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1.0 The goal of the species accounting system 

 
The goal of the species accounting system is: 
 

 to provide an integrated measure of success in sustaining  
biological diversity. 

 
There is increasingly widespread use of three broad indicators of success in 
sustaining biological diversity: 
 
Indicator 1:  All ecologically distinct habitat types are represented in the 
unmanaged land base to maintain lesser known species and ecological 
functions.  
 
Indicator 2:  The amount, distribution, and heterogeneity of habitat and 
landscape structure important to sustain biological richness are maintained over 
time. 
 
Indicator 3:  Distributions of productive populations of native species are not 
compromised by human activities.1 
 
Accumulating evidence suggests that these indicators can serve to guide 
effectiveness and adaptive management to improve our abilities to sustain 
biological diversity (e.g., Bunnell et al. 2003; Bunnell and Dunsworth 2004).  
To be implemented well within a monitoring program, the indicators require 
thoughtful design and each one needs a number of near-independent measures.  
The entire monitoring system to evaluate success in attaining biodiversity thus 
requires three indicators and a considerable list of measures.  Each measure 
requires some interpretation.  Nowhere in the system of indicators and the 
associated measures is there an integrated measure of apparent success.  It is 
the goal of the species accounting system to provide this integrated measure of 
success. 
 
 

2.0 Why a species accounting system? 
 
There are three primary reasons why the accounting system centers on species: 

1) scientific credibility, 
2) public concern, and 
3) species are the ultimate test. 

 
 

2.1 Scientific credibility 
 
The scope of concepts included within the term “biological diversity” has made 
the term very challenging to define.  Delong (1996) and Bunnell (1998a) 
reviewed about 90 definitions of biological diversity.  Four key points are: 
                                                
1  There are many rare peripheral species in the province, but in most instances their rarity is not 
compromised by human activities.  See Bunnell et al. 2004. 
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1) The term biodiversity suffers from reification, the treatment of an 
abstract concept as if it were a thing (see Bowman 1993 and Merriam 
1998).  Those attempting to manage for “the thing” may be convicted 
of failure to achieve all imagined benefits ascribed to the concept.  

 
2) Most definitions include a phrase similar to the following: “the full 

range of life in all its natural forms, including genes, species, and 
ecosystems – and the ecological processes that link them”.   This 
apparent agreement on the content of biological diversity is illusory.  It 
belies the enormous difficulties of translating such definitions into an 
operational statement that can be used to guide actions. 

 
3) Both the most frequently copied definition (OTA 1987) and the only 

legally binding, international definition (UN 1992) emphasize 
variability2.  In fact, unlike earlier definitions that stressed entities such 
as genes or species (e.g., IUCN et al. 1990; WRI et al. 1992), The 
Convention on Biological Diversity makes a clear and specific 
distinction between “biological diversity” and “entities” or biological 
resources.  Emphasis on variation acknowledges natural conditions but 
hinders definition of a simple management goal by departing from 
traditional approaches to classification and inventory.  It also implies 
an acceptable range rather than a static target.   

 
4) When discussing biological diversity the public does not mean what 

scientists mean, and managers pursue publicly defined goals.  Bunnell 
(1997,1998a) suggested that there are four dominant public concerns 
addressed by international agreements emerging from UNCED '923: 
rates of extinction, future options, productive ecosystems, and economic 
opportunities.  These concerns are easily understood.   Major underlying 
mechanisms underlying the scientific rationale for sustaining biological 
diversity, such as genetic diversity, are less well understood and of less 
concern to many of the public.  The challenge is to create operational 
surrogates for the term “biological diversity” that reflect both public 
concerns and scientific content of the term. 

 
 
The scientific basis for maintaining biological diversity is not the wide range of 
elements noted within definitions, but the variety or diversity itself (Wood 
1997; Bunnell 1998a).  Definitions of McNeeley et al. (1990) and the United 
Nations (1992) clarify this point.  Neither definition claims that biodiversity 
consists of genes, species, ecosystems, or ecological processes, but that it 
encompasses them and their variability.  Biological diversity is most simply an 
                                                
2 The Convention on Biological Diversity defines biological diversity as “variability among 
living organisms” (Article 2. Use of Terms) and notes that “each contracting party shall identify 
components of biological diversity important for its conservation and sustainable use…”(Article 
7a). 
3 The United Nations Conference on Environment and Development, June 1992, Rio de Janeiro, 
also known as the “Earth Summit”. 
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attribute of life, the differences among entities (Bunnell 1997).  These 
genetically-based differences among organisms and taxa permit continued 
adaptability and continued creation of biological diversity (Frankel and Soulé 
1981; Norton 1986).  The public concerns noted thus connect directly with the 
scientific basis for maintaining biological diversity (Figure 1).  Retaining a 
variety of individuals and species permits the adaptability that sustains 
productivity in changing environments (Naeem et al. 1994; Tilman and 
Downing 1994) and also begets further diversity (future adaptability and 
options), thereby sustaining economic opportunities. 
 

