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Abstract:  The question posed was: Are there species or groups of species that can be used to infer 
habitat condition for a variety of other species, and, if so, which ones?  It was addressed at two levels.  
The initial approach was fine-scaled and focused on the degree to which presence of individual species 
could be predicted by the presence of other species without stratification by broad habitat types.  That is, 
the presence or absence of bird species (sometimes augmented by amphibians or the red squirrel) were 
evaluated as predictors of the presence of other bird species.  The second was a coarse-filter approach 
to ascertain whether there was consistency or generality among habitat associations of species to habitat 
types that could be derived from the provincial Vegetation Resources Inventory (VRI).  The first approach 
proved ineffective; the second approach proved powerful.  The second approach was employed to derive 
cost-effective systems for implementation and effectiveness monitoring for three Defined Forest Areas 
and evaluate measures to compensate for incidental take on TFL 48.  The experience derived from the 
analyses of over 70 Breeding Bird Survey routes was used to summarize their limitations and suggest 
simple modifications that enhance their utility in informing management decisions without undermining the 
standard approach.   
 
Introduction 
The initial proposal noted, “The problem addressed is that of developing credible approaches to planning 
for sustaining biodiversity and monitoring apparent success in planned efforts.  Specifically, there are far 
too many species for each to be addressed individually in planning, practice or monitoring.  This project 
was directed to documenting specific ways of simplifying the task and employing coarse-filter approaches 
cost effectively.  It thus directly addresses three broad forestry activities: planning for sustaining forestry, 
selecting and distributing practices for sustainability, and monitoring sustainability.”  More specifically: 
“The broad question asked is ‘Are there species or groups of species that can be used to infer habitat 
condition for a variety of other species, and, if so, which ones?’ “   The general problem and the broad 
question did not change over the 3 years of the project, but the methodologies and specific questions did. 
 
Results for activities addressed early in the project and reported on earlier are summarized here, 
including: 

1) Inferring habitat conditions for less common species from abundance of more common species. 
2) Field tests of the commonality of associations of birds with other vertebrates. 
3) Inclusion of non-vertebrates within the Species Accounting System.1

 
 

Deliverables for 2009/10 (as amended) include:  
4) Describe regional differences in predictive associations found. 
5) Review of bird monitoring and recommendations for improvement (Journal article). 

                                                           
1   See Bunnell, F.L., Kremsater, L.L., Moy, A., and Vernier, P.  2009.  Conservation framework for Canadian Forest Products 
tenures in northeastern British Columbia. Final Report  to Canadian Forest Products and BC Forest Sciences Program.   
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6) Recommendations for effectiveness monitoring for selected DFAs. 
7) Develop appropriate analyses for assessing incidental take.  

 
Deliverables are summarized here and the more detailed treatment posted to the MoFR library.  The 
journal article is an exception because it is submitted; only the summary is offered. 
 
The broad objective did not change during the course of the study.  Initial results, however, altered 
methodologies and shifted deliverables to products that were more practical.  Early focus was on 
generality of individual species relationships.  That was addressed but we came to appreciate a more 
useful contribution was how to use these data and analyses to guide monitoring more generally.  
Because changes in methodology are informative and were influenced by results, we discuss shifts in 
methodologies with results. 
 

Methods and Results   
Methods and results are presented jointly for each of the seven activities addressed individually below.  
Any changes in methodology associated with a deliverable also are summarized.  Note: for convenience 
in reference, Literature Cited is presented separately for each of the 7 activities of the project. 
 
1  Inferring habitat conditions for less common species 
 
Introduction 
Much has been written on the use of flagship species, umbrella species or keystone species in an attempt 
to represent needs of all species.  Each approach has weaknesses.  Flagship species are usually those 
of high public profile, but are often not fundamental to the rest of the community and often require 
prohibitively large resources to monitor (Caro & O’Doherty 1999; Simberloff 1998).  Using umbrella 
species, those whose needs encompass those of many other species, is an attractive concept, but 
whether other species really fall ‘under the umbrella’ is often more a matter of faith than of evidence 
Roberge & Anglestam 2004).  Monitoring keystone species, those that play critical roles in a community, 
also has promise (Simberloff 1998), but keystone species are difficult to identify and the notion that only a 
few species are critical to the ecosystem is contrary to other theories of community ecology.  The 
complexity of ecological interactions and ignorance about them argue against the strict application of 
keystone species as focus for monitoring (Mills et al. 1993).  The focal species approach (Lambeck 
1997), using a suite of species rather than a single species as indicators, is an improvement over the 
assumption that a single species can reliably act as a surrogate for a major portion of biodiversity.  
Lindenmeyer et al. (2002), however, criticized Lambeck’s approach as being nonoperational in a planning 
sense. 
 
As part of the project we elected to evaluate the degree to which more readily monitored bird species 
predicted the presence of species less readily sampled.  That did not work well and discussion here is 
brief.  Effort was shifted to habitat-based approaches that used documented similarities in species’ 
responses.  These approaches proved able to overcome the criticism of Lindemayer et al. (2002) and 
have proven to be effective management tools (portions of the habitat-based approach and contributions 
to resources management are presented in §3 through §7).  
 
Methods 
The approach focused on community analysis, relying largely on clustering techniques to group similar 
species.  We used indicator species analysis (e.g., Dufrene and Legendre 1997), expanding its capacities 
through non-parametric techniques, based on multi-response permutation procedures (Mielke et al, 
1981).  Given the wealth of data, the potential for ‘fishing expeditions’ for any potential relation exists.  
Such an approach is of dubious statistical merit as well as time consuming.  It was avoided by focusing 
on specific hypotheses derived from natural history; e.g., we could document that specific species were 
associated with particular habitat elements and could posit initial groups of analysis at the outset.    
 
Analyses illustrated here were based on 29 BBS routes from 2002 to 2007 on Vancouver Island. 
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Results  
Attempts to extract guilds of readily sampled species that predict the presence of less common species 
was statistically undermined by the presence of abundant habitat generalists.  Figure 1.1 provides 
examples illustrative of the problem.  The figure illustrates total species richness when selected species 
are present in a sample. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.1.  Proportion of total species richness accounted for when select species are present in a) 
CWH vh 1 and b) CWH vm 1.  Error bars indicate annual variation over the period 2002 through 2007. 

 
Because species composition changes with variant, analyses were restricted to variant.  In the CWHvh 1, 
when Swainson’s thrush was present ~85% of species richness was accounted for; in the CWHvm 1, 
when winter wren was present ~89% of total species richness was accounted for.  In each variant tested, 
there were about 3 dominant, near ubiquitous, species that confound analyses because they tend to 
occur with every species.  Occurrence of the species with the more narrow niches, such as Hammond’s 
flycatcher in the CWHvh1 and red crossbill in the CWHvm1, were not reliably predictive of species at risk.  
Similarly, unhelpful results were obtained for selected species ‘at risk’ in northeastern BC (see discussion 
of black-throated green warbler in §2).  We abandoned the species-based approach and concentrated 
analyses on species plus habitat approaches.  
 
Caro, T.M. and O’Doherty, G. 1999.  On the use of surrogate species in conservation biology.  Cons. Biol. 

13: 805-814.  
Dufrene, M. and Legendre, P. 1997. Species assemblages and indicator species: the need for a flexible 

asymmetrical approach. Ecol. Monogr. 67:345-366  
Lambeck, R.J. 1997. Focal species: a multi-species umbrella for nature conservation.  Cons. Biol. 11: 

849-856. 
Lindenmayer, D. B., Manning, A.D., Smith, P.L., Possingham, H.P, Fischer, J., Oliver, I., and McCarthy, 

M.A.  2002.  The focal-species approach and landscape restoration: a critique.  Cons. Biol 16: 
338-345. 

Mielke, P.W., Berry, K.J., Brockwell, P.J., and Williams, J.S.  1981.  A class of nonparametric tests based 
on multiresponse permutation procedures.  Biometrika 68:720-24  

Mills, L.S., Soule, M.E., Doak, D.F.  1993.  The keystone-species concept in ecology and conservation.  
Bioscience 43: 219-224. 

Roberge, J.M. and Angelstam, P.  2004. Usefulness of the umbrella species. concept as a conservation 
tool. Cons. Biol. 18: 76-85. 
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Simberloff, D.  1998.  Flagships, umbrellas, and keystones: is single species management passé in the 
landscape era?  Biol. Cons. 83: 247-257.   

 
2  Field tests of associations of birds with other vertebrates  
 
Introduction   
The broad goal of this project was to evaluate the degree to which more readily sampled forest-dwelling 
organisms might act as surrogates for species less easily sampled.  The readily-sampled group included 
birds as sampled by Breeding Bird Surveys (BBS).  This sub-project also evaluated associations for one 
vocal mammal, the red squirrel (Tamiasciurus hudsonicus), and for a group of readily heard or observed 
amphibians, acknowledging that BBS do not sample wetlands well.  For amphibians, an initial question 
was whether wetlands could be related to the species accounting system developed within FSP Grant 
Y071014-093014.  That approach develops relations that allow the bulk of the monitoring to be done from 
readily available map-based data and GIS analysis (Bunnell et al. 2009).   
 
Methods 
The example reported for the red squirrel examined its potential utility in assessing the presence of the 
black-throated green warbler.  Squirrel calls were recorded at BBS sites at the same time that bird calls or 
sightings were recorded.  The approach was intended to determine if the inclusion of red-squirrels with 
bird species, proved predictive of the presence of specific, individual bird species.  In the example 
illustrated, two analyses were employed.  The first analysis employed BBS routes within the Fort St John 
TSA.  Sites were filtered to represent those likely to host the warbler and included only the BWBS zone, 
forest class 4 (trees 13 to 40 cm dbh), and percent hardwoods of 5 to 70%.  Filtering yielded 77 sites.  
The warbler was present on 14 sites and absent on 63.  In total, 24 species co-occurred at sites having 
Black-throated Green Warblers, but only 7 co-occurred in ≥ 5 sites ( we only tested where observed and 
expected frequencies were ≥ 5 ).  The second analyses employed the same sites as the first plus 13 
forest-interior and 15 incidental sightings.  When incidental sightings were obtained outside of plots, the 
sighting was georeferenced to permit GIS analysis of VRI data, and % hardwoods and selected shrub 
measures were recorded.  Filter criteria were the same, other than the range of hardwoods was 5 to 95%.  
The basis for this analysis was 134 sites, with warblers present at 40 and absent from 94.  In this case, a 
total of 54 species co-occurred with the black-throated green warbler, including 15 that co-occurred on ≥ 5 
sites.  Potential positive associations were tested by chi-squared analyses of presence and absence.  
Because there was only 1 degree of freedom, Yates correction was employed. 
 
