 
Coastal forestry is sufficiently closely regulated that it is difficult to interject changes to practice 
even where these might be effective.  We offer the following suggestions: 

 Integrating the results of various regulations to report the actual retention associated with 
specific blocks would be helpful.  It is not important to biodiversity whether the retention is 
labeled WTP, RRZ or something other within stand retention.  What is important is the 
amount and quality (structural composition). 
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 Creating an accurate picture of the amount of old forest on the landscape is important.  
When amounts are reported by category (e.g., WTP, RMZ, OGMA, WHA) there can be 
considerable overlap and total amounts of old forest remaining are not clear.  Figure 7 
offers a clearer picture. 

 To maintain biodiversity, waste management guidelines need to allow retention of large 
diameter material.  Similarly, what is best for sustaining biodiversity in terms of pile size 
and burning does not appear consistent with current practice.  

 Practices in RMZs are not clear and should be documented and monitored to provide 
measures of the likely structural composition of RRZs and RMZs. 

 Hardwoods should be recognized as a significant, though relatively uncommon, 
contributor to sustaining biodiversity, and some proportion in all age classes should be 
retained from harvest.  

    
5.3  Recommendations for monitoring 

Recommendations are summarized separately for implementation and effectiveness monitoring. 

Implementation monitoring 
Implementation monitoring should focus on areas where direct or cumulative effects currently 
appear negative (Table 17). It should be directly linked to practices that offer opportunity for 
improvement.  Note that in some instances it is important that implementation monitoring be 
initiated before effectiveness monitoring, because implementation monitoring can determine 
whether effectiveness monitoring is required.  We have estimated priorities for specific habitat 
attributes (VH = very high; H = high; M = moderate; L = low); issues following are ordered by 
priority.   
 
Integration: Monitoring plans should not be developed on a tenure by tenure basis; problems 
common to different divisions on northern Vancouver Island should be addressed commonly to 
permit reduction in cost and broader-based, more credible sampling (VH priority).   
 
Amounts of late seral:  Status relative to current targets should be assessed every 5 years.  We 
recommend late seral be defined as >140 years for conifers.  Trends in amounts of older forest 
should be tracked by forest type within BEC variant for both the NHLB and THLB.   For species 
associated with dead and dying wood, late seral targets are more important than early seral 
targets; conifer targets should change if climate change significantly increases the mortality rate, 
as currently appears true (VH priority).  Trends in older hardwoods are discussed below, 
 
Hardwoods:  Hardwoods make a disproportionate contribution to sustaining biodiversity.  In 
coastal forests, hardwoods rarely are common enough to influence typing of a polygon (Table 
15), so are commonly overlooked.  We attempted to overcome that by permitting polygons with 
as few as 25% hardwoods to be grouped as hardwood types.  Until the effectiveness of this 
approach can be tested (perhaps as simply as by introducing ortho-photos to BBSs) this 
hardwood type should be tracked every 5 years (VH priority).  Where hardwoods are clearly 
dominant, there is utility in distinguishing two age classes, with the older age class beginning at 
60 years for upland types.  Area of alder control also should be tracked.  Hardwoods in riparian 
merit particular attention, because they are less likely to be disturbed and more likely to attain 
suitable diameters (see riparian).   
 
Retention patches:  Within the THLB, attributes of retention (size, age, tree and log attributes, 
species composition, anchor points) should be monitored to document their contribution to 
sustaining habitat elements important to sustaining biodiversity.  An important initial step is to 
determine the degree to which habitat sampling by MacMillan Bloedel and Weyerhaeuser apply 
to TFL 6, perhaps by variant and forest cover type (VH priority).  That will determine the need 
and guide the relative priority of actual monitoring.  Informative measures include:  
Size: The lower boundary for effective patches should be set at 0.25 ha,

9
 until further evaluated.   

                                                 
9
  Coastal research suggests that patches of this size do contribute to sustaining biodiversity. 
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Age:  The current target for age is >140 years for species dependent on dying and dead wood.  
Actual age should be estimated.  
Tree and log attributes:  Number, dbh, species, and height should be measured for live trees and 
snags; number, diameter, decay state and length should be measured for a sample of logs. 
Anchor points:  Rationale for patch locations should be recorded.  Natural anchor points may be 
riparian boundaries, wetlands, appropriate wildlife trees, etc.  Actual conditions should be 
recorded. 
 

Riparian:  Several cavity-using species seek large hardwoods in riparian areas.  The degree to 

which larger hardwoods (and shrubs) occur in the Riparian Management Reserve and are 
retained in the Riparian Management Zone should be monitored (H priority). 
 
Coarse woody debris:  Actual amounts being left behind and unburned do not appear to be 
documented. Diameter is a more informative measure than volume, so diameter records (random 
from transects) should be kept.  Some sampling of length is informative; stumps (diameter and 
height) should be measured.  Total area from which all wood >17.5 cm in diameter is removed 
should be recorded, as should the relative proportion of debris left scattered and piled.  Height of 
unburned piles should be estimated.  Little advantage to biodiversity is gained beyond 1 m in 
height (M priority). 
  
Late seral patch sizes:  Few, if any, of the vertebrate dead wood associates on TFL 6 appear to 
respond negatively to edge.  That is not true of non-vertebrates.  Trends in late-seral patch size 
(e.g., Figures 4 and 5) should be tracked.  Status should be assessed every 5 years when 
polygons are updated for TSR review.  Trends in size of older forest patches should be tracked 
by forest type within BEC variant for both the NHLB and THLB.  Current analyses suggest a 
marked reduction in patch size distribution for older conifer that merits monitoring.  
Consequences are difficult to interpret because contributions of the NHLB cannot be well 
documented (see effectiveness monitoring). Two trends are undesirable: 1) a long-term tendency 
towards homogeneity in patch size, 2) a decline in mean size of patches with appropriate 
attributes (age, tree size).  (M priority). 
 

Effectiveness monitoring  
Effectiveness for biodiversity can only be credibly assessed in terms of organisms themselves.  
While those data accumulate, effectiveness can sometimes be inferred.  Note that portions of 
implementation monitoring inform effectiveness monitoring.  Major management ‗levers‘ that can 
be used to counter unfavourable trends are summarized in Table 17.  We have estimated 
priorities for specific attributes (VH = very high; H = high; M = moderate; L = low).   
 
Integration: Monitoring plans should not be developed on a tenure by tenure basis; problems 
common to different divisions on northern Vancouver Island should be addressed commonly to 
permit reduction in cost and broader based, more credible sampling (VH priority). 
 
Non-harvestable land base:  Because they were designed for a different purpose, current survey 
methods do not permit assessing the effectiveness of NHLB effectively, particularly those portions 
not assigned by regulatory measures (e.g., WHAs).  That omission undermines three important 
objectives: 1) placing various forms of NHLB or retention into context and documenting their 
relative contributions, 2) evaluating the apparent need for retention within the harvestable land 
base, 3) placing incidental take into credible context (for this latter objective, non-commercial NT 
and NV also merit evaluation).

10
  Given that 88% of the remaining conifer forest >140 years will 

                                                 
10

   ‗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.  
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be in the NHLB (Table 15), assessing the effectiveness of the contribution of the NHLB to 
sustaining biodiversity is VH priority.  Evaluation should help to guide retention anchor points. 
 
Wildlife tree patches:  It will be most effective to include all forms of upland retention. Relevant 
variables are noted under implementation monitoring.  Steps noted under implementation 
monitoring should be completed first, to focus effectiveness monitoring.  In the near term 
effectiveness can be evaluated in terms of the target diameters and ages noted, recognizing that 
neither the diameter limits nor age classes have been locally confirmed (see late seral below)  
(VH priority).  Longer-term, more credible evaluations require assessment of patches for suites 
of organisms responsive to dead and dying wood (H priority).  See organisms below.  Data 
would be strengthened by the inclusion of nest-tree diameters when found to challenge the 
diameter limits currently extracted from sometimes sparse data.  Evaluation could lead to 
refinement of retention guidelines; for example, by recognizing large cottonwoods as a useful 
anchor point where they occur. 
 
Late seral:  The simple question is: will there be sufficient late seral forest to sustain those 
species dependent upon it?  A corollary is: does age 140 years reflect an informative lower 
boundary, or should it be higher as suggested by some work on coastal epiphytes?  For many 
species, the apparent effectiveness of the recommended boundary to determine late seral could 
be evaluated only for diameter of cavity trees sought by vertebrates in the area (often based on 
literature from other forest types).  It is not known whether they are effective for other organisms.   
Forest interior plots should be used to assess projected effectiveness for cavity-nesting birds (VH 
priority) and for bryophytes and lichens (M priority).  See also organisms below.  Downward 
trends in older age classes can be somewhat ameliorated by increased retention, but shortfalls in 
truly old stands cannot be remedied quickly. 
 
