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Executive Summary   
 

Species considered 
We emphasized hardwood associates to illustrate assessment of measures taken to compensate 
for incidental take.2

 

  Emphasizing hardwood associates loses nothing.  Overall, about 55 bird 
species occurring on the TFL seek out upland hardwood or mixed wood stands or scattered 
hardwood trees. Many are responding to insects feeding on deciduous foliage that is less 
protected by secondary compounds than is conifer foliage.  Some are primarily understory 
associates that often are more abundant in hardwood and mixed wood stands, others are cavity 
users seeking hardwood trees.  Emphasis is on high priority species, but other hardwood 
associates are noted to illustrate the range of species benefitting from any efforts to compensate 
for incidental take.  High priority species are those ranking 1 or 2 within the provincial 
Conservation Framework or on the draft list of candidate species prepared by CWS for Bird 
Conservation Region 6 (Boreal Taiga Plains).   Only the methods of analysis emphasize 
hardwood associates.  All high priority species are addressed (§8.2), including those showing 
strong preferences for conifers (e.g., Black-backed Woodpecker).  Analysis for conifer associates 
simply substitutes conifer forest types for hardwood types.  Seven high priority mammal species 
also are addressed. 

Major findings 
1. Targets for habitat constituents in the SFMP (Sustainable Forest Management Plan) are 

well-reasoned but should be evaluated through effectiveness monitoring (§8.3).  The 
current trend to more wildfires in boreal forests suggests that targets based on historical 
natural disturbance regimes may no longer be ‘natural’ and possibly are unattainable. 

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

3. Minimal diameters of retained trees as specified in the SFMP appear too low.   
4. Data from other boreal forests on lichens, bryophytes and insects suggest that dispersed 

retention of down wood is more favourable than retention in large piles.   
5. No high priority species currently appears directly threatened by forest planning and 

practice on the tenure, but for some species potential consequences cannot be 
documented well. 

 
Improving practice 
We note where planning and practices currently compensate for limited amounts of incidental 
take and where modifications are desirable (§8.1).  Tables 17 and 18 reveal five areas where 
current practice could be beneficially altered or, minimally, closely monitored by early 
implementation monitoring. 
 

1. Guidelines for retained wildlife trees in patch-wise retention should be tree sizes >23 cm 
dbh, with local densities of 3 per ha.  Greater densities of small snags also should be 
retained, not all hardwood.  

2. Riparian management practices should ensure that larger, older hardwoods are retained 
in both the Riparian Reserve Zone and the Riparian Management Zone.  This may not be 
a modification depending on the outcome of implementation monitoring (§8.3). 

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

                                                 
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 
credible ways of assessing whether measures that promote healthy bird populations can compensate for limited amounts 
of incidental take during forest harvest. 
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4. Pieces of downed wood >17.5 cm (random diameter) should not all be piled, but some 
should be left scattered on site.  

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

 
Measures to compensate for incidental take 
Probable consequences of current forest planning and practice are reviewed for 62 high priority 
species (55 birds and 7 mammals).  Each of these is addressed individually (§8.2) under the 
Groups of the Species Accounting System, which helps expose the likely nature of potential 
impacts and most appropriate form of monitoring.  Several species merit inventory (e.g., Dusky 
Grouse and bats).  Any inventory should be undertaken cooperatively with others (e.g., BC 
Ministry of Environment and wind farm installations, as these installations inflict direct mortality on 
bats).  Pending implementation monitoring of some practices, no high priority species appears to 
merit individual monitoring.  Should implementation monitoring of practices in the Riparian 
Management Zone suggest potential inadequacies, then some species (e.g., Barrow’s Goldeneye 
and Common Goldeneye) merit monitoring. 
 
Recommendations for monitoring 
Topics for implementation monitoring are ranked: habitat elements in the Riparian Management 
Zone (very high), nature of retention (very high), trends in amounts and distribution of mixed 
wood (high), pre-harvest stratification to assist assessment of vegetation management (high) and 
late-seral patch size distribution (high for WTPs, medium for forest types).  Topics for 
effectiveness monitoring also are ranked: contributions of NHLB (very high), mixed wood 
boundaries (very high, cooperative with Fort St John and Fort Nelson TSAs), continuation of 
vegetation study (very high, assists Fort St John and Fort Nelson TSAs), contributions of wildlife 
tree patches (high), organism response (very high to medium, dependent on group), 
effectiveness of practices in Riparian Management Zone (potentially high, dependent on outcome 
of implementation monitoring) and late-seral boundaries (medium).  See §8.3 for details. 
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1   Introduction 
This report illustrates a credible, cost-effective, map-based approach that can be used to assess 
effects of forest practices on bird and mammal species strongly associated with hardwoods.  It 
thus has direct implications to incidental take. We illustrate the approach with data collected from 
TFL 48 and the planning and practices outlined in the Sustainable Forest Management plan for 
the TFL.  
 
‘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 credible ways of assessing whether 
measures that promote healthy bird populations can compensate for limited amounts of incidental 
take during forest harvest. Here we have expanded the concept to high priority mammals as well.  
On TFL 48, the opportunity for incidental take for birds is much reduced compared to other areas.  
About 70-75% of the harvest occurs during winter, leaving only 25-30% for the summer period.  
Only about 15% of the total harvest occurs in the period June through mid-August when most 
songbirds are breeding.  That value declines further in years when June is too wet to permit work.  
Despite this short period, the principles for assessing incidental take still apply.    
 
Analyses illustrated emphasize hardwoods. Hardwoods are deciduous, broadleaved trees.  None 
of the broadleaved trees on the TFL are evergreen.  Larch, a conifer, is deciduous.  In 
northeastern BC, most forest-dwelling bird species show strong preferences for hardwood trees, 
and hardwood-leading or mixed wood stands.  In TFL 48, slightly over 70% of bird species 
showing a statistical preference within stands >30 years old showed a preference for hardwood 
or mixed wood stands.3

 

  Most cavity users and understory associates also show strong affiliations 
for hardwood stands, so must be treated in the analyses.  Analyses for conifer associates would 
be identical, but employ analogous data for conifers.  Forest practices can modify the abundance 
of suitable hardwoods in several ways (§6).  Mixed woods of hardwood and conifer species 
appear to contribute disproportionately to species richness (Hobson and Bayne 2000; Bunnell et 
al. 2002a).  It is partly for that reason that mixed wood types are treated separately in evaluating 
species associations with broad forest types.  Concern has been expressed about ‘unmixing’ the 
mixed wood and losing that contribution to sustaining biodiversity (Cumming et al. 1994; 
Enoksson et al. 1995; Hobson and Bayne 2000).    

Bird species considered include those on the draft list for the Boreal Taiga Plains Bird 
Conservation Region (BCR 6), species ranked 1 or 2 in the provincial Conservation Framework 
and any other bird species strongly associated with hardwoods.  The scope of the treatment here 
thus extends beyond ‘incidental take’, because it is not restricted to the 1994 updated list for the 
Migratory Bird Convention.  Species present but not designated high priority on either list are 
included in the tables following to indicate what additional species are known to be 
accommodated by measures to compensate for incidental take.  These latter species are not 
treated individually in the summary appraisals. 
 
The approach taken exploits the Species Accounting System (Bunnell et al. 2009b) employed by 
several companies to assist evaluation of forest practice and monitoring plus coarse filter 
analyses developed to evaluate consequences of forest practices using map based data (Bunnell 
and Kremsater 2009).  There are five steps in a coarse-filter or map-based evaluation of 
‘incidental take’.  
 

1) Define stand types. 
2) Review bird species present in the DFA and dependent on or strongly associated with 

habitat constituents affected by forest practice. 
3) Review natural levels of the stand type or attribute in ecosystems present.  

                                                 
3   Preference is most readily detected for less abundant habitats; hardwood-leading and mixed wood types are less 
abundant than conifer –leading types in the TFL. 
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4) Review impacts of current forest practices on relevant stand types (e.g., older 
hardwoods).  

5) Assess probable future amounts of the attribute(s), their apparent adequacy and efforts 
to mitigate effects of harvesting relevant stand types. 

 
We first briefly describe the Species Accounting System, then the bird species considered.  The 
approach to analysis is illustrated for all hardwood associates. We close with a summary of major 
findings and recommendations.  Species listed on the draft list for the Boreal Taiga Plains or 
ranking highly in the Provincial Conservation Framework are addressed individually (§8.1). Some 
recommendations are based on the overview derived from considering all hardwood associates.  
 
 
2   The Species Accounting System – overview  
The Species Accounting System (SAS) acknowledges the complexity and the high costs of 
monitoring by creating a self-correcting4

 

 system that adds detail as detail appears required.  As 
presented here, the system treats terrestrial vertebrates and is being expanded to include non-
vertebrates to the extent possible.  Examination of the species groups below indicates that these 
groups are applicable to many species other than vertebrates (see Kremsater and Bunnell 2010).  
The system itself is intended to:   

1) estimate approximate amounts and locations within a DFA of suitable habitat for all5

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

 
forest-dwelling vertebrates; 

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 (several respond positively to  
 forest practices); 
Group 2 – species that can be statistically assigned broad habitat types as defined within VRI,  
 (e.g. young hardwoods, older conifer stands); 
Group 3 – species with strong dependencies on specific habitat elements (e.g. snags or  
 understory), so can be useful in effectiveness monitoring; 
Group 4 – species restricted to specialized and highly localized habitats; and 
Group 5 – species for which patch size and connectivity are considered important.  
 
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 so are not monitored.   
 
Developing credible assignments of species to these groups has the compelling advantages of 
including all forest-dwelling vertebrates and associating species with the least costly form of 
monitoring.  Once there is confidence in the assignment of species to groups, focal species can 

                                                 
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 refinement and correction. 
5 Group 4 species are an exception because their habitat is too finely discriminated to be included in GIS layers.  For 
these species, specifically designed guidelines are created so appropriate action can be undertaken when that habitat is 
encountered in the field. 
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be selected that are most informative for particular questions about the impacts of forest 
practices.   
 
Boundaries between classes are necessarily arbitrary and influenced by natural history features 
(primary) and the approach to monitoring (secondary).  Membership is based on available local 
data and assessment by experts.  All vertebrates believed present within the TSA 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 goal of sustaining native species richness.  By including BEC 
variants in the monitoring design, it is easier to evaluate which species are accommodated within 
the non-harvestable land base (NHLB) and to focus monitoring where it is most informative.   
 
Groups and their modifiers as used in the Species Accounting System are summarized below.  
Groups shaded gray were tested statistically from data collected on site (as were many of those 
designated generalist or 2:all). 
 
 
Group 

Group 
Modifier 

 
Description 

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

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

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

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

 H1 Young Hardwoods: 31 to 90 yrs old; at least 75% hardwood 
 H2 Old Hardwoods: >90 yrs old; at least 75% hardwood 
 MW1 Young Mixed Wood: 31 to 90 years old; neither hardwoods nor conifers 

attain 75% 
 MW2 Old Mixed Wood: >90 yrs old; neither hardwoods nor conifers attain 75% 
 C1 Young Conifers: 31 to 140 yrs old; at least 75% conifer 
 C2 Old Conifers: >140 yrs old; at least 75% conifer 
 open Open areas of low vegetation, may only be a single tree present 
 R Riparian forest - streams, lakes and rivers; not wetlands  
 all uses All forested types, but little NT or NV 
3 Habitat elements c Cavity sites are critical 
 dw Down Wood large pieces are critical 
 r strong affinity for Riparian of streams, rivers and larger lakes (>5 ha) 
 u Understory, often shrubs, is critical 
 w strong affinity for Wetlands or small lakes (<5 ha) 
4 Localized habitats various e.g., Trumpeter Swan uses large lakes (3r) 
5 Distribution important various Uses habitat type modifier when species occur commonly in that habitat 
6 Non-forested a Alpine, including subalpine and forest-tundra ecotone  
 cl Cliffs or banks 
 gr Grasslands 
 isl Islands, may not be vegetated 
 mm Man-made – includes buildings as well as agricultural habitats 
 

1 Water was classified, but because it was not sampled directly, associations cannot be tested and are not 
reported. 
 
 
3   Defining stand types 
Practical definition of stand types is necessarily somewhat arbitrary.  Stand types in summary 
tables following use the BC Land Cover Classification Scheme (BCLCCS; BC MoSRM 2002).  
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For example, hardwood-leading forest types are defined as having >75% hardwood species, 
conifer-leading as having >75% conifer species, and mixed wood as <75% hardwood or conifer.  
In northeastern BC, Canfor participates in a regional working group that is formulating 
recommendations on boreal mixed wood management.  That approach subdivides the mixed 
wood into two classes: 
 

• Mixed-Coniferous: greater than 50% but less than 75% of total tree cover is coniferous 
• Mixed-Deciduous:  greater than 50% but less than 75% of total tree cover is deciduous 

 
There are sound silvicultural reasons for distinguishing between conifer- and deciduous-leading 
mixed woods.  It also is possible that some organisms distinguish between conifer- and 
deciduous-leading mixed wood as habitat.  In TFL 48, the area of mixed wood is small – mixed-
coniferous makes up 5%, mixed-deciduous makes up 3%.  Currently, coniferous forest makes up 
80% of the forested land base in the DFA and deciduous or hardwood-leading makes up 12%.  
The small areas of mixed wood make sampling to distinguish habitat use between mixed-
coniferous and mixed-deciduous very expensive, and likely unwarranted when the bulk of the 
area is conifer.  Tests based on current data exhibit more statistically significant habitat 
associations when only one form of mixed wood is distinguished.  For coarse-filter assessment of 
the DFA, three broad forest types (conifer, hardwood, and mixed wood) appear adequate when 
combined with age classes. 
    
 
4   High priority bird species within the DFA associated with hardwoods  
The number of species ranking highly in the provincial Conservation Framework is somewhat 
greater than species on the draft list of high priority species for BCR6.  Within the new provincial 
conservation framework, species are ranked within three goals in terms of priority for 
conservation action (1 = highest; 6 = lowest; see Bunnell et al. 2009a).  The provincial system for 
assigning conservation priority ranks species in each of three broad goals:  
 
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. 
 
Most species ranking highly in the provincial Conservation Framework rank highly in Goal 2 – 
proactive.  Species occurring on neither list but associated with hardwoods are included in tables 
following to indicate which other species would be accommodated by measures to reduce 
incidental take of species associated with hardwoods. 
 
Habitat preferences of hardwood associates are specified for the breeding season, with the 
exception of Ruffed Grouse that for much of the year feeds primarily on twigs and buds of mature 
male aspen.  Current data indicate that 55 bird species within the DFA show preference for 
upland hardwood or mixed wood types or hardwood nest trees; 24 of these species are ranked 
highly by the provincial Conservation Framework or Environment Canada.  Of the 55 species, 15 
are responding primarily to understory under the canopy and 25 are cavity nesters, including 5 
cavity-nesting waterfowl that also seek hardwood trees but were inadequately sampled and show 
no statistical response to forest cover type within current data for the DFA.  Still more species are 
strongly associated with willow or alder thickets, but predominantly in wetland or riparian habitats.  
Within the Species Accounting System, species strongly associated with a particular habitat 
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element (e.g., cavity sites, understory) are assigned to Group 3 even when they also are strongly 
associated with a particular forest type.  For Group 3 species, coarse-filter evaluation of effects of 
forest practices are addressed first by appropriate understory, dead wood (down wood and, 
cavities) or riparian analyses (Bunnell and Kremsater 2009).  An additional 3 high-priority 
mammal species show strong dependencies on hardwoods.  Here we consider 58 species 
showing preference for hardwood or mixed wood stands or individual hardwood trees.   
 
In tables following, species on the draft list of high priority species that could guide evaluation of 
incidental take for BCR 6 are in blue; species that rank 1 or 2 within the provincial Conservation 
Framework are designated in SMALL CAPS.  A few species occur on both lists, so are designated 
BLUE. 
 
4.1  Associates of hardwood forest types (Group 2)   
Table 1 summarizes the degree to which 15 bird species not reliant on cavity sites or shrubs are 
associated with upland forest types having a significant portion of hardwoods.  Habitat types in 
the table are designated: NV = non-vegetated (<5% tree cover; e.g., roadsides, gas wells, urban 
areas), NT = non-treed (<10% tree cover; e.g., non-commercial brush, wetlands, pasture, alpine 
meadows, seismic cutlines), RD = Recently disturbed (0-30 yrs); H1 = Hardwood (31-90 yrs), H2 
= Hardwood (>90 yrs), C1 = Conifer (31-140 yrs), C2 = Conifer (>140 yrs), MW1 = Mixed wood 
(31-90 yrs), MW2 = Mixed wood (>90 yrs).  Bold in the table indicates a statistically significant 
preference for the habitat (p < 0.05); red indicates significant avoidance.  Tests include the 
Bonferroni correction.  ‘Records’ indicates the number of times the species was recorded from 
BBS routes over 7 years of sampling on the TFL; a value of 0 for Broad-winged Hawk indicates 
the species was not encountered but is known or believed to be present.  The habitat type to 
which it is assigned is given in [ ].  First and second choices indicate the apparent habitat 
preferences as expressed in the data. ‘Avoid’ represents habitats where observations are less 
than those expected if choice was not occurring.  
 
Table 1.  Habitat affinities of birds present in the DFA and associated with upland hardwood or 
mixed wood forest types.  Numbers of records are those recorded from the Breeding Bird Survey 
routes over 7 years through 2008.   

  Habitat affinity Territory 
Size (ha) 

 
Trenda Species Records 1st Choice 2nd Choice Avoid 

Hardwood leading       
American Redstart  463 59/16      NT 81/24      H2 35/90       C2 0.4-0.7 -3.7 
BAY-BREAS TED WARBLER 1 1/0      MW2   0.7-0.75b 11.4 
Black-and-white Warbler 18 4/0          NV 6/1          NT  0.9-6.6 -1.7 
Broad-winged Hawk 0 [H2]   1.5 kmc nd 
EVENING GROSBEAK 21 5/1          H1   3/1         H2  ntd -13.5 
Least Flycatcher  256 92/13      H2   29/9        NT 4/50         C2 0.1-0.2 -4.9 
Ovenbird   169 49/9        H2  32/8        H1 3/33         C2 0.6-1.6 0.5 
P HILADELPHIA VIREO  5 1/0          H2 1/0       MW2  0.3-4.0 0.2 
Rose-breasted Grosbeak  121 25/6        H2   13/4        NT 3/24         C2 0.3-1.3 2.1 
RUFFED GROUSE 83 7/3          NT            8/4          H2 6/16         C2 2.1-2.3 -1.2 
Mixed wood       
Hammond’s Flycatcher 108 20/6    MW2 11/6        H2 11/38       RD 0.6-1.5 [0.7] 
Magnolia Warbler  179 28/10  MW2   23/9        H2 28/63       RD 0.6-0.7 1.9 
 
Merlin   

 
5 

 
2/0      NT 1/0        W2  

0.16-4.6 
kmc 

 
-4.3 

Warbling Vireo 1414 176/49  NT 163/81 MW2 156/275    C2 1.2-1.5 -1.9 
Western Tanager 169 39/10  MW2 25/9        H2 16/35        C1 1.4-4.0 0.0 
 
a Trend in Boreal Taiga Plains BBS routes (1998-2008) as analyzed by CWS; %/yr; significant trends in bold (negative in 
red); sample sizes usually are too small to yield significant estimates; [ ] trends for BC.  
b Territoriality breaks down during insect outbreaks.  c Mean distance between nests.  d  No territory; does not defend a 
territory, likely because of patchy distribution of food. 
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Some species designated habitat generalists with regard to forest type (e.g., Black-throated 
Green warbler, Cape May Warbler) make significant use of hardwood types.  Distinctions 
between hardwood-leading and mixed wood types often are not strongly expressed, so 
assignment to one type is arbitrary.  Where sample sizes were small (e.g., the Bay-breasted 
Warbler occurs only casually in the TFL) we relied on literature or observations from adjacent 
DFAs to assign habitat type.  Some species exhibit different preferences within different portions 
of their range (e.g., Black-throated Green Warbler; Morse and Poole 2005).  In the Fort St John 
TSA, the Black-throated Green Warbler shows a statistically significant preference for H2 and 
MW2 (Bunnell et al. 2009c), but preferred MW2 and C2 in TFL 48 (neither significantly).   
 
Table 1 does not include species whose preferred habitat is better evaluated by features of 
coarse-filter analysis beyond forest type.  Both the Pileated Woodpecker and Yellow-bellied 
Sapsucker, for example, prefer mixed wood in the region, but are cavity nesters and better 
treated under the coarse-filter analyses for provision of dead wood (§4.2).  Neither of these 
species, however, are ‘high priority’.  Several species show stronger affinities to understory than 
to overstory, even though they show specific relations to hardwood or mixed wood types.  These 
species are addressed in §4.3.  Swainson’s Hawk frequently nests in hardwoods, but often in 
solitary trees near its hunting sites – grassland, steppe or agricultural areas.  It is assigned to 
Group 6 (non-forested, man-made).  Northern Waterthrush is closely associated with hardwoods 
such as willow and alder, but breeds primarily in thickets in bogs, swamps or margins of lakes 
and streams; it is considered a Group 3 species (wetlands and riparian).  Likewise the Baltimore 
Oriole and Bohemian Waxwing use a variety of habitats, but often in riparian areas where 
hardwoods are usually common.   
 
Habitat affinity was evaluated for 7 forested habitats, including recently disturbed (RD), plus two 
non-forested habitats (NV and NT).  Values in Table 1 can be interpreted as a simple selection 
ratio of times observed over times expected if the birds distributed themselves across available 
habitat types without expressing choice.  For example, a value of 30/30 (selection index of 1.0) 
indicates the species was recorded in the type in the same ratio as the type was sampled, 
indicating no preference for or avoidance of the type.  Least Flycatcher has a ratio of (92/13) in 
old hardwood-leading (Table 1).  That means it was observed 93 times in H2 although expected 
only 13 times if sightings were distributed proportional to habitats sampled, yielding a selection 
index for hardwoods of 7.08.  For the Ovenbird, the selection index for its most preferred habitat 
is 5.4 (49/9) and 4.0 (32/8) for its second choice.  It strongly avoids old conifer, showing a 
selection index much lower than 1.0 (0.09 or 3/33 in C2; Table 1).  The selection ratios provide a 
repeatable index of how the species itself selected among different habitat classes.   
 
Across the 15 Group 2 species associated primarily with hardwood forest types, we had more 
than 75 records each for 9 species and could statistically estimate first and second preferences 
and avoidance with some confidence (Table 2).   
 
Table 2.  Number of documented preferences (out of 18 1st and 2nd ‘choices’) and avoidances 
(out of 9) for VRI-based forest types by birds in TFL 48 associated with hardwoods. 

 Vegetation type 
Response H2 NT MW2 H1 C1 RD C2 
Preference 8 5 4 1    
Avoidance 0 0 0 0 1 2 6 

 
Preference for NT indicates that areas with less than 10% tree cover were sought.  In some 
instances (e.g., Black-and-white Warbler) this appears to indicate a preference for swampy or 
muskeg areas.  The ‘hardwood’ group summarized in Tables 1 and 2 is characterized by similar 
natural history features (Table 3). 
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Table 3.  Nesting and foraging preferences of birds present in the DFA and associated strongly 
with hardwood or mixed wood stands (bold = significant at p <0.05).  SAS = group assigned 
within the Species Accounting System (e.g., Bunnell et al. 2009b,c). 

