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Abstract 

The species accounting system integrates three well-supported, broad indicators of biodiversity 
(ecosystem representation, habitat, and organisms) with the natural history of species to focus 
monitoring efficiently.  Integrating results of the species accounting system with the criteria and 
indicator process provides an effective way of both accounting for where species are likely to 
occur on the tenure and to focus both implementation and effectiveness monitoring in a cost-
effective fashion.  Vertebrates are divided into five groups on the basis of their relations with 
habitat.  Lichens are incorporated through their specificity to particular woody substrates.  The 
approach appears to accommodate other groups of organisms as well, provided their habitat 
can be described.  For vertebrates initial assignments to monitoring groups based on literature 
and experience were >90% accurate when tested.  Breeding Bird Surveys sampled many bird 
species well, but call playback greatly increased the odds of detecting woodpeckers.  By 
exposing species whose habitat is not well represented in GIS layers, the approach 
encourages development of particular standard operating procedures and the evaluation of 
these.  Benefits of retention silvilcuture in sustaining lichens using snags and downed wood as 
substrate are documented. Habitat monitoring, which can be very expensive, is likewise 
focused on areas where results will be most informative about practices.  The potential focal 
species suggested for effectiveness monitoring have not been evaluated in that role, but the 
information guiding their selection suggests promise.  The GIS-based approach to evaluating 
species for which distribution of habitat can be important has the compelling advantages of 
simplicity and incorporating economic values, thus permitting the evaluation of tradeoffs.  
Efforts to date reveal that at least some members of groups vastly different from vertebrates 
can be incorporated, including butterflies and lichens. 
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1.0 Introduction 

Most indicators for biodiversity reduce to three broad features:  ecosystem representation 
(poorly known species and functions), habitat amount, structure, and distribution (better known 
species), and organisms themselves (species known well enough to interpret their responses).  
Each indicator represents species, which are the primary concern of the public and the ultimate 
test of management intended to sustain biodiversity.  Species also are a credible scientific 
surrogate for concepts imbedded in the term “biodiversity”.  Currently, no tool integrates 
contributions indexed by each indicator.  An integrated system is not straightforward, because 
the indicators assess contributions at different scales, and the scales are complementary.  
Planning over broad areas influences required practices at the stand level and vice versa.  The 
species accounting system facilitates that integration.  The system recognizes that whatever 
practices are invoked there are local winners and losers.  The goal is to account for the likely 
presence of the species somewhere in the management area at all times.  For that to occur, the 
area must be large enough to permit the natural turnover of species (the study area exceeds 3 
million ha, but details presented here are restricted to Canadian Forest Products Radium DFA 
within the Invermere TSA). 
 
The intent of each major indicator must be addressed within the system.  Ecosystem 
representation analysis permits credible surrogates for unknown and poorly known species.  
The study area hosts more than 200 vertebrate species.  These are related to amounts, 
structure and distribution of habitat through 6 monitoring Groups: 1) generalists (species that 
inhabit many habitat types), 2) species that can be statistically assigned broad forest structure 
classes (descriptive variables include proportion deciduous, shrub abundance), 3) species with 
strong dependencies on particular habitat elements (snags, down wood), 4) species restricted 
to specialized and highly localized habitats (for which standard operating procedures can be 
developed), 5) species for which patch size and connectivity are significant, and 6) species 
primarily reliant on non-forested habitat.  These Groups both connect species to habitat and 
help reveal which species are likely to be most informative for effectiveness monitoring.   
 
The lichen subproject links directly to classes 2 and 3 by reporting richness and abundance of 
lichens by substrate class (e.g., live trees, snags, downed wood).  Current data also suggest 
some linkage to Group 4 – specialized habitats.  Other non-vertebrate organisms will be 
assigned to these groups as possible.  The actual accounting system employs different 
techniques for each Group.  For Groups 1 and 2, simple tabular summaries of the database will 
be sufficient to assess sustainability.  Explicit spatial modeling is potentially required only for 
Group 5, the smallest group.  When all approaches are combined, the system should be 
capable of evaluating how well a large portion of biodiversity is sustained under alternative 
management practices.  
 
This project delivers a decision-support tool that integrates major indicators of biodiversity in a 
scientifically credible and publicly acceptable fashion for a large area in the East Kootenay.  To 
help ensure scientific credibility, the project incorporates field data for two disparate groups of 
organisms: songbirds and lichens.  These groups were selected to help ensure requisite 
breadth in the tool’s treatment of biodiversity.   
 
Major objectives of the project were: 
 
1.   Provide a credible, integrated measure of success in sustaining biodiversity in managed 

forests. 
2.   Provide an analytical tool that permits integration of economic values and ecological values. 
3.   Provide a tool that facilitates exploration of different approaches to forest planning and 
      their consequences to ecological and economic values. 
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2.0 Sub-projects: methods, results and discussion  

The project was subdivided into a number of sub-projects that were interrelated.  To facilitate 
communication related methodology, findings and discussion are discussed together for each 
sub-project.  Because sub-projects were related and not discrete, findings of some projects are 
incorporated within discussion of others. 
 

Sub-projects 1 to 4:  Habitat associations of vertebrates species 
 
During the course of the project, four sub-projects were undertaken within this project.  

1) Blind test relations of existing songbird data to habitat classes. 
2) Group vertebrate species into broad monitoring groups and classes. 
3) Field surveys of birds to test assignment to monitoring groups and classes.  
4) Develop approaches for species responding to distribution of habitat (e.g., patch size 

and connectivity).  
 
 

Sub-project 1:  Blind test relations of existing songbird data to habitat classes.  
 
Researchers involved  
F.L. Bunnell, I. Houde, K. Stuart-Smith, and R. Wells. 
 
 
Methods 
To reduce expenditures in the first year, we employed a blind test of songbird relations to 
habitat classes derived largely from the US Columbia Basin Project and modified by local 
experience (Przeczek et al. 2003).  K. Stuart-Smith (Tembec) had songbird surveys from more 
than 100 plots over three years.  F. Bunnell used available literature to assign species to 
habitat classes without reference to the data.  I. Houde classified the survey sites into the 
habitat classes, and evaluated the predictions.   
 
Bunnell assigned species to habitat classes relying solely on the broad description of habitat 
classes, without reference to the underlying data for the survey plots.  We explicitly tested the 
system of habitat classification of Przeczek et al. (2003) against the data of Stuart-Smith 
(2002).  The completely blind nature of the test produced unsatisfactory results.  A subsequent 
workshop revealed that: 1) the test data were likely constrained in the habitat classes they 
sampled, and 2) the proposed classes likely did not map well into the field conditions.  In year 
2, we evaluated this possibility by: 1) evaluating the test data against habitat classes with no 
restrictions (not blind), and 2) incorporating field sampling (Sub-project 3) to better quantify the 
habitat classes. 
 
 
Results 
We explicitly tested the system of habitat classification of Przeczek et al. (2003) against the 
data of Stuart-Smith (2002).  The three years of data used in the blind test were all from sites 
shortly after major canopy removal by logging or fire.  Virtually all 166 plots fell in one class 
(Class 2; Shrub/Seedling Open); the range of habitats sampled was severely constrained for 
purposes of this study.  Moreover, structural attributes and species associations varied 
substantially among plots (Figure 1). 
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Figure 1.  Key habitat elements, such as shrub cover, were highly variable within a single 
habitat structure class in both MS and ESSF biogeoclmatic zones and both logged and burned 
sites (data of K. Stuart Smith; from Wells 2006). 
 
 
Further analysis revealed that of 67 bird species detected during sampling of 166 survey plots 
over a three year period, 37 were found to have positive or negative associations with shrubs, 
residual overstory retention and/or hardwoods, though no unequivocal thresholds were 
detected (Wells 2006).   A structural class system to represent habitat structures associated 
with songbird abundance in young stands would need to include more detail on shrub cover, 
hardwood presence and overstory retention than currently existed.  These attributes were 
incorporated into the bird surveys of 2005.  The concept in 2005 was that by using continuous 
measures of key habitat variables during bird surveys the sampling would clarify whether the 
structural habitat classes of Przeczek et al. (2003) had utility when class boundaries were 
modified.  Modifying class boundaries proved inadequate, but the variables themselves proved 
useful (e.g., Figure 2).   
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Figure 2.  Responses of selected bird species to percent hardwoods on: a) Warbling Vireo 
(Vireo gilvus), b) Hammond's Flycatcher (Empidonax hammondii), and c) Northern Waterthrush 
(Seiurus noveboracensis).  Bars represent standard errors (from Preston et al. 2006). 
 
 
The stand structure classes were found to inadequately classify young stands for the structural 
attributes we demonstrated were associated with songbird abundance: virtually all 166 plots fell 
in one class (Class 2; Shrub/Seedling Open), but structural attributes and species associations 
varied substantively among plots.  Further analysis revealed that of 67 bird species detected 
during sampling of 166 survey plots over a three year period, 37 were found to have positive or 
negative associations with shrubs, residual overstory retention and/or hardwoods, though no 
unequivocal thresholds were detected (Wells 2006).   
 
 
Discussion 
A structural class system to represent habitat structures associated with songbird abundance in 
young stands needed to include more detail about shrub cover, hardwood presence and 
overstory retention than currently existed within the classification system developed by Tembec 
and co-workers.  These attributes were incorporated into the bird surveys of 2005.  The concept 
in 2005 was that by using continuous measures of key habitat variables during bird surveys the 
sampling would clarify whether the structural habitat classes of Przeczek et al. (2003) had utility 
when class boundaries were modified.  Two equally important questions for monitoring were:  
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1) could those surveying the birds apply the structure classes in the field, and 2) were the 
structure classes identifiable on GIS so that monitoring results could be scaled up over the 
entire management area?  Structure classes could not be consistently delineated in the field 
and any scaling up would be error ridden (Preston et al. 2006). 
 
A workshop was held prior to the 2006, field season and the following decisions made: 1) 
habitat structure classes of Przeczek et al. (2003) would be abandoned, 2) vegetation 
measures during bird sampling were refined based on findings from 2005 (Preston et al. 2006), 
3) surveys would be limited largely to the Invermere TSA, particularly CanFor’s Radium DFA, 
and 4) analyses would be based on broad VRI-based forest types that could be readily scaled 
up to the entire management unit.  The approach taken has proven satisfactory (see Sub-
projects 2 and 3).  
 
