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Executive Summary 
A criterion of sustainable forest management is the maintenance of biological richness (as a surrogate for 
biological diversity) and its associated values (Slocan Forest Products Ltd. 2003). Associated with this 
criterion are 3 indicators, the first of which states: 

Ecologically distinct habitat types are represented in an unmanaged state in the 
management unit to sustain lesser known species and ecological function. 

In support of a number of sustainable forest management projects, I conducted an analysis of ecosystem 
representation in the unmanaged land base on the Arrow Timber Supply Area (TSA), Tree Farm Licence 
(TFL) 23 and TFL 3. The objectives of the analysis were to:  

1. Map distinct ecosystems in relation to the timber-harvesting land bases (THLB) within the Arrow 
TSA, TFL 23 and TFL 3. 

2. Summarize the distribution of these ecosystems in the THLB and in the non-timber harvesting land 
base (NHLB) to determine the relative representation of ecosystems in the unmanaged land base. 

3. Develop a rationale on which to base an assessment of risk associated with the representation of 
ecosystems in the unmanaged land base. 

4. Assign responsibility and provide management recommendations to individual licensees to ensure 
that ecosystems are well-represented in the unmanaged land base on a regional basis.  

5. To enable improvements to higher level plan objectives in the Kootenay/Boundary Higher Level Plan 
Order (HLPO; 2002) to reflect broader-scale ecological representation and sustainable forest 
management planning needs. 

Ecosystems were mapped on the basis of ecosystem “clusters” developed by Wells et al. (2004) and 
predictive ecosystem mapping collated for the West Kootenay GIS database project (McGuiness 2003). 
Ecosystem clustering was coordinated among 4 subregions: Boundary, West Kootenay, Columbia and East 
Kootenay. Each ecosystem was assigned to one subregion, based on the distribution of biogeoclimatic 
subzone variants among subregions.  

I calculated the proportion of each ecosystem that occurred in the unmanaged land bases of the Arrow TSA, 
TFL 23 and TFL 3. This included areas such as inoperable forest and parks, but excluded non-forested areas. 
I also calculated the proportion of the contributing land base that was comprised of each ecosystem type. 

A method to estimate the risk associated with the representation of distinct ecosystems was developed based 
on the following variables: 

1. The proportion of the ecosystem in the unmanaged land base. 

2. The proportion of the contributing land based comprised of the ecosystem. 

3. The patch characteristics of the ecosystem in the unmanaged land base, using the contributing 
land base as a benchmark. 

Thirty-five distinct ecosystems were mapped on the Arrow TSA, TFL 23 and TFL 3. Based on the analysis of 
subregional responsibility, 19 were distinct West Kootenay ecosystems, 5 were considered Boundary 
ecosystems, and 11 were common to the Columbia subregion. The West Kootenay xeric-mesic ICH mix 
ecosystem type was the most common, covering 30% of the contributing land base.  

The risk function suggested that many of the ecosystems associated with the highest environmental risk were 
also ecosystems for which the West Kootenay subregion had low responsibility. The subxeric-mesic ICH mix 
ecosystem was associated with relatively high risk and also comprises a substantial portion of the THLB of 
the Arrow TSA, TFL 23 and TFL 3. 

Ecosystems that should be targeted for reserves are those: 
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1. For which the West Kootenay has high regional and provincial responsibility. 

2. That are currently poorly represented in the unmanaged land base.  

3. That cover small proportions of the contributing land base. 

These ecosystems include (in order of priority): 

• = WK xeric IDF 

• = WK subxeric-mesic ICH mix 

• = WK subxeric-submesic ESSFwc 

• = WK subhygric ICH/IDF 

• = WK subhygric-hygric ESSFwc 

• = WK mesic IDF 

• = WK xeric-mesic ICH mix 

• = WK submesic-subhygric ESSFwc 

The responsibility for maintaining these ecosystems in the unmanaged land base falls on licensees in 
proportion to the distribution of the ecosystems among chart areas; however, the timber supply impacts of 
reserving areas in proportion to the occurrence and priority of under-represented ecosystems are likely to be 
disproportionate among licensees. Reserve areas should be allocated according to existing reserve “budgets” 
(e.g., old growth management areas) to ensure equitable impacts among licensees; however, this will not 
results in an optimal distribution of reserves with respect to ecosystem representation. 

