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Project purpose and management implications 
 
The 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 Kootenays.  
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.   
 
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 analysis of alternative 
management scenarios is restricted to the Invermere TSA, 1.15 million ha). 
 
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 5 classes: 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), and 5) species for which patch size and connectivity are 
significant.  These classes 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 class 4 – specialized habitats.  Other non-vertebrate organisms will 
be assigned to these groups as possible.  The actual accounting system employs different 
techniques for each class.  For groups 1 and 2, simple tabular summaries of the database will 
be sufficient to assess sustainability.  Explicit spatial modeling is 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 has important management implications in the forest industry because it is 
designed to: 

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. 

 
 
 
Project start date  
 
April 2004 
 
 
Length of project  
 
3 years 
 
 
Methodology overview 
 
The project was subdivided into a number of sub-projects.  Methodology for each of these 
sub-projects is as follow: 
 

Vertebrate species and structural associations 
 
In Year 2 of the project, four sub-projects were undertaken under this project category.  First, 
a review of terrestrial vertebrate species was undertaken, with the objective of grouping 
species into broad habitat classes.  The second sub-project was a field bird survey 
undertaken in the Cranbrook Timber Supply Area (TSA).  A third project focused on analysis 
of a dataset on songbirds collected in young logged and burned stands in the Invermere TSA 
and a forth evaluated demographic and dispersal parameters for vertebrate species found in 
the East Kootenay study area which may be sensitive to fragmentation of older forest 
patches. 
 
Sub-project 1:  Broad Habitat Classes for Terrestrial Vertebrates of the East Kootenay 
Region 
 
In this sub-project, terrestrial vertebrate species were reviewed and classified based on five 
broad habitat classes (Table 1).   
 
Table 1.  Broad habitat classes used by terrestrial vertebrates in the East Kootenays. 



Habitat Class Description
1 generalists, species which can inhabit many habitat types
2 species which can be assigned to broad forest types (e.g. young hardwood stands)
3 species with strong dependencies to specific elements (e.g. snags or shrubs)
4 species restricted to specialized and highly localized habitats
5 species for which patch size and connectivity are important (patches > 2ha)  

 
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 to reflect the way the accounting system is intended to work.  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 group (mammals not included).  
Habitat group No. Monitoring 
Generalists 36 None necessary 
Habitat structure classes or 
age-retention classes 

35 Tabular look up 

Habitat elements 34 Guided practices; 
implementation monitoring 
 

Localized habitats 25 Standard operating 
procedures 

Habitat distribution 
 

8 Spatial modeling, PATCH 
plus sub-project 4 

 
This is a working classification that will be refined during the final year of fieldwork. 
 

Sub-project 2:  Breeding Bird Surveys (BBS) in the Cranbrook TSA 
In a collaborative project with Tembec Inc, nine breeding bird survey (BBS) routes were 
established and censused for four primary Biogeoclimatic (BEC) zones found in the 
Cranbrook TSA (ESSF, MS, IDF, ICH; Meidinger and Pojar 1991).  Songbird associations 
were evaluated for BEC zones, stand structural elements and stand structure classes 
(Przeczek et al. 2003).  Associations were found at the BEC and structural element levels but 
rarely detected for structural stages (Preston et al. 2006).  Recommendations include 
modifying structural classes to better reflect structural elements and landscape variables 
including riparian habitat and BEC type.   
 
A workshop with industrial co-operators to approve modified stand structure classes is 
scheduled for May 1, 2006. 
 

Subproject 3:  Structural associations of songbirds in young logged and burned 
stands in the East Kootenays 
As a test of the stand structure class system (Przeczek et al. 2003), we evaluated songbird 
abundance data collected for an earlier study examining songbird responses to residual 
structures left after logging or fires (Stuart-Smith 2002).  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).  The stand structure classes of Przeczek 
et al. (2003) 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), while structural attributes and species associations 
varied substantively among plots.  A structural class system that better represents habitat 



structures associated with songbird abundance in young stands would need to include more 
detail about shrub cover, hardwood presence and overstory retention than currently exists. 
   

Sub-project 4:  Habitat requirements and demographic characteristics for species for 
which patch size and connectivity may be important 
We identified a candidate list of species for which patch size and habitat connectivity may be 
important, and which may be sensitive to forest fragmentation due to harvesting (Table 3).  
We wished to evaluate the feasibility of using a spatially explicit population model to 
understand the population response under different harvest scenarios on habitat 
fragmentation of older forest stands in the East Kootenays.  