 

Sub-project 2:  Group vertebrate species into broad monitoring groups and classes. 
 
Researchers involved 
F.L. Bunnell, R.W. Campbell, and I. Houde. 
 
 
Methods 
Sub-project 2 is the essence of the Species Accounting System, while other sub-projects 
provide data to it or test its validity.  All terrestrial vertebrates within the East Kootenay region 
have been assigned to six broad habitat classes, with subdivisions within them.  These classes 
are defined by both the natural history of the species and the monitoring approaches employed 
to assess or account for them.  Assignments for all species likely occurring within the Radium 
DFA are found in Appendix I.  A comparable Appendix for the Cranbrook TSA is available.  
Appendix I also provides relative abundance in three classes derived from data of the 
Biodverisity Centre for British Columbia and local survers. More detailed analyses summarized 
here are for CanFor’s Radium DFA within the Invermere TSA.   The broad classes are 
summarized in Table 1. 
 
Table 1.  Broad monitoring groups employed in the species accounting system for terrestrial 
terrestrial vertebrates in the East Kootenays. 
 

Monitoring 
group 

 
Description 

1 generalists, species that inhabit many habitat types 
2 species which can be assigned to broad forest types (e.g., young hardwood stands). 
3 species with strong dependencies on specific elements (e.g., snags or shrubs) 
4 species restricted to specialized or highly localized habitats 
5 species for which patch size or connectivity may be important 
6 species primarily reliant on non-forested habitats 

 
 
Westcam Consulting and I. Houde provided initial classifications of vertebrate species occurring 
within the study area based on natural history characteristics.  These were modified by F. 
Bunnell based on more complete review of the literature and to reflect the way the accounting 
system is intended to work.   
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Results 
A summary of current classification and associated monitoring or forest practices is presented 
in Table 2.  
 
Table 2.  Current assignment of forest-dwelling vertebrate species to accounting and 
monitoring groups within CanFor’s Radium DFA. 
  
Monitoring Group No. Monitoring 
Generalists 70 None necessary 
Habitat structure classes or   
age-species classes 36 Tabular look up 

Habitat elements 88 Guided practices; implementation 
monitoring 

Localized habitats 12 Standard operating procedures 
Habitat distribution 5 Spatial analysis (sub-project 4) 
Non-forested 29 None necessary 
 
 
A more detailed presentation, including description of each group and a rationale for inclusion 
of species is provided by Bunnell and Vernier (2007).  Based on data acquired in 2006 (Sub-
project 3), tests could be performed to evaluate the assignment of species to monitoring 
groups.  These tests were on Groups or sub-classes of the 6 Groups in Table 1 (see Bunnell 
and Vernier 2007).  Only birds could be tested and not all of them.  Testing for a particular 
group or class within a group followed a 4-step procedure.  For each species:  
 
1. Tabulate occurrences by habitat type. 
2. Calculate standardized selection index that represents the ratio of observed to expected use 
of each habitat type [this quantity indicates the extent to which species' occurrences within 
different habitat types are proportional to their availability].   
3. Use Chi-squared test to determine whether selection across all habitat types is non-random. 
4. Calculate confidence intervals around the index to estimate whether each habitat type is 
selected for or against.  A habitat type is estimated to be selected for ("preferred") if the lower 
limit of the confidence interval is greater than the proportion of stations that were used; 
conversely, a habitat type is estimated to be selected against ("avoided") if the upper limit of the 
confidence interval is less than the proportion of stations that were used. 
 
Tests vary across monitoring groups.  For Groups 1, 2 and 6, tests of whether the initial 
assignment appeared correct followed the procedure above.  For Group 1 there should be no 
significant differences between observed and expected.  For Group 2, species assigned a 
specific class (e.g., ‘old hardwoods’) should show a preference for that class and likely 
avoidance of other classes.  Species assigned to Group 6 should show preference for non-
forested habitats.  Few tests are necessary for Group 3 because these kinds of habitat affinities 
are well known.  Group 4 species elude tests unless habitat is measured in detail and Group 5 
species are most likely to be apparent by specific patterns in distance from edge.  Exploration 
of the potential for neighbourhood modeling is reported in Vernier (2006). 
 
 
Discussion 
Of the species for which data were sufficient to allow testing, 93% had initially been assigned to 
the appropriate group within the Species Accounting System.  There is no reason to assume 
that this value will be lower for species not tested.  It is anticipated that CanFor will continue the 
monitoring program, which will increase the amount of available data and allow testing more 
species.  It is expected that some species will be more accurately predicted by neighbourhood 
modeling. 
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Bunnell, F.L. and P. Vernier.  2007.  Vertebrate species accounting system for the Radium 
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Project Y073045. Centre for Applied Conservation Research, University of British 
Columbia, Vancouver, BC. 

 
Vernier, P.  2006.  Forest bird responses to landscape-level factors (neighbourhood models).  

Prepared for Forest Science Program Project Y062045.  Centre for Applied 
Conservation Research, University of British Columbia, Vancouver, BC. 

 
Wells, R.W.  2006.  Habitat use by songbirds in logged and burned stands in the Invermere 

TSA.  Powerpoint presentation with notes.  Prepared for Forest Science Program 
Project Y062045.  Centre for Applied Conservation Research, University of British 
Columbia, Vancouver, BC. 

 
 

Sub-project 3:  Field surveys of birds to test assignment to monitoring groups and 
classes. 
 
Researchers involved 
F.L. Bunnell, M.I. Preston, P. Vernier, and R.W. Campbell. 
 
 
Methods 
The initial sampling methodology employed was a modification of Breeding Bird Surveys (BBS).  
Breeding Bird Surveys are known to sample some species inadequately, so during the 2006 
field season woodpecker playback calls were piloted to assess whether they effectively 
sampled species not detected by BBS. 
 
Breeding Bird Surveys:  We used the Breeding Bird Survey (BBS) method (Sen 1981; Bystrak 
1981) to sample a variety of bird species occurring in a broad range of forested and non-
forested habitats.  Conventionally, each BBS route measures 25 miles (40.25 km) and includes 
50 point-count stations spaced approximately 800 m apart.  The conventional approach does 
not permit targeted sampling to obtain the desired representation of habitats, so we modified 
the conventional approach in two ways.  First, in areas where road lengths were < 40 km, 
shorter routes with fewer sampling stations were used to ensure sampling habitats that would 
otherwise have been omitted because of road length constraints.  Route selection within the 
study area was governed by road availability.  All point-stations were geo-referenced to permit 
relations with vegetation resources inventory (VRI) polygons.  The second modification was the 
acquisition of broad habitat measures at each point-count station (see Sub-project 1).  We used 
the variable-radius point count sampling protocol described by the Resource Inventory 
Committee (RIC 1999a), and used a 50-m and 50-200-m radius boundary for recording bird 
detections.  Surveys commenced at sunrise and lasted approximately 3-4 hours, with each 
survey station being sampled for three minutes (RIC 1999a).  Weather attributes such as wind 
speed, temperature, precipitation, and cloud cover were recorded at each survey station (RIC 
1999a).   
 
Breeding bird surveys were conducted collaboratively with industrial partners in 2005 and 2006.  
In 2005, nine breeding bird survey (BBS) routes were established and censused for the four 
major Biogeoclimatic (BEC) zones found in the Cranbrook TSA (ESSF, MS, IDF, ICH; 
Meidinger and Pojar 1991).  In 2005, songbird associations were evaluated for BEC zones, 
stand structural elements and stand structure classes (Przeczek et al. 2003).  Structure classes 
could not be consistently delineated in the field and any scaling up would be error ridden 
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(Preston et al. 2006).  As noted under Sub-project 1, a workshop was held prior to the 2006, 
field season and the following decisions made: 1) habitat structure classes of Przeczek et al. 
(2003) would be abandoned, 2) vegetation measures during bird sampling were refined based 
on findings from 2005 (Preston et al. 2006), and 3) surveys would be limited largely to the 
Invermere TSA, particularly CanFor’s Radium DFA.  In 2006, nine routes with 402 stations were 
established in the Radium DFA. 
 
Woodpecker playback surveys:  We used a woodpecker playback methodology (RIC 1999b) to 
determine the presence or absence of four woodpecker species along existing Breeding Bird 
Survey routes.  Woodpecker playback surveys were part of a pilot project to test whether the 
BBS method was adequate for sampling woodpeckers or required additional sampling.  
Specifically, we attempted to elicit responses from Red-naped Sapsucker(Sphyrapicus 
nuchalis), Hairy Woodpecker(Picoides villosus), Northern Flicker(Colaptes auratus)  and 
Pileated Woodpecker(Dryocopus pileatus).  We randomly selected from 5 to 8 survey stations 
from each BBS route, for a total of 57 woodpecker playback stations. Woodpecker playback 
surveys began immediately after the completion of a BBS route (approx. 09:30 – 1000 hrs) and 
lasted from 2 to 4 hours depending on the number of stations being sampled and the 
responsiveness of the species being sampled.  We employed a specific playback sequence 
(see Preston et al. 2007 for details) using self-timing audio CD.  However, if a species was 
detected at any point during the playing of its own calls, we skipped the remainder of that 
species playback session and continued with the silent period prior to the next species.  If 
during the playback of Pileated Woodpecker, the last species on the CD, a Pileated 
Woodpecker responded, we stopped the playback CD and waited the final two minutes prior to 
completing the survey.  When a species was detected, we recorded the time it was heard 
relative to the playback session, and the distance and angle for each individual bird from where 
it was first detected. 
 
