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SUMMARY

Old growth forests are an important element of biodiversity conservation. They provide habitat for many
native species, are more structurally, functionally and biologically diverse than younger stands, contain
trees that are older and larger than expected patterns for the species, and, due to their relatively old age,
are not easily or quickly replaced. Thus, it is important to inventory, manage and conserve old-growth
forests. Developing quantitative, ecosystem-specific definitions is an essential first step towards this
process.

In this project, we sampled old-growth associated structural attributes in 27 stands in the Boreal Foothills
Natural Disturbance Unit. Sample sites were located in the SBSwk2, ESSFmv2 and ESSFwk2 and
ranged in age from 96 – 470 years old. We sampled tree, snag, and coarse woody debris attributes. The
overall goals of the project were:

1) To determine which easily assessed structural features are consistently associated with older
forests in the Boreal Foothills Natural Disturbance Unit.

2) To devise an index of “old-growthness” based on multiple structural attributes, for use in field
assessments of older forest stands.

3) To provide suggestions for old growth management in forests of the Boreal Foothills NDU.

We used Principal Components Analysis (PCA) to develop an index of old-growthness based on suites of
attributes that best describe the characteristics of old-growth forests in the study area. The index is based
on thresholds that distinguish between sites with low, moderate and high old growth structural value and
is presented in a scorecard format. Thresholds were identified by taking the midpoint of the mean +/- one
standard error for adjacent categories. Thresholds are provided for the density of trees and snags by
diameter class, the mean and maximum tree and snag diameters, the density of trees with specific habitat
values, the volume of CWD, and stand age. Mean, minimum and maximum values of each attribute are
also provided for high, moderate and low structure groups.

Sample scorecards are shown for a range of study sites in Appendix 3. When applied to a 96 year old
lodgepole pine leading stand with low CWD volumes, the scorecard produced an index value of 4.3%
indicating virtually no old-growth values were present. Conversely, a 404 year old spruce and subalpine
fir stand with a range of old growth attributes, received a score of 82.6%. Stands with intermediate ages
and structures received correspondingly intermediate values. Because the scorecards are based on the
values from the combined set of multiple attributes, a stand does not ‘pass’ or ‘fail’ the old growth test
based on the metrics of single attributes. It therefore provides a relatively robust approach to defining old-
growthness.

Old-growth structural values exist along a continuum, and we have used low, moderate, and high
categories to rank and compare structural attributes. Stands with low structural value should not be
considered old growth, while stands with high structural value clearly contain habitat values associated
with old growth. Sites with moderate old growth structure meet some of the criteria for old growth, but are
missing some attributes or have moderately developed structural characteristics. Stands that meet the
moderate threshold should be considered as old growth conservation areas only when forests with higher
biodiversity value are not available.

Old-growth forests in British Columbia are generally identified using forest inventory Age Class maps.
However, age does not necessarily identify the functional and structural attributes of old growth. In
addition, inventory ages are derived from air-photo interpretation and are often inaccurate. In this study,
33% of stands were incorrectly classified (based on forest cover Age Class). When sites were grouped by
their mapped Age Class1 and by high, moderate and low old-growth structure2, there was 60-65% overlap

                                                          
1 Age Classes 5-7 (80-140 years old) were combined; other classes included Age Classes 8 (stands 141-250 years old) and Age
Classes 9 (251+).
2 The structural rating of each plot is listed in Appendix 4.
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between age and structural categories. This suggests that inventory data will provide a first step in
identifying old-growth structure across the landscape, but cannot be relied on as a sole means of
identifying sites with high ecological value.

We found considerable variation within stands sampled in the Boreal Foothills NDU. In general, the rate
of old growth development will vary based on site characteristics such as productivity, elevation, aspect,
and climate. In our index, the age threshold developed for stands with high structural value was 240 years
old, but sample sites with high values ranged in age3 from 147 – 470 years old. This threshold is
consistent with Biodiversity Guidebook estimates of the age of old growth in the BEC units sampled (250+
years). Sites with moderate old-growth structural value ranged from 109 to 216 with a threshold of 178
years. The broadest range in stand ages observed was found in the low structure category where sites
ranged from the youngest sampled to 397 years old. Older sites with low structural value were rare and
generally contained few large trees and snags. Thus, forest cover Age Class 9 stands (>250) are likely to
contain ‘high’ old growth structural value. Conversely, younger stands may also contain high structural
value, but field sampling must be completed to confirm stand age and structural characteristics.

The index presented here is based on multiple BEC units covering a wide range of elevations and site
conditions and should be used at a general level across the NDU. Although sample sizes are too low to
determine actual differences, we would expect variation in the rate of old-growth attribute development on
more productive sites or on those with harsher climates and a shorter growing season. Sites with
attributes that exceed the thresholds developed here may also contain higher biodiversity values and
should be prioritized in old growth management strategies.

From the literature, it is clear that fire is the dominant disturbance agent in the Boreal Foothills, but wind,
insects and disease play an important role in developing stands between fires. We discuss the role of
natural disturbances in shaping old-growth forests and provide a context for understanding stand
dynamics in the Boreal Foothills.

The data provided here represent the first attempt to provide a definition of old growth in the Boreal
Foothills NDU based on multiple stand structural attributes, and based on field data designed for the
purpose. The threshold values in our index of old-growthness provide minimum values and should not be
considered in isolation as ‘absolute’ values. However, the thresholds and accompanying scorecard
provide managers with an ability to make a more informed decision about the biological ‘old-growthness’
of a stand than would be possible using age, or any other single attribute.
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3 Based on tree core samples. Note: age was not used as an attribute in PCA and thresholds for age were derived by separating
sample sites on the basis of structural characteristics.
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INTRODUCTION
Old-growth forests are unique ecosystems that provide habitat assemblages and stand structures
important for biodiversity. However, in many areas of British Columbia the area of remaining old-growth
forests has declined significantly over the last 50 years due to timber harvesting (MacKinnon 1998).
Species associated with old forest tend to rely on habitats such as large diameter snags and trees or an
abundance of coarse woody debris (Bunnell and Kremsater 1991, Marcot 1997, MacKinnon 1998). In
general, these structural attributes are not readily available in younger forests or managed stands and are
not easily or quickly created (Bunnell and Kremsater 1991). In order to inventory, manage and conserve
old-growth forests, definitions that adequately describe key attributes are necessary.

Various terms are used to name forests that have been free from stand-replacing disturbance for a
relatively long period of time. These include old growth, old seral, old forest, over-mature, decadent, and
climax forest. We use the term old-growth forest most often in this report because it is commonly used in
scientific and popular literature.

Conceptual definitions of old-growth forest range from simplified descriptions based solely on forest cover
age estimates (see BC Ministry of Forests and BC Environment 1995) to definitions that follow broad
principals of forest stand development (Oliver and Larson 1996). However, old growth structure varies at
a regional scale on the basis of natural disturbance patterns, species composition, climate, ecosystem
type, and site productivity. In general, old-growth forests contain trees that are older and larger than the
expected patterns for the species, and are associated with abundant large dead and down woody debris.
In many forest types, small-scale disturbances such as gap-dynamics dominate old-growth ecosystem
processes and lead to the development of uneven-aged stands and complex structural attributes.

Age-based definitions are the simplest approach to describing old growth. In theory, age-based definitions
allow managers and planners to identify old growth using existing forest inventory data without the
expense of field sampling. Although age is an essential component, defining old growth without an
assessment of structure may fail to identify the most biologically important areas of older forest.

Several authors have endorsed the use of old forest definitions based on multiple structural attributes
because it is structure that provides the unique habitat values and ecosystem functions that confer
special importance to old-growth  (Spies and Franklin 1988; Franklin and Spies 1991; Kneeshaw and
Burton 1998; Wells et al. 1998). Attributes used in old-growth definitions include: large old trees, a multi-
layered canopy, numerous large snags and logs, diverse tree community, old age of some trees, canopy
gaps, hummocky micro-topography, complex structure, wider tree spacing, and increased understory
production (from Kneeshaw and Burton 1998; see also Franklin and Spies 1991). Quantitative
approaches to defining old-growth tend to focus on these structural elements since they are easily
measured, are often linked to biodiversity values, and have the potential for manipulation through forest
management (Wells et al. 1998).

Ecological definitions of old growth can take the form of minimum criteria or indices. Although minimum
criteria may be easier to develop, many authors support the use of indices as they are thought to better
account for the inherent variability of old-growth stands, and can provide a relative ranking of stands
(Wells et al. 1998). Spies and Franklin (1988, 1991; Franklin and Spies 1991) used this assumption as
the basis for their ‘index of old-growthness’ where the successional status of a stand is ranked on the
basis of a number of attributes. Stands are not dismissed because they ‘fail to meet old-growth
standards’, but are instead given a relative ranking based on the abundance of a number of attributes.
This approach may avoid potentially short sighted errors in old-growth designations where stands are
dismissed for failing to meet a single criteria (Hunter and White 1997; Wells et al. 1998). This paper takes
a similar conceptual approach, and uses the term old-growthness to describe the degree to which a stand
contains old-growth forest attributes.

Definitions of old-growth forests are important for making land management decisions that will conserve
the range of habitats and ecological processes associated with a given region. The British Columbia
Ministry of Forests requires old growth conservation in order to maintain biodiversity. In addition, voluntary
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forest certification schemes require various levels of old growth planning and management. The
Canadian Standards Association requires the development of Sustainable Forest Management Plans
(SFMPs) that include strategies and performance objectives related to biodiversity and old-growth
conservation. Principle 9 of the Forest Stewardship Council’s certification standard relates to identifying
and maintaining High Conservation Value Forests, which includes conserving old-growth forests.

This study examines old-growth forest attributes in the Boreal Foothills Natural Disturbance Unit (DeLong
2002) in the Dawson Creek Forest District. NDU’s are planning units that combine BEC variants based on
expected patterns of natural disturbance and stand development. They were developed in the Prince
George Forest Region to provide more refined landscape units than the Natural Disturbance Types (NDT)
outlined in the Biodiversity Guidebook (BC Ministry Forests and BC Environment 1995). The Boreal
Foothills NDU includes BEC variants from the Sub Boreal Spruce (SBS), Englemann Spruce Subalpine
Fir (ESSF), and Black and White Boreal Spruce (BWBS) zones (Meidinger and Pojar 1991). This study
emphases stands in the SBSwk2, the ESSFmv2 and, to a lesser extent, the ESSFwk2. Describing old
growth characteristics for a Natural Disturbance Unit that includes a variety of biogeoclimatic variants was
deemed ecologically reasonable because of the hypothesised unifying feature of similar natural
disturbance types (C. DeLong pers. comm.).

The overall goals of the project are:
1) To determine which easily assessed structural features are consistently associated with older

forests in the Boreal Foothills Natural Disturbance Unit
2) To devise an index of “old-growthness” based on multiple structural attributes, for use in field

assessments of older forest stands.
3) To provide suggestions for old growth management area designation in forests of the Boreal

Foothills NDU.

Sampling opportunity was limited by budget availability. The attributes chosen for measurement include
those most commonly cited as important structural features associated with old-growth forest as well as
standard descriptors of forest parameters (e.g. density of trees by size class). Attributes that are relatively
quick to assess consistently were specifically chosen, while those that are generally inconsistent or time
consuming to obtain (including measures of vertical of horizontal heterogeneity, and the age of all trees)
were not included. In past projects, we have sampled a single BEC variant and within each variant, we
have stratified the data by site series or groups of site series. Because disturbance patterns were
expected to remain relatively constant across BEC units, and because sample sizes for individual BEC
units are small, it was not possible to stratify the data. Readers should remain aware of the small sample
size and lack of stratification.

STUDY AREA4

The Boreal Foothills NDU occupies the valleys and mountain slopes on the lee side of the Rocky
Mountains in the Hart Foothills and Peace Foothills Ecosections in eastern British Columbia. The NDU
occurs in a relatively narrow band, from 54

�

 - 56
�

N latitude and is found from the valley bottoms to alpine
peaks, above the Boreal Plains NDU to the east, adjacent to the Wet Mountain NDU to the west, and
along the edge of the Omineca NDU to the North. The Boreal Foothills is divided into two subunits. The
Valley subunit includes the BWBSmw1, wk1 and wk2 variants and the SBSwk2. The Mountain subunit
includes the ESSFmv2 and portions of the ESSFwk2. The ESSFwk2 is more common in the Wet
Mountains NDU to the west of the Boreal Foothills.

