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Executive summary

Policy on landscape unit planning in British Coliantecommends areal targets for the retentiondsfyjobwth
forest by designating Old Growth Management AréxSNIAs) within landscape units. The Ministry of Fsi®
defines old-growth forest using forest cover ages<l However, there is increasing awareness teatlags alone
may miss functional attributes of old-growth fosesind may also be too coarse and inaccurate afscal
evaluating the biological value of older seral &se In order to optimise the biodiversity valuaique habitat
features critical for old-growth associated spgadietained in OGMASs, it is important to identifydrank candidate
OGMAs based on their distinctive structural feasutdere we present a methodology for indexing titek *
growthness’ of older seral forest in two variaritthe Interior Cedar-Hemlock subzone of the NelBorest
Region. We sample structural attributes in staadging from approximately 100 to greater than 5€éry in age
from the two variants, and use a statistical mettagy (Principal Components Analysis) to group dtabased on
these data. We define threshold values based er tireupings, and present look-up tables and acmat for
ranking recruitment and old-growth stands basethein structural attributes.
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Introduction

Old forest is recognized as a valuable, and ingglaa rare resource that warrants conservatiort éfcause it
often contains endemic or rare species as a reststage (e.g. Goward 1993), and because thie sibforest
development exhibits unique structures that areoiapt wildlife habitat. Centuries may be requifedthese
structures to develop, so replacement is not plesilthe short term. In order to inventory, managd conserve
old-growth forest, a definition that adequatelyaid®es its identifying attributes is necessary.ivias terms are
used to name forests that have been free from f#galdisturbances for a relatively long periodiofe, including
old-growth, old seral, old forest, over-mature,abkent, and climax forest. We use the term old-gnawbst often in
this report since it is most commonly used in &tare.

Definitions of old-growth range from simplified wdng definitions, based solely on forest age ednéBC
Ministry of Forests and BC Environment 1995) toiigibns based on principles of forest stand dgwelent
(Oliver and Larson 1990). Several authors have resedicthe use of definitions based on multiple stina¢
attributes, as these structures represent sonhe ddinctional aspects of old-growth (Franklin ampieS 1988;
Franklin and Spies 1991; Marastal. 1991; Wellset al. 1998; Kneeshaw and Burton 1998). Attributes used i
some ecological old-growth definitions includeglarld trees, a multi-layered canopy, humerouslargags and
logs, diverse tree community, great age of sonesfreanopy gaps, hummocky microtopography, complex
structure, wider tree spacing, and increased utaignsroduction (from Kneeshaw and Burton 1998;ase
Franklin and Spies 1991; Holt and Steeger 1998).

The definition of old-growth currently employed foyest planners in British Columbia is based ondtage taken
from forest cover maps. The age criteria vary atiogrto Natural Disturbance Type (grouping of biogematic
subzone /variants with similar disturbance retaterivals, B.C. Ministry of Forests and BC Enviromn#&995), and
in some cases, biogeoclimatic ecosystem classditdBEC) zone. This definition allows for utilizah of the
provincial forest inventory information without Hayg to incur ground sampling costs. However, timspse
working definition does not evaluate stand struadtattributes. Structural attributes provide theque habitat
values and ecosystem function that confer speujpbitance to old-growth, and can vary considerabipng
stands in the same age class. Defining old-grovitfowt assessment of structure may thereforedadentify the
most biologically important areas of forest.

It is generally accepted that old-growth definigonill always be somewhat arbitrary (Hunter and #&/1997).
Ecological definitions of old-growth can take ttoerh of minimum criteria or indices. Although minimcriteria
may be easier to develop, many authors suppougaef continuous indices as they are thoughttterhaccount
for the inherent variability of old-growth standsd can provide a relative ranking of stands (\&tedl. 1998).
Spies and Franklin (1988; Franklin and Spies 198&)this assumption as the basis for their ‘indetds
growthness’ where the successional status of @ stalanked on the basis of a number of attribuBésnds are not
dismissed because they ‘fail to meet old-growthdaads’, but are instead given a relative rankiagel on the
abundance of a number of attributes. This approaatives much support because it may avoid poteshignt-
sighted errors in old-growth designation (Hunted &vhite 1997; Well&t al. 1998). We aim to use a similar
conceptual approach in this paper, and use thedketgrowthness to describe the probability thatsmd is actually
‘old-growth forest’.