 
Table 3.  Candidate list of East Kootenays species 

Common Name Scientific Name 
Barred Owl Strix varia 
Boreal Chickadee Parus hudsonicus 
Brown Creeper Certhia americana 
Golden-crowned Kinglet Regulus satrapa 
Great Horned Owl Bubo virginianus 
Hairy Woodpecker Picoides villosus 
Pileated Woodpecker Dryocopus pileatus 
Pygmy Nuthatch Sitta pygmaea 
Swainson's Thrush Catharus ustulatus 
White-breasted Nuthatch Sitta carolinensis 
Fisher Martes pennanti  
Southern Red-backed Vole Clethrionomys gapperi 

 
 

We selected three species from the candidate list (highlighted in Table 3), to review spatial 
habitat, demographic and dispersal data for the spatially explicit population model.  
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). 
 
We found that data were available for most life history parameters for the selected bird 
species (Freeman and Wells 2006).  In some cases, dispersal parameters may be estimated 
using an allometric model developed by Sutherland et al. (2000).  The specific modelling 
objectives for year 3 of the project will be considered during a planning workshop scheduled 
for quarter 1 of year 3. 
 

Non-vertebrate species and structural associations 
 
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 sources of lichen 



propagules 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. 
 
Sub-project 5:  Lichens flora and wood substrate associations 
As a fifth sub-project, we investigated lichen communities and associated wood substrates in 
forest stands of the Invermere Timber Supply Area.  Sampling sites were located in old (140+ 
yr-old) stands of the Montane Spruce, Interior Cedar Hemlock, Interior Douglas-Fir, and 
Ponderosa Pine 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, overhanging tree trunk, snags, downed wood, branches of a large forest floor shrub 
(Shepherdia canadensis).  Up to three individuals of each substrate type were sampled at 
each site.  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 
assemblages are likely indicative of environmental conditions at different successional stages 
(snags, down wood, trees and shrubs);  2) to investigate variation of wood substrates and 
associated lichen assemblages among BEC zones;  3) to investigate variation of wood 
substrates and associated lichen assemblages throughout successional stages. 
 

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 zones 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 the region.  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 wood 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 ages comparison 
We investigated lichen communities 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 braches, down wood, shrubs, snags and overhangs) 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, especially 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. 



 
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. 

 
Down wood retention and lichens in the Montane Spruce BEC zone.   
We examined richness and composition of lichens on wood of logs of the same decay 
class in old growth and 20- to 30-yr-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.  
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 lichens. We conducted a preliminary sampling to 
test this protocol.  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 130 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. 

 
 
Sub-project 6:  Richness in the Albert River valley 
During our lichen survey, we came across what seemed to be a very diverse area, although 
highly fragmented.  The Albert River Valley hosts the only old-growth stands of western red 
cedar 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.   
 
The Albert River valley proved to be an exceptionally diverse area.  We recorded 10% of the 
vascular plant species known to British Columbia.  Eight of these are either Blue- or Red- 
listed in the province.  We found five species of lichens new to science and 14 species of 
lichens and plants either new to North America, western North America, Canada, or to British 
Columbia.   Two of the lichen species found are oceanic, and one is an arctic species very 
rare in the province.  Further, a stream of cool air forced down the valley bottom by 
mountainous landscape created microhabitat for at least 13 species of plants usually 
associated to high elevations or arctic climates.   
 



Remnants of old-growth forest may play a critical role in sustaining biodiversity. In particular, 
remnant patches of old-growth that fall into rare and poorly represented ecosystem types 
should receive important consideration in the designation of reserve areas.   
 
 
Project scope and regional applicability: 
 
The scope of the project attempts to embrace all forest practices within the 1.3 million ha 
study area, as well as all forest-dwelling terrestrial vertebrates within the area.  Because 
lichens are much more microsite- and substrate-specific they could be sampled effectively 
only within the MS zone.  The structure of the species accounting system and tests of the 
approaches utility have wide applicability.  These generic features should be applicable to 
any region of the province.  The specifics of the system are directed to species occurring 
within the 1.3 million ha study area in the East Kootenays and will have less utility if 
transplanted beyond that. 
 
 
Interim conclusion and information immediately useful to forest 
practicioners and other researchers: 

Vertebrate species and structural associations 
 
The system of habitat structure classification based on silvicultural considerations was 
inadequate for predicting the occurrences of songbirds.  To be useful, a stand structural 
classification needs to better represents habitat structures associated with songbird 
abundance in young stands. The simplest system for young stands should incorporate 
information on shrub cover, hardwood presence and proportion of overstory retained.  For 
older stands the simplest system appears to be tree size (mean diameter class), percent, and 
amount of retention.  These simpler classes will be evaluated in the final year of the study. 
 