 
Species 

 
Obs 

1st 
Choice 

 
SAS 

 
Nesting 

 
Foraging1 

Hardwood-leading    
American Redstart  463 59/16   NT 2:NT,H2 Tree or tall shrub GL : foliage – trees & shrubs 
BAY-BREAS TED 
WARBLER 

1 1/0     MW2 2:H2 Trees, shrubs GL: canopy limbs & foliage 

Black-and-white 
Warbler 

18 4/0       N V 2:NT,RD,R Ground near tree or 
shrub 

PR: bark of trees; less GL: foliage  

Broad-winged 
Hawk 

0 [H2] 2:H2 Trees Perch hunts often under canopy 

EVENING GROSBEAK 17 3/1     MW2 2:MW2,NV Trees GL: trees & shrubs (fruits) 
Least Flycatcher  256 92/13     H2   2:H2,MW2 Trees – generally 

smaller ones 
HA:  from air from top of shrubs 
into leafy canopy 

Ovenbird   169 49/9       H2  2:H2,H1 Ground; avoids dense 
vegetation 

GL & PR: ground & low vegetation 

P HILADELPHIA VIREO  5 1/0         H2 2:H2,MW2 Tree – well up Perch & Sally GL: tree foliage 
Rose-breasted  
    Grosbeak  

121 25/6       H2   2:H2 Low trees & shrubs; 
openings  

GL: tree foliage; understory when 
in fruit 

RUFFED GROUSE 83 7/3         NT            2:H2,MW2 Ground GL: foliage, fruit, buds (winter) 
Mixed wood     
Hammond’s 
Flycatcher 

108 20/6   MW2 2:MW2,H2 Trees HA: aerial forager 

Magnolia Warbler  179 28/10 MW2   2:MW2 Trees GL: tree & shrub foliage 
Merlin   5 2/0      NT 2:NT,MW2 Trees - semi open Aerial forager – primarily birds 
Warbling Vireo 1414 163/81 

MW2 
2:MW2,NT Trees, shrubs GL: foliage 

Western Tanager 169 39/10  
MW2 

2:MW2,H2 Trees - semi-open GL (foliage) and HA 

 

1 GL =  gleaning; HA = hawking, PR = probing  Sally gleaning = sitting on a perch and flying out to capture prey 
 
The large majority are primarily tree nesters (12 of 15), secondarily using shrubs.  First choice in 
Table 3 is assigned to nesting rather than foraging habitat where these differ.  Two of these 15 
species are hawks taking small vertebrates; the others forage predominately by gleaning foliage 
(10 of 13).   Of the three exceptions that are not hawks, one species forages primarily by probing 
bark (Black-and-white Warbler), one in hardwood litter (Ovenbird) and one is a flycatcher taking 
prey from the air and by hover gleaning.  In short, the large majority are responding to insects 
feeding on hardwood foliage that is provided less protection by secondary compounds than is 
conifer foliage.  About half also use shrubs as foraging substrate and as nesting substrate or 
cover.  Three species rank 2 in Goal 2 (proactive), and one in Goal 3 (jurisdictionally rare, Table 
4).   
 
Table 4.  Conservation priority ranks for Group 2 species associated with hardwoods and 
occurring within the DFA.  Species designated blue are on the draft list for the Boreal Taiga 
Plains region.  

 Cons 
Prioa 

 Habitat affinity  
Trendb Species Records 1st Choice 2nd Choice Avoid 

Hardwood-leading       
Bay-breasted Warbler 2(G3) 1 1/0       MW2   11.4 
Evening  Grosbeak 2(G2) 17 3/0         NV   3/1     MW2  -13.5 
Philadelphia Vireo  2(G2) 5 1/0         H2 1/0      MW2  0.2 
Ruffed Grouse 2(G2) 83 7/3         NT            8/4      H2 6/16     C2 -1.2 

a Conservation Priority under the provincial system (1 = highest; 6 = lowest).  Number in brackets indicates the highest 
ranked Goal (see text, p. 4).    
b Trend in Boreal Taiga Plains BBS routes (1998-2008) as analyzed by CWS; %/yr; sample sizes are too small to yield 
significant estimates. 
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4.2  Cavity nesters preferring hardwoods as nest sites 
Breeding Bird Surveys sample most cavity users relatively poorly; that is particularly true for those 
restricted to riparian areas.  The 25 species of cavity nesters showing a documented or literature-
based affinity for hardwood cover or hardwood nest trees are summarized in Table 5.  
 
Table 5.  Habitat affinity of cavity nesters present in the DFA and associated with hardwood, 
mixed wood or riparian forest types.1  Numbers of records are those recorded from the Breeding 
Bird Survey routes over 7 years through 2008.   

  Habitat affinity Territory 
Size (ha) 

 
Trenda Species Records 1st Choice 2nd Choice Avoid 

Strong excavator        
American Three-toed  W. 20 3/1            NT 11/6          C1 0/2             H2 ? [33.7] 
Black-backed Woodp. 5 1/0            NT   ? nd 
Hairy Woodpecker 35 7/2         MW2 7/2           H2 0/7             C1 2.5+ 1.5 
Northern Flicker 78 7/3         NV 32/27        RD 4/16           C1 nsob -0.2 
Pileated Woodpecker  26 6/1         MW2 4/1            NT 0/1             H1 55-500+ 2.5 
Yellow-bellied Sapsucker   267 37/9          NT 51/15     MW2 24/55         C1 0.6-3.1 3.8 
Weak excavator       
Black-capped Chickadee   80 16/5       MW2 11/4          H2 4/13           RD 1.5-5.3 -5.7 
Boreal Chickadee 32 15/7          C1 8/6            C2 0/1             H1 >5 -5.2 
Downy Woodpecker 1 [H/MW]   4.4-5.5 -1.8 
Mountain Chickadee 1 1/0            C1   6.5 [3.9] 
Red-breasted Nuthatch   221 41/13     MW2 18/8          NT 1/8            W1 1-5+ -13.1 
Secondary Users       
AMERICAN KESTREL 1 [open]   0.1-1.75c -3.9 
Barred Owl 1 1/0          NV   150-280  nd 
BARROW’S GOLDENEYE 1 [riparian]   0.05-1.85 [-5.3] 
Boreal Owl 0 [MW2]   0.1-0.5 kmd nd 
Bufflehead 0 riparian]   0.4-0.6 3.3 
COMMON GOLDENEYE 3 [riparian]   0.1 -3.4 
Common Merganser 0 [riparian]   nso 19.0 
European Starling 8 6/1            NT 1/0             H2  nso -1.3 
Hooded Merganser 0 [riparian]   nso [-3.8] 
House Wren 0 [H,MW]   0.2-0.5 -1.5 
Mountain Bluebird 0 [open]   5+ -1.8 
NORTHERN PYGMY OWL 2 1/0             C1 1/0           C2  1.25-1.6 kmd [0.4] 
TREE SWALLOW 2 1/0 H1 1/1          C2  0.1-0.2 0.2 
VAUX’S SWIFT 0 [riparian]   colonial [-0.4] 
VIOLET-GREEN SWALLOW 5 1/0             NT   colonial [-4.8] 
White-breasted Nuthatch 3 1/0             H2   10-15 -9.4 

 

1  American Three-toed and Black-backed Woodpeckers seek conifers, but are included because they occur on the CWS 
list of candidate species for Bird Conservation Region 6.  
a Trend in Boreal Taiga Plains BBS routes (1998-2008) as analyzed by CWS; %/yr; significant trends in bold (positive in 
green; negative in red); sample sizes usually are too small to yield significant estimates; [ ] trends for BC.   
b nest site only; no territory.  c  Pairs per square km.  d Mean distance between nests.   
 
Provided the majority of nest sites were in hardwood trees (Table 6), a species was designated a 
hardwood associate, even when habitat preference suggested otherwise.  For example, the 
apparent preference for Boreal Chickadee is for conifer types (Table 5), but 55.6% of nest trees 
were hardwoods.  We expect selection for nest trees to be more strongly expressed than 
preference for broad forest types.  Moreover, selection for hardwoods appears more pronounced 
where hardwoods are more available, as in northeastern BC compared to many southern study 
areas. Effectiveness of forest practices in compensating for incidental take is evaluated in terms 
of preferred nest trees.  
 
Most trends for cavity nesters are negative, some significantly so, reflecting the general finding 
that the most threatened group of species in the Pacific Northwest are those dependent on dying 
and dead wood (Bunnell et al. 2002c)   
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Values of Table 5 are calculated in the same fashion as those for Table 1 (see p. 6).  Northern 
Flickers’ association with sparsely treed sites suggests that most were observed foraging.  
Attributes of nest tree sites sought by these species are summarized in Table 6.  Two primary 
excavators are listed among candidates for the Boreal Taiga Plains Bird Conservation Region 
(American Three-toed and Black-backed Woodpeckers); both prefer conifers (Table 6).  
Mammals seeking hardwoods as roost or den sites are included in Table 6. 
 
Table 6.  Attributes of trees sought as cavity sites by species known or likely to occur in TFL 48 
and showing strong affinity for hardwood cover.1  For northeastern BC, ranges are given for n < 
10. Blank indicates no data.  Data augmented from review of Bunnell et al. (2009d). 

 Northeastern BC More southern forest types 
  % % Diameter (cm) % Hardwoods % Dead 
Species  mean HW Deada  Con Hdwd % n % n 
Birds          
Strong Excavators          
American Three-toed  Wood. 15-19  both 29.8 23.7 20.9 135 50.5 135 
Black-backed Woodpecker 24  both 37.0  1.2 81 59.8 97 
Hairy Woodpecker 24  both 37.2 33.8 39.4 350 69.4 258 
Northern Flicker   27   59.0 39.4 52.1 1157 59.5 1009 
Pileated Woodpecker   35.7  live 78.3 49.5 23.8 362 77.2 346 
Yellow-bellied Sapsucker  37.6 100 9% 58.7 36.9 89.1 274 22.1 240 
Weak Excavators          
Black-capped Chickadee 12.7-17.9  stub 20.4 16.4 88.9 27 67.8 161 
Boreal Chickadee 15 38.5 stub nd nd 55.6 18 87.3 31 
Downy Woodpecker 22   25.5 26.2 81.4 102 66.9 151 
Mountain Chickadee    37.8 24.9 46.7 332 56.4 295 
Red-breasted Nuthatch   21.6 35 stub 50.8 32.4 71.7 498 89.3 498 
Secondary Users          
AMERICAN KESTREL 24-42    both 40.9 40.7 38.5 144 55.2 114 
Barred Owl 45.5 84.4 47.6 52.9 49.1 96.1 26 26.9 26 
BARROW'S GOLDENEYE 26-38  both nd 48.2 72.0 41 59.5 42 
Boreal Owl    56.5 43.7 69.3 75 57.1 21 
Bufflehead 21-31  both 57.8 33.3 81.0 100 81.0 105 
COMMON GOLDENEYE 28-40  both nd nd 100.0 16 6.3 16 
Common Merganser b 38  stub nd nd     
European Starling 25   40.1 40.2 67.3 89 64.0 140 
Hooded Merganser    nd 42.7   50.0 8 
House Wren 17  both 42.0 27.6 58.6 219 71.6 451 
Mountain Bluebird 15.2-20    both 41.7 29.4 12.6 118 85.1 168 
NORTHERN PYGMY OWL  20  stub 54.0  58.3 12 100.0 7 
TREE SWALLOW   20  both 31.8 29.3 53.8 234 89.0 245 
VAUX'S SWIFTC    67.5 51.8 11.0 82 26.5 98 
VIOLET-GREEN SWALLOW   20  stub 97.2    100.0 34 
White-breasted Nuthatch 22.9  live 54.2 35.0 37.5 56 74.2 62 
Mammals          
AMERICAN MARTEN    72.8  0 906 28.9 906 
Big Brown Bat    56.9 39.2 68.0 94 38.0 94 
Little Brown Bat    49.5 40.6 60.0 55 36.4 55 
NORTHERN MYOTIS    65.0 47.1 48.9 182 62.6 182 
FISHER 54.7 100 0 98.4 76.2 28.2 30 43.1 48 
 

1  American Three-toed and Black-backed Woodpeckers seek conifers, but are included because they occur on the CWS 
list of candidate species for Bird Conservation Region 6.  
a Both indicates conifers and hardwoods were not distinguished in the sample.  b  In northeastern BC, the Common 
Merganser is most frequently ground-nesting in riparian areas. 
 
For birds, we found nest tree diameters from northeastern BC for all species but Boreal Owl, 
Hooded Merganser, Mountain Chickadee and Vaux’s Swift.  Percentages of dead and hardwood 
trees used as nest trees are from much larger samples including all forest types (Bunnell et al. 
2009d).  Within these larger samples, some species documented or likely to prefer hardwood-
leading and mixed wood types in northeastern BC show a preference for conifer nest trees.  
Lower proportions of hardwood use in more southern forests are particularly evident for Pileated 
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Woodpecker (where the largest contributing samples were from ponderosa pine and Douglas-fir 
forests) and Vaux’s Swift (where the largest sample was from upland conifer forest, primarily old 
Abies).  Nonetheless, even in the southern forest types where hardwoods are less common, 15 of 
the 25 bird species selected hardwood trees for >50% of their cavity sites.  Cavity nesting 
waterfowl are largely restricted to riparian areas throughout their range; the Vaux’s swift seeks 
riparian in the region because they are the only sites hosting trees (Populus balsamifera) large 
enough to support the large hollows sought by the swift.  Conifers attaining necessary diameters 
are rare in the boreal forest. 
 
Mean nest tree diameters were <28 cm dbh for 18 of 23 species for which there was data from 
northeastern BC.  Samples for northeastern species merit particular attention, because diameters 
used by species in non-boreal types were on average 1.93 times larger than trees used by the 
same species in boreal forests (Bunnell et al. 2009d).  The larger diameter is primarily a product 
of the tendency to use conifers more frequently in samples acquired from more southern inland 
and coastal forests, simply because hardwoods often are not as readily available there.   
 
Nest tree diameters provide important guidance in determining the age classes that are employed 
to assess coarse-filter consequences of forest planning and practices on cavity users (§7.1). 
 
Of the 7 cavity-nesting species ranking highly within the provincial Conservation Framework, 
Barrow’s and Common Goldeneye rank 1 within Goal 2; the others rank 2 within Goal 2.  Five 
cavity-using mammals occurring, or likely to occur on the TFL, are high priority.  Two of these 
(Northern Myotis and Fisher) rank 2(G3); the American Marten ranks 2(G2) but may not seek 
hardwoods (Table 6).  
 
4.3  Understory associates 
From published literature and field data, we estimated that 26 bird species potentially occurring 
within the DFA are strongly reliant on understory cover, commonly shrubs.  Seven of these breed 
primarily in non-forested habitat (four in grasslands and shrublands, and three in the subalpine 
and alpine).  Among species in older forests, several (e.g., Canada Warbler, Connecticut 
Warbler) are at the western edge of their range if present; there currently are no records of the 
Connecticut Warbler from the DFA.   
 
Table 7.  Habitat affinity of birds present in TFL 48 that are strongly dependent on shrub cover 
and show affinity for hardwood stands.  

 
Species 

 
N 

Habitat affinity Territory  
1st Choice 2nd Choice Avoid Size (ha) Trend a 

Bogs, wetlands & riparian      
Alder Flycatcher 429 50/15        NT 288/150     RD 14/83        C2 0.2-3.0 -4.1 
Common Yellowthroat  22 8/1            NT 3/1         MW2 3/8           RD 0.2-0.9 -1.5 
Lincoln’s Sparrow  384 90/13        NT 46/10          NV 130/75      C1 0.1-0.2 0.3 
YELLOW WARBLER R 359 59/12        NT 65/19         H2 23/70        C2 0.05-0.8 -4.2 
Yellow-bellied Flycatcher 102 8/3           NV 59/36          RD 7/20          C2 0.3-1.0 10.8 
Shrubs in/under forest      
CANADA WARBLER  28 13/1         H1 2/1              H2 1/10         RD 0.2-1.2 -2.5 
CONNECTICUT WARBLER 0 [H2] [MW2]  0.25-0.5 -4.6 
Dusky Flycatcher  24 5/1            NT 4/1           MW2 2/8            C1 0.7 [2.7] 
MacGillivray’s Warbler R 229 18/8          NT 18/13       MW2 3/11          H1 0.8-1.7 [-3.7] 
MOURNING WARBLER    115 20/6          H2 13/4            NT 10/22        C2 0.6-1.0 4.1 
Orange-crowned Warbler R  596 101/21      NT 246/208      RD 30/116      C2 0.2-0.7 -1.3 
RED-EYED VIREO 128 33/4          NT 26/7            H2 3/25          C2 0.9-3.7 -0.7 
SWAINSON'S THRUSH 3439 298/119    NT 293/196   MW2 838/1202 RD 0.9-2.1 -0.4 
Tennessee Warbler   747 97/26        NT 58/43       MW2 11/35        H1 NT 3.7 
White-throated Sparrow  1249 160/43      NT 134/66        H2 80/243      C2 0.2-3.0 1.3 
 
a  Trend in Boreal Taiga Plains BBS routes (1998-2008) as analyzed by CWS; %/yr; significant trends in bold (positive in 
green; negative in red); sample sizes usually are too small to yield significant estimates; [ ] trends for BC.  Significant 
preference; Significant avoidance (p < 0.05).  R = frequently riparian, 
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Of the 19 species occurring in forests, 15 show greater dependence on understory than 
overstory, and exhibit preferences for hardwood or mixed wood types (or avoid conifers).  Table 7 
summarizes the habitat affinities of these species within the DFA.  Habitat affinity was evaluated 
as for Table 1, using the same approach to selection ratios.  The distinction between shrubs and 
hardwoods is somewhat arbitrary because the foraging tactics of some species lead to a tradeoff 
between overstory hardwoods and understory shrubs.  Six understory associates showing affinity 
to hardwood or mixed wood stands rank highly within the provincial Conservation Framework.  
Connecticut Warbler ranks 2 in Goal 3; the remainder rank 2 in Goal 2. 
 
Excluding species largely restricted to grasslands and alpine shrublands, plus the single species 
for which we have <20 records, leaves 14 species or 28 first and second choices.   
 
 
Table 8.  Percent of documented preferences (out of 28) and avoidances (out of 14) for VRI-
based forest types by birds in TFL 48. 

 Vegetation type 
Response NT&NV MW2 H2 RD H1 C1 C2 
Preference 50 18 18 11 3 0 0 
Avoidance 0 0 0 21 14 14 51 

 
The vegetation types or classes of summary tables are those of the BC Land Cover Classification 
System (BC MoSRM 2002).  Of the apparent preferences (most are statistically significant), half 
are for NT and NV, which are not part of the commercial forest land base.  Preference for these 
types, particularly NT, reflects preference of many understory associates for brushy, often moister 
areas.  There are 10 documented preferences for older hardwoods and mixed woods (Table 8).  
Expressed avoidance is equally informative.  Of the 14 assessed instances of avoidance, 13 are 
statistically significant (p < 0.05), most avoiding conifer.   

 
Considering all understory associates, including those seeking conifer stands, several points 
pertinent to forestry practices and their evaluation are apparent.  First, the primary habitat choice 
of understory associates not largely limited to grasslands or subalpine is the forest itself rather 
than recently disturbed areas (RD, Table 8); most preferences for NT and NV reflect preference 
for wetter, open areas within forests.  Second, only one understory associate (Wilson’s Warbler) 
shows a statistically significant preference for conifers; the Song Sparrow occurs more often in 
conifer forests, but shows selection RD.  Third, younger, more densely stocked stands were 
sought less often (only once) than were older stands.  Evaluating avoidance illustrates the 
importance that older hardwood or mixed wood stands make to supporting understory associates:  
no species avoided older hardwoods or mixed wood, 9 avoided conifer, and 5 avoided recently 
disturbed areas (<30 years old).   
 
There are two major implications to coarse-filter assessment of shrub-associates in boreal 
forests: 1) assessment cannot be restricted to early-seral stages as is often assumed sufficient 
for shrub associates, 2) most mixed wood stands and older hardwood stands contribute 
significantly to sustaining shrub associates.  The common preference for moist, shrubby 
inclusions (NT, NV) represents preference for areas that are not in the commercial land base.  
The limited preference for, and more common avoidance of, RD (recently disturbed, <30 years) 
suggests one of two possibilities: 1) most of these species are not influenced by vegetation 
management in cutblocks even though they are understory associates, 2) vegetation 
management is sufficiently effective that appropriate habitat is largely eliminated by treatment.  
Off BBS routes, some species (e.g., MacGillivray’s Warbler, Orange-crowned Warbler, Yellow 
Warbler) often seek riparian areas, indicating potential influence by riparian practices.  
 
Assigning understory associates to the most informative class within the Species Accounting 
System is somewhat arbitrary because species show varying flexibility in habitat use.  Table 9 
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summarizes major natural history features of the species and the Group within the Species 
Accounting System to which the species is assigned.   
 
Table 9.  Nesting and foraging preferences of birds present in the DFA and associated strongly 
with abundant understory (bold = significant at p <0.05).  SAS =group assigned within the 
Species Accounting System (e.g., Bunnell et al. 2009b,c).  

 
Species 

 
Obs 

1st 
Choice 

 
SAS 

 
Nesting 

 
Foraging 

Bogs, wetlands & riparian    
Alder Flycatcher 429 NT 3u/2:NT,RD Shrubs HA & GL:  usually from 

air 
Common Yellowthroat 22 NT 3u,r,w Ground or low vegetation GL: ground & low 

vegetation  
Lincoln’s Sparrow 384 NT 3u/2:NT,R Ground in willow & dwarf 

birch 
GL: ground & low 
vegetation 

YELLOW WARBLER  359 NT 3u/NT,H2 Shrub, sapling GL: low in trees, shrubs 
Yellow-bellied 
Flycatcher 

102 RD 3u/RD,NV On or near ground under 
vegetation 

HA or ‘sally gleaning’ 
 

Shrubs under forest     
CANADA WARBLER 28 H1 3u/2:H1 On or near ground in dense 

vegetation 
GL:  shrubs & low tree 
branches  

CONNECTICUT WARBLER 0 [H2] 3u/2:H2, 
MW2 

Ground or shrubs PR: ground or low shrubs 
 

Dusky Flycatcher 24 NT 3u/2:MW1 Taller shrubs HA 
MacGillivray’s Warbler R 229 NT 3u/2:NT, 

MW2 
On or near ground in dense 
vegetation 

GL: ground or just above 
 

MOURNING WARBLER 115 H2 3u/2:H2  On or near ground in dense 
vegetation 

GL: shrubs and other 
vegetation  

Orange-crowned 
Warbler  

596 NT 3u/2:NT,RD  Ground under vegetation; 
shrubs 

GL:  usually shrubs 
 

RED-EYED VIREO 128 NT 3u/2:NT,H2 Taller shrubs, saplings GL,Pr, HA: canopy, 
shrubs   

SWAINSON’S THRUSH 3439 NT 3u/2:NT, 
MW2 

Understory shrub & sapling 
thickets 

GL: ground & low 
vegetation  

Tennessee Warbler 747 NT 3u/2:NT, 
MW2 

Ground, base of shrub or 
small tree 

GL: shrubs, small trees 
 

White-throated Sparrow 1249 NT 3u/2:NT, 
MW2 

On or near ground in dense 
vegetation 

GL: ground, low 
vegetation  

 
As expected of understory associates, most nest on or near the ground (Table 9), though a few 
(Red-eyed Vireo, Swainson’s Thrush, Yellow Warbler) also use taller, understory saplings.  
Foraging also is concentrated near the ground. 
 