In British Columbia, the retention of old-growtlrésts within landscape units is recommended irFthrest
Practices Code Biodiversity Guidebook ( BC MinigtfyForests and BC Environment 1995) and the Laaquksc
Unit Planning Guidebook (BC Ministries of Forestgl@&nvironment Lands, and Parks 1999). The aregdtsare
to be met by designating Old Growth Management &nedandscape units as permanent reserves. Cypokoy
dictates that OGMA targets be met outside the tirhbevesting landbase (THLB) where possible, aed thithin
the THLB (unless the landscape unit is to be mathaigeler the low biodiversity emphasis option, inchicase
only one third of the target has to be met). In BEE@ants (within landscape units) where the afeddgrowth is
higher than the recommended target, choices bete@apeting areas must be made. In addition, mazgsanf the
Province have a deficit of old-growth in some BEfZiants (i.e. the amount of old-growth availabl&iger than
the recommended target). In these areas, suitadaiitment’ forest must be designated (in interiatedand high
biodiversity emphasis option landscape units) aaddards for designating recruitment old-growtltpas are
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required. Using age as the sole definer of old-ginaway provide insufficient information for plansdo make
meaningful decisions. Criteria for ranking standsdal on multiple stand structural attributes walédefore be
useful in making these choices. Previous work dining old-growth definitions for the Nelson Ford&ggion
consisted of deriving minimum standards for the benof live trees in various size classes by gtees (Quesnel
1996) from an existing data set. The need to egplseful old-growth indices in this region was #fiere
recognised.

This pilot study was designed to address someeoisfues surrounding old-growth management in t&G B
variants of the Nelson Forest Region, British CddianThe objectives of this pilot study were to:

1. determine what easily-assessed structural featineesonsistently associated with old forests is¢hariants;
and
2. devise an objective index of “old-growthness” fiald assessments.

The two biogeoclimatic variants studied were theii@v2 and ICHdw (Braumandl and Curran 1992). We $sed
on these variants because they are widespreatlyeblgroductive and have significant deficitsabfler forests in
some areas. The attributes we chose to measuresaraeof those most commonly cited as being impbrta
structural features associated with old-growthdowehile still being relatively quick to assess sistently. Other
studies that have investigated old growth defingigkneeshaw and Burton 1998, Franklin and Spié4)li®ave
involved sampling efforts many times greater thaysé possible in this study. Hence the resultgisfstudy should
be interpreted as exploratory in nature.

Methods

Study site selection

Thirty six stands were selected from non-TFL laofithe Arrow and Kootenay Lake Forest Districtshivitthe
ICHdw (18 stands) and the ICHmw?2 (18 stands). $tavete generally selected from areas that had delereated
as candidate old growth management areas by tlosvAforest District. Zonal site series (ICHdw/01 @+
Falsebox and ICHmw2/01 HwWCw - Falsebox - Feathesinasre predominantly sampled, however, it was
necessary to expand to a wider range of site steridmth variants since insufficient zonal sitesrgvavailable.
Other site series sampled were: ICHdw/02 FdPy g@Qregrape - Parsley fern; ICHmw2/03 FACw - Falsebox
Prince’s pine; ICHmw2/04 CwFd - Falsebox; and ICHM % CwHw - Oak fern - Foamflower. Stands were
selected to sample a range of stand ages fromol@i@ater than 250 years (forest cover age cl&s€s8, and 9),
and were a minimum size of 10 ha. Three circulah@ (17.8 m radius) plots were sampled per stlots were
placed a minimum of 30m from the stand edge andesphetween 75 and 200 m apart along a transeet. Th
transect was located to try to span a significantign of the stand being sampled. Plots thatdelbld roads or
heavily selectively harvested portions of a staedeamoved a minimum of 50 m along the transect.eSplwts
were established in areas that had some selediwvedt, in which case stumps were counted asrkes tand their
stump diameter was treated as dbh.