 
 
Figure 1.  Relationships among sustained species and population diversity and other 
desired outcomes of sustained productivity, economic opportunities, and present and 
future opportunities (from Bunnell et al. 1998). 
 
Although genetic diversity is a fundamental reason for sustaining biological 
diversity, it presents intractable problems as an operational definition, 
including the fact that genes are not self-replicating units.  For this reason 
Bunnell (1998b), Namkoong (1998), and others have argued that native species 
richness currently is the most credible interim surrogate for biological 
diversity.  It is, however, an incomplete surrogate.  Though richness can help to 
specify the broad goal, additional indicators of success should augment species 
richness.  For example, maintaining protected areas of all distinct ecosystem 
types helps to maintain poorly known functions.  
 

2.2 Public concern  
 
Few members of the public or decision makers wish to understand the rationale 
that underlies the selection of indicators and all their associated measures.  The 
public is, however, concerned about the loss of species.  The focus on species 
recognizes both public concerns about species loss and the scientific 
connection of species to other potential losses (Figure 1).  Species alone do not 
encompass all of the concepts embraced by the term “biodiversity” (e.g., 
functions).  The first two broad indicators assess many of these concepts, and 
the sustained presence of species is to a great extent based on them.  Despite 
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this inter-reliance, species will remain the primary focus of public (thus 
decision maker) interest in biological diversity. 
 

2.3      Ultimate test 
 
The sustained presence of species will remain the ultimate test of efforts to 
sustain biological diversity, regardless of what other concepts underlie or are 
imbedded within the concept.  Moreover, Indicators 1 and 2 are both intended 
to be more readily measurable and more integrative measures of species.  The 
presence of individual species is thus a test of the ability of the entire system of 
indicators to function.  Whether or not species are sustained is thus a 
simultaneous test of the public concern about the ability of planning and 
practice to sustain species, and of the utility of more cheaply assessed and more 
integrative indicators. 
 
 

3.0      Utility of the system 
 
The intent of the system is to provide an integrated measure of success of the 
three primary indicators and their measures, by predicting where and when 
species will be present.  That is, the approach is explicitly spatial.  The need for 
prediction through space and time is obvious in forestry, where planning, 
practices, and natural succession all combine to alter the distribution of habitat 
through both space and time.  It also is evident in other broad habitat types 
(e.g., wet meadows, wetlands, lakes) where management activities can alter 
habitat to make it less or more favourable to different species. 
 
The goal is thus to account for the amount and distribution of habitat for 
individual species as this is changed by both natural events and management 
practices.  In some instances, the aggregated influence of neighbouring habitat 
also influences habitat suitability.  Were the goal attained, for all species we 
would know the amounts of appropriate habitat, the distribution of that habitat, 
and the influences of that distribution plus other intervening habitats on the 
likelihood of species’ presence (e.g., different forest habitats, roads, wetlands, 
grasslands).  The system would then account for the presence (or absence) of 
individual species at any time under different management plans.  That 
accounting would permit effective comparison of alternative management 
plans.  It also would provide early warning of anticipated management actions 
that could jeopardize particular species.  Such a system would have obvious 
utility in sustaining species. 
 
Currently, we do not know how well we can project management consequences 
on habitat suitability accurately through time, along with aggregated influences 
of neighbouring habitat.  However, we do know most of the kinds of 
relationships required to make such projections. Moreover, we know enough 
about most of the relationships to make projections that are somewhat accurate.  
That is, many undesirable consequences of planning can be exposed with 
current information.  Moreover, developing the system exposes gaps in 
information that can help guide acquisition of further information a fashion that 
increases effectiveness in allocating resources and effort.  These observations 
indicate five broad utilities to the species accounting system: 

Species test 
the ability of 
the system to 
meet public 
and practitioner 
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Projection through 
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1) Projected values based on best available data are assigned to areas that 

cannot be sampled with current resources, and to habitat types which 
are not yet created, but will be through management practice or natural 
succession. 

 
 

2) The public and decision makers can see where species are expected to 
be present when under different management plans, or during the 
implementation of a specific management plan.  That facilitates 
evaluation of plans including potential tradeoffs.  