Hardwoods:  The current tests of habitat associations include an uncommonly large halo of error 
and underestimate the contribution of types occupying small areas, such as hardwoods, to 
sustaining biodiversity.  Contributions of hardwoods currently are poorly documented, but many 
species in the DFA, seek hardwoods.  Hardwood contribution could be better assessed by 
refining current survey methods to include ortho-photos are targeted sampling of hardwood 
stands.  If hardwoods are found important, management levers including evaluating approaches 
to hardwood harvest and recognizing significance of hardwoods when choosing anchor points for 
retention (VH priority). 
 
Organisms:  Response of organisms is the most credible, and ultimately a necessary measure, of 
effectiveness.  Candidate organisms for TFL 6 are listed with priorities derived from review of 
current data and the literature (portions VH priority).  Different candidate groups are assigned 
the priorities of the management issue implied by the preceding analyses.  Focus is on a suite of 
species to attain an aggregate response less susceptible to vagaries of individual species.  That 
is particularly necessary given that the BBSs sample most cavity-users inadequately (Table 4).  
The focus here is on species associated with dying and dead wood.  Because cavity-users are 
inadequately sampled, we also have included species that reflect the age class sought by cavity 
users (>140 years) to create candidate groups to monitor.  The aggregate number of 
observations from that group can be compared to the mean over the initial 9-year monitoring 
period; a 30% decline merits further examination. 
Cavity-nester suite – ideally, these should be divided into two groups: largely hardwood 
dependent and largely conifer dependent (Table 4).  For example, brown creeper, hairy 
woodpecker, northern flicker, pileated woodpecker, violet-green swallow and potentially winter 
wren for conifers;

11
 chestnut-backed chickadee, downy woodpecker and red-breasted nuthatch 

for hardwoods (several cavity-using species with a strong preference for hardwoods also use 
riparian areas, which is a different issue – see old-riparian suite).  Initial efforts should focus on 

                                                 
11

  Pacific-slope flycatcher could be added to this group, although it is an opportunistic user of cavities (about 8% of the 
time; Davis et al. 1963). 
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retention patches; larger retention patches will assist scaling up over the entire tenure (VH 
priority).  Forest interior plots may ultimately prove necessary for some species (M priority). 
Old-hardwood suite – as well as cavity nesters associated with old hardwood types, these include 
evening grosbeak, least flycatcher, red crossbill, ruffed grouse and western tanager.  In some 
instances these are surveyed more readily than cavity nesters, so may prove a useful surrogate 
for older hardwoods.  They will not reveal appropriate diameters.  Given that many are migratory, 
they should be monitored as a suite (H priority). 
Old-riparian suite – these species are not readily monitored by Breeding Bird Surveys (e.g., 
cavity-nesting ducks).  Implementation monitoring of riparian practices would indicate whether 
they ‗should be‘ there, but that ultimately needs confirmation.  We have ranked it M priority 
because no problem is apparent and the surveys are specialized.  
Bryophytes and lichens – those dependent on down wood appear most likely to be threatened.  
Tree species, diameter and decay state should be recorded during surveys of snags and down 
wood.  Initial efforts should focus on retention patches with adjacent ‗natural‘ controls.  We ranked 
this M priority primarily because of the difficulty in finding qualified personnel.  
Marten – we acknowledge marten because historically it has been suggested as an indicator of 
late-seral forest that requires both cavities and down wood.  Requirements have been 
documented on Vancouver Island and it is not an indicator of late-seral there (L priority).   
 
Coarse woody debris:  Collate estimates on use of down wood by bryophytes and lichens relying 
on down wood (M priority).  Major management ‗levers‘ are retention guidelines and waste 
management practices. 
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Appendix 2.  Species Accounting System for WFP tenure.  Last updated March 2009.  
 
Codes for the Accounting System are those for Tables 2 through 9 described in §2, specifically pages 2 through 4.  Although distribution across 
four major divisions of the tenure are reported, all tests of habitat associations are specific to TFL 6.  Where different subspecies exist on different 
portions of WFP tenure and have different conservation status, status is reported only the subspecies on TFL 6.  Subspecies haidarum of the 
short-tailed weasel or ermine, for example, occurs on Haida Gwai, is listed by CoSEWIC as ‗threatened‘ and ranks highly in the provincial 
conservation framework.  Subspecies anguinae occurs on Vancouver Island, ranks highly in the conservation framework but is not listed by 
CoSEWIC.  For some species we were unable to assess relative abundance. 
 

1 2 3 N Isl S Isl Mainl QCI Com Ucom Cas

Northwestern Gartern Snake Thamnophis ordinoides Y NaR 5 3 4 5 1 v v v

American Robin Turdus migratorius Y 6 6 6 6 1/H CWHxm v v v v x  

Band-tailed Pigeon Patagioenas fasciata B SC 5 2 3 7 1/NV CWHvm v v ?

Brown-headed Cowbird Molothrus ater Y 6 6 5 6 1 CWHxm ? v x

Bushtit Psaltriparus minimus Y 6 6 6 7 1 CWHxm v v

Chipping Sparrow Spizella passerina Y 6 6 5 6 1 CWHxm v v v v x

Dark-eyed Junco Junco hyemalis Y 6 6 5 6 1 CWHxm v v v v x  

Golden Eagle Aquila chrysaetos Y NaR 6 4 5 6 1/6cl ? v x

Great Horned Owl Bubo virginianus Y 6 6 6 6 1 v v v v x

Northwestern Crow Corvus caurinus Y 5 6 5 2 1/HC2/6sh CWHvm v v v v
Pine Siskin Carduelis pinus Y 6 6 5 6 1/HC1 CWHmm v v v v x

Red-tailed Hawk Buteo jamaicensis Y NaR 6 6 6 6 1 v v v v x  

Rufous Hummingbird Selasphorus rufus Y 6 2 4 3 1 CWHvh v v v v x  

Spotted Sandpiper Actitis macularis Y 6 6 6 6 1/3w CWHxm v v v v
Townsend's Solitaire Myadestes townsendi Y 6 6 5 5 1 cas v x  

Turkey Vulture Cathartes aura Y 6 6 5 7 1/2:open CWHxm v v v

Bobcat Lynx rufus Y 6 6 4 6 1 v x

Bushy-tailed Woodrat Neotoma cinerea Y 6 6 5 4 1 v x

Common Shrew Sorex cinereus Y 6 6 6 6 1 v x

Coyote Canis latrans Y 6 6 6 6 1/6mm v x

Deer Mouse Peromyscus maniculatus Y 6 6 6 6 1 v v v v x

Dusky Shrew Sorex monticolus Y 6 6 6 6 1 v v v v x

Gray Wolf Canis lupus Y NaR 3 6 5 6 1 v v v x

Grizzly Bear Ursus arctos B SC 3 2 2 6 1 v x

Heather Vole Phenacomys intermedius Y 6 6 6 7 1 v x  

Northwestern Deer Mouse Peromyscus keeni Y 5 6 6 2 1 v v v v
Long-tailed Vole Microtus longicaudus Y 6 6 6 4 1 v x 

Mountain Lion Puma concolor Y 6 6 5 6 1 v v v x

Common Name Species Name

1: Birds

1: Mammals

SAS        

Group

Relative    Abundance
BC Status     COSEWIC

Priority Global 

Resps.

Region
BEC

GROUP 1 - GENERALISTS
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1 2 3 N Isl S Isl Mainl QCI Com Ucom Cas

Northern Bog Lemming Synaptomys borealis Y 5 4 5 6 1/6a v ?

Porcupine Erethizon dorsatum Y 6 2 4 6 1 v x

Raccoon Procyon lotor Y 6 6 6 7 1/3w,r v v v v
Red Fox Vulpes vulpes Y 6 6 6 6 1/open v x

Short-tailed weasel Mustela erminea B 2 2 3 1 1 v v v v x x 

Southern Red-backed Vole Clethrionomys gapperi Y 6 4 4 6 1 v x  

Striped Skunk Mephitis mephitis Y 6 6 6 6 1 v x

Townsend's Vole Microtus townsendii Y 6 6 6 5 1/RD v v
Vagrant Shrew Sorex vagrans Y 6 6 6 5 1/3w v v v v
Western Jumping Mouse Zapus princeps Y 6 6 6 6 1/open v x

Western Spotted Skunk Spilogale gracilis Unknown na na na 7 1 ?

Wolverine Gulo gulo No status SC 3 4 4 6 1 ? ? v x  

Yellow -pine chipmunk Neotamias amoenus Y 6 6 6 4 1 v

Bald Eagle Haliaeetus leucocephalus Y NaR 6 6 6 4 2:[C2] v v v v x

Band-tailed Pigeon Patagioenas fasciata B SC 5 2 3 7 2:HC2 CWHvm v v ?

Black-throated Gray Warbler Dendroica nigrescens Y 4 2 4 7 2:Cw2 CWHxm v v v
Bullock's Oriole Icterus bullockii Y 6 6 5 6 2:R ?