Measures

The following variables were assessed:

number of trees >50cm dbh

largest tree diameter

number of snags in 12.5-25, 25-50, >50cm dbh ctasse
largest diameter snag

% of trees >50cm dbh with pathological indicator

% of trees >50cm dbh with dead or broken tops
arboreal lichen presence (none, low, moderate, babed on Armleder et al. 1992)
number of tree species

cover and modal height of total shrubs and herbs
multiple canopy layer presence
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mean and modal LFH thickness (measured at 6 points)

relative abundance and size of canopy gaps

small trees (<1.3m tall) were counted in one quadoithe plot (0.025ha)

density of trees in the following dbh classes <& %lbh; 12.5-40cm dbh; 40-50cm (assessed in oheftthle
plot (0.05ha)).

Four transects radiating out from plot centre ®dhge of the plot on cardinal bearings were laichad
intersections were tallied for number of pieces8® cm diameter downed logs. Diameter of the ldrgiese was
also noted. Age at breast height was measuredmimeot or codominant trees and the largest treéseistand.
Generally a minimum of two trees per species petrygére cored. For trees with rotten centres, ageewas
estimated if countable rings constituted more thae-third of the radius of the tree. The agesdtten trees were
estimated by multiplying the age count for the aghtsegment by radius of the tree divided by thadntore length.
This is likely an under-estimate of the age of args which had experienced suppression earljeiatid now
have a rotten centre. This approach is reasonablegver, in the absence of more detailed dendractogical
data which would have required extensive corinthésame stand (P. Burton, pers. comm. 1999).

Data analysis

Principal component analysis (PCA) was used tanaettdi data collected from plots within stands. Cation is the
collective term for a group of multivariate techmés that arrange sites along multiple axes (tealBt&95). Our
objectives were to (i) determine whether plotsgarriped based on similarities among structurabaties and (ii)
find a set of structural attributes that best dbsdhe main relationships between plots. PCA asesrelation
matrix of multiple variables to find a number oflices (principal components) that each captureatian in a
different dimension of the data. Each PCA axigfeagonal (uncorrelated) with the others. PCA-Icdbss the
maximum variation in the data and therefore dessrthe major patterns in the data. PCA-2 is orthabtm PCA-1
and captures the next largest amount of variatidhe data, and so on (Tabachnik and Fidell 199&)ultivariate
approach is most appropriate for our data becaesar&vinterested in the compounded effects of pleltiariables.
We use PCA to explore patterns in the data setpandesults are therefore hypotheses which redesteng. This
is in contrast with direct hypothesis testing appio We used plot rather than stand data, sinaglpseplication is
not an issue with exploratory data analysis (V. bgrand G. Bradfield pers. comm. 1999).

PCA was performed separately for each BEC varlight variation in data collection methodology anégnow
conditions on some plots resulted in missing datadme attributes. Missing data for any variabkuits in that
plot being removed from the analysis, and can clamably reduce the number of plots included. Weefioee tried
to optimise both the number of variables and thalver of plots included in the analysis.

PCA was conducted on plot data from the ICHmw2 giffire following structural variables:
number of large trees (>50cm dbh),

maximum dbh sampled in the plot,

number of large pieces of CWD in plot (>30cm DBH),

percent of large trees (>50cm dbh) with brokenearditops

percent of large trees with evidence of pathogens

percent cover by herbs

modal height of the herb layer

percent cover by shrubs

modal height of shrub layer

estimated LFH thickness

numbers of snags by size classes (12.5-25 cm @#h0@m dbh, 40-50cm dbh)
lichen abundance

number of tree species present

PCA was conducted on plot data from the ICHdw usirgfollowing structural variables:
e number of large trees (>50cm dbh),
e maximum dbh sampled in the plot,




R.F. Holt et al. 1999.
An index of old-growthness for two variants in 1iGH.

number of large pieces of CWD in plot (>30cm DBH),

percent of large trees (>50cm dbh) with brokenearditops

% of large trees with evidence of pathogens

percent cover of shrub layer

estimated LFH thickness

numbers of snags by size classes (10-25 cm db402% dbh, 40-50cm dbh)
numbers of smaller trees (12.5-40cm dbh)

total density of trees (all size classes)

lichen abundance

Percent data were arcsine square root transforongpproximate their distributions to normal anda@mpensate
for upper and lower limits due to the percent s¢dtekal and Rohlf 1981). The remaining data wertte no
transformed since normality and linearity assunmdiare not in force as long as PCA is used forriggse
analyses (Tabachnik and Fidell 1996). Values wenedardised as part of the PCA analysis in SPS®IFac