 
Results 
In 2005, associations were found with BEC zones and with specific structural elements of 
stands, but were rarely detected for the stand structure classes (Preston et al. 2006).  The 
stand structure classes were abandoned in the 2006 field season.  In 2006, we observed 85 
species from all survey stations, with individual routes ranging from 25 (Toby Creek) to 47 
(Forster Creek and Horsethief Creek) species.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.  Mean number of birds detected per station for 20 regularly occurring species on 9 transects in 
the Invermere TSA, 2006. Bars represent SE. 
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Bird abundance ranged from 90 (Toby Creek) to 417 (Leadqueen) and species diversity ranged 
from 4.08 (Toby Creek) to 4.71 (Forster Creek).  To some extent these numbers are influenced 
by the number of survey stations on each route (25 to 50).  Among routes with 50 survey 
stations, variation is largely attributable to differences in habitat and elevation.  Mean route 
abundance among the 20 most common species (n ≥ 60 observations) ranged from 2.89 for 
Winter Wren (Troglodytes troglodytes) to 39.78 birds for Swainson's Thrush (Catharus 
ustulatus) (Figure 3).  Hammond’s Flycatcher (Empidonax hammondii), the second ranked 
species, had about 70% the abundance of Swainson’s Thrush (28.44 birds per route).  
Standard error was relatively large for some species (e.g., Swainson's Thrush, Chipping 
Sparrow (Spizella passerina), Hermit Thrush (Catharus guttatus), and increased linearly with 
increasing mean abundance (R2 = 0.69, F = 39.4 P < 0.001). That is, variability in mean route 
abundance tended to be greater for common species compared to less common species. 
 
We found few significant models using roadside-estimated forest structure.  Some relations 
were apparent in the Radium DFA:  the probability of MacGillivray’s Warbler (Oporornis tolmiei)  
occurrence was positively related to increasing tall shrub cover; Warbling Vireos (Vireo gilvus)  
responded positively to increasing proportions of hardwoods (Bunnell and Vernier 2007).  The 
data more often documented relations with VRI polygons, demonstrating the utility of the 
species accounting system.  These are summarized in Bunnell and Vernier (2007). 
 
Table 3 summarizes results of the logistic regression analysis for the effects of survey type on 
the number of detections of woodpecker species.  Logistic regression permits calculation of an 
odds ratio, which provides an indication of the direction and magnitude of the effect of survey 
type.  For example, an odds ratio of 5.7 for Northern Flicker implies that the odds of detecting a 
Northern Flicker (versus not detecting one) using call playback are 5.7 times greater than the 
odds of detecting the same species using point counts.  

 
Table 4. Odds ratios of species’ occurrence by survey type in each of four Forest Districts. 
 

Species Playback 
present/absent 

BBS 
present/absent Odds ratio 95% CI 

HAWO 5/50 0/55   
NOFL 17/38 4/51 5.70*** 1.77-18.33 
PIWO 6/49 1/54 6.61* 0.77-56.88 
RNSA 12/43 1/54 15.07** 1.88-120.50 

* significant at 10%; ** significant at 5%; *** significant at 1% 
 
 
Call playback surveys resulted in a significantly larger number of detections of Northern Flicker, 
Pileated Woodpecker, and Red-naped Sapsucker.  For Hairy Woodpecker, there were no 
detections from the subset of BBS surveys to permit an analysis.  These data indicate that call 
playback surveys were more effective than point count surveys for woodpeckers. 
 
We used a Z-test to compare the proportion of stations having woodpeckers using the BBS 
method to the proportion of stations having woodpeckers using the playback method.  This 
method does not account for pairs of observations (i.e., presence or absence at the same 
station using both methods), but does indicate whether one method is more likely to detect the 
presence of a woodpecker, given the number of stations sampled using that method.  Relative 
to sampling effort, all four woodpecker species evaluated were more likely to be detected using 
the woodpecker playback method (P < 0.05; Table 5). 
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Table 5. Comparison of the proportion of woodpeckers detected using Breeding Bird Survey 
methods versus Woodpecker Playback methods. 
 
Species Z2,0.05 P Preferred method relative to sampling effort 
Pileated Woodpecker 2.32 0.021 Woodpecker playback 
Northern Flicker 6.90 < 0.001 Woodpecker playback 

Red-naped Sapsucker 5.20 < 0.001 Woodpecker playback 

Hairy Woodpecker 3.36 < 0.001 Woodpecker playback 
 
 
Discussion 
Relating songbirds to the proposed habitat structural classes proved intractable.  The 
modifications enacted in 2005 and refined in 2006 of estimating a few habitat variables from the 
roadside permitted better predictions.  Relations to VRI polygons permit ‘scaling up’ so that the 
species accounting system can apply tenure wide for those species having statistically 
significant relations.   
 
The four species of woodpeckers and sapsuckers tested were significantly better sampled by 
the call playback method than by BBS routes.  The BBS surveys, however, have broader utility 
to the species accounting system.  The relative emphasis placed on woodpecker surveys 
depends on the degree to which cavity nesters are believed vulnerable to current forest 
practices.  That has not been evaluated.  
 
 
Related publications and reports 
 
Bunnell, F.L. and P. Vernier.  2007.  Vertebrate species accounting system for the Radium 

DFA.  Prepared for Canadian Forest Products as part of Forest Science Program 
Project Y073045. Centre for Applied Conservation Research, University of British 
Columbia, Vancouver, BC. 

 
Bunnell, F.L., P. Vernier, and L. Kremsater.  2007.  Monitoring plan for biological diversity in the 

radium DFA. Prepared for Canadian Forest Products as part of Forest Science 
Program Project Y073045. Centre for Applied Conservation Research, University of 
British Columbia, Vancouver, BC.  

 
Preston, M.I., P. Vernier and R. Wayne Campbell. 2007.  Monitoring birds for sustainable forest 

management in the Invermere Timber Supply Area. Prepared for Canadian Forest Products 
Ltd, Radium Hot Springs, BC.  

 
Preston, M.I., P. Vernier, and R.W. Campbell.  2006.  Relating songbirds to forest structure 

classes in the Cranbrook Timber Supply Area for effectiveness monitoring and species 
accounting.  Prepared for Tembec, Cranbrook, BC.  

 
 

Sub-project 4:  Develop approaches for species responding to distribution of habitat 
 
Researchers involved 
F.L. Bunnell, N. Freeman, A. Moy, and R.W. Wells. 
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Methods 
In 2005-6, we used literature review to identify a candidate list of 12 species occurring in the 
east Kootenays for which patch size and habitat connectivity might be important, and which 
were thus potentially sensitive to forest fragmentation due to harvesting (Group 5 within the 
Species Accounting System).   We evaluated the need and feasibility of exploring spatially 
explicit analyses of likely population response to different harvest scenarios for three candidate 
species Brown Creeper (Certhia americana), Golden-crowned Kinglet (Regulus satrapa)  and 
Swainson’s Thrush (Freeman and Wells 2006).  Specifically, we considered life history 
parameters required by PATCH (Program to Assist in Tracking Critical Habitat), a dynamic, 
spatially explicit, individual-based (females only), life history simulator designed to project 
populations of territorial terrestrial vertebrate species through time (Schumaker 1998).  Data 
requirements include specifications for habitat use (territory size and habitat affinity), vital rates 
(survival and reproduction), and parameters for species’ movement behaviour (dispersal).  In 
some cases, dispersal parameters may be estimated using an allometric model developed by 
Sutherland et al. (2000).   
 
In 2006-7, more detailed review of the literature reduced the likely number of species in Group 
5 (responsive to habitat distribution).  For example, only 5 species remained in Group 5 for the 
Invermere TSA (Table 6).   

 
Table 6.  Candidate species responsive to habitat distribution occurring within the Invermere 
TSA. 
 

Common Name Scientific Name 
Golden-crowned Kinglet Regulus satrapa 
Northern Goshawk Accipiter gentilis 
Spruce Grouse Dendragapus canadensis 
Marten Martes americana 
Southern Red-backed Vole Clethrionomys gapperi 

 
 

It was apparent that even though few species were assigned to Group 5, explicit spatial 
modeling was unlikely to be incorporated into a monitoring program.  We developed an 
alternative approach that relies on information more readily accessible and skill sets already in 
place (familiarity with GIS).  Monitoring for Group 5 species exploits one of two approaches, 
depending on the natural history of the species.  For species that are highly mobile, but not 
wide-ranging within a large home range or territory, suitability can be assessed simply by the 
distribution of patch sizes or edge effects of favourable habitat types (e.g., older forest for 
Northern Goshawk).  For species that are largely restricted to a few forest types or age classes 
and also must range widely (to satisfy some need; usually foraging), then connectivity of 
favoured habitat classes is important.  Of Group 5 species in the DFA, only the marten is likely 
to be influenced by connectivity.  Although the marten uses a wide range of habitats (riparian 
areas, rocky sub-alpine, meadows, forest edges), their preference is for older, more closed 
canopies with down wood and well-developed understory layers that support their prey base 
(Clark et al.  1987; see also Bull et al. 2005, and Raphael and Jones 1997).  Connectivity 
analyses of such habitat types could be conducted.  It is, however, difficult to derive inferences 
from such measures for marten because studies including forest edges have found marten to 
use edges preferentially because of greater prey abundance (Bunnell et al. 1997).  
 
 
Results 
We illustrate an example of monitoring when avoidance of edge or patch size is considered 
important.  The Golden-crowned Kinglet has been reported in various studies to avoid forest 
edge.  There were relatively few observations of this species, but 9 of 15 (60%) were in conifer-
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leading stands >90 years old.  We examined conifer-leading stands >90 years old and 
considered only the area more than 200 m from an edge.  To evaluate potential threat we 
divided this favourable habitat into five classes reflecting merchantability derived from Thomae 
2003), thus the likelihood of harvest (Table 7). 
 
 
Table 7.  Distribution of favourable Golden-crowned Kinglet habitat (ha) by merhcnatability. 
 

Economic Marginal Deficit NHLB Other 
17909.6 23846.6 5233.9 97986.3 44935.4 

 
 
When forest interior was defined as greater than 200 m from an edge, there was a total of 
about 189,912 ha of suitable habitat within the DFA,.  Some of this was classified as other – 
either excluded from the Crown Forest Landbase because it was private land or for other 
reasons (about 44, 918 ha) or was merchantable timber that had not been classified (about 17 
ha).  The majority, 97,986 ha (51.6%), is in the Non-Harvestable Landbase (NHLB, Table 7).  
Of the merchantable timber, 46,990 ha, only about 17,910 ha are in the economic classes or 
about 38% (Table 7).   The analyses suggest that the Golden-crowned Kinglet is not under 
threat from forest practices.  Analyses are necessarily preliminary because they have not been 
stratified by BEC zone. 
 