Amphibians were sampled opportunistically by visiting 34 wetlands and recording their presence when 
heard or observed.   
 
Results and discussion 
Red Squirrel:  One example of associations with the red squirrel is illustrated because it reveals the 
general pattern.  It is for the black-throated green warbler (Dendroica virens) that is blue-listed in BC, 
ranks highly (2) within two goals of the Provincial Conservation Framework, is recommended as ‘Special 
Concern’ in adjacent Alberta, but has not been assessed by COSEWIC.  Results of the first analyses, 
restricted to BBS routes, are summarized in Table 3.1 
 

Table 3.1. Results of species associations with black-throated green warbler in the Fort St. John TSA. 
The data for these analysis are restricted to the BWBS subzone, and forest class 4 (13-40 cm dbh) with 5 
to 70% hardwoods. 

Species 2
1χ  P Yates χ  Yates P 

Chipping Sparrow 2.77 0.096 1.85 0.174 
Pine Siskin 1.45 0.228 0.73 0.392 

Red Squirrel 5.38 0.020 4.00 0.045 

Swainson's Thrush 5.17 0.023 3.87 0.049 
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Tennessee Warbler 3.85 0.049 2.67 0.102 

Warbling Vireo 0.43 0.513 0.11 0.744 

Yellow-rumped Warbler 1.17 0.279 0.62 0.433 
* Yates correction is used when degrees of freedom = 1, and sample sizes are small. The result is generally more accurate than a 
standard chi-square result. 
 
Shaded values indicate statistically significant associations (p < 0.05).  Using Yate’s correction only 2 
species showed significant association with the black-throated green warbler.  In the Fort St John TSA, 
the black-throated green warbler is statistically associated with old hardwoods and old mixed wood 
among VRI polygons.  While the red squirrel is strongly associated with conifer types, the Swainson’s 
thrush is almost ubiquitous in the area but avoids NT (<10% tree cover) and NV (<5% tree cover).   
 
Results of the second analysis including forest interior plots and incidental sightings are summarized in 
Table 3.2.   
 
Table 3.2.  Results of species associations with black-throated green warbler in the Fort St. John TSA. 
The data for these analysis are restricted to the BWBSmw subzone, and forest class 4 (13-40 cm dbh) 
with 5 – 95% hardwoods. 

Species 2
1χ  P Yates χ  Yates P 

American Robin 4.83 0.028 6.04 0.014 
Chipping Sparrow 0.00 1.00 0.07 0.791 

Golden-crowned Kinglet 0.66 0.412 1.16 0.282 

Ovenbird 0.03 0.863 0.00 1.00 

Pine Siskin 1.58 0.209 2.22 0.136 

Rose-breasted Grosbeak 2.34 0.126 3.24 0.072 

Red-breasted Nuthatch 0.01 0.920 0.13 0.718 

Red Squirrel 3.56 0.059 4.36 0.037 

Swainson's Thrush 3.15 0.076 3.86 0.049 

Tennessee Warbler 0.64 0.424 1.00 0.317 

Warbling Vireo 0.09 0.764 0.25 0.617 

White-throated Sparrow 3.03 0.082 3.80 0.051 

White-winged Crossbill 0.01 0.610 0.14 0.708 

Yellow-bellied Sapsucker 0.01 0.920 0.02 0.888 

Yellow-rumped Warbler 0.01 0.920 0.10 0.752 
* Yates correction is used when degrees of freedom = 1, and sample sizes are small. The result is generally more accurate than a 
standard chi-square result. 
  
Shaded areas again indicate statistically significant relationships.  In this case, 4 species showed 
significant positive associations with the warbler. 
 
The example of black-throated green warbler indicates the more general failings and specific failings of 
the approach.  Generally, abundant species that are more generalist in their habitat preferences (e.g., 
American robin and Swainson’s thrush) show statistical relations with many relatively rare species simply 
because they tend to be ubiquitous.  That undermines the overall approach.  Specifically, the presence of 
red squirrels reflects coniferous forest and the white-throated sparrow (Table 3.2) is statistically 
associated with NT(<10% tree cover).  Over its North American range (Morse and Poole 2005) and within 
northeastern British Columbia (Bunnell et al. 2009) the black throated green warbler uses stands from 
near pure coniferous to near pure hardwood or deciduous.  Although the red-squirrel is vocal so can be 
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assessed along BBS routes, it provided little guidance in revealing specific habitat beyond that obtained 
from VRI for the black-throated green warbler or any other species evaluated.  
 
Vocal or readily visible amphibians:  Of the 34 wetlands sampled, only 8 appeared in the GIS layers, 
indicating that there are no opportunities for scaling up from map-based data.  Many wetlands 
contributing significantly to biodiversity are simply too small to be recorded within VRI.  That point is 
affirmed by records for one of the more abundant vocal amphibians in the area – the wood frog.  Of the 
16 records obtained for wood frogs, only 7 occurred in mapped wetland.  The wood frog is an ‘explosive 
breeder’ quite capable of breeding in ephemeral wet areas, including recent snow melt.    
 
Bird species often show affinities for particular wetland types (e.g., ponds, marshes, bogs).  A further 
question was whether vocal amphibians also responded differently to different wetland types.  Three 
amphibian species were encountered in the 34 wetlands sampled: boreal chorus frog (24 records), wood 
frog (16 records), and Columbia spotted frog (2 records).   The boreal chorus frog appears to be the most 
vocal, and is the common ‘croaking’ frog (all records were aural rather than visual).  Of the 24 boreal 
chorus frog records, most (14) were assigned to non-forested types by map-based data, but only 4 of all 
the records were located in or near mapped wetlands.  Two were assigned to recently harvested sites 
(<30 years old) that are too young to designate as hardwood-or conifer-leading.  Of the 8 records from 
older forest, all were from hardwood-leading or mixed wood stands.  Hardwoods often are more prevalent 
in wetter areas, but that relationship cannot be inferred or checked from the map-based data.  Although 
polygon records may be typed as older forest, almost all boreal chorus frog records were from open, 
flooded areas with emergent vegetation. 
 
Relative abundance among the species is difficult to assess by calls alone.  Wood frogs may be the most 
common species, but do not appear to be the most vocal.  Almost all records of wood frog were visual; 
only a few were actually heard.  Compared to the boreal chorus frog, the ‘call’ of wood frogs is rather 
deep and low.  Conversely, the boreal frog was never seen; all records were aural.  Of the 16 records of 
wood frogs, 8 were from non-forested areas, including 7 from mapped wetlands.  The remainder was 
distributed:  recent harvest (1), young deciduous (1), young conifer (4), old conifer (1), and young mixed 
wood (1).  Superficially, the results suggest that the wood frog is more closely associated with conifer 
forest than is the boreal chorus frog.   Wood frogs were usually located near forest edges, rather than 
within stands (unlike the red-legged frog on the coast).  The sample sizes, however, are small.  Moreover, 
the wood frog is an explosive breeder quite capable of breeding in ephemeral wet areas. It is primarily for 
this reason that it does not appear closely associated with mapped wetlands. 
 
Only two observations (both visual) of Columbia spotted frog were obtained – one from wetland and one 
from another non-forested area (potentially unmapped wetland).  The boreal chorus frog and wood frog 
are vocal, particularly the chorus frog, whereas calls of the Columbia spotted frog travel only 15 to 30 m.  
The smaller number of records of the latter may reflect either differential vocalization or relative density.   
 
It is apparent that suitable breeding areas for amphibians in the area are not well captured within the 
wetland classification system.  The wood frog and boreal chorus frog breed in areas, often transient, that 
are not mapped as wetland sites.  For wood frogs they may simply be roadside ditches, or ephemeral wet 
areas in clearcuts, sometimes at surprising elevations (1075 m).  For the two most vocal species, their 
presence is not necessarily a good indicator of the presence of small, unmapped wetlands useful to birds 
and other organisms.   
 
Bunnell, F.L., Kremsater, L.L., Moy, A., and Vernier, P.  2009.  Conservation framework for Canadian 

Forest Products tenures in northeastern British Columbia. Final Report to Canadian Forest 
Products and BC Forest Sciences Program.  41 pp. 

 
Morse, D H. and  Poole, A.F. 2005. Black-throated Green Warbler (Dendroica virens), The Birds of North 

America Online (A. Poole, Ed.). Ithaca: Cornell Lab of Ornithology; Retrieved from the Birds of 
North America Online: http://bna.birds.cornell.edu/bna/species/055  doi:10.2173/bna.55 

 

http://bna.birds.cornell.edu/bna/species/055�
http://dx.doi.org/10.2173/bna.55�
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3  Incorporating non-vertebrates 
 
Introduction 
Our initial attempt to extend relationships with habitat to include more than birds examined amphibians 
and encountered difficulties in exploiting map-based wetland types.  That approach was field-based. 
Work with non-vertebrates groups was literature-based.  Initially, we began with Odonata – dragonflies 
and damselflies – which also seek wetlands and could provide a parallel to the amphibian work.  
Attempting to relate Odonata to readily mapped wetland types worked no better than the field-based 
project with amphibians.  The primary reason was that humans and Odonata do not classify habitat in the 
same way. We modified the objective to evaluate the degree to which non-vertebrate species could be 
assigned to groups within the Species Accounting System (SAS) developed for vertebrates (e.g., 
Bunnell et al. 2009b,c).  That accounting system facilitates evaluation of forest practices (Bunnell 
and Kremsater 2009a,b), so ability to assign non-vertebrate species to groups within it would be 
helpful.  Seven groups of non-vertebrates were examined: vascular plants, butterflies, odonates, 
carabid beetles, liverworts, mosses, and lichens.  Fungi and the many other non-vertebrate groups 
were not addressed due to both limitations on time available and, more generally, poorer knowledge 
about how some those groups respond to habitat elements and forest types.  With the help of 
additional FIA support, we were able to augment reports for northeastern British Columbia and Vancouver 
Island (Kremsater and Bunnell 2009, 2010).  Results for northeastern BC are summarized here; the full 
report, including appendices, is submitted separately as a deliverable.  For most non-vertebrates we were 
able to note those specific to northeastern British Columbia or to Vancouver Island, but mosses and 
liverworts had to be treated province-wide.   
 
Methods 
The approach was entirely based on literature. 
 