Completion of the ecosystem representation analysis was an important step in the continuing development of 
sustainable forest management planning in the West Kootenay. The results of the analysis will be used as 
inputs to other projects that will examine trade-offs among different SFMP indicators. 
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Introduction 
Establishing reserves that reflect a representative diversity of ecosystems is a cornerstone of conservation 
planning in British Columbia and elsewhere (Province of British Columbia 1993, Bunnell et al. 2003, 
Huggard 2003 and references therein). Parks and other lightly-managed protected areas serve as reserves of 
biological capital, where natural processes predominate. In allowing these natural processes to persist, 
conservationists hope to maintain the species and processes unique to particular ecosystems, avoiding the 
need to actively manage, or even to understand, the complexities of ecosystem structure and function. 

A similar rationale is now being applied at a smaller spatial scale to forested landscapes (Bunnell et al. 2003, 
Huggard 2003). The various legal and operational constraints on the crown forest land base effectively create 
a system of reserves; however, the functioning of these areas as a reservoir of biological capital depends on 
the degree to which they represent the broader landscape. If the reserves are broadly representative and are of 
sufficient size, the unmanaged land base can be said to contribute to the maintenance of biological richness. 

A criterion of sustainable forest management is the maintenance of biological richness (as a surrogate for 
biological diversity) and its associated values (Slocan Forest Products Ltd. 2003). Associated with this 
criterion are 3 indicators, the first of which states: 

Ecologically distinct habitat types are represented in an unmanaged state in the 
management unit to sustain lesser known species and ecological function. 

Indicators are used to monitor the effectiveness of forest management activities in relation to the broad 
objectives stated in the criteria. In this report I present an analysis of the representation of distinct ecosystems 
inside and outside of the timber-harvesting land bases of the Arrow TSA, TFL 23 and TFL 3. I also develop a 
rationale for assessing environmental risk associated with the representation of ecosystems in the unmanaged 
land base, and present a methodology for analyzing ecosystem representation and integrating results into 
strategic and operational forest planning. 

Ecosystem representation in an unmanaged state is only one of many indicators of sustainable forest 
management. It is not intended to drive forest management decisions independently of other biological, 
economic and social objectives, as expressed in the suite of other criteria and indicators; however, there are 
instances where ecosystem representation might meet or improve upon current legal and/or policy objectives 
(e.g., elements of the Kootenay-Boundary Higher Level Plan Order).  

The objectives of the West Kootenay ecosystem representation analysis project were to: 

1. Map distinct ecosystems in relation to the timber-harvesting land bases (THLB) within the Arrow 
TSA, TFL 23 and TFL 3. 

2. Summarize the distribution of these ecosystems in the THLB and in the non-timber harvesting land 
base (NHLB) to determine the relative representation of ecosystems in the unmanaged land base. 

3. Develop a rationale on which to base an assessment of risk associated with the representation of 
ecosystems in the unmanaged land base. 

4. Assign responsibility and provide management recommendations to individual licensees to ensure 
that ecosystems are well-represented in the unmanaged land base on a regional basis.  

5. To enable improvements to higher level plan objectives in the Kootenay/Boundary Higher Level Plan 
Order (HLPO; 2002) to reflect broader-scale ecological representation and sustainable forest 
management planning needs. 

Methods 
Mapping of Distinct Ecosystems 
I used ecosystem “clusters” assembled by Wells et al. (2004). Ecosystems were defined by cluster analyses of 
site series based on vegetation prominence. The West Kootenay subregion was one of 4 in the Kootenays 
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where ecosystem clustering was coordinated. The other 3 subregions were Boundary (the former Boundary 
Forest District), Columbia (former Columbia Forest District) and the East Kootenay (Figure 1).  

 
Figure 1. Areas included in ecosystem representation analyses in the Kootenay Region. The West Kootenay 
project included the Arrow Timber Supply Area and Tree Farm Licences 23 and 3. 

I further stratified some clusters to ensure that they did not overlap subregions. The reason for doing this was 
related to the concept of “responsibility.” Responsibility is defined at the subregional scale by the proportion 
of a subregion covered by a distinct ecosystem. If an ecosystem occurs predominantly in only one subregion, 
that subregion is said to have a high responsibility for the ecosystem. Conversely, responsibility is low for a 
subregion where an ecosystem occurs commonly elsewhere. Responsibility cannot be measured on a 
provincial scale at the resolution of ecosystem clusters because similar clustering exercises have not occurred 
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throughout the province; however, responsibility can be measured at the scale of biogeoclimatic (BEC) 
subzone variants (Table 1).  