The climate in the Boreal Foothills is characterized by frequent outbreaks of arctic air masses resulting in
long, cold, snowy winters and short summers. Mean annual precipitation ranges from 560 – 780mm and
mean annual temperature ranges from –0.3 to 0.4°C.  Upland climax forests are dominated by hybrid
white spruce and/or subalpine fir with and increase in subalpine fir with elevation. Lodgepole pine, and to
a lesser extent trembling aspen and paper birch, dominate young stands. Black spruce occurs
sporadically along with lodgepole pine on upland sites. Wetlands are uncommon but do occur scattered
                                                          
4 Adapted from DeLong 2002.
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along the broader valleys and in flatter terrain in the mountains. Fire is considered the key stand-replacing
disturbance agent, but wind, insects and pathogens play an important role in determining the dynamics of
older forests, especially between major fires.

METHODS

Field sampling

Sixty stands were randomly selected from all forested polygons in the Canfor operating area around
Chetwynd. Sites were limited to polygons over 10 hectares in size and within 500m of the nearest road. A
subset of the randomly chosen sites was selected for field sampling. The goal was to sample a range of
stands evenly distributed between 80 years old and the oldest possible stand ages (i.e. 250+). Twenty-
seven polygons were sampled in total, with nine sites from each of the following mapped age classes: 80
to 140 years old; 141 to 250 years old; and >250 years old.

Stands were located in the SBSwk2, ESSFmv2 and ESSFwk2 BEC variants (MacKinnon et al. 1990,
DeLong et al. 1990). Three plots were sampled in each polygon. Plots were located at least 30m from an
edge and 100m apart using randomly determined bearings.  A nested plot design was used with an inner
radius of 11.28m (0.04ha) and an outer radius of 17.84m (0.1 ha). Trees and snags over 7.5cm dbh were
measured in the inner plot, while a diameter limit of 30cm was set for the outer plot. Within each plot, the
following attributes were measured on live and dead trees: species; dbh; pathogen indicators (forks,
scars, conks, frost cracks, dead/broken tops, mistletoe, large rotten branches; as per BC Ministry of
Environment, Lands and Parks and BC Ministry of Forests 1998); arboreal lichen abundance (as per
Armleder et al. 1992); Wildlife Tree Class (as per BC Ministry of Environment, Lands and Parks and BC
Ministry of Forests 1998); and Wildlife Tree Type (as per Keisker 2000).

Tree cores and heights were taken for a minimum of two live trees per species from the largest size
classes present. Coarse woody debris (CWD) was measured along two 15m long perpendicular transects
intersecting at plot centre. For each piece, the following measurements were taken: species (where
evident); diameter at point of intersection with the transect; estimated piece length; decay class (as per
BC Ministry of Environment, Lands and Parks and BC Ministry of Forests 1998); and Wildlife Tree Type
(as per Keisker 2000). CWD volume was calculated for each plot using the formula described in Marshall
and Dugnal (1991):

L
V d

8

22Ê=p

Where V is volume in m3/ha, d is diameter (cm) of each piece of woody debris, and L is the length (m) of
the transect. The number of CWD pieces per hectare (SPH) was estimated using the following formula:

Ê ÜÝ
ÛÌÍ

Ë=
ijlL

SPH
1

*
2

10000p

Where L is the transect length and lij is the estimated length of each piece (Marshall and Dugnal 1991).

Ecological data were collected for each plot, including BEC zone and site series (as per MacKinnon et al
1990, DeLong et al. 1990), slope, aspect, mesoslope position and surface topography. Soil moisture
regime (SMR), soil nutrient regime (SNR), LFH thickness, Humus Form, soil horizons, rooting depth and
coarse fragment content were assessed using shallow soil pits.
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Data analysis

Stand age:
Tree ages were determined from tree core samples taken at breast height on dominant and co-dominant
trees. An effort was made to core trees as close to the pith as possible. Where the pith was not included
in the sample, concentric ring overlays were used to estimate the number of missing years. For trees with
rotten centres, tree age was estimated if countable rings constituted more than one-third of the radius of
the tree. Bark thickness ratios from PrognosisBC were used to estimate radius inside bark (A. Zumwari,
pers. comm.; see Appendix 1). The length of radius missing was determined by subtracting the length of
intact core and the bark thickness from the tree radius. The length of missing core was then multiplied by
the average growth rate over the innermost 20 years on the decayed tree core. The innermost 20 years
(closest to pith) were used because this measure provided a more accurate estimate of age than was
obtained using the growth rate over the entire intact core5.

Site index (SI) and growth to breast height estimates were calculated for each stand using the Site Tools
program of the Ministry of Forests (BC Ministry of Forests 2001). Site index values for older stands were
determined using SIBEC relationships, which are less accurate. Mean and maximum ages were
calculated for each site. Mean ages are based on tree cores from the primary leading species on each
site. The maximum age encountered on each site is used to reflect the stand origin age, or time since the
most recent stand-replacing disturbance. Tree core ages were compared to projected ages from
Vegetation Resource Inventory (VRI) data6 and to VRI age estimates grouped into the 9-category forest
cover Age Class system used in Forest Inventory Planning7. Accuracy of VRI age data was assessed in
comparison to the mean and maximum stand ages. Maximum ages of individual species were also
calculated and were compared to examine successional patterns.

Stand structure:
Attribute densities were summarized for each of the 27 stands to examine the range of conditions
sampled. Variables assessed include site information (BEC, slope, aspect, and polygon number); species
composition (by density (sph) and basal area); density and basal area of live and dead trees by size
class; density of trees with pathogen indicators (scars, conks, forks, dead tops, etc.); CWD volume and
density by size class and decay class; and density of wildlife tree types on trees, snags, and CWD
(Keisker 2000). The total stems per hectare and the total basal area were calculated for all stands. The
percentages, by species, were calculated for each species in a stand and then averaged to obtain an
“importance value” (Orwig et al. 2001), which shows the dominance of a given species in a stand (see
Appendix 2).

For each stand, diameter class distributions by species and stem size class were graphed for live trees.
Diameter distributions highlight the species composition and presence (or absence) of large stems, which
are generally associated with old-growth forests. Although imperfect substitutes, diameter distributions
can also be used as a surrogate for age class distributions in determining patterns and stages of stand
development, particularly to identify stands that are expected to be even-aged, multi-aged or all-aged
(Smith et al. 1997). In this report, assessments of diameter class patterns are used to provide a functional
context for old-growth structural definitions.

Principal Component Analysis
Principal component analysis (PCA) was used to examine whether suites of attributes could be found that
describe similarities between plots and to see if these similarities are related to ‘old growth’. PCA uses a
correlation matrix of variables to find indices (principal components) that capture variation in different
dimensions of the data. Each PCA axis is orthogonal (uncorrelated) with the others. PCA1 describes the

                                                          
5 Extrapolating with total age can over-estimate tree age where early growth is faster than current growth.
6 The projected age in VRI data is an estimate of the actual age (in years) of the leading species on each site.
7 Age Class 1 = 0-20; 2 = 21-40; 3 = 41-60; 4 = 61-80; 5 = 81-100; 6 = 101-120; 7 = 121 – 140; 8 = 140-250; 9 = 251+
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maximum variation in the data and therefore describes the major patterns found in the data. PCA2 is
orthogonal to PCA1 and captures the next largest amount of variation in the data, and so on (Tabachnik
and Fidell 1996). The results are hypotheses that require testing, but do provide insight into stand
development trends. Plot rather than stand data were used, since pseudo-replication is less of an issue
with exploratory data analysis (V. Lemay and G. Bradfield pers. comm. 1999).

PCA was used to explore whether any natural groupings occurred among the plots sampled (although
PCA does not actually look for clusters in the data). The analysis was first conducted using variables
related to attribute size, decay class, and wildlife habitat values. Variables that had low correlations with
all other variables in the dataset were excluded. Different models, containing different attribute sets were
run using SPSS Factor (SPSS Inc.1999). The final model chosen was (i) that which explained most
variation in the data (ii) where the attributes associated with the main axes (PCA1 and PCA2) could be
linked to expected patterns of old growth development (based on theory and literature review of important
old-growth attributes), and iii) where the largest number of variables were included.

The first principal component axis (PCA1) was graphed against mean age of the plot to assess how stand
age relates to PCA ordination. This project aims to define older seral forest based on structural attributes;
however, we would still expect general patterns of attributes by age. This test is used to check whether
our index measures ‘old-growthness’, or whether it measures some other value (such as differences in
productivity among stands). Summary statistics of attribute values for each old-growthness grouping are
used to develop a scorecard for ranking older forests on the basis of their structural attributes. Values are
presented on a per hectare basis throughout the analysis and in the scorecard.

RESULTS

Sample sites
Seventeen of the 27 sites sampled in this project were located in the SBSwk2, three were in the
ESSFwk2, five were in the ESSFmv2 and two were transitional between the SBSwk2 and ESSFmv2. In
total, 11 site series/BEC variant combinations were sampled. Sites ranged from slightly dry to moist (SMR
= 3-5), from poor to rich (SNR = B-D), and from flat (Murray) to 77% slope (Far), and covered the full
spectrum of possible aspects (see Appendix 2).

Stand Age
Mean and maximum ages are reported in this study. Unless otherwise noted, mean ages reflect the main
leading species and are generally used as a comparison with forest inventory data (forest cover Age
Classes are based on the mean age of the primary leading species). Maximum ages are the oldest tree
(of any species) found on a site and are interpreted as reflecting stand origin date. Maximum age is used
in comparisons with structural attributes because they most accurately reflect the time since the most
recent stand-replacing disturbance. This is particularly evident in older stands such as Shell where
subalpine fir is the leading species (70% of the stand by basal area), but it is assumed that the age of the
spruce component is closer to the time since the last major disturbance. (see Figure 2).

When measured ages were compared to inventory data, Vegetation Resource Inventory (VRI) data8

correctly identified the measured Age Class of 18 out of 27 stands (67%). Inventory data overestimated
the mean age of four sites (15%) and underestimated the age of five (19%; Figure 1). Misclassified ages
were found across all stand ages, but inventory estimates were considerably higher than the measured
mean and maximum ages in two stands (Sly and Ivor). Maximum ages (oldest tree cored on the site)
were closer to the projected age on Shell where they reflect the spruce component, but the mean age
here is based on subalpine fir, the primary leading species. Maximum ages are also similar to the
projected age in Gulf, although on this site both the mean and maximum ages reflect the dominant spruce
component. Land, Boulder and Lake have underestimated ages, but all three sites have relatively even
ages among species (Figure 2).

                                                          
8 Based on recent Vegetation Resource Inventory (VRI) data.
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Table 1. Sample sites.

Site Name
Measured

Age
Mapsheet
Polygon BEC variant Site Series Aspect % Slope

Murray 96 93I094_1479 SBSwk2 04/01 S <5
Link 100 93P041_106 SBSwk2 04 NW-SW 2-6
Last 114 93P022_540 SBSwk2 01 N-NW 12-28
Rocky 116 93P021_1333 ESSFwk2 02/01 S-SW 31-48
Scarpa 133 93P021_1392 ESSFmv2 04/01 S-E 45-57
Ivor 147 93O060_1687 SBSwk2 05/01 N-NW 30-50
Day 1 148 93P051_1435 SBSwk2 01/04 W-NW 10-13
Winter 160 93P004_236 ESSFmv2 01 SW-S 9-18
Lake 163 94B008_145 SBSwk2 01 SW-E 4-19
Sly 163 93P021_1576 SBSwk2 03/01 E-NE 6-22
Hunter 180 93P022_438 ESSFmv2 01/04 W 13-30
Beaver 191 93O098_208 SBSwk2 01 NE 30-55
Boulder 198 93O049_74 ESSFwk2 01/03 S-SW 13-30
Carbon 200 93O098_185 SBSwk2 01 NW-N 35-50
Far 201 93O087_1557 SBSwk2 01 NW-N 52-77
Gething 201 93O009_1126 SBSwk2 01 S 20
Itis 208 94B008_974 ESSFmv2/SBSwk2 01 N-NE 30-45
DFall 211 94B008_881 SBSwk2 01 N 13-16
Land 215 94B018_1009 SBSwk2 04/01 N 45
Bluff 216 93P041_35 ESSFmv2 01 SE 41-45
Gulf 325 93P022_530 SBSwk2 05 N 35-40
11 Mile 341 93O097_947 SBSwk2 03/01 SW-S 28-30
Hasler 349 93O050_895 SBSwk2 01 NE 16-25
Skinny 396 93O097_1031 SBSwk2 04/01 NW-N 19-40
Shell 397 93O040_1391 ESSFwk2 01 N-NW 40-44
Wolf 404 93I093_831 ESSFmv2/SBSwk2 04/05 N 47-52
Perry 470 93P014_9 ESSFmv2 01/04 S-SE 20-38
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Figure 1. Calculated mean and maximum stand ages as compared to projected ages and Age Classes
from Vegetation Resource Inventory data.