 
Discussion 
This work revealed three major points: 1) a more complete review of literature on species 
sometimes assumed responsive to habitat distribution, indicates that they are not, 2) 
requirements for spatial modeling likely make it inaccessible to most monitoring programs, 3) 
questions about the suitability of habitat of species responding to habitat distribution can be 
effectively addressed by GIS.  The approach we used of dividing the merchantable timber in 
classes of merchantability has the added advantage of examining tradeoffs between ecological 
and economic objectives.  
 
 
Related publications and reports 
 
Freeman, N. and R.W. Wells.  2006.  Life history database and habitat preference for selected 

vertebrates of the East Kootenays, British Columbia.  Prepared for Forest Science 
Program Project Y062045.  Centre for Applied Conservation Research, University of 
British Columbia, Vancouver, BC.  

 
Kremsater, L. and F.L. Bunnell.  2007.  Standard Operating Procedures for species using 

localized habitats in Canadian Forest Products Radium Division.  Designed and 
produced by F.L. Bunnell, I. Houde and L. Kremsater. Center for Applied Conservation 
Research, Forest Sciences, University of British Columbia, Vancouver, BC.  

 
 

Sub-projects 5 and 6: Non-vertebrate species and structural associations   
 
Researchers involved 
F.L. Bunnell, T. Goward, I. Houde, T. Spribille, and C. Bjork. 
 
 
During the course of the project, two sub-projects were undertaken within this project.  

5) Lichen flora and wood substrate associations. 
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6) Richness in the Albert River valley. 
 
Note:  In April 2006, a final technical report was submitted to the Forest Sciences Program (see 
Houde et al. 2006).  Houde et al. (2006) described in detail the subprojects related to non-
vertebrate species and structural associations in southeast Kootenay.  Parts of the material 
following were extracted from Houde et al. (2006).    
 
Non-vertebrates currently are represented by lichens, which respond to habitat in different ways 
than do vertebrates.  They do not have roots, vascular systems or any efficient means of water 
storage and are sensitive to changes in microclimate.  They tend to be microsite- and 
substrate-specific, with low growth rate and limiting dispersal abilities due to their mode of 
reproduction.  Substrate is important in defining microhabitat characteristics for lichens.   
Forest management alters substrate and microclimate, and removes lichen propagule sources 
that are essential for reproduction and dispersal (Stevenson 1985, Stevenson and Enns 1992, 
Sillett 1994, Esseen et al. 1996).  Lichens restricted to trees and other wood structures (e.g. 
snags, down wood) are likely to suffer the greatest effects from removal of timber. Forty seven 
percent of rare lichens in Canada are epiphytic, meaning that they grow on trees (Goward et al. 
1998).  Goward (1994) suggested that increasing fragmentation and isolation of old forest, 
combined with dispersal limitations of lichens, would decrease colonization rates to the point 
where they will be exceeded by rates of local extirpation.  As a rough guess, declines in 
macrolichen diversity of as much as 30% are likely to occur in some parts of the province 
(Goward 1994).  
 
Incorporating an organism group responding to small scales, such as lichens, into a multi-scale 
system integrating several indicators, like the species accounting system, is challenging.  
Forests harbour a great diversity of possible microsites.  A complete inventory of all possible 
substrates and microsites in each stand would be prohibitively time-consuming and expensive. 
There is a need to establish sampling protocols that focus on substrates altered primary by 
forest practices, and on microsites whose lichen assemblages will be indicative of 
environmental conditions at different successional stages.  These points are critical for 
comparison of lichen assemblages across the successional spectrum and to monitor re-
establishment of colonies post-disturbance.  
 
 

Sub-project 5:  Lichen flora and wood substrate associations 
 
 
Methods - Phase 1 
We investigated lichen communities and associated woody substrates in forest stands of the 
Invermere Timber Supply Area.  Sampling sites were located in old (140+ yr-old) stands of the 
Montane Spruce (MS), Interior Cedar Hemlock (ICH), Interior Douglas-Fir (IDF), and Ponderosa 
Pine (PP) Biogeoclimatic Ecosystem Classification (BEC) zones.  Young (20 to 40 yr-old) 
cutblocks of the Montane Spruce BEC zone also were surveyed.  
 
Types of substrate sampled included trunks of mature trees, branches of leading tree species, 
leaning tree trunks, snags, downed wood, and branches of a large forest floor shrub 
(Shepherdia canadensis).  At least three individuals of each substrate type were sampled at 
each site when available.  Stand structure and vegetation sampling focused on forest 
components likely to reveal amounts and types of substrate available for lichen communities.  
We recorded shrub and herb covers, trees, snags, and downed wood in circular plots (11.4 ha) 
at each site. 
 
The preliminary phase of this sub-project had three objectives: 1) to develop a sampling 
protocol that would focus on substrates altered by forest operations, and for which lichen 
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assemblages are likely indicative of environmental conditions at different successional stages 
(snags, down wood, trees and shrubs); 2) to investigate variation of woody substrates and 
associated lichen assemblages among BEC zones; 3) to investigate variation of woody 
substrates and associated lichen assemblages throughout successional stages. 
 
 
Results – Phase 1 
 
Sampling protocol 
The sampling protocol developed in this preliminary study provided a good cross section of the 
lichen assemblages associated with wooden substrates.  If the substrates are available, the 
protocol gives a useful description of lichens inhabiting woody substrates.   
 
BEC zone comparison 
Effective comparison of lichen flora between the four BEC zones was not possible because 
availability and diversity of substrate types varied among BEC zones due largely to human 
practices, plus a short fire-return interval in some zones.  Only 9 of the 214 lichen species 
identified were found in all four BEC zones.  MS was sampled most intensively because it had 
the highest availability of woody substrates.  Consequently, we found the largest number of 
lichen species in this zone.  At least 50% of the species in ICH were found only in that zone.  
PP hosted the lowest lichen diversity and the least diversity of substrates, partly due to frequent 
fires and removal of downed wood and snags for firewood.   

 
Stand age comparison 
In old (140+ yr-old) and young stands (20- to 40 yr-old) of the Montane Spruce BEC zone, a 
total of 545 lichen samples were collected (among 6 sampling sites) and 186 species were 
identified.  All substrates sampled (tree trunks and branches, down wood, shrubs, erect and 
leaning snags) hosted species not found on other substrates.  Some lichens showed clear 
affinities with younger stands, while some were restricted to old forests.  The inclusion of 
successional stage-specific substrates in the sampling protocol was critical to compare lichen 
assemblages across the successional spectrum.  Species richness on down wood exhibited an 
unexpected pattern, with comparable numbers of lichen species on logs in young and old 
stands. This finding was contrary to expectations of reduced richness in clearcuts derived from 
wetter areas.   Field observations indicated that retained western larch (Larix occidentalis) trees 
in otherwise clearcut stands may permit earlier colonization by Bryoria lichens (important winter 
forage for deer and caribou). 

 
 

Methods – Phase 2 
The second phase focused on substrate retention (downed wood and seed trees).  We refined 
the sampling protocol and examined three questions: 1) Does lichen richness and abundance 
on down wood of similar decay class differ between old and young stands?  2) Are there 
differences in the lichen composition between young and old stands, or does a regenerating 
stand with appropriate substrate support the same species as in old growth?   3) What is the 
role of western larch seed trees in sustaining Bryoria lichens and encouraging re-colonization of 
the regenerating stand?  Answering these questions helps reveal the role retention silviculture 
can play in sustaining lichen richness, thus biodiversity. 
 
We examined richness and composition of lichens on wood of logs of decay class 3 in old 
(>140 yr-old) and 20- to 30-yr-old Douglas-fir/western larch stands of the Montane Spruce BEC 
zone. 

 
We elaborated a sampling protocol to examine the role of western larch (Larix occidentalis) 
seed trees in retaining arboreal Bryoria lichens and encouraging re-colonization of regenerating 
stands by these lichens.  Given this protocol, we conducted a preliminary sampling to test this 
protocol. 
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Results – Phase 2 
 
Down wood retention and lichens in the Montane Spruce BEC zone.   

Note: Results are not available for this section because they have been submitted for 
journal publication. 

Abstract: Lichen communities of old forests often are assumed to be negatively affected by 
timber harvest due to decrease of suitable substrate and increased desiccation.  We examined 
richness and composition of lichens on wood of logs of the same decay class in old growth and 
20- to 30-year-old stands.  There was no significant difference in species richness or mean 
lichen cover between young and old stands, but species composition differed, including species 
that were unique to either young or old stands.  Crustose lichens accounted for 71% of rare 
species and all of the species with an affinity for old growth; macrolichens accounted for 82% of 
common species and 60% of the species with an affinity for young stands.  Decay 
characteristics of down wood were more important than volume to sustain lichen richness in 
young, post-harvested stands.  Lichen communities may be limited by reductions in suitable 
substrate shortly after harvest and as dead wood reaches advanced decomposition and no new 
dead wood is added. 
 
Retention of larch seed trees in the Montane Spruce BEC zone.  

Note: Results are not available for this section because they have been submitted for 
journal publication.   

Abstract: In many areas Bryoria lichen is a major winter food for deer and caribou.  We 
examined the role of western larch (Larix occidentalis) seed trees in retaining arboreal lichens 
and encouraging re-colonization of regenerating stands by Bryoria.  Although exposed to 
desiccation, Bryoria was sustained in significant amounts in larch seed trees. Other than a 
reduction near roads, apparently by alkaline road dust, arboreal forage lichens were relatively 
uniformly distributed throughout the regenerating stands.  There was little difference in 
abundance up to 135 m from the source tree.  The sorediate form of the lichens did better on 
lodgepole pine (Pinus contorta), while larger, non-sorediate fragments were more abundant on 
western larch.  We attribute the difference to bark pH.  Scattered western larch seed trees were 
effective at retaining lichens and facilitating re-colonization of the regenerating stand. 
 