The distribution of BEC subzone variants was used to determine the subregional responsibility and 
distribution of ecosystems. For example, the cluster analysis grouped together site series from both the 
ESSFwc1 and ESSFdc1 variants; however, the ESSFwc1 occurs predominantly in the West Kootenay 
subregion while the ESSFdc1 occurs predominantly in the Boundary subregion. I split this cluster to reflect 
the subregional distribution of the BEC subzone variants. As a result, each cluster was also assigned a 
subregion. The implicit assumption is that there is a low responsibility for maintaining ecosystems in an 
unmanaged state within the West Kootenay subregion for ecosystems that occur primarily in other 
subregions. The same is true at a larger scale; the Kootenay Region as a whole has low responsibility for 
maintaining ecosystems in an unmanaged state where the ecosystems are found in BEC subzone variants that 
occur primarily outside the region (Table 1). 
Table 1. Biogeoclimatic subzone variants of the Kootenay region and percent occurrence among subregions 
considered in the ecosystem representation analysis. The provincial "responsibility" is the percent occurrence 
of BEC variants in the Kootenay region relative to the province as a whole. Calculations are based on BEC 
mapping current to April 2003. 

BEC variant Total ha Boundary % 
West 

Kootenay % Columbia % 
East 

Kootenay % 
Provincial 

responsibility % 
AT  un 460469.3  17.6 75.0 7.4 12.0 
AT  unp 425344.5 0.0 0.0 3.5 96.5 3.6 
ESSFdc 1 95201.9 95.5 4.5   50.6 
ESSFdcp 104.5 0.0 100.0   1.8 
ESSFdcw 15400.1 100.0 0.0   100.0 
ESSFdk 959117.7  0.0 13.9 86.1 98.5 
ESSFdkp 93888.6  0.0 36.3 63.7 86.6 
ESSFdkw 118134.7  0.0  100.0 91.0 
ESSFdm 1 152912.7  68.3  31.7 97.2 
ESSFdmp 8909.4  52.2  47.8 100.0 
ESSFdmw 29211.3  64.4  35.6 99.7 
ESSFmm 1 3394.3  0.0 100.0  1.1 
ESSFmmp 1205.5  0.0 100.0  0.3 
ESSFvc 271926.5  1.0 99.0  80.3 
ESSFvcp 134606.0  1.8 98.2  98.0 
ESSFvv 85416.6  0.0 100.0  99.6 
ESSFvvp 106273.0  0.0 100.0  99.1 
ESSFwc 1 221412.8 5.2 83.8 11.0  100.0 
ESSFwc 2 135562.4  0.0 100.0  15.9 
ESSFwc 4 504785.4 4.4 86.4 9.2  86.8 
ESSFwc 5 18362.7  100.0   100.0 
ESSFwc 6 46811.1  100.0   100.0 
ESSFwcp 220108.8 0.0 84.0 16.0 0.0 34.9 
ESSFwcw 100273.3 9.4 90.6 0.0 0.0 100.0 
ESSFwm 322818.3  23.8 29.9 46.3 99.6 
ESSFwmp 89961.6  39.0 35.1 25.9 99.6 
ESSFwmw 84622.3  41.2  58.8 100.0 
ICH dm 168482.7  54.8  45.2 97.5 
ICH dw 1 417634.5 4.1 94.9  1.0 97.7 
ICH dw 2 44268.9 100.0 0.0   99.0 
ICH mk 1 230432.7 45.2 1.1 15.8 37.8 70.3 
ICH mw 1 144236.8  0.0 98.6 1.4 100.0 
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BEC variant Total ha Boundary % 
West 

Kootenay % Columbia % 
East 

Kootenay % 
Provincial 

responsibility % 
ICH mw 2 653180.8 7.6 90.2 2.2  74.4 
ICH mw 3 40936.0  1.9 98.1  8.4 
ICH mw 4 47511.7  100.0   94.7 
ICH vk 1 172149.8  11.2 88.8  69.1 
ICH wk 1 286625.6  35.8 64.2  49.3 
ICH xw 46734.0  100.0   94.9 
IDF dm 1 92572.2 100.0 0.0   66.3 
IDF dm 2 288987.3  0.0 2.2 97.8 99.7 
IDF dm 2a 7023.9  0.0  100.0 100.0 
IDF un 26809.3  16.2  83.8 79.8 
IDF xh 4 41256.9 100.0 0.0   86.4 
MS  dk 563377.4  0.0 13.0 87.0 99.0 
MS  dm 1 144550.3 100.0 0.0   52.9 
MS  dm 1a 2728.5 100.0 0.0   100.0 
PP  dh 1 13324.5 100.0 0.0   80.3 
PP  dh 2 94765.2  0.0  100.0 98.4 
 

Ecosystem Representation in the Unmanaged Land Base 
I calculated the proportion of each ecosystem type that occurred in the unmanaged land base. The unmanaged 
land base was defined as areas in the Arrow TSA, TFL 23 and TFL 3 outside the THLB but inside the 
contributing land base. The contributing land base includes both operable and inoperable forest, as well as 
protected areas, but excludes non-forested areas. The area within the contributing land base but outside the 
THLB is the non-harvestable land base (NHLB). I also calculated the proportion of the contributing land base 
that was comprised of each ecosystem type. 