Vascular plants: Due to time constraints, evaluation of vascular plants was limited to those red- or 
blue-listed species or species assigned priority 1 and 2 within SARCO’s (Provincial Conservation 
Framework).  Unlike some non-vertebrate groups, there is abundant data for vascular plants and for 
this report time had to be distributed across all seven groups. Ranges and habitats were obtained 
from NatureServe species explorer, eflora BC or from MacKinnon et al. (1992).  The latter two 
sources incorporate locations of the 8-volume series of Douglas et al. (1989-1994).   
 
Butterflies:  While working with F. Bunnell developing the new provincial conservation framework, 
Kelly Squires developed a list of butterflies of northeastern BC (see Bunnell et al. 2006).  For that list we 
confirmed species’ ranges and checked their habitats from Butterflies of British Columbia (Guppy and 
Shepard 2001).  We listed species’ ranks for each of the three goals as derived within the provincial 
conservation framework and noted any species listed by CDC or COSEWIC. 
 
Carabid beetles:  We used the literature create a table of carabids likely to be found in northeastern BC 
(see Kremsater and Bunnell 2010).  We sometimes assumed carabids found in boreal Europe could 
also be found in BC, which is possibly an overly generous assumption.  Although efauna BC lists 483 
carabid beetles for British Columbia, it provides no range maps or habitat information.  That condition 
reflects the incomplete sampling for this group.  Instead of using the efauna list, we used studies on 
forested carabids (much of it from adjacent Alberta) to create a list of carabids likely of interest to forestry 
in northeastern BC.  Where no habitat data were available we sometimes assumed that the habitat 
association of a species was similar to the habitats used by other members in the genus. 
 
Odonates:  Rob Canning (Royal British Columbia Museum) provided a list of odonates (dragonflies and 
damselflies) of northern BC (not separated by Canfor’s Divisions) and their associated habitats.   
We noted the ranking from the provincial conservation framework and any CDC listings for those 
species.   
 
Liverworts:  We began with a file of provincial liverworts created during work that ultimately led to the 
provincial conservation framework (Bunnell et al. 2006; Bunnell et al. 2009a).  We added to that file 10 
more rare liverworts that likely are found in northeastern BC from Ryan (1996).   
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Mosses:  Again we began from a list of mosses of British Columbia initiated as a contribution to 
developing the provincial conservation framework (Bunnell et al. 2006).  That list had been provided to 
two provincial experts – Patrick Williston and Karen Golinski – who added more information on 
habitat affinity.  Information we added on range was derived largely from Schofield (1992) and Ryan 
(1996).  That list included 866 species or subspecies of mosses.  Less than half of those were assigned 
habitats.  The lack of information sometimes reflects failure of collectors to designate substrate, but is 
also is a product of the current instability of bryophyte nomenclature.  We added further habitat 
information, from Schofield (1992) and Ryan (1996) and other sources.   
 
Lichens:  The list of lichens and their habitats was built by Houde and Paczek (2003) for northeastern 
BC using distribution information from the sources noted in Kremsater and Bunnell (2010).  Again the 
information on distribution was insufficient to distinguish among DFAs. We used habitat associations 
from the Houde and Paczek file and added to that information from other literature to assign lichens to 
species accounting groups 
 
Results 
The brief comments for each organism group below emphasize high priority species (red- or blue-
listed by CDC or species assigned priority 1 and 2 within SARCO’s (Provincial Conservation 
Framework).  Assignments to species accounting groups are detailed in Kremsater and Bunnell (2010) 
and its associated appendices.  
 

 Of the 42 vascular plants of the northeast that ranked 1 or 2 within one of the three goals of 
the conservation framework, 1 uses hardwoods, 11 use recently disturbed sites, and 8 have 
some association with riparian areas, the others are not associated with forests. 
 

 Only 6 of the butterflies found in northeastern BC are listed as priority 1 or 2 for goals 1,2 or 3 of 
the provincial conservation framework.  One is a forest dwelling generalist (Eastern Pine Elfin, 
Incisalia niphon clarki).  

 
 Three odonates of northeastern British Columbia are ranked within the conservation 

framework:  Familiar bluet (Enallagma civile), priority 1 for goal 3; Alkali bluet (Enallagma 
clausum), priority 2 for goal 2; and Plains forktail (Ischnura damula), priority 1 for goal 3.  All 
are riparian or wetland, thus not well captured by coarse filter analyses, but it is unlikely 
that their habitat is at risk.  

 
 No carabid beetles or liverworts are assessed within the provincial conservation 

framework.  
 

 Of the 144 mosses that have priorities 1 or 2 for goals 1 2 or 3 in SARCO, 36 use riparian 
habitats; 9 occur on trees or down wood.  

 
 No lichens in northeastern BC are listed as having priority 1 or 2 for any of the three 

provincial conservation goals.  Of lichens evaluated only three were assigned priority 1 or 2.  
None of these are listed in Houde and Paczek (2003) file of lichens of the northeast, and we 
have assumed they are absent. (Priority 1 lichens in BC include Leptogium 
polycarpum and Leptogium platinum.  The priority 2 lichen is Leioderma sorediatum)  

 
 
Bunnell, F.L. and L.L. Kremsater.  2009a.  Biodiversity sustainability analysis for high priority species 

requiring dead and dying wood in the Fort St John TSA.  Final Report to Canfor.  FIA Project  
2799004. 27 pp.  

Bunnell, F.L. and L.L. Kremsater.  2009b.  Biodiversity sustainability analysis for high priority species 
requiring dead and dying wood in the Fort Nelson TSA.  Final Report to Canfor.  FIA Project  
275400. 28 pp. 

Bunnell F.L., L. Kremsater, and I Houde.  2006.  Applying the concept of stewardship responsibility in  
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British Columbia.  Report to Conservation Planning Tools Committee BC Biodiversity Strategy.  
Bunnell, F.L., Fraser, D.F., and Harcombe, A.P.  2009a.  Increasing effectiveness of conservation  

decisions: a system and its application.  Natural Areas Journal 29:79-90. 
Bunnell, F.L., Kremsater, L.L. Moy, A. and Vernier, P.  2009b.  Summary assessment of the species 

accounting system and coarse-filter analyses for Canadian Forest Products tenures in 
northeastern British Columbia .  Final Report to Canadian Forest Products and BC Forest 
Sciences Program.  19 pp. 

Bunnell, F.L., Kremsater, L.L., Moy, A., and Vernier, P.  2009c.  Conservation framework for Canadian 
Forest Products tenures in northeastern British Columbia. Final Report to Canadian Forest 
Products and BC Forest Sciences Program.  41 pp. 

Douglas, G. (with contributions by Meidinger, D. and Pojar, J.)  1989 – 1994.  Vascular plants of British 
Columbia. Vol. 1. Gymnosperms and dicotyledons (Aceraceae through Asteraceae)  Vol. 2. 
Dicotyledons (Balsaminaceae through Cuscutaceae)  Vol. 3. Dicotyledons (Diapensiaceae 
through Onagraceae)   Vol. 4. Dicotyledons (Orobanchaceae through Rubiaceae)   Vol 5. 
Dicotyledons (Salicaceae through Zygophyllaceae) and pteridophytes -  Vol. 6. Monocotyledons 
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4  Generality and regional differences in habitat associations  
 
Introduction 
The major goal of this project was to derive practical, cost effective monitoring approaches from readily 
acquired data.  One potential cost-effective approach is the transfer of well-documented relations from 
one portion of the province to other portions.  Tests of generality should be applicable province-wide.  
There are two candidate bases: Vegetation Resources Inventory (VRI) and the BEC system.  In each 
instance individual bird species are selecting from what is available – either among classes readily 
derived from VRI or from among BEC subzones or variants within an area.  We expect selection to be 
more consistent for VRI classes for two reasons.  First, VRI classes explicitly reflect habitat variables to 
which birds respond – e.g., relative proportions of conifers and hardwoods, areas that naturally support 
little forest cover (NT or NV within VRI), and sometimes forest age.  Second, each of these VRI-based 
habitat classes is potentially available in all forested BEC zones and most DFAs, so apparent selection 
can be consistently evaluated.  ALL BEC zones are never potentially available within a study area or 
DFA, so selection is always evaluated from within a different pool.  Delineation by BEC unit is clearly 
helpful (particularly during forest planning), but is secondary to the response of birds to finer habitat 
variables modified by forest practice.  There are likely several reasons why relationships may not prove 
general.  The most prevalent is likely bird community structure.  For example, the four species of 
chickadees British Columbia change habitat preference depending on what chickadees are present in an 
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area (Campbell et al. 1997).  For many species, however, we expect preferences for habitat attributes 
expressed within VRI to be general across BEC zones.  Here we summarize the generality of habitat 
associations with emphasis on those derived from VRI.  When preferences change regionally, they 
generally change in response to the proportions of conifers and hardwoods present.  More detail is found 
in Bunnell (2010). 
 
Methods and data 
Analyses were restricted to data on birds collected through Breeding Bird Surveys (BBS).  The restriction 
of data to a common sampling technique eliminates some species from testing; they simply are sampled 
too poorly by BBS.  The effectiveness of BBS as a monitoring tool is reported as another objective and 
deliverable (§6 below).  Data were analyzed for 5 DFAs:  TFL 48, Fort St John TSA, and Fort Nelson TSA 
in northeastern BC, Cranbrook TSA in southeastern BC and TFL 6 in southwestern BC (Vancouver 
Island). 
 
Data bases were: 
TFL 48:  7 years, 3775 station-years, 5 variants – BWBSmw1, BSBSmwk, ESSFmv2, ESSFmk2, 
SBSwk2 
Fort St John TSA: 4 years, 1828 station-years, 6 variants – BWBSmw1, BWBSmw2, BWBSwk2, 
ESSFmv4, SWBmk, SWBmks 
Fort Nelson TSA: 3 years, 1682 station-years, 3 variants – BWBSmw2, BWBSdk2, SWBmk 
Cranbrook TSA: 3 years, 1070 station-years, 6 variants: ESSFdk1, ESSFdk 2, ICHmk1, IDFdm2, 
IDFdm2n, IDFxk, MSdk 
TFL 6: 9 years, 1496 station-years, 4 subzones: CWHvh, CWHvm, CWHmm  and CHWxm.  
 