Hybrid and/or Engelmann spruce is the leading species (by basal area) on 17 sites. Lodgepole pine is
leading in eight stands9 and subalpine fir is dominant in the remaining two sites10 (see Appendix 2, Table
2). Estimated time since disturbance (maximum age) for lodgepole pine dominated stands ranges from 96
to 201 years old where sites range from even-aged (Murray, Link, Lake, Winter) to stands with a
developing understory of spruce or fir. Of the seven stands with a maximum tree age over 250 years old,
six are spruce leading and one (Shell) has subalpine fir as the leading species. Where present, lodgepole
pine dominants and codominants are generally older than spruce and fir and subalpine fir is generally the
youngest (particularly in stands with a 200+ year old spruce component; Figure 2). The data presented
here supports the idea that lodgepole pine regenerates following stand replacing fire in the Boreal
Foothills and that hybrid and/or Englemann spruce are usually present in the initiation cohort of these
early seral stands. Subalpine fir is occasionally present in the initial cohort, but typically establishes later
in the stand’s development (see DISCUSSION).

                                                          
9 Beaver, Day1, Gething, Lake, Last, Link, Murray, Winter.
10 Shell, Sly
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Figure 2. Maximum age of hybrid spruce, lodgepole pine, subalpine fir and black spruce in stands
sampled in the Boreal Foothills NDU.

Site summaries
Stand level attribute data are summarized for each site in Appendix 2. Mean basal area ranged from
27.5m3 in Beaver to 58.8m3 in Winter for live trees and from 1.2m3 in Link to 16.4m3 in Bluff for snags. Live
tree density was greatest in Rocky and Link (>2330 sph) where the mean diameter was 16.5 and 13.5 cm
dbh, and lowest in Beaver (522 sph) where live trees had an average diameter of 27.8cm dbh. Murray
had the most snags (717 sph) and Beaver and Ivor had the fewest (<85 sph). Mean snag diameters were
between 10 cm dbh in Link and Murray and 27.3 cm dbh in Wolf. The largest trees were hybrid or
Englemann spruce on 21 sites. Trembling aspen was the largest tree species on three out of four of the
youngest sites (Murray, Last and Rocky). The largest snag on seven sites was a lodgepole pine. Spruce
was the largest live and dead tree on all sites over 300 years old.

CWD shows an abundance pattern with stand age: older stands had higher CWD volumes than younger
stands, though some younger stands (e.g. Ivor and Itis) had relatively high volumes. Pieces over 37.5cm
dbh were relatively rare, and were only found in 13 plots (from 9 stands) including all of the stands over
300 years old except for Gulf. Older stands also showed a trend towards more highly decayed pieces
(decay classes 4-5), while stands with ages in the mid age range had the lowest amount of CWD. This
follows expected patterns of a U-shaped distribution with age, where highly decayed CWD remains
abundant in young to mid seral stands as a residual of the post-disturbance stand, is rarer in mature
stands and then abundant in older stands where it is produced through autogenic processes.

Keisker’s (2000) 10 Wildlife Tree Types (WLTT) and six Coarse Woody Debris Types (CWDT) varied in
abundance. Each WLTT and CWDT reflects different kinds of potential habitats found on trees and logs.
CWD Wildlife Tree Type 5 (CWDT5) refers to elevated runways on logs and was the most common
WLTT/CWDT in the study area. It was most abundant in Lake, Ivor, Murray and Far (with a maximum of
815 sph at Lake). Rocky, Scarpa, and Link, where tree diameters were relatively small, had the lowest
densities of CWDT5. CWDT4 represents concealed runways and was the next most abundant
WLTT/CWDT. The remaining WLTTs and CWDTs were relatively rare, except CWDT1-3 was common on
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trees and snags at Shell, where microsite topography was the cause. No WLTT4-5 (large cavities) or
CWDT6 (insect-infested CWD) were observed in the sites sampled.

Diameter distributions
Although they are imperfect substitutes, diameter class distributions provide clues to the age class
distribution of a stand (Smith et al. 1997). Even-aged stands have distributions that approximate the
normal, bell-shaped curve and suggest that the majority of a stand has established following a major
stand-replacing disturbance. Balanced uneven-aged stands have a reverse-J shaped curve, while
irregular uneven-aged stands generally show up as various ‘humps’ along the diameter curve. These
patterns only apply to pure stands or to mixes where all species have similar height and diameter growth.
Where individual species within a stand have different growth rates, stratified mixtures occur and even-
aged stands can approximate the reverse-J distribution. Old-growth stands are expected to be uneven-
aged with an approximate reverse-J diameter distribution that reflects establishment through autogenic
processes such as gap-phase replacement (Kneeshaw and Burton 1998).

Although they only include trees over 7.5cm dbh, the diameter class distributions shown here (Figure 3)
follow several general patterns: reverse-J curves, bell-shaped normal distributions, bimodal or multi-
modal patterns and truncated reverse-J distributions, and can be used to a limited degree to predict old-
growthness based on the extent to which they follow the reverse-J pattern. All of the stands with ages
over 300 years have reverse-J curves suggesting uneven-aged stand development indicative of gap-
dynamic processes characteristic of old-growth forests. Most stands under 210 years old show evidence
of even-aged lodgepole pine cohorts (normal distributions) and have diameter distributions for all species
that are either bimodal, multi-modal or, as with Link and Rocky, truncated reverse-J. In stands older than
300, the numerous small stems are generally shade tolerant and develop beneath the canopy and
release when gaps occur due to the death of one or more trees. In younger stands, the numerous small
stems are part of the initial establishment cohort and the truncated J-shape is from a limited range of tree
sizes, particularly a lack of large trees. Multi-modal distributions, such as those shown in stands like Far,
Boulder, and Itis, are either the result of small scale disturbances and the beginning of gap-phase
processes, or they reflect different growth rates among species.
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Principal Component Analysis
Descriptive statistics and diameter distributions provide a general context for sample stands, but
multivariate statistical methods encompass the interactions between numerous attributes. In this study,
PCA was used to divide plots into groups based on structural attributes that were used to form a
scorecard of ‘old-growthness’. The first PCA axis (PCA1) accounted for 37.4% of the variation in the data.
PCA2 contributed an additional 12.4% of the variation and subsequent axes accounted for less variation
and are not presented here. The relationships between variables and PCA axes are shown in the
component matrix (Table 2). Larger loadings indicate that the variable is more highly correlated with the
component and thus more representative of the axis. Scores of greater than 0.71 reflect an ‘excellent’
correlation between the variable and the component; scores of 0.63, 0.55, and 0.45 are considered ‘very
good’, ‘good’ and ‘fair’, respectively; scores of 0.32 are ‘poor’ and are at the lower limits of interpretability
(Tabachnik and Fidell 1996).

Using a cut off of 0.63 (a ‘very good’ correlation), PCA1 is positively associated with the mean and
maximum snag and tree diameters, the density of trees 37.5 - 47.5 and 47.5 - 57.5 cm dbh, snags 22.5 -
37.5 cm dbh, and the number of trees of Wildlife Tree Class 2 greater than 50cm dbh. PCA1 is negatively
correlated with smaller trees in dbh classes 7.5 - 17.5 and 17.5 - 27.5 cm dbh. PCA2 is negatively
correlated with the density of medium sized trees (27.5 - 37.5 cm dbh) and, to a lesser extent the mean
diameter of live trees on a plot. The number of snag decay classes (WTCs) has a ‘fair’ correlation with
PCA2.

Table 2. Component loadings for PCA

PCA Component Matrixa

.769 -.518

.791 3.883E-02

.803 2.680E-02

.758 .418

.259 .527

.348 .435
-.646 .481
-.719 5.615E-02
.189 -.645
.683 -.372
.730 -2.22E-03
.557 .211
.671 .102

-.329 .231
.698 -.178
.554 .445
.280 .374
.627 .211

Mean DBH
Max DBH
Snag Mean DBH
Snag Max DBH
#Snag WTCs
Volume CWD
SPH 7.5-17.5
SPH 17.5-27.5
SPH 27.5-37.5
SPH37.5-47.5
SPH 47.5-57.5
SPH 57.5+
WTC2 > 50cm
SPH Snags 7.5-22.5
SPH Snags 22.5-37.5
SPH Snags 37.5-52.5
SPH Snags 52.5+
Live&Dead WLTT 1-9

PCA1 PCA2

Extraction Method: Principal Component Analysis.
6 components extracted.a. 

Instead of separating cases into groups, PCA uses the underlying structure in the data to arrange the
cases in multivariate space. The level of association between each plot (the input cases) and each axis
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(the amalgamation of several variables) can be graphed to determine the underlying relationships
between plots in the dataset. We graphed PCA1 against PCA2 and marked plots by their maximum tree
age (Figure 4). The resulting graph shows a continuous gradient along both PCA1 and PCA2. Given that
a continuous distribution of stands was sampled by age and seral stage, we are not surprised to find a
correspondingly continuous distribution in ‘multivariate space’. Most plots under 150 years old are located
in the left half of the graph (PCA<0) and the youngest plots are grouped in the upper left quarter.
Conversely, most sites over 150 years old are found on the right side of the graph (PCA1>0) with the
oldest plots in the upper right quarter (PCA2>0). Sites aged 150-200 years old are spread throughout,
with a concentration in the lower half of the graph (PCA2<0).

Interpretation is key to the success of PCA. The attributes correlated with PCA1 are commonly associated
with old-growth forests (based on the literature). We have used PCA1 = 0 as an initial split between sites
that are not ‘old growth’ and sites that are potentially ‘old growth’ because splitting the data at PCA1 = 0
has a statistical basis in that plots with a positive score are positively correlated with PCA1 and its
associated variables. The difference between stands older and younger than 250 years old is reflected in
PCA2 (see Figure 5), so we have used this axis to separate sites with ‘high’ old-growth attributes from
those with ‘moderate’ old-growth attributes. This interpretation combines expected patterns of attribute
abundance with a recognition that older sites generally have better developed old-growth characteristics.
With that said, not all old sites are classed as ‘high’ quality old growth. Although their PCA2 scores are
above zero, older plots from Hasler and Shell have PCA1 scores less than zero which places them in the
‘low’ old-growth structure category. Conversely, a younger (100-150 year old) plot from Ivor has PCA1
and PCA2 scores greater than zero placing it in the ‘high’ quality old growth class. Plots are listed by old-
growth category in Appendix 4.

PCA1

3210-1-2-3
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100-150

<100

Figure 4. Relationship between PCA1 and PCA2, marked by the age of each plot.

The imperfect relationship observed between age11 and old-growthness is expected since the rate of
stand development will differ due to factors such as site productivity, partial disturbances during stand
development, and species composition. However, when PCA axes are graphed against the maximum
stand age, interesting patterns result. Many of the stands with very high PCA1 scores are under 250
years old, while most stands over 250 years old have PCA1 scores between 0 and 1. Although clearer for
stands under 250 years old, the relationship between PCA1 and maximum age (for all sites) is significant
(r=0.530; p<0.001). When the second axis is considered, the relationship between PCA2 and age

                                                          
11 Age refers to the maximum age encountered on a site, which is also interpreted as the approximate time since the most recent
stand-replacing disturbance.
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appears to differ for plots above and below 250 years old, with a stronger relationship between PCA2 and
age for older sites. This pattern is only a trend, because there are few sites in the dataset between 200
and 300 years old. However, the tighter association between age and PCA2 for older stands provides
further grounds for splitting ‘moderate’ and ‘high’ old growth sites on the basis of PCA2.
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Figure 5. Relationship between maximum stand age and PCA.

Using the separations in PCA1 and PCA2 at zero, the following attributes increase in abundance with
increasing old growthness: the largest tree and snag, the mean snag dbh, the diversity of WTCs, the
density of trees larger than 57.5 cm dbh, the abundance of trees with CWDT1-3 and WLTT1-9, and the
number of snags 37.5-52.5 cm dbh. Stands categorized as ‘low’ quality old growth had lower densities of
snags (all sizes), trees 17.5-27.5 cm dbh, and WTC2 trees over 50 cm dbh, and higher densities of snags
7.5-22.5 cm dbh. Values for these attributes were virtually the same for ‘moderate’ and ‘high’ old growth
stands, but ‘high’ structural value sites had more CWD, particularly in the 22.5-37.5 cm diameter and
greater than 37.5 cm classes, as well as more snags over 52.5 cm dbh. In order to express the range of
characteristics found, mean, minimum and maximum values are shown, by structural class, for several
important attributes (see Table 3).
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Table 3. Summary statistics for sites with low, moderate and high old-growth structural value.