Ecosystems were mapped using available predictive ecosystem mapping (PEM; Ketcheson 2001a, b, c), as 
part of the GIS database developed in support of sustainable forest management planning in the West 
Kootenay (McGuinness 2003). The (former) Kootenay Lake District was omitted from the analysis because 
the PEM for the area was largely grouped by “map entities” that were difficult to define in relation to distinct 
ecosystems.  

Both TEM and PEM polygons can contain up to 3 distinct ecosystems, which are aspatially represented as 
“deciles.” I considered only the first deciled site series of PEM polygons in the ecosystem representation 
calculations. 

Assessment of Environmental Risk 
I calculated a function to describe the environmental risk associated with the pattern of ecosystem 
representation in the Arrow TSA, TFL 23 and TFL 3 based on the following variables: 

Proportion of an ecosystem in the unmanaged land base. This was the most obvious and most important 
variable. Huggard (2003) argued that risk to biological richness does not change linearly with the proportion 
of an ecosystem in the unmanaged land base. While that may be true, current knowledge does not allow us to 
define a biologically defensible relationship. Because the ordination of ecosystems with respect to risk is 
presumably the most important outcome of a risk analysis, I used the simplest function possible to define risk 
related to the proportion of an ecosystem in the unmanaged land base: Runmanaged  = 1 – p, where p is the 
proportion of the ecosystem found in the unmanaged land base. 

Proportion of land base covered by an ecosystem. Common ecosystems are likely more resilient to lower 
representation in the unmanaged land base because the absolute area covered by these ecosystems is larger 
and patches are more likely to be in close proximity. Rarer ecosystems are more likely to occur in smaller, 
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isolated patches within a matrix of common types. Maintaining a higher proportion of rare ecosystems in the 
unmanaged land base compared to more common ecosystems is a sound strategy. Again, the exact shape of 
this function is unknown, but the simplest function is to assume that risk associated with the proportion of an 
ecosystem in the contributing land base is Rp_cont  = 1 – p, where p is the proportion of the contributing land 
base covered by an ecosystem. An important consequence of this function is that risk will be higher for land 
bases with more ecosystems. To control for this, the risk should be defined relative to the most common 
ecosystem considered in the analysis, which should in turn be assigned an arbitrary non-zero value. I used 0.1 
for this arbitrary value. 

Ecosystem distribution. The distribution of ecosystems is an important characteristic of a landscape and 
should be considered in analyses of ecosystem representation; however, there is no single “best” arrangement 
of habitat patches. Ecosystems differ widely in patch size and distribution. As a result, the best approach is to 
compare the distribution of ecosystems in the unmanaged land base against the benchmark distribution of 
ecosystems in the contributing land base as a whole. The difference between the two can serve as a measure 
of risk in relation to ecosystem distribution. 

There is no single landscape metric that best describes the distribution of ecosystems on a landscape; 
however, there are 2 simple measures that can be used to provide considerable information: 

1) Mean patch size: the distribution of patch sizes is usually skewed towards many small patches; 
however, mean patch size can still be a useful measure to indicate differences in patches sizes 
between the contributing land base as a whole and the unmanaged land base only. 

2) Mean Euclidean distance between patches: this provides a coarse measure of patch distribution. If the 
mean distance is shorter in the unmanaged land base in the entire contributing land base, then patches 
in the unmanaged are more “clumped” or fragmented by roads. Where the distance is longer, patches 
are more isolated.  

The difference between the unmanaged land base (NHLB) and contributing land base (CONT) as a whole for 
either the mean patch size or mean distance between patches can be calculated by: 

CONT

NHLBCONT

x
xx

D
|| −

=  

I calculated difference statistics for mean patch size and mean distance between patches based on a 
generalized 1 ha PEM grid for the Arrow TSA, TFL 23 and TFL 3. 