Statistical tests could be applied only to habitat types derived from VRI (shaded types of Table 4.1).  
Tests were applied to both VRI and BEC variant and are based on observed versus expected values for 
individual habitat types or BEC variant using chi-squared with the Bonferroni correction.  Water was 
classified, then removed from statistical tests because it was not sampled directly.  For summaries 
presented here only 9 VRI classes are used.  Refinements are possible and have been reported for 
particular DFAs.  For example, for the three northeastern Canfor Divisions we evaluated discrimination 
between conifer- and hardwood-leading in young and old mixed wood.  Fewer statistical associations 
were documented with that discrimination than without it (e.g., 352 versus 504 for Fort St John), so we 
employed the nine-class system that permitted more statistically significant associations.  Similar 
distinctions were statistically detectable in coastal and southern interior forests (e.g., 14 classes in the 
Cranbrook TSA; additional classes generally reflect a particular conifer species leading).  For summary 
here, all relations are aggregated into the same 9 classes.  Only birds were sampled by a design 
permitting testing.   
 
 
Table 4.1.  Groups and their modifiers as used in the Species Accounting System.2

 

  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 

                                                           
2  See Bunnell, F.L., Kremsater, L.L., Moy, A., and Vernier, P.  2009.  Conservation framework for Canadian Forest Products 
tenures in northeastern British Columbia. Final Report to Canadian Forest Products and BC Forest Sciences Program.   
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 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 often seeks 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. 
 
 
Results  
Because the Species Accounting System (Bunnell et al. 2009) has been found effective at guiding forest 
practice and assessing incidental take (§7), summary tables following are by group within the Species 
Accounting System.  Individual species may be assigned two groups, in which case the first group has 
primacy.  This happens most often for Group 3 species.  For example, the yellow-bellied sapsucker is 
designated 3c/MW1,H2.  That indicates the species’ preferred habitat is young mixed wood and old 
hardwoods, but before using the simplifying approach of tracking only those forest types, we first need to 
evaluate whether forest practices are sustaining cavity sites (3c) in those forest types.  That is, Group 3 
can be considered ‘2 plus’ where the habitat type is the simplest stratum, but practices within the type 
must be considered.  Another example is ‘1/2:RD’ which indicates that the species is a generalist (Group 
1) with respect to forest type, but within forest types prefers early seral stages (recently disturbed).   
 
All bird species are not adequately sampled by BBS.  For evaluating generality of bird relations to the 9 
VRI-based habitats, only species showing a significant relationship with habitat type in at least one DFA 
are included in the summary statements following.  First and second choices are evaluated.  Here we 
provide summary statements for each of the 6 SAS groups evaluated.  More complete treatment is found 
in Bunnell (2010) – Regional differences in habitat associations.  Technical report – FSP Y103131 
 
Group 1 – generalists 
Generalists are species that inhabit many habitat types.  The designation ‘generalist’ refers primarily to 
the habitat type or the broadest level of classification.  For example, the barred owl is designated 3c/1.  
That indicates that during monitoring, the species must first be recognized as a cavity nester (3c) and 
success in maintaining it depends foremost on planning and practices designed to sustain cavity sites.  
However, with respect to forested types the species is a generalist (SAS Group 1) and will select cavity 
sites in virtually any broad forest type.  Across the five DFAs, we designated 30 native bird species as 
habitat generalists (e.g., American crow, dark-eyed junco, pine siskin).  Of these, half (15) showed 
statistical preference for particular BEC variants within at least one DFA.  Some species designated 
generalists (7 of 30) showed preference for particular VRI-based habitat classes in some DFAs.  The 
preference, however, was variably expressed across DFAs. 
 
Group 2 – strong associations with habitat types  
Among vertebrates, 42 species can be accounted for solely by forest type.  Although red squirrel and 
northern flying squirrel frequently use cavities, use is not consistent and they have been assigned to 
Group 2.  Additional species can be accounted for by forest type provided practices are retaining other 
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key requirements.  These species are accounted for first in Group 3 and particular practices relevant to 
their natural history evaluated there.  Some cavity-users, for example, show strong affinities for particular 
forest types as do several understory associates.  These species, however, will breed in the preferred 
forest type only if cavity sites or appropriate understory are available.  For that reason, within the 
accounting and monitoring program they are first addressed as cavity users or understory associates to 
ascertain the likelihood of their presence, so are assigned to Group 3.   
 
Across the 5 DFAs, 42 species showed statistically significant preferences – 92 preferences for VRI class 
and 34 for BEC unit (Bunnell 2010).  Tests of habitat preference among Group 2 species are not 
universally consistent.  They are closely consistent for some species.  For example, blackpoll warbler 
tested NT,C1 across the 3 DFAs in which it occurred; likewise across the 4 DFAs in which the American 
redstart occurred, tests were: NT or non-treed (once), hardwoods <90 yrs (3 times), hardwoods >90 years 
(twice), and mixed wood >90 yrs (once).   Tested preferences for the redstart are not identical, but 
indicate that it seeks either young or older hardwoods and will use mixed woods (<75% conifer); NT 
simply indicates <10% tree cover, trees species is unspecified.  The Olive-sided flycatcher shows a 
similar range of differences across 4 DFAs: conifer <140 yrs (4 times), conifer >140 yrs (twice), and 
recently disturbed (twice).  Combined it is apparent the species is strongly associated with conifer stands 
throughout the province and profits from edge.  Only one species, black-throated green warbler shows 
widely different preferences across DFAs.   
 
SAS Group 3 – strong associations with particular habitat elements 
Group 3 consists of species with strong dependencies on specific habitat elements (e.g. cavity sites, 
down wood, understory including shrubs, wetlands and riparian areas).  Species assigned to Group 3 
sometimes show strong affinities for particular forest types.  They can be accounted for or monitored 
directly by forest type, provided forest practices are not gradually reducing the specific habitat element 
required (e.g., cavity sites, shrubs under canopy, suitable wetlands).  That is, practices must first be 
evaluated before associations with forest type are employed.  It is for this reason that these species are 
assigned to Group 3 rather than to Group 2.  It is also for this reason that readily monitored species in 
Group 3 can be particularly useful in effectiveness monitoring.  We recognize four broad subgroups 
responding to particular habitat elements that can be modified by forest practices: cavity users, down 
wood associates, understory associates and wetland plus riparian associates. 
 
Cavity users: A total of 39 bird species occurring in the 5 DFAs use cavities as nests more than 50% of 
the time, often 100%.  Cavity users are poorly sampled by the BBS surveys.  In some instances, the 
habitat preference is strongly expressed but poorly sampled by BBS.  For example, only 2 records of 
American Kestrel from BBS routes in the Fort St John TSA, but there were 205 incidental records off 
routes.  Likewise, the cavity-nesting ducks are largely restricted to riparian areas which are poorly 
sampled by the BBS.  Across the 39 cavity-nesting bird species and 5 DFAs, there were only 3 
statistically significant associations with BEC variant and 8 statistically significant associations with habitat 
type. 
 
Understory: A total of the 26 forest-dwelling bird species occurring within the 5 DFAs were considered to 
be strongly associated with understory.  Of the 26 species, 20 show statistically significant associations 
with habitat type, and 13 with BEC unit within DFAs (Bunnell 2010).  There are regional differences.  In 
the 3 northeastern DFAs understory associates are most often associated with hardwood or mixed types, 
when not with NT or NC.  In areas with fewer hardwoods, coastal British Columbia and the southern 
interior, understory associates are more likely to show affinity for conifer-leading types. 
 
Down wood:  Down wood is considered to have a potentially limiting effect for only 4 bird species – ruffed 
grouse, dusky and sooty grouse, and winter wren.   No statistically significant associations were obtained 
for the pileated woodpecker, which was encountered infrequently; its use of cavities is better documented 
and it was designated 3c,dw.  The ruffed grouse was consistently associated with hardwoods or mixed 
wood, except on the coast where it also showed significant associations with old conifers.  Habitat 
associations for the winter wren were consistently with older conifer.  
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Wetlands and riparian:  A smaller portion (8/52) of riparian and wetland associates show significant 
associations with BEC variants than is true of other groups.  That is partly due to the fact that wetland 
associates are poorly sampled by BBS, but mainly because their primary association is with wetland or 
other riparian types and not the plant communities reflected in BEC variant classification.  Wetlands do 
not consistently appear in the VRI (see §2).  Wetland and riparian associates rarely show statistical 
associations with broad habitat types because their preferred habitat occurs as small inclusions within 
many habitat types.  Only 5 associations with VRI-based habitat types were significant.  
 
SAS Group 4 – species with highly localized habitats 
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, the species are generally not monitored but managed by specific regulatory measures (e.g., 
WHAs) or company guidelines that prescribe actions to be taken when the habitat is encountered.3

 

  
Across the 5 DFAs, 12 bird species were designated as Group 4 species.  Two of these species showed 
statistical associations with a particular variant within a DFA: black swift and Vaux’s swift in TFL 6.  
Because these habitats are often rare and usually restricted in extent, none of these species show 
statistically significant associations with any of the broad habitat types.   

Group 5 – species for which habitat distribution may be important 
Group 5 consists of a small group of species for which at least some literature suggests the distribution of 
habitat is as (or more) important than the amount of habitat.  Distribution of habitat includes features such 
as patch size (or associated negative edge effects) and connectivity.  In forested environments the group 
is typically small and includes only 3 bird species across the 5 DFAs tested.  The golden-crowned kinglet 
and northern goshawk show a consistent preference for conifer stands (not necessarily >140 years old); 
for the kinglet this includes statistical association with older mixed wood in the northeast.  They also show 
statistical associations with BEC variant.  The spruce grouse is not sampled well enough by BBS routes 
to show statistically significant associations with either VRI or BEC variant, but the most preferred habitat 
was consistently conifer or older mixed wood. 
 
Group 6 – species using non-forested habitats  
Several species treated previously show preferences for habitats that could be considered non-forested – 
NV (<5% tree cover) and NT (<10% tree cover).  Those habitats, however, often are small inclusions 
within forested habitat types.  Within all DFAs, some species occur in habitats that extend well outside 
forests and are not affected by forest practices, such as alpine, grasslands and man-made habitats.  
Group 6 is included within the Species Accounting System to acknowledge the occurrence of species 
within a DFA that rarely occur in forests and are not affected by forest practice.  Across all five DFAs, a 
total of 49 species likely to occur in the DFA use habitats unaffected by forest planning or practice.  Four 
of these are sampled well enough by BBS routes that they show significant associations with BEC variant 
within the DFA.  Habitats used are not well defined by VRI (e.g., cliff, manmade) and there are no 
statistically significant associations with VRI-based habitats.  
 