Cassin's Vireo Vireo cassinii Y 6 6 6 5 2:[C] CWHxm v v v
Clark's Nutcracker Nucifraga columbiana Y 5 6 5 5 2:[C] ? x

Common Raven Corvus corax Y 6 6 5 6 2:HC1 CWHxm v v v v x

Coopers Hawk Accipiter cooperii Y NaR 6 6 6 6 2:[C2,R]  ?

Evening Grosbeak Coccothraustes vespertinus Y 6 2 4 6 2:[H] v v v x  

Gray Jay Perisoreus canadensis Y 6 6 6 6 2:[C] CWHvm v v v x

Great Blue Heron Ardea herodias ns 4 2 3 6 2:[C2,H,R] CWHvm v v v v
Hammond's Flycatcher Empidonax hammondii Y 6 6 6 4 2:HC2 CWHxm v v v x

Hermit Thrush Catharus guttatus Y 6 6 6 6 2:HC CWHvm v v v v x  

Hutton's Vireo Vireo huttoni Y 6 6 5 7 2:all v v v
Least Flycatcher Empidonax minimus Y 6 6 6 6 2:H1,H2 cas ? ? x

Marbled Murrelet Brachyramphus marmoratus R T 1 6 1 5 2:[C] v v v v
Merlin Falco columbarius Y NaR 6 6 6 6 2:[H,CM] v v v x  

Olive-sided Flycatcher Contopus cooperi Y T 5 2 4 6 2:Hw1,HB1 CWHvm v v v v x

Pacific-slope Flycatcher Empidonax difficilis Y 4 2 4 4 2:HC2,HB1 CWHvh,vm v v v v
Pine Grosbeak Pinicola enucleator B 6 6 6 6 2: C v v x  

Purple Finch Carpodacus purpureus Y 6 2 4 6 2:C/3w CWHxm v v v
Red Crossbill Loxia curvirostra Y 6 2 4 6 2:H,HC CWHmm,vh.

vm
v v v v x

Ruby-crowned Kinglet Regulus calendula Y 6 6 6 6 2:HC2 CWHvm v v v v x  

Ruffed Grouse Bonasa umbellus Y 4 2 4 6 3dw/2:H,Hw

2
v v v x  

Sharp-shinned Hawk Accipiter striatus Y NaR 6 6 6 6 2:all v v v v x  

Sooty (Blue) Grouse Dendragopus fuliginosus Y na na na 4 2:RD,HC1 CWHvh,xm v v v v
Steller's Jay Cyanocitta stelleri Y 6 6 6 5 2:HB1,HC2 CWHvh v v v v x  

Common Name Species Name BC Status     COSEWIC
Priority Global 

Resps.

SAS        

Group
BEC

Region Relative    Abundance

2: Birds

GROUP 2 - FOREST TYPE
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1 2 3 N Isl S Isl Mainl QCI Com Ucom Cas

Townsend's Warbler Dendroica townsendi Y 6 6 6 3 2:HC2 CWHxm v v v v x

Varied Thrush Ixoreus naevius Y 6 6 6 4 2:Hw2,HC1 CWHvm v v v v x  

Warbling Vireo Vireo gilvus Y 6 6 6 6 2:HC2 CWHxm v v x

Western Tanager Piranga ludoviciana Y 6 6 6 5 2:[C,H,R] CWHxm v ? v  x

Western Wood-Pewee Contopus sordidulus Y 6 2 4 6 2:all v v v x  

White-winged Crossbill Loxia leucoptera Y 6 6 6 6 2:[C2] v x

Yellow-rumped Warbler Dendroica coronata Y 6 6 5 6 2:RD,HC1 CWHxm v v v

Hoary Bat Lasiurus cinereus 6 2 4 6 2:C2,C1 v ? ? x

Northern Flying Squirrel Glaucomys sabrinus Y 6 6 5 6 2: C2/3c v x  

Red Squirrel Tamiasciurus hudsonicus Y 6 6 5 6 2:[C]/3c v v v x

 x  

American Kestrel Falco sparverius Y 6 2 4 6 3c/open v v x

American Three-toed Woodpecker Picoides dorsalis Y 6 6 6 6 3c/[C2] v
Barred Owl Strix varia Y 6 6 6 6 3c/1 ? ? v x  

Barrow's Goldeneye Bucephala islandica Y 4 1 3 2 3c/R w(est) w(est) w(est) w(est) x   

Black-capped Chickadee Poecile atricapillus Y 6 6 5 6 3c/[H] ? x  

Brown Creeper Certhia americana Y 4 1 3 6 3c/[C] CWHxm v v v v x

Brown Creeper Aegolius acadicus B T 6 6 6 6 3c/[C2] v v v v x

Bufflehead Bucephala albeola Y 6 6 6 6 3c/R w w w w x

Chestnut-backed Chickadee Poecile rufescens Y 4 2 4 3 3c/H CWHvm v v v v x

Common Goldeneye Bucephala clangula Y 6 1 3 6 3c/R w w w w x  

Common Merganser Mergus merganser Y 6 6 5 6 3c/R CWHvm v v v v x  

Downy Woodpecker Picoides pubescens Y 6 6 5 6 3c/[H] v ? v x

Hairy Woodpecker Picoides villosus Y 6 6 5 6 3c/CM CWHxm v v v v  x

Hooded Merganser Lophodytes cucullatus Y 6 6 6 6 3c,w/R v v v v x

House Wren Troglodytes aedon Y 6 6 5 6 3c/1 ? x 

Northern Flicker Colaptes auratus Y 6 6 6 6 3c/all v v v v x

Northern Pygmy Owl Glaucidium gnoma B NAR 5 1 3 5 3c/[C2] v v v x

Pileated Woodpecker Dryocopus pileatus Y 6 3 4 6 3c,dw/HC2 v v v x   

Purple Martin Progne subis B 6 6 3 7 3c/R/3w  ?

Red-breasted Nuthatch Sitta canadensis Y 6 6 6 6 3c/[C] CWHxm v v v v
Red-breasted Sapsucker Sphyrapicus ruber Y 6 6 6 6 3c/[C,R] CWHmm,xm v x

Tree Swallow Tachycineta bicolor Y 6 2 4 6 3c/R,open v v v v
Vaux's Swift Chaetura vauxi Y 4 2 4 4 3c/2R,6mm CWHvm v v v
Violet-green Swallow Tachycineta thalassina Y 6 6 5 6 3c/2:HB1 v v v  x

Western Screech Owl Megascops kennicottii B SC 6 2 4 3 3c/2:H,R v v v v x

Winter Wren Troglodytes troglodytes Y 6 6 6 6 3c,dw/H,HC

2

CWHvm v v v v x

Wood Duck Aix sponsa Y 6 2 4 7 3c/2:R v v x

Black Bear Ursus americanus Y NaR 6 6 6 6 1 v v v v x

Common Name Species Name BC Status     COSEWIC
Priority Global 

Resps.

SAS        

Group
BEC

Region Relative    Abundance

2: Mammals

3c: Birds

3c: Mammals

GROUP 3c - CAVITY SITES
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1 2 3 N Isl S Isl Mainl QCI Com Ucom Cas

Big Brown Bat Eptesicus fuscus Y 6 6 6 6 3c/2:H v x  

Californian Myotis Myotis californicus Y 5 2 4 5 3c/2:C2 v v v v x

Douglas's Squirrel Tamiasciurus douglasii Y 5 4 5 5 3c/2:C2 v x

Keen's Myotis Myotis keenii Unknown DD 1 6 1 2 3c/2:C2 v v v v x  

Little Brown Myotis Myotis lucifugus Y 6 6 5 6 3c/2:H v v v v
Long-eared myotis Myotis evotis Y 5 2 4 5 3c/2:C2 v v v x

Long-legged Myotis Myotis volans Y 5 2 4 5 3c/2:C2 v v v
Silver-haired bat Lasionycteris noctivagans Y 6 2 4 6 3c/2:C2,H v v v v x

Clouded salamander Aneides ferreus na na na na 3dw/2:C v v v
Ensatina Ensatina eschscholtzi Y NaR 6 2 4 7 3dw/2:C,H ? ? v
Western Redback Salamander Plethodon vehiculum Y NaR 5 3 4 4 3dw/2:C,H v v
Western Skink Eumeces skiltonianus B SC 6 1 2 7 3dw/2:R ? ?