There is little to guide how these different elements of risk should be weighted with respect to one another. 
Intuitively, the proportion of an ecosystem in the unmanaged land base is the most important variable. In 
contrast, patch difference statistics should have a relatively minor effect on the final risk value. I used the 
following equation to calculate environmental risk in relation to representation of ecosystems in the 
unmanaged land base: 

Risk = ((Runmanaged)2 • Rpcont)1/3 + (Dpatch size • Dpatch distance)0.5 • (1 - ((R unmanaged)2 • Rpcont)1/3 
The effect of this equation is to calculate risk based on the proportion of the ecosystem in the unmanaged 
land base and in the land base as a whole (weighting the unmanaged proportion by 2 in the geometric mean), 
and then increasing this value by the geometric mean of the patch difference statistics in proportion to 
calculated land base risk. The effect of the patch metrics increases as the proportion of the ecosystem (either 
in the unmanaged land base or in the land base as a whole) increases. 

Results 
Ecosystem Representation in the Unmanaged Land Base 
Thirty-five distinct ecosystems were mapped on the Arrow TSA, TFL 23 and TFL 3 (Table 2). Based on the 
analysis of subregional responsibility, 19 were distinct West Kootenay ecosystems, 5 were considered 
Boundary ecosystems, and 11 were common to the Columbia subregion (Table 1). The West Kootenay xeric-
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mesic ICH mix ecosystem type was the most common, covering 30% of the contributing land base. 
Representation in the unmanaged land base among ecosystems comprising >1% of the contributing land base 
varied 26-87%. On average, the rarer ecosystems were better represented in the unmanaged land base than 
more common ecosystems.  
Table 2. Distinct ecosystems developed by a companion project (Wells et al. 2004) for the Arrow TSA, TFL 23 and 
TFL 3. For each ecosystem is listed the area within the timber-harvesting land base (THLB), the area within the 
entire contributing land base (including parks, inoperable forest, but excluding non-forested areas), the 
proportion of the ecosystem in the unmanaged land base and the proportion of the contributing land base 
comprised of the ecosystem. 

Ecosystem Name THLB (ha) Contributing (ha) P(unmanaged) P(contributing) 
WK xeric-mesic ICH mix 156489.5 272349.0 0.43 0.30 
WK subxeric-mesic ICH mix 116610.3 157286.7 0.26 0.17 
WK submesic-subhygric ESSFwc 70621.5 160119.0 0.56 0.18 
WK subxeric-submesic ESSFwc 19382.9 39289.2 0.51 0.04 
CO subxeric-submesic-mesic ICH 16745.1 29067.2 0.42 0.03 
WK subxeric-mesic ESSFwc 13475.8 56198.0 0.76 0.06 
WK xeric-submesic ESSFwc 6434.9 50263.4 0.87 0.06 
CO submesic-mesic-subhygric ICH 5744.9 10065.6 0.43 0.01 
CO subhygric-hygric ICH 2836.1 5561.3 0.49 0.01 
WK subhygric-hygric ESSFwc 2638.7 7793.6 0.66 0.01 
WK xeric-subxeric ICHdw/xw 2593.8 11385.1 0.77 0.01 
WK mesic-hygric ICH mix 1789.5 8093.4 0.78 0.01 
WK submesic-hygric ICH mix 1574.4 5345.1 0.71 0.01 
Bndy submesic-mesic-subhygric ESSF 861.7 1836.9 0.53 0.00 
CO mesic-subhygric ICH 613.1 1367.0 0.55 0.00 
WK subhygric ICHdw 596.3 3655.4 0.84 0.00 
WK subhygric ICH/IDF 503.4 1092.7 0.54 0.00 
WK hygric-subhygric ICHmw2 477.5 2106.4 0.77 0.00 
WK xeric IDF 248.8 393.1 0.37 0.00 
Bndy subxeric-submesic ESSF 242.1 1441.5 0.83 0.00 
WK mesic IDF 185.7 592.2 0.69 0.00 
WK hygric-subhygric ESSFwc 71.9 301.3 0.76 0.00 
CO hygric-subhygric ICH 71.7 203.0 0.65 0.00 
Bndy mesic-subhygric ESSF/MS 69.5 105.6 0.34 0.00 
WK submesic ICHxw 69.1 605.0 0.89 0.00 
WK submesic IDF 46.4 342.8 0.86 0.00 
WK subhygric-hygric ICH mix 21.7 211.6 0.90 0.00 
CO subhygric-hygric ICHwk1 16.2 99.0 0.84 0.00 
Bndy hygric-subhydric ESSF 2.5 5.4 0.54 0.00 
Bndy xeric-subxeric ESSF 2.3 334.6 0.99 0.00 
CO xeric ESSFvc 2.0 482.3 1.00 0.00 
CO subxeric-mesic-subhygric ESSF 0.0 114.8 1.00 0.00 
CO mesic-subhygric ESSF 0.0 0.8 1.00 0.00 
CO subhygric-hygric ESSF 0.0 0.7 1.00 0.00 
CO subxeric-submesic ICH 0.0 0.0 0.00 0.00 
 