 
Bunnell, F.L.  2010.  Regional differences in habitat associations.  Technical report – FSP Y103131. 
Bunnell, F.L., Kremsater, L.L., Moy, A., and Vernier, P.  2009.  Conservation framework for Canadian 

Forest Products tenures in northeastern British Columbia. Final Report to Canadian Forest 
Products and BC Forest Sciences Program.  41 pp. 

Campbell, R.W., Dawe, N.K., McTaggart-Cowan, I., Cooper, J.M., Kaiser, G.W. 1997. The birds of British 
Columbia. Vol. 3: passerines—flycatchers through vireos. Royal BC Museum, Victoria, BC  

Davis, J., Fisler, G.F.  and Davis, B.S. 1963. The breeding biology of the Western Flycatcher. Condor 65: 
337–382. 

 
 
                                                           
3  See Kremsater, L., Bunnell, F.L. and Houde, I.  2009.  Sustaining species using localized habitats in Canadian Forest Products 
northeastern Divisions.  Bound booklet. 32 pp. 
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5   Recommendations for improved monitoring 
 
Introduction 
This deliverable was intended to be packaged as a journal article and is, as Bunnell et al. (2010).  It is 
currently under review, so is not yet accessible.  The Breeding Bird Survey (BBS) is a cooperative effort 
between the U.S. Geological Survey's Patuxent Wildlife Research Centre and the Canadian Wildlife 
Service's National Wildlife Research Centre to monitor the status and trends of North American bird 
populations.  The survey was initiated in 1966 and continues to be used by management and 
conservation agencies, including NatureServe, COSEWIC (Committee on the Status of Endangered 
Wildlife in Canada), Heritage Centers and Conservation Data Centres, to estimate status (relative 
abundance) and threat (apparent trend) for bird species.  Data from the survey are an important source 
for range maps found in field guides.  The simplicity of the approach has encouraged widespread use, but 
also limits its utility.  Foremost among these limitations is the fact that surveys are restricted to roadsides.  
As well, the opportunistic lack of design in locating routes does not permit the stratification that would be 
more useful in estimating trends or threats.  A third major limitation, lack of specification of habitat type 
sampled, can be easily overcome.  Recognizing these limitations we have three objectives intended to 
delineate and increase the effectiveness of BBS: 
 
1) To summarize regional patterns in estimating trends associated with taxonomic group and habitat 
affinity. 
2) To illustrate and summarize specific features of natural history that hinder trend estimation, noting 
useful modifications. 
3) To illustrate how minor changes to the BBS can provide better guidance to practical conservation 
decisions and effectiveness monitoring. 
                          
Findings of key objectives of the manuscript are summarized briefly here.   
 
Methods and data 
For objective 1, records of the Biodiversity Centre for Wildlife Studies (BCWS) were used to determine 
species breeding regularly in British Columbia.  Habitat affinity was determined by BBS surveys, most 
employing orthophotos, and records from BCWS.  For statistical methods testing habitat affinity see §4 
above and Bunnell et al. (2009b). Estimated trend data, statistical significance and number of routes 
contributing for each species were obtained from the Canadian Wildlife Service National Site at:  
www.cws-scf.ec.gc.ca/mgbc/trends/index.cfm?lang=e&go=list.Species 
 
Objective 2 was directed to features of natural history that are not necessarily restricted to broad 
taxonomic groups or particular habitat types, and that hinder effective estimation of occurrence, thus 
trends and threats.  These include: inappropriate time of day, inappropriate season, colonial breeding, 
auditory barriers, and preferred habitat (can be sampled from roadsides but is localized and scattered).  
Each regularly breeding species was examined for features that can undermine the utility of BBS as a 
monitoring technique. 
 
Objective 3 was addressed by asking a simple question: Can BBS routes make contributions to guiding 
decisions about land use planning and practice beyond trend estimates?  In addressing the question we 
considered small modifications to methodology that do not alter the standardized approach, but provide 
more information.  Data were analyzed for 5 DFAs:  TFL 48, Fort St John TSA, and Fort Nelson TSA in 
northeastern BC, Cranbrook TSA in southeastern BC and TFL 6 in southwestern BC (Vancouver Island).  
Data bases were: 
TFL 48:  7 years, 3775 station-years, 5 variants – BWBSmw1, BSBSmwk, ESSFmv2, ESSFmk2, 
SBSwk2 
Fort St John TSA: 4 years, 1828 station-years, 6 variants – BWBSmw1, BWBSmw2, BWBSwk2, 
ESSFmv4, SWBmk, SWBmks 
Fort Nelson TSA: 3 years, 1682 station-years, 3 variants – BWBSmw2, BWBSdk2, SWBmk 
Cranbrook TSA: 3 years, 1070 station-years, 6 variants: ESSFdk1, ESSFdk 2, ICHmk1, IDFdm2, 
IDFdm2n, IDFxk, MSdk 

http://www.cws-scf.ec.gc.ca/mgbc/trends/index.cfm?lang=e&go=list.Species�
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TFL 6: 9 years, 1496 station-years, 4 subzones: CWHvh, CWHvm, CWHmm  and CHWxm. 
 
Analytic approaches are those of §4.  
 
Results  
Regional patterns in trends among taxonomic groups and habitat:  One example from the paper of 
Bunnell et al. (2010) is provided in Table 5.1.   
 
 
Table 5.1.  Estimates of trend data for bird species breeding regularly in British Columbia1 as derived 
from the BBS in British Columbia and all of Canada when stratified by primary breeding habitat. 
 
 Number British Columbia  Canada 
Group Species nt N r Sig  nt N r Sig 
Grassland 16 11 43.6 -2.0 0.13  4 169.2 -3.5 0.44 
Shrubland 15 7 50.0 -1.1 0.27  4 245.4 -2.6 0.33 
Alpine/subalpine  15 12 62.0 -2.7 0.07  7 77.6 -2.1 0.13 
Forest 119 39 69.6 -0.4 0.33  16 308.0 -1.2 0.38 
Wetland & riparian 80 36 63.1 -1.5 0.15  8 256.9 -0.8 0.36 
Modified (agricultural) 14 5 73.6 -2.6 0.29  4 458.8 -2.1 0.50 
Urban/rural 14 2 53.7 -3.6 0.43  1 341.8 -2.4 0.57 
Marine environs 19 17 30.5 -7.2 0.05  14 100.6 -2.3 0.05 
nt = the number of species in the group and location for which no trend data could be derived. 
N = mean number of routes contributing to trend estimates for species within a group when species are reported; a 
value of 0 was not assigned to species for which trends were not reported.   
r  = mean trend estimate across species in the group, % per year  over the period 1988-2008. 
Sig = proportion of species within the group for which trend estimates are significant at p < 0.1   
1  The recently arrived Eurasian Collared Dove is not included in the Canadian Wildlife Service data base 
 
Trend data reported are for the period 1988 through 2008.  Preferred breeding habitat plays a significant 
role in the ability of BBSs to yield reliable trends. Species breeding primarily in marine environs or 
alpine/subalpine habitats are naturally sampled poorly (proportion significant in Table 5.1).  In British 
Columbia, trend data are available for 2 of 19 species in marine environments and 3 of 15 in 
alpine/subalpine environments.  The situation is little better nationally (Table 5.1).  An appendix with data 
for all regularly breeding species in the province will be posted to www.wildlifebc.org “Trend data and 
natural history features of regularly breeding bird species in British Columbia” once the manuscript has 
been reviewed. 
 
Specific features of natural history that hinder trend estimation:  The appendix associated with Bunnell et 
al. (2010). notes such features, where they exist, for all regularly breeding bird species in British 
Columbia.  Six features are recorded: poorly sampled from roadside (a summary of findings from 
objective 1), inappropriate time of day (e.g., soaring hawks typically are not yet active at the time the 
standard BBS is implemented), inappropriate season (too early, too late), colonial (colonial species are 
under-sampled), auditory barriers (difficult to hear, both sexes sing, not consistently vocal) and preferred 
habitat can be sampled from roadsides but is localized and scattered.   
  
Minor changes to the BBS can provide better guidance:  Bunnell et al. (2010b) provide several examples.  
We note one here.  BBS routes can be made more effective by two small additions that do not alter the 
methodology of the survey.  First, the routes are not haphazardly distributed but laid out to ensure that all 
habitat types that can be effectively sampled by roadsides are sampled roughly in proportion to their 
availability.  Second, stations are geo-referenced so they can be assigned a habitat type using the 
Vegetation Resources Inventory (VRI) in a GIS, as well as a BEC variant.  A more powerful refinement is 
the use of orthophotos to note bird locations, but that can add to time per station.   Results summarized 
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used only the first two refinements.  When statistical tests were made of associations with VRI-based 
habitat or BEC variant the refined BBS yielded significant additional information. 
 
Across the 5 DFAs evaluated, we found the BBS routes provided useful information for 119 bird species 
(Bunnell et al. 2010b: Appendix 1).  Of these 119 species, 4 are designated by CoSEWIC (4 others were 
evaluated and found not at risk), 33 species rank highly (ranks 1 or 2) within the provincial conservation 
framework (Bunnell et al 2009a), and 38 are on draft lists to be evaluated for incidental take.  For 113 
species, the information acquired revealed the preferred BEC unit within the DFA (p < 0.05).  Knowing the 
preferred BEC variant or BEC subzone focuses and facilitates planning to maintain the species.  For 86 
species, the information acquired indicated the preferred habitat type(s) as derived from VRI.  These are 
finer habitat types than those of Table 5.1.  For forests they include 9 habitat types derived from VRI. 
Analysis of trends and condition of preferred habitat permits credible recommendations on forest planning 
and practices which generally were incorporated into updated Sustainable Forest Management Plans 
(e.g., Bunnell et al. 2010a).   
 
Greater focus also is provided management of broad habitat types other than forests or for guilds of birds.  
For example, wetlands occur as small inclusions within at least 8 of the VRI-based habitat types (typically 
they are not in recently harvested, but sometimes in recently burned).  Most wetland associates are 
poorly sampled by BBS (Table 5.1), but for some species BBS can discriminate whether preferred 
wetlands are sought in conifer-leading types, <5% tree or 5-10% treed (Bunnell et al. 2010: Appendix 1). 
The latter two are netted out of commercial forests and not subject to harvest or incidental take.  Similarly, 
for species strongly associated with understory, the analyses often indicate that groups of species are 
seeking older hardwood-leading stands or non-commercial habitat types.  
 