 
3) At least some undesirable consequences of resource use planning can 

be avoided.  Specific practices can be focused on specific areas or 
during particular periods within a long-term plan. 

 
4) Progress within the integrated set of indicators is documented because 

the system serves as the “ultimate test”.  That helps to shift the 
monitoring of biological diversity from an open-ended quest to a more 
clearly bounded effort. 

 
5) Provided the effort is cooperative with resource ministries, the 

accounting system becomes a vehicle for discussing and evaluating 
particular standards or guidelines or broad scale planning initiatives.  
Currently there are few effective mechanisms for evaluation and 
change. 

 
4.0      Underlying concepts 

 
Simplicity:  The system is intended to account for species over an area of about 
18 million ha.  Some projection techniques exploited elsewhere (e.g., 
individual live tree modeling) cannot be applied over such a large area 
.Fortunately, there are sound biological reasons why they need not be applied 
(see discussion below).  Chances of error increase as detail increases.  A 
fundamental underlying concept is that the approach should be as simple as 
will provide credible accurate answers.  Detail will be added only when 
demonstrated to be necessary and when a significant improvement in 
prediction is attained. 
 
Organisms:  Thousands of species inhabit the area and most of them are poorly 
known or unknown.  Indicator 1, ecosystem representation, is employed 
specifically to document the degree to which poorly known species and 
functions are sustained.  Indicator 1 is reported separately from the species 
accounting system, but is an important adjunct because it is the only means of 
accounting from the bulk of species contributing to biological diversity.  The 
species accounting system focuses primarily on vertebrates, which attract the 
most public concern and “need to know”.  For accounting purposes, vertebrates 
can be grouped into three broad classes: 
 

1) Amount of habitat is sufficient.  These species use a range of habitat 
types and are sufficiently mobile that they respond primarily to the 
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total amount of suitable habitat over a large area.  For these species, the 
accounting system needs only to report on the total amount of suitable 
habitat.  The distribution of habitat is immaterial on a fine scale.  
Examples include Dark-eyed Junco, hoary bat, and deer mouse. 

 
2) Habitat is localized and discrete:  Some species have refined habitat 

preferences, often responding to habitats created by topographic 
influences such as wet meadows, wetlands, or small ponds.  Such 
habitats often are relatively uncommon and the accounting system 
should account for each known instance of their occurrence.  For 
management purposes, the habitats of such species can be sustained 
through operational guidelines of the form, “When habitat type x is 
encountered, the appropriate management practices are y”.  Examples 
include, Le Conte’s Sparrow (moist meadows), Sandhill Crane staging 
areas (time window when adjacent activities are avoided), and spotted 
frog (shallow ponds). 

 
3) Habitat distribution is important:  Many species are documented to 

respond positively to edge, but edges are not lacking where forestry is 
practiced.  Some species – “forest interior” species – are believed to 
respond negatively to edge, and require larger contiguous tracts of 
habitat. Because edges occur so commonly in nature, there are fewer of 
these species and they are less well documented.  Some species are 
believed to require connected habitat, although the concept of 
connectivity is poorly defined.  To account for species for which 
habitat distribution might be important the accounting system must 
document the size of suitable habitats and, in some instances, the 
degree to which they are connected.  Maps are more important than 
total amount, and algorithms to incorporate size of home range or 
territory and movement capability must be employed (see §5, �).  
Potential examples include: White-breasted Nuthatch, Hermit Thrush, 
and caribou. 

 
 
Stand or local level:  The local level includes wetlands, alpine tundra, and other 
non-forested habitats, but over most of the area will be forest stand or treatment 
units.  In complex forests, organisms’ relations with particular stands are 
primarily a response to habitat elements and structural arrangements within 
stands, rather than to stand age.  The known exceptions are primarily among 
poorly dispersing lichens and invertebrates, where stand age or “forest 
continuity” is a major influence on their presence.  A working hypothesis for 
northeastern British Columbia is that the simpler structure of forest may allow 
predictive relations between broad classes of forest cover and age, and habitat 
suitability.  Initial analyses for data collected in TFL 48 suggest that the 
working hypothesis is viable.   Figure 2 illustrates relations of three bird 
species to simple classes of forest cover and age.  It is apparent that the 
responses are quite different.  The species of Figure 2 were selected to reveal 
responses – other species are more equally distributed across forest cover/age 
classes.  That also is revealing because it illustrates the generalist nature of 
many forest-dwelling species.  Over the entire area, prediction will be most  
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                        a) 

 b) 

   c) 
 

 
 

Figure 2.  Relations between selected bird species and forest cover/age classes in TFL 
48. a) White-throated Sparrow (prefers recently logged habtitats),  b) Least Flycatcher 
(prefers old deciduous cover), c) Townsend’s Warbler (prefers old conifer cover).                
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accurate when coupled with units of the Biogeoclimatic Ecosystem 
Classification system. 
 