Black-headed Grosbeak Pheucticus melanocephalus Y 6 6 6 6 3u/HC2 CWHxm v v v

Cedar Waxwing Bombycilla cedrorum Y 6 6 6 6 3u/HC1 CWHvh v v v x

Chestnut-sided Warbler Dendroica pensylvanica na na na na 3u/2:RD vagrant

Common Yellowthroat Geothlypis trichas Y 5 6 6 6 3u,r,w CWHxm v v v x

Fox Sparrow Passerella iliaca Y 5 6 6 6 3u/HC CWHvh v v v v x  

Gray Catbird Dumetella carolinensis Y 5 6 6 6 3u v
Lincoln's Sparrow Melospiza lincolnii Y 6 6 6 6 3u/RD,R w ? v x  

MacGillivray's Warbler Oporornis tolmiei Y 6 6 5 4 3u/HC1,RD CWHxm v v v x

Orange-crowned Warbler Vermivora celata Y 6 6 5 6  3u/RD,HC1 CWHvh,vm v v v v x  

Red-eyed Vireo Vireo olivaceus Y 6 2 4 6 3u/2:[H] cas v x

Song Sparrow Melospiza melodia Y 6 6 6 6 3u/2:HC1 CWHvm v v v v
Spotted Towhee Pipilo maculatus Y 6 6 5 6  3u/HwSs CWHxm v v v
Swainson's Thrush Catharus ustulatus Y 6 2 4 6 3u/Cw1,HC1 CWHvh,vm v v v v x

White-crowned Sparrow Zonotrichia leucophrys Y 6 6 6 6 3u/HwSs CWHxm v v v
Willow Flycatcher Empidonax traillii Y 6 2 4 7 3u/NT,R CWHxm v ? v
Wilson's Warbler Wilsonia pusilla Y 5 2 4 5 3u/2:R,H,HB

1

CWHvh,vm v v v v x

Yellow Warbler Dendroica petechia Y 6 2 4 6 3u/NT,R CWHxm v v v x  

Black-tailed Deer Odocoileus hemionus Y 6 6 6 6 3u/1/RD v v v v x

Elk Cervus canadensis Y 5 6 6 6 3u/1/RD v v ? v x  

Moose Alces alces Y 6 6 6 6 3u/1 v x

Snowshoe Hare Lepus americanus Y 5 6 5 6 3u/1 v x

Coastal Tailed Frog Ascaphus truei B SC 4 1 2 4 3r v

Common Name Species Name BC Status     COSEWIC
Priority Global 

Resps.

SAS        

Group
BEC

Region Relative    Abundance

3: Birds

3u: Mammals

3w,r: Amphibians plus

GROUP 3r,w - RIPARIAN and WETLANDS

GROUP 3dw - DOWN WOOD

GROUP 3u - SHRUBS/ UNDERSTORY



58 

 

  1 2 3 N Isl S Isl Mainl QCI Com Ucom Cas

Long-toed Salamander Ambystoma macrodactylum Y NaR 4 6 5 4 3w v v v x

Northwestern Salamamder Ambystoma gracile Y NaR 5 3 4 4 3w v v ?

Pacific tree frog Pseudacris regilla Y 6 6 6 5 3w v v v v
Red-legged Frog Rana aurora B SC 3 1 2 7 3w v v v
Rough-skinned Newt Taricha granulosa Y 4 6 5 3 3w v v v
Western (Boreal) Toad Bufo boreas Y SC 3 2 4 4 3w v v v v x

Common Garter Snake Thamnophis sirtalis Y 6 6 5 6 3w v v v x  

Western Garter Snake Thamnophis elegans Y 4 6 5 6 3w,r v v v x  

American Dipper Cinclus mexicanus Y 6 6 6 5 3r v v v v x

Belted Kingfisher Megaceryle alcyon Y 6 6 5 6 3w,r CWHvm v v v v
Blue-winged Teal Anas discors Y 6 6 5 6 3w v ?
Canada Goose Branta canadensis Y 6 6 6 6 3w,r/HC2 CWHvm v v v v
Common Loon Gavia immer Y NaR 6 6 6 6 3r CWHxm v v v v
Eastern Kingbird Tyrannus tyrannus Y 6 6 6 6 3r,w v x

Harlequin Duck Histrionicus histrionicus Y 4 1 3 5 3r v v v v x  

Mallard Anas platyrhynchos Y 6 6 5 6 3w,r v v v v
Marsh Wren Cistothorus palustris Y 5 6 6 6 3w v v
Mew Gull Larus canus Y 6 6 6 5 3w,r CWHvm v v ? w

Northern Pintail Anas acuta Y 6 6 5 6 3w w v w w

Osprey Pandion haliaetus Y 6 6 6 6 3r,w v v v x  

Pied-billed Grebe Podilymbus podiceps Y 6 2 4 7 3w,r v v
Red-throated Loon Gavia stellata Y 6 2 4 6 3w,r CWHvm v ? v
Red-winged Blackbird Agelaius phoeniceus Y 5 6 5 6 3w CWHxm v

Ring-necked Duck Aythya collaris Y 6 6 6 6 3w w w ? w

Virginia Rail Rallus limicola Y 6 2 4 7 3w cas ?

Wilson's Snipe Gallinago delicata Y 6 6 5 6 3w,r CWHxm,mm v ? w v

Beaver Castor canadensis Y 6 6 5 6 3w,r v v v x

Mink Mustela vison Y 6 6 6 6 3w,r v v v x

Muskrat Ondatra zibethicus Y 6 6 6 6 3w v ? ? v
Northern River Otter Lontra canadensis Y  6 4 5 6 3r v v v v  x

Pacific Water Shrew Sorex palustris R 6 6 6 6 3w,r v v v

Ancient Murrelet Synthliboramphus antiquus B SC 2 6 1 3 4 w w v
Black Swift Cypseloides niger Y 4 2 4 4 4 CWHxm v trans

Leach's Storm-petrel Oceanodroma leucorhoa Y 6 4 5 6 4 v v v
Peregrine Falcon Falco peregrinus R Th 5 6 2 6 4/6cl v v ? v trans

Sandhill Crane Grus canadensis B NaR 6 2 3 6 4 v v v v x

Vaux's Swift Chaetura vauxi Y 4 2 4 4 4/3c/2R CWHvm v v v

Common Name Species Name BC Status     COSEWIC
Priority Global 

Resps.

SAS        

Group
BEC

Region Relative    Abundance

4: Birds

GROUP 4 - LOCALIZED HABITAT

3w,r: Birds

3w,r: Mammals
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  1 2 3 N Isl S Isl Mainl QCI Com Ucom Cas

Mountain Goat Oreamnos americanus Y 4 1 3 2 4? v

Golden-crowned Kinglet Regulus satrapa Y 4 6 5 6 5/HC CWHvm v v v v x  

Northern Goshawk Accipiter gentilis R 2 6 1 4 5/[C1,C2] v v v v x

Spruce Grouse Falcipennis canadensis abs? Y 6 6 6 6 5/[C] ? x  

Anerican Marten Martes americana Y 6 2 4 6 5/3c,dw/C2,

H2
v v v v x  

Fisher Martes pennanti B 4 6 2 6 5/3c.dw/C2,

H2
v x  

Northern Alligator Lizard Elgaria coerulea Y NaR 5 3 4 5 6/2:RD v v v

American Goldfinch Carduelis tristis Y 6 2 4 7 6mm/3u/2:RD CHWxm v v v
American Pipit Anthus rubescens Y 6 6 6 6 6a ?
Anna's Hummingbird Calypte anna Y 6 6 5 7 6mm CWHxm ? v
Barn Owl Tyto alba B SC 6 2 3 7 6mm ? v ?

Barn Swallow Hirundo rustica B 6 2 3 6 6mm CWH

Bewick's Wren Thryomanes bewickii Y 4 2 4 2 6mm/3u v v v
Black Oystercatcher Haematopus bachmani Y 5 6 5 5 6sh v v v v
Blue Jay Cyanocitta cristata Y 6 6 5 7 6mm/3u ?
Brandt's Cormorant Phalacrocorax penicillatus R 6 6 1 7 6cl,isl v v
Brewer's Blackbird Euphagus cyanocephalus Y 6 6 5 6 6mm v v
Cliff Swallow Petrochelidon pyrrhonota Y 6 2 4 6 6mm v v
Common Murre   at sea? Uria aalge R 6 6 2 6 6cl,sh ?

Common Nighthawk Chordeiles minor Y T 6 2 4 6 6gr,mm/2:R

D

CWHxm v v ? x

Fork-tailed Storm-Petrel Oceanodroma furcata Y 5 4 5 5 6cl,sh v
Glaucous-winged Gull Larus glaucescens Y 6 6 5 5 6isl CWHxm v v v v
Golden-crowned Sparrow Zonotrichia atricapilla Y 6 6 6 5 6a/2:RD w w ? w x

Herring Gull Larus argentatus Y 6 6 6 5 6/islmm w w w w

Killdeer Charadrius vociferus Y 6 2 4 6 6mm,sh CWHxm v v v v
Mourning Dove Zenaida macroura Y 6 2 4 6 6gr,mm ?