The BBS was not initially implemented to address either of these tasks – planning or guiding practices. 
The contribution to each task, however, can be significant.  With modest additions, BBSs provided useful 
habitat information for 119 species.  Of those 113 species, reliable trend information was acquired for 
only 56 species from all routes in Canada and 45 species for all routes in British Columbia.  
 
It is significant that BBS can make these contributions to conservation efforts over a much shorter period 
than is required for trend estimation.  For example, when orthophotos were used to confirm habitat, tests 
of habitat selection reported required only 3 years and 1,699 station years for the Fort St John TSA.  
 
Bunnell, F.L., Fraser, D.F., and Harcombe, A.P.  2009a.  Increasing effectiveness of conservation 

decisions: a system and its application.  Natural Areas Journal 29: 79-90.  
Bunnell, F.L, Kremsater, L.L., Moy, A., Vernier, P.  2009b.  Summary assessment of the species 

accounting system and coarse-filter analyses for Canadian Forest Products tenures in 
northeastern British Columbia.  Final Report of FSP Y09314. 

Bunnell, F.L., Kremsater, L.L., and Farr, A.  2010a.  Biodiversity sustainability analysis for high priority 
species strongly associated with hardwoods in the Fort St John TSA.  Final Report of FIA Project  
No. 2008-FIA-8047009. 27 pp. 

Bunnell, F.L., Campbell, R.W., and Kremsater, L.L.  2010b.  What can be derived from Breeding Bird 
Surveys?  (in review)  

 
6  Implementation and effectiveness monitoring recommendations for specific Defined 
Forest Areas 
 
Introduction 
As a part of this, project we created a conservation plan for the three northeastern Canfor divisions – TFL 
48, Fort St John TSA and Fort Nelson TSA (Bunnell et al.  2009a). There were three key objectives to the 
conservation framework: 1) improving planning and practice, 2) developing a core monitoring program to 
facilitate shared data and lower costs of improvement, and 3) structuring a monitoring program so that it 
guided efforts to improve in a cost-effective fashion.  In 2009-10, we undertook to describe the 
effectiveness monitoring program based on updated analyses.  Details are found in a deliverable (Bunnell 
and Kremsater 2010) posted to the MFR library.  Briefly, we noted how common indicators of revised 
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CSA core elements most closely related to biodiversity can be effectively measured and structured to 
make effectiveness monitoring more useful.  We summarized key areas of uncertainty, briefly noting how 
they apply to each division or Defined Forest Area (DFA), and provided recommendations on both 
implementation and effectiveness monitoring, because they should and can complement each other; we 
discuss them both.  Here we summarize some major points. 
 
Methods and data 
We employed what we term biodiversity sustainability analysis to evaluate probable consequences of 
current forest practices on forest-dwelling vertebrates and to define uncertainties.  Biodiversity 
sustainability analysis combines features of the Species Accounting System (SAS) and coarse filter 
analyses of the consequences of forest planning and practice.  The SAS system groups species by their 
habitat preferences and natural history features that determine the most cost-effective monitoring 
approach.  Habitat preferences are measured by selection or avoidance for BEC variants and 9 habitat 
types based on the Vegetation Resources Inventory or VRI (Bunnell et al. 2009b).  Coarse filter analyses 
of the consequences of forest practices relies on map-based data (VRI and BEC) and review of the 
Sustainable Forest Management Plans plus relevant in-house reports (e.g., assessments of CWD or 
areas treated by vegetation management).  On-the-ground assessments are not part of the coarse filter 
analyses. 
 
Analyses were largely restricted to data on birds collected through Breeding Bird Surveys (BBS).  For the 
few exceptions see §2.2 of Vernier  and Bunnell (2010).  Data were analyzed for 3 DFAs:  TFL 48, Fort St 
John TSA, and Fort Nelson TSA – all in northeastern BC.  Data bases were: 
TFL 48:  7 years, 3775 station-years, 5 variants – BWBSmw1, BSBSmwk, ESSFmv2, ESSFmk2, 
SBSwk2 
Fort St John TSA: 3 years, 1699 station-years, 6 variants – BWBSmw1, BWBSmw2, BWBSwk2, 
ESSFmv4, SWBmk, SWBmks 
Fort Nelson TSA: 3 years, 2274 station-years, 3 variants – BWBSmw2, BWBSdk2, SWBmk 
 
Some of the coarse filter analysis was supported by FIA funding and is reported in Bunnell et al. 
(2010a,b,c,d) 
 
Results  
For complete results and more detailed discussion see Bunnell and Kremsater (2010).  Selected points 
are presented here.  A core system of indicators compatible with CSA standards was proposed.  Most of 
this has now been adopted by all Canfor divisions based on the apparent advantages gained by the three 
northeastern divisions through data sharing.  That system is summarized in Table 6.1.  There are three 
departures from the current CSA structure.  First, it is ordered in a clearly hierarchical fashion: ecosystem 
diversity, habitat diversity, species diversity and genetic diversity.  That is intended to exploit guidance 
from the broader levels of the hierarchy when examining the species level.  The species level is of most 
public interest and potentially costly if not well focused.  Focus can be attained by analyses of the proven 
useful measures associated with current CSA element 1.1 and habitat elements of 1.2a when coupled 
with the Species Accounting System and coarse filter analyses.  Such analyses indicate which species 
are adequately accommodated without changes to practice in the THLB, whether there are particular 
forest types more in need of retention, how changes in anchor points of retention could accommodate 
species needs, and other questions where broad ecosystem or community type can contribute.  All 
indicators of core elements 1.1 and 1.2 are more informative when stratified by BEC variant.  Matching 
the indicator with the broad level of planning as is done in Table 6.1, can reduce costs of monitoring at 
finer levels and expose any appropriate changes in planning or practice more quickly.  A more direct 
connection to practice reduces unnecessary effort and can be significantly more cost effective. 
 
The second departure is that protected areas and sites of special biological significance are rolled into the 
broader area of NHLB.  That helps to ensure that the company receives credit for all set asides, no matter 
their origin in regulation or in planning.  This departure provides a more accurate answer to how much 
forest is reserved over the long term, whether it is a site of biological significance, WHA, riparian reserve 
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or something other.  It also provides more informative and complete answers to uncertainties noted in 
§6.2 (e.g., Is retention adequate? Would different anchor points better meet retention needs?) .   
 
Table 6.1.  Proven useful measures for CSA core indicators.  Indicators in blue are not CSA core 
elements or indicators but are informative.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CSA elements and core indicators Proven useful measures 
Coarse filter, strategic level planning 
1.1 Ecosystem diversity 
1.1.1 — Ecosystem area by type 
1.1.2 — Forest area by type or species composition 
1.1.3 — Forest area by seral stage or age class 
1.1.4 — Degree of within-stand structural retention 

 
 
1.4 Protected areas and sites of special biological significance 
1.4.1 — Proportion of identified sites with implemented management 
strategies 
1.4.2 — Protection of identified sacred and culturally important sites 
 
1.1.5 Degree of riparian protection 
 
 
3.2.1 proportion of watershed or water management areas with recent 
stand-replacing disturbance 
2.2.1 additions or deletions to the forest area 
 
 

The same plus: % retention of ecosystem 
groups in NHLB, % late seral distribution 
by ecological unit in THLB and NHLB,  
amount of interior forest in the NHLB, and 
area of interior forest or patch size of late 
seral. 
 
The same plus ecosystem representation. 
 
 
 
 
Reserve widths and area reserved from 
harvest 
Structure retained in RMZs   
 
% early seral; patch size early seral 
Amount of THLB and NHLB; forest type of 
THLB and NHLB 

Coarse to medium filter;  tactical to operation level planning 
1.2a Species diversity – habitat 
1.2a-1 Nature of stand level retention 
 
1.2a-2 Snags & wildlife trees 
 
1.2a-3 Level of downed woody debris [this is CSA indicator 3.1.2] 
 
1.2a-4 Shrubs 
 

 
Tree species composition by ecological 
unit 
Diameter, number per ha in WTPs or 
singly, age distribution by forest type 
Diameter of pieces left (tracked by 
ecological unit), proportion piled or 
dispersed 
% cover (10% classes), height (2 or 3 
classes) – for select questions; similar 
to measures required to assess CSA 
2.1.1 — Reforestation success  

1.2 Species diversity  (organisms) 
1.2.1 — Degree of habitat protection for selected focal species, 
including species at risk 
 
 
1.2.2 — Degree of suitable habitat in the long term for selected focal 
species, including species at risk 
1.2.3 — Proportion of regeneration comprised of native species 
1.2.4 — Native species richness 

 
Compliance & guidelines for species of 
concern and for which consequences of 
practices are uncertain 
 
See 1.2a Species diversity – habitat 
 
 
Coarse-filter analysis & species accounting 
system to focus effort where most helpful 

Fine filter  
1.2.1 — Degree of habitat protection for selected focal species, 
including species at risk 
 

As above but, focused on natural history 
features of specific species 

1.3 Genetic diversity Species habitat distribution (analyze 
amount and distribution of habitat in 
relation to species needs to ensure less 
mobile species are well-distributed) [data 
from 1.1 and 1.2; applicable to species of 
concern with fragmented habitat ] 
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The third departure, though very simple, is the largest one conceptually.  The proposed structure makes a 
clear distinction between species and habitat.  CSA addresses species diversity this way: 
 

→ Element 1.2 — Species diversity 
Conserve species diversity by ensuring that habitats for the native species found in the 
DFA are maintained through time, including habitats for known occurrences of species at 
risk. ← 

 
Species and habitat are conflated and there are no specific indicators of habitat.  That approach is 
potentially dangerous and more costly.  There are four major advantages to distinguishing species 
diversity and habitat structure when designing, implementing and interpreting monitoring systems and 
reporting to the public.  They are: 
 

1) Most measures in Table 6.1 are intended as surrogates for species.  The underlying connection 
that makes them useful surrogates is the concept of habitat.  Testing the adequacy of their 
effectiveness as surrogates as transparently as possible facilitates improvement where necessary 
and maintains credibility.  Transparency is gained by explicitly recognizing habitat. 
 

2) Foresters have far more experience addressing habitat than individual species and must do the 
former in their day-to-day activities.  Recognizing habitat explicitly encourages a more direct 
connection between forest practices and species. 
 

3) The Species Accounting System, particularly when coupled with coarse-filter analyses of the 
effects of practices, provides a credible, readily challenged and cost-effective device for focusing 
both practices and monitoring where they will contribute most usefully. 
 