Assignment within the Species Accounting System is based on the major breeding habitat.  With 
two exceptions, species breeding primarily in grasslands and alpine shrublands were assigned to 
Group 6 that represents those non-forested types.  Dusky Grouse often seek out sparsely treed 
subalpine meadows (2:NT), but in coniferous forest types.  The Sharp-tailed Grouse seeks very 
particular breeding habitat that can be located within several of the broad forest types evaluated 
here.  Specifically, it seeks openings dominated by relatively dense herbaceous cover and 
shrubs, but species of vegetation can vary greatly.  Generally, structural diversity of habitat, 
including stands of grasses, forbs and shrubs, provides high-quality nesting area.  Leks form the 
hub of breeding habitat and usually occur on elevated areas, but lower areas such as muskeg 
also are used.  During winter, Sharp-tailed Grouse typically seek hardwood stands, where they 
feed on buds; Dusky Grouse seek conifers where they feed on needles.  Canfor created 
guidelines for Sharp-tailed Grouse and other Group 4 species.  Group 4 species are those whose 
habitat is highly localized and often specialized.  Because of the localized nature of their habitat, it 
is not readily captured by coarse-filter measures such as VRI.  For this reason, Group 4 species 
generally are not monitored but managed by specific regulatory measures (e.g., WHAs) or 
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company guidelines that prescribe actions to be taken when the habitat is encountered.  Canfor 
has adopted specific guidelines for TFL 48. 
 
Several species exhibiting a significant preference for ‘NT’ within forests generally are associated 
with wetland, riparian or other moist areas.  The nature of BBS surveys means that they rarely 
sample wetland and riparian habitats directly.  Moist areas may represent only small inclusions 
within forests.  Dense shrubby growth generally is more common in moist areas, but species will 
use it where it occurs on upland sites.  For example, species such as the Common Yellowthroat 
and Lincoln’s Sparrow use upland types provided there is dense undergrowth; likewise, Yellow 
Warblers occur in upland hardwood types, provided shrubby thickets are available.  The 
boundary between species grouped under ‘bogs, wetlands and riparian’ and those grouped under 
‘shrubs under canopy’ in Tables 7 and 9 is not firm.  What is clear is that all of the understory 
associates linked to wetter habitat are strongly associated with shrubby vegetation, often dense 
thickets.  Their appearance in more upland types is consistently associated with patches or 
thickets of dense shrubs, willows or stunted trees. 
 
The frequent statistical association with habitat type NT (Table 8) is helpful in guiding 
management practices, but less so in coarse filter assessment because attributes of the type are 
not consistently represented within VRI.  As a result, NT is less readily tracked than types such as 
MW2 or H2. Many understory associates, however, can be monitored by broad forest types 
provided practices do not deplete understory vegetation.  Within the species accounting system, 
these species are typically represented ‘3u/forest type’; e.g., Red-eyed Vireo 3u/2:NT,H2; and 
Mourning Warbler 3u/2:H2 (Table 9).  Provided shrubs are present, amounts of favourable habitat 
can be tracked by the forest type designated in Tables 7 and 9.  For example, Canada Warbler is 
designated 3u/2:H1 in Table 9.  Aspen was the dominant species in 99% of sites occupied by 
Canada Warbler throughout northeastern BC, but the species was present only when a well-
developed shrub layer also was present (Campbell et al. 2007).   Red-eyed Vireos show a similar 
response.  Knowing dominant forest type for a rare species – like primarily aspen with few 
conifers for Canada Warbler – permits targeted sampling, but does not mean the species will be 
present.  For this reason, during evaluation, even species largely restricted to a particular forest 
type in Table 7 are initially accounted for within Group 3 (understory) rather than in Group 2 
(habitat type) during monitoring or other assessment.  The intent is threefold: 1) to acknowledge 
species that will be impacted if understory is depleted, 2) to ensure that evaluation of practices 
affecting understory are undertaken, and 3) to indicate where any species-specific monitoring 
should include understory. Provided forest practices have no enduring effect on understory 
vegetation, many understory associates can be monitored by forest type.  
 
Associations with specific groups of the Species Accounting System usually are not sharply 
defined.  Species such as Dusky Flycatcher, Red-eyed Vireo and Swainson’s Thrush seek out 
taller shrubs with a canopy above them.  For this reason, their primary choices typically include 
more patchy older stands (e.g., H2, MW2).  Under-sampling of riparian areas is evident.  Had 
riparian been adequately sampled, more observations would be obtained for some species and 
their statistical association with habitat would be 2:R (riparian).  Species such as the Orange-
crowned Warbler and MacGillivray’s Warbler require shrubby cover but use a variety of forest 
types.  Within the sampling, they are common in recently disturbed areas.  These two species 
would likely exhibit strong associations with riparian areas if those were adequately sampled.  
There is a gradient.  The Rose-breasted Grosbeak is strongly associated with tall shrubs, but 
nests up to 6 m, so is accounted for by hardwood and mixed wood forest types.  The Ovenbird 
nests on the ground, often under vegetation, but is strongly associated with mixed wood and 
hardwood forests, so also is accounted for directly by forest type.  The Dark-eyed Junco seeks 
cover under vegetation but is able to find that in many habitat types and is treated as a habitat 
generalist. 
 
4.4  Other groups 
The Species Accounting system recognizes more groups than those discussed above (Table 10).  
These include: 
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Group 1 – generalists, species that inhabit many habitat types (several respond positively to  
 forest practices); 
Group 2:C – species strongly associated with conifer-leading stand types. 
Group 3dw, and 3r,w – species with strong dependencies on specific habitat elements (in this 
case down wood, and riparian plus wetlands), so can be useful in effectiveness monitoring; 
Group 4 – species restricted to specialized and highly localized habitats; and 
Group 5 – species for which patch size and connectivity are considered important.  
Group 6 – species known or expected to occur in the area, but that are not dependent upon  
 forested environments.  
 
Table 10.   Habitat affinity for high- priority bird species not associated strongly with hardwoods 
and occurring within the DFA by Group within the Species Accounting System. 

 Cons  Cons 
Species Prioa Species Prioa 

Habitat Generalist  1  Riparian/Wetland  3r,w  
BLACK-THROATED GREEN  2(G2) Baltimore Oriole   6 
CAPE MAY WARBLER 2(G3) Bohemian Waxwing  6 
RUFOUS HUMMINGBIRD 2(G2) Nelson’s Sharp-tailed Sparrow 4 
VESPER SPARROW 2(G2) Group 4 - Localized  
WESTERN WOOD-PEWEE 2(G2) Le Conte’s Sparrow 4 
Conifer-leading   2:C  PEREGRINE FALCON  (RO)  2(3) 
DUSKY GROUSE 2(G2) Group 5  Distribution  
Great Gray Owl 4 Northern Goshawk 3 
Northern Hawk Owl  5 Group 6  Non-forested  
OLIVE-SIDED FLYCATCHER 2(G2) Eastern Phoebe  (Agr) c 4 
Sharp-shinned Hawk 6 Northern Harrier   (GR) c 6 
Cavity nesters 3C/2:C  SHORT-EARED OWL (GR) c 2(G2) 
Am Three-toed Woodpecker 6 Clay-colored Sparrow (SH) c 4 
Black-backed Woodpecker 6 Northern Shrike (WO) c 4 
 

a Conservation Priority under the provincial system (1 = highest; 6 = lowest).  Number in brackets indicates the highest 
ranked Goal (see text, p. 4).    
b Current Environment Canada designation: Agr = agricultural, GR = grassland, RO = rock (cliff in Species Accounting 
System), SH = shrub, WO = woodland (shrubland in Species Accounting System). 
 
4.5  Summary 
Review of bird associations with hardwoods indicates that amounts and age are informative 
metrics.  Among all hardwood associates, including those seeking cavity sites and shrubs under 
canopy, there were 37 statistically significant preferences.  Of these, 49% were for older 
hardwood-leading or mixed wood types and 35% for NT (84% in total).  The remaining 16% were 
for recently disturbed, young hardwoods or NV (<5% tree cover).  Of the 27 statistically significant 
avoidances, 78% were of conifer; much of the remainder was avoidance of recently disturbed.  
The lower boundary for older hardwood types was determined by consideration of the nest trees 
sought by cavity users (Table 6; see §7.1).  Data reveal that the distinction derived for cavity 
nesters is informative for other hardwood associates as well (Tables 1 and 7).  
 
 
5  Natural levels of forest types in TFL 48 
Most of the species that occur in the TFL and are strongly associated with hardwoods seek older 
hardwoods (review above).  Those associated with conifer-leading stands show a similar 
tendency.  Within its SFMP (Sustainable Forest Management Plan) for TFL 48, Canfor specifies 
late seral targets derived from review of natural disturbance regimes (Delong 2002, 2007) and 
commits to sustaining forest composition similar to that derived from natural baseline information.  
Targets for forest type composition are based on the proportion of these types found in the 
landscape at the time of writing of the SFMP (2004).  Targets as percent of the DFA area are: 
conifer-leading – 75 to 85%, deciduous-leading – 9 to 15%, conifer-leading mixed wood – 4 to 
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6%, deciduous-leading mixed wood – 2 to 4%.  These data provide the best estimate of natural 
levels of forest types within the DFA and indicate that the area is primarily conifer.  Recall that 
stands labeled ‘conifer’ can have up to 25% inclusions of hardwoods and vice versa. 
 
 
6   Forest practices and incidental take  – the example of hardwoods 
The example of hardwoods is illustrated because so many species in boreal forests are 
associated with hardwoods and the analyses are more complete than they would be for conifers, 
connecting more frequently with other significant stand attributes.  For example, only two high 
priority understory associates are associated with conifer-leading stands, and then only weakly.  
In most instances, equivalent analyses for conifer associates can be undertaken simply by 
substituting conifers for hardwoods or mixed woods in examples following. 
 
Incidental take for any SAS group is guided by the impacts forest planning and practice have on 
the most consequential habitat attributes for that group.  Practices that can have a deleterious 
effect on amounts and kinds of hardwoods within the DFA are those that: 
 

1) reduce the amount of older age classes of hardwood or mixed wood types, 
2) reduce the proportion of hardwoods in mixed wood types below levels at which high 

species richness is sustained, 
3) reduce the amount of hardwoods through vegetation management, 
4) convert significant amounts of hardwood or mixed wood types to conifer-leading types, 

and 
5) inadequately protect riparian areas that are predominantly hardwoods. 

 
The ways in which each of these effects can be influenced by forest practices and key measures 
of the potential impact are briefly reviewed before assessing current practices.  
 
6.1   Reduction of amounts of older age classes of forest types 
Species showing an affinity for hardwood or mixed wood types most often sought the oldest age 
class (>90 years; e.g., Tables 1 and 2).  That also is true of cavity users showing a preference for 
hardwoods (Table 5) and understory associates seeking shrubs under canopy (Table 7).  There 
are three potentially useful descriptors for assessing the amounts of older age classes of any 
particular forest type: 1) total and reserved area of the type, 2) age distribution within the type as 
an index of sustained provision, and 3) patch size distribution (particularly of older age classes 
where these are relatively uncommon).  The latter two are potential modifiers of the suitability of 
the total area of hardwoods or mixed woods.  Appropriate total area of forest types can be 
indexed only by current natural levels that likely are shifting with climate change.  Older age 
classes are a key feature of hardwoods because they provide cavity sites necessary for about 20 
cavity users and patchy, more open canopy that encourages understory and shrub associates.   
In some forest types, organisms avoid forest edge and use only larger patches.  That tendency is 
not pronounced in birds preferring hardwood or mixed wood types, likely because these types are 
naturally patchy.   
 
i) What is older? 
In the SFMP, late seral is defined as greater than 100 years for deciduous-leading stands 
(compared to greater than 140 years old for conifer-leading stands).  Hardwood trees are typically 
shorter lived than conifer trees, and when hardwood stands are left undisturbed for long periods 
they either die and cycle back to a similar species composition or convert to conifer-leading 
stands.  The length of period is unknown.  In Alberta, Stelfox and co-workers described forest 
structure and composition of plant and animal communities in young (20–30 years), mature (50–
65 years) and old (120+years) aspen mixed wood stands of fire origin (Stelfox 1995).  Hardwood 
stands greater than 120 years old were structurally distinct from young and mature (50-65 year-
old) stands.  The older stands contained fewer stems, larger diameter trees and higher levels of 
coarse woody debris.  There is, however, a large gap between 65 and 120 years and a biological 
lower limit to ‘old’ stands is unclear.  The species requiring the largest trees are cavity users, and 
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diameter versus age curves indicate that 90 years is an appropriate lower boundary for old 
hardwood and mixed wood types within the DFA (§7.1 and Bunnell et al. 2009d).  That is 
expected given that aspen stands begin to break up at about 100 years of age or soon after.  
 
ii)  Age distribution 
Age distribution is revealing of potential future problems in sustained provision of all decay stages 
and older age classes.  Any gaps in the existing distribution foretell potential problems.  Similarly, 
some practices have the potential to create gaps in the distribution of age or decay classes (e.g., 
intensive utilization of downed wood).  
 
iii)  Patch size   
The SFMP currently specifies patch size targets by Natural Disturbance Units (NDUs).  
Establishing targets by NDUs is an improvement over using Natural Disturbance Types (NTDs), 
but has limitations.  These include: 1) some species show strong affinities for specific BEC units, 
but the more broadly defined NDUs encompass several BEC units, 2) climate change 
undoubtedly has already shifted boundaries of NDUs, whereas distribution of plant species 
defining BEC units will shift more slowly (although some birds already have changed relative 
abundance within BEC units in response to climate change; e.g., Bunnell et al. 2009g),  3) NDUs 
are so large relative to the TFL that they can become misleading as targets (e.g., the proportion 
of each NDU within the TFL varies from <1% to 43%),  4) established relationships to forest type 
or BEC apply to the TFL and can in some instances be generalized to other areas of the 
province, whereas relationships derived for NDUs are ‘fuzzier’ and more difficult to generalize to 
other tenures.  Moreover, it is unclear what data can be used to estimate ecologically appropriate 
patch size targets. 
 
Potential effects of patch size on the quality of deciduous forest habitats are not well documented.  
As for conifer forests, edge effects likely benefit some species and negatively affect others.  
Certainly stand structures vary around edges, where there may be more blowdown, more 
radiation and lower humidity.  In terms of responses of organisms to patch size of hardwood 
forest, none of the species listed in Tables 1, 5 and 7 are reported to avoid edges, and many, in 
fact, prefer edges.  Work elsewhere addressing epiphytic species with affinities for hardwoods 
has included species present in North America and found few strong negative edge effects (e.g., 
Coote et al. 2008; Dettki et al. 2002; Löbel et al. 2006; Pharo and Zartmann 2007), though there 
are exceptions (Belinchón et al. 2007).  Given our incomplete knowledge, it is prudent to have 
some deciduous stands, particularly older stands, with forest interior conditions.  There is no 
unequivocal way to develop credible targets for patch size distribution from available data.  What 
we know about patch size is that a range of patches is desirable.   
 
The most useful broad measure for assessing the contribution of hardwoods to sustaining 
biodiversity is total area of hardwood-leading and mixed wood types in age classes >90 years 
old.  Patterns of age class distribution can foretell potential problems resulting from gaps in the 
age distribution (thus decay stage).  Trends in patch size distribution (e.g., towards smaller 
average patch size) also may foretell problems, but categories of patch size are necessarily 
arbitrary (see p. 23). 
 
6.2  Reduction of the proportion of hardwoods in mixed wood types below the level at 
which the mixed wood contribution to species richness is sustained  
Because some species prefer hardwoods and others conifers, mixed wood stands are expected 
and appear to contribute disproportionately to species richness (Bunnell et al. 2002a; Hobson and 
Bayne 2000).  Concern has been expressed about ‘unmixing’ the mixed wood and losing that 
contribution to sustaining biodiversity (Cumming et al. 1994; Enoksson et al. 1995; Hobson and 
Bayne 2000).   It is a concern primarily where mixed wood types are common, as in the boreal, 
sub-boreal and southern interior, but small inclusions of hardwoods increase species richness in 
coastal forests as well (Huff and Raley 1991).  Potential consequences cannot be evaluated 
without an ecologically-based definition of the boundaries of conifer and hardwood that confer the 
apparent ‘mixed wood benefit’.  
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Currently, the principles in Canfor’s SFMP include providing for stand composition and stand 
structure that emulate natural baseline information.  As noted, most forest cover in the TFL is 
conifer and naturally derived targets for mixed wood types are low:  mixed-coniferous is 4 to 6%, 
mixed-deciduous is 2 to 4%.   
 
Coniferous and mixed-coniferous types contribute to the coniferous timber harvesting land base 
(THLB); deciduous and mixed-deciduous types contribute to the deciduous timber harvesting land 
base.  On TFL 48, Canfor`s SFMP identifies a strategy for mixed wood stands that attempts to 
blend them into the harvest profile.  Mixed stands, although composed of different species, tend 
to be even-aged as a result of forest succession following disturbance.  In coniferous-leading 
mixed stands, the conifers may not have reached harvesting age when hardwoods or deciduous 
trees already are in decline.  It is not the intention to consistently regenerate an area back to the 
same species composition as was harvested.  Instead, over the broader landscape and through 
time, the distribution of forest types will be maintained within the baseline target range for each 
broad forest type (Natural levels, §5 above).  Management does not plan for mid-rotation 
hardwood entries, but anticipates waiting until conifers are large enough to form a saw log.6

 

  The 
management intent is to regenerate these sites back to a similar species composition when 
tracked at the landscape level.  The current SFMP suggests biological constraints must also be 
considered within a mixed wood management strategy (but does not elaborate on those 
constraints). 

Similarly, the SFMP suggests that minor components of commercial hardwood species that occur 
in coniferous stands will be managed over the total land base to achieve a variety of landscape- 
level objectives (but does not expand on what the objectives and impacts on hardwood might be).   
If the proportion of each type over the entire DFA remains similar to baselines, the various 
treatments of hardwoods should result in hardwoods of a variety of age classes over the 
landscape.  Management regimes will range from maintaining mature hardwood stems on site 
(thus contributing to non-timber resource values) to removing all hardwood volume where 
resource values will not be compromised and economic conditions permit.  Hardwoods harvested 
incidentally from conifer-leading stands contribute to the conifer AAC and are accounted for 
accordingly.  Hardwood species in predominantly mature conifer stands are likely old and making 
their greatest contribution to sustaining biodiversity.   
 
Although first principles suggest that current practices will maintain varying forms of hardwood 
cover, lack of clarity about the ecological contributions of mixed wood remains.  It is possible that 
quite small amounts of either hardwoods or conifers make a significant contribution to maintaining 
vertebrate species richness within mixed wood types, as is true for bryophytes and lichens 
(Bunnell et al. 2009e).  Consequences of forestry practices on mixed wood would be better 
evaluated with an ecologically-based appraisal of suitable proportions of hardwood and conifer in 
mixed stands to confer the apparent increase in species richness.   
 
Currently, there is no simple measure of amounts of either conifers or hardwoods in mixed wood 
that confer benefits to biodiversity.  Boundaries used in the current approach (Table of 
descriptors, §2) may not encompass the entire range of suitable mixed wood.  Analyses working 
towards an ecologically- credible definition have been initiated in the Fort St John TSA (Preston 
2008a, 2009a). 
 
6.3  Reduction of amount of hardwoods through vegetation management 
Vegetation management to permit establishment of crop trees can deliberately or inadvertently 
reduce the number of future hardwood trees.  Vegetation targeted during vegetation management 
is diverse and includes grasses, herbs, shrubs and young hardwood trees.  During vegetation 
management, hardwood species are reduced, but frequently only temporarily.    
 

                                                 
6   Note this policy helps to ensure the presence of older hardwood trees in mixed stands. 
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Questions helpful in assessing the long-term consequences of vegetation management on 
sustained provision of hardwoods and associated biodiversity include: 

• What area is treated by vegetation management annually to control hardwoods? 
• How quickly do hardwood tree species (including willow) recover following vegetation 

management?  
• What proportion, if any, of hardwood species is ‘permanently’ removed by vegetation 

management? 
 
Note that the first two questions can be simply rephrased (omitting hardwoods) to address 
consequences on understory more generally.  The latter question can be addressed only through 
long-term study.  Addressing the first two questions can estimate the short-term reduction in 
hardwood cover below amounts that would follow harvest without subsequent vegetation 
management.  Much of this reduction is likely temporary and relevant only if amounts of 
hardwood and mixed types appear limiting.  Given that duration of treatment effects plays an 
important role, the simplest measure is how quickly and to what degree hardwood vegetation 
recovers after vegetation management.  That question also is under study (Preston 2008b, 
2009b).  The approach for addressing understory associates generally is described by Bunnell et 
al. (2009f).  
 
6.4  Conversion of hardwood or mixed wood types to conifer-leading types 
Like 6.2 and 6.3 above, this issue reflects concern about the relative mix of hardwood and 
coniferous species.  Within the SFMP, it is governed by the same principles noted under concern 
about ‘unmixing’ the mixed wood.  It is noted separately because local conditions (e.g., milling 
opportunities) in some instances are much more likely to favour conversion to conifer-leading 
than to hardwood-leading stands.  The OSB mill in Fort St John will mitigate this potential.  
Vegetation management (§6.3 above) is most likely to reduce amounts of hardwoods in small, 
localized areas for short periods; that is, temporarily.  Other practices (e.g., planting, selective 
harvesting) together with vegetation management can convert hardwood or mixed wood types to 
conifer-leading types on a permanent basis.  As noted in §6.2 above, conversion to conifer-
leading may be deliberately planned for some sites, but the intent is maintain the mix of forest 
types across the DFA that existed at the time of writing the plan.  
 
The simplest measure of potential impact is trend in the relative areas of conifer-leading, 
hardwood-leading and mixed wood forest types.  However, ecological consequences of 
increasing the proportion of conifers in stands are difficult to evaluate without a better 
understanding of the proportions of deciduous or coniferous trees that confer the mixed wood 
advantage to biodiversity. 
 
6.5   Retention of riparian and associated hardwoods 
Hardwoods are abundant in riparian areas of the DFA.  Some of these hardwood species are 
non-commercial (e.g., willows, old poplar), but still make significant contributions to biodiversity.  
In some instances there is pressure to convert riparian areas to conifers because: 1) conifers 
often are more valuable species, 2) some down wood in streams is beneficial and conifer wood 
lasts longer.  To assess the impacts of forest practices on hardwoods within riparian areas, the 
simplest set of questions is: 
 

• To what degree are riparian areas protected? 
• Can hardwood elements in riparian areas be mapped and monitored? 
• Do practices in the Riparian Management Zone (RMZ) sustain hardwoods?    

 
For some non-vertebrates susceptible to microclimate (e.g., bryophytes; Hylander et al. 2005) 
actual buffer width is important.  For vertebrates, buffer width is important primarily as it 
influences amount of habitat, probability of disturbance and the integrity of the wetland or stream.  
Birds strongly associated with riparian areas show little edge effect, making buffer width a simple 
determinant of amount of habitat.  Cavity-nesting species are an exception; a single appropriate 
tree may be sufficient.  Canfor’s SFMP follows regulatory widths for Riparian Reserves and RMZs 
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by appropriate stream, lake or wetland classification within cut blocks (Table 16).  Likely these 
levels of protection will maintain a significant proportion of hardwoods around buffered streams, 
but the questions noted should be addressed.  Moreover, little protection is offered to wetlands. 
 