In other areas of the province where more complex tree species mixtures and 
more complex forest structures are prevalent (e.g., southeastern and coastal 
British Columbia), more complex relations are required to predict the presence 
of organisms. These approaches rely upon the projection of habitat elements 
(e.g., snags, downed wood, shrubs).  Much of the approach to describing 
habitat elements at the stand level derives from the comprehensive review of 
wildlife habitat in the Blue Mountains of Oregon (Thomas 1979).  That volume 
institutionalized a set of habitat elements as ‘the canon’ for describing wildlife 
habitat.  The elements have since been measured in many studies of wildlife 
habitat, and form the basis for most biodiversity monitoring in the Pacific 
Northwest (e.g., the Northwest Forest Plan; Mulder et al. 1999).  This standard 
set of habitat elements includes large live trees, snags, and downed wood or 
coarse woody debris (CWD).  Thomas (1979) treated canopy cover, shrub 
cover, and ground cover layers indirectly as successional stages.   
 
The apparent utility of the standard elements is supported primarily by studies 
of vertebrate habitat use, but they have been used to describe habitat relations 
of taxa such as insects, fungi, and bryophytes.  For example, Berg et al. (1994) 
examined 1,457 threatened species of mosses, lichens, macrofungi, vascular 
plants, invertebrates, and vertebrates in Sweden.  Most of those species also 
were related to the occurrence of specific habitat elements, such as old trees, 
logs, and snags.  See also Bernes (1994), Goward and Arsenault (1997) and 
Bunnell et al. (2002).  This seeming universality of the utility of the standard 
habitat elements may be illusory.  Because researchers on wildlife pioneered 
forest habitat description, workers on other taxa (such as lichens and 
invertebrates) have tended to use the same forms of description.   Naturally 
they find correspondence with the things they measure, even when these may 
not be the most revealing measurements.  As more is learned, the habitat 
elements or their attributes desirable for monitoring may expand beyond this 
standard set.  Nonetheless the standard set of habitat elements has some utility 
in monitoring a wide range of forest-dwelling organisms, including species at 
risk (Bunnell et al. 1999).   
 
Focus solely on the standard set of habitat elements enforces a simplistic, 
point-scale view of habitat.  That is, the elements themselves are considered as 
separate, discrete units at a point in time.  This view can be misleading in two 
ways. First, it tends to ignore natural dynamics such as tree mortality, fall rates 
of snags, and natural disturbance.   The maintenance dead wood for example 
cannot be accomplished by repeated local practices, but must be planned over 
larger areas much as allowable annual cut is planned.  Second, combinations of 
elements often are more revealing, such as snags plus downed wood for 
woodpeckers (e.g., Bunnell et al. 1999: Figure 6).  Natural historians – bird 
watchers, botanists, mushroom pickers – intuitively use a more integrated sense 
of habitat when looking for certain organisms.  Their “habitat” is larger than 
the individual habitat element, and smaller than a typical stand.  The habitat in 
an area of 0.01 to 1 ha conforms better to our sense that organisms respond 
more to habitat structure, than to separate measurements of individual habitat 
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elements.  It is useful to distinguish constellations of structures that result from 
forest practice or natural succession. 
 
There are two reasons why a species accounting system for northeastern BC 
may not require the projection of individual habitat elements.  First, the forests 
are simpler than elsewhere, so notions of successional stages exploited by 
Thomas et al. (1979), and the integrative nature of wildlife responses noted 
above, may be adequately captured in forest cover/age classes.  It is likely that 
organisms other than vertebrates also will show responses to constellations of 
features that can be described relatively simply.  Second, partially because of 
the relative simplicity of the forests, the harvest methods also are simpler.  That 
means that harvesting does not produce the varied array of forest structure that 
results elsewhere (e.g., coastal variable retention).  Figure 2 illustrates that 
rather simple forest cover/age classes provide useful discrimination among 
species. 
 
Our approach will be to refine the classes illustrated in Figure 2, as opportunity 
and data permit.  If the refinements increase the accuracy of projection 
effectively, they will be retained. A simple example is to analyze data on dbh 
of cavity sites chosen by cavity nesting birds and use those values to guide 
definition of the older age classes.  
 