Assessment of Environmental Risk 
The risk function suggested that many of the ecosystems associated with the highest environmental risk were 
also ecosystems for which the West Kootenay subregion had low responsibility (Table 3). The West 
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Kootenay ecosystem associated with the highest risk was xeric IDF, which covers a very small portion of the 
land base. The IDFun of the West Kootenay was considered distinct from the IDFun found in the East 
Kootenay subregion. The subxeric-mesic ICH mix ecosystem was associated with relatively high risk and 
also comprises a substantial portion of the THLB of the project area (Table 2). 
Table 3. West Kootenay ecosystems and parameters related to the calculation of environmental risk (see 
methods). The risk function attempts to reflect in a mathematical equation the rationale biologists use to assess 
risk conceptually. 

Ecosystem Name Runmanaged RCont Risk (patch statistics only) Risk 
CO subxeric-submesic ICH 1.00 1.00 0.00 1.00 
Bndy hygric-subhydric ESSF 0.46 1.00 0.71 0.88 
Bndy mesic-subhygric ESSF/MS 0.66 1.00 0.28 0.83 
WK xeric IDF 0.63 1.00 0.12 0.77 
CO subhygric-hygric ICH 0.51 0.98 0.28 0.74 
CO submesic-mesic-subhygric ICH 0.57 0.96 0.12 0.72 
CO subxeric-submesic-mesic ICH 0.58 0.89 0.09 0.70 
Bndy submesic-mesic-subhygric ESSF 0.47 0.99 0.23 0.69 
WK subxeric-mesic ICH mix 0.74 0.42 0.16 0.68 
WK subxeric-submesic ESSFwc 0.49 0.86 0.20 0.67 
CO mesic-subhygric ICH 0.45 0.99 0.19 0.66 
WK subhygric ICH/IDF 0.46 1.00 0.03 0.61 
CO hygric-subhygric ICH 0.35 1.00 0.18 0.59 
WK subhygric-hygric ESSFwc 0.34 0.97 0.15 0.56 
WK mesic IDF 0.31 1.00 0.16 0.55 
WK xeric-mesic ICH mix 0.57 0..10 0.33 0.55 
WK submesic-subhygric ESSFwc 0.44 0.41 0.12 0.50 
WK hygric-subhygric ESSFwc 0.24 1.00 0.14 0.47 
WK submesic-hygric ICH mix 0.29 0.98 0.06 0.47 
WK mesic-hygric ICH mix 0.22 0.97 0.12 0.44 
WK hygric-subhygric ICHmw2 0.23 0.99 0.11 0.44 
WK subxeric-mesic ESSFwc 0.24 0.79 0.07 0.41 
CO subhygric-hygric ICHwk1 0.16 1.00 0.14 0.40 
WK xeric-subxeric ICHdw/xw 0.23 0.96 0.04 0.39 
Bndy subxeric-submesic ESSF 0.17 0.99 0.08 0.36 
WK subhygric ICHdw 0.16 0.99 0.09 0.36 
WK subhygric-hygric ICH mix 0.10 1.00 0.15 0.34 
WK submesic IDF 0.14 1.00 0.05 0.30 
WK submesic ICHxw 0.11 1.00 0.05 0.27 
WK xeric-submesic ESSFwc 0.13 0.82 0.03 0.26 
Bndy xeric-subxeric ESSF 0.01 1.00 0.00 0.04 
CO xeric ESSFvc 0.00 1.00 0.00 0.03 
CO subxeric-mesic-subhygric ESSF 0.00 1.00 0.00 0.00 
CO mesic-subhygric ESSF 0.00 1.00 0.00 0.00 
CO subhygric-hygric ESSF 0.00 1.00 0.00 0.00 

Discussion 
Mapping of Distinct Ecosystems 
Ecosystem “clusters” have emerged as the basic units of an ecosystem representation analysis (Bunnell et al. 
2003, Huggard 2003, Wells et al. 2003). Biogeoclimatic (BEC) subzone variants are considered too broad 
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because they are comprised of several distinct ecosystems (i.e., site series). But because species are not 
generally restricted to only one site series (where such associations have been studied Bunnell et al. 2003), 
site series are considered too fine a scale. Clustering similar site series on the basis of plant prominence 
defines broader ecosystems that are hypothesized to be relevant to the scale of species’ habitat use (Huggard 
2003, Wells et al. 2003). 