Northern Rough-winged Swallow Stelgidopteryx serripennis Y 6 2 4 6 6mm/open v v v

Northern Shrike 'Lanius excubitor Y 6 4 5 6 6mm/3u w w w w
Pelagic Cormorant Phalacrocorax pelagicus R 6 4 5 7 6cl,sh v ? v
Pigeon Guillemot Cepphus columba Y 6 2 4 6 6cl v v  v

Rock Pigeon Columba livia na na na na na 6mm CWHvm v v v

Savannah Sparrow Passerculus sandwichensis Y 6 6 6 6 6mm v v v

Short-eared Owl Asio flammeus B 6 2 3 6 6mm ? ? ?

Common Name Species Name BC Status     COSEWIC
Priority Global 

Resps.

SAS        

Group
BEC

Region Relative    Abundance

6: Birds

4: Mammals

5: Birds

5: Mammals

GROUP 6 - NON-FORESTED

GROUP 5 - DISTRIBUTION
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Snow Bunting Plectrophenax nivalis Y 6mm w w w w

Tufted Puffin Fratercula cirrhata B 5 2 3 5 6cl,sh v v  v

Western Meadowlark Sturnella neglecta 6 2 4 7 6gr v v v
White-tailed Ptarmigan Lagopus leucura B 2 4 4 1 6a v v ?

Willow Ptarmigan Lagopus lagopus Y 6 6 6 6 6a v

American Pika Ochotona princeps Y 6 6 5 5 6a ?

Hoary Marmot Marmota caligata Y 6 6 5 4 6a ?

Townsend's Big-eared Bat Corynorhinus townsendii B 5 2 3 7 6mm/1  v

Yuma Myotis Myotis yumanensis Y 6 6 6 5 6mm/3c v v v

Common Name Species Name BC Status     COSEWIC
Priority Global 

Resps.

SAS        

Group
BEC

Region Relative    Abundance

6: Mammals
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FIA Workplan 

 
 
Fred Bunnell   Laurie Kremsater 
 
 
 
October 21, 2008 
 
Project title:  Innovative approaches to focusing monitoring of biodiversity and making it more 
cost effective 
 
This project should be considered under “SFM – development of objectives or indicators for a 
management unit or subset of a management unit.”  Beyond RISC standards addressing data collection, 
two major standard documents apply:  1) Biodiversity Monitoring Standards and Checklist and 2) 
Eligibility Criteria and Standard Requirements for Activities Associated with SFM Monitoring (March 
2007).  Connections with the Checklist are summarized on page 3.  Connections to Eligibility Criteria are 
summarized below: 
Monitoring:  this proposal assists development of monitoring plans not the implementation of plans. 
Innovation:  this proposal seeks to extend planning in ways not covered by existing standards.  Eligible 
activities contributing to the background include: 

• Assessment of issues - Public involvement: deliverable is the consultation report annually. 
• Goal, indicator and target development: coarse-filter analyses reveal adequacy of indicators and 

goals or targets; deliverables will be stand-alone analyses plus suggestions of how the findings 
can be incorporated into SFM plans. 

• Monitoring – development of indicator monitoring plan: the innovative combination of coarse-filter 
analyses with the species accounting system achieve this end and specifically address species of 
high conservation priority; deliverables will be stand-alone analyses plus suggestions of how the 
findings can be incorporated into SFM plans. 

• SFMP document creation: reports of this project include sections that will be incorporated into 
SFM plans and documents; funds allocated to writing are capped at $6,000.  

 
 
Background and introduction 
We monitor biodiversity to determine whether existing forestry planning and practices appear to be 
successful in sustaining biodiversity.  The FIA Activity Standards Document – Biodiversity Monitoring 
Standards and Checklist (2005) notes that “The relationship between biodiversity and forest activities is 
very complex and monitoring must be planned and focused to be effective.”  Two approaches to help 
evaluate effectiveness have recently been developed.  One is the Species Accounting System that 
assigns species to monitoring groups.  These groups combine natural history and features of monitoring 
to assign species to the most cost effective monitoring approach (Bunnell and Vernier 2007; Vernier and 
Bunnell 2007).  The second approach includes an analysis of coarse-filter forestry practices on key 
habitat attributes, including cavity sites, down wood, hardwoods, and shrubs (Bunnell and Kremsater 
2008; Bunnell et al. 2008a,b).  Practices that fall under the umbrella of coarse filter practices include the 
general habitat management approaches that companies implement, such as landscape level reserves, 
riparian reserves, stand retention, brush control, etc.   Combining these two new approaches will yield 
both a robust, cost-effective monitoring approach and an effective way of focusing adaptive management 
on key questions.  These approaches were developed jointly with CanFor, Tembec, Louisiana Pacific and 
the BC Ministry of Environment and were funded largely through the BC Forest Sciences Program.  A 
further innovative aspect of this project is that it will be the first evaluation in coastal forests of application 
of the new system for assigning conservation priorities (BC Conservations Framework), recently signed 
off by five provincial ministries.  One of the key participants in this proposal led the design of the 
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conservation system (Bunnell et al.  2008c).  Recognizing the number of features this innovative 
approach draws together we have termed it biodiversity sustainability analysis.   
 
It is particularly appropriate that Western Forest Products (WFP) facilitate developing and applying this 
innovative combination for three reasons.  First, variable retention was not part of forest practice where 
component analyses were developed.  WFP has a very large data base (the most detailed in the 
province) describing forest structure that will allow extension of the combined approaches to variable 
retention.  Second, the tenure of Western Forest Products is large (1.6 million ha) and diverse 
(Vancouver Island, mainland coast and Queen Charlotte Islands).  There is clear need for monitoring to 
be cost effective and the diversity of flora and fauna provides a challenge that encourages new and 
robust methods.  Third, WFP (beginning with MacMillan Bloedel and Canadian Forest Products) has 
acquired a very large amount of data on forest-dwelling organisms including:  fungi, lichens, bryophytes, 
vascular plants, insects, amphibians, birds and mammals.  This almost certainly is the largest data base 
on forest-dwelling organisms for a forest tenure within the province and will allow us to assign species 
into monitoring groups with confidence.  The two approaches we intend to combine were initially 
developed for vertebrates, although a few non-vertebrate species were included.  That limitation occurred 
because of lack of data.  The amount and breadth of data available for WFP’s tenure means the new 
approach would have the capacity of encompassing much more of the entire scope of biodiversity.   
 
The project will be implemented in TFL 6 and results used to evaluate potential application across 
Western Forest Products tenure.  It is consistent with the direction and significantly extends 
methodologies of the FRPA Resources Evaluation Program (FREP).  It has direct links with the new 
approach to conservation priorities (BC Conservation Framework) developed by the BC Ministry of 
Environment and permits evaluation of the how well the range of organisms considered within the 
Province’s new system can be evaluated by coarse-filter approaches.  It also will enable an assessment 
of the ability of coarse-filter approaches to assess ‘incidental take’ (the impacts of harvesting on migratory 
birds) in coastal regions. Year-end reporting will follow guidelines of the FIA Activity Standards Document 
– Biodiversity Monitoring Standards and Checklist.  Standards will be followed. 
 
Purpose and objectives: 
The purpose of this project is to modify two separate approaches to biodiversity monitoring (species 
accounting and coarse filter analyses of forest practices) developed largely through research funding, and 
to combine them in an innovative fashion that yields a practical tool to make monitoring and adaptive 
management more productive and cost-effective.  It expands the breadth of the approaches by 
encompassing much more of biodiversity than each approach did separately and by incorporating 
variable retention.  It also enacts the first evaluation of how well the new provincial approach to 
conservation priorities can be evaluated by coarse-filter approaches applied to coastal conditions.  Those 
findings will assist not only the forest industry but provincial ministries responsible for stewardship of 
forest-dwelling biodiversity.  
 
Objectives: 

1.  Modify the species accounting system of (Bunnell and Vernier 2007; Vernier and Bunnell 2007) 
to accommodate coastal forest types and variable retention. 

2. Apply and test the new system on TFL 6 of WFP tenure by assigning species to the modified 
monitoring groups; expand to other portions of the tenure in subsequent years if successful.   
Tests will largely be limited to bird data the richest component of vertebrate richness. 

3. Expand the species accounting system to accommodate non-vertebrates to the extent possible.  
Tests of the approach would be more powerful when applied across the entire tenure.  Data will 
be organized in a fashion that permits tests and preliminary evaluation on TFL 6   Subsequent 
proposals will be submitted for other areas of WFP’s tenure if this proves successful. Designate 
species for which habitats are too highly specialized or localized to accommodate coarse-filter 
approaches.  

4. Identify species for which habitats are too specialized or localized to be accessible to coarse filter 
analysis.  Note key habitat features that must be accommodated.   

5. Combine the modified Species Accounting System with recently developed analyses of coarse-
filter approaches and complete sustainability analysis for late seral, cavity sites and down wood.  
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If successful, subsequent proposals will address extending analyses to hardwood and understory 
layers, and to other areas of the tenure.   