Attributes Low Structure Moderate Structure High Structure
Mean SE Min Max Mean SE Min Max Mean SE Min Max

Sample Size 34 21 21
Total Mean Age** 146 9.1 91 333 176 5.2 108 204 260 16.3 133 367
Total Max Age** 159 11.8 93 397 190 4.7 109 216 305 18.6 147 470
Mean DBH 20.2 0.7 12.3 29.0 31.4 0.7 25.7 38.0 24.2 1.4 14.1 41.7
Max DBH* 42.4 1.6 22.4 62.8 55.5 1.3 48.2 72.8 58.4 1.9 43.0 74.1
BA All 43.9 1.7 27.3 62.1 47.8 2.4 29.3 67.4 37.3 1.2 26.1 46.7
Snag Mean DBH** 14.0 0.7 9.0 25.0 21.8 0.8 16.0 29.0 24.5 0.8 18.0 29.0
Snag Max DBH** 25.1 1.8 10.0 57.0 36.7 1.4 30.0 51.0 48.9 1.5 38.0 67.0
Snag Total BA** 5.2 0.6 0.7 12.3 9.2 1.2 1.8 21.5 9.8 0.9 3.0 17.4
SPH Snag Total 332 38.3 50 1075 278 41.3 60 675 224 19.1 70 365
#Snag DC*** 2.6 0.2 1 4 2.8 0.2 1 5 3.5 0.2 2 5
Volume CWD*** 121.9 15.6 0 387.5 124.2 18.3 17.6 416 257.4 28.3 73.7 659.9
#CWD DC 3.1 0.2 0 5 3.2 0.2 1 5 3.5 0.2 2 5
SPH CWD 1140 119.7 0 2419 999 118.1 222 2218 1278 140.7 397 3175
SPH 7.5-17.5 881 116.0 25 2575 179 25.0 0 425 581 78.5 50 1440
SPH 17.5-27.5* 470 29.6 175 775 189 20.1 50 450 183 21.0 50 450
SPH 27.5-37.5 138 18.8 0 415 205 16.9 90 375 101 12.2 20 260
SPH 37.5-47.5* 27 4.1 0 80 91 8.9 40 170 59 6.6 10 130
SPH 47.5-57.5* 4 1.5 0 40 38 6.6 10 110 29 5.7 0 90
SPH 57.5+* 1 0.4 0 10 4 1.6 0 30 8 1.8 0 30
WTC2 > 50cm* 2 0.7 0 10 16 3.9 0 70 17 3.3 0 60
Live&Dead CWDT1-3 23 19.7 0 670 30 11.1 0 175 89 28.7 0 530
Live&Dead WLTT 1-9* 38 6.9 0 135 104 17.3 0 310 135 14.3 45 260
SPH Snags 7.5-22.5* 310 38.5 25 1075 189 35.9 0 550 145 16.8 50 300
SPH Snags 22.5-37.5* 20 4.6 0 100 82 10.7 10 165 57 8.4 0 180
SPH Snags 37.5-52.5** 1 0.7 0 20 7 2.4 0 40 20 2.7 0 40
SPH Snags 52.5+ 0 0.3 0 10 0 0.0 0 0 2 0.9 0 10
Volume CWD 7.5-22.5 79.9 10.0 0 210.4 75.6 7.3 17.6 155.2 87.7 10.8 16.2 208.7
Volume CWD 22.5-37.5*** 36.5 7.8 0 177.1 45.0 11.6 0 186.6 98.9 11.6 24.5 239.9
Volume CWD 37.5+*** 5.5 3.1 0 65.8 3.5 3.5 0 74.3 70.8 27.0 0 517.4
Lichen loading 0.84 0.09 0.07 1.78 1.01 0.06 0.66 1.64 0.78 0.08 0.29 1.72
* One threshold developed using values from low structure plots and from moderate and high structure plots combined.
** Two thresholds developed using values from low structure plots, from moderate structure plots and from high structure plots.
*** Bonus attribute with only one threshold developed to distinguish between moderate and high structure sites.

An Index of Old-Growthness using PCA
Several approaches have been used to create indices of old-growthness. Kneeshaw and Burton (1998)
multiplied specific attributes by their component loading scores in PCA to develop a continuous index.
Holt et al. (e.g. 1999, 2002) developed a scorecard approach using PCA to separate the data, but did not
use component loading scores because they were found to change dramatically with the addition or
removal of variables. Harrison et al. (2001) used the functions produced by discriminant function analysis
to create an index. Thresholds for Age Classes were calculated, and plot values were multiplied by the
standardized coefficients produced. Using this approach, old growth status was determined by comparing
the sum of the variables multiplied by the coefficients to the thresholds for each age group.

We used PCA in developing our index of old-growthness because it was less affected by assumptions of
multivariate normality than other methods, and was not explicitly linked to measures of stand age. The
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index uses thresholds for ‘low’, ‘moderate’ and ‘high’ old-growth structural values in a scorecard format to
rank older forests (see Table 4.). The scorecard is a tool for managers to use in systematically evaluating
stand-level structural attributes associated with old-growth forests. The use of multiple attributes ensures
that stands are evaluated using suites of variables and are not rejected as ‘old growth’ on the basis of any
single parameter. The scorecard approach also allows managers to identify particular attributes (such as
abundant snags or CWD) within a stand and to incorporate these variables into their broader
management goals.

In order to minimize potential overlap between structural value groups, thresholds for the index of old-
growthness were calculated using the midpoint between the mean of each group plus or minus its
standard error of the mean. Attributes were not included in the index of old-growthness when a) there was
an overlap between group means, plus or minus one standard error, b) where there was no biologically
meaningful correlation between a variable and age, or c) when the attribute followed an inverted-u or u-
shaped development curve. Boxplots were used to examine development patterns and to determine
whether one or two thresholds were appropriate for a given attribute. Only one threshold is presented for
attributes where there was no difference between the range of values for ‘low’ and ‘moderate’, or for
‘moderate’ and ‘high’ structural value. In addition, ‘bonus’ points are used to distinguish between
‘moderate’ and ‘high’ levels of CWD attributes and the diversity of WTCs. These attributes were
associated with PCA 2 and were important in distinguishing between sites classed as ‘moderate’ and
‘high’ old growth value.

The scorecard can be used as follows:
1) Use a random POC and random bearings to locate at least three plots that cover the variation

within the stand (in the field or in the office).
2) Sample the attributes presented in the scorecard using nested plots – we used a 0.04ha main

plot  (11.28m radius) for trees over 7.5 cm dbh and a 0.1ha large plot (17.84m radius) for trees
and snags >30cm dbh. At each plot, select a random bearing and run two coarse woody debris
transects at 90 degrees to one another. Core a minimum of two trees of each species from the
largest size class.

3) Compile tree, snag, age and CWD data and fill in the scorecard with data from the stand. Record
the appropriate value for each attribute based on the thresholds provided. If the attribute fails to
meet the threshold for ‘moderate’ old-growth structure, record a 0 for ‘low’ structure. If it meets or
exceeds the threshold, record a 1. If the stand achieves the threshold for ‘high’ old-growth
structure, record a 2. For ‘bonus’ attributes, record a 1 if the stand meets or exceeds the
threshold.

4) Calculate the sum of all attribute scores to obtain the total score then divide this by the maximum
possible score. The percentage of the maximum old-growthness score is the index value for a
stand.

5) Compare results with other stands, including the index value, individual attribute scores, and the
costs and benefits of landscape level parameters.

Sample scorecards for a range of sites (Murray, Scarpa, Land, Itis, Hasler and Wolf) are presented in
Appendix 3.

Limitations of the Index
The thresholds developed here pertain to stand level values. Old forest assessments should also contain
information regarding the landscape context in order for a full evaluation to be made. Additional
considerations include: the size of the patch, position in relation to other old growth management areas
within the landscape unit and with adjacent landscape units, connectivity potential of the patch, state of
the surrounding forest cover matrix (an old growth reserve buffered by surrounding forest may have
higher short term value than one surrounded by clearcuts, powerlines or housing), and other special
management zone or biodiversity values in the landscape.
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Table 4. Old-growthness scorecard for the Boreal Foothills NDU.

Old Growth Scorecard for the Boreal Foothills Natural Disturbance Unit

Stand Name _________________ Map Sheet _________ Polygon ______________ VRI Age __________

BEC variant ________ Site Series______ Slope_______ Aspect _______ Elevation _______ Size (ha) ______

Structural
Attribute

Measured
Value

Threshold for Moderate
Structure

Threshold for
Very Good
Structure

Attribute Score:
Low = 0

Moderate = 1
High = 2

Bonus = 1

Largest Diameter Tree > 49.9 cm dbh
…

Mean Snag dbh > 17.8 cm dbh > 23.1 cm dbh

Largest Diameter Snag > 31.1 cm dbh > 42.7 cm dbh

Total Snag BA / ha > 6.9 m2 > 9.7 m2

Trees 17.5-27.5cm dbh < 320 sph
…

Trees 37.5-47.5cm dbh > 50 sph …

Trees 47.5-57.5cm dbh > 17 sph …

Trees 57.5+cm dbh > 3 sph
…

WTC2 > 50cm dbh > 8 sph
…

Live & Dead with WLTT1-9 > 76 sph
…

Snags 7.5-22.5cm dbh < 229 sph …

Snags 22.5-37.5cm dbh > 44 sph
…

Snags 37.5-52.5cm dbh > 3 sph 13

Maximum Age* > 178 > 240

Mean Age* > 163 > 212
BONUS Attributes

Total Volume CWD
…

> 185.7 m3

Volume CWD 22.5-37.5cm … > 71.9 m3

Volume CWD 37.5+cm … > 25.4 m3

# Snag WTCs … > 3

TOTAL SCORE:

                                                     /23

Landscape Considerations / Notes

% of MAXIMUM SCORE:

* Use mean or maximum age, but not both.
**Maximum score = 23
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DISCUSSION
This project was initiated to develop a tool for identifying the most biologically appropriate areas of forest
to set aside as old growth management areas. Old growth is currently defined in Provincial policy based
on forest cover Age Class by BEC unit (e.g. Biodiversity Guidebook). However, it is acknowledged that
structural attributes provide a more biologically meaningful approach to describing the ecological value of
old growth stands. This project aims to provide more guidance around the question of what constitutes
appropriate structural attributes, to develop thresholds for different attributes that can be used to rank
candidate old growth areas, and to assess the relationship between these attributes and inventory data. A
multivariate statistical approach was used (PCA) to look for stands with similar attributes, and to define
old growth based on a range of stand level attributes important for biodiversity.

The project focuses on SBSwk2, ESSFmv2 and ESSFwk2 stands in the Boreal Foothills Natural
Disturbance Unit in the Dawson Creek Forest District. The Boreal Foothills is a transitional zone from the
plains to the Wet Mountains of the Hart Ranges. NDU boundaries are intended to reflect historic fire
patterns and, in the Boreal Foothills, include stands from the valley bottoms to the mountain tops. In this
study, we present a general index of old-growthness for the Boreal Foothills NDU (see preceding
section), but caution that old-growth attributes are likely to develop at different rates due to site
differences, fire regimes, topography and climate. This discussion focuses on these hypotheses as they
relate to old growth management.

Stand age and old-growthness
Within the literature, old growth is most often defined on the basis of age, population dynamics and/or
stand structures (see Introduction). Stand structure provides a more biologically useful definition than age
because of the variability in rates of stand development across site types, and the high functional values
of stand structural attributes. The indices of old-growthness produced in this report incorporate age, but
primarily use structure to determine whether a given stand is ‘high’ or ‘low’ quality old growth. In our
research we found significant patterns of attribute development with age, when considering suites of
attributes. However, there is still wide variability in attributes in stands of similar ages, and many outlier
stands. Some younger stands in all groups had higher densities of large trees and other attributes and
were often grouped with older stands in the PCA analysis. Harsh environmental conditions, low site
productivity and variable disturbance history influence the rate at which stand structural attributes develop
across the landscape. This suggests that selecting old growth management areas on the basis of age
alone will miss important structural and functional elements.

Using the scorecard to assess old-growthness
The scorecard presented in this report summarizes thresholds for specific old-growth related stand level
attributes. It is based on a PCA analysis and is the primary tool that we have developed for assessing old
forests. We have used a scoring system of 0 for ‘low’, 1 for ‘moderate’, 2 for ‘high’ structural value, and 1
for ‘bonus’ attributes, although there is no mathematical relationship between index scores12. When
tested on a selection of the sites sampled13, the index followed expected patterns (see Appendix 3). For
example, when applied to Murray, a 96 year old lodgepole pine leading stand with low CWD volumes, the
scorecard produced an index value of 4.3% (1/23), indicating virtually no old-growth values were present.
Wolf, a 404 year old spruce and subalpine fir stand with a range of old growth attributes, received a score
of 82.6% (19/23). Intermediate stands such as Itis and Land received correspondingly intermediate
values.