 
7  Probable future status of hardwood types 
The probable future status of hardwood types is assessed for each of the potential impacts noted.  
For species associated with conifer types, conifers can be substituted for hardwoods in analyses 
following. 
 
7.1   Amounts of older forest   
In its current SFMP, Canfor set specific targets for late seral forest (>100 years) by BEC and 
Natural Disturbance Unit NDU combination (DeLong 2002; Table 11).  These targets are based 
on guidance from Delong who suggested that 10 to 15% of deciduous-dominated landscapes be 
maintained in stands greater than 100 years old (C. Delong pers. comm.). 
 
Table 11.  Current late seral forest targets for TFL 48 by Natural Disturbance Units (NDUs) and 
associated BEC variants.  Within the TFL, bold variants occupy the most area and are 
considered the dominant representatives.  N/a indicates that the variant occupies too little area in 
the NDU to merit a target there. 

 
 
NDU  

 
Late seral 

target 

 
 

Associated BEC variants 

Late Seral 
Target by NDU 
by BEC Variant 

    
Boreal plains deciduous 10% BWBSmw1, BWBSwk1,ESSFmv2, 

SBS wk2 
10% 

Boreal foothills valley 
deciduous 

10% BWBS mw1, BWBS wk1, BWBS wk2 
SBS wk2 

10% 

Boreal foothills valley 
conifer 

23% BWBS mw1, BWBS wk1, BWBS wk2, 
SBS wk2 

7% 

Boreal plains conifer 17% BWBSmw1, BWBSwk1, 
(BWBSwk2,ESSFmv2) 

5% (N/a for the 
SBSwk2) 

Boreal foothills 
mountain 

33% ESSFmv2,ESSFmv4 (ESSFwk2, 
ESSFwc3) 

10% 

Omineca valley 23% BWBSmw1, SBSwk2 7% (N/a for the 
BWBSmw1) 

Omineca mountain 58% ESSFmv2 17% 
Wet mountain 84% SBSwk2, ESSFwk2, ESSFwc3, 

ESSFmv2 
25% 

 
An initial step is to seek evidence of a biologically meaningful boundary.  Stand age is most 
clearly important for the cavity users because of the role that decay and size play in cavity-tree 
selection.  The data summarized within Stelfox (1995) are little help in establishing a biologically 
meaningful lower boundary for late seral, because there is a large gap between stands 50 to 65 
years old and 120+ years old.  In forests of northeastern BC, only hardwoods and the rare large 
conifer attain the largest diameters listed in Table 6; only hardwoods are a reliable source of 
larger cavity sites.  Aspen and poplar stands attain a quadratic mean diameter of about 30 cm 
dbh at age class 6, or 101-120 years of age (Bunnell et al. 2009d: Figure 5).  The quadratic mean 
diameter reflects the major cohort in the stand; some trees with be larger and some smaller.  In 
most areas, median diameters of nest sites selected are less than the mean, because the few 
very large trees that are selected raise the mean above the median (Bunnell et al. 2002b).  
Current evaluation of age suitable for cavity-nesting species indicates that >90 years is an 
adequate lower threshold for older age classes for species using hardwoods (assuming large, old 
hardwoods in riparian areas are not harvested).   
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Trees in the non-harvestable land base (NHLB) are allowed to die a natural death.  The current 
area of forest currently reserved from harvest (NHLB) for various reasons is summarized in Table 
12.  The summary tables preceding do not make a distinction between conifer- and hardwood- 
leading mixed wood.  Mixed wood is sufficiently uncommon in the DFA that when we tested 
whether the distinction was apparent in habitat selection, sample sizes were too small to reveal 
significant differences and mixed wood was subsequently treated as a single class.  
 
Table 12.  Areas of recently disturbed, hardwood-leading, mixed wood and conifer-leading habitat 
types within TFL 48 (ha) as of 2004.  Amounts in the THLB and NHLB are presented separately.  

 THLB Age (yrs) NHLB Age (yrs) 
Habitat Type 0-30 31 to 90   >90 >90 All ages 
Recently disturbed 42464 NA NA NA NA 
Conifer leading NA 157456 1010721 475131 152400 
Hardwood leading NA 18495 16745 11148 25325 
Mixed wood NA 10012 16445 9832 17429 

1 Age class for conifers is >140 years.  
 
Most of the TFL is conifer.  Currently about 25,000 ha of hardwood-leading stands and 17,500 ha 
of mixed wood stands occur in the NHLB and are excluded from harvest (Table 12).  That 
represents 41.8% and 39.7%, respectively, of all hardwood-leading and mixed wood forest in the 
TFL.  Within the NHLB, proportions older than 90 years are 44.0% and 56.4%, respectively.  
Values of Table 12 indicate that relatively small amounts of hardwoods occur naturally within the 
DFA and that much of this is within the NHLB, effectively reserved from harvest.  
 
Harvesting activities will not alter the proportion of hardwood types within the NHLB, but natural 
succession may.  Harvest will modify the age distribution within the timber harvesting land base 
(THLB).  Projected values at the end of the current 20-year plan are summarized in Table 13.   
 
In Table 13, the variants are ordered (top to bottom) in order of decreasing amounts of recent 
disturbance (RD, <31 years old).  The index of disturbance is the amount of disturbed area by 
BEC variant as of 2004.  Assuming the 20-year plan was followed, and without incorporating 
natural disturbance, amounts of old forest are projected to increase except for mixed wood in the 
THLB.  
 
Table 13.  Current and projected areas (ha) of older forest (>90 years) for hardwoods and mixed 
wood in the THLB and NHLB.  Projection is based on the 20-year plan for TFL 48. 

 
 

THLB NHLB 
Hardwood > 90 Mixed wood > 90 Hardwood > 90 Mixed wood > 90 

Variant 2004 +20 yrs 2004 +20 yrs 2004 +20 yrs 2004 + 20 yrs 
BWBSmw1 12884 16753 10721 7290 8568 12749 5379 6502 
SBSwk2 745 1080 3171 3259 1205 2140 2708 4135 
ESSFmv2 0 62 397 517 181 396 577 1031 
ESSFwk2 0 10 152 183 60 170 260 577 
BWBSwk1 719 1261 1286 1186 497 1096 599 990 
         
Total 14349 19165 15727 12435 10510 16551 9525 13235 
% change  33.6%  -20.9%  57.5%  39.0% 

 
Proportions of older age classes of hardwood and mixed wood within the THLB after 20 years are 
summarized by major variant in Table 14.   Age classes <31 are not included because we do not 
assign them a forest type until after age 30, when species composition is clear.  Table 14 reveals 
that the most troubling areas are mixed wood types in the BWBSmw1 and BWBSwk1. 
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Given the number of events that influence harvest schedules, a 20-year projection is unlikely to 
be correct, particularly with regard to individual cut block boundaries.  Moreover, there are two 
troubling issues.  The first is our inability to project impacts of fire, especially given that the trend 
in area burned in boreal forests is increasing (Flannigan et al. 2005; Stocks et al. 1998; Xiao & 
Zhuang 2007).  Values of Table 13 suggest no decline in amounts of older forest due to 
harvesting across the entire tenure, but indicate a 21% reduction in old mixed wood forest over 
the next 20 years within the THLB, primarily within the BWBSmw1 (Tables 13 and 14).  Overall, 
that reduction is more than made up for by ingrowth into older age classes in the NHLB (Table 
13), but that ingrowth is uncorrected for natural disturbance and sites in the NHLB are likely to be 
less productive.  The second issue is that we did not type stands until >30 years on recently 
harvested areas; specifically, it is unclear whether pre-harvest hardwood and mixed wood stands 
remain hardwood or mixed wood.  Table 13 shows reductions over 20 years, but these may well 
have returned to hardwoods or mixed wood after 30 years. thereby reducing the apparent 
downfall.  The latter issue illustrates the utility of age class distribution within types for revealing 
potential future gaps in desired age classes.  Given the value of hardwood and especially mixed 
wood stands in sustaining biodiversity, it suggests the potential trend merits priority in near-term 
monitoring.   
 
Table 14.  Current area, area harvested over the 20-year plan and the projected proportion of 
older hardwood and mixed wood stands after 20 years (compared to area in 2004) by major 
variant.  

 THLB 
Hardwood > 90 Mixed wood > 90 

 
Variant 

2004  
(ha) 

Harvested 
(ha) 

New 
Proportion1 

2004  
(ha) 

Harvested 
(ha) 

New 
Proportion 

BWBSmw1 12884 2841 1.31 10721 4826 0.68 
SBSwk2 745 300 1.45 3171 1084 1.03 
ESSFmv2 0 0 >1.00 397 122 1.30 
ESSFwk2 0 0 >1.00 152 16 1.20 
BWBSwk1 719 118 1.59 1286 495 0.92 

  

1 Projected area of old hardwood in 2024 relative to area in 2004. 
    
Older forest stands have frequently proven limiting elsewhere, particularly for non-vertebrates 
(Ehnström 2001; Eriksson 2000; Kaila et al. 1997; Kirby and Drake 1993; Martikainen et al. 1999; 
Ranius and Jansson 2000; Sippola 1999; Väisänen et al. 1993).  However, all age classes must 
be present to sustain the entire range of decay states.  Figure 1 illustrates the current and 
projected areas of different age distributions of hardwood and mixed wood types.  
 
‘Current’ age distribution is based on the age distribution at the time of creation of the SFMP – 
2004.  Projected age distribution is based on the 20-year plan that is spatially explicit and 
specifies harvest at four 5-year intervals.  The projection is simple and invokes no natural 
succession or natural disturbance.  Projecting natural disturbance has become increasingly 
difficult because climate change already has increased the area burned in boreal forests 
(Flannigan et al. 2005; Stocks et al. 1998; Xiao & Zhuang 2007).    
 
The lack of natural disturbance means that the projected total area in ages >30 years is 
somewhat overestimated because some will have burned.  The lack of natural succession means 
that projected areas of the two oldest age classes of hardwoods and, to a lesser extent, mixed 
wood, also are overestimated.  Aspen stands older than 120 years are breaking up to be replaced 
by younger stands (Stelfox et al. 1995).  Despite these limitations, when the entire tenure is 
considered, two points are apparent in Figure 1: 1) there are no major gaps in existing age 
structure that would prohibit sustaining all age and decay classes, 2) suitable amounts in age 
classes of hardwoods and mixed wood >90 years are likely to decline because accumulation of 
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hardwoods in age class 120+ years is unrealistic (see also Table 14).  Mixed wood >120 years 
may become increasingly dominated by conifers.   
 
                                2004                                                               2024 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.  Current (2004) and projected (2024) age distribution of the hardwood-leading and 
mixed wood forest types in TFL 48.  

 
Total area and the distribution of age classes are the most informative measures of late seral 
hardwoods and mixed woods.  Negative edge effects (patch size effects) are reported more 
commonly from conifer than from hardwood forest.  The common structure of hardwood types 
makes negative edge effects unlikely, but prudence suggests retaining some larger patches.  
Forest practices create patches in three broad ways: 1) by reserving forest in different sized 
blocks or patches within the NHLB, 2) by creating future patch sizes through cut blocks in the 
THLB (thereby also altering the size of pre-harvest patches), and 3) by 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 hardwoods, the latter through various 
forms of retention.  Forest practices likely are not the greatest influence on patch size.  Fire often 
influences more area annually than does harvest and creates an unpredictable array of patches 
as it skips across a landscape.   
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Figure 2.  Changes in total areas of patches of different sizes for old hardwood and mixed wood 
types within the NHLB on TFL 48.    Current (blue) are values in 2004; projected values (red) are 
derived by projecting the 20-year plan. 

Assuming a tree height of 30 m and a no-work zone of 1.5 times tree height, the smallest patch 
sustaining a single tree is about 0.16 ha.  We suggest that the lowest boundary for effective 
patches should be set at 0.25 ha,7

 

 until further evaluated.  No patches less than 0.25 were tallied 
(in most instances these will be GIS ‘slivers’).  The smallest patch size (0.25-2 ha) appears 
capable of ‘life-boating’ many small forest-dwelling species among bryophytes, lichens and 
invertebrates, although bryophytes and lichens in small patches or on single trees after harvest 
are less robust than when within larger patches (e.g., Hazell and Gustafsson 1999; Lõhmus et al. 
2006).  Bryophytes, particularly liverworts, generally suffer more in small patches (e.g., Gignac 
and Dale 2005; Lõhmus et al. 2006; Nelson and Halpern 2005).  Small patches benefit some 
more widely ranging species as well.  A patch size class of 2-10 ha encompasses home range or 
territory size of many forest-dwelling species (e.g., Tables 1 and 7); 10 to 40 ha reflects a 
common regulatory constraint restricting size of cut blocks 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.  Patch sizes within the NHLB in 2004 and as projected 
under the 20-year plan are summarized in Figure 2.  Over the 20-year projection, there is a 
tendency for the modal patch size of older hardwoods and mixed wood within the NHLB to 
increase.  That, however, is without correction for natural disturbance.   

Within the THLB, patch sizes of older mixed wood tend to decrease (Figure 3).  The decrease 
occurs primarily within the BWBSmw1 variant.  The decrease may be temporary, but merits 
monitoring.  Younger age classes, including areas that are likely to become hardwood or mixed 
wood after regeneration, are not included in Figure 3.   
 
Analyses summarized in Table 13 and Figures 2 and 3 suggest that current planning and practice 
are doing an adequate job of maintaining hardwood stands, and thus their associates.  The trend 
in amounts of older mixed wood within the THLB, however, may be negative and merits 
continued monitoring.  Currently, it appears balanced by increases in amounts of older mixed 
wood within the NHLB.  Part of that increase is illusory because it assumes that mixed woods 
older than 120 years retain their quality and that is uncertain.  Both the non-harvestable land base 
                                                 
7  This value is consistent with BC MoWLP (2005) for the Omineca Region, based on reasoned estimates from coastal research. 
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Figure 3.  Changes in total areas of patches of different sizes for old hardwood and mixed wood 
types within the THLB on TFL 48 (BWBSmw1 variant).  Current (blue) are values in 2004; values 
in red are derived by projecting the 20-year plan. 

(NHLB) and timber harvesting land base (THLB) can contribute to sustaining older hardwoods; 
the latter through various forms of retention.  Should the trend in declining amounts and patch 
sizes of older mixed wood prove real, retention could be targeted to mixed wood ‘anchor points’ 
where possible.  
 
7.2   Maintenance of hardwood-leading and mixed wood types 
We noted ways in which these types could be reduced (e.g., vegetation management and 
conversion to conifer-leading).  We also noted that while there are arbitrary conventional 
definitions of mixed wood, there has been little attempt to define compositional boundaries of 
mixed wood in terms of their contribution to species richness.  We use conventional definitions. 
 
The principles in the SFMP include providing for forest composition and stand structure that 
approximate natural baseline information.  Targets for forest type composition are based on the 
proportion of these types found in the landscape at the time of writing of the SFMP.  Targets are 
to have Conifer – 75-85%, Mixed coniferous – 4-6%, Deciduous (Hardwood) – 9-15%, Mixed 
deciduous – 2-4% of the DFA area.  The SFMP includes an indicator that monitors the change in 
the proportion of forest type groups (>20 years old) within each variant over time.  Stands less 
than 20 years of age are not included because it is expected that 0 to 20-year-old stands will 
show significant fluctuations in tree species composition each year due to silviculture practices 
and rapid natural ingress of species in regenerating stands.  We tested whether bird species 
seeking early seral stages discriminated between two age classes: 0-10 years and 11 to 30 years 
after logging or other disturbance.  We found no statistical differences, so elected to use >30 
years as the age at which stands were assigned a particular forest type.  That usage is consistent 
with the definition of early seral used within the SFMP to estimate shrubby habitat. 
 
Table 15 summarizes changes in proportions of major forest type over the entire tenure as they 
would occur within the current 20-year plan (natural disturbance excluded).  Only age classes 
>30 years are included.  The projected proportions after 20 years differ little from those in 2004, 
considered to be the natural base line.  The overall target is being met (Table 15), although two 
variants show declines in older mixed wood (Table 14). 
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Table 15.   Proportions (%) of conifer, hardwood and mixed wood as of 2004 and projected 20 
years (all age classes >30 years combined). 

 
 Current Projected 
Conifer 79.7 79.1 
Hardwood 11.8 12.3 
Mixed wood 8.5 8.5 

 
Long-term monitoring of change in composition of tree species within managed stands will occur 
through Change Monitoring Inventory (CMI) plots established over the DFA.  These plots are 
systematically established across the DFA based on a 2-km grid in managed stands.  Sampling 
begins 15 years post-harvesting.  The plots will provide a representative sample of all managed 
stands over time.  The first set of plots was established in 2006.  Once the initial backlog of about 
60 samples is established for stands that have been harvested more than 15 years ago, the intent 
is to acquire an additional 3 to 5 samples each year. 
 
Canfor's deciduous fibre supply strategy is to maintain the existing commercial deciduous 
production from the TFL operable hardwood land base.  Canfor currently operates an OSB plant 
in Fort St John as part of a 50/50 joint venture with Louisiana Pacific.  This will create additional 
demand for utilization of hardwood fibre.  The Peace Valley OSB plant began production in the 
fall of 2005.  All hardwood and conifer species cut from hardwood-leading stands are tracked 
separately (from the conifer AAC) and contribute to the hardwood harvest level.  Conifer volume 
harvested from hardwood-leading stands will be utilized in Canfor’s manufacturing facilities; much 
of the hardwood volume is sold to others.  Principles proposed for sustaining mixed wood stands 
were noted earlier.  Basically, the intention is not to manage for a mid-rotation hardwood entry, 
but to wait until the conifers are large enough to form saw logs.  The intent is to regenerate these 
sites back to a similar forest type composition as tracked at the landscape level.   
 
Progress has been made in including deciduous species into managed stand growth models 
(although not in time for inclusion in SFMP 4) and there is ongoing work on developing mixed 
wood stocking standards.  The research projecting bird responses to salvaging scenarios in 
response to mountain pine beetle found that the bird species modeled tracked hardwood and 
non-pine conifer volume quite closely (and pine to a very minor extent).  Depending on the 
salvaging scenario, there was often stability in hardwood volume in the near term (first 25 years), 
a reduction in the medium term (up to 75 years), and a subsequent increase in the long term (100 
years; Seely et al. 2008).  Accuracy of these projections is unclear and they do not account for 
the changing fire regime, but they suggest no long-term decrease in suitable habitats for 
hardwood and mixed wood associates.  There are, however, potential problems.  In mixed wood 
forests, hardwood species will be old and likely declining (i.e., making their greatest contribution 
to sustaining biodiversity) at time of conifer harvest.  Currently, we have poor understanding of 
mixed woods but know that a significant portion of their value to biodiversity derives from 
hardwoods present (Bunnell et al. 2000e).  Mixed wood stocking standards are being developed; 
it is equally important that the fraction of hardwood or conifer in mixed wood stands that confers 
the ‘mixed wood benefit’ also be estimated.  
 
Different projections suggest no long term decline in hardwood volume or area of hardwood-
leading stand types, but suggest a potential decline in area of mixed wood within the BWBSmw1, 
which is one of the most species-rich variants within the DFA.  The projections do not address the 
amounts of hardwood or conifer necessary in a mixed wood stand to confer the common mixed 
wood advantage to sustaining species richness.  These amounts may differ from mixed wood 
stocking standards derived for silvicultural reasons.  Research in the Fort St John TSA currently 
is addressing the issue of what range of hardwood to conifer ratios encourage the mixed wood 
advantage for bird species (Preston 2008a, 2009a). 
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7.3   Reduction of amount of hardwoods through vegetation management 
Within the DFA, Canfor has guidelines for procedures of vegetation management, but few 
guidelines for the amount of vegetation management.  Both shrubs and grasses respond strongly 
after forest harvest and compete with crop trees.  Currently, about 75% of cut blocks receive 
some form of vegetation management, primarily chemical administered aerially.  Because few 
understory associates seek recently disturbed areas (Table 8), vegetation management should 
have little direct impact. 
 
Reductions in hardwood types through vegetation management could be either permanent or 
temporary.  Because hardwood species in the region regenerate readily, both vegetatively and by 
seed, the period immediately after vegetation management is unrevealing of longer-term 
consequences.  Hardwoods could be absent immediately following treatment but gradually return.  
It is for this reason that polygons are not assigned a forest type until 30 years have passed since 
disturbance.  Long-term reduction is more likely to occur through conversion from hardwood-
leading to conifer-leading types and is addressed under conversion below. 
 
Short-term reduction is significant primarily if hardwoods are limiting overall.   Most bird species 
that can be tracked simply (by the amount of a forest type) nest in trees, though several also use 
shrubs for nesting and foraging for insects and fruits (Table 3).  All shrubby growth, including 
young hardwoods such as willow, is thus important to these species as well as understory 
associates.  The magnitude and duration of potential impact can be addressed by answering 
these questions: 
 

• What area is treated by vegetation management annually specifically to control 
hardwoods? 

• How quickly do hardwood tree species (including willow) recover from treatment?  
 
Over a 10-year period, the proportion of harvested area on which Canfor applied vegetation 
management averaged 75%, or about 1000 ha per year.  From the perspective of biodiversity, the 
period of recovery can be estimated only in terms of species’ response.  Study of the response of 
bird species and shrubs after vegetation management has been initiated (Preston 2008b, 2009b) 
but documenting the response pattern requires time.  Currently vegetation management appears 
to reduce non-crop tree vegetation for a relatively short period and there is no evidence hardwood 
tree species are eliminated over significant areas.    
 
7.4   Conversion of hardwood or mixed wood types to conifer-leading types 
Within its SFMP for TFL 48, Canfor addresses the potential conversion of forest types by 
committing to maintaining the proportion of hardwood and mixed wood types at the time of writing 
the plan.  Major hardwood species in the area reproduce readily by suckering and by seeds.  
Canfor has not planted any hardwood seedlings or vegetative propagates on TFL 48.  If planting 
or seed collecting was embarked on, it would be done according to regulations that conserve 
genetic diversity of tree stock.  The current approach offers potential for gradual conversion to 
conifer-leading stands, but the potential is likely to be thwarted ecologically by the regenerative 
capacity of hardwoods and economically by the OSB mill in Fort St John. 
 
The 20-year projection (Table 15) indicates that Canfor is likely to attain its target of maintaining 
the 2004 forest type composition.  That table does not include the 0-30 year age class.  As noted, 
conditions immediately after harvest do not reveal long term trends, partly because hardwoods 
often reappear after vegetation management.  The only available long-term projections (Seely et 
al. 2008) suggest no long-term decrease in suitable habitats for hardwood and mixed wood 
associates, but their accuracy is untested.  Given the apparent near-term reduction in mixed 
wood (Tables 13 and 14) and potential for long-term declines in areas of hardwood and mixed 
wood cover within the THLB, the trend should be monitored (about every 5 years, when polygons 
are updated for TSR review).  
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7.5   Retention of riparian and associated hardwoods 
Within its SFMP, Canfor follows regulatory widths for Riparian Reserves and Riparian 
Management Zones (RMZs) by appropriate stream, lake or wetland classification within cut 
blocks (Table 16).  This protection represents ‘potential’ hardwoods because riparian areas 
commonly contain hardwoods.  The actual classification of riparian areas within VRI and GIS is 
not consistent.  Along rivers and around lakes, riparian areas often are large enough to be typed 
as hardwood- leading where appropriate.  Along many smaller streams, they are too narrow to be 
mapped separately so appear as part of a larger polygon, which may or may not be hardwood-
leading.  
 