Non-vertebrate species and structural associations 
 
Variation in lichen composition is highly dependent on substrates availability and quality.  
Poor substrate availability in certain BEC zones (e.g. PP) was partly due natural and human 
disturbances such a forest fires and removal of downed wood and snags for firewood.  These 
differences make it difficult to conduct a comparative study. 
 

 When conducting a comparative study on or monitoring forest dwelling lichens, use a 
common substrate throughout the treatments (e.g. down wood), and seek out 
reference stands little modified by human activities. 

 
Substrate characteristics, such as decay state, are a more important factor than total amount 
of substrate available for lichen colonization.  Characteristics of down wood varied between 
stand age classes.  Decay class 3 logs, where lichen richness tends to peak, were much 
shorter and had smaller diameters in young stands.  The presence of relatively advanced 
decay within younger stands suggests that felled snags and pre-harvest logs contributed to 
available substrate.  The provision of dead wood appropriate for lichen colonization is not as 
continual in young stands as in old growth, but more often provided as a large pulse at 
harvest or thinning. Without retention silviculture to provide sustained levels of dead wood we 
anticipate a decrease in lichen richness within harvested stands, particularly among crustose 
lichens.   
     



 Maintain a broad range of dead wood types at all stages of succession (e.g., Bunnell 
et al, 2002).   

 Retain snags or live trees to die of a natural death and avoid depletion of down wood 
stocks over time (especially decay class 3 logs).  The time of peak lichen richness – 
for generalists and dead wood obligates alike – is centred around a time between 
bark loss and advancement to the bryophyte colonization stage. 

 
In general, we found more crustose lichens than macrolichens on down wood.  Crustose 
lichens tended to be rare species and species of old growth and the majority of the dead 
wood species pool consisted of infrequent species of crustose lichens.   We suspect 
dispersal limitations that result in species not reaching potential niches.  Such species could 
be dependent on particular vectors, such as small mammals, birds, invertebrates or 
stochastic events for their dispersal.  A second possibility, not exclusive of the first, is that 
many of the rare species are adapted to particular dead wood microniches, which were not 
discriminated at our sampling scale.  

 
 Retain patches of older forest for source lichen populations such as rare and 

dispersal-limited crustose.  Our data suggest that at least 14 lichen species would 
benefit from such retention. The number is likely higher because it does not include 
all species encountered only once in old growth.   

 
Effect of tree species as a substrate (likely bark pH) for Bryoria lichens was apparent.  
Differences between tree species differ with the nature of the vegetation reproduction.  For 
the small sorediate form, lodgepole pine was favoured over western larch as substrate.  
Western larch hosted more of the larger, non-sorediate fragments of lichen. The most striking 
feature of the findings is that lichens were distributed relatively evenly across the cutblocks.  
This has two important management implications.  First, western larch seed trees serve the 
“life boating” function of variable retention.  Second, given favourable substrate, such as 
logepole pine and western larch, relatively few source trees were required to encourage re-
colonization of the generating stand.  Old, lichen-laden Douglas-fir trees likely would have 
provided as useful a lichen source, but offer less receptive substrate when younger.  
 
Although well distributed, the biomass levels are likely too low to serve as functional winter 
range.  The lack of biomass reflects the relative youth of the stand and lack of favourable 
substrate.  Western larch provides little snow interception but its presence encourages faster 
re-colonization of regenerating stands by forage lichens.   While large seed trees apparently 
serve a life-boating function and facilitate lichen re-colonization, other tree species would 
have to be present for the sites to function as winter range. 
 

 To retain arboreal lichens even small numbers of suitable source trees (e.g., western 
larch and Douglas-fir) are successful.    

 
Our data shows that small remnant old-growth forests may play a critical role in sustaining 
biodiversity.  For example, the Albert River valley is a mosaic of remnants of old-growth cedar 
and spruce forests, and 20-60 year-old cutblocks.  It is located in the ICHmk1 BEC variant; a 
vulnerable and under-represented ecosystem type in the east Kootenay, spatially disjunct 
from the ICHmk1 that occurs elsewhere in the Kootenay (Wells et al. 2004).  Assessment of 
the management unit must avoid missing out on potentially important remnants of forest 
ecosystems. 
 

 Identify potentially rare and unique areas in the management unit at the coarse filter 
level 

 



 Assess the biodiversity value of areas identified by the coarse-filter using a fine-filter 
approach.   

 
 Prioritize data collection for under-represented and potentially rare ecosystem types.   

 
 
 
For more information please contact: 
 
Dr. Fred L. Bunnell      
fbunnell@interchange.ubc.ca. 
 
Forest Sciences Department 
University of British Columbia 
3041-2424 Main Mall 
Vancouver, British Columbia 
V6T-1Z4, Canada 
Tel: (604) 576-7731 
Fax:  (604) 822-9102 
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