Landscape level:  The reason for monitoring “landscapes” or larger areas is the 
belief that the ecological value of a larger area of forest is more (or less) than 
the sum of the values of the individual stands.  If there were no “landscape 
effects”, we could just add up the stand-level values for each indicator under 
current conditions or under projections of current practices and alternative 
scenarios.  Monitoring would focus entirely on determining the values in 
different stand types, and the rest would be simple arithmetic.  However, the 
same composition of stand types can provide different ecological values in a 
landscape, depending on the spatial distribution of the stands, because:  
 
1. adjacent stands affect each other (e.g., edge effects),  
2. spatial arrangement of stand types affects ecological processes, including 

dispersal, foraging of mobile organisms, spread of natural disturbances, 
and physical flows, and 

3. the marginal value curve for amount of a stand type is non-linear, including 
asymptotes, thresholds, and minimum requirements (e.g., the change from 
10 suitable stands to 0 is more important than the change from 110 suitable 
stands to 100). 

 
The manner in which organisms respond to landscape patterns can be evaluated 
empirically or with a set of idealized “organisms”.   Empirically, existing 
survey data can be divided into strata to permit analysis of edge effects or 
requirements for large contiguous blocks.  Should strata be inadequate,  
additional sites can be added to permit question-guided monitoring.  As well, a 
range of idealized organisms can be used to integrate organism-specific effects 
of changing stand quality with age and management, and organism-specific 
spatial effects such as patch size, fragmentation, and connectivity.  The 
idealized organisms represent known natural history features and are used to 
formulate the concepts required to project and evaluate potential effects.  
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Where troubling issues arise, effectiveness monitoring can evaluate the 
presence of real organisms that broadly match one of the idealized organisms. 
 
Projection or modeling:  The modeling program for biological diversity is 
intended to parallel the direct monitoring program (Figure 3), because the 
objective is to be able to project the future consequences for each indicator of 
alternative management options.  It also is the only way we can extrapolate the 
necessarily local monitoring of many elements to broader scales.  The overall 
framework employs five steps: 
 
1. Project stand-level habitat characteristics – initially as forest cover/age 

classes.  
2. Project the types of stands that will occur across the landscape, and their 

ages, given the planning approach for managed stands and the effects of 
natural disturbances.  

3. “Populate” each stand in these projected landscapes with the projected 
habitat features for that type and age of stand required for accurate 
projection.   

4. Predict habitat suitability of the projected stands using relationships 
between indicator organisms and the stand-level habitat features.  

5. ‘Scale up’ by combining the predicted habitat suitability with spatial 
characteristics of organisms in the landscape (such as dispersal ability and 
edge effects), and relationships with nearby stands (neighbourhood 
models) to project where the organism will occur across the landscape.  

 

 
Figure 3.  Outline of how the modeling program allows the indicators used in the 
direct monitoring program (italics) to be projected to future or alternative conditions, 
for stands (S), landscapes (L/S) and indicator organisms.  The kinds of models 
involved at each numbered point are discussed in the text.   Ultimately, direct 
monitoring must be used to evaluate the corresponding projections (from Bunnell et al. 
2003). 
 
This five-step approach allows projections of each major indicator (ecological 
representation, stand elements and landscape features, and indicator organisms) 
into the future, and across large areas.  The results of these steps of the 
modeling program are an “accounting system” of where across the tenure we 
expect to maintain each of the indicator components of biodiversity.  Until we 
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actually get to that future, projection modeling is our best guarantee that 
current management decisions will meet the goal of maintaining species across 
the tenure (e.g., the six forms of modeling in Figure 2).   
 
 

5.0      Approaching the goal 
 
Development of the system can proceed gradually provided the overall 
framework and conceptual model are in place.  The approach thus has two 
major advantages.  First, it requires only a gradual commitment of funding and 
resources, rather than being front-end loaded.  Second, it provides a transparent 
and easily communicated statement of commitment towards the “ultimate test” 
of the biodiversity monitoring program. 
 
The six forms of projection noted in Figure 3 are discussed separately below.  
 
�Projecting practices:   
Following the underlying concept of adequate simplicity, initial projections 
will employ forest cover/age classes (Figure 2).  These classes will be refined 
by question-oriented monitoring when accuracy of resulting projections is 
deemed unreasonably low.  Currently all available data are being used to define 
the classes and habitat relationships – as data beyond TFL 48 are acquired, the 
accuracy of projection can be evaluated more formally.  Initial refinements will 
be undertaken around the age-class definitions and driven by attributes sought 
by cavity-nesting birds.  A potential problem with relying on forest cover/age 
classes is that it does not permit projecting practices that have not yet been 
tried.  If accuracy proves wanting, monitoring will have to include stand 
elements and structures that define habitat. 
 