For each BEC variant, PCA was used to explore verethy natural groupings occurred among the photsoted
(for example, see Fig. 3 and 9). Where groupingsimed, observation of the variables most strongtyelated
with the axis (PCA-1) was used to assess whetlegpakterns were related to the ‘old-growthnesshefplot (based
on assumptions of attributes associated with obdvtir forest). In order to explore the distributiminplots,
individual plots were graphed in factor space wlith primary axis (PCA-1) as the x-axis and PCA-fthasy-axis.
Output from the PCA was used to group similar pldtee mean age of each plot was graphed againptithary
old-growth axis to assess how age related to P@mation (Fig. 4 and Fig. 10). Summary statistitattribute
values for each group are presented in their alginits and are given on a per hectare basis.elVedges are then
compared to summary statistics for old-growth régmbin other studies.

Other authors have used this type of technique {RE€8imilarly explore multivariate data (e.g. Kskaw and
Burton 1998). In some cases, (e.g. Franklin andsSp991), stepwise discriminant analysis was @ised to reduce
the number of variables in the data set. We d&ldtep prior to field work, by focussing on theiables thought by
other workers to be important in making these didins and that could be easily assessed. We tirereed alll
variables that were complete (or almost complet¢hée PCA, and only discarded those with significammbers of
missing values.

Results

The results for the two BEC variants will be assdsseparately. A summary of all data collectedyvdyant and by
plot, is available in Appendix 2. Data are listecbrder of measured mean stand age. Mean valuesdasured
attributes in each stand are presented.

ICHmMmw?2

Stand age

Eighteen stands were sampled in the ICHmw2 BECGamarThese ranged in age from approximately 1348
years old (Fig. 1). Based on forest cover (FC),dsttnds ranged from age class (AC) 7 to 9 (5% AB% ACS,
22% AC9, Appendix 2). A minimum of three and a nmaoan of seven trees were cored on each plot. Mean ag
rather than maximum age (as in Kneeshaw and BA:@68) was used in the analyses since numeroussstand
showed evidence of moderate intensity fires (fo@'s) that did not destroy the entire stand. Catedl ages of
stands (from tree cores) differed from the FC tyjpddrmation (Fig 1). Based on mean stand age, I8aftands
were misclassified, with 5 of those younger thaetl and 2 older than typed (Fig. 1). The domiaauait co-
dominant trees were aged in each plot, as welafatgest tree(s) and the mean age, by specbsvw in Fig. 2.
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Principal components analysis

47 of 50 possible plots were included in the anslyEhe first PCA axis (PCA-1) accounted for 32%haf variation
in the data s&t The second axis (PCA-2) accounted for a furtt386 df the variation in the data. PCA-3 and
subsequent axes accounted for less variation iddteeand are not addressed further in the analysis

The following variables were positively associatéth PCA-1: number of large trees in the plot, &sglive dbh in
the plot, percent herb cover and percent of trgel&rees with evidence of pathogens, while smallraadium sized
shags were negatively associated with PCA-1 (Tapl&his suggests that PCA-1 is therefore assatiaith old-
growthness of the plot (based on cited structssbeiations with old forests). PCA-2 is highly asated with large
shags and negatively associated with lichen loaliagle 1).

Mapping the plots in factor space produces two mgaljat groups. Firstly, a group of 22 plots with RQ scores
>0, which appear to be old-growth plots based encttmbination of stand structural attributes (Bjg.Secondly, a
group of 25 plots with PCA-1 scores <0 which geltgtack old-growth attributes (Fig 3). We pressammary
data for three groups based on splits by PCA-1R®@#-2. The first group consists of plots with PCA-D which
have a large number of stand structural attribasssciated with old-growth (referred to as ‘oldfuiure tables).
Although PCA-1 > 0 plots appear to split into twagps (Fig. 3) this represents a split at approkétgad00 years
which is interesting ecologically, but is not redatto current management objectives, since bathpgr would tend
to be classified as ‘high quality’ old-growth. Teecond group consists of plots with PCA-1 < 0 a@AR > 0 (top
left hand corner), which appear to be higher quaidcruitment’ old-growth (termed ‘recruitment’ fature tables).
The third group is characterized by PCA-1 < 0 a@dR < 0 (bottom left-hand corner), which almostiety lack
old-growth attributes (termed ‘not-old’ in futurgdles). These categories are shown on Fig. 3 bgdtied breaks
in the factor space.