Lakes and wetlands less than 5 ha currently are not buffered; nor are small wetlands.  The 
Riparian Reserve Zone is a no-touch zone, but in the RMZ most trees are removed with intention 
to protect the understory shrubs.  Trees removed from the RMZ are winched out to minimize 
damage to remaining vegetation. 
 
To evaluate the likely impact of current riparian practices on hardwoods we should know:  
 

• the amount of riparian actually retained,   
• the proportion of the Riparian Reserve Zone and any unharvested portions of the RMZ 

that is hardwood-leading or mixed wood, and 
• the portion of these forest types in Riparian Reserves and the RMZ that are >90 years 

old.   
 

Table 16.   Required Riparian Reserve and Management Zones around lakes and wetlands. 

 
Riparian Class 

Riparian 
Reserve Zone 

width (m) 

Percent 
retention in 

RRZ 

Riparian 
Management 

Zone width (m) 

Percent 
retention in 

RMZ1 
Lakes L1-B 30 100a 70 0 
Lakes 3 and 4 0 Na 0 Na 
W1 10 100 40 40 
W3 0 0 30 40 
W5 10 100 40 30 
Forested 
wetlands 

- - - - 

S1 50 100 20 None required 
S2 30 100 20  None required 
S3 20 100 20 None required 
S4 0 0 30 Remove 

dominants, keep 
50% non-
dominants 

S5 0 0 30 50% dominants 
S6 0 0 20 none 

 

1 Percent retention refers to best practices to guide volume remaining after merchantable stems are removed.   Values of 
this table are derived from MoF&R regulation, not from the SFMP. 
a  The only lakes with a Riparian Reserve Zone are between 5 ha and 1000 ha in size.  Smaller lakes and larger lakes 
have no required buffer.   
 
Broad amounts of riparian habitat that are reserved from harvest can be estimated (Table 16).  
However, the amount of riparian, and specifically the amount of hardwood or mixed wood riparian 
cannot be identified by VRI, and thus are unavailable to coarse-filter analyses.  Helpful data could 
be acquired by implementation monitoring (how much riparian hardwood is maintained).  Given 
the number of species that use riparian habitat, the priority for such monitoring is very high. 
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Monitoring could be done quickly to affirm or reject the expectation that amounts of hardwoods in 
riparian areas are high. 
7.6  Key measures and cumulative effects   
Preceding discussion illustrates that relatively few measures are key to coarse-filter evaluation of 
effectiveness of practices at sustaining hardwoods and that these can have cumulative effects.  
Table 17 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 more challenging in 
the face of climate change.  A second limitation is the absence of fine-filter corroboration or data 
from organisms intended to be sustained (in this case by hardwoods).  We used data from some 
organisms occurring within the DFA to quantify modifiers, such as appropriate diameters.  To 
provide greater confidence to the analysis, effectiveness monitoring would include species 
believed to be particularly susceptible to changes in the way hardwoods and mixed wood are 
sustained (e.g., Tables 1, 5 and 7).    
 
Table 17.  Key measures for coarse-filter analysis of the provision of hardwood, their modifiers 
and practices influencing them.  

Measure Modifiers Planning and practices 
Area of hardwood (ha) Diameter at age   Area in NHLB 
  Age distribution 

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

   
Area of older mixed wood 
  (ha) 

Diameter at age 
Age distribution 
Patch size 
 

As above, plus: 
  Harvest rate 
  Silvicultural conversion of 
       hardwoods to conifer 

   
Contributions of retention Species composition 

Diameter (cm) 
Number (wildlife trees) 

  Retention guidelines 

 Patch size (ha)  
 
Variables used to index the provision of hardwoods influence each other.  Amount of area 
reserved from harvest (NHLB) and uninfluenced by current practice influences the need for 
provision of hardwoods within the THLB.  Voluntary contributions in the Riparian Management 
Zone influence needs within the THLB, as do retention practices within the THLB.  Hardwoods 
are sought by cavity users because they decay readily. Sustained provision of age, size and 
decay stage is influenced by the age distribution in both the NHLB and THLB.  Measures of tree 
size and decay influence the suitability of areas reserved from harvest in the NHLB.  All variables 
change with time – e.g., tree diameter and decay state with age.  In Table 18 we have 
summarized the effect of key individual features to expose potential cumulative effects.  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 could be 
permanent in the area where it is applied).  The latter can be no more than a reasoned guess. 
 
Table 18 reveals three negative trends.  The decline in area of old mixed wood is localized and 
presently accommodated by ingrowth in the NHLB.  The likely decline in tree diameter within the 
THLB can be easily reversed by altering target diameters for retention (e.g., increase the target 
diameter of retained trees from 17.5 to 23 cm dbh; see §8.1).  That would have the additional 
benefit of increasing down wood diameter important to both vertebrates and non-vertebrates.   
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Table 18.  Apparent trends in key variables determining effectiveness of dying and dead wood in 
sustaining biodiversity for TFL 48. (HL = hardwood-leading, MW = mixed wood).  The most 
troubling trends are ↓. Practices governing trend are noted.   

 
Variable 

Apparent trend  
Practices  Short term Permanent 

Area HL  ↔ ↔ Harvest rate; retention guidelines 
Area MW ↔ ↔ Above plus conversion to conifer 
Area old HL  ↔ ↔ Harvest rate; retention guidelines 
Area old MW ↓ ↔ Above plus conversion to conifer; vegetation 

management 
Patch size old HL ↔ ↔ Harvest 
Patch size old MW ↓ ↓ Above plus conversion to conifer; vegetation 

management 
Tree Ø HL & MW ↓ ↓ Harvest, retention guidelines (e.g., leave tree 

diameter) 
Decay range HL & MW ↔ ↔ Harvest scheduling; retention 
Hardwoods in riparian ? ? Riparian guidelines 
 
The declining trend in patch size for older mixed wood types appears real (Figure 3), but is less 
troubling because no birds associated with hardwood types appear sensitive to edge.  The 
decline in patch size does limit future options.  Interaction apparent among negative trends work 
in the same direction: declines in total amounts of mixed wood yield smaller patches of older 
mixed wood that could conceivably increase windthrow and mortality of older hardwoods.  The 
inability to completely assess riparian areas is troubling, simply because these areas host the 
largest trees and loss of large hardwoods in them could have significant negative effects on some 
cavity nesters.  
  
Across the tenure, the NHLB acts as a large buffer of the few potentially negative trends in the 
THLB.  Currently 41.5% and 39.3%, respectively, of all hardwood-leading and mixed wood forest 
are constrained from harvest (percentages are higher for the older age classes). The likely 
effectiveness of this buffer has not been assessed.  Portions of two rare ecosystems reserved 
from harvest on the basis of ecosystem representation analyses contain significant portions of 
hardwoods (BWBSwk1/05 and BWBSwk1/06) but contribute little area overall.    
 
There are cumulative effects that are not a product of forestry.  The area denuded by oil and gas 
will impact availability of hardwoods.  The area denuded is tracked in the SFMP.  There is no 
apparent reason to assume that oil and gas activities will disproportionately affect hardwoods.  
More importantly, the area experiencing natural fires already is increasing and will continue to 
grow.  More frequent fires are likely to encourage hardwood cover (e.g., Bergeron et al. 1998).   
 
 
8  Summary 
We summarize major findings from our analyses of likely consequences of the current SFMP on 
key habitat attributes, then consider individual species of conservation concern and close with 
recommendations for monitoring.  
 
8.1   Presence and absence of compensation for incidental take 
Findings derived from coarse-filter analyses and review of the SFMP are summarized for each of 
the major consequences that forest planning and practice can have on the contribution of 
hardwoods.  Much of the logging within the DFA occurs during winter, which significantly reduces 
the likelihood of incidental take.  We note where planning and practices currently compensate for 
limited amounts of incidental take and where modifications are desirable. 
 
8.1.1  Amounts of older hardwood-leading and mixed wood types. 
Planning and practices that compensate for limited amounts of incidental take include: 
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• Retaining the natural composition of forest cover within the DFA.  The planning appears 
effective.  Over the 20-year projection there is little change in the composition of forest 
cover on the DFA (Table 15).   

• Retaining older age classes.  Based on diameter versus age curves, an ecologically 
meaningful lower boundary for hardwood-leading and mixed wood types was assessed to 
be 90 years (see also Bunnell et al. 2009d).  Planned harvest does not alter the area of 
hardwood leading stands (Table 15).  The decline in amount of older mixed wood in the 
THLB is more than compensated by ingrowth into older mixed wood in the NHLB (Table 
13).  The apparent decline is localized within the BWBSmw1 variant (Table 13 and 14) 
and will be reduced in magnitude once stands younger than 30 years old are assigned a 
forest type. In fact, total areas of older hardwood-leading and mixed wood types are 
projected to increase under current harvest planning (Table 12; uncorrected for natural 
disturbance).  Patch sizes of older hardwood-leading types also are projected to increase 
(Figures 2 and 3).  Existing age structures reveal no gaps that would cause future 
downfall (Figure 1). 

• Retention within cutblocks.  The TFL targets 8 to 12% retention and is somewhat higher 
empirically. Retained trees are typically older and hardwoods are targeted when 
available.   

• Ecosystem representation was used to identify rare ecosystem types and these have 
been reserved from harvest. 

 
Desirable modifications and knowledge gaps include: 
 

• The minimum target for wildlife trees retained should be modified.  Assessments of 
amounts of older hardwood and mixed types include retention.  The SFMP for the DFA 
currently uses 17.5 cm dbh as the minimum target for trees retained.  In their review of 
effects of forest practice on biodiversity, Bunnell et al. (2009d) concluded that 17.5 cm 
was appropriate for non-vertebrates, but should be increased to 23 cm for most cavity-
nesters.  Most species, including mammals, seeking larger trees and snags (>30 cm) 
seek riparian areas.  The rationale for 23 cm is presented in Bunnell et al. (2009d).  
Although large proportions of both hardwood-leading and mixed wood types currently are 
reserved from harvest in the NHLB (Table 13), increasing the minimum target for 
retention from 17.5 to 23 cm dbh would confer benefits, but only riparian sites host the 
large trees sought by some cavity users.  These are knowledge gaps, not failings.  There 
has been no implementation monitoring to assess what actually is retained either on 
upland or riparian sites.  The Fort St John TSA employed the same target, but sampling 
found that retention included trees >30 cm dbh.  That may also be occurring on TFL 48.   

• It is unclear whether, within the landscape level targets, the resultant distribution of 
hardwoods and mixed woods will remain favourable to small organisms that disperse 
poorly, such as some liverworts.  We expect this will not be a significant issue because 
local environmental conditions influence where hardwoods and conifers occur naturally. 

 
8.1.2  Reduction of hardwoods in mixed wood types  
Planning and practices that compensate for limited amounts of incidental take include: 
 

• Retaining the amount of mixed wood types to correspond with the index of “natural” – 
proportion present at the time of writing the SFMP.  The targets specifically include 
conifer-leading mixed wood and hardwood-leading mixed wood as separate types. 

• Projections of current planning (e.g., Table 15, Seely et al. 2008) indicate that natural 
targets are being sustained. 

 
Desirable modifications and knowledge gaps include: 
 

• There currently is no evidence that modification is required. 
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• There is one specific knowledge gap – the relative proportions of conifer and hardwood 
that permit the increase in species richness that frequently is observed in mixed wood.  
Canfor has funded study of appropriate boundary conditions (Preston 2008a, 2009a).  
Results to date show differences among species, but have not been evaluated for total 
species richness.   
 

8.1.3  Reduction of understory, including hardwoods, through vegetation management 
The procedures undertaken are highly unlikely to cause direct incidental take.  The issue is 
primarily one of removing habitat – understory, which can include hardwoods.  Hardwoods are 
significantly reduced immediately after treatment; the duration of effect is not rigorously 
documented.  Anecdotally, hardwoods are suppressed for a short period, then return. 
 
Planning and practices that compensate for limited amounts of incidental take include: 
 

• Large area of hardwoods and mixed wood are completely reserved from harvest and thus 
receive no vegetation management (NHLB of Table 12).  Much of this is in older stands 
that support shrubs under canopy favoured by several high priority understory associates 
(Table 7). 

• Areas treated annually rarely exceed 1000 ha and appear to recover within 10 years (we 
found no difference in apparent preferences between age groups 1 to 10 years and 11 to 
30 years post disturbance. 

 
Desirable modifications and knowledge gaps include: 
 

• There currently is no evidence that modification is required. 
• There is one specific knowledge gap – the duration of effect on understory, including 

hardwoods.  Understory, including hardwoods, is reduced immediately after harvesting, 
but the effect appears to last less than 10 years.  

 
8.1.4  Conversion of hardwood types to conifer-leading 
Over 70% of bird species showing a statistical preference within stands >30 years old showed a 
preference for hardwood or mixed wood stands.8

 
   

Planning and practices that compensate for limited amounts of incidental take include: 
• In its forest planning, Canfor has allocated 41.8% and 39.7%, respectively, of all 

hardwood-leading and mixed wood forest to the non-harvestable land base (NHLB).  
There will be no human-induced conversion in the NHLB. 

• Canfor has created natural targets for the relative proportions of hardwood and mixed 
wood stand types; current monitoring indicates these targets are being met (Table 15). 

• Canfor employs Change Monitoring Inventory plots that will reveal any trends away from 
natural targets, including stand conversion. 

    
Desirable modifications and knowledge gaps include: 
 

• Current analyses suggest no stand conversion, thus no modifications.  Monitoring, 
including CMI plots, should be continued. 

 
8.1.5  Inadequate retention of hardwoods in riparian areas 
Several hardwood associates rely on larger hardwoods in riparian areas; others simply appear to 
seek out riparian areas preferentially.  About 50 species use small wetlands. 
 
Planning and practices that compensate for limited amounts of incidental take include: 

                                                 
8   Preference is most readily detected for less abundant habitats; hardwood-leading and mixed wood types are less 
abundant than conifer in the TFL. 
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• Canfor follows regulatory guidelines in its treatment of Riparian Reserve Zones and 
RMZs. 

• When harvesting in RMZ, Canfor winches out conifer trees to reduce damage to 
understory sought by some species.  

• When harvesting in RMZs, Canfor retains large, old hardwoods where present and if not 
in a location of high windthrow hazard, which could cause sediment delivery into streams. 

• One WHA has been established to maintain bull trout (ranking 2 in Goals 1 and 2). 
 
Desirable modifications and knowledge gaps include: 
There currently is no evidence that modification is required, but significant knowledge gaps exist. 

• There has been no implementation monitoring to ascertain whether guidelines to 
maintain large hardwoods in the RMZ are being followed. 

• There is no protection provided to small wetlands; nor is there evidence that small 
wetlands are being adversely affected by harvest.  Implementation monitoring of the 
realized degree of potential impact is very high priority. 

The distribution of bull trout is not adequately assessed; it is unclear whether other S4 streams 
should receive Riparian Reserves.  
 
8.1.6  Improving practice – summary   
Tables 17 and 18 reveal five areas where current practice could be beneficially altered or, 
minimally, closely monitored through early implementation monitoring. 
 

1. Guidelines for retained wildlife trees in patch-wise retention should be tree sizes >23 cm, 
with local densities of 3 per ha.  Some greater than 30 cm dbh should be included.  
Greater densities of small snags also should be retained, not all hardwood.  

2. Riparian management practices should ensure that larger, older hardwoods are retained 
in both the Riparian Reserve Zone and the Riparian Management Zone.  This may not be 
a modification depending on the outcome of implementation monitoring (§8.3). 

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

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

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

6. Amounts of old hardwood and mixed wood should be closely monitored to see if 
projected amounts are met in the reality.  

 
8.2  Probable impacts of current forest practice 
Apparent consequences of forest planning and practice are treated for each species currently 
designated by Environment Canada or ranking highly within the provincial Conservation 
Framework.  They are addressed by species group within the SAS because that system was 
specifically designed to evaluate consequences of forest practice.  Species tentatively listed by 
Environment Canada are designated blue in text following; species ranked 1 or 2 within the 
provincial Conservation Framework are in SMALL CAPS and the highest rank plus the goal of the 
highest rank indicated in bold in summary tables.  Species appearing on both lists are designated 
BLUE.  For interpretative purposes, data from the three northeastern TFAs is sometimes used 
(TFL 48, Fort St John and Fort Nelson TSAs).  In summary tables following, the number of 
records is from TFL 48.  When commenting on individual species, ‘directly monitored’ refers to 
monitoring focused on or directed specifically to that species, not to more general monitoring 
approaches such as BBS routes.   
 
Group 1 – forest type generalists 
This group contains 5 species, two currently listed by Environment Canada for BCR 6.  
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 Cons 
Prioa 

 Habitat affinity  
Trendb  Records 1st Choice 2nd Choice Avoid 

Black-throated Green 2(G2) 54 5/3      MW2  18/11        C2 0/3         H2 -4.9 
Cape May Warbler 2(G3) 2 2/0      MW2   nd 
RUFOUS HUMMINGBIRD 2(G2) 13 4/3         RD 4/3            C2 0/2         H [-0.7] 
VESPER SPARROW 2(G2) 0    2.9 
WESTERN WOOD-PEWEE 2(G2) 75 17/4       H2 7/3          NT 6/15     C1&2 -10.6 

 

a Conservation Priority under the provincial system (1 = highest; 6 = lowest).  Number in brackets indicates the highest 
ranked Goal (see text, p. 4).    
b  Trend in Boreal Taiga Plains BBS routes (1998-2008) as analyzed by CWS; %/yr; significant trends in bold (negative in 
red); sample sizes usually are too small to yield significant estimates; [ ] trends for BC. 
 
BLACK-THROATED GREEN WARBLER: 2(G2)  This species was listed as a riparian/marsh associate 
in the draft Environment Canada list, but the 231 observations from northeastern BC are 
predominantly from upland sites. On the Fort St John TSA, the species was found farther from 
water than were random points.  There was a significant (p <0.001) difference between distances 
from singing Black-throated Green Warblers to the nearest water body (n = 262, average 
distance = 270 m), and distances from randomly selected points to the nearest waterbody (n = 
300, average distance = 188 m).  The species statistically avoids riparian habitat in northeastern 
British Columbia.  The species has not been reported from BBS routes in the Fort Nelson TSA.  
On TFL 48 and the Fort St John TSA, it shows a tendency to use older stands: H2 = 57 
occurrences, MW2 = 67 occurrences and C2 = 39 occurrences.  It used habitat types largely in 
proportion to abundance (N = 54) on TFL 48; in the Fort St John TSA it showed statistically 
significant associations with MW2 and H2 (n = 177).  Within mixed wood on the Fort ST John 
TSA, the species favoured conifer-leading mixed wood significantly.  The species appears 
adaptable in its habitat choice (Morse and Poole 2005) and is relatively abundant.  We do not 
recommend monitoring specifically for the species.  If monitoring were undertaken, see Vernier et 
al. (2010) for appropriate targeted sampling.  Incidental take of the species is compensated by 
the significant amounts of older forest reserved from harvest (Table 12) and retention practices.   
 
CAPE MAY WARBLER: 2(G3)  Environment Canada’s designation of this species as a conifer 
associate appears based on eastern data where it occurs predominantly in spruce forests.  Over 
7,748 station years, only 50 observations were obtained across the 3 northeastern DFAs – 25 in 
hardwood-leading and mixed wood stands, 19 in conifer-leading stands (the remainder in RD or 
non-commercial types).  Hardwoods and mixed wood were evenly split – 13 hardwood-leading 
and 12 mixed wood.  The 3 reported nests in the province are from types that would be 
designated NT, older mixed wood and older conifer (Campbell et al. 2001; Preston and Pomeroy 
2009).  We designated the species a forest type generalist, pending further data.  The species is 
at the western edge of its range in TFL 48, with only 2 observations in 3,775 station-years.  The 
species is of limited utility in assessing incidental take – it is reported from all major forest types 
and NT (non-commercial) in northeastern BC and is at the western edge of its range in the TFL.  
Measures to compensate for incidental take in both hardwood and conifer types were noted 
(§8.1).  We do not recommend directed monitoring; although still uncommon in the region, further 
range expansion west is likely detectable by BBS. 
 
RUFOUS HUMMINGBIRD: 2(G2) Across the 3 northeastern DFAs, only 13 observations were 
recorded on BBS, all from TFL 48.  Of these, 6 were in non-forested types (RD, NV, NT) where 
they were foraging; the others were in conifer stands.  These limited data suggest potential 
affinity for conifer stands, although recently disturbed (RD) occurs in all forest types.  Moreover, 
Campbell (1990) reports nests in BC from sea level to 1,830 m elevation in dense mature and 
second growth coniferous forests, deciduous woods, riparian thickets, swamps and meadows, 
farmland, pasture edges, orchards and city yards, parks and gardens.  We designate it a habitat 
generalist, responding primarily to foraging opportunities.  Clearcuts are beneficial.  Given its 
generalist nature, it is difficult to conceive of focused mechanisms that would compensate for 
incidental take; nor is there any apparent need.  We do not recommend directed monitoring. 
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VESPER SPARROW: 2(G2)  If this sparrow occurs in TFL 48, it will be at the northwesternmost edge 
of its range; it is not expected in the Fort St John or Fort Nelson TSAs.  It is an inhabitant of dry 
grasslands and agricultural areas, so cannot help to assess incidental take by forest practices.  If 
it occurs at all, it will be rare.  We do not recommend attempts to find or monitor it. 
 
WESTERN WOOD-PEWEE:  2(G2)  In their review, Bemis and Rising (1999) considered this species 
a habitat generalist.  That is apparent in the habitats from which it is reported in the 3 
northeastern DFAs: NV(19),  NT(10), RD(31), H1(4), H2(27), MW1(2), MW2(13), C1 (13), C2(14).   
Because of the differing sample pools, preferences are expressly differently across DFAs, but in 
aggregate recent disturbances were most used, followed by non-commercial types (NV & NT),  
then hardwoods, conifers and mixed wood (generally older age classes favoured).   The species’ 
use of non-commercial types and recently disturbed means it is not greatly impacted by forest 
practices.  Although it tends to favour older forest age classes of commercial forest types, there 
are abundant areas in the NHLB.  We do not recommend that this species be directly monitored. 
 
Group 2 – monitored solely by forest type 
The draft list of Environment Canada for high priority species in BCR 6 (Boreal Taiga Plains) 
recognizes associations with broad habitat type, but not with habitat attributes that can be 
affected by forest practices within types.  Enacted species’ preferences for habitat types naturally 
shift regionally with changing composition of tree and bird communities; the phenomenon is 
evident even within British Columbia (Bunnell et al. 2010).  Our designation to specific forest 
types sometimes differs from that of Environmental Canada’s draft list of candidate species for 
BCR 6.  Regional data will be more informative and less misleading when evaluating incidental 
take.   
 
Some species strongly associated with particular forest types also are strongly dependent on 
particular habitat elements that are affected by forest practice, such as cavity sites or understory.  
These are considered Group 3 species and discussed separately. 
   