�Landscape projection models: 
Models are available to project stand types across the landscape through time.  
Simfor has the capacity to incorporate harvesting events and natural 
disturbance regimes generated externally by a spatially explicit model.  ZAM 
(Zone Allocation Model) also is developed and available.  It has the capacity to 
evaluate optimal locations of stewardship zones, based on trade-offs among 
ecosystem representation, zone size and shape, timber supply, and other 
ecological attributes.  While not a projection model, results of ZAM, if 
implemented, would ultimately affect representation and landscape structure 
indices through allocation of areas among greater or lesser intensities of 
harvest.  
 

� Habitat-suitability models (stand-level)  
Predicting distribution and abundance of organisms across the landscape 
requires two stages, relating the organisms to the projected stand-level 
characteristics and then modeling organism use of these stands on the 
landscape.  The landscape-use model is discussed in �, below.  Stand-level 
models for organisms will be based primarily on relationships with more 
integrated measures of stand type, including age. 
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Currently, terrestrial vertebrates present in the study area are being identified.  
To guide the accounting system, the vertebrates will be grouped into the three 
broad classes noted above.  As well, an excel table relating forest-dwelling 
terrestrial vertebrates to standard habitat elements or broad habitat types within 
forests will be created.  Table 1 provides a summary of vertebrates present 
within TFL 48.  That will be expanded to the entire area.  
 
Table 1.  Habitat use by native forest-dwelling vertebrates in the three major forested 
biogeoclimatic zones of TFL 48.  

 
  Percent Restricted to or Favouring: 
BEC 
Zonea 

Total 
spp 

 
Cavities 

Downed 
Wood 

 
Shrubsb 

 
Hardwoodsc 

 
Riparian 

Early 
Serald 

Late 
Serale 

BWBS 175  16.6 13.7 20.6 21.1 61.1 20.6 25.7 
ESSF  161 25.5 15.2 20.6 29.0 49.1 21.8 27.3 
SBS 122 24.6 17.5 13.9 19.4 45.2 20.6 32.5 
 
a  Biogeoclimatic zones of the area are described by Meidinger and Pojar (1991).  BWBS = 

Boreal White and Black Spruce; ESSF = Engelmann Spruce-Subalpine Fir; SBS = Sub-Boreal 
Spruce.  

b  Birds only; may nest low in trees (<3 m) surrounded by understory. 
c  Birds only; at least 2/3 of reported nests in hardwoods. 
d  Early seral is currently defined as <30 years post disturbance. 
e  Late seral is currently defined as stands >90 years of age. 
 
Initial projections will be based on data like that of Figure 2.  Refinements will 
be guided by summaries such as those of Table 1.  Because riparian habitat is 
currently dealt with by operational guidelines, the initial refinement affecting 
the most species is for cavity users. 
 
� Landscape-level models of organisms 
The stand level models of � above project the suitability of each stand on the 
landscape for organisms that can be linked to stand cover/age class.  Simfor can 
be used to provide projections of habitat suitability across the landscape.  
Whether the organisms actually use suitable stands depends on their ability to 
access the stands, which differs among organisms.  For some, that access is a 
function of the surrounding landscape and the movement ability of the 
organisms.  Dispersal distances are generally poorly known, in part because 
they are so variable and affected in unknown ways by the habitat types through 
which the organism is dispersing.  Fairly simple movement rules can be used to 
model the overall suitability of landscapes for the variety of organisms.  The 
landscape scale emphasizes the importance of considering all stand types, 
including non-harvestable areas of various types. 
 
Terrestrial forest-dwelling vertebrates responding negatively or positively to 
edges have been identified and summarized in a fashion similar to Table 1.  
The former group sometimes is termed “forest interior” species, and is an 
example of the class of organisms for which habitat distribution is important. 
 
� Idealized organisms as a landscape metric 
The idea of idealized species as a tool to measure complex landscapes is 
discussed elsewhere (Bunnell et al. 2003).  It is primarily a conceptual tool to 
aid thinking about relationships that manifest themselves over larger areas 
(e.g., patch distribution, connectively).  Such a tool aids both direct and 

Landscape-level 
models are 
necessarily 
simplified and may 
use idealized 
organisms. 

Idealized 
organisms help 
to design 
simple tests. 

Responses to 
habitat elements 
will help refine 
projections. 
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projected monitoring of landscape structure.  Projections of the responses of 
idealized species groups can be evaluated by sampling occurrence of real 
organisms believed representative of that group.  However, the modeling 
evades the expensive approaches necessary to document the detailed ecological 
relationships for projecting individual species.  The idealized organisms serve 
primarily as an index of landscape structure.  Simple evaluations of the 
occurrence of real species serve to link all three major indictors and test 
assumptions.   
 