There are issues involved with the ecosystem clustering exercise. The number of plots available for the 
clustering analysis varied among site series. As a result, confidence in the plant prominence of different site 
series also varied. There were some site series for which no plot data were available in the provincial 
database. The results of the clustering analysis were reviewed and adjusted by a qualified ecologist; however, 
clustering results might change as more plot data become available. 

Ecosystem Representation in the Unmanaged Land Base 
The “unmanaged” land base is defined as that portion of the crown forest land base not previously harvested, 
or unlikely to be harvested in the future. This is best described by the non-harvestable land base (NHLB) 
identified in spatial timber supply analyses. The NHLB is only an estimate and does not constitute a “hard” 
constraint on the landscape. Harvesting is expected in some portions of the NHLB, depending on market 
conditions, salvage, etc. Conversely, some areas of the THLB are unlikely to be harvested because of a 
variety of operational constraints and other resource values (isolated wood, low timber values, riparian areas, 
etc.). 

It can be argued that there is no truly “unmanaged” forest land base in southern BC. Decades of fire 
suppression, exotic species invasion, domestic livestock grazing and other non-timber harvesting impacts 
have reduced the ecological effectiveness of the NHLB; however, there is little that can be done to address 
these legacies except to acknowledge them. Similarly, going forward there will be practical constraints 
related to maintaining the “natural” characteristics of the unmanaged land base (e.g., fire management and 
forest health). 

Some authors (e.g., Huggard 2003) have argued that partially constrained areas should contribute in some 
way to ecosystem representation in an unmanaged state; however, I argue that consideration of stand 
structure resulting from partial retention strategies is best addressed by the second indictor related to the 
biological richness criterion, namely the supply of habitat elements such as downed wood and snags. 

Clusters were mapped by using available predictive ecosystem mapping (PEM). PEM is an evolving 
technology and the coverages used for this project were of different vintages and, likely, different accuracies. 
In general, PEM performs poorly with respect to spatial accuracy and tends to underestimate the coverage of 
rarer ecosystems (Wilson 2004). Future iterations of ecosystem mapping will likely shift the proportions of 
ecosystems in the unmanaged land base. Also, the former Kootenay Lake district was excluded from the 
analysis because of the accuracy of the PEM. If this area is remapped, ecosystem representation will likely 
change. 

The PEM coverages used for this project were deciled in the same manner as terrestrial ecosystem maps (RIC 
1998), and only the first decile was used in the ecosystem representation analysis. As a result, rare 
ecosystems were likely under-represented. Deciles exist in British Columbia’s ecosystem mapping because 
ecosystems occur at spatial scales smaller than those that can be accurately mapped. This, and the general 
accuracy of PEM, restricts the analysis of ecosystem representation to the strategic level. The distribution of 
ecosystems will have to be confirmed on the ground before any final recommendations are made regarding 
reserves, etc., that rely on the distribution of distinct ecosystems.  

For all the reasons listed above, we can expect the results of ecosystem representation analyses to shift over 
time as mapping data improve in accuracy and extent. 

Assessment of Environmental Risk 
The currency of an ecosystem representation analysis is risk; the higher the proportion of an ecosystem 
represented in an unmanaged state, the lower the risk associated with the biological richness criterion of 
sustainable forest management. There is no easily defined risk function because the processes and species 
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captured under this indicator are, by definition, poorly understood (Bunnell et al. 2003). However, it is 
important to develop a risk function that articulates the concept of representing ecosystems in the unmanaged 
land base. Without a measure of risk, it is unlikely that ecosystem representation will be incorporated into 
strategic or operational planning, or that it will be used in trade-off analyses with other indictors related to 
sustainable forest management. 

The risk function proposed in this report is simply a proposal to be used in the absence of available 
alternatives. I attempted to capture in a mathematical equation the implicit trade-offs that biologists consider 
when assessing variables associated with ecosystem representation. 

For the same reasons that defining a risk function is difficult, setting targets in relation to ecosystem 
representation is more difficult. As a result, incorporating an ecosystem representation approach into strategic 
planning is fundamentally different from incorporating other rule sets. Although hard targets cannot be 
determined, there are ways to incorporate the results of an ecosystem representation analysis into strategic 
planning: 

Assessing relative risk among different scenarios. By applying the risk function across a management unit, 
different harvesting scenarios can be assessed as to their relative risk with respect to the ecosystem 
representation indicator. 

Redeploying reserve areas. An ecosystem representation analysis can be used to guide the design of 
ecosystem reserves according to negotiated “budgets.” For example, old-growth management areas 
(OGMAs) are associated with an implicit timber supply impact that can be calculated. Reserves can be 
redeployed on the landscape according to an ecosystem representation-based rule set, up to the area defined 
by the OGMA “budget”. 