Applying the index across a range of BEC units in the Boreal Foothills NDU
The thresholds presented in this report provide general guidelines for describing and ranking candidate
old forests in the Boreal Foothills NDU. However, they are based on a relatively small number of stands
(n=27) from a range of BEC variants from the SBS and ESSF. Within the Boreal Foothills NDU, the
elevation gradient for BEC units begins with the BWBS (mw1, wk1 and wk2 variants) in the valley
bottoms. As elevation increases, the BWBS transitions to the SBSwk2, which is found below the

                                                          
12 For example, a stand with an index value of 48% does not have ‘half as much’ old growth structure as one with a value of 96%.
13 Note that these sites were also used to develop the index.
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ESSFmv2. The ESSFmvp2 or ESSFwk2 are found above the ESSFmv2. The ESSFwc3 is found at
elevations above the ESSFwk2 along the boundary between the Boreal Foothills and Wet Mountain
NDUs to the west.

The Boreal Foothills NDU is separated into the Valley and Mountain subunits (DeLong 2002). The Valley
subunit includes the SBS and BWBS zones, while the Mountain subunit includes the ESSF variants. In
this study, we sampled stands in both subunits. However, we did not sample stands in the BWBS
because sample sizes for this project were very low and there were too few randomly selected polygons
from this zone14. We were also concerned about developing a single index that included high elevation
ESSF stands as well as valley bottom BWBS sites where trembling aspen is common and expected fire
return intervals are shorter. However, if stand development patterns are expected to be similar between
the BWBS and the remainder of the NDU, the results from this study could be extrapolated, with caution,
to lower elevation sites.

In general, the index should be applied cautiously across the range of BEC units in the NDU because we
would expect some differences in stand development to be related to BEC variant and elevation. For
example, a similar study in the ICHmw2 in the Nelson Forest Region found significant co-variation
between wetter sites and the density of large trees (Holt et al. 1999), and DeLong et al. (2003) found that
wetter sites had better developed old-growth attributes in the Robson Valley. Within this dataset the stand
called Ivor is somewhat of an anomaly. It is the lowest elevation site in the sample (944m) and one of the
wettest (SMR = 5). It has many characteristics of older forests, although the maximum age measured was
147 years old and an even-aged pine cohort is still evident in the 15 – 40 cm diameter classes (Figure 3).
However, the diameter distribution closely resembles that of the stands over 300 years old with its
approximately reverse J-shape and relative abundance of larger diameter trees. This site is well on its
way to developing old-growth characteristics at an early age.

ESSF variants are differentiated largely on the basis of elevation induced climatic gradients (Meidinger
and Pojar 1991, Burton and Coates 1996) and we would expect faster growth and the potential for faster
seral stage development at lower elevations in the SBS where there are longer growing seasons and
lower snowpacks, although site productivity, landscape position, and topography will be important as well.
The index that we present provides minimum thresholds, but these factors can be incorporated into the
general index by assessing the actual values of stands in comparison to the threshold. While the values
apply to the entire study area, we would expect stands at lower elevations to exceed the minimum for
attributes such as the largest diameter tree, and other large tree related attributes.

The role of natural disturbance
NDUs are based on groups of BEC variants with similar expected disturbance regimes. DeLong (2002)
estimated fire cycles in the Boreal Foothills as 120 years for the Valley subunit and 150 years for the
Mountain subunit. Table 5 shows the amount of forests of different ages and patch sizes that would be
associated with these fire cycles. Table 5 also shows that gap replacement processes are estimated to
affect 10-20 % of the area, and that 80-90 % of disturbances are stand replacing fires. Although most
fires are ‘stand replacing’, fire severity, residual structure, and fire frequency are spatially and temporally
variable. Studies in the Foothills Model Forest, in western Alberta just south of the Boreal Foothills, found
that unburned areas are found in at least 30% of all fires (Andison 2001a, 2001b) with high variability from
one fire to the next (Andison 2002). This type of heterogeneity is caused by variations in fuel and weather
as well as topographic position and results in irregular patchy forest mosaics (Smith and Fischer 1997;
Gray et al. 2002).

                                                          
14 There were 10 BWBS sites out of 60 randomly selected polygons, seven of which were added to the sample once the project was
half finished.
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Table 5. Expected time since disturbance and patch size distributions for the Boreal Foothills (adapted
from DeLong 2002).

Time since disturbance
distributionb (% of total forest

area)c

Patch Size (% of total disturbance
area)c

Disturbance type (% of
disturbance area)dSubunit

Stand
Replacement
Disturbance

Cyclea

>250 yrs >140
yrs

>100
yrs

<40 yrs >1000 100 -1000 51 - 100 <50 Stand
Replacement

Gap
Replacemente

Valley (SBS,
BWBS)

120  8 – 17 23 -
40

33 - 55 19 - 45 40 30 10 20 90 10

Mountain
(ESSF)

150 15 - 25 33 -
49

43 - 62 19 - 36 40 30 10 20 80 20

a Disturbance cycles are the inverse of disturbance rate (% of total forested area/yr) x 100. Disturbance rates were derived using
methodology outlined in DeLong (1998) and generalized for the NDU.
b This is the range in percent of the total forested area within the NDU, that has not had a stand replacement event for the specified
time period, estimated to be present at any one time. Estimates were determined as per DeLong (2002).
c Patch size distributions were estimated using methodology outlined in DeLong (1998).
d Based on expert opinion.
e Disturbance openings caused by death of individual trees or small groups of trees. Gaps generally < 1ha in size and removing
<40% of the basal area of a stand.

Variability in patch size, fire frequency, and disturbance severity may be related to topography and
elevation. Based on climate, potential burn conditions, and ignition rates, Andison (2000) found
considerable differences in fire behavior between foothills, montane and subalpine areas in the Foothills
Model Forest. The primary difference was less fire activity at higher elevations. For example, montane
forests in Jasper National Park had mean fire return intervals of 73 years, while upper subalpine areas
burned, on average, every 182 years. Andison cites topographic complexity (which increased with
elevation in his study area), as well as fuel type and pattern, and the number of days with a temperature
above 10 and 20 degrees Celsius as the primary reasons for differences in fire regimes. He concludes
that subalpine forests have low ignition rates, but burn due to fires that have originated in the montane
zone. From our data, it is clear that very old stands are present in the ESSF as well as the SBS (see
Figure 4 for the relationship between PCA, BEC variant and stand age), but there are no specific studies
that quantify differences in fire behavior and old growth abundance across the range of sites found in the
study area.

Landscape position may also be an important factor in determining which sites escape fire long enough to
develop old-growth characteristics. This is especially true in topographically complex landscapes where
natural fire breaks and local wind patterns can have a considerable effect on fire behavior. Of the 11 sites
(21 plots) with at least one plot ranked as having ‘high’ old growth value, over half were on cool aspects
and most of the south facing ‘high’ structural value sites were adjacent to riparian zones. Although we
noted these trends, more research is required to make conclusive statements about fire behavior and old
growth stands in the Boreal Foothills NDU.

Where natural fires occur in the Boreal Foothills, they are often regenerated by dense lodgepole pine
resulting in large patches of relatively even-aged forests (DeLong 2002). Subalpine fir and spruce
become increasingly important as stands age and small gaps form. DeLong (2002) reports that the
transition from pine to spruce and subalpine fir occurs more rapidly on wetter sites and at higher
elevations. Antos and Parish (2002) found similar patterns in a 330 year old ESSF stand in southern
British Columbia where all lodgepole pine and half of the Engelmann spruce developed as part of the
initial post-fire cohort. However, less than 10% of the subalpine fir in the present stand were from this
cohort, and most fir were found to have developed beneath the canopy. Kneeshaw and Burton found
similar patterns in the SBSmc2, but several variations in development trajectories were present on a site-
specific basis. Although Antos and Parish (2002) caution that tree size is poorly correlated with tree age
and stand dynamics, the diameter distributions shown in Figure 3 suggest that stands in the Boreal
Foothills are following similar patterns to those reported in these studies. For example, even-aged pine
cohorts dominate the structure of young sites like Link and Murray, but become less evident as stands
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age and the spruce and subalpine fir components develop. Logepole pine is virtually absent in the oldest
stands in this study.

Fire may be the primary natural agent of stand replacement, but periodic insect infestations and species
interactions are likely to control future stand development between fires (Antos and Parish 2002). There
are no specific insects or diseases listed as ‘pests’ in the Boreal Foothills, but spruce beetles
(Dendroctonous rufipennis), western balsam bark beetles (Dryocetes confuses), two-year cycle
budworms (Choristoneura biennis), tomentosus root disease (Inonotus tomentosus) and Indian paint
fungus (Echinodontium tinctorium) are important in the neighbouring Wet Mountain and Omineca NDUs
(DeLong 2002). Partial disturbances from these agents lead to the shifts in species dominance with age
observed in Figure 3. Parish et al. (1999) found that extensive mortality from spruce beetles led to new
seedling establishment in ESSF stands in Sicamous Creek. Antos and Parish (2002) found that subalpine
fir depended on disturbances for canopy ascension and not for establishment, but spruce required small-
scale disturbances for both. These findings suggest that the effects of stand initiating disturbances
decline as stands age and succession progresses. However, the shift in dominance from post-fire tree
populations to replacement cohorts can take hundreds of years and may be linked to initial fire severity,
topographic position, and seed availability (Kneeshaw and Burton 1997).

Understanding the role of partial disturbances and autogenic processes in forested ecosystems may
provide guidance for management that more closely resembles natural processes or for harvesting
activities that either maintain or accelerate old growth development in mature and younger forests. In a
study and review of gap dynamics, Coates and Burton (1997) report that treefall gaps are an ‘essential
component of stand and landscape level heterogeneity’, whether naturally occurring or developed through
harvesting. They recommend using canopy gaps as a framework for understanding responses to a range
of silviculture practices including partial cutting. Lewis and Lindgren (2000) examined small-scale
disturbances in sub-boreal forests and concluded that they are key to understanding stand dynamics,
even in boreal systems where fire has long been considered the major disturbance agent. They argue
that insects and diseases are an ‘integral’ component of successional processes and that forest
management practices are increasing forest health problems by disrupting natural pest population
dynamics and disturbing ecosystem processes.

Using inventory data to identify old growth
Data from this study suggest that old-growth forests (with ‘high’ structural value) develop in stands over
240 years old, while moderate structure, or transitional old-growth values are common in stands over 178
years old (based on thresholds in Table 4). The Biodiversity Guidebook (British Columbia Ministry of
Forests and Ministry of Environment Lands and Parks 1995) estimated the age of old growth in the
SBSwk2, ESSFmv2 and ESSFwk2 as 250 years, which corresponds well to the thresholds developed
here. However, the age thresholds presented in our data should be applied cautiously since there were
only two sites with actual ages between 220 and 320 years old15.

Table 6 shows the relationship between projected age (from VRI data), measured age (maximum tree
core age) and the PCA old growthness rating for each stand16. The mean age of ‘high’ structural value
stands as projected in the VRI data was 275 years old (min 137, max 357) and most sites with a
projected age greater than 260 years old were given a high structural value rating in PCA. However, two
stands with projected ages over 260 were rated as moderate (Ivor) and low (Sly). With an estimated age
of 306 and a measured age of 163 years old, Sly clearly did not meet old growth thresholds for structure
or age (max dbh = 44cm). This suggests that forest cover Age Class 9 stands (>250) are likely to contain
‘high’ old growth structural value, but field sampling must be completed to confirm stand ages and
structure.

                                                          
15 In the random sample of sites selected, there was only one site with a projected age between 189 and 263. This site (age = 226)
was not sampled.
16 Note that PCA was conducted using plot values, and the rankings here show stand values. There was considerable variation
among  rankings of plots within stands (shown in Appendix 4).
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Table 6. Relationship between estimated stand age, measured stand age, and PCA structural attribute
rankings (low, moderate, high)*.

Site Projected Age
Measured

Age PCA Rating
Link 88 100 Low
Murray 92 96 Low
Rocky 96 116 Low
IT 113 163 Low
Last 116 114 Low
Scarpa 116 133 Low
Land 133 215 Moderate
Boulder 137 198 Moderate
D Fall 138 211 Moderate
Day 1 141 148 Low
Winter 162 160 Low
Beaver 163 191 Moderate
Far 163 201 Moderate
Carbon 168 200 Moderate
Gething 183 201 Moderate
Hunter 186 180 Moderate
Itis 186 208 Moderate
Bluff 187 216 Moderate
11 Mile 263 341 High
Skinny 263 396 High
Ivor 266 147 Moderate
Shell 286 397 High
Gulf 303 325 High
Perry 306 470 High
Sly 306 163 Low
Hasler 325 349 High
Wolf 357 404 High
* Note: The PCA analysis used in this project was based on plot data
and this table shows stand values. Old-growthness ratings are shown
by plot in Appendix 4.