�Visualization tools 
Although for many species the amount rather than the distribution of habitat is 
most important, it is useful to be able to visualize habitat distribution over large 
areas to assess potential impacts on genetic variability (i.e., suitable habitat is 
not concentrated in one portion of a large area for a long period leading to 
isolation).  Similarly, map displays of the habitat of species assumed to require 
connectivity or large areas can aid understanding species responses to 
landscape projection.  Such displays appear useful at enabling a wide range of 
people, including experienced practitioners, to bring their experience to 
evaluating potential future conditions over large areas.  They are less useful at 
predicting distribution of accessible habitat because movement patterns of most 
organisms are too poorly known.   
 
These subjective evaluations of visualized projection should be viewed as a 
complement to, not a substitute for, projections of quantitative indicators of 
biological diversity.  The converse is equally true.  Projections of indicators 
should be subject to some form of evaluation based on collective experience.  
Because we rely so strongly on vision, visualization tools often give 
unwarranted authenticity to projections.  For that reason, they should not be 
employed unless relations projected have been tested and are credible.  
Transparency of model assumptions is far more important than effective 
visualization of projections. 
  
To attain all desirable advantages of the approach, partnerships among resource 
Ministries and companies must be developed.  Even a gradual approach to 
developing the system requires monitoring, the costs of which can be 
effectively shared among companies and Ministries.  Moreover, attaining 
desirable changes in standards or guidelines that are likely to be suggested by 
the system requires awareness and participation by resource Ministries.  
 
 

6.0      Summary 
 
The species accounting system integrates three broad indicators of biological 
diversity.  The system allows users to see where and when habitats of species 
will be provided under different management regimes.  That, in turn, helps 
expose potentially troublesome issues before they arise, while the opportunity 
for mitigation still exists.  Because the system connects the indicators of 
biodiversity directly to the species themselves, it also helps to guide make 
effectiveness monitoring more cost effective and reliable. 
  

Visualization tools 
enable the 
incorporation of a 
wide range of 
experience. 

The approach 
provides a 
framework for 
useful 
partnerships. 



 14

Acknowledgments 
This document draws heavily on the thinking and writing of other projects in 
which the author and coworkers have attempted to develop integrative 
approaches to measuring success in sustaining biological diversity. 
 
Literature cited 
 
Berg, Å., B. Ehnström, L. Gustaffson, T. Hallingbäck, M. Jonsell, and J. Weslien.  

1994.  Threatened plant, animal, and fungus species in Swedish forests: 
distribution and habitat associations.  Conservation Biology 8:718-731. 

Bernes, C. (ed.).  1994.  Biological diversity in Sweden. A country study. Monitor 14, 
Swedish Environmental Protection Agency, Stockholm, Sweden. 

Bowman, C.M.J.S.  1993.  Biodiversity: much more than biological inventory.  
Biodiversity Letters 1: 163. 

Bunnell, F.L.  1997.  Operational criteria for sustainable forestry: focusing on the 
essence.  Forestry Chronicle 73: 679-684. 

Bunnell, F.L.  1998a.  Evading paralysis by complexity when establishing operational 
goals for biodiversity.  Journal of Sustainable Forestry 7(3/4): 145-164.  

Bunnell, F.L.  1998b.  Setting goals for biodiversity in managed forests.  Pp. 117-153 
in F.L. Bunnell and J.F. Johnson (eds.). The Living Dance: policy and 
practices for biodiversity in managed forests.  University of British Columbia 
Press, Vancouver, B.C. 

Bunnell, F.L., L.L. Kremsater, and M. Boyland.  1998.  An ecological rationale for 
changing forest management on MacMillan Bloedel’s forest tenure.  
Publication R-22. Centre for Applied Conservation Biology, University of 
British Columbia. 

Bunnell, F.L., L.L. Kremsater, and E. Wind. 1999.  Managing to sustain vertebrate 
diversity in forests of the Pacific Northwest: relationships within stands. 
Environmental Reviews 7:97-146. 

Bunnell, F.L., I. Houde, B. Johnston, and E. Wind.  2002.  How dead trees sustain live 
organisms in western forests. Pp. 291-318 In W. F. Laudenslayer Jr., P.J. 
Shea, B. E. Valentine, C.P. Weatherspoon, and T.E. Lisle. (tech. cords.).  
Proceedings of the symposium on the ecology and management of dead wood 
in western forests.  November 2-4 1999, Reno, Nevada.  Gen. Tech. Rep. 
PSW-GTR-181, USDA Forest Service, Albany, CA.    