Related publications and reports 
 
Bunnell, F.L., T. Goward, I. Houde, and C. Bjork. 2007.  Larch seed trees sustain arboreal 

lichens and encourage re-colonization of regenerating stands.  Western Journal of 
Applied Forestry.  April Issue. 

 
Bunnell, F.L., T. Spribille, I, Houde, T. Goward, and C. Björk.  2006. Lichens on downed wood 

in young and old stands Canadian Journal of Forest Research (undergoing revision). 
 
Houde, I.  F. L. Bunnell, T. Spribille, T. Goward, C. Björk, and S. leech.  2006.  A species 

Accounting System to Integrate Indicators of Biological Diversity. Subproject on lichen flora 
and wood substrates in forests of the Invermere Timber Supply Area: Final technical report. 
FSP project number Y073045. prepared for Forest Investment account, Forest Sciences 
Program, BC Ministry of Forestry, Victoria, BC.   
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Spribille, T, F.L. Bunnell, T. Goward, and C. R. Bjőrk, Thor, G.  2007.  Lichens on dead wood: 
diversity and characteristics in the Pacific Northwest and Fennoscandia".  Biodiversity 
and Conservation (In prep.). 

 
 
 

Sub-project 6:  Richness in the Albert River valley 
 
 
Methods 
During our lichen survey, we encountered what seemed to be a very diverse area, although 
highly fragmented.  The Albert River Valley hosts the only old-growth stands of western 
redcedar in the Invermere Timber Supply Area (TSA).  This portion of the Interior Cedar 
Hemlock moist cool variant (ICHmk1) is spatially disjunct from the rest of British Columbia 
(Wells et al. 2004) and lies on calcareous soil (lime stone).   We surveyed lichens and vascular 
plants in the valley bottom of Albert River to assess the uniqueness and richness of the area.   
 
 
Results 
 
Note: Results are not available for this section because they have been submitted for 
journal publication. 
 
Abstract: The Albert River Valley hosts the only old-growth stands of western redcedar in the 
Invermere Timber Supply Area (TSA).  This portion of the ICHmk1 (Interior Cedar Hemlock 
moist cool Biogeoclimatic variant) is spatially disjunct from the rest of ICHmk1 in British 
Columbia and lies on calcareous soil.  Surveys of lichens and vascular plants in the valley 
bottom of the Albert River revealed an uncommonly rich area, including about 10% of the 
vascular plant species known to British Columbia.  Eight of these are either Blue- or Red- listed 
in British Columbia.  Nine of the lichens found are either new to North America, western North 
America or British Columbia, and seven may be new to science.  Four more species have a 
predominantly oceanic distribution, and one is mainly arctic.  Conserving remnants of old-
growth forest from forest harvest can play a critical role in sustaining biodiversity, particularly 
those in rare and poorly represented ecosystem types, so these areas merit careful 
consideration in the designation of reserves.  Such significant remnants are easily overlooked 
when assessment of potential conservation areas is restricted to coarse scale approaches that 
focus on intact landscapes.  Coarse-filter approaches can identify potential rare ecosystems 
and guide field surveys, but are no substitute for field surveys.   
 
 
Related publications and reports 
 
Houde, I., S. Leech, F.L. Bunnell, T. Spribille, C. Björk.  2007.  Old Forest remnants contribute 

to sustaining biodiversity: the case of the Albert River Valley. BC Journal of 
Ecosystems and Management. (Submitted). 

 
Houde, I.  F. L. Bunnell, T. Spribille, T. Goward, C. Björk, and S. leech.  2006.  A species 

accounting system to integrate indicators of biological diversity. Subproject on lichen flora 
and wood substrates in forests of the Invermere Timber Supply Area: Final technical report. 
FSP project number Y073045. prepared for Forest Investment account, Forest Sciences 
Program, BC Ministry of Forestry, Victoria, BC.   

 
Perez-Ortega, S. & Spribille, T. (2007) Bellemerella ritae sp. nov. (Verrucariales), a new 

lichenicolous ascomycete from northwest North. America. Nova Hedwigia (submitted). 
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Spribille, T. and C. Printzen. Lecidea rubrocastanea, a new lichen species from conifer bark 

and wood in interior western North America (Lecanorales, lichenized ascomycetes). 
The Lichenologist. (In press). 

 
Spribille, T., P. M. Jørgensen, M. Schultz and I. Houde. Santessoniella saximontana, a new 

lichen species from British Columbia. Bibliotheca Lichenologica. (In press). 
 
 

Sub-project 7 and 8: Integrated measures of success at sustaining 
biodiversity in managed forests 
 
Researchers involved 
F.L. Bunnell, A. Moy, and P. Vernier 
 
 
During the course of the project, two sub-projects were undertaken within this project.  

7) Integrating economic and ecological values. 
8) Integrated measures of success at sustaining biodiversity in managed forests. 

 
Our goal was to create a system of integrated measures of success that was scientifically 
credible but simple enough that it required no specialized skill sets during implementation and 
relied to the extent possible on data commonly available (e.g., GIS layers). 
 
 

Sub-project 7:  Integrating economic and ecological values. 
 
 
Methods 
Most approaches to integrating economic and ecological values rely upon relatively complex 
models to project stand conditions or optimization techniques with simulated annealing 
currently preferred (e.g., Boyland et al. 2004).  We devised an approach that relies primarily 
upon available GIS layers (mainly vertebrates) and current guidelines within SFM plans (mainly 
lichens).  Relations among vertebrates and GIS layers are described in Sub-project 2 and 
Bunnell and Venier (2007).  Relations between lichens and woody substrates are described in 
Bunnell et al. (2006,2007) and Houde et al. (2006).  The remaining steps were to capture 
economic value in GIS layers and to approximate woody substrates either within GIS layers or 
to index them to guidelines for practice. 
 
Thomae (2003) have classified the Timber Harvesting Land Base into 8 classes that reflect 
merchantability or economic return and can be expressed as a GIS layer.  The classes are 
ordinal, so we grouped them as follows: economic (class 6 to 8), marginal (class 4 and 5), 
deficit (class 1 to 3).  Area of forest not included in the Crown Forest Landbase (e.g., private 
land) can be included in the analyses if desired.  The area of Non-harvestable Forest Landbase 
is included, because some species may be sufficiently abundant there that specific practices on 
the THLB are unnecessary.  The simple intersection of relative species abundance with classes 
of economic value illustrates economic tradeoffs.  The intersection can be readily calculated for 
many vertebrate species and a significant number of lichen species that are restricted to old or 
young stands. 
 
Data currently are too sparse to permit indexing of lichen abundance to the full range of forest 
practices.  The impact of retention on some arboreal species and crustose species on downed 
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wood was documented (Bunnell et al, 2006,2007).  In these cases economic tradeoffs can be 
evaluated using costs of timber harvest foregone by retention. 
 
 
Results    
Table 8 illustrates the observed distribution of several bird species across the merchantability 
classes derived from Thomae (2003) plus ‘other’ and NHLB as for Table 7.   
 
Table 8.  Distribution of observations of selected forest birds across forest merchantability 
classes.  + indicates statistically significant preference; - indicates significant avoidance. 
   

 Economic Marginal Deficit NHLB Other 
 Species (N=231) (N=34) (N=46) (N=13) (N=78) 

Cassin’s Vireo 46 10 10 13 (+) 16 

Dark-eyed Junco 74 (-) 11 9 (-) 16 80 (+) 
MacGillivray’s Warbler 29 0 6 9 24 (+) 
Mountain Chickadee 25 1 1 0 9 

Olive-sided Flycatcher 39 6 4 17 (+) 12 

Ruby-crowned Kinglet 54 (-) 14 13 23 (+) 32 

Swainson’s Thrush 145 28 14 (-) 40 (+) 37 

Warbling Vireo 73 (-) 10 11 30 (+) 33 

Western Tanager 37 (-) 14 10 17 (+) 25 

Yellow-rumped Warbler 74 17 6 (-) 20 (+) 24 
 
 
The bird survey data are those from the entire Invermere TSA, rather than being limited solely 
to the Radium DFA.  Including all data more that doubled the number of sampling stations in 
‘Other’, or land outside the Crown Forest Landbase.  Tests of preference or avoidance followed 
the same methodology as for Table 2.  On the basis of a single year’s data, most species 
showed a preference from the NHLB or ‘Other’.  The two species showing a preference for 
‘other’ are ground nesting species, usually nesting beneath understory vegetation and often in 
early seral stages.  None of the species for which there were sufficient data to test relations, 
showed a preference for the most economic merchantability classes.   
 
 
Discussion 
The approach is limited primarily to the degree that species can be accommodated within 
existing GIS layers.  Group 4 (localized habitats) is not an issue because they are addressed 
by localized operating procedures.  Group 5 species can be incorporated directly (Table 7).  
Relations to economic values can be directly addressed by comparison to the merchantability 
layer for species whose habitat can be readily identified within GIS layers (Table 8).  By relating 
lichens to specific woody substrates, we anticipated that we could relate their probable 
abundance to structural classes.  Our inability to create structural classes that were readily 
identifiable in the field and capable of scaling up across the entire tenure thwarted our ability to 
incorporate most lichens directly.  However, those species dependent on older forests and their 
attributes can be incorporated by considering area by BEC unit within the NHLB or other areas 
reserved from harvest.  Among both Group 3 vertebrates and lichens strongly associated with 
particular substrates the economics of sustaining a wide-spread distribution can be evaluated 
by the costs of retaining structure.   
 
 
Related publications and reports 
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Bunnell, F.L. & P. Vernier.  2007.  Monitoring vertebrates on TFL 48.  Prepared for Canadian 

Forest Products as part of Forest Science Program Y073045. 
 
Bunnell, F.L., T. Goward, I. Houde, and C. Bjork. 2007.  Larch seed trees sustain arboreal 

lichens and encourage re-colonization of regenerating stands.  Western Journal of Applied 
Forestry.  April Issue. 

 
Bunnell, F.L., T. Spribille, I, Houde, T. Goward, and C. Björk.  2006. Lichens on downed wood 

in young and old stands Canadian Journal of Forest Research (undergoing revision). 