Estimated Age Classes from VRI data were accurate for 67% of the stands sampled and projected ages
were weakly correlated with PCA (r = 0.433 for PCA1 and r = 0.441 for PCA2). 63% of the sites with a
projected age over 250 were considered to have ‘high’ structural value and 26% were given a ‘low’
structural value rating (Figure 6). Plots with projected ages less than 100 years old were consistently
rated as ‘low’ structure, as were 67% of the sites between 100 and 150 years old. 62.5% of the sites in
the 150-200 year old range had ‘moderate’ old growth structure. Thus, old growth designations from PCA
and inventory age data were analogous for approximately 60-65% of the plots sampled.
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Figure 6. Relationship between PCA and projected ages from VRI data.

Studies in other areas have found significant problems with the use of forest inventory data to examine
old growth structure, fire regimes, natural disturbance patterns and other ecological values. Wilson (2001)
compared forest cover inventory data with PEM (Predictive Ecosystem Mapping) field plots to develop
structural stage models for the Arrow District and found that forest cover data underestimated the age of
stands over 130 years old, which caused problems with the accuracy of structural models. Wong et al. (in
press) examined the use of forest cover data to reconstruct natural disturbance regimes in the Arrow
Forest District and found that the unreliability of age data substantially inhibited their analysis. They
recommend using inventory data to pinpoint areas of uncertainty that can be addressed in subsequent
analyses, but concluded that data sources of limited accuracy make meaningful interpretations of results
difficult. Gray et al. (2002) compared field data to Natural Disturbance Type classifications and concluded
that forest inventory data will not identify key biodiversity attributes and their locations across the
landscape, nor will it identify the threats to or historical contexts for biodiversity.

Using inventory data to designate old growth conservation areas will only provide a piece of the
information necessary. Because inventory data is predictive, errors are common. In this project, VRI data
accurately identified the age of 67% of the stands sampled. However, even if the inventory is correct it
does not always reflect biologically important stand structural values. Thus, inventory data should be used
as the first step in identifying candidate old growth areas, but at a minimum, further investigation of
structural attributes using air photo interpretation or aerial surveys are necessary, and field sampling is
recommended for final decisions. If field sampling is used to supplement inventory data, it may be
possible to locate some old growth management areas in younger stands that have higher structural
value, although the actual sites should be evaluated in the context of the full range of natural variability.

Managing old growth within the range of natural variability
There is a growing recognition that management activities that maintain ecological structures and
processes within the range of natural variability have the highest probability of maintaining ecological
integrity (e.g. Covington and Moore 1994, Bunnell 1995, Landres et al. 1999). Managing for old growth is
no exception. The index thresholds developed in this study provide minimum values for old-growthness
since they are based on a very conservative approach (the midpoint between the mean +/- standard error
for high and low structure groups). Since the mean values for high structure are higher than the
thresholds, stands with measures beyond the thresholds provided may have higher biodiversity values.
To implement a management approach that encompasses the range of variation, stands with a variety of
attribute values should be incorporated in reserves. The thresholds, means, minimums and maximums
presented in this report provide preliminary guidance. The minimum values (often zero) will generally be
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covered in stands outside of old growth reserve areas, so management should focus on maintaining
attributes at the higher end of the range.

CONCLUSIONS and RECOMMENDATIONS
1) This report provides summaries from 27 sites sampled in SBSwk2, ESSFmv2 and ESSFwk2

stands in the Boreal Foothills Natural Disturbance Unit in northeastern central British Columbia.
Tree, snag, CWD and site attributes were sampled in three plots in each stand. Sample stands
ranged in age from 96 – 470 years old, although there were few sites between 200 and 300 years
old.

2) Principal Component Analysis was used to examine patterns in the underlying organization of the
data. Three ‘classes’ of old growth structure were developed (low, moderate, high) and thresholds
were derived to distinguish between classes. Stands with low structure should not be considered
‘old growth’. Stands with moderate structure can provide some old-growth values, but are missing
some characteristics or have moderately developed structure. Stands with high structure have
high old-growth biodiversity value. A scorecard to rank potential old growth management was
created using the thresholds.

3) Forest managers can use the scorecard developed in this report to implement definitions of old-
growth forests in the Boreal Foothills NDU. However, the index is based on multiple BEC units
covering a wide range of elevations and site conditions and should be used at a general level
across the NDU. We would expect differences in the rate of old-growth attribute development on
more productive sites or on those with harsher climates and a shorter growing season and these
factors should be considered when evaluating old forests.

4) The threshold values in the index of old-growthness provide minimum values and should not be
considered in isolation as ‘absolute’ values. Sites with attributes that exceed the thresholds
developed here may contain higher biodiversity value and should be considered as old growth
reserves.

5) When measured tree ages were compared to VRI stand ages, the VRI data accurately estimated
forest cover Age Class for 67% of the stands. When projected ages where compared to index
ratings derived from PCA, 60-65% of the sites sampled had inventory ages that corresponded to
appropriate old-growth classes. Thus, inventory data will provide a first step in identifying old-
growth structure across the landscape, but cannot be relied on as a sole means of identifying
sites with high ecological value.

6) Based on the analysis here, 240 years was set as a threshold for ‘high’ old-growth structural
value. The threshold for moderate old-growth structure was 178 years old. However, there was
considerable variation between age and structure, and aerial or ground surveys must be done to
ensure appropriate stands are selected as old growth management areas.

7) These data provide the first attempt to provide a definition of old growth in the Boreal Foothills
NDU based on multiple stand structural attributes, and based on field data designed for the
purpose. As a result, it is felt that the scorecard provides the manager with an ability to make a
more informed decision about the biological ‘old-growthness’ of a stand than would be possible
using age, or any other single attribute.

FUTURE RESEARCH QUESTIONS
1) In this report, we hypothesize that rates of old growth development may differ by BEC, elevation,

moisture regime, or productivity, but sample sizes are too low to determine actual differences.
Future research could examine the differences in structure between ESSF, SBS, and BWBS
stands, particularly since BWBS forests were not sampled here, but are expected to differ
considerably from ESSF sites.

2) Fire is considered the dominant disturbance agent in the Boreal Foothills NDU, but the frequency,
severity and scale of fires has not been characterized and differences within the NDU due to
topography, physiography, elevation, and other factors have not been examined. Studies could
look at differences in fire regimes, and the locations of old growth , based on landscape position,
topography, proximity to riparian areas, species composition, or site types.
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3) More research is needed to refine our knowledge of fire regimes in the Boreal Foothills NDU and
it’s associated BEC units. Age class reconstruction, dendrochronological research, and patch size
studies would provide better information on the natural disturbance patterns.

4) Fire suppression has changed natural patterns in other areas including those similar to the Boreal
Foothills (e.g. Andison 2000). Research could focus on the role of fire suppression in changing
stand dynamics, disturbance effects, and old growth characteristics, abundance and locations.

5) Fire is not the only disturbance agent in the Boreal Foothills NDU. Insects, wind, and diseases
are important agents between fires, and their spatial and temporal patterns are particularly
relevant to studies of old-growth forest development. Future research could focus on the
prevalence and scales of partial disturbances in the Boreal Foothills NDU, particularly since most
studies in similar ecosystems have occurred in southern British Columbia (e.g. Parish et al. 1990,
Antos and Parish 2002). Characterizing partial disturbances may help frame an understanding of
old growth development and could help guide partial cutting prescriptions and residual structure
targets (see Coates and Burton 1997).
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APPENDIX 1 – Double bark thickness ratios from PrognosisBC
Sx 0.956
Bl 0.937
Lw 0.851
Fd 0.867

Pl 0.969
Pw 0.964
Hw 0.934
Cw 0.950

Py 0.890
Bg 0.915
Other 0.934

Source: (A. Zumwari, pers. com. 2001)

APPENDIX 2 – Summaries for stand level attributes

Table 1. Stand ages, heights and site index.

Site Name
Max
Age

Mean
Age*

Standard
Deviation

Top
Height

Site
Index**

Murray 96 92 6.1 26.2 16.8
Link 100 95 11.7 18.2 12.8
Last 114 109 15.4 29.4 18.0
Rocky 116 101 9.7 18.6 10.5
Scarpa 133 127 9.9 24.6 10.8
Ivor 147 141 28.1 35.0 18.9
Day 1 148 144 13.7 30.0 13.8
Winter 160 151 6.0 26.9 14.1
Lake 163 154 13.1 31.1 16.3
Sly 163 118 14.2 24.6 10.7
Hunter 180 174 14.2 28.4 11.0
Beaver 191 168 31.2 36.2 17.6
Boulder 198 163 20.1 30.6 10.5
Carbon 200 176 14.8 39.8 19.5
Far 201 189 13.3 36.2 15.1
Gething 201 193 25.2 32.9 15.1
Itis 208 163 30.4 40.6 15.2
DFall 211 180 23.1 33.8 14.0
Land 215 207 9.6 33.3 11.0
Bluff 216 186 21.3 32.3 12.2
Gulf 325 232 59.1 40.1     16***
11 Mile 341 275 87.6 39.6 18
Hasler 349 333 85.4 34.6 18
Skinny 396 318 56.4 30.4 16
Shell 397 205 90.2 32.2 15
Wolf 404 321 88.8 36.2 15
Perry 470 280 98.6 27.9 15
* Mean age of the main leading species.
** SI of the main leading species.
*** Determined using the BEC method.
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Table 2. Species composition by basal area (BA), stem density (SPH), and Importance Value (IV).
Leading Species Hybrid Spruce Subalpine fir Lodgepole Pine Black Spruce DeciduousSite

Name Age
BA* SPH BA (%) SPH (%) IV (%) BA (%) SPH (%) IV (%) BA (%) SPH (%) IV (%) BA (%) SPH (%) IV (%) BA (%) SPH (%) IV (%)

Murray 96 Pl Pl 4.7 5.0 4.8 0.9 2.8 1.9 86.6 84.4 85.5 1.8 2.0 1.9 6.0 5.8 5.9
Link 100 Pl Pl 0.3 0.7 0.5 … … … 82.1 65.0 73.6 17.5 33.9 25.7 0.1 0.4 0.2
Last 114 Pl Pl 20.0 19.6 19.8 16.5 33.6 25.0 60.2 43.7 52.0 … … … 3.3 3.1 3.2
Rocky 116 Sx Bl 48.3 39.3 43.8 43.2 55.8 49.5 5.9 1.9 3.9 … … … 2.5 3.0 2.8
Scarpa 133 Sx Bl 44.2 30.3 37.3 36.7 50.4 43.6 17.8 16.7 17.2 … … … 1.3 2.5 1.9
Ivor 147 Sx Sx 50.3 60.6 55.4 5.1 11.8 8.5 42.3 25.1 33.7 … … … 2.3 2.5 2.4
Day 1 148 Pl Pl 32.3 27.4 29.8 1.8 2.8 2.3 65.9 69.9 67.9 … … … … … …
Winter 160 Pl Bl 22.3 19.7 21.0 15.3 38.3 26.8 48.0 22.1 35.1 13.9 19.7 16.8 0.4 0.2 0.3
Lake 163 Pl Pl 12.9 7.9 10.4 … … … 83.7 87.5 85.6 3.1 3.8 3.5 0.3 0.8 0.5
Sly 163 Bl Bl 25.3 28.7 27.0 44.6 54.6 49.6 29.0 16.4 22.7 … … … 1.1 0.3 0.7
Hunter 180 Sx Sx 71.0 53.4 62.2 12.1 28.0 20.1 16.9 18.5 17.7 … … … … … …
Beaver 191 Pl Pl 25.8 30.3 28.1 9.1 9.9 9.5 50.4 34.2 42.3 14.8 25.6 20.2 … … …
Boulder 198 Sx Bl 51.6 29.3 40.4 12.2 39.7 25.9 32.9 28.0 30.4 … … … 3.4 3.0 3.2
Carbon 200 Sx Sx 69.4 51.4 60.4 11.6 29.1 20.3 19.0 19.5 19.3 … … … … … …
Far 201 Sx Bl 50.1 30.5 40.3 14.1 41.0 27.5 35.8 28.5 32.1 … … … … … …
Gething 201 Pl Pl 21.0 29.3 25.1 5.3 17.8 11.6 73.7 52.9 63.3 … … … … … …
It is 208 Sx Sx 50.5 51.1 50.8 12.6 18.9 15.8 36.3 29.3 32.8 0.6 0.6 0.6 … … …
Dfall 211 Sx Sx 55.4 42.0 48.7 6.0 8.8 7.4 0.6 0.4 0.5 20.3 35.1 27.7 17.7 13.7 15.7
Land 215 Sx Sx 57.5 48.3 52.9 3.5 6.6 5.0 9.9 5.3 7.6 29.1 39.8 34.5 … … …
Bluff 216 Sx Sx 87.1 68.8 78.0 11.1 29.3 20.2 1.7 1.9 1.8 … … … … … …
Gulf 325 Sx Bl 72.2 37.9 55.0 27.8 62.1 45.0 … … … … … … … … …
11 Mile 341 Sx Bl 60.3 43.6 51.9 34.2 52.6 43.4 5.3 3.0 4.2 0.2 0.8 0.5 … … …
Hasler 349 Sx Bl 53.8 32.2 43.0 46.2 67.8 57.0 … … … … … … … … …
Skinny 396 Sx Bl 55.9 30.5 43.2 38.3 60.0 49.1 … … … 5.9 9.5 7.7 … … …
Shell 397 Bl Bl 29.9 6.9 18.4 70.1 93.1 81.6 … … … … … … … … …
Wolf 404 Bl Bl 46.3 18.6 32.4 53.5 80.6 67.1 0.1 0.8 0.5 … … … … … …
Perry 470 Sx Bl 54.5 23.7 39.1 45.5 76.3 60.9 … … … … … … … … …
* Basal area is used to determine the leading species throughout this report.
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Table 3. Basal area and density of trees and snags.
Trees Snags

