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Note:  There was a misunderstanding about the duration of this project (three years was 
assumed; see continuation proposal for 2007/08).  As a result many findings intended for 
publication are still in draft form.  
 
Project purpose and management implications 
 
For biological and practical reasons, we need to identify major structural features of forests 
that support biological diversity.  Biologically, the changes in species composition through 
time are primarily in response to changing forest structure rather than to time itself.  Trees are 
particularly long-lived and tall, so forests can generate diverse structure.  Practically, forest 
managers are limited to simple approaches (stands are removed in whole or in part; trees are 
regenerated naturally or by humans) and to simple indices to guide harvest (simple enough to 
cover the large areas necessary in planning or monitoring).  We need a way of selecting a 
short list of habitat features that connect directly with biodiversity, are manipulated by forest 
practices and are readily monitored. 
 
This project collates relevant data and analyses these to extract apparent thresholds for 
within-stand biodiversity indicators (medium to coarse filter).  Data from British Columbia are 
emphasized, but are drawn from the entire Pacific Northwest (Alaska, Alberta, British 
Columbia, Washington, Oregon, Idaho, Montana, and northern California).   Relevant data 
from the SFM network, Europe, and Asia are incorporated, particularly for boreal forests.  The 
broad base assists scientific credibility.   
 
Within-stand indicators of biodiversity include: large live trees, canopy cover, snags, downed 
wood (CWD), hardwoods, and shrub.  These are well established as useful indicators in 
North America, Europe and Australia, but few apparent thresholds have been extracted.  For 
British Columbia, most data are available for vertebrates, but by drawing on a broader 
literature analyses can be extended to fungi, bryophytes, lichens, fungi  and, more tenuously, 
vascular plants and invertebrates.  Such breadth ensures that apparent thresholds are not 
dominated by a few well-known species, and encompass a variety of scales. 
 
Data are collated and related within a framework that treats major habitat elements directly 
influenced by forest practice.  To accommodate data from outside the province, data are 
aggregated by broad regions or broad stand type rather than by Biogeoclimatic Ecological 
Classification (BEC) unit.  Analyses illustrate the lack of single thresholds applicable across 
the province and the variability or uncertainty associated with particular thresholds.  That 
approach helps to estimate natural flexibility in thresholds, focus future research and guide 
effectiveness monitoring to areas that are most informative.  Extension documents focus on 
simple graphical or tabular summaries of findings and associated uncertainty or flexibility.  
 



Early analyses revealed that simple integrative measures (e.g., amount of structure retained) 
were likely more practical than syntheses of individual attributes of a habitat element (e.g., 
diameter and decay state of snags).  
 
This project has important management implications in the forest industry because it is 
designed to: 
 

1) Provide credible thresholds for particular indicators relevant to the Biodiversity and 
Wildlife values of the Forest and Range Practices Act (stratified regionally where 
possible). 

2) Document that such thresholds have well-supported regional differences. 
3) Report the degree of uncertainty inherent in biological thresholds, thus the 

opportunities to learn from flexibility. 
4) Provide focus of research and monitoring on areas of greatest uncertainty. 
 

Combined these outcomes contribute significantly to reducing uncertainty about appropriate 
standards and monitoring approaches, while documenting areas where uncertainty will 
remain high because of flexibility in response.  As well, they assist agencies in cost-effective 
focus of research and monitoring needs.   
 
Project start date  
April 2006 
 
 
Length of project  
2 years  March 31, 2008 
 
 
Methodology overview 
There are four steps in our approach: 1) collation, 2) synthesis, 3) analysis and 4) distillation.  
Collation involves tracking down potentially relevant data from published and unpublished 
sources (the latter provided by individual researchers).  Synthesis to evaluate thresholds for 
biodiversity indicators has two important requirements beyond collation of relevant data: 1) a 
clear framework that relates credible, cost-effective measurements to readily changeable 
features of forest practice, and 2) a sufficient understanding of effectiveness monitoring to 
illustrate how extracted values could be effectively used.  The latter point has led to focusing 
on measures that can be easily acquired and applied in the field.  Though collation of data is 
the most time consuming part, analysis is the most challenging.  The challenge derives 
largely from the fact that many studies are required to provide credible analyses and 
researchers do not consistently report enough common metrics to support analysis.   Three 
broad approaches to analysis were undertaken. 
 