Redeploying reserves can be done informally, by simply identifying poorly represented ecosystems and 
manually identifying reserve areas that increase their representation. Alternatively, more formal rules can be 
developed that recruit reserve areas in the context of a spatial analysis. For example, the simplest rule would 
be to establish reserves by selecting the “riskiest polygons first”; however, all ecosystems on the management 
unit are assigned the same risk by the ecosystem representation analysis; therefore, additional rules would be 
required to select among polygons with the same risk values. For example, these rules could consider 
“vulnerability” of potential reserve areas (e.g., some inoperable areas are more “vulnerable” to harvest than 
Class A provincial parks). 

Trading off against other indicators: If maps of other indicators are available and the currency of these other 
indictors can be expressed in terms of risk, then reserves can be recruited on the basis of explicit trade-offs 
among indicators. For example, if we consider the inverse of merchantability to be a measure of economic 
risk, and if we can determine an appropriate weighting, we can recruit reserves that concurrently minimize 
the risk associated with both indicators.  

Licensee Responsibility for Maintaining Ecosystems in an Unmanaged State 
The responsibility of licensees to maintain ecosystems in an unmanaged state is low for ecosystems that are 
characteristic of other subregions. The assumption is that licensees in these other subregions will be 
responsible for maintaining proportions of those ecosystems in their unmanaged land bases. Because this 
ecosystem representation analysis was based on subregional calculations, licensees within the subregion have 
a collective responsibility for the representation of the subregion’s distinct ecosystems. 

Ideally, reserve areas to address ecosystem representation issues would be deployed independently of 
individual licensees; however, this is impractical because of equity issues related to timber impacts; those 
licensees with chart areas dominated by rarer ecosystems would be disproportionately affected by a system of 
reserves driven on a subregional basis by an ecosystem representation analysis. As a result, reserves to 
address ecosystem representation should be deployed according to existing reserve “budgets” by licensee. 
This will result in an equitable impact on timber supply among licensees, but it will not entirely optimize the 
representation of distinct ecosystems in the unmanaged land base. 
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Advantages of an Ecosystem Representation Approach 
Despite the caveats outlined in previous sections, there is the opportunity to use an ecosystem representation 
approach, as currently conceived, to improve on the current legal and regulatory framework in the West 
Kootenay as defined by the Kootenay-Boundary Higher Level Plan Order. Broadly speaking, embracing an 
ecosystem representation approach could provide economic efficiencies to forest companies while 
concurrently reducing environmental risks. 

Under the Kootenay-Boundary Higher Level Plan Order (HLPO), risk to biodiversity is addressed under 
provisions related to old and mature forest requirements and/or old growth management areas. These 
provisions essentially create a system of reserves for purposes similar to those stated explicitly in the 
ecosystem representation analysis. Relying on an ecosystem representation analysis rather than the HLPO 
rules to guide reserve design might reduce risks to biodiversity by reserving ecosystems according to explicit 
biological criteria (by unique ecosystem, proportion currently unmanaged, rarity on the landscape, and by the 
distribution and abundance of patches) rather than by landscape unit (which has a weak biological basis) and 
BEC variant (which is a coarser scale than distinct ecosystems). From a company perspective, the approach 
might result in greater flexibility in operational planning. 

Knowledge Gaps 
The following are knowledge gaps identified by this project, in order of decreasing importance: 

1. Accurate ecosystem mapping in the (former) Kootenay Lake forest district. 

2. Ecosystem mapping for the Columbia subregion of the West Kootenay. 

3. Agreed-upon methods of calculated environmental risk related to ecosystem representation in the 
unmanaged land base. 

4. Site series associated with no or few plot data (some gaps could be addressed by examining data 
collected for other projects, if completed to RIC standards). 

5. Spatial accuracy of the Arrow TSA, TFL 23 and TFL 3 PEM coverages. 

Management Recommendations 
Because this project provides inputs for other projects with broader management implications, management 
recommendations related to the ecosystem representation analysis are limited. However, there are issues that 
should be considered as sustainable forest management planning proceeds: 

1. Ecosystem representation in the unmanaged land base is only one of several biological indictors 
related to sustainable forest management planning. Full implementation of an SFM approach will 
require additional development of other indictors: in particular, targets related to the supply of 
specific habitat elements and clarification of the role of old forest. 

2. Any spatial recommendations arising from projects that use the results of this analysis will require 
ground-truthing to confirm the distribution of ecosystems. 

3. Priorities for future work related to ecosystem representation should be directed first toward 
addressing knowledge gaps listed above. 
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