Site
Name

Max
Age BA SPH BA SPH

Murray 96 42.2 2073 6.1 717
Link 100 35.8 2333 1.2 158
Last 114 44.8 903 2.9 103
Rocky 116 51.3 2335 3.9 267
Scarpa 133 49.0 1445 4.6 268
Ivor 147 35.1 803 3.2 82
Day 1 148 50.9 1328 6.1 387
Winter 160 58.8 2095 7.7 595
Lake 163 44.7 1092 2.3 170
Sly 163 32.7 1097 6.6 353
Hunter 180 57.2 945 15.1 462
Beaver 191 27.5 522 4.0 83
Boulder 198 47.4 1108 12.3 390
Carbon 200 50.5 693 8.0 255
Far 201 37.5 797 6.8 197
Gething 201 45.9 842 9.0 173
Itis 208 38.8 528 6.2 152
D Fall 211 50.0 778 11.4 345
Land 215 39.3 812 8.2 323
Bluff 216 57.9 535 16.4 512
Gulf 325 42.9 810 7.6 153
11 Mile 341 41.5 1052 10.0 258
Hasler 349 30.6 943 3.5 190
Skinny 396 38.7 1083 11.3 280
Shell 397 30.9 1153 11.0 283
Wolf 404 35.4 1015 6.5 122
Perry 470 45.2 1415 11.6 488
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Table 4. Mean and maximum diameters of live trees and snags (cm).
Trees SnagsSite

Name
Max
Age Mean

DBH
StdDev
DBH

Max
DBH

Largest
Species

Mean
DBH

StdDev
DBH

Max
DBH

Largest
Species

Murray 96 15.9 1.44 45.7 At 10.0 0.0 15.6 Pl
Link 100 13.5 1.00 25.4 Pl 9.7 1.2 16 Pl
Last 114 27.1 2.43 62.8 At 19.0 0.0 24.3 Pl
Rocky 116 16.5 1.30 42.6 At 12.7 1.2 28 Sx
Scarpa 133 21.5 5.57 43.9 Sx 13.3 1.5 39.4 Bl
Ivor 147 25.2 3.25 74.1 Sx 20.3 6.0 31.8 Pl
Day 1 148 21.9 1.34 56 Sx 14.0 1.7 43.2 Bl
Winter 160 20.1 5.08 42.8 Sx 12.0 1.7 32.3 Sx
Lake 163 24.2 4.36 58.5 Sx 14.3 4.9 40.5 Sx
Sly 163 19.7 1.53 44 Sx 15.3 4.0 34.5 Bl
Hunter 180 30.0 4.10 61.5 Sx 20.7 3.8 45.7 Sx
Beaver 191 27.8 5.40 53.4 Sx 25.3 4.2 38.6 Sb
Boulder 198 25.3 5.79 54.4 Sx 21.0 1.0 45.7 Sx
Carbon 200 32.8 2.89 72 Sx 19.7 4.0 52.1 Sx
Far 201 26.3 4.45 55.1 Sx 23.7 6.1 33 Pl
Gething 201 27.9 1.15 51.9 Pl 26.3 3.1 48.6 Pl
Itis 208 32.4 2.19 61.3 Bl 23.3 2.1 30.4 Pl
DFall 211 30.6 1.03 60.3 Sx 20.3 3.2 45.1 Sx
Land 215 26.4 6.34 52.3 Sx 17.3 8.1 56.6 Sx
Bluff 216 39.1 2.29 72.8 Sx 21.7 6.4 53.9 Sx
Gulf 325 27.5 2.89 66 Sx 25.0 4.0 66.5 Sx
11 Mile 341 24.2 5.18 64 Sx 24.3 4.2 48.6 Sx
Hasler 349 20.9 1.64 68 Sx 16.3 3.8 44 Sx
Skinny 396 22.8 5.36 59.5 Sx 23.7 4.0 57.6 Sx
Shell 397 16.9 2.58 57.5 Sx 20.7 4.0 49.3 Sx
Wolf 404 22.8 4.29 65.5 Sx 27.3 1.5 56.6 Sx
Perry 470 20.5 1.74 66.1 Sx 19.7 3.5 49.8 Sx
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Table 5. Density of trees and snags, by Wildlife Tree Class*.

Site Name Max Age SPH WTC1 SPH WTC2 SPH WTC3 SPH WTC4 SPH WTC5 SPH WTC6 SPH WTC7 SPH WTC8
11 Mile 341 760 292 110 122 23 3 … …
Beaver 191 362 160 63 20 … … … …
Bluff 216 260 275 262 188 58 … … 3
Boulder 198 823 285 233 118 15 20 3 …
Carbon 200 487 207 90 103 37 17 … 8
DFall 211 522 257 252 52 42 … … …
Day 1 148 505 823 172 142 70 … 3 …
Far 201 498 298 50 127 20 … … …
Gething 201 477 365 93 45 35 … … …
Gulf 325 598 212 23 103 23 … 3 …
Hasler 349 590 353 15 92 67 17 … …
Hunter 180 487 458 250 187 25 … … …
Itis 208 365 163 78 40 33 … … …
Ivor 147 633 170 37 42 0 … … 3
Lake 163 75 1017 53 100 17 … … …
Land 215 668 143 233 48 33 … 8 …
Last 114 623 280 42 … 33 8 8 12
Link 100 1183 1150 108 33 … 17 … …
Murray 96 305 1768 525 158 25 8 … …
Perry 470 700 715 215 218 35 … 20 …
Rocky 116 1880 455 233 25 8 … … …
Scarpa 133 1060 385 235 17 17 … … …
Shell 397 867 287 40 173 47 … 13 10
Skinny 396 722 362 82 140 32 23 … 3
Sly 163 688 408 112 158 58 17 8 …
Winter 160 1563 532 412 117 67 … … …
Wolf 404 685 330 35 32 32 17 3 3
* WTC1 = live healthy trees; WTC2 = damaged or unhealthy live trees; WTC3-8 = snags (as per BC Ministry of Environment, Lands and Parks and BC Ministry of
Forests 1998).
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Table 6. CWD density and volume, by size and decay class.

Site Name
Max
Age Volume SPH

Volume 7.5-
22.5

Volume
22.5-37.5

Volume
37.5+

Volume
DC1-2

Volume
DC3

Volume DC4-
5

Murray 96 75.0 1677 67.9 7.2 … 37.2 12.5 25.3
Link 100 49.4 1062 49.4 … … 6.9 6.9 35.7
Last 114 132.5 1316 87.1 45.4 … 14.2 25.9 92.4
Rocky 116 83.8 323 28.7 33.2 21.9 1.7 12.2 69.9
Scarpa 133 79.1 669 29.1 49.9 … 2.4 19.5 57.1
Ivor 147 230.8 1341 157.5 44.0 29.3 66.4 150.8 13.5
Day 1 148 156.4 1957 102.6 53.7 … 42.3 34.9 79.1
Winter 160 48.5 541 35.6 12.8 … 44.3 1.9 2.3
Lake 163 116.0 1948 116.0 … … 69.3 41.1 5.6
Sly 163 114.3 870 59.9 54.5 … 6.5 26.1 81.8
Hunter 180 140.1 1077 78.5 61.6 … 39.9 52.0 48.1
Beaver 191 88.3 1046 80.8 7.6 … 3.9 60.1 24.3
Boulder 198 58.5 360 28.2 30.3 … 34.0 7.8 16.7
Carbon 200 117.4 1442 98.8 18.6 … 42.0 51.5 24.0
Far 201 159.7 1081 127.0 32.7 … 52.1 102.0 5.6
Gething 201 129.9 585 86.7 43.2 … 55.4 46.1 28.4
Itis 208 233.8 1619 116.1 93.0 24.8 54.1 122.0 57.8
D Fall 211 85.0 905 49.1 36.0 … 4.1 47.2 33.6
Land 215 85.7 606 39.0 46.7 … 41.4 32.0 12.3
Bluff 216 72.1 514 31.9 40.2 … 54.4 10.5 7.3
Gulf 325 199.0 975 47.5 151.5 … 45.3 93.7 60.1
11 Mile 341 435.9 1710 135.2 107.2 193.3 48.3 223.6 164.0
Hasler 349 288.8 1722 116.5 152.2 20.1 94.0 75.8 118.9
Skinny 396 271.4 1864 119.8 103.8 47.8 82.9 101.6 86.9
Shell 397 272.9 1227 109.0 75.6 88.3 56.7 119.9 96.4
Wolf 404 217.7 910 67.1 81.4 69.2 55.0 104.3 58.5
Perry 470 332.4 1337 109.3 134.9 88.2 91.6 64.6 176.3
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Table 7. Wildlife Tree Types on trees, snags and logs.

Site Name Max Age
Trees&
Snags

CWDT 1-3

Trees&
Snags

WLTT 1-3

Trees&
Snags
WLTT

6

Trees&
Snags
WLTT

7

Trees&
Snags
WLTT

8

Trees&
Snags
WLTT

9 CWDT 1-3
CWDT

4
CWD

 5
Murray 96 … … … 8 8 … … 41 700
Link 100 … … … … … 8 … 13 118
Last 114 30 … … … … … … 171 305
Rocky 116 3 17 … 8 … … 87 … 47
Scarpa 133 3 … … … 12 25 10 … 63
Ivor 147 15 … … … 3 12 33 220 720
Day 1 148 3 22 13 … 23 … 149 65 454
Winter 160 … … 17 … 8 65 … 39 288
Lake 163 3 … … 8 … … 39 164 815
Sly 163 12 3 … … 7 8 35 55 129
Hunter 180 10 27 62 … 60 65 … 141 297
Beaver 191 25 … 3 10 23 35 42 115 202
Boulder 198 125 72 35 3 22 … 39 69 134
Carbon 200 27 … 25 17 12 12 … … 413
Far 201 3 12 20 … 20 … … 62 616
Gething 201 … 15 35 … 48 15 … 71 332
Itis 208 8 8 33 7 58 23 53 152 335
DFall 211 17 33 3 3 20 40 44 93 209
Land 215 … 3 … … 10 30 23 12 271
Bluff 216 47 20 55 7 98 32 17 109 280
Gulf 325 133 23 7 52 7 10 … 157 416
11 Mile 341 30 … 20 7 18 47 19 7 515
Hasler 349 28 … 8 75 27 12 30 356 540
Skinny 396 20 15 20 25 63 18 53 415
Shell 397 520 67 73 … 17 … 200 305 468
Wolf 404 65 15 7 35 22 13 12 78 316
Perry 470 10 13 25 10 25 13 35 47 498
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APPENDIX 3 – Sample scorecards for assessing old-growthness.
Old Growth Scorecard for the Boreal Foothills Natural Disturbance Unit

Stand Name     Murray     Map Sheet   93i094 Polygon   1479           VRI Age 92    

BEC variant SBSwk2  Site Series 04(01)  Slope     <5      Aspect    S    Elevation  Size (ha)
10.9

Structural
Attribute

Measured
Value Threshold for

Moderate
Structure

Threshold for
Very Good
Structure

Attribute Score:
Poor = 0

Moderate = 1
Very Good= 2

Bonus = 1

Largest Diameter Tree
45.7

> 49.9 cm dbh
… 0

Mean Snag dbh 10.0 > 17.8 cm dbh > 23.1 cm dbh 0

Largest Diameter Snag 15.6 > 31.1 cm dbh > 42.7 cm dbh 0

Total Snag BA / ha
6.1

> 6.9 m2 > 9.7 m2 0

Trees 17.5-27.5cm dbh
608

< 320 sph
… 0

Trees 37.5-47.5cm dbh 7 > 50 sph … 0

Trees 47.5-57.5cm dbh 0 > 17 sph … 0

Trees 57.5+cm dbh
0

> 3 sph
… 0

WTC2 > 50cm dbh
0

> 8 sph
… 0

Live & Dead with WLTT1-9
17

> 76 sph
… 0

Snags 7.5-22.5cm dbh 717 < 229 sph … 0

Snags 22.5-37.5cm dbh
0

> 44 sph
… 0

Snags 37.5-52.5cm dbh
0

> 3 sph 13 0

Maximum Age* 96 > 178 > 240 0

Mean Age*
N/A

> 163 > 212 N/A

Bonus Attributes

# Snag WTCs
3

… > 3 1

Total Volume CWD
75 …

> 185.7 m3 0

Volume CWD 22.5-37.5cm 7.2 … > 71.9 m3 0

Volume CWD 37.5+cm 0 … > 25.4 m3 0

TOTAL SCORE:

1 / 23Landscape Considerations / Notes
Adjacent to large cutblock. Has a few large
snags.