4) Monitoring species and monitoring habitat involve very different approaches and very different 
costs. CSA standards emphasize provision of habitat.  Where uncertainty exists monitoring of 
species may be required.  Focusing monitoring on species costs significantly more and is 
potentially less informative of broad consequences of day-to-day practice than does monitoring of 
habitat.  A major goal of the Species Accounting System is to assign species to the cheapest 
monitoring method possible, generally with the objective of making habitat a credible surrogate.  
Recognizing the distinction between species and habitat ultimately reduces cost.  It also permits 
acknowledging those instances when appropriate habitat is present even if the species is not. 
 

We cannot monitor solely habitat or solely species.  Because habitat is far cheaper to monitor, Bunnell 
and coworkers developed the Species Accounting System and coarse-filter analyses of the effects of 
forest practices, each of which connects directly to habitat.  Because nature is complex enough that some 
errors will always occur, the Species Accounting System was structured to be ‘self-correcting’.4

 
 

Analyses suggest seven key areas of uncertainty across the 3 DFAs.  These are noted in the order that 
they enter the CSA core elements and indicators (Table 6.1).   
 
1) Planning and practice may be ‘unmixing’ the mixed wood which has potentially negative 

consequences to sustaining species richness (Core element 1.1). 
DFA specific:  This uncertainty applies to all 3 DFAs, but appears most probable in TFL 48, because it 
has the least amount of mixed wood so small changes have proportionately greater effects.  On TFL 48, 
harvest scheduling should be evaluated to determine its likely impact on old mixed wood and potential 
modification.  Analyses of data from Fort St John and potentially Fort Nelson on what constitutes mixed 
wood should guide any decision.  A useful data base has been collected from the Fort St John TSA 

                                                           
4   This is not self-correcting like a self-cleaning oven; effort is required to update the system on the basis of new data as it is 
acquired.  The format of the system, however, encourages and permits correction. 



20 
 

(Preston 2008a, 2009a; Preston et al. 2010). These data should be synthesized and analyzed to expose 
potential mixed wood boundaries. 
 
2) The large amounts of non-harvestable land base (NHLB) in all DFAs is assumed to act as a potential 

buffer to management in the timber harvesting land base (THLB).  It is uncertain to what degree the 
NHLB reflects conditions in the THLB in terms of providing habitat (Core element 1.1). 

DFA specific:  This uncertainty applies to all 3 DFAs. Initial analyses could be completed relatively 
quickly, but may prove wanting.  Sampling to assess effectiveness naturally concentrates on the THLB.  
On the Fort St John TSA, of the 12,345 sample points through 2009, 55.7% are in the THLB, 22.7% are 
in the NHLB, and 21.6% 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 (Bunnell et al.  2010a: Table 1).  On the Fort Nelson TSA, of 
the 19,884 sample points through 2009, 44.2% are in the THLB, 35.2% are in the NHLB, and 20.5% are 
in land excluded from productive forest.  On TFL48, of the 20,337 sample points through 2009, 64.5% are 
in the THLB, 17.8% are in the NHLB, and 17.7% are in land excluded from productive forest.  It is 
possible that the NHLB has been sufficiently sampled to adequately assess contributions of the NHLB in 
Fort Nelson and the TFL.  

 
3) Current minimum diameters of retained wildlife trees or stubs (17.5 cm dbh) appear inadequate to 

sustain all cavity users.  About 40 species in northeastern BC use cavities for nest, den or roost sites 
and most seek larger trees.  Seeking representative areas as WTPS serves to mitigate effects in 
patches, but uncertainty is increased because diameters in WTPS have not been assessed by 
implementation monitoring and contributions of the NHLB and riparian are unclear (despite the 
number of cavity using organisms, there is no explicit core element in the CSA standards).  Divisions 
currently have target diameters, but these vary and have not been evaluated by data. 

DFA specific:  The 3 northeastern DFAs are on different schedules for updating their SFM plans.  During 
its current revision the Fort St John TSA is increasing the minimum dbh for single retained trees or stubs 
to 23 cm (as recommended by Bunnell et al. 2009c).  The other 2 DFAs should follow that lead, but 
uncertainty will remain about the contributions of the NHLB and riparian areas without implementation 
monitoring, and probably effectiveness monitoring more specifically on wildlife tree densities and use of 
stubs.  Shortfalls in required diameters could be addressed by targeting anchor points of retention to 
include larger trees. 
 
4) The degree to which appropriate coarse woody debris is being provided and distributed is uncertain.  

Review of Bunnell et al. (2009c) yields 4 relevant points: 1) volume is not a useful measure from the 
perspective of biodiversity, some measure of amount (number of pieces) in diameter classes is more 
appropriate; 2) no vertebrates in the northeast appear to den within logs so the larger diameters 
sought in more southern forests are not required; 3) literature review suggest a few larger conifer 
pieces (>17.5 cm butt or random, not top-end, diameter; >2 m long ) should be retained where stand 
conditions permit, but that has not been evaluated regionally; and 4) pieces of down wood should not 
all be piled; some should be left scattered on site.  Despite the number of organisms dependent on 
down wood, the core element in the CSA standards addresses soil quantity and quality; quality 
appears less important than initially thought (Busse, 1994; Creed et al. 2004; Laiho and Prescott 
2004).  

DFA specific:  This uncertainty applies to all 3 DFAs, but is mitigated on the Fort St John TSA by the 
proposed increase in the minimum dbh of retained trees (assuming these are allowed to fall to the ground 
and remain on site).  It is possible that suitable conditions are being met, but without implementation 
monitoring, uncertainty will remain.   
 
5) There are two significant uncertainties about vegetation management: 1) is the effect of long enough 

duration to negatively impact understory associates? 2) does it shift species composition away from 
hardwoods in the longer term? (despite the number of understory associates, including several 
species designated as candidates for assessing incidental take, there is no explicit core element in 
the CSA standards). 

DFA specific:  This uncertainty applies to all 3 DFAs.  Both uncertainties can be addressed by monitoring; 
work on duration has been initiated on TFL 48 (Preston 2008b, 2009b). 
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6) Questions about riparian areas cannot be well addressed by map-based analyses.  There are 3 

important uncertainties: 1) to what degree are hardwoods maintained in Riparian Management Areas 
(several high priority cavity using species rely on them)? 2) Can areas where S4 streams require 
Riparian Reserves be identified (there is mounting evidence that at least some should be for bull 
trout; (Maloney 2004; Nordin et al. 2008; Rex et al. 2009), and 3) Is there an need for buffering some 
smaller wetlands (more than 60 species depend on small wetlands but potential impacts are 
unexamined)?  (CSA is surprisingly oblique about riparian practices, providing little guidance).     

DFA specific:  This uncertainty applies to all 3 DFAs.  Two of these questions can be addressed by 
appropriate implementation monitoring, potentially followed by effectiveness monitoring.  It is unclear 
whether buffers are appropriate to all S4 streams, or primarily those likely to contain bull trout (current 
evidence based on mountain pine beetle salvage, suggests the former; references cited). 
 
7)   Much can go astray with projected trends in amounts of late seral, including our inability to project 
natural disturbance under changing climate.  Realized trends should continue to be measured. 
DFA specific:  This uncertainty applies equally to all DFAs. 
 
The bulk of deliverable is given to specific recommendations for implementation and effectiveness 
monitoring for the 3 DFAs (see Bunnell and Kremsater 2010). 
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7 Assessing incidental take 
 
Introduction 
The workplan designated a deliverable to evaluate the degree to which the SFM plan and current forest 
environment of TFL 48 compensated or not for ‘incidental take’. ‘Incidental take’ is the inadvertent 
destruction of nests and eggs in violation of the Migratory Bird Regulations (Section 6a) of the Migratory 
Birds Convention Act.  It has received renewed emphasis by Environment Canada which is seeking 
credible ways of assessing whether measures that promote healthy bird populations can compensate for 
limited amounts of incidental take during forest harvest.  We expanded the consideration of incidental 
take beyond Environment Canada’s list of candidate species for BCR 6 (Boreal Taiga Plains) to include 
species that ranked 1 or 2 within the provincial Conservation Framework (see Bunnell et al. 2009 for a 
description of the framework).  In total, 62 high priority species were address (55 bird and 7 mammal 
species).  We employed biodiversity sustainability analyses (§6) to address the existence and probable 
effectiveness of compensatory measures.  The deliverable (Bunnell et al. 2010) is posted to the MoFR 
library , and a brief summary is presented here. 
 
Methods and data 
The broad methodology of biodiversity sustainability analysis is described in §6.  The report is intended to 
illustrate the methodology and emphasizes hardwood associates.  Emphasizing hardwood associates 
loses nothing in illustrating the approach to assessing measures taken to compensate for incidental take.  
Overall, about 55 bird species occurring on the TFL seek out upland hardwood or mixed wood stands or 
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.   All high priority species are 
addressed, including those showing strong preferences for conifers (e.g., American marten, black-backed 
woodpecker).  Analysis for conifer associates simply substitutes conifer forest types for hardwood types in 
the analyses provided.   
 
Data are those of TFL 48.  For birds the span 7 years, 3775 station-years and 5 variants – BWBSmw1, 
BSBSmwk, ESSFmv2, ESSFmk2, SBSwk2.  Mammal and amphibian data were collected only 
opportunistically. 
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Results  
Results are grouped under our headings: 
Major findings 

1. Habitat-related targets of the SFM Plan are well-reasoned but should be evaluated through 
effectiveness monitoring.  The current trend to more wildfires in boreal forests suggests that 
targets based on historical natural disturbance regimes may no longer be ‘natural’ and possibly 
are unattainable. 

2. The most troubling trend is a projected decline in the amount of old mixed wood within the THLB, 
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 SFM plan 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 noted where planning and practices currently compensate for limited amounts of incidental take and 
where modifications are desirable, revealing 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, 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. 

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.  

 
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 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, 
because 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, 
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dependent on group), effectiveness of practices in Riparian Management Zone (potentially high, 
dependent on outcome of implementation monitoring) and late-seral boundaries (medium).   
 
Details are found in Bunnell et al. (2010). 
 
Bunnell, F.L., Fraser, D.F., and Harcombe, A.P.  2009a.  Increasing effectiveness of conservation 

decisions: a system and its application.  Natural Areas Journal 29: 79-90.  
Bunnell, F.L., Kremsater, L., Moy, A., and Farr, A.  2010.  Evaluating incidental take with emphasis on 

hardwood associates.  Technical report – FSP Y103131. 
 