Conifer-leading 
Environment Canada lists 11 species as associated with conifer forests; our designations differ 
for four species (Bay-breasted Warbler, Boreal Owl, Cape May Warbler, and Magnolia Warbler) 
which appear to have been assigned a forest type based on eastern data.  Specific analyses for 
conifer associates were not illustrated here but are analogous to those for hardwood associates 
(§7). It is noteworthy, however, that current planning and practice within the TFL serve to mitigate 
take of conifer associates: large areas of conifer forest in the NHLB, large areas of older conifer 
forest in the NHLB, retention during harvest, allocation of forest reserves to the NHLB by 
ecosystem representation to sustain rare conifer-leading ecosystems.  Three of those considered 
conifer-leading in Environment Canada’s draft list use cavities for >50% of their nest sites and are 
addressed under SAS Group 3.  The Northern Hawk Owl uses cavities <50% of the time so is 
considered here. 
 
There are five species within the DFA that we consider can be assessed largely by practices 
modifying extent of conifer forest.  Three are tentatively listed by Environment Canada for BCR 6.  
 

 Cons 
Prioa 

 Habitat affinity  
Trendb  Records 1st Choice 2nd Choice Avoid 

DUSKY GROUSE 2(G2) 1 1/0         RD   nd 
Great Gray Owl 5 0    nd 
Northern Hawk Owl 5 1 1/0         RD   nd 
OLIVE-SIDED FLYCATCHER 2(G2) 175 92/34     RD 29/35       C2 1/5        MW1    1.0 
Sharp-shinned Hawk   6 2 1/0         NT 1/1           C1  nd 

a Conservation Priority under the provincial system (1 = highest; 6 = lowest).  Number in brackets indicates the highest 
ranked Goal (see text, p. 4).    
b  Trend in Boreal Taiga Plains BBS routes (1998-2008) as analyzed by CWS; %/yr; significant trends in bold (negative in 
red); sample sizes usually are too small to yield significant estimates.  
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Only one of these species (Olive-sided Flycatcher) is assessed well by BBS; in most instances, 
even trends for BC are generally unavailable.   
 
DUSKY GROUSE:  2(G2)  During breeding, Dusky Grouse frequently inhabit areas outside the 
forest land base (6a,NT) and often breed in recently disturbed (RD); they winter in conifers.  We 
interpret the low numbers observed to result from lack of higher elevation BBS routes.  The 
apparent decline is less clear now that the Blue Grouse has been divided into two species – 
Dusky and Sooty Grouse.  Forestry should not adversely impact the Dusky Grouse and 
sometimes creates its preferred breeding habitat (2:RD).  There appears ample higher elevation 
conifer for winter habitat.  It is not a useful candidate for evaluating incidental take, and is not 
proposed.  We do not recommend the company directly monitor this species.  Confusion about its 
status and lack of trend data suggest it is a good candidate for inventory by the government. 
 
Great Gray Owl:  The Great Gray Owl rarely seeks highly productive forest, simply because it 
needs openings in which to hunt.  In the boreal forest, these are typically provided by sphagnum 
bogs, muskegs, and other open spaces (Godfrey 1986; Nero 1980; Voous 1988).  Much of its 
breeding and foraging habitat appears to be NV or NT that does not enter the commercial forest 
land base.  It is thus not a useful candidate for assessing incidental take.  Its elusive nature also 
makes monitoring difficult.  Over 7,748 station-years in the 3 northeastern DFAs, it was recorded 
only 3 times; MW2(1), C(1) and C2(1).  Large areas of less productive conifer occur in the NHLB 
(Table 12) and projected harvest shows no decline in older age classes in the near term (Bunnell 
et al. 2009d).  We do not recommend that it be directly monitored by the company.  
    
Northern Hawk Owl:  The Hawk Owl is a cavity nester, but uses cavities <50% of the time so is 
not assigned to Group 3c.  It has been reported from BBS routes on the 3 northeastern DSFAs – 
in TFL 48 in recently disturbed.  As noted by Austen et al. (1994) and Duncan (1993) the best 
breeding habitat in North America is likely noncommercial, relatively barren areas, where forests 
are more open. In the boreal and elsewhere, these areas are often wet – muskeg or swampy – 
and are netted out of the commercial forest land base (as NV and NT).  The species is thus not 
an informative candidate for assessing incidental take.  Because forestry is unlikely to have an 
effect of its preferred habitat, other than by creating openings, we do not recommend it be directly 
monitored by the company.   
 
OLIVE-SIDED FLYCATCHER:  2(G2)  The species’ strong preference for open areas (92/34 in RD for 
the TFL) reflects its foraging habits – hawking insects from the air.  Its preferred habitat appears 
to be some edge near water, but even small wetlands serve.  Because these wetlands are 
scattered, it finds favourable foraging habitat in many areas, but primarily conifer.  When singing 
and nesting, it seems to prefer trees with open tops (often dead), but that does not appear as a 
preference for older age classes in TFL 48 or Fort Nelson TSA; Fort St John is a potential 
exception with a selection ratio of 8/4 for C2 (non-significant).  The species is relatively common 
(175 observations from TFL 48).  Current forest practices are more likely to have a positive than a 
negative effect.  Those practices create foraging openings and retain wildlife trees in harvested 
areas.  It is this effect that likely contributes to the preference for recently disturbed.  In terms of 
incidental take, current practices are more likely to create habitat than to reduce it.  We do not 
recommend the company directly monitor this species.  
 
Sharp-shinned Hawk: This species is unlikely to be restricted to conifer-leading forest types.  It 
does nest in aspen (Joy et al. 1994).  Only 3 records are reported from BBS in TFL 48; across all 
3 northeastern DFAs there are 6 records:  NT(2), MW1(1), MW2(1), C1(1), C2(1).  We expect its 
habitat in the region is more accurately designated C/MW.  The species likely hunts in NT, but 
breeds in productive conifer and mixed wood forests.  It is a potentially useful candidate for 
incidental take, though difficult to monitor.  Measures taken in the DFA to compensate for 
incidental take include the large amounts of conifer forest in the NHLB, retention in cutblocks and 
a large portion of older mixed wood in the NHLB (37.4%; Table 12).  We do not recommend the 
company directly monitor this species.  
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Hardwood-leading and mixed wood types 
Our regional assignments to the hardwood-leading group again differ from those of Environment 
Canada.  The latter assign Least Flycatcher and Ruffed Grouse to ‘riparian/marsh’.  The large 
majority of our observations are from upland sites, but riparian areas are under-represented in 
Breeding Bird Surveys.  On the basis of regional data, we consider 9 high-priority species to be 
impacted primarily by amounts of hardwood-leading or mixed wood types.  The reason for 
attempting to discriminate between hardwood-leading and mixed wood types is that forest 
practices have the potential to “unmix” the mixed wood.  The birds, however, show relatively little 
discrimination between the two types as conventionally defined; the designation here is 
somewhat arbitrary.  
 

 Cons 
Prioa 

 Habitat affinity  
Trendb  Records 1st Choice 2nd Choice Avoid 

Hardwood-leading       
BAY-BREASTED WARBLER 2(G3) 1 1/0      MW2   11.4 
Broad-winged Hawk 4 0 [H2]   nd 
EVENING GROSBEAK 2(G2) 21 5/1          H1  3/1          NV 0/4            C2 -13.5 
Least Flycatcher 6 270 98/13     H2 28/7      MW1 5/55          C2 -4.9 
PHILADELPHIA VIREO  2(G2) 5 1/0          H2 1/0        MW2  0.2 
Rose-breasted Grosbeak  5 127 26/6        H2   16/5          H1 3/26          C2 2.1 
RUFFED GROUSE 2(G2) 87 12/5    MW2         8/4            H2 6/18          C2 -1.2 
Mixed wood       
Magnolia Warbler  6 189 20/5    MW2   24/9          H2 11/27        NT 1.9 
Merlin 6 5 1/0      MW2 2/1            NT  -4.3 

 

a Conservation Priority under the provincial system (1 = highest; 6 = lowest).  Number in brackets indicates the highest 
ranked Goal (see text, p. 4).    
b  Trend in Boreal Taiga Plains BBS routes (1998-2008) as analyzed by CWS; %/yr; significant trends in bold (negative in 
red); sample sizes usually are too small to yield significant estimates. 
 
This group typically prefers older age classes of hardwood-leading and mixed wood types and 
avoids conifer-leading types.  NV and NT are not part of the commercial forest and thus not 
subject to incidental take.  In its forest planning, Canfor has allocated 41.8% and 39.7%, 
respectively, of all hardwood-leading and mixed wood forest to the non-harvestable land base 
(NHLB).  Within the NHLB, proportions of these types older than 90 years are 44.0% and 56.4%, 
respectively (Table 12).  These older types are the most preferred (table above).  Planned 
harvest does not alter the area of hardwood-leading stands (Table 15).  In fact, areas of older 
hardwood-leading types are projected to increase under current harvest planning (Table 13; 
uncorrected for natural disturbance).  Patch sizes of older hardwood-leading types also are 
projected to increase (Figures 2 and 3).  Existing age structure reveals no gaps that would cause 
future downfall (Figure 1).  Retention in cutblocks emphasizes hardwoods when they are present.  
In short, planning and harvest scheduling have the effect of mitigating and, in some instances, 
compensating for incidental take.  There are two potential consequences that cannot be well 
evaluated: 1) the potential silvicultural conversion of significant areas of hardwood or mixed wood 
stands to conifer, and 2) the potential permanent removal of hardwoods by vegetation 
management.  Current data suggest that the former is unlikely, but merits monitoring, and the 
latter is very unlikely, but merits checking. 
 
BAY-BREASTED WARBLER:  2(G3)  Environment Canada’s designation of this species as a conifer 
associate appears based on eastern data where it occurs predominantly in spruce-fir forests.  
Over 7,748 station-years, 50 observations were obtained across the 3 northeastern DFAs – 24 in 
hardwood-leading, 16 in mixed wood, and 6 in conifer-leading stands (others in RD or non-
commercial types).  In the Fort Nelson TSA, where there were sufficient records to test 
preference (43), the species significantly avoided conifer stands.  We designated it a hardwood 
associate.  In TFL 48, the species is at the western edge of its range, with only 1 observation.  
Given the significant efforts Canfor has undertaken to mitigate incidental take in hardwood types, 
plus the species’ rarity at the edge of its range, we do not recommend directed monitoring. 
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Broad-winged Hawk: The Broad-winged Hawk is considered secretive other than during 
migration.  The 3 northeastern DFAs have yielded only 4 observations: 2 in H1,1 in MW1 and 1 
from C1; none are from TFL 48 which is predominantly conifer.  Goodrich et al. (1996) described 
its breeding habitat as continuous deciduous or mixed-deciduous forests, with openings and 
water nearby.  The species has been moving northwest and has only recently entered British 
Columbia.  It is too secretive and infrequent to be informative in assessing incidental take.  
Practices noted above compensate for any potential take.  We do not recommend directed 
monitoring. 
 
EVENING GROSBEAK:  2(G2)  The grosbeak appears less strongly associated with conifers than 
are other Cardueline finches (e.g., siskins, crossbills), particularly in the western boreal.  In the 
east it seeks conifers, particularly during spruce budworm outbreaks, or maples as nesting sites.  
Across the 3 DFAs in northeastern BC, there are 65 observations.  In the TFL, it showed non-
significant preference for young hardwoods and NV; the latter likely indicating foraging on shrubs.  
It showed a significant avoidance of conifers.  In the Fort Nelson TSA, however, it shows 
significant preference for young conifer and significant avoidance of young hardwoods.  Reasons 
for the shift are unclear but may be associated with patchy occurrence of shrubs, particularly 
fruiting shrubs, within stands.  It is possible that this species is responding most strongly to the 
presence of fruiting shrubs that can occur in all forest types as well as NV and NT (non-
commercial).  It may be possible to evaluate the role of shrubs in the habitat data collected on the 
Fort St John TSA.  The current major habitat assignment is equivocal.  Practices noted above 
compensate for any potential take.  We do not recommend directed monitoring. 
 
Least Flycatcher:  Within the TFL, the species has been recorded 270 times from BBS routes.  
Its selection and avoidance ratios, all significant, are: 7.5 for old hardwoods, 4.0 for young mixed 
wood and 0.09 for old conifers (strong avoidance).  The species is strongly enough associated 
with hardwoods that it is a potentially useful indicator of incidental take within that forest type.  
Measures taken in the TFL to compensate for incidental take are noted above.  The species has 
a role in effectiveness monitoring because it is a useful indicator of the presence of suitable 
hardwood forest. 
 
Magnolia Warbler: Environment Canada designates the Magnolia Warbler a conifer associate; 
this likely reflects reliance on eastern data.  On TFL 48, it shows statistically significant 
preference for MW2 and H2; on the Fort Ft John TSA, preference for H2 and MW2; on the Fort 
Nelson TSA, the strongest preference is for RD and NV, followed by MW2 and H2 (all significant; 
782 observations for Fort Nelson).  In all 3 DFAs, it consistently uses conifer less than is available 
and significantly avoids conifers in the Fort St John and Fort Nelson TSAs.  Because it is 
relatively abundant, we consider it a good indicator of incidental take in hardwood and mixed 
wood types.   Practices noted above compensate for any potential take on TFL 48.  We do not 
recommend directed monitoring. 
 
Merlin:  The Merlin is sampled infrequently by BBS routes.  Over 7,748 station-years the total 
observations were 15.  There is little marked preference for any specific forest type, though young 
hardwoods appear favoured:  NV(1), NT (2), H1(8), MW2(2) and C1(1), C2(1).  Observations in 
the openings of NV and NT likely represent foraging.  Records from the boreal suggest the Merlin 
commonly nests near forest openings, in fragmented woodlots, and often near rivers, lakes, or 
bogs; also commonly on islands in larger lakes (Craighead and Craighead 1940; Johnson and 
Coble 1967; Lawrence 1949).  There is nothing in current data from the area to suggest 
otherwise.   Literature indicates use of diverse nesting habitats, including relatively treeless areas 
where it is a ground nester.  It is likely that the large areas of both hardwood and conifer forest in 
the NHLB, plus areas not in the commercial forest land base, provide nesting and foraging 
opportunities.  Because of its use of many types, including non-commercial ones, the species is 
unlikely to be a good indicator of incidental take.  We do not recommend directed monitoring. 
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PHILADELPHIA VIREO:  2(G2)  The sparse data from the TFL are largely consistent with the notion 
that this species is “Primarily a bird of early- to mid-successional deciduous woods and woodland 
edges” (Moskoff and Robinson 1996).  Despite sparse numbers across all 3 northeastern DFAs, 
the species is reported from all habitat types sampled:  NV(2), NT(6), RD (11), H1(25), H2(8), 
MW1(9), MW2(5), C1(10) and C2(1).  Although tending to be a generalist, the species favours 
hardwood types, specifically the younger age classes.  The species’ ubiquitous, though sparse, 
distribution undermines any value as an indicator of incidental take – it occurs in clearcuts, burns 
and non-commercial forest (NV,NT).  Among measures to compensate for incidental take, the 
most prominent is the area of all forest types in the NHLB (Table 12).  We do not recommend the 
species be monitored directly.  
 
Rose-breasted Grosbeak:  This is another of the many species for which the area represents 
the western edge of their range.  It is relatively common (127 observations on BBS in the TFL), 
with greater numbers to the east: 136 and 253 records in the Fort St John and Fort Nelson TSAs, 
respectively.  In the TFL, preferences for H2 and H1 are not significant; where it is more abundant 
in the adjacent Fort St John TSA, both are highly significant.  Within the Fort Nelson TSA, the 
species shows significant selection for RD and H2.  In all DFAs, it occurs less commonly in mixed 
wood and significantly avoids conifer.  The species is strongly enough associated with hardwoods 
that it is a potentially useful indicator of incidental take within that forest type – both hardwood-
leading and mixed wood.  Practices noted above compensate for any potential take on TFL 48.  
We do not recommend directed monitoring. 
 
RUFFED GROUSE:  2(G2)  Within the Species Accounting System, this species is designated 
3dw/MW2,H2, to specify that practices retaining down wood (drumming sites) must first be 
assessed before evaluating its status on the basis of forest type.  These practices are adequate 
for the Ruffed Grouse (Bunnell et al. 2009d).  As expected from its foraging habits, the species is 
reported primarily from H and MW stands of both age classes across the 3 northeastern DFAs, 
with a tendency to be reported more often from H.  The species is not sampled well by BBS (118 
records over 7,748 station-years; 87 from TFL 48), so direct effects of incidental take would be 
difficult to monitor.  Practices noted above compensate for any potential take on TFL 48.  We do 
not recommend directed monitoring. 
 
Group 3c – cavity nesters 
Ten cavity nesting birds are considered to be of conservation concern, 2 selecting primarily 
conifers and 8 selecting primarily hardwoods as nest sites in the region.  Only the 2 conifer 
associates are primary excavators, creating their own nest sites; both strongly prefer conifers.  
The others are secondary users, emphasizing the importance of primary excavators using 
hardwoods, such as the Yellow-bellied Sapsucker that is the keystone excavator.  No primary 
excavator of hardwoods is designated high priority.  Seven mammals using cavities also are high 
priority; 3 of these depend primarily on conifer den or roost trees. 
 

 Cons.  Habitat affinity Territory 
Size (ha) 

 
Trendb Species Prio.a Records 1st Choice 2nd Choice Avoid 

Strong excavator         
Am Three-toed Woodp.  30 11/6       C1 8/6            C2 0/2   MW2    11-19 [33.7] 
Black-backed Woodp.  5 3/1         RD 1/1            C2  72-124 nd 
Secondary User        
AMERICAN KESTREL 2(G2) 3 [open]   0.1-1.75c -3.9 
BARROW’S GOLDENEYE 1(G2) 1 [riparian]   0.05-1.85 [-5.3] 
Boreal Owl  0 [MW2]   0.1-0.5 kmd nd 
COMMON GOLDENEYE 1(G2) 3 [riparian]   0.1 -3.4 
NORTHERN PYGMY-OWL 1(G2) 2 1/0         C2 1/0           C1    
TREE SWALLOW 2(G2) 2 1/0         H1 1/1           C2  0.1-0.2 0.2 
VAUX’S SWIFT 2)G2) 0 [riparian]   colonial [-0.4] 
VIOLET-GREEN SWALLOW 2(G2) 3 2/0         H2 1/0           NT  colonial [-4.8] 
Mammals        
AMERICAN MARTEN 2(G2)  C2,MW2     
CALIFORNIAN MYOTIS 2(G2)  [C2,MW2]     
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FISHER 2(G3)  R, MW2     
LONG-EARED MYOTIS 2)G2)  [C2,MW2]     
LONG-LEGGED MYOTIS 2(G2)  [C2,MW2]     
NORTHERN MYOTIS 2(G2)  [H2,MW2]     
SILVER-HAIRED BAT 2(G2)  [C2,H2]     

 

a Conservation Priority under the provincial system (1 = highest; 6 = lowest).  Number in brackets indicates the highest 
ranked Goal (see text, p. 4).    
b  Trend in Boreal Taiga Plains BBS routes (1998-2008) as analyzed by CWS; %/yr; significant trends in bold (negative in 
red); sample sizes usually are too small to yield significant estimates, [ ] trends for BC. 
 
Of the 17 highly ranked cavity users likely to occur in the region, 3 are designated by 
Environment Canada and 14 by the province (13 in Goal 2 – proactive).  The fisher ranks highly 
within Goal 3 – maintain native species richness.  The Barrow’s Goldeneye, Common Goldeneye 
and Northern Pygmy-owl rank 1 within Goal 2; all others rank 2. 
 
AMERICAN KESTREL:  2(G2)  We assume the kestrel uses primarily hardwood nest trees in the 
region.  Data from more southern forest types (Table 6) indicate a majority of conifer nest trees, 
but we believe this does not apply where hardwoods are more common.  Nest tree diameters in 
the region range from 24 to 42 cm dbh.  The kestrel uses a wide variety of open to semi-open 
habitats.  Breeding territories are characterized by patches of short ground cover, with taller 
woody vegetation either sparsely distributed or almost completely lacking (Bird and Palmer 1988), 
though suitable nest trees and perches are required.  BBS were established to sample forested 
habitats.  In the Fort St John TSA, for example, 3 sightings of the kestrel were reported from BBS 
routes, but >200 incidental sightings were reported off routes in more open habitat.  The species 
is unlikely to be negatively affected by forest practices and we do not recommend it be monitored 
directly.  
 
American Three-toed Woodpecker:  Uses primarily conifer nest trees (81%; Table 6).  Nest 
trees in the region range from 15 to 19 cm dbh.  Literature documents this species’ preferred 
habitat as older coniferous forests with an abundance of insect-infested snags or dying trees.  Its 
presence in recently disturbed forest (fire, disease, insects, and windthrow) is also well 
documented.  Of the 30 records from BBS on the TFL, 19 are from conifer, with most of the rest 
from RD and NT.  The species is a potentially useful indicator of incidental take in older conifer 
forest, and is more readily sampled by BBS than most cavity nesters (55 records in 7,748 station-
years across the 3 DFAs).  Within the TFL, the measures Canfor has undertaken to compensate 
for incidental take are analogous to those for hardwood associates, but likely more effective.  The 
large majority of the TFL is conifer and large areas of older conifer forest have been assigned to 
the non-harvestable land base (Table 12); current planning maintains older conifer (Table 15).  
Much of the forest in the NHLB is favoured habitat of the species.  We do not recommend it be 
monitored directly. 
 
BARROW’S GOLDENEYE: 1(G2)  Uses primarily hardwood nest trees (72%; Table 6).  In the region, 
nest tree diameters range from 26 to 38 cm dbh; most are in riparian areas.  Larger streams 
receive regulatory buffers, but smaller streams and wetlands do not.  Moreover, the species may 
nest much farther from water than the common 10 to 30 m Riparian Reserve width.  Such 
behaviour means that conditions within the Riparian Management Zone also are important, 
particularly the degree of retention of hardwoods.  Monitoring the species requires specialized 
approaches.  Before doing that, we recommend implementation monitoring of practices to 
determine the degree to which hardwoods are maintained in the Riparian Management Zone. 
 
Black-backed Woodpecker:  Almost all reported nest trees are conifer (>98%; Table 6).  Nest 
trees in the region have a mean dbh of 24 cm.  In undisturbed forest, the species seeks older 
conifer stands much like the American Three-toed Woodpecker.  However, it is naturally irruptive, 
quickly converging on recent burns and the boring beetles that follow.  During winter irruptions, it 
is sometimes found in urban habitats that bear little resemblance to the boreal forests of its 
breeding range (e.g., Yunick 1985).  As with the American Three-toed, the measures Canfor has 
undertaken to compensate for incidental take are analogous to those for hardwood associates, 
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but likely more effective.  The large majority of the TFL is conifer and large areas of older conifer 
forest have been assigned to the non-harvestable land base (Table 12); current planning 
maintains older conifer (Table 15).  Much of the forest in the NHLB is favoured habitat of the 
species. The irruptive, somewhat nomadic, nature of this species makes it a poor candidate for 
monitoring and unreliable indicator of incidental take.  Across the 3 northeastern DFAs, only 9 
records were acquired in 7,748 station-years.  The shortening fire-return interval in response to 
climate change may benefit the species in the near term. 
 