 

Sub-project 8:  Integrated measures of success at sustaining biodiversity in managed 
forests 
 
 
Methods 
Although we first explored more complex approaches such as explicit spatial modeling, we 
elected to create a methodology that was readily accessible as well as credible.  The core of 
the methodology is the species accounting system itself that assigns species to particular 
monitoring approaches or Groups (Table 2).  Methods of testing assignment of vertebrates to 
monitoring Groups and classes are described under Sub-project 2.  Vascular plants and 
butterflies can be evaluated in similar fashion.  For example, specific Standard Operating 
Procedures were developed for Gillett’s Checkerspot butterfly (Euphydryas gillettii) from 
published habitat descriptions.  Once species are assigned to monitoring groups, appropriate 
methods for that group are applied.  Species in Groups 1 (generalists) and 6 (non-forested) are 
not monitored.  The system employed for birds permits testing whether the assignments are 
correct, but is potentially wasteful when focused on these Groups 1 and 6 because sampling 
habitat generalists or species largely restricted to non-forested habitats redirects monitoring 
budget from more informative questions. 
 
Species assigned to Group 2 (broad forest habitats) typically show strong preference for one or 
two classes and occur in lower numbers in the other classes (Bunnell and Vernier 2007).  
Indicator 1 (ecosystem representation) is integrated with Indicator 3 (organisms) at this stage 
because in terms of guiding monitoring effort it is important to know what portion of the species 
preferred habitat occurs in the non-harvestable landbase or is otherwise reserved from harvest.  
Species-specific monitoring should be focused on species poorly represented in the non-
harvestable landbase.  Methods described under Sub-project 2 were designed for vertebrates 
but also found to work for lichens largely limited to either young or old stands, vascular plants 
and butterflies (because of larval affinity for particular vascular plant species).  Tenure-wide 
scaling up simply employs the intersection of preferred habitat types and BEC zones with 
available habitat. 
 
Species assigned to Group 3 are those related to specific habitat elements.  Indicator 2 
(habitat) can be very costly to monitor because of the wealth of measures potentially 
applicable.  Given that cost, we used the species accounting system to focus Indicator 2 or 
habitat monitoring on primary habitat elements and integrative measures of habitat (such as 
riparian). 
 
Group 4 species are those with highly localized habitats that are not well-represented in GIS 
layers so cannot be readily scaled up.  They were addressed by creating refined standard 
operating procedures. 
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Group 5 species for which habitat distribution was potentially important are addressed by GIS 
queries of patch sizes and total area of suitable habitat guided by known natural history of the 
species as augmented by local surveys.  
 
 
Results 
Assignment of Group 2 species for both Cranbrook and Invermere TSAs are summarized in 
Appendix 1.  For each TSA the relative abundance of each species is provided based on data 
of the Biodiversity Centre for Wildlife Studies.  More detail for species within the Radium DFA is 
provided within Bunnell and Vernier (2007) and Bunnell et al. (2007).  Simple examples of the 
approach are illustrated here.  There are two key predictors of Group 2 species, BEC zone and 
broad forest type.  Figures 4 and 5 illustrate typical responses.  Because these responses are 
reflected in major GIS layers they can be readily scaled up across the tenure.  Focus on the 
most preferred habitat would limit Western Tanager (Piranga ludoviciana) to the IDF and 
Hammond’s Flycatcher (Empidonax hammondii) to the MS BEC zone.  Note also that the 
current data suggest the Western Tanager does not occur in the ESSF.  A more equitable 
treatment would rank the suitability of the BEC zones by the proportions: # of occurrences/# of 
sample points within a zone.  Having determined the suitability of BEC zones the distribution 
across broad forest types within a zone can then be applied.  Within the current data, 
Hammond’s Flycatcher avoids stands <30 years old and shows no strong distinction between 
older conifer- or hardwood-leading stands. In this case the favoured habitat is older stands 
within the Montane Spruce zone.  As data are accumulated it is possible that differential 
selection for broad forest types within BEC zones will become apparent.                  
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Figure 4.  Hammond’s Flycatcher (Empidonax hammondii) shows preference for the Montane 
Spruce zone and avoids the Interior Douglas-fir zone (left); Western Tanager (Piranga 
ludoviciana) prefers the IDF zone and avoids the Montane Spruce zone (right). 
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Figure 5.  Group 2 species show strong affinities for particular broad forest habitat types.  The 
Townsend’s Warbler (Dendrica townsendi) is largely limited to older conifer and avoids early 
seral stages; the MacGillvray’s Warbler (Oporornis tolmei) seeks earlier early seral stages 
because of its positive response to shrubs. 
 
 
Among vertebrates, Group 3 species show responses to specific habitat elements.  They were 
related to one of 5 key habitat elements: riparian, cavity sites, hardwoods, shrubs, and large 
live trees.  Downed wood or coarse woody debris was found to be critical to lichens (Bunnell et 
al. 2006); as were shrubs, large live trees and snags or cavity sites (Houde et al. 2006; Bunnell 
et al. 2007).  Only one integrative measure of habitat was employed (riparian) because the 
integrative measures of forest age are included in the broad forest types.  An example is 
illustrated for shrubs in Figure 6.  Group 3 species show responses to specific habitat elements. 
Hammond’s Flaycatcher shows a significant positive response to shrubs, but it is weakly 
expressed.  The flycatcher prefers older conifer (p < 0.05) and is retained within Group 2.  
MacGillivray's Warbler shows a much stronger response to tall shrubs, but sampling to date 
indicates its relative abundance is adequately predicted by stand age, responding to shrub 
abundance in early seral stages and possibly to edge (Figure 5).  To keep monitoring as cost 
effective as possible and credible it is retained in Group 2.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 6. Group 3 species show responses to specific habitat elements. Hammond’s 
Flaycatcher (left) shows a significant positive response to shrubs, but it is weakly expressed;  
MacGillivray's Warbler (right) shows a much stronger response to tall shrubs.  
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New Standard Operating Procedures were created for 17 species whose habitat was so 
localized that it could not be accommodated within current GIS layers (Kremsater and Bunnell 
2007).  An example of the treatment of Group 5 species (habitat distribution influential) is 
illustrated in Table 7.  
 
 
Discussion 
Ideally tests of assignment to monitoring classes would be based on several years of data.  
Initial assignments to classes rely heavily on published information, but there is regional 
variation due in part to differences in forest practices as well as forest type.  Nonetheless, for 
the species we were able to test, the original assignments were >90% accurate.   Integrating 
results of the species accounting system with the criteria and indicator process provides an 
effective way of both accounting for where species are likely to occur on the tenure and to 
focus both implementation and effectiveness monitoring in a cost-effective fashion.  By 
exposing species whose habitat is not well represented in GIS layers, the approach 
encourages development of particular standard operating procedures and the evaluation of 
these.  Habitat monitoring, which can become very expensive, is likewise focused on areas 
where results will be most informative about practices.  The potential focal species suggested 
for effectiveness monitoring have not been evaluated in that role, but the information guiding 
their selection suggests promise.  The GIS-based approach to evaluating species for which 
distribution of habitat may be important has the compelling advantages of simplicity and 
incorporating economic values, thus permitting the evaluation of tradeoffs.  Efforts to date 
reveal that at least some members of groups vastly different from vertebrates can be 
incorporated, including butterflies and lichens. 
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by F.L. Bunnell, I. Houde and L. Kremsater. Center for Applied Conservation Research, 
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3.0 Conclusions and management implications 

Habitat associations of vertebrates species 
 Many species can be related to existing GIS layers. 

Simpler descriptions of forest habitats, especially when coupled with associations with BEC 
units, proved more predictive than complex stand structural classes, in part because the latter 
could not be consistently recognized in the field.  Nor could they be scaled up to represent the 
entire tenure as could broad forest habitats. 
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 Habitats of species too specialized or localized to be represented in GIS layers can be 
accommodated by specifically designed standard operating procedures. 

Of more than 200 vertebrate species likely to occur on the Radium DFA, we found only 17 for 
which refined operating procedures appeared necessary (some of these were precautionary as 
the species had not yet been reported from the tenure, but did occur nearby).  The refined 
procedures benefit a number of additional species as well. 
 

 Effectiveness of operating policies or guidelines is better evaluated by groups of 
species. 

Although species of social concern may require specific approaches, the variability within the 
vast bulk of biodiversity necessitates evaluation by a group of species responding to different 
aspects of the policy considered (e.g., for snags: primary and secondary nesters, weak and 
strong excavators).  
 

 Simple, GIS-based measures are often sufficient for evaluating species for which 
habitat distribution has a strong influence. 

Measures frequently acquired in assessment of ecosystem representation (Indicator 1) are a 
sound starting point.  Analysis of patch size distribution by broad forest type and BEC unit 
within the non-harvestable timber landbase is likely sufficient for more mobile species.  

Lichen species and structural associations 
 Much of lichen richness can be accounted for by knowledge of the relative amounts of 

substrate present, provided habitat affinities are known. 
Many of the lichens species sampled in this study showed substrate specificity that often is 
covariate with stand age.  As data gradually accumulate on substrate specificity of lichens (or 
bryophytes and fungi), provision for their retention can be guided by monitoring substrate.  
 

 Retention silviculture helps retain lichen richness, particularly by: 
 maintaining a broad range of dead wood types through all stages of 

succession, retaining snags or live trees to die a natural death, 
 retaining older stands and source trees, and 
 maintaining old-growth forest in rare and under-represented habitat types. 

Down wood characteristics, such as decay state, are more important than total amount of 
substrate available for lichen colonization.  Without retention silviculture to provide sustained 
levels of dead wood we anticipate a decrease in lichen richness within harvested stands, 
particularly among crustose lichens.  Given favourable substrate, such as logepole pine and 
western larch, relatively few source trees were required to encourage re-colonization of the 
generating stand by some macrolichens.  Retention of older stands will help sustain rare and 
dispersal-limited species by providing source populations.  Remnants of old-growth forest in the 
Albert River Valley hosted an important number of rare and unknown species of lichens and 
vascular plants.   Such forest remnants may play a critical role in sustaining biodiversity. Those 
in rare and poorly represented ecosystem types merit attention during designation of reserve 
areas. 
 