1) Simple grand means with some measure of variance (e.g., species-specific 
responses of cavity nesters to attributes of the cavity site: decay state, diameter, 
height, proportion dead, proportion hardwood).  Not all studies report a measure of 
variance and establishing variance around reported means is always potentially 
misleading, but more so when underlying distributions are skewed.  We have simply 
done what we could to document variation and explain the implications of the results. 

 
2) Likelihood-based meta-analysis.  AIC-based model selection was used to combine, 

or keep separate, a set of factors potentially affecting a species’ relationship with 
retention level, including: season (summer versus winter), forest type (coniferous 
versus hardwood), location (coastal, Interior, boreal conifers; boreal mixedwood), 
climate type (coastal versus or high-elevation within location) and retention type 
(dispersed or uniform versus aggregated or group).  Season, forest type and location 



affected relationships with retention level for some species; climate and retention 
type were rarely important.  Model selection also was used to examine the form of 
the abundance versus retention relationship.  Model averaging and bootstrapping 
were used to summarize the best relationship and its uncertainty.   

 
3)  Provide landscape context for stand structures.  Stand level measures lose much of 

their potential utility if they are not placed in the context of the surrounding 
landscape.  Approximate threshold values derived from this project were used within 
Y082014 to guide coarse filter analyses of the effectiveness of forest planning and 
practice in sustaining biodiversity at the landscape scale.  For that to be effective, 
measures had to be related to map-based variables that would permit analyses over 
large areas.  Landscape ‘roll-ups’ of habitat structures have two purposes that appear 
useful for other monitoring and adaptive management programs.  First, they can 
serve as one component of a “medium-filter” indicator in a broader biodiversity 
monitoring program.  The medium filter typically addresses either stand and 
landscape structures.  The roll-up combines aspects of both levels, integrating 
information on structures in different stand types with the amounts, distribution and 
other aspects (e.g., edges) of the stands on the landscape.  The main purpose of 
monitoring is to compare different management options, and to measure change over 
time.  To serve this purpose, the roll-up uses tabular summaries and simple 
numerical indices.  Second, landscape roll-ups help provide some local landscape 
guidance for stand-level management decisions.  Because all values cannot be 
maintained in every managed stand, stand management decisions should aim to 
maintain both minimum levels of structures locally and a diversity of levels in the 
larger landscape.   
 

4) Literature-based analyses of non-vertebrate groups to ensure that thresholds 
suggested as appropriate for vertebrates did not work to the determinant of other 
organisms. 
 

Project scope and regional applicability: 
 
The scope of the project attempts to encompass all forested BEC zones within the province.  
Relevant data are unevenly distributed across zones and for likelihood meta-analysis it has 
been necessary to create broader groups (e.g., coniferous versus hardwood plus mixedwood; 
dry (IDF and PP) versus wet or high elevation (CWH, ICH, MH, ESSF).  Findings to date 
indicate that species-specific responses often vary across these broad groups indicating the 
importance of regional approaches to standards.  Landscape roll-ups are place-based so 
require local GIS data.  To date the approach has been piloted only in the northeast.  The 
methodology, however, is transportable. 
 
 
Interim conclusions and information immediately useful to forest 
practitioners and other researchers: 
 

1) For live trees, dead trees and down wood diameter is the best predictor of availability 
to sustain biodiversity among fungi, lichens, bryophytes, invertebrates and 
vertebrates. 
 

2) Volume of down wood is not a useful predictor of ability to sustain biodiversity for 
fungi, lichens, bryophytes, invertebrates and vertebrates (it becomes more useful for 
fungi, lichens and bryophytes provided it is dispersed and not piled). 
 

3) Review of songbird species indicates that the form of retention (group versus 
dispersed) is less important than the amount of retention. 



 
4) Retention of 15 to 20% will be used by many species, but is of little benefit for the 

most sensitive ones. 
 

5) The relationship between abundance of a species and retention level in a stand can 
guide decisions on the relative allocation between retention within stands and 
landscape-level reserves. 

 
6) Landscape-level roll ups of indicators provide significantly more guidance than within 

stand measures on their own. 
 
Results for 69 songbird species are posted at: www.forestbiodiversityinbc.ca   
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