1 A good result for ecological data (Gary Bradfié@99 pers. comm.)
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Figure 1. Measured mean and maximum age of standamapled in the ICHmw2. Predicted forest age classese shown as boxes
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Figure 2. Mean age of stands and species samplediie ICHmw?2.
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Table 1. Component matrix for PCA of ICHmw?2 data.

Componerit
1 2 3 4 5
Maximum DBH .866 -4.9E-02 -6.1E-02 2.94E-02 .168
Big trees .851 -.133 3.98E-02 -.132 196
Coarse woody debris .349 404 -.381 -.427 -.305
% big trees with dead tdps 547 271 -.483 422 176
Herb covet .638 -.268 .468 -3.5E-02 .376
Herb height 457 -.243 .389 442 2.25E-02
LFH thickness 418 2.45E-03 -.236 -.652 .342
Lichen abundance .398 -.639 2.35E-02 227 -.396
% big trees with pathogehs .628 .224 -.309 .287 413
Shrub height 437 574 .555 -9.1E-02 -.246
Shrub covet 231 .538 .703 -.127 3.99E-02
Big snags 181 .646 -.248 .338 -.176
Medium snags -.631 .249 9.44E-02 .287 .204
Small snags - 737 -.107 3.41E-03 -.142 417
Number of tree species -.602 .254 .126 .148 .383
45 components extracted
®Variable arcsine square root transformed
3
2] Recruitment - .

R % - ®

E 14 % -

§ N * * *

g . * Y4 es Od

g 0 = % AGECLASS

Qo A

£ io 0 «* % = 900
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g 3 = 500

1

PCA-1 (High bigtrees, bigdbh, herbcov ; Low snagsmall, treespp, snagmed)

Figure 3. ICHmw?2 plots mapped in factor space. Théage-class’ definitions used are based on measurptbt

ages.

12



R.F. Holt et al. 1999.

An index of old-growthness for two variants in 1iGH.

We present the summary statistics for these grioupable 2. Note that for some of the attributeselkpected
patterns are not apparent, and in some casesish@rerlap between groups for some attributes. fidsalts
because the technique ordinates plots on the bialkthe attributes, rather than single attrisute

Table 2. Summary statistics for groupings in ICHmw2 Mean value and standard error for each group.

Variable Not-old  Standard Recruit- Standard Oold Standard
error ment error error
Mean age 126.0 (6.6) 169.4 (13.3) 402.7 (31.8)
Mean max age 151.9 (15.1) 257.9 (28.8) 564.7 (48.6)
Big tree density (#/ha) 22.0 (6.0) 29.0 (6.0) 140.0 (12.0)
CWD (# of pieces on 72 m transect  38.0 (5.0) 29.0 5.0)( 53.0 (7.0)
Max live dbh (cm) 54.1 (2.6) 60.9 (3.0) 87.7 (2.8)
Deadtop (% of >50cm DBH) 4.5 (3.2) 22.3 (9.0) 354 (5.5)
Herbcover (%) 2.5 (0.9) 3.2 (1.4) 11.4 (2.1)
Herb height (cm) 9.1 (0.9) 10.0 (0.0) 13.5 (1.6)
LFH depth (cm) 3.5 (0.4) 2.8 (0.3) 4.7 (0.5)
Lichen Abundance 1.1 (0.2) 0.9 (0.2) 1.4 (0.2)
Pathogen (% of >50cm DBH) 6.0 (3.4) 30.0 (10.9) 643. (4.0)
Shrub cover (%) 25 (0.9) 5.2 (1.7) 5.8 (1.6)
Shrub height (dm) 25 (0.7) 4.7 (1.3) 7.2 (1.5)
Snags big (#/ha) 2.0 (1.0 20.0 (4.0) 17.0 (4.0)
Snags medium (#/ha) 30.9 (6.8) 72.3 (10.0) 12.2  0)(3.
Snags small (#/ha) 87.3 (11.0) 70 (15.5) 19.6 (3.8)
Number tree species 4.7 (0.2) 5.5 (0.4) 3.2 (0.2)