Boreal Owl:  Environment Canada has designated this as a conifer associate.  Of 75 reported 
nests, about 70% are in hardwoods, usually trembling aspen (Table 6).  No nest tree diameters 
are reported from the region, but elsewhere hardwood nest trees averaged 43.7 cm dbh over 
several studies (Table 6).  There were no observations of Boreal Owl across the 3 northeastern 
DFAs; we designated it a hardwood associate based on nest site selection elsewhere.  The size 
of nest tree is attained only in older stands, somewhat younger in riparian areas.  Measures taken 
by Canfor to sustain older hardwood stands, thereby compensating for incidental take, were 
noted (Hardwood-leading and mixed wood types above).  The species breeds well before BBS 
are conventionally conducted and requires specialized surveys.  It is not a candidate for directed 
monitoring nor useful for assessing incidental take. 
 
COMMON GOLDENEYE:  1(G2)  All reported nests are from hardwoods; mean diameter of nest trees 
in the region range from 28 to 40 cm dbh (Table 6).  Nests are primarily in riparian areas, but like 
the Barrow’s Goldeneye, may nest 1 km or more from water (Eadie et al. 1995), so is equally 
susceptible to application of regulatory measures near riparian areas.  As for the Barrow’s 
Goldeneye, conditions within the Riparian Management Zone are important, particularly the 
degree of retention of hardwoods.  Because monitoring the species requires specialized 
approaches, we recommend implementation monitoring of practices to determine the degree to 
which hardwoods are maintained in the Riparian Management Zone before direct monitoring. 
 
NORTHERN PYGMY-OWL:  1(G2)  About 60% of reported nest trees are hardwoods; mean dbh of 
nest trees in the region is 20 cm (Table 6).  Across the 3 DFAs, there are only 2 observations on 
BBS routes, both from TFL 48 and both from conifer-leading stands.  We designated it a 
hardwood associate on the basis of preferred nest sites.  Holt and Petersen (2000) reported that 
its habitats range from deciduous bottomlands to high-elevation coniferous forests.  They also 
observed that it is rarely seen during the breeding season.  No owl is well sampled by BBS 
routes, largely because their breeding is well over by the time routes are implemented.  So little is 
known of this species that it merits attention, but specialized sampling is required and current 
measures maintain its habitat, so directed monitoring is not recommended. 
 
TREE SWALLOW:  2(G2)  Data on nesting in the region are sparse; about 54% of nest trees in more 
southern forest types are hardwoods.  Mean dbh of nest trees in the region is 20 cm (Table 6).  It 
is a species of open fields, meadows, marshes, beaver ponds, lakeshores, and other wetland 
margins, using trees only for nesting and occasional roosting.  Like most high priority excavators, 
where nest boxes are not available, it is dependent on primary excavators for its nest sites.  
Preference for these habitats means it is not well sampled by BBS; 39 observations are reported 
from the 3 northeastern DFAs.  Their distribution across habitat types reflects the eclectic use: 
NV(1), NT(8), RD (6), H1(9), MW1 (2), MW2 (1), C1(12), C2(2).  Lack of buffers around small 
wetlands could negatively impact the species.  Because it is presently unclear to what degree 
appropriate wetlands are affected by forest practice, we recommend implementation monitoring 
precede any direct monitoring of the species.   
 
VAUX’S SWIFT:  2(G2)  We found no nest site data for Vaux’s Swift in boreal forests.  The species 
has unique nesting requirements – chimney-like trees with hollows large enough that the birds 
can fly in and out.  In the boreal forest, the only trees that regularly attain that size are 
hardwoods, particularly those on more productive riparian sites.  In the northeast, BBS has 
reported the species only once, in NV on TFL 48; the TFL may represent the northern edge of its 
range.  The species is subject to the same limitations evaluating forest practices as noted for 



 
 

41 

Barrow’s and Common Goldeneye.  We recommend implementation monitoring of practices to 
determine the degree to which hardwoods are maintained in the Riparian Management Zone 
before direct monitoring of the species.  Any attempt at direct monitoring would have to be highly 
focused. 
 
AMERICAN MARTEN:  2(G2)  Data summarized for this species in Table 6 are from forests well to 
the south.  In southern forests, it has been reported denning and resting only in conifers, about 
70% of them live.  Diameters used are well above those attained by conifers in boreal forests.  
Nonetheless, healthy marten populations exist in northeastern BC; the best documented is that 
on the Rice property within TFL 48 (Poole et al. 2004; Porter et al. 2005).  The Rice property is a 
former agricultural area now covered with regenerating forest that is 90% hardwood-leading; 
about 65% of the property is <65-years-old and 45% is <25-years-old.  Research elsewhere 
reveals 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; Snyder and Bissonette 1987).  The key appears to be adequate 
down wood and shrub cover to encourage prey, provide resting sites and reduce aerial predation.  
Neither Poole et al. (2004) nor Porter et al. (2005) measured shrubs or down wood.  Porter et al. 
(2005) reported that marten selected for large, decayed snags as denning sites, but provided no 
diameters or species for snags selected.  Given the flexibility observed for marten, it does not 
appear to be a candidate for directed monitoring. 
 
CALIFORNIAN MYOTIS:  2(G2)  All data found for this species are from forests well to the south.  In 
those forests, it is reported entirely from conifers, most dead (>97%) with diameters averaging 
55.9 cm dbh (review of Bunnell et al. 2009d).  That diameter is well above those attained 
regularly by conifers in boreal forests.  The presence of the species is not documented in the 
DFA.  The species is a candidate for basic inventory, not monitoring. 
 
FISHER:  2(G3)  In the region, this species requires uncommonly large hardwoods in riparian 
areas.  Coarse-filter analyses cannot assess consequences of practices in and around riparian 
areas.  Incomplete evaluation of riparian prompts questions about sustained provision of 
appropriate size of tree, appropriate decay class and trends in amounts of habitat.  Intended 
riparian practices are presented in the SFMP.  Even if these are implemented as intended, it is 
unclear to what degree they sustain habitat; consequences cannot be evaluated without 
implementation monitoring.  The degree to which practices retain hardwoods, particularly in 
Riparian Management Zones, should be assessed. 
 
The fisher is considered a Group 5 species for which at least some studies have concluded that 
patch size is important.  Assessment of patch size in Figure 3 reveals few large patches of old 
mixed wood in the THLB; there is ample area of large patch sizes of conifers in the NHLB 
(Bunnell et al. 2009d: Figure 7).  Current data for fisher in boreal forests do not indicate patch 
size to be important (Weir 2008).  Although the magnitude of potential decline in older mixed 
wood merits monitoring, the greater issue is the degree to which large hardwoods are being 
maintained in the riparian (see Weir 2008 for regional data).  Currently the species is not a 
candidate for directed monitoring, but implementation monitoring of practices in riparian areas is 
needed before a credible assessment of likely trend can be made.  
 
LONG-EARED MYOTIS:  2(G2)  The review of Bunnell et al. (2009d) summarized cavity use for this 
species in forests to the south, but found no data for boreal forests.  In southern forests, this 
species seeks large dead conifers of a diameter well above those attained by conifers in boreal 
forests.  There is ample old conifer in both the THLB and NHLB (Table 12) and no negative trend 
(Table 15).  In the boreal forests, large, old hardwoods may become more favourable habitat, 
suggesting that riparian practices will be influential.  The presence of the species is not 
documented in the DFA.  The species is a candidate for basic inventory, not monitoring. 
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LONG-LEGGED MYOTIS:  2(G2)  Studies in more southerly forests indicate over 90% of denning or 
roosting sites are in dead conifers (Bunnell et al. 2009d).  Sample size for diameters was small, 
and indicated diameters that are almost unattainable by conifers in boreal forests, but attainable 
by hardwoods, particularly in riparian areas.  If the species sought smaller conifers, which is 
likely, large areas of old conifer are available (Table 12).  Suitable habitat for the species also 
could be monitored by tracking older hardwood stands, which currently cover significant areas 
(Table 12) and, like conifers, show no negative trends in terms of current age structure (Figure  
1).  The species is a candidate for basic inventory, not monitoring. 
 
NORTHERN MYOTIS:  2(G2)  Studies in more southerly forests indicate about 50% of denning or 
roosting sites are in hardwoods, most dead (Table 6).  One large sample size in conifer stands 
dominates the proportion of hardwoods used and we expect greater use in the region.  Where 
hardwoods are more common, the northern myotis locates 100% of its roosts in hardwoods 
(Menzell et al. 2002).  Reported roost tree diameters indicate that suitable diameters are 
attainable by hardwoods in boreal forests in both upland and riparian areas.  Suitable habitat for 
the species could be monitored by tracking older hardwood stands (H2), which currently cover 
extensive areas (Table 12) and show no negative trends (Figure 1).  Implementation monitoring 
of practices in riparian areas would benefit from a credible assessment of likely consequences of 
forest practice.  The species is a candidate for basic inventory, not monitoring. 
 
SILVER-HAIRED BAT:  2(G2)  Studies in more southerly forests indicate about two-thirds of denning 
or roosting sites are in dead conifers (Bunnell et al, 2009d).  Diameters of conifers used are 
largely unattainable in boreal forest; those of hardwood roost trees are attainable by hardwoods 
in boreal forests on both upland and in riparian areas.  Suitable habitat for the species could be 
monitored by tracking older hardwood stands, which currently cover extensive areas (Table 12) 
and show no negative trends (Figure 1).  Again, implementation monitoring of practices in riparian 
areas would help to assess likely consequences of forest practice.   The species is a candidate 
for basic inventory, not monitoring. 
 
Group 3dw – down wood 
Only three high-priority vertebrate species were designated strongly associated with down wood 
in the Species Accounting System – Ruffed Grouse, American marten and fisher.  Down wood is 
important substrate for at least 11 high priority bryophytes in the region (Bunnell et al. 2009d: 
Table 6).  Conifers make greater contributions to down wood than do hardwoods, primarily 
because they provide more durable logs.  Canfor’s efforts to mitigate forestry impacts on species 
associated with down wood include the large areas assigned to the NHLB, retention patches in 
which down wood accumulates naturally and specific targets for down wood retained on 
cutblocks after harvesting (an average of 46 m3 per ha across blocks).  The volume target reflects 
natural levels but volume is a poor indicator of contributions to biodiversity; diameter is more 
revealing (Bunnell et al. 2009d). 
 
Requirements for Ruffed Grouse are likely exceeded.  In more southern forest types, marten and 
fisher den or rest inside conifer logs; in boreal forests, where trees are smaller, they rest beside 
logs or in piles of logs.  Current practices appear to meet their needs in terms of down wood 
retained, but impacts of these practices on high priority species and biodiversity more generally 
would be better assessed by changing the metrics of the current target from volume to diameter 
(see §8.3). 
 
Group 3u – understory associates 
We consider impacts on understory as being the primary influence of forest practices for 10 high 
priority species.  Six of these are listed by Environment Canada and four additional species rank 
highly within the provincial Conservation Framework.  Because the favoured sites of two of these 
species (Le Conte’s Sparrow and Sharp-tailed Grouse) are highly localized, we designated them 
Group 4 species to which specific practices apply when the species is encountered.  In its SFMP 
for the TFL, Canfor has appropriate guidelines for creating and maintaining amounts of early seral 
that typically provides shrubby understory.  We found that several high priority species were 
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relying on shrubs under canopy and not shrubs in early seral (RD) conditions.  Canfor makes two 
provisions to provide for shrubs under canopy.  One is maintaining natural conditions within 
hardwood and mixed wood types in the NHLB; the proportions of these types in the NHLB are 
significant, 41.8% and 39.7%, respectively (Table 12).  The second is patch-wise retention that 
retains natural levels of shrubs.  We noted the potential influences on shrubs that could result 
from vegetation management (§6.3).  No long-term negative influences have been documented 
(§7.3) and Canfor has initiated a study to evaluate actual effects (Preston 2008b, 2009b).  
Because most of these species are associated with hardwood or mixed wood types and avoid 
conifers, the measures Canfor has undertaken to compensate for species in those types apply 
(see Hardwood-leading and mixed wood types above). 
 

 Cons 
Prioa 

 Habitat affinity  
Trendb Species Records 1st Choice 2nd Choice Avoid 

Alder Flycatcher 6 429 50/15        NT 288/150     RD 14/83        C2 -4.1 
Canada Warbler   2(G2) 29 13/1          H1 2/1            H2 1/6           RD -2.5 
Connecticut Warbler   2(G3) 0 [H2] [MW2]  -4.6 
MOURNING WARBLER 2(G2) 122 20/6         H2 13/3         MW1 10/25        C2 4.1 
RED-EYED VIREO 2(G2) 131  27/6          H2 33/19           NT 3/27          C2   -0.7 
SWAINSON’S THRUSH 2(G2) 3608 145/04  MW1 899/711      RD 114/247    NV -0.4 
Tennessee Warbler   6 811 143/160   RD 31/21      MW1 15/35        H1 3.7 
YELLOW WARBLER 2(G2) 376 69/18        H2 36/10       MW1 23/76        C2 -4.2 
Group 4 - Localized       
Le Conte’s Sparrow 4 0 [3w]   1.1 
SHARP-TAILED GROUSE 2(G2) 0    5.9 

 

a Conservation Priority under the provincial system (1 = highest; 6 = lowest).  Number in brackets indicates the highest 
ranked Goal (see text, p. 4).    
b  Trend in Boreal Taiga Plains BBS routes (1998-2008) as analyzed by CWS; %/yr; significant trends in bold (negative in 
red); sample sizes usually are too small to yield significant estimates.  
 
The most striking feature of trends for these species is the number showing negative trends 
despite the abundance of understory in the region.  The pattern likely indicates the importance of 
wintering as well as breeding areas.  Our experience suggests the apparent increasing trend in 
Sharp-tailed Grouse abundance is suspect, but the species is not well sampled.  All but 3 of these 
species rank highly within the provincial Conservation Framework, 6 rank 2 in Goal 2 (proactive) 
and the Connecticut Warbler ranks 2 in Goal 3 (maintain native species richness). 
   
Alder Flycatcher:  This species is commonly sampled on BBS in northeastern BC; records 
across the 3 DFAs total 2239.  Environment Canada considers the Alder Flycatcher a riparian 
associate.  Analyses reveal the following preferences (in order of preference):  TFL 48 – RD 
(significant), NV (non-significant); Fort St John TSA – NT (significant), RD (significant), NV (non- 
significant), Fort Nelson TSA – NV, RD, NT (all significant).  In all DFAs, preferences were for 
RD, NV, and NT – all upland sites.  Riparian is not adequately sampled by BBS, but the species 
is clearly common on upland sites.  The large majority of nest sites reported are <1 m in shrubs 
(review in Lowther 1999).  We believe our designation of this species as an understory associate 
in the region is more fitting than is riparian associate.  NT and NV frequently represent moist to 
wet or boggy areas, particularly in the northeast.  Because it seeks out clearcuts and non-
commercial types not subject to harvesting, the species is a poor indicator of incidental take.  It is 
well represented throughout the northeast and we do not recommend it be monitored directly.  
 
CANADA WARBLER:  (G2)  Canada Warbler significantly prefers young hardwoods in the DFA and 
old hardwoods in Fort St John TSA and the Fort Nelson TSA (also significant).  In a separate 
study focused on the species, aspen was the dominant tree species in 99% of sites occupied in 
northeastern BC, but the warbler was present only when a well-developed shrub layer also was 
present (Campbell et al. 2007).  The Canada Warbler is relatively common when appropriate 
habitat is sampled.  We consider this species less an indicator of hardwoods, than of shrubs 
under hardwoods.  That means that assessment of compensation for incidental take must 
consider how forest practices affect the understory and is not possible from the air or simple map-
based data.  Because it is relatively common in appropriate habitat, we do not recommend 
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directed monitoring of the species.  We do recommend that the study initiated as part of 
effectiveness monitoring (Preston 2008b, 2009b) be continued.    
 
CONNECTICUT WARBLER:  2(G2)  Although it is relatively common, Connecticut Warbler is not well 
represented in data from BBS routes.  Across the 3 northeastern DFAs, it has been reported 45 
times, none from TFL 48.   In the Fort St John TSA, it significantly prefers H1, followed by H2 (not 
significant) and significantly avoids both C1 and C2; on the Fort Nelson TSA the pattern is similar 
with H2 and MW2 ranking equally in preference.  The species nests are hidden on or near 
ground, in thick undergrowth of saplings, among thickets or at the base of a shrub, in a sunken 
clump or mound of moss, or in dry grasses sometimes covered by overhanging vegetation 
(Harrison 1978; Salt 1973).  We designated the species an understory associate and the same 
constraints as for Canada Warbler apply to its utility in assessment of incidental take.  The 
introductory comments on compensatory measures for understory associates also apply.  
Incidental sightings (off BBS routes) suggest the species is relatively common in suitable habitat 
(pole to mature aspen with sparse shrub understory, but abundant herbs) and that targeted 
sampling, as for Canada Warbler, could be employed.  Such sampling currently does not appear 
needed.   
 
Le Conte’s Sparrow:  Le Conte’s Sparrow seeks open, sometimes brushy but typically moist 
areas such as marshy meadows.  In adjacent Alberta, it seeks sedge meadows, borders of bogs 
and marshes in thick grass and shrub tangles; in mountainous areas, it is found in flooded grass 
and sedge meadows (Semenchuk 1992).  In forests, these habitats appear as small inclusions, 
such as NV and NT that are inconsistently mapped.  For this reason the species was assigned 
Group 4 (localized habitat) in the Species Accounting System.  Small, scattered inclusions are not 
well-sampled by BBS; only 2 records have been acquired from BBS, both in the Fort Nelson TSA 
– 1 in NV and 1 in C1.  Such habitat use undermines the species’ utility in assessing incidental 
take.  The species most likely breeds in NV and NT that are not part of the commercial land base.  
Because the TFL has adapted specific measures to avoid disturbing these habitats (Kremsater et 
al. 2009), we do not recommend that the species itself be monitored. 
 
MOURNING WARBLER:  2(G2)  Pitocchelli (1993) observed that this is one of the few Neotropical 
migrants that have benefited from human settlement.  That observation is based on its selection 
of clearings created by fire and clearcutting (Pitocchelli 1993).  It is clearly common in the region 
– 380 observations from BBS.  Where it is most common (Fort Nelson TSA, 223 records), it 
significantly prefers (in order of preference): NV(54/15), RD(30/14), and H2(49/30).  In the TFL, it 
significantly prefers MW1(13/3) and H2(20/6); it shows no significant preference in the Fort St 
John TSA, but uses H2 and MW2 disproportionately.  We interpret the observations to support 
Pitocchelli’s review that recently disturbed and open areas are important habitat, but so are 
shrubs under the more open canopies of older hardwood and mixed wood types (it nests in dense 
vegetation, rarely >1 m above ground).  Both these favoured habitat types undermine its utility as 
an indicator of incidental take – it is encouraged by clearcutting, and shrubs under canopy are 
poorly sensed remotely or by coarse filter approaches.  We do not recommend directed 
monitoring for the species.  
 
RED-EYED VIREO:  2G2)  This vireo nests in live midstory to understory trees or shrubs; nests are 
frequently shaded and concealed by vegetation above (Lawrence 1953; Sutton 1949).  The range 
of mean nest heights reported in 4 studies was 2.5 - 4.3 m (Cimprich et al. 2000).  In short, 
understory is significant.  The species is common in northeastern BC, with 994 records from BBS 
in the 3 DFAs. The preference for understory, often taller, is evident in most preferences 
documented across the DFAs: TFL 48, significant preference for H2 and NT; Fort St John TSA, 
significant preference for H1, not significant for NT (26/17); Fort Nelson TSA, significant 
preferences (in order) for RD, NV, H1, and MW1.  Older conifer and mixed wood generally are 
significantly avoided; only on the TFL did the species show preference for older hardwoods.  NV 
and NT are not part of the commercial forest land base; there is unlikely to be a shortage of 
recently disturbed areas and young hardwoods, particularly given the shortening fire-return 
interval.  We do not recommend this species be directly monitored. 
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SHARP-TAILED GROUSE:  2(G2)  The Sharp-tailed Grouse is uncommon in northeastern BC.  It has 
not been recorded from BBS routes over 7,748 station-years, but has been sighted off-routes in 
TFL 48 and in the Fort St John TSA.  The mating (leks) and brood-rearing habitats are 
specialized and highly localized.  Males engage in communal breeding displays at leks, which 
form the hub of breeding habitat and usually occur on elevated areas, but lower areas such as 
muskeg also are used.  Leks sometimes are associated with disturbed sites and usually are on 
level sites with less vegetation than surrounding areas.  High quality nesting areas typically 
contain structurally diverse habitat, including stands of grasses, shrubs, and forbs that support 
the abundant insects required by broods.  Because the TFL has adapted specific measures to 
avoid disturbing these habitats (Kremsater et al. 2009), we do not recommend that the species 
itself be directly monitored. 
 
SWAINSON’S THRUSH: 2(G2) This is the most commonly recorded species from BBS in 
northeastern BC.  Across northeastern BC there are 6323 records.  The species nests most often 
in understory, particularly in thickets of deciduous shrubs or conifer saplings; the large majority of 
nests are <3 m above ground (review of Mack and Yong 2000).  Analyses reveal the following 
statistically significant preferences in order of preference: TFL 48 – MW1, RD, MW2; Fort St John 
TSA – MW2, C1; Fort Nelson TSA – MW2, H2.  Documented selection is consistent with use of 
understory shrubs or saplings for nesting.  Older hardwood and mixed wood types are often open 
enough to support taller understory below.  The species is likely common simply because its 
nesting habitat occurs in disturbed areas and in all major forest types.  It uses, but tends to avoid, 
non-commercial types (NV and NT), perhaps because while shrub growth may be dense there, it 
is often low, and the Swainson’s Thrush typically seeks taller shrubs.  Given its common and 
widespread nature, we do not recommend directed monitoring. 
 
Tennessee Warbler:  The Tennessee Warbler is a ground nester, with nests always well 
concealed and often in a moss hummock or at the base of a shrub or small tree.  It is common in 
the region, with 3444 records from BBS over the 3 DFAs.  Analyses reveal the following 
statistically significant preferences in order of preference: TFL 48 – RD; Fort St John TSA – H2, 
NT; Fort Nelson TSA – RD, MW1 and NT.  It shows avoidance of conifer stands of both age 
classes, usually significant.  Documented selection is consistent with its preferred breeding 
habitat.  NT often includes mossy sites with dense shrubs; RD is <31 years post disturbance 
(these observations suggest the duration of understory control by vegetation is not long lasting); 
hardwood and mixed wood stands are often open enough to encourage understory below.  Given 
the species’ significant preference for non-commercial sites and areas of recent disturbance, its 
value as an indicator of incidental take is limited.  Because of its common and widespread nature, 
we do not recommend directed monitoring of the Tennessee Warbler. 
 
YELLOW WARBLER:  2(G2)  The Yellow Warbler is expanding its range northward (Bunnell et al. 
2009g) and is now relatively common in the region, with 500 observations from BBS routes in the 
3 DFAs.  Analyses reveal the following statistically significant preferences in order of preference: 
TFL 48 – H2, MW1 (both significant); Fort St John TSA – H1 (significant), H2 (near significant); 
Fort Nelson TSA – NV, MW1, and NT (non-significant).  The species breeds most commonly in 
wet, deciduous thickets, especially those dominated by willows, and in disturbed and early 
successional habitats (Dunn and Garrett 1997).  In more arid areas, the species’ affinity for 
willows enacts a correlated affinity for riparian areas.  The northeast is moist enough that the 
Yellow Warbler is relatively common on upland sites (where BBS are located).  It uses non-
commercial NV and NT in all DFAs, but not consistently disproportionate to abundance.  Canfor 
has taken measures to mitigate impacts of forest practices on hardwood and mixed wood types 
(see Hardwood-leading and mixed wood types above).  Given its common and widespread 
nature, we do not recommend directed monitoring of the species. 
 