6. Identify species occurring within WFP tenure that rank priority 1 or 2 within the new provincial 
system for assigning conservation priority and document how well coarse-filter approaches can 
evaluate their habitat suitability for species associated with dead wood. 

 
Geographic Scope 
This project is proposed as a single year project, but we hope to expand it to other areas of WFP’s 
 tenure after this first year if testing on TFL 6 (Vancouver Island), proves successful.  Subsequent years 
will focus on south Vancouver Island, Sunshine Coast and mainland coast, Year 3 on the Queen 
Charlotte Islands.  The combination of the methods themselves is innovative and also evaluates their 
utility in BEC units, forest types and forest practices different from those in which the method was 
developed.  Although all tests of the methodology will be made within WFP tenure, the extent of that 
tenure ensures that results will be applicable to most coastal forest types and practice.  
 
Planning   
The FIA Activity Standards Document – Biodiversity Monitoring Standards and Checklist presents a list of 
8 items to be included under the Monitoring Plan.  One of the participants (Bunnell) drafted these 
standards and the checklist for government (Bunnell 2003), so we are familiar with them and understand 
and will meet their intent.  Although this is an innovative project, for completeness we present brief 
comments on each of the 8 items. 

1) Outline – pages 1 and 2. 
2) Management objectives to be addressed: this innovation is intended to assist in meeting CAN-

CSA-Z809 Criterion 1– sustaining Biological Diversity and it addresses CSA element 1.2: Species 
Diversity: Conserve species diversity by ensuring that habitat for the native species found in the 
DFA are maintained through time, including habitats for known occurrences of species at risk. 

3) Indicators assessed are those in the SFM Plans of Western Forest Products.  The coarse filter 
analysis of forest practices is guided by the indicators.  These indicators could be modified 
following completion of analysis. 

4) Thresholds – part of the innovation within this proposal is to reveal realistic, scientifically-based 
thresholds which will be supported by testing and literature. 

5) Scientific planning documents underlying the initial criteria are found in the SFM plans and 
Bunnell et al. (2003). 

6) Sample design and methodology are summarized under proposed methods (pages 4 - 6). 
7) RISC standards have been followed in all historical data acquired; the approach itself is 

innovative. 
8) The reports will be submitted to the MoE Ecosystems Branch and the MoFR library.  

 
Resources  
Name Primary role 
Western Forest Products  

John Deal Provide corporate oversight.  Field site assistance, coordination 
between this project and the on-going data collection by Western 
Forest Products. 

Pat Bryant Organize and deliver corporate GIS layers for analysis. 
University of British Columbia  

Dr. Fred Bunnell Project  Manager.  Guidance on design and techniques for 
combining the two component approaches, author on final reports. 

      Laurie Kremsater Synthesis of existing data for incorporation into the coarse-filter 
portion of the project, author on final reports. 

     Dave Huggard Assist with coarse-filter analysis of effectiveness. 
      Arnold Moy GIS support 
      Pierre Vernier GIS analysis within the species accounting system portion of the 

project, author on final reports. 



4 
 

BC Ministry of Environment  
      David Fraser Species at Risk Specialist, will provide newly derived rankings for 

species occurring on WFP tenure. 
WestCam Consulting  

R. Wayne Campbell Check allocation of vertebrate species within the species 
accounting system and assist in habitat description of highly 
localized vertebrate species.  

Qualifications 
Fred Bunnell is Professor Emeritus in Forestry and founding Director of the Centre for Applied 
Conservation Research at UBC.  For his contributions to science he has received five awards including 
the Science Council of British Columbia “Solutions through Research” award.   Many of his publications 
focus specifically on monitoring for biodiversity and his reports to BC government provided content for the 
FIA Activity Standards Document – Biodiversity Monitoring Standards and Checklist. 
 
R. Wayne Campbell is lead author of the four-volume Birds of British Columbia and a principal partner of 
WestCam Consulting that has collected much of the field data on which this project is based.  As a key 
individual within the Biodiversity Centre for Wildlife Studies, Campbell will use the large repository of 
records within the Centre to evaluate and strengthen assignments of species within the Species 
Accounting System. 
 
Dave Fraser is Species at Risk Specialist within BC MoE.   Bunnell and co-workers developed the near 
provincial approach to conservation biology, while Fraser was tasked with making it operational and 
leading workshops on the approach throughout the province.  He will ensure that the attention to species 
at risk reflects the most current concerns. 
 
Dave Huggard is a part-time Research Associate with the Faculty of Forestry at UBC and a private 
consultant on issues of forest biodiversity and management.  His publications focus on sustaining 
biodiversity within managed stands.  He developed and refined the design for the habitat structure plots 
and has performed the annual analysis and roll-up of these plots since their inception with MacMillan 
Bloedel.  These analyses plus new ones will be employed within the coarse-filter analyses of 
effectiveness.  He also performed much of the analysis within FSP grant SP 08-4000  (see Kremsater). 
  
Laurie Kremsater is a part-time Research Associate with the Faculty of Forestry, UBC  and a private 
consultant on issues of forest biodiversity and management.  Her publications cover many aspects of 
forestry-biodiversity relations.  She has assisted Bunnell in the UBC-based portion of the proposed 
project, focusing particularly on non-vertebrate organisms.  Her work on the FSP synthesis grant SP 08-
4000 (“Quantitative synthesis of abundance, fall rates and decay rates of snags and down wood in BC's 
Forests”) will strengthen the coarse-filter analyses of this project. 
 
Arnold Moy has 8 years of experience performing GIS analyses to address questions of biodiversity 
responses to forest management.  He oversees Bunnell’s GIS lab at UBC and with Bunnell’s guidance 
will be responsible for the GIS analyses undertaken within the coarse-filter portion of the project.  His 
work also supports Vernier’s analysis of habitat association. 
 
Pierre Vernier:  Pierre Vernier is a Research Associate at UBC with 15 years experience in the application 
of GIS, statistical analysis, and landscape ecology to forestry and conservation issues in BC and Alberta. 
He has published 15 papers on vertebrate habitat relations in forested systems and has a particular 
interest in monitoring, modeling, and management planning over large spatial and temporal scales.  He 
will have primary responsibility for analysis of species habitat associations.  
 
All of these team members, including John Deal of WFP, have worked together on various projects in the 
past. 
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Proposed methods and measures of success 
1. Objective 1:  Modify the species accounting system for the coast:  The Species 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 or respond positively to forest  

practices; 
Group 2 – species that can be statistically assigned to broad forest types (e.g. older conifer 

Stands; group retention); 
Group 3 – species with strong dependencies on specific elements (e.g. snags or shrubs), so may 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 important (patches > 2 ha).  

 
A Group 6 is included for completeness.  It contains species known or expected to occur in the area, 
but that are not dependent upon forested environments (e.g., alpine environments). 
 
Forest types are a major component of the Species Accounting System (they are used to determine 
useful categories for group 2 species).  Methodologies were developed for Canfor’s TFL 48 in 
Chetwynd and must be refined to accommodate new forest types and variable retention.  Bunnell, 
Huggard and Vernier will refine the system and assign species to the new forest-type classes.  Ideally 
these types are derived from VRI using the BC Land Classification Cover Scheme (BCLCCS), but 
some refinements will have to be made to accommodate variable retention.  NV and NT of BCLCCS 
will be employed as well as forested cover types.  Once cover types are decided, Bunnell and 
Campbell will assign vertebrate species to different monitoring classes of the system.  Developing 
credible assignments of species to these groups has the compelling advantages of including all 
resident vertebrate species with the least costly form of monitoring (see Bunnell and Vernier 2007 for 
a more expansive treatment). Kremsater and Bunnell will initiate assignment of non-vertebrate 
species to monitoring classes. Statistical tests in year 1 will focus on birds (see objective 2).   
 
Measures of success:  For objective 1, the measure of success is simple completeness – can the 
majority of vertebrates and an informative portion of non-vertebrates be assigned to classes within 
the species accounting system?  The challenging issue will be forms of variable retention.  Testing 
the credibility of assignment occurs within Objective 2.  
 

2.  Objective 2: Apply and test new system:  Vernier, Moy and Bunnell will use existing data to test the 
assignments of bird species to both monitoring groups and classes reflecting forest types within 
groups.  Test will employ statistical associations of species with cover types derived in Objective 1 
(simple chi-squared of observed versus expected, using Bonferroni corrections) plus precision/power 
analyses of our ability to sample sufficient of these types in the field.  We also will employ logistic 
regression as described in Bunnell and Vernier 2007and Vernier and Bunnell 2007, but have found 
chi-squared easier to communicate (the two approaches are statistically commensurate).  Tests 
estimate the likelihood of occurrence within particular forest type x BEC unit combinations.  Because 
major classes are map-based, the tests document what portion of bird species can credibly be ‘scaled 
up’ from localized surveys to apply tenure-wide, commensurate with preparing a Sustainable Forest 
Management Plan.  The probability of occurrence also permits evaluation of influences of alternative 
practices when forest types (stand structure) classes are projected into the future.  The goal is to 
complete these tests for TFL 6 (174,000 ha) this fiscal year, 2008/2009. 
 