 
 
Discussion 
A primary objective at the outset was to evaluate whether data acquired relatively cheaply and easily 
(e.g., BBS routes) could be used to develop habitat relations or predictors for less readily sampled 
species.  Deriving predictions of less common species directly from more readily monitored species was 
abandoned after the first year (§1), because relationships were typically confounded by common and 
ubiquitously occurring species.  Other workers who have persisted with such study have produced better 
documented, but still negative, results that do not greatly facilitate monitoring (Elmendorf and Moore 
2008; review in Mandelik et al. 2007).   
 
Incorporating the most vocal mammal (red squirrel) among predictor variables suffered a similar failing; it 
as simply too ubiquitous and contributed nothing beyond revealing the presence of conifers (§2).  Our 
attempt to use vocal amphibians to help define habitat of less easily sampled bird species, produced 
equivocal results.  Vocal amphibians did reveal wetlands that do not appear in the VRI or Corporate 
Watershed data base (almost 80% of 58 records were unmapped).  However, most wetlands revealed by 
sampling vocal amphibians were too small or too ephemeral to provide significant habitat for other 
vertebrates associated with wetlands (§2).   
 
Combined the amphibian and bird data reveal a persistent challenge in northeastern British Columbia – 
how to guide management practices adjacent to small wetlands.  The two most common amphibians in 
the region appear to do well in ephemeral wetlands, including ditches and pooled snow melt.  There are 
also about 50 bird species that require wetlands.  The most productive wetlands for birds are small (<2 
ha; Bunnell et al. 2010a) and not buffered within the Forest and Range Practices Act.  There are no data 
that allow assessment of potential impacts of harvest around these wetlands.  It is conceivable that 
margins are sufficiently unproductive that they are not harvested, but that is unknown. 
 
Findings of §1 and 2 encouraged evaluation of a combination of species plus habitat.  That, in turn, 
encouraged emphasis on the Species Accounting System (SAS) and other means of making monitoring 
more cost-effective.  Non-vertebrates were examined to evaluate the degree to which they could be 
incorporated into the Species Accounting System.  For all non-vertebrate groups examined, other than 
vascular plants, there proved to be insufficient data to confidently assign many species to species 
accounting groups (§3).  For some groups, primarily invertebrates other than butterflies and odonates, 
very little is known of habitat relations.  For others, substrate use (e.g., living boles or dead wood) is 
inconsistently recorded, thus prohibiting a general statement (e.g., bryophytes and lichens).  Despite 
these limitations, several 100 species could be assigned to SAS groups.  Those relations facilitate 
ranking the allocation of funding for effectiveness monitoring by helping assess the impact of particular 
forest practices on a larger portion of biodiversity.   
 
The Species Accounting System provides guidance in guiding monitoring of vertebrate responses to 
forest planning and practice.  Tests of regional generality (§4) across 5 DFAs reveal consistencies in 
representation among the 6 groups of the accounting system.  They also reveal regional differences 
within groups.  For example, 42 species are associated with VRI-based forest types.  Relations with VRI-
based habitats generally hold for tree-nesting species and understory associates. When preferences 
change regionally, they generally change in response to the proportions of conifers and hardwoods 
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present.  Such regional differences mean that nation-wide, or even province-wide, approaches to 
assessing compensatory measures for incidental take will often be in error when regional data are 
lacking. 
 
Examples of how the Species Accounting System (SAS) uses few species to assess the sustainability of 
many species are provided in §6 and 7.  Species groups plus their modifiers (Table 4.1) were initially 
formulated based on better known species.  Modified BBSs added credibility to the assignment of lesser 
know species, including non-vertebrates, to those SAS groups.  Course-filter analyses of the likely 
consequences of forest practices could then be tailor made for each group, thus simplifying the overall 
process.  Section 6 summarizes core indicators; specific recommendations for monitoring are found in 
Bunnell and Kremsater (2010).  These are focused on areas of greatest uncertainty as revealed by the 
combination of SAS and coarse-filter analyses.  Section 7 documents how the same process can be used 
to focus on species of high conservation priority. 
 
Activities summarized in §5 were intended to document limitations and suggest improvements to the most 
commonly used approach to sampling birds – Breeding Bird Surveys (BBS).  It is primarily these data that 
are used by CoSEWIC to assist in designating species.  The small proportion of species breeding in 
grasslands in British Columbia for which trend data are available, reflects the small area of grassland 
(note low number of routes contributing to estimates; Table 5.1); the proportion is much higher nationally.  
Nationally, the steepest rate of decline is for grassland species.  Given that 44% of the estimates are 
statistically significant, the broad-based decline in grassland habitat is likely true.  It is noteworthy that the 
largest number of routes contributing to trend data nationally are for species breeding in urban and rural 
residential areas and modified habitats (primarily agricultural, but also transmission corridors, etc).  These 
two habitat types are also those yielding the most significant trends (Table 5.1).  Provincially, the groups 
showing the largest negative rates are those in urban/rural or marine environments.  
 
In some instances, the barriers to effective use of BBS that were summarized can be reduced by simple 
modifications; in others, knowing the barrier can facilitate interpretation of trends.  For example, for some 
species running the routes in opposite directions on different days can reduce the effect of time of day.  
For species in which both sexes sing (e.g., mourning warbler), the effect is more than an exaggerated 
measure of relative density.  Changes in song rate are more exponential than linear, both increasing and 
decreasing more rapidly than the population itself.  
 
There draft manuscript (Bunnell et al. 2010b) provides several examples of ways in which BBS routes can 
be made more effective by small additions that do not alter the methodology of the survey.  Across the 5 
DFAs evaluated, these additions routes provided useful information for 119 bird species.  It is significant 
that BBS can make these contributions to conservation efforts over a much shorter period than is required 
for trend estimation.   
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Conclusions and management implications 
Conclusions and management implications are summarized in point form under broad themes of the 
project. 
 
Using guilds of more common species to expose probable habitat of less common species: 

• In its narrow sense, this theme proved the least promising and was abandoned early.  It was 
subsequently expanded to incorporate habitat more directly. 

• Approaches relying solely on bird data acquired from the most common sampling method (BBS, 
Breeding Bird Surveys) are inadequate.   Attempts to extract guilds of readily sampled species 
that predict the presence of less common species were statistically undermined by the presence 
of abundant habitat generalists (§1), but assist the formation of core Groups within the Species 
Accounting System.  That in turn helps focus monitoring in a credible, cost effective fashion. 

• Incorporating a vocal mammal, such as the red squirrel, gained nothing beyond that already 
contributed by the Species Accounting System (§2).  Its occurrence was too wide-spread to 
predict less common species, so it merely affirmed associations with conifers. 

• Vocal amphibians revealed the presence of wetlands that do not appear within the VRI data base 
– about 20% of records (12/58) were associated with mapped wetlands.  The sampling indicated 
that more breeding habitat is available to amphibians in northeastern BC than is indicated by the 
VRI or the BC Corporate Watershed data base (§2). 

• Most wetlands revealed by sampling vocal amphibians were too small or too ephemeral to 
provide significant habitat for other vertebrates associated with wetlands (§2).  

 
 
Evaluating and extending the value of the Species Accounting System (SAS): 

• Only a small portion of the non-vertebrates evaluated within the grant could be assigned species 
accounting groups.  The primary failing is that the literature tends to be relatively silent on the 
preferred habitat or substrate of many species or our classification systems do not readily map 
the preferences of species (e.g., Odonates and wetland types; §3).  

• Nonetheless, several 100 species could be assigned to accounting groups.  That facilitates 
ranking the allocation of funding for effectiveness monitoring by helping assess the impact of 
particular forest practices on a larger portion of biodiversity.   

• When evaluated across 5 DFAs, the SAS revealed preferences and avoidances of VRI-based 
habitat types and BEC units that made evaluation of potential impacts of forest practice more cost 
effective and informative (§4; see also examples below). 

• When coupled with coarse-filter analyses of consequences of forest practices, the SAS 
contributed effectively to the revision of the Fort St John Pilot Project’ SFMP.5

• The SAS has general applicability and helped focus monitoring in a cost effective fashion on the 3 
DFAs analyzed (§6). 

   

• When combined with coarse-filter analysis the SAS yields credible, regionally-based evaluations 
of the effectiveness of efforts to compensate for incidental take (§7). 

 
Deriving practical, cost effective monitoring approaches from readily acquired data: 

• One way of making monitoring more cost effective is to transfer well-documented relations among 
areas.  Relations with VRI-based habitats generally hold for tree-nesting species and understory 
associates (§4). The primary difference is that some species strongly associated with hardwood 
or mixed types in northeastern BC become more closely associated with conifers in more 
southern types where conifers are more dominant.  

• Many of the habitat affiliations in the Canadian Wildlife Service’s draft lists of candidate species 
for evaluation of incidental take are based on eastern data.  That is especially true among 
warblers.  Regional data will reduce the likelihood of being penalized by incorrect assessment 
(§4).  For example, for some species BBS can discriminate whether preferred wetlands are 

                                                           
5   Bunnell, F.L., Kremsater, L.L., and Farr, A.  2010.  Biodiversity sustainability analysis for high priority species strongly associated 

with hardwoods in the Fort St John TSA.  Final Report of FIA Project  No. 2008-FIA-8047009  27 pp.  
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sought in conifer-leading types, <5% tree or 5-10% treed (§5).  The latter two are netted out of 
commercial forests, so are not subject to harvest or incidental take.    

• Minor refinements that do not change the methodology of BBS make significant improvements to 
guiding forest planning and practice.  For example, for 113 species the information acquired 
revealed the preferred BEC unit within the DFA (p < 0.05).  Knowing the preferred BEC variant or 
BEC subzone focuses and facilitates planning to maintain the species.  For 86 species, the 
information acquired indicated the preferred habitat type(s) as derived from VRI within the SAS.  
Analysis of trends and condition of preferred habitat permits credible recommendations on forest 
planning and practices which generally were incorporated into updated Sustainable Forest 
Management Plans (e.g., Bunnell et al. 2010).6

• There are effective ways of extracting approaches to targeted sampling from readily available 
BBS data (Vernier et al. 2010), but they rely on relations with habitat rather than other species.

   

7

 
 

 

                                                           
6   Bunnell, F.L., Kremsater, L., Moy, A., and Farr, A.  2010.  Evaluating incidental take with emphasis on hardwood associates.  

Technical report – FSP Y103131. 
7 Vernier, P.R., M.I. Preston, F.L. Bunnell, and A. Tyrrell. 2010. Adaptive monitoring framework for species at risk in northeast BC: 

using habitat models and expert opinion to refine monitoring. Wildlife Afield 6:( in press). 
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