Group 3w,r – wetland and riparian associates 
Four cavity-using species strongly associated with riparian areas have already been addressed – 
Barrow’s Goldeneye, Common Goldeneye, Vaux’s Swift and fisher.  Alder Flycatcher is 
designated a riparian/marsh associate in Environment Canada’s draft list for BCR6, but is 
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common on upland sites.  An additional 4 high priority species use riparian areas; 2 of these rank 
highly within the provincial Conservation Framework. 
 

 Cons 
Prioa 

 Habitat affinity  
Trendb Species Records 1st Choice 2nd Choice Avoid 

BALTIMORE ORIOLE 2(G2) 1 1/0            H2   -9.5 
Bohemian Waxwing 6 0    nd 
Marsh Wren 5 0    0.3 
NELSON’S S HARP-TAILED S P 2(G3) 0    -5.8 

 

a Conservation Priority under the provincial system (1 = highest; 6 = lowest).  Number in brackets indicates the highest 
ranked Goal (see text, p. 4).    
b  Trend in Boreal Taiga Plains BBS routes (1998-2008) as analyzed by CWS; %/yr; significant trends in bold (negative in 
red); sample sizes usually are too small to yield significant estimates.  
 
Wetland and riparian associates are the Species Accounting Group most poorly monitored by 
BBS.  Affinities with riparian areas are expressed to varying degrees – both the Baltimore Oriole 
and Bohemian Waxwing also use upland sites.  Because of the prevalence of moist, boggy or 
muskeg areas on upland sites in northeastern BC, species that are more commonly riparian in 
other forest types meet their needs on upland sites in the Taiga Plains and Boreal Plains 
Ecoprovinces (BCR 6). 
 
BALTIMORE ORIOLE:  2(G2)  Environment Canada designates the Baltimore Oriole a mixed wood 
species.  It is often found in deciduous and mixed wood forests near edges, particularly riparian.  
This species is at the northwestern edge of its range in TFL 48, where one observation has been 
reported from old hardwoods.  It has not been reported from the Fort St John or Fort Nelson 
TSAs, nor is it expected.  It is not known whether the species is more common in riparian areas, 
so the assignment to riparian is tentative.  Canfor exceeds regulatory guidelines for riparian 
practices by retaining large hardwoods in the Riparian Management Zone.  The species is too 
rare in the area to serve as an indicator of forest practice in any forest type.  It does illustrate the 
importance of estimating impacts on hardwoods in riparian areas.  We do not recommend it be 
directly monitored. 
 
Bohemian Waxwing: The Bohemian Waxwing is resident, but uncommon, in much of 
northeastern British Columbia.  Over 7,748 station-years across the 3 northeastern SFAs, only 2 
observations were reported from BBSs (1 in mixed wood, 1 in young conifers).  Given its 
preference for fleshy fruits and hawking insects over water, we suspect it is primarily a riparian 
associate in the area, but do not have data to confirm that (riparian areas are poorly sampled by 
the BBS).  Canfor’s practice of winching felled trees from the Riparian Management Zone help 
compensate for incidental take.  The species appears too uncommon to be an informative 
indicator of incidental take.  We do not recommend it be directly monitored. 
 
Marsh Wren:  The Marsh Wren typically nests in cattails (Typha latifolia) but switches to stands 
of bulrush (Scirpus) later in season if the marsh dries out around bases of shallower cattail 
stands.  They also nest in emergent hardhack (Spiraea douglasii) shrubs.  Wetlands are not well 
sampled by BBSs and only 3 records have been reported from 7,748 station-years across the 3 
DFAs.  All were from the Fort Nelson TSA – 1 in NV, 1 in NT, and 1 from a small marsh within a 
C1 polygon.  There is no regulatory protection of small wetlands that are common in northeastern 
BC.  On that basis and because the species is highly vocal, trends in the species offer promise as 
an indicator of change in amounts of habitat.  Monitoring, however, would be difficult to implement 
(it is not well sampled by BBS) and still more difficult to scale up over a tenure – many small 
wetlands are not mapped. These features reduce its utility as a practical indicator of incidental 
take.  We do not recommend the species be directly monitored, but recommend implementation 
monitoring of practices around wetlands as very high priority. 
 
NELSON’S SHARP-TAILED SPARROW:  2(G3) This species is both secretive and highly localized.  For 
this reason it was assigned to Group 4 (highly localized) within the Species Accounting System.  
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It is poorly sampled by BBS.  To date only 2 records have been reported from BBS; both from the 
Fort Nelson TSA – 1 in NV and 1 from a small, moist meadow within a C1 polygon.  Sparse data 
suggest the species is moving west and has just entered the province; we do not expect it in TFL 
48 yet.  It is difficult to see how a species found in such restricted and localized habitat can 
contribute to incidental take.  Because the TFL has adapted specific measures to avoid disturbing 
these habitats (Kremsater et al. 2009), we do not recommend that the species itself be directly 
monitored. 
 
Group 4 – highly localized habitats 
Group 4 in the Species Accounting System includes species restricted to specialized and highly 
localized habitats.  Such habitats typically occur as such small areas that they are not well 
assessed by map-based approaches.  Several species we assign to Group 4 appear on the 
candidate list for priority species in BCR 6 and/or rank highly within the provincial Conservation 
Framework.  Three of these have been treated under their broader habitat associations (e.g., 
understory, wetlands) – Le Conte’s Sparrow, Nelson’s Sharp-tailed Sparrow and Sharp-tailed 
Grouse.  Two more are treated here. 
 
PEREGRINE FALCON:  2(G3)  Designated ‘threatened’ by CoSEWIC.  The peregrine is extremely 
wide-ranging, showing clinal gradations in morphology.  It occupies a wide range of habitat but is 
most commonly associated with cliffs for nesting and adjacent areas of open air for foraging.  
Although wide-ranging, the species is uncommon; its distribution in northeastern BC is poorly 
documented (White et al. 2002).  It has not been recorded from any of the 3 northeastern DFAs 
from BBS routes.  Negative impacts of forestry practices are most likely disturbance (e.g., road 
construction) near nest sites.  Given its relative rarity and the unlikelihood of forestry impacts, the 
species is not an informative candidate for incidental take.  To avoid incidental take Canfor has 
incorporated specific activities to eliminate disturbance during critical times of year (Kremsater et 
al. 2009).  Operating procedures are in place should the species be encountered.  We do not 
recommend attempts to directly monitor it.   
 
SHORT-EARED OWL:  2(G2)  This owl is designated “of special concern” by CoSEWIC.  Like the 
Peregrine Falcon, it is a widely ranging species occupying a range of habitat types from marshes 
to tundra, but most commonly grasslands.  Distribution is poorly documented in northeastern BC; 
most range maps do not recognize how localized the distribution is and exaggerate its 
occurrence.  The species has not been reported from BBS stations in any of the northeastern 
DFAs, but has been reported off route on the Rice property in TFL 48.  Because the species 
seeks open, non-forested areas, forestry practices are unlikely to impact it. The single 
observation on a BBS route (not at a station), was in a clearcut in the Fort St John TSA.  Given its 
relative rarity and the unlikelihood of forestry impacts, the species is not an informative candidate 
for incidental take.  To avoid incidental take Canfor has incorporated specific activities to 
eliminate disturbance during critical times of year (Kremsater et al. 2009).  Operating procedures 
are in place should the species be encountered.  We do not recommend attempts to directly 
monitor it.   
 
Group 5 – habitat distribution important 
Within the Species Accounting System, 6 species are assigned to Group 5 that includes species 
for which patch size and connectivity are considered important by at least one peer-reviewed 
paper.  The 6 species are: Golden-crowned Kinglet, Northern Goshawk, Spruce Grouse, caribou, 
American marten and fisher.  Of these, 4 are considered high priority within BCR 6 and/or the 
provincial Conservation Framework – Northern Goshawk, caribou, American marten and fisher.  
Canfor works with the provincial government on approaches to conservation of caribou; the 
marten and fisher were discussed as cavity users. 
 
Northern Goshawk:  The goshawk has been reported only 4 times from BBS routes in the 
northeast, all from TFL 48 – C2(3), C1(1).  It has been observed much more often off route, 
including nesting in trees on hydro rights-of-way.  The species appears highly adaptable, nesting 
in most forest types, both hardwoods and conifers, and taking a wide variety of prey items, both 
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birds and mammals (Squires and Reynolds 1997).  In interior Alaska, paper birch (Betula 
papyrifera) was dominant in nest stands and was preferred over other tree species (McGowan 
1975). Whatever forest type is used, there is a general preference for mature stands.  
Determining the area of intact forest sought has proven difficult to quantify, yielding highly 
variable amounts.  The most revealing approach may be neighbourhood modeling (see Vernier 
and Bunnell 2002).  On the TFL it matters little which published estimate is employed; there is 
ample habitat of the apparently preferred type (older conifer) in both the NHLB and THLB (Table 
12), no downward trend (Bunnell et al. 2009d: Table 16), and no reduction in conifer patch sizes 
when the 20-year plan is projected (Bunnell et al. 2009d: Figure 7).  It is unclear how well the 
Northern Goshawk can inform incidental take – across its range it shows little specificity to forest 
type, it wanders considerable distances and the areas required are unclear and undoubtedly vary 
with prey density.  Because there is ample habitat on the DFA, we do not recommend it be 
monitored directly. 
 
Group 6 – non-forested habitats 
The Species Accounting System includes species occurring on non-forested habitat within the 
DFA in Group 6.  Environment Canada tentatively lists 7 high priority species for BCR 6 and 
assigns them to broad habitat, non-forested habitats (e.g., Table 10); one of these (the Mourning 
Warbler) is strongly associated with understory below hardwood canopies so is treated as an 
understory associate, Group 3u above.  Of the remaining 6 species, we consider 2 to be Group 4 
species, inhabiting highly specialized and localized habitats – Peregrine Falcon and Short-eared 
Owl.  Those 2 also rank highly within the provincial Conservation Framework and are treated 
under Group 4 above.  The remaining 4 species are addressed here. 
 
Clay-colored Sparrow:  Knapton (1994) noted that “No species is more typical of the broad 
expanses of low shrubs across the northern prairies…”  It is common in northeastern BC, with 
135 records reported from BBS routes.  BBS routes target commercial forests, not scrub; the 
relatively high number of records reflects the relatively large area in the northeast with <10% tree 
cover.  The distribution across habitat types affirms the sparrow’s affinity for shrubby areas:  
NV(46), NT(39), RD(18), H1(10),  H2(2), MW2(1), C1(18), C2(1).  Of the 135 records, 103 (76%) 
are from shrubby habitats, 85 (63%) in non-commercial areas.  It is unclear how this species 
could inform decisions about incidental take – it seeks shrubby areas netted out of commercial 
forest and benefits from clearcuts.  For these reasons and because it is common, we do not 
recommend it be monitored directly. 
 
Eastern Phoebe:  The northeastern DFAs are the western edge of the species’ range.  Of the 11 
records from BBS routes, 8 are from the Fort Nelson TSA and only 1 from TFL 48 that is farther 
west.  The species makes sufficient use of human constructions for nesting (buildings, bridges) 
that it earned the unofficial common names “bridge pewee” and “barn pewee”.  BBS routes in 
forested areas likely underestimate its abundance.  There is no apparent pattern in its selection of 
forest types:  NT(3), H1(5), MW1(2) and C1(1).  That is expected given that its nest sites include 
bridges, culverts, buildings and rock outcrops that provide some protection from the elements and 
perhaps predators.  The apparent preference for nearby woody vegetation may reflect only 
preference for a screen, shielding a bird’s approach to the nest that allows the adult to perch and 
reconnoiter for predators prior to final approach.  Once breeding is completed, the birds largely 
abandon nest locations and range much more widely in a diversity of woodland habitats (Graber 
et al.1994; Weeks 1994).  Given its nesting preference and use of a diversity of wooded habitats, 
it is unclear how this species can inform incidental take.  We do not recommend that it be 
monitored directly. 
 
Northern Harrier:  In their review Macwhirter and Bildstein (1996), describe the Harrier’s 
breeding habitat as “Open wetlands, including marshy meadows; wet, lightly grazed pastures; old 
fields; freshwater and brackish marshes; also dry uplands, including upland prairies, mesic 
grasslands, drained marshlands, croplands, cold desert shrub-steppe, and riparian woodland.”  
These habitats generally are not well-sampled by BBS routes and only 6 records have been 
attained across the 3 northeastern DFAs, none from the TFL.  The records affirm the preference 
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for more open areas: NT(1), RD(2), MW1(1) and C1(1).  The species nests on the ground, usually 
in tall, dense clumps of vegetation.  Because it nests and hunts in habitats that are non-forested, 
the species is unlikely to be a useful indicator for incidental take by forest practices.  For the 
same reasons we do not recommend it be monitored directly. 
 
Northern Shrike:  The species is sparsely distributed across the taiga and taiga-tundra ecotone. 
Its range is poorly known for northeastern BC.  Only 3 records were recorded from BBS routes 
across the 3 northeastern DFAs, all from the Fort Nelson TSA (1 from NV, 1 from MW1 and 1 
associated with a C1 polygon).  Environment Canada terms it a woodland species.  Generally, it 
avoids dense tracts of coniferous forest, preferring forest edge at its altitudinal and latitudinal 
limits, or openings along rivers, around lakes, in muskegs, near burned areas, logged tracts, and 
agricultural clearings (Cade and Atkinson 2002).  It typically nests in shrubby growth (willow or 
alder) within 3 m of the ground, but may nest in taller spruce (but not aspen).  The species’ 
preferred habitat makes it unlikely to be a useful indicator for incidental take by forest practices.  
For the same reasons we do not recommend it be monitored directly.   

    
8.3  Recommendations for monitoring 
Recommendations are summarized separately for implementation and effectiveness monitoring.  
We have estimated priorities for specific habitat attributes (VH = very high; H = high; M = 
moderate); issues following are ordered by priority.  Note that ranks are within implementation or 
effectiveness monitoring; generally implementation monitoring ranks higher because it sometimes 
determines the need for effectiveness monitoring. 
 
Implementation monitoring 
Riparian and wetlands:  Some hardwood associates in the TFL are known to be associated with 
riparian hardwoods around streams and larger lakes (e.g., cavity nesting ducks); others likely are 
(e.g., Vaux’s swift).  The degree to which larger hardwoods and shrubs are retained in the 
Riparian Management Zone should be evaluated – pre- and post-harvest comparisons (VH 
priority).  More than 50 species within the DFA are associated with wetlands and lakes <5 ha.  
Current guidelines do not buffer small lakes and wetlands (<5 ha).  The number of small lakes 
and wetlands encountered within treatment units, and the proportion of those harvested with and 
without buffers, should be tracked until it is apparent what portion is unaffected by forest activity 
(VH priority).  Wetland size distribution should be recorded in 1-ha classes up to 5-ha.  NT is 
frequently used by high-priority species, is non-commercial and often associated with wet areas.  
The degree to which NT is incorporated into retention anchor points should be evaluated (M 
priority). 
 
Leave tree diameters:  The actual diameters of retained trees have not been assessed.  The 
current minimum diameter of 17.5 cm dbh is too low, but is likely exceeded in practice.  Actual 
practice needs assessment.  We assign this H priority, rather than VH, because we expect that 
practice most often exceeds the minimum. 
 
Amounts and distribution of mixed wood:  Current data suggest downward trends in amounts and 
patch sizes of older mixed wood in the THLB.  Much of the NHLB may be on less productive 
sites, hosting different organisms.  If real, the downward trends will affect hardwood associates, 
particularly small organisms, such as some bryophytes that disperse poorly as patches of older 
mixed wood become more widely scattered.  Both trends and distribution of older mixed wood 
should be monitored to assess whether departures differ significantly from target baselines; CMI 
plots will help (H priority).  
 
Vegetation management:  Sites selected for treatment should be stratified by pre-harvest forest 
cover, so that potential changes in conifer to hardwood and vice versa can be assessed in the 
future (H priority). 
 
Late seral patch sizes:  Status should be assessed every 5 years when polygons are updated for 
TSR review.  Trends in sizes of older forest patches should be tracked by forest type within BEC 
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variant for both the NHLB and THLB.  Current analyses suggest a reduction in patch size 
distribution within mixed wood types that merits monitoring.  Targets derived from historical 
disturbance regimes may no longer apply.  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).  H priority for retention patches; M priority for hardwood types. 
 
Effectiveness monitoring  
NHLB contributions: Our assessment of the relative suitability of current practices to sustain 
hardwood associates was influenced by the assumption that old hardwoods in the non-
harvestable land base were contributing significantly.  Much of the NHLB is lower productivity and 
Boudreault et al. (2008) noted that site productivity influences the contribution to sustaining some 
organisms.  The assumption that NHLB contributes significantly should be checked.  Currently of 
the 20,337 sample points through 2008, 64.5% are in the THLB, 17.8% are in the NHLB, and 
17.7 % are in land excluded from productive forest (e.g., non-commercial brush classified as NT).  
NT is actually a productive habitat, particularly for understory associates, but apparently 
hardwood associates as well (Tables 1 and 7).  Comparisons between NHLB and THLB of 
relative abundance for selected species would help address the validity of the assumption 
regarding contributions of the NHLB (VH priority).  This should first be done with existing sample 
data of organisms.  If NHLB is less productive for hardwood associates and THLB is potentially 
limiting, the appropriate management level is retention. 
 
Mixed wood boundaries:  In sub-boreal and boreal forests, hardwoods play a significant role in 
sustaining biodiversity. The current SFMP suggests biological constraints must also be 
considered within a mixed wood management strategy (but does not elaborate on those 
constraints because they currently are poorly known).  We do not have data-supported 
boundaries for mixed wood from the perspectives of silviculture and growth and yield, or for 
sustaining biodiversity.  Evaluation of boundaries can be informed by relating the abundance of 
species closely related to hardwoods (e.g., American Redstart, Hammond’s Flycatcher, Least 
Flycatcher, Magnolia Warbler, Ovenbird, Warbling Vireo and Western Tanager) to the proportion 
of hardwoods and shrubs present.  This is assigned VH priority because it will help guide the 
priority with which apparent trends in potential conversion of mixed wood to conifer are assessed.   
The simplest approach is to augment work underway in the Fort St John TSA to the extent 
possible.  A major management ‘lever’ is retention guidelines.  
 
Vegetation management:  Provided data on species composition noted directly above and under 
implementation monitoring can be acquired, potential effects of vegetation management in 
modifying the mixed wood contribution to biodiversity and duration of any reduction in hardwood 
cover can be evaluated.  A study is now underway in TFL48 that may permit this and could 
benefit the Fort St John and Fort Nelson TSAs; continuation of that study is assigned VH priority. 
 
Wildlife Tree Patches:  The degree to which WTPs retain hardwood associates is unknown.   The 
relative proportions of patches within the three broad forest types are informative (acquired by 
implementation monitoring).  In the near term, effectiveness can be evaluated in terms of the 
target diameters and ages noted, especially when late-seral relations are documented (see 
below).  Longer-term, more credible evaluations require assessment of patches for a suite of 
organisms responsive to specific habitat elements, such as hardwoods and understory (H 
priority; see Organisms following).  Evaluation could lead to refinement of retention guidelines; 
e.g., downward trends in mixed wood forest would encourage mixed wood as anchor points.  
 
Organisms:  Response of organisms is the most credible, and ultimately a necessary measure, of 
effectiveness.  Candidate organisms for TFL 48 are listed with priorities derived from review of 
current data and the literature.  Different candidate groups are assigned the priorities of 
management issues noted above.  Focus is on a suite of species to attain an aggregate response 
less susceptible to vagaries of individual species.  The aggregate number of observations from 
that suite can be compared to the mean over the initial 7-year monitoring period; a 30% decline 
merits further examination. 
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Cavity nesters – focus should be on groups of species that are largely conifer dependent and 
largely hardwood dependent.  Examples for hardwoods include: Black-capped Chickadee, Hairy 
Woodpecker, Northern Flicker, Red-breasted Nuthatch and Yellow-bellied Sapsucker.  For 
conifers they include: American Three-toed Woodpecker, Boreal Chickadee, Brown Creeper and 
Winter Wren.9

Old hardwood and mixed-wood suite – these can include appropriate cavity nesters noted above 
but also candidate species from Table 1, such as American Redstart, Hammond’s Flycatcher, 
Least Flycatcher, Magnolia Warbler, Rose-breasted Grosbeak and Warbling Vireo.  Given that all 
are migratory and affected by conditions outside the tenure, it is especially important that they be 
monitored as a suite.  Assessment of structure (% hardwoods and percent shrubs) in a sub-
sample of BBS sites will assist scaling up (VH priority).   

   Although suites are important, the sapsucker merits some individual attention 
because it is the keystone excavator in the region.  Initial efforts should focus on retention 
patches; documented relations to larger retention patches will assist scaling up over the entire 
tenure (VH priority).   

Old riparian suite – these species are not readily monitored by Breeding Bird Surveys (e.g., 
cavity-nesting ducks, Vaux’s Swift).  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.  
 
Late seral:  Apparent effectiveness of the current lower boundary for ‘old’ hardwoods and mixed 
wood age was evaluated indirectly by forest inventory data and diameter of cavity trees sought by 
vertebrates in the area; appropriate boundaries should be checked more directly for vertebrates.  
Their applicability to other organisms was estimated primarily from European data.  Forest interior 
plots should be used to assess projected effectiveness for cavity-nesting birds (H priority) and 
for bryophytes and lichens (M priority).  See also organisms above.  Significant downward trends 
in older age classes can be ameliorated by increased retention. 
 
Riparian areas:  Because current guidelines do not buffer small lakes and wetlands (<5 ha), and 
more than 50 species are associated with wetlands, ponds and small lakes (though not 
consistently with hardwoods), we do not know whether a significant portion of biodiversity is 
exposed to habitat degradation.  Monitoring should assess species presence in small wetlands 
with (if such exist) and without adjacent harvesting; these should be stratified by 1-ha size 
classes up to 5 ha (H priority).  If establishing the implementation monitoring recommended 
above discovers that proportionately few small lakes and wetlands receive adjacent harvest, the 
priority should be lowered.  That is, implementation monitoring should be done first. 
 
The effectiveness of riparian management guidelines at maintaining hardwoods in Riparian 
Management Zones and the species associated with riparian areas around streams and larger 
lakes has not been assessed.  As well as hardwood associates, an additional 9 vertebrate 
species are closely associated primarily with streams and larger lakes, but the main  approach to 
monitoring organisms currently is Breeding Bird Survey routes.  These assess such areas only 
poorly.  Some preferred NT sites appear to be a product of high moisture levels.  A focused 
evaluation of the effectiveness of practices is needed.  Specific questions include: 1) are species 
expected in wetland/riparian areas actually present, 2) do practices around areas classified as NT 
maintain the ability of NT to support understory associated species, and 3) what species are 
using the large trees in RMZs.  Measures of shrub abundance and large trees attained under 
implementation monitoring of shrub abundance in the RMZ are a necessary first step and will 
assist interpretation.  We rank this as M priority, simply because we do not anticipate problems 
and surveys are specialized; the number of species potentially affected, however, may encourage 
a higher ranking. 
 
 
 
 
                                                 
9 Pacific-slope Flycatcher could be added.  Although an opportunistic nester, it is common and readily observed. 
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