Measures of success:  The measure of success is the proportion of bird species for which statistically 
significant associations (p <0.05) with BEC unit and forest type can be derived from current data.  An 
additional measure of success is the degree to which analysis of the richest data base (birds) can 
focus appropriate testing for other organism groups.  

 
3. Objective 3:  Expand to non-vertebrates:  Expansion to non-vertebrates will have to exploit literature 

as well as the data base accumulated by WFP and predecessor companies.  All tenure-specific data 
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on non-vertebrates, amphibians, reptiles and mammals will be collated and organized to permit 
testing (Kremsater, Bunnell and Campbell).  Given the scattered distribution of sampling, complete 
tests cannot be done within the boundaries of TFL 6.  We will complete tests within TFL 6 that appear 
informative and will help to focus future effort (assuming the project is sufficiently successful to 
continue).  Methods will be similar to that for birds (Objective 2) where appropriate, but for some 
species will have to be literature based.  
 
There are two measures of success:  The first is the degree to which members of particular non-
vertebrate groups can be assigned to Groups of the Species Accounting System; the second is the 
degree to which experience with the richer data base (birds) can formulate appropriate, practical tests 
for non-vertebrates. 
     

4. Objective 4: Identify species with localized habitat requirements:  Bunnell, Kremsater, Campbell and 
Deal (and likely other corporate personnel) will identify which vertebrate species are assigned to 
Group 4 cannot be assessed by the Species Accounting System.  Based on natural history features 
key features in any approach to accommodating these species will be listed.  

 
Measure of success:  There is no short-term measure of success in for this objective; success has to be 
evaluated through subsequent monitoring.  The closest index of success is that the species in the Group 
are known from literature to have localized habitats. 

 
5.  Objective 5: Conduct coarse filter analyses:  Using available GIS data on hand for TFL 6, Bunnell, 

Huggard, Kremsater and Moy will analyse the impacts of coarse-filter forestry practices on the groups 
of species identified using the Species Accounting System (Objectives 1 through 4 above) to assess 
effectiveness of existing practices at sustaining biodiversity.  The coarse-filter variables employed 
include some potentially considered medium filter but that can be incorporated into coarse-filter 
analyses.  The variables include:  
1) Non-harvestable land base by BEC unit x broad forest type. 
2) Rare ecosystem groups as identified by representation analysis.   
3) Riparian reserves netted out for TSR based on actual practices. 
4) Wildlife Habitat Areas, Ungulate Winter Ranges, and Old Growth Management areas. 
5) Broad forest types as defined and tested in the Species Accounting System. 
6) Late-seral forest targets as distributed over BEC x forest type units. 
7) Shrubs/early forest targets by BEC x forest type units over time.  
8) Practices to maintain specified levels of particular habitat elements (e.g., cavity sites, downed 

wood). 
9) Patch size distribution and connectivity. 

 
The coarse-filter methodologies differ for the main different habitat components:  dead wood (Bunnell 
et al. 2008a), hardwoods (Bunnell and Kremsater 2008), and shrubs (Bunnell et al. 2008b).  In a one-
year period (2008/09) the analyses of impacts of practices affecting late seral and dead wood habitat 
elements on vertebrates can be initiated and most portions tested for TFL 6.  While performing those 
analyses any difficulties completing and effectively testing other coarse-filter practices will be 
exposed.   
 
Measures of success:  The methodology proves simple, well-described, repeatable and clearly 
illustrated.  Results yield conclusions that are informative to assessing impacts of forest practices and 
refining monitoring. 

 
6. Objective 6: Assess of coarse filter analyses can identify habitat suitability for high conservation 

species:  Dave Fraser, BC Species at Risk Specialist, will provide the newly developed conservation 
priority rankings for species occurring on WFP Tenure (list of species likely to be present derived by 
review of Bunnell, Campbell and Kremsater).  The degree to which the likelihood of sustaining high 
priority species requiring cavity sites and downed wood will be a particular focus of the coarse-filter 
analysis.  Species associated with dying and dead wood are selected because they are the most 
threatened forest-dwelling group in the Pacific Northwest (Bunnell et al. 2002).  Evaluation will be 
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complete for vertebrates dependent of dying and dead wood., and will help to inform discussions 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.   
 
Measure of success: BC MoE finals the analyses and conclusions acceptable. 
 

 
Budget, deliverables and timelines 
The cost of the project will be shared between Western Forest Products and the University of British 
Columbia (grants to Dr. F.L. Bunnell). The contributed portions will be: UBC $9,000 from FSP Grant # 
82131 and $2,500 from FSP Grant #  83014 (primarily UBC based salaries) and Western Forest 
Products: $20,000 as outlined below.  Similar cost-sharing will occur in subsequent years of the project if 
this year proves successful.  FSP #82131 focuses on refining monitoring approaches.  It should refine 
approaches to objectives 2, 3, and 4.  FSP #83014 is specifically focused on refining methodologies of 
coarse filter analyses of forest practices which constitute part of the biodiversity sustainability analyses 
proposed here (e.g., objectives 2 and 5).  Neither grant contributes directly to tasks proposed within this 
project.  That is, the proposed work has not previously been approved under FIA-FSP.  An analogous FIA 
proposal for northeastern BC has been approved, but for very different flora, fauna and forest practices.  
 
Deliverables from the project will be submitted to MoE Ecosystems Branch, data and reports to 
submissions page.  Final project report will also be copied to the MoFR library. 
 
 
2008-2009 

 
 
 
 

Obj. 

 
 
 
 
Task 

 
 
 

Cost ($) 

 Project Management 1,500 
1 Modify and refine Species Accounting 

System 
3,500 

2 Test assignment of birds to monitoring 
groups and their classes within the 
Accounting System for TFL 6r  

3,000 

3 Assignment of non-vertebrates to species 
accounting groups 

2,500 

4 Identify key features of vertebrate species 
with localized habitats  

1,000 

5 Complete coarse-filter analyses for 
species requiring cavity sites and downed 
wood for TFL 6 

3,000 

6 Test ability of coarse-filter analyses to 
evaluate sustainability of species of high 
conservation priority- dead wood 

3,500 

 Reporting 2,000 
 Total $20,000 

 
Day Rate: Bunnell - $750; Campbell, Kremsater, Vernier - $500 
 
The reports will be written in standard scientific format and contain a detailed description of the 
methodology for data collection and analysis and provide management implications.  
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The final reports will be submitted by March 31, 2009. Two hard copies and one digital copy will be 
submitted.  
 
The final reports will be made available to interested members of the public upon request. Resulting 
databases will be housed in accordance with the FIA Activity Standards Document – Biodiversity 
Monitoring Standards and Checklist.   Standards will be followed. 
 
 
 
Deliverables and timelines 2008/09 

1. A report for TFL 6 will: 1) summarize the Species Accounting System for native forest-dwelling 
vertebrates and associated tests of assignment to groups within the system, 2) for species using 
dying and dead wood describe the linking of the output of the species accounting system to 
coarse filter analyses, and 3) complete the analysis for dead wood and vertebrate species.   This 
report will be final providing subsequent field data do not show shifts in preferred forest types. 
(Objectives 1, 2 and 5). 

2. Progress report on assigning non-vertebrates to the Species Accounting System (Objective 3).  
This report is a progress report because tests of non-vertebrates cannot be considered complete 
until applied over the more diverse ecosystems of the entire tenure. 

3. A draft set of species with localized habitat requirements and their key natural history features 
that must be accommodated by forest practices  (Objective 4).  These will be draft at this time 
because further discussion with practitioners will be required (SFM plans typically do not have the 
information to address such species effectively.  

4. A summary report on the ability of coarse-filter approaches to assess species of high 
conservation priority requiring cavity sites or downed wood within TFL 6 (Objective 6).  This report 
can be final only for TFL 6, because some members of some groups of organisms (e.g., 
bryophytes and molluscs) occur on WFP tenure, but outside TFL 6.  Moreover, subsequent field 
data may show shifts in preferred forest types. 

5. Consultation report of meeting dates, locations, attendees, discussion topics and action points. 
 
We hope to eventually use the species accounting system to assess the adequacy for coarse filter 
practices on other areas of WFP’s tenure should this project prove successful,  Subsequent proposals will 
be submitted as success merits based on  this first year of testing in TFL 6  
 
 
Extension plan    
The extension plan is designed to address several target audiences: 
 
1.  Presentations to existing Scientific & Technical Advisory Committee and WFP’s Public Advisory 

Groups (STAC and PAG) allow direct extension to local practitioners, decision makers and the public.  
2.  The www.forestbiodiversityinbc.ca website to which findings web modules will be posted, ensures that 

government personnel are aware of the deliverables (the Guiding Committee of this website includes 
BC MoFR and BC MoE).  That site also is visited by practitioners, researchers and the public.   