 Assessment of rare ecosystems cannot be limited to coarse filter approaches, such as 
GIS or guidelines recommending large, unmanaged areas. 

Some small remnant patches are very rich in biodiversity (e.g., Albert River valley).  While 
these are sometimes identified within ecosystem representation analyses based on GIS layers, 
their value cannot be assessed without field visits.  Although derived from work on lichens, this 
observation applies equally to vascular plants and byophytes. 
 

Integrative measures 
 Coupling natural history features with broad monitoring approaches (e.g., species 

accounting system) has compelling advantages. 
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Guiding the basic indicators by the species accounting system had major advantages.  Among 
them: reducing ‘noise’ (species that need not be monitored), exploiting efficient approaches 
(e.g., broad forest types when appropriate), refining practices where necessary (revised 
standard operating procedures for Group 4 species), cost efficient (species aligned with 
cheapest monitoring technique that is credible), and cost effective (implementation and 
effectiveness monitoring focused on areas of greatest uncertainty).   
 

 Simple economic measures can be incorporated to reveal tradeoffs.  
We used merchantability classes as a GIS layer, coupled with the Non-harvestable landbase 
and species’ affinities for broad forest types.  Analogous GIS layers of economic value could be 
generated from site indices or other measures of productivity or profitability. 
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Appendix I.  Attributes of vertebrate species likely breeding in 
the Radium DFA, including group membership within the 
Species Accounting System. 
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Brown-headed Cowbird Molothrus ater X X X X X B X 1

Common Name1
Scientific name IDF2 MS2 ESSF2 ICH2 PP2 Breed3 Com Unc Ca

Species 
group5

AMPHIBIANS
Columbia Spotted Frog Rana pretiosa X 3(w)
Long-toed Salamander Ambystoma macrodactylum X X X X X B X 3(w)
Northern Leopard Frog Rana pipiens X 3(w)
Western Toad Bufo boreas X X X X X B X 4

REPTILES

Common Garter Snake Thamnophis sirtalis X X X X X B X 3(w)

Painted Turtle Chrysemys picta X X X X

Rubber Boa Charina bottae X X X B  X 1(r)

Western Garter Snake Thamnophis elegans X X X X X B X 3(w)

BIRDS

Alder Flycatcher Empidonax alnorum X X PB X

American Avocet Recurvirostra americana NB X 3(w)

American Bittern Botaurus lentiginosus B X

American Coot Fulica americana B X 3(w)

American Crow Corvus brachyrhynchos X X X B X

American Dipper Cinclus mexicanus X X X X B X 3(r)

American Goldfinch Carduelis tristis X X PB X 6(mm)

American Kestrel Falco sparverius X X X X B X 3(s)

American Pipit Anthus rubescens X B X

American Redstart Setophaga ruticilla X X X B X 3(r)

American Robin Turdus migratorius X X X X X B X 1(BEC)

American Tree Sparrow Spizella arborea X  Xsp

American White Pelican Pelicanus erythrorhynchos NB X 3(w)

American Widgeon Anas americana B X 3(w)

Bald Eagle Haliaeetus leucocephalus X X X X X B X 3(lt)

Bank Swallow Riparia riparia B X 6(cl,mm)

Barn Swallow Hirundo rustica B X 6(mm)

Barred Owl Strix varia X X X B X 1

Barrow's Goldeneye Bucephala islandica X X X X B X 3(r)

Belted Kingfisher Ceryle alcyon B X 3(r,w)

Black Swift Cypseloides niger PB X 6(cl)

Black Tern Chlidonias niger B X 3(r)

Black-backed Woodpecker Picoides arcticus X X X X X B X 4/3(s)

Black-billed Magpie Pica pica X X X B X

Black-capped Chickadee Poecile atricapillus X X X X X B X 3(s)

Black-chinned Hummingbird Archilochus alexandri X X B X 3(r)

Black-headed Grosbeak Pheucticus melanocephalus X X X B X

Black-necked Stilt Himantopus mexicanus NB X 3(w)

Blue Grouse Dendragapus obscurus X X X X X B X 1

Blue Jay Cyanocitta cristata X X X X PB X 6(mm)

Blue-winged Teal Anas discors B X 3(w)

Bobolink Dolichonyx oryzivorus PB X 6(mm)

Bohemian Waxwing Bombycilla garrulus X X X X NB X 3(r)

Bonaparte's Gull Larus philadelphia X X X X X NB X 3(w)

Boreal Chickadee Poecile hudsonicus X X X X B X 3(s)

Boreal Owl Aegolius funereus X X PB X 2

Brewer's Blackbird Euphagus cyanocephalus B X 3(w)

Brewer's Sparrow (Timberlin Spizella breweri X PB X 3(sh)/6(mm)

Broad-winged Hawk Buteo platypterus NB X 2

Brown Creeper Certhia americana X X X X X B X 2

Relative Abundance4



Common Name1
Scientific name IDF2 MS2 ESSF2 ICH2 PP2 Breed3 Com Unc Ca

Species 
group5

Bufflehead Bucephala albeola X X X X B X 3(r)

California Gull Larus californicus NB trans 6(i)/6(mm)

Calliope Hummingbird Stellula calliope X X X X PB X 3(sh)

Canada Goose Branta canadensis B X 3(w)

Canvasback Aythya valisineria B X 3(r)

Cassin's Finch Carpadacus cassinii X X X X X B X 1

Cassin's Vireo Vireo cassinii X X X X X B X 1

Cedar Waxwing Bombycilla cedrorum X X X X X B X 3(sh)

Chestnut-backed Chickadee Poecile rufescens X X X X PB X 3(c)

Chipping Sparrow Spizella passerina X X X X X B X 1(BEC)

Cinnamon Teal Anas cyanoptera X B X

Clark's Nutcracker Nucifraga columbiana X X X X X B X 2

Clay-colored Sparrow Spizella pallida X X X B X

Cliff Swallow Hirundo pyrrhonota B X 6(cl)

Common Goldeneye Bucephala clangula X X X X B X 3(r)

Common Loon Gavia immer B X 3(r)

Common Merganser Mergus merganser X X X B X 3(r)

Common Nighthawk Chordeiles minor X X X X PB X 2

Common Poorwill Phalaenoptilus nuttallii X X NB X

Common Raven Corvus corax X X X X X B X 1

Common Yellowthroat Geothlypis trichas X X X X X B X 3(r,w)

Cooper's Hawk Accipiter cooperii X X X X B X 1

Cordilleran Flycatcher Empidonax occidentalis B X 3(r)

Dark-eyed Junco Junco hyemalis X X X X X B X 1(BEC)

Downy Woodpecker Picoides pubescens X X X X B X 3(s)/2

Dusky Flycatcher Empidonax oberholseri X X X B X

Eared Grebe Podiceps nigricollis B X

Eastern Kingbird Tyrannus tyrannus X X X B X 3(r)

Evening Grosbeak Coccothraustes vespertinus X X X X X B X 2

Flammulated Owl Otus flammeolus X x PB X 3(s)/4

Fox Sparrow Passerella iliaca X X X X B X 1

Gadwall Anas strepera NB X 3(w)

Golden Eagle Aquila chrysaetos X X X X B X 1

Golden-crowned Kinglet Regulus satrapa X X X X X B X 5

Golden-crowned Sparrow Zonotrichia atricapilla X X X X NB X 6(at)

Gray Catbird Dumetella carolinensis X X X B X

Gray Jay Perisoreus canadensis X X X X B X 2

Great Blue Heron Ardea herodias X X X X B X 4

Great Gray Owl Strix nebulosa X X X X B  X 2

Great Horned Owl Bubo virginianus X X X B X  1

Greater Yellowlegs Tringa melanoleuca NB X 3(w)

Green-winged Teal Anas crecca  B X 3(w)

Hairy Woodpecker Picoides villosus X X X X X B X 3(s)

Hammond's Flycatcher Empidonax hammondii X X X X X B X 2

Harlequin Duck Historionicus historionicus X B X 3(r)

Harris' Sparrow Zonotrichia querula ? NB X

Hermit Thrush Catharus guttatus X X X X B X 2

Herring Gull Larus argentatus NB X 6(i)

Hooded Merganser Lophodytes cucullatus X X X X B X 3(w)

Horned Grebe Podiceps auritus B X

Horned Lark Eremophila alpestris NB X 6(mm)

House Finch Carpodacus mexicanus X B X 1/6(mm)

House Wren Troglodytes aedon X X X NB X

Killdeer Charadrius vociferus B X 6(mm)

Lazuli Bunting Passerina amoena X X X B X

Least Flycatcher Empidonax minimus X X X B X

Lesser Scaup Aythya affinis B X 3(w)

Lewis' s Woodpecker Melanerpes lewis X X X B X

Relative Abundance4
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 Common Name1
Scientific name IDF2 MS2 ESSF2 ICH2 PP2 Breed3 Com Unc Ca

Species 
group5

Lincoln's Sparrow Melospiza linolnii X X X X B X 2

Long-billed Curlew Numenius americanus X X B X

Long-eared Owl Asio otus X X X PB X 1

MacGillivray's Warbler Oporornis tolmiei X X X X X B X 3(sh)

Magnolia Warbler Dendroica magnolia X X X X B X 3(sh)

Mallard Anas platyrhynchos B X 3(w)

Merlin Falco columbarius X X X B X 2

Mountain Bluebird Sialia currucoides X X X X X B X 1

Mountain Chickadee Poecile gambeli X X X X X B X 3(s)

Mourning Dove Zenaida macroura X X X B X

Nashville Warbler Vermivora ruficapilla X X PB X

Northern Flicker Colaptes auratus X X X X X B X 3(s)

Northern Goshawk Accipiter gentilis X X B X

Northern Harrier Circus cyaneus PB X 3(w)

Northern Hawk Owl Surnia ulula X X B X 3(s)

Northern Oriole Icterus galbula X X X B X 3(r)

Northern Pintail Anas acuta B X 3(w)

Northern Pygmy-Owl Glaucidium gnoma X X X B X

Northern Rough-winged Swa Stelgidopteryx serripennis B X 6(cl,mm)