Bunnell, F.L., G. Dunsworth, D. Huggard, and L. Kremsater.  2003.  Learning 
to sustain biological diversity on Weyerhaeuser’s coastal tenure.  
Weyerhaeuser, Nanaimo, BC. Available on line at: 
http://cacr.forestry.ubc.ca/PeopleDetails.asp?itemID=31. 

Bunnell, F.L., and B.G. Dunsworth.  2004.  Making adaptive management for 
biodiversity work: the example of Weyerhaeuser in coastal British Columbia.  
Forestry Chronicle 80:37-43. 

Delong, D.C. Jr.  1996.  Defining biodiversity.  Wildlife Society Bulletin 24: 738-749. 
Frankel, O.H., and M.E. Soulé.  1981.  Conservation and evolution.  Cambridge 

University Press, Cambridge, UK. 
Goward, T. and A. Arsenault.  1997.  Notes on the assessment of lichen diversity in 

old-growth Engelmann spruce-subalpine fir forests.  Pp. 67-78 in C. Hollstedt 
and A. Vyse (eds.). Sicamous Creek silvicultural systems project: workshop 
proceedings. April 24-25, 1996, Kamloops, B.C.  B.C. Ministry of Forests, 
Victoria, B.C. 

IUCN (The World Conservation Union), UNEP (United Nations Environment 
Programme), and WWF (World Wildlife Fund).  1990.  Caring for the world. 
A strategy for sustainability.  World Conservation Union, Gland, Switzerland. 

McNeeley, J.A., K.R. Miller, M.V. Reid [and others].  1990.  Conserving the world’s 
biological diversity.  International Union for Conservation of Nature and 



 15

Natural Resources, World Resources Institute, Conservation International, 
World Wildlife Fund (U.S.) and the World Bank. 

Meidinger, D. and J. Pojar. (comp. & eds.).  1991.  Ecosystems of British Columbia.  
B.C. Ministry of Forests, Victoria, B.C. 

Merriam, G.  1998.  Biodiversity at the population level: a vital paradox. Pp. 45-65 in 
F.L. Bunnell and J.F. Johnson (eds.).  The living dance: policy and practices 
for biodiversity in managed forests.  University of British Columbia Press, 
Vancouver, B.C. 

Mulder, B.S., B.R. Noon, T.A. Spies, M.G. Raphael, C.J. Palmer, A.R. Olsen, G.H. 
Reeves, and H.H. Welsh.  1999.  The strategy and design of the effectiveness 
monitoring program for the Northwest Forest Plan.  USDA Forest Service, 
Gen. Tech. Rep. PNW-GTR-437. 

Naeem, S., J. Thompson, S.P. Lawler [and others].  1994.  Declining biodiversity can 
alter the performance of ecosystems.  Nature 368:735-737. 

Namkoong, G.  1998.  Genetic diversity for forest policy and management.  Pp. 30-44 
in F.L. Bunnell and J.F. Johnson (eds.). The living dance: policy and practices 
for biodiversity in managed forests.  University of British Columbia Press, 
Vancouver, B.C. 

Norton, B.G.  1986.  On the inherent danger in undervaluing species.  Pp. 110-137 in 
The preservation of species: the value of biological diversity. B.G. Norton 
(Ed.).  Princeton University Press, Princeton, NJ. 

OTA (Office of Technological Assessment).  1987.  Technologies to maintain 
biological diversity.  Report OTA-F-330, Government Printing Office, 
Washington, D.C. 

Thomas, J.W. (editor).  1979.  Wildlife habitats in managed forest in the Blue 
Mountains of Oregon and Washington.  U. S. Department of Agriculture, 
Forest Service.  Agriculture Handbook 553, Washington, D.C. 

Tilman, D., and A. Downing.  1994.  Biodiversity and stability in grasslands.  Nature 
367: 363-365. 

UN (United Nations).  1992.  Convention on Biological Diversity. New York, NY. 
Wood, P.  1997.  Biodiversity as the source of biological resources: a new look at 

biodiversity values.  Environmental Values 6 :251-268. 
WRI (World Resources Institute), IUCN (The World Conservation Union), UNEP 

(United Nations Environment Programme), FAO (Food and Agriculture 
Organization of the United Nations), and UNESCO (United Nations 
Education, Scientific and Cultural Organization).  1992.  Global biodiversity 
strategy.  Guidelines for action to save, study, and use earth's biotic wealth 
sustainably and equitably.  WRI, Washington, D.C. 

 
 
 
 
 