3.   Results and reports also will be reposited with MOE Ecosystems Branch.  Data and reports to 
submissions page; Final project report s also copied to MFR Library.    

4.   Workshops with forest practitioners and ministry personnel will be conducted in corporate divisions 
chosen by the corporate partner. 

 
Benefits & opportunities 
Completion of this project will be of significant value to Western Forest Products and other companies 
attempting to monitor the effectiveness of forest planning and practice to sustain biodiversity. The primary 
benefit is to assess indicators and targets described in the SFMP.  TFL 6’s SFMP (Nov 2007 version) 
addresses the three CSA Elements related to biodiversity: ecosystem diversity, species diversity, genetic 
diversity and sites of special significance.  Ecosystem diversity is addressed through indicators on seral 
stage, patch size, and landscape level retention (including reserves such as WHAs, OMA, UWRs, WTPs).  
Seral stage requirements vary by Biodiversity Emphasis Option, but currently are not driven or checked 
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against needs of species sensitive to seral stage.  Our groupings of species and assessment of those 
sensitive to seral stages of major forest types will help assess the adequacy of targets and present 
practices.   The SFMP recommends a range of patch sizes by three broad age classes.  Our grouping of 
species and assessment of patch size requirements will help assess the necessity or adequacy of this 
indicator and refine its targets.  Reserves are put in place for specific species (e.g., marbled murrelet. 
UWRs, northern goshawk) but those also contribute to an unmanaged land base that contributes habitat 
for many species.  Our analyses will help assess the contribution of the reserve network as a whole to the 
needs of many species. 
 
The SFMP addresses the species diversity element by an indicator that maintains diversity of native flora 
and fauna.  However, currently the indicator merely counts the numbers of listed species (by SARA, 
COSEWIC, CDC) but does nothing to describe the availability of habitat in the TFL.  Our work would 
outline and assess how the habitat needs of species of high conservation concern are being met (or not 
met) across the TFL.  As well we do not rely on CDC but the newly adopted provincial conservation 
framework. 
 
In the SFMP, genetic diversity is related mostly to tree species.  Maintaining populations of other species 
throughout their range is also an important tool for maintaining genetic diversity.  Our project will help 
assess the distribution of habitats. 
 
In the SFMP sites of special significance so far focus on karst, but are meant to include wildlife habitat, 
sensitive sites, and unusual or rare forest conditions (established according to scientific and traditional 
criteria).  Our project will help identify local sites of significance needed for species not accommodated by 
broad coarse filter tactics (seral stage, patch size, landscape level retention) described under the 
ecosystem diversity indicator. 
 
 It also will assist BC MoE and BC MoFR in monitoring approaches to species of high conservation 
priority and in addressing the issue of incidental take.  It will provide: 
 

1. A credible, tested methodology for assigning vertebrate species to the most cost-effective 
monitoring approach for much of coastal British Columbia.  

 
2. Increased ability to evaluate potential effects of forest planning and practice on components of 

biological diversity under alternative management to help guide implementation of sustainable 
forest management.  The coarse-filter approach combines both stand-level and landscape level 
evaluation in a cost-effective manner. 
 

3. Definition of key habitat requirements for species whose habitat is too specialized or localized to 
be evaluated by coarse-filter approaches.  
  

4. Data that permits informed discussion of appropriate approaches to addressing ‘incidental take.’  
  

5. An assessment of the ability of coarse-filter approaches to assess habitat suitability for species 
ranked highly by the new provincial system for assigning conservation priorities in coastal British 
Columbia.   

 
FIA Innovation Criteria   
No standards exist for this project.  All data in-hand or collected under Western Forest Products auspices 
this year and used to test the effectiveness of the new methodology developed meet RISC standards.  
The seven applicable criteria for FIA innovative project approval are detailed below.  
 
Criterion #1.  The purpose of the project must be defined in relation to its intended outcome. 
Both the methodology and deliverables are linked directly to the objectives of the project.  The objectives 
address the need to evaluate effects of forestry activities on biological diversity.  That includes combining 
coarse-filter analyses with stand-level practices.  The survey methods for organisms are well established, 
statistically defensible and follow RISC standards where applicable. The innovation derives from linking 
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survey results to coarse-filter evaluations through the species accounting system to design cost-effective 
monitoring and support adaptive management – here termed biodiversity sustainability analysis. 
 
Criterion #2.  A rationale must be provided to show that the purpose is achievable. 
The project is a novel application of combined methodologies that each have been successfully applied in 
the province (e.g., Bunnell and Vernier 2007; Vernier and Bunnell 2007; Bunnell et al. 2008a).  The 
innovation derives from combining various techniques for developing monitoring techniques, projecting 
future consequences of planning and practices, and extending the approaches to variable retention.  Key 
individuals within the project (F.L. Bunnell and R.W. Campbell) have both received national and 
international awards for innovation in research.  Between them they have authored or co-authored more 
than 700 refereed articles. 
 
Criterion #3.  Evidence must be shown that the project addresses a significant issue in 
sustainable resource management. 
This project is intended to aid Western Forest Products with Sustainable Forest Management (SFM) 
planning in the Coast Forest Region.  First, it will provide data relating a large number of species to map-
based data through the Species Accounting System to tests by coarse-filter analyses.  The coarse-filter 
analyses will provide strategic and tactical direction to management for biodiversity at the level of 
corporate Divisions, because each has their own SFM plan which outlines planning and practice.  
Specifically, these data will help evaluate if particular management approaches are likely to jeopardize or 
to sustain vertebrate species and permit mitigative actions early enough to be effective.   Second, the 
most uncertain areas and specific questions are exposed, so can be addressed by adaptive 
management.  Third, within the combined Species Accounting System and coarse-filter evaluations the 
consolidated data aid integration of major indicators of biodiversity in a manner that is readily 
communicated to the public and statutory decision makers.  That in turn facilitates evaluating tradeoffs 
among values within a Sustainable Forest Management plan.  Fourth, the ability to assess species of high 
conservation value by cost-effective measures will be assessed.  Fifth, it provides a framework for 
evaluating incidental take.  Combined, these are significant issues to both the forest industry and 
Ministries of Environment and Forest and Range.   
 
Criterion #4.  The project must have a project management plan. 
This project workplan outlines tasks and timelines that will be jointly managed by John Deal (Western 
Forest Products) and Fred Bunnell (University of British Columbia).  This workplan includes: the rationale, 
budget breakdown for the current fiscal year, project design and analytical methods, protocol for 
cataloguing and reporting data, and reports.  An extension plan is included.  What cannot be assessed at 
this time are any items that will be exposed that need to be considered in subsequent years.  The project 
is considered a multi-year project, but because of the innovation involved a detailed budget breakdown 
cannot be projected with complete confidence beyond one year (it currently is assumed it will differ little in 
amount from that for 2008/09).   
 
Criterion #5.  Where a standard exists, an innovative project must include a comparison to the 
results that would have been obtained using the standard procedure, unless the proponent 
provides a satisfactory rationale for exemption. 
The utility of the project relies on combining various novel analytical approaches, for which there are no 
standards, with field data.  Field data employed in testing were and will be acquired using well established 
techniques employed by the continent-wide Partners in Flight project and the BC Conservation Data 
Centre as required by the Resource Inventory Standards Committee (RISC).  The project provides focus 
to collection of data but does not change the standards. 
 
Criterion #6.  The methods used to analyse results must provide sufficient confidence in 
outcomes to enable desired inferences to be drawn and incorporated in management practices. 
The individual methods used in this project have been used successfully in projects with Canadian Forest 
Products and Tembec, Inc.  Portions of the methodologies have been published.  We are confident that 
the approaches can be successfully combined and extended to variable retention, and that we will be 
able to draw strong inference from the results.  Individual elements have guided change in practice 
elsewhere, their combination will be a still more powerful aid to management.  Completion of this project 



11 
 

will be of significant value to Western Forest Products and other planners and managers; the combined 
methodology can be applied elsewhere in the province.  It coordinates field findings with map-based data 
used to guide forest planning and practice, allows scaling up of findings over large areas using the 
Species Accounting System, and permits projection of consequences on biodiversity of current forest 
planning and practice through coarse-filter analyses. 
 
Criterion #7.  Operational trials are eligible as innovative projects provided that the proponent can 
demonstrate a reasonable expectation of achieving reliable results in an operational setting. 
The criterion does not apply. 
 
Quality Assurance or Auditable Workplan 
The project itself is innovative, so formal standards are not applicable, but it is significant that Bunnell 
drafted the FIA Activity Standards Document – Biodiversity Monitoring Standards and Checklist (2005).  
Some field data used in the proposed tests were acquired within past FIA projects.  All data employed 
meet RISC standards.   All major resource personnel are licensed professionals.  Quality assurance will 
be signed off by a licensed professional.   
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