Northern Saw-whet Owl Aegolius acadicus X X X B X

Northern Shoveler Anas clypeata NB X 3(w)

Northern Shrike Lanius excubitor X X NB X 3(s

Northern Waterthrush Seiurus noveboracensis X X X X X B X 3(r,w)

Olive-sided Flycatcher Contopus borealis X X X X X B X 1

Orange-crowned Warbler Vermivora celata X X X X X B X 3(sh)/1

Osprey Pandion haliaetus X X X X B X 3(w)

Pacific Loon Gavia pacifica [migratory] NB trans 3(r)

Peregrine Falcon Falco peregrinus X X X X X NB trans 6(cl)

Pied-billed Grebe Podilymbus podiceps B X 3(w)

Pileated Woodpecker Dryocopus pileatus X X X X X B X 3(s)

Pine Grosbeak Pinicola enucleator X X X X B X 2

Pine Siskin Carduelis pinus X X X X X B X 1

Prairie Falcon Falco mexicanus NB trans 4

Pygmy Nuthatch Sitta pygmaea X X NB X

Red Crossbill Loxia curvirostra X X X X X B X 2

Red-breasted Nuthatch Sitta canadensis X X X X X B X 3(s)

Red-eyed Vireo Vireo olivaceus X X X B X

Redhead Aythya americana B X 3(w)

Red-naped Sapsucker Sphyrapicus nuchalis X X X B X 3(c)

Red-necked Grebe Podiceps grisegena B X 3(w)

Red-tailed Hawk Buteo jamaicensis X X X X X B X 2

Red-winged Blackbird Agelaius phoeniceus B X 3(w)

Ring-billed Gull Larus delawarensis NB X 6(i)

Ring-necked Duck Aythia collaris B X 3(w)

Rock Wren Salpinctes obsoletus NB X 6(cl)

Rough-legged Hawk Buteo lagopus NB X 6(g,mm)

Ruby-crowned Kinglet Regulus calendula X X X X X B X 2

Ruddy Duck Oxyura jamaicensis B X 3(w)

Ruffed Grouse Bonasa unbellus X X X X B X 2

Rufous Hummingbird Selasphorus rufus X X X X B X 1

Rusty Blackbird Euphgus carolinus X X NB X

Sandhill Crane Grus canadensis X X X X B trans 4

Savannah Sparrow Passerculus sandwichensis B X 6(g,at)

Semipalmated Plover Charadrius semipalmatus NB trans 6

Sharp-shinned Hawk Accipiter striatus X X X PB  X

Short-eared Owl Asio flammeus B X

Solitary Sandpiper Tringa solitaria X X X X B X 3(w)

Song Sparrow Melospiza melodia X X X X X B X 3(w)

3(s)

h)

3(s)

2

3(w)

2

4

Relative Abundance4
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2

6(mm)

)

3(s)

6(at)

4

Common Name1
Scientific name IDF2 MS2 ESSF2 ICH2 PP2 Breed3 Com Unc Ca

Species 
group5

Sora Porzana carolina B X 3(w)

Spotted Towhee Pipilo erythrophthalmus X X PB X 2/3(sh)

Spruce Grouse Dendragapus canadensis X X X X B X 5

Steller's Jay Cyanocitta stelleri X X X X X B X 2

Swainson's Hawk Buteo swainsoni X X NB trans 6(g,mm)

Swainson's Thrush Catharus ustulatus X X X X X B X 2/3(sh)

Tennessee Warbler Vermivora peregrina X X PB X 3(sh)

Three-toed Woodpecker Picoides tridactylus X X X X X B X 4

Townsend's Solitaire Myadestes townsendi X X X X X B X 1

Townsend's Warbler Dendroica townsendi X X X B X 2

Tree Swallow Tachycineta bicolor X X X X X B X 3(s)

Turkey Vulture Cathartes aura X X X NB X

Varied Thrush Ixoreus naevius X X x X B X 2

Vaux's Swift Chaetura vauxi X X X PB X

Veery Catharus fuscescens X X B X 2/3(r,w)

Vesper Sparrow Poocetes gramineus B X 1

Violet-green Swallow Tachycineta thalassina X X X X X B X 3(s)

Virginia Rail Rallus limicola NB X 3(w)

Warbling Vireo Vireo gilvus X X X X X B X 2

Western Bluebird Sialia mexicana X B X 1/3(c) 

Western Grebe Aechmophorus occidentalis NB trans 3(w)

Western Kingbird Tyrannus verticalis X X X B X

Western Meadowlark Sturnella neglecta B X 6(g/mm

Western Tanager Piranga ludoviciana X X X X X B X 2

Western Wood-pewee Contopus sordidulus X X X X X B X 2

White-breasted Nuthatch Sitta carolinensis X X B X

White-crowned Sparrow Zonotrichia leucophrys X X X X X B X 1

White-tailed Ptarmigan Lagopus leucurus X B X

White-winged Crossbill Loxia leucoptera X X X X X PB X 2

Williamson's Sapsucker Sphyrapicus thyroideus X X X B X 4

Willow Flycatcher Empidonax traillii X X X X B X 3(sh,r)

Wilson's Phalarope Phalarous tricolor NB X 3(w)

Wilson's Snipe Gallinago delicata B X 3(w)

Wilson's Warbler Wilsonia pusilla X X X X X B X 1

Winter Wren Troglodytes troglodytes X X X X X B X 1(2)

Wood Duck Aix sponsa X X X X B X 3(r)

Yellow Warbler Dendroica petechia X X X X X B X 2/3(w)

Yellow-headed Blackbird Xanthocephalus xanthocephalus B X 3(w)

Yellow-rumped Warbler Dendroica coronata X X X X X B X 1

MAMMALS

American Marten Martes americana X X X X X B X 5

American Badger Taxidea taxus X x B X

Beaver Castor canadensis X X X X X B X 3(w)

Big Brown Bat Eptesicus fuscus X X X X X B X 1

Bighorn Sheep Ovis canadensis X X B X 6(at,g)

Black Bear Ursus americanus X X X X X B X 1

Bobcat Lynx rufus X X X X X B X 1

Bushy-tailed Woodrat Neotoma cinerea X X X X X B X 1

Canada Lynx Lynx canadensis X X X X X B X 1

Common Shrew Sorex cinereus X X X X X B X 1

Cougar Felis concolor X X X X X B X 1

Coyote Canis latrans X X X X X B X 1

Deer Mouse Peromyscus maniculatus X X X X X B X 1

Dusky Shrew Sorex monticolus X X X X X B X 1

Elk Cervus elaphus X X X X X B X 1

Ermine Mustela erminea X X X X X B X 1

Fisher Martes pennanti X X X X X B X 5

Relative Abundance4



Common Name1
Scientific name IDF2 MS2 ESSF2 ICH2 PP2 Breed3 Com Unc Ca

Species 
group5

Golden-mantled Ground 
Squirrel Spermophilus lateralis X X X X X B X 1

Gray Wolf Canis lupus X X X X X B X 1

Grizzly Bear Ursus arctos X X X X X B X 1

Heather Vole Phenacomys intermedius X X X X B X 1/3(r, sh)

Hoary Bat Lasiurus cinereus X X X X X B X 1/6(mm)

Hoary Marmot Marmota caligata X X

Least Chipmunk Tamias minimus X X B X 6(at)

Least Weasel Mustela nivalis X X B X 1

Little Brown Myotis Myotis lucifugus X X X X X B X 1

Long-legged Myotis Myotis volans X X X X X B X 1

Long-tailed Vole Microtus longicaudus X X X X X B X 1

Long-tailed Weasel Mustela frenata X X X X X B X 1

Meadow Vole Microtus pennsylvanicus X X B X 1

Mink Mustela vison X X X X X B X 1

Moose Alces alces X X X X X B X 1

Mule Deer (incl. Black-tailed Odocoileus hemionus X X X X X B X 1

Norhtern River Otter Lontra canadensis X X X X X B X 3(r)

Northern Bog Lemming Synaptomys borealis X X X X B X 1

Northern Flying Squirrel Glaucomys sabrinus X X X X X B X 2

Porcupine Erethizon dorsatum X X X X X B X 1

Pygmy Shrew Sorex hoyi X X X X B X 1

Red Fox Vulpes vulpes X X X X X B X 1

Red Squirrel Tamiasciurus hudsonicus X X X X X B X 2

Silver-haired Bat Lasionycteris noctivagans X X X X X B X 1

Snowshoe Hare Lepus americanus X X X X B X 1

Southern Red-backed Vole Clethrionomys gapperi X X X X B X 5

Striped Skunk Mephitis mephitis X X X X X B X 1

Water Shrew Sorex palustris X X X X X B X 3(r,w)

Water Vole Microtus richardsoni X X B X 6(at)/3(r)

Western Jumping Mouse Zapus princeps X X X X X B X 1

Western Long-eared Myotis Myotis evotis X X X X X B X 1

White-tailed Deer Odocoileus virginianus X X X X X B X 1

Wolverine Gulo gulo X X X X X B X 1

Woodchuck Marmota monax X X X B X 6(m

Yellow-pine Chipmunk Tamias amoenus X X X X X B X 1

1  Species are ordered alphabetically by common name within families presented in alphabetical order.

3  B = Documented breeding; NB = unlikely to bree; PB = possibly breeding.
4  Relative abundance:  Com = commo; Unc = uncommon; Ca = casual, including rare and transient (trans).

Relative Abundance4

2  Biogeoclimatic zones in British Columbia are described by Meidinger and Pojar (1991).  IDF = Interior Douglas-fir; MS = Montane Spruce; MS = Montane 
Spruce; ESSF = Engelmann Spruce-Subalpine Fir; ICH = Interior Cedar-Hemlock; PP = Ponderosa Pine.  Zone

5  at = alpine tundra; BEC = signfiicantly associated with particular Biogeoclimatic zones; cl = cliff; g = grassland; h = hardwood; lt = Large live trees; i = islands; 
mm = manmade; r = riparian; s = snag (cavity nester); sh = shrub; w = wetlands.

6(mm)

m)
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