% of MAXIMUM SCORE:

4.3%
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* Use mean or maximum age, but not both.
**Maximum score = 23

Old Growth Scorecard for the Boreal Foothills Natural Disturbance Unit

Stand Name     Scarpa     Map Sheet   93p021   Polygon   1392           VRI Age 116    

BEC variant ESSFmv2  Site Series 04(01)  Slope 45-57 Aspect S-SE Elevation 1207 Size (ha) 13.1

Structural
Attribute

Measured
Value Threshold for

Moderate
Structure

Threshold for
Very Good
Structure

Attribute Score:
Poor = 0

Moderate = 1
Very Good= 2

Bonus = 1

Largest Diameter Tree
43.9

> 49.9 cm dbh
… 0

Mean Snag dbh 13.3 > 17.8 cm dbh > 23.1 cm dbh 0

Largest Diameter Snag 39.4 > 31.1 cm dbh > 42.7 cm dbh 1

Total Snag BA / ha
4.6

> 6.9 m2 > 9.7 m2 0

Trees 17.5-27.5cm dbh
475

< 320 sph
… 0

Trees 37.5-47.5cm dbh 40 > 50 sph … 0

Trees 47.5-57.5cm dbh 0 > 17 sph … 0

Trees 57.5+cm dbh
0

> 3 sph
… 0

WTC2 > 50cm dbh
0

> 8 sph
… 0

Live & Dead with WLTT1-9
37

> 76 sph
… 0

Snags 7.5-22.5cm dbh 250 < 229 sph … 0

Snags 22.5-37.5cm dbh
15

> 44 sph
… 0

Snags 37.5-52.5cm dbh
3.3

> 3 sph 13 1

Maximum Age* 133 > 178 > 240 0

Mean Age*
N/A

> 163 > 212 N/A

Bonus Attributes

# Snag WTCs
2

… > 3 0

Total Volume CWD
79.1 …

> 185.7 m3 0

Volume CWD 22.5-37.5cm 49.9 … > 71.9 m3 0

Volume CWD 37.5+cm 0 … > 25.4 m3 0

TOTAL SCORE:

2 / 23Landscape Considerations / Notes
Adjacent to large cutblock. Has a few large
snags.

% of MAXIMUM SCORE:

8.7%
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* Use mean or maximum age, but not both.
**Maximum score = 23
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Old Growth Scorecard for the Boreal Foothills Natural Disturbance Unit

Stand Name     Land     Map Sheet   94B018   Polygon   1009           VRI Age 133    

BEC variant SBSwk2  Site Series 04/01  Slope 45   Aspect  N Elevation 887  Size (ha) 10.0

Structural
Attribute

Measured
Value Threshold for

Moderate
Structure

Threshold for
Very Good
Structure

Attribute Score:
Poor = 0

Moderate = 1
Very Good= 2

Bonus = 1

Largest Diameter Tree
52.3

> 49.9 cm dbh
… 1

Mean Snag dbh 17.3 > 17.8 cm dbh > 23.1 cm dbh 0

Largest Diameter Snag 56.6 > 31.1 cm dbh > 42.7 cm dbh 2

Total Snag BA / ha
8.2

> 6.9 m2 > 9.7 m2 1

Trees 17.5-27.5cm dbh
325

< 320 sph
… 0

Trees 37.5-47.5cm dbh 50 > 50 sph … 1

Trees 47.5-57.5cm dbh 10 > 17 sph … 0

Trees 57.5+cm dbh
0

> 3 sph
… 0

WTC2 > 50cm dbh
3

> 8 sph
… 0

Live & Dead with WLTT1-9
43

> 76 sph
… 0

Snags 7.5-22.5cm dbh 258 < 229 sph … 0

Snags 22.5-37.5cm dbh
55

> 44 sph
… 1

Snags 37.5-52.5cm dbh
7

> 3 sph 13 1

Maximum Age* 215 > 178 > 240 1

Mean Age*
N/A

> 163 > 212 N/A

Bonus Attributes

# Snag WTCs
2.7

… > 3 0

Total Volume CWD
85.7 …

> 185.7 m3 0

Volume CWD 22.5-37.5cm 46.7 … > 71.9 m3 0

Volume CWD 37.5+cm 0 … > 25.4 m3 0

TOTAL SCORE:

8 / 23Landscape Considerations / Notes
Between two large cutblocks near Williston
Reservoir. Small stand.

% of MAXIMUM SCORE:

34.8%

* Use mean or maximum age, but not both.
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**Maximum score = 23
Old Growth Scorecard for the Boreal Foothills Natural Disturbance Unit

Stand Name     Itis   Map Sheet   94B008   Polygon   974           VRI Age 186    

BEC variant ESSFmv2/SBSwk2  Site Series 01  Slope 30-35 Aspect  N-NE Elevation 969 Size (ha) 10.3

Structural
Attribute

Measured
Value Threshold for

Moderate
Structure

Threshold for
Very Good
Structure

Attribute Score:
Poor = 0

Moderate = 1
Very Good= 2

Bonus = 1

Largest Diameter Tree
61.3

> 49.9 cm dbh
… 1

Mean Snag dbh 23.3 > 17.8 cm dbh > 23.1 cm dbh 1

Largest Diameter Snag 30.4 > 31.1 cm dbh > 42.7 cm dbh 0

Total Snag BA / ha
6.2

> 6.9 m2 > 9.7 m2 0

Trees 17.5-27.5cm dbh
117

< 320 sph
… 1

Trees 37.5-47.5cm dbh 43 > 50 sph … 0

Trees 47.5-57.5cm dbh 33 > 17 sph … 1

Trees 57.5+cm dbh
7

> 3 sph
… 1

WTC2 > 50cm dbh
7

> 8 sph
… 0

Live & Dead with WLTT1-9
130

> 76 sph
… 1

Snags 7.5-22.5cm dbh 75 < 229 sph … 1

Snags 22.5-37.5cm dbh
77

> 44 sph
… 1

Snags 37.5-52.5cm dbh
0

> 3 sph 13 0

Maximum Age* 208 > 178 > 240 1

Mean Age*
N/A

> 163 > 212 N/A

Bonus Attributes

# Snag WTCs
2.6

… > 3 0

Total Volume CWD
233.8 …

> 185.7 m3 1

Volume CWD 22.5-37.5cm 93.0 … > 71.9 m3 1

Volume CWD 37.5+cm 23.8 … > 25.4 m3 0

TOTAL SCORE:

11 / 23Landscape Considerations / Notes
Moderate old growth features. Has potential
as mature recruitment site. No riparian
values, some value as connectivity corridor
between  adjacent older forests.

% of MAXIMUM SCORE:

47.8%

* Use mean or maximum age, but not both.
**Maximum score = 23
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Old Growth Scorecard for the Boreal Foothills Natural Disturbance Unit

Stand Name    Hasler         Map Sheet   93O050      Polygon          895        VRI Age       
325  

BEC variant SBSwk2    Site Series  01    Slope   16-25%  Aspect  NE   Elevation  1003  Size  22.9
ha

Structural
Attribute

Measured
Value Threshold for

Moderate
Structure

Threshold for
Very Good
Structure

Attribute Score:
Poor = 0

Moderate = 1
Very Good= 2

Bonus = 1

Largest Diameter Tree
68.0

> 49.9 cm dbh
… 1

Mean Snag dbh 16.3 > 17.8 cm dbh > 23.1 cm dbh 0

Largest Diameter Snag 44.0 > 31.1 cm dbh > 42.7 cm dbh 2

Total Snag BA / ha
3.5

> 6.9 m2 > 9.7 m2 0

Trees 17.5-27.5cm dbh
217

< 320 sph
… 1

Trees 37.5-47.5cm dbh 53 > 50 sph … 1

Trees 47.5-57.5cm dbh 10 > 17 sph … 0

Trees 57.5+cm dbh
7

> 3 sph
… 1

WTC2 > 50cm dbh
17

> 8 sph
… 1

Live & Dead with WLTT1-9
122

> 76 sph
… 1

Snags 7.5-22.5cm dbh 175 < 229 sph … 1

Snags 22.5-37.5cm dbh
8

> 44 sph
… 0

Snags 37.5-52.5cm dbh
7

> 3 sph 13 1

Maximum Age* 349 > 178 > 240 2

Mean Age* > 163 > 212 N/A

Bonus Attributes

# Snag WTCs
3.3

… > 3 1

Total Volume CWD
289 …

> 185.7 m3 1

Volume CWD 22.5-37.5cm 152 … > 71.9 m3 1

Volume CWD 37.5+cm 20 … > 25.4 m3 0

TOTAL SCORE:

15 /23
Landscape Considerations / Notes

Near river. Contiguous forest on three
sides. Good value as connectivity and
riparian area. Low scores for snags.

% of MAXIMUM SCORE:

65.2%
* Use mean or maximum age, but not both.
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**Maximum score = 23

Old Growth Scorecard for the Boreal Foothills Natural Disturbance Unit

Stand Name     Wolf   Map Sheet   93I093   Polygon   831           VRI Age 357    

BEC variant ESSFmv2/SBSwk2  Site Series 04/05  Slope 47-52 Aspect  N Elevation 1039 Size (ha) 36.6

Structural
Attribute

Measured
Value Threshold for

Moderate
Structure

Threshold for
Very Good
Structure

Attribute Score:
Poor = 0

Moderate = 1
Very Good= 2

Bonus = 1

Largest Diameter Tree
65.5

> 49.9 cm dbh
… 1

Mean Snag dbh 27.3 > 17.8 cm dbh > 23.1 cm dbh 2

Largest Diameter Snag 56.6 > 31.1 cm dbh > 42.7 cm dbh 2

Total Snag BA / ha
6.5

> 6.9 m2 > 9.7 m2 0

Trees 17.5-27.5cm dbh
167

< 320 sph
… 1

Trees 37.5-47.5cm dbh 50 > 50 sph … 1

Trees 47.5-57.5cm dbh 30 > 17 sph … 1

Trees 57.5+cm dbh
3.3

> 3 sph
… 1

WTC2 > 50cm dbh
27

> 8 sph
… 1

Live & Dead with WLTT1-9
92

> 76 sph
… 1

Snags 7.5-22.5cm dbh 67 < 229 sph … 1

Snags 22.5-37.5cm dbh
38

> 44 sph
… 0

Snags 37.5-52.5cm dbh
13

> 3 sph 13 1

Maximum Age* 404 > 178 > 240 2

Mean Age*
N/A

> 163 > 212 N/A

Bonus Attributes

# Snag WTCs
3.3

… > 3 1

Total Volume CWD
217.7 …

> 185.7 m3 1

Volume CWD 22.5-37.5cm 81.4 … > 71.9 m3 1

Volume CWD 37.5+cm 61.2 … > 25.4 m3 1

Landscape Considerations / Notes
Large polygon with river at bottom. Very
good attributes. Adjacent to lots of
contiguous old forest. Excellent candidate
OGMA.

TOTAL SCORE:

19 / 23
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% of MAXIMUM SCORE:

82.6%

* Use mean or maximum age, but not both.
**Maximum score = 23

APPENDIX 4 – Old-growthness ratings for each sample site (from PCA)

Site Name Plot(s) Site Name Plot(s) Site Name Plot(s) Site Name Plot(s)
High Moderate Low Ambiguous

11 Mile 1,2 Beaver 2,3 11 Mile 3 Beaver 1
Bluff 3 Bluff 1,2 Boulder 1 D Fall 3
Boulder 3 Boulder 2 Day 1 1,2,3 Ivor 2
Carbon 3 Carbon 1,2 Far 1 Perry 1
Gething 3 D Fall 1,2 Hasler 2
Gulf 2,3 Far 2,3 Hunter 1
Hasler 1,3 Gething 1,2 IT 1,2,3
Ivor 3 Gulf 1 Ivor 1
Perry 2,3 Hunter 2,3 Land 2,3
Shell 1,3 Itis 1,2,3 Last 2,3
Skinny 1,2,3 Land 1 Link 1,2,3
Wolf 1,2,3 Last 1 Murray 1,2,3

Rocky 1,2,3
Scarpa 1,2,3
Shell 2
Sly 1,2,3
Winter 1,2,3
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