“Lichen abundance classes: <1 = low; 1-2 mediunhigB (based on Armleder et al. 1992)

Stand structure attributes and stand age

In order to investigate the relationship betweean ghe and the PCA-1 score ( a surrogate for adgdimess), a
scatterplot of mean plot age versus PCA-1 is sh@ig 4). If plot age and PCA-1 both exactly delsed ‘old-
growthness’ you would expect to see a tight limeltionship between these two variables. Howeaves apparent
that, although there is a strong relationship betweld-growthness’ and stand age (Spearman ctioelef 0.755),
there is also further variation captured in thetiatiate approach not captured solely by age. &leean especially
wide range of PCA-1 scores found for stands betvedanut 170 and 250 years from Figure 4. This sugdkeat
using stand structural attributes in addition te aguld add to the ability to define the old-gromgiss of a stand.
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O WilsonB

4

Mear Age (years)
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Figure 4. ICHmw2: Scatterplot of PCA-1 score and man plot age.

It is also clear from Fig. 4 that plots with higalwes for PCA-1 include stands of a wide rangegekagreater than
approximately 200 years. This lends support tcctireent policy decision for an interim working defion for old-
growth of 250 years in this variant.

Site series

Stands and plots sampled were from a range o$eites. In our principal components analysis, veeiged data
from different site series to increase our samizke, &nd because we were interested in broad psitsgplicable to
current old-growth policy. However, some of theiaion in stand structural attributes among plots/oe a result
of differences in site series. We did not incluiie series in the PCA because it is not a ‘stradtattribute’ of the
stand, and because we had insufficient samplingyata analyse individual site series. To examtine potential
influence of site series, the number of big treg®¢m dbh) per plot (square-root transformed to@pmate a
normal distribution) was used as an index of tloelpctivity of a site. The mean age of plots (lansformed to
approximate a normal distribution) was include@ asvariate to account for differences in big ttemsity caused
by plot age. In an analysis of covariance (ANCOVgi)e series did impact the number of big treeenkesl in the
plot, after correcting for differences caused byamplot age (ANCOVA: log age k= 85.5, p < 0.001; site series:
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F1.4=5.3, p <0.0012). Site series means show a hidgresity of big trees in wetter 05 site seriesy(big. 5; see
discussion).

(&)

B o

A § 50

i o 40- 'y

=C 30

S L 20- * { 2

85 10

ET 0

=}

Z 01 03 04 05
Site series

Figure 5. Number of large trees (>50cm DBH) (plushinus standard error) per hectare by site series ithe
ICHmw2.

Figure 6 shows the relationship between site sandsposition of the plot with PCA-1. It is diffituo see patterns
in the data, because of the uneven sample siteediifferent site series. However, most plots 8ite series 05
have a PCA-1 > 0 and may be more often classifiedldrgrowth because of the high density of larged in these
plots (Fig. 6).
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Figure 6. Ordination of plots in factor space by de series.
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ICHdw

Stand age

Eighteen stands were sampled in the ICHdw BEC warfn equal distribution of stands from age classe- 9
were sought, but it was difficult to find examptdlder stands which were (i) accessible, (iiyofficient size or
(iii) had not been extensively high-graded. Thadsawere typed on forest cover maps as age cléss8s(22%
age class 6, 11% age class 7, 44% age class 8agd#ass 9). In terms of measured mean agess(fotadll
species), there was a relatively even distributiostands of different ages, ranging from 86 to &4rs , then a
break to two stands with mean ages of 274 andBg07). A comparison of observed versus FC agescla
information is shown (Fig 7). Of 18 stands, usingam stand age, 7 of 18 stands were misclassifiethe®e seven,
five were younger than typed on forest cover manostao were older than mapped.

sPrincipal components analysis

42 of 56 possible plots were included in the ansllyShe first PCA axis (PCA-1) accounted for 26%uf t
variance in the data set. The second axis (PCA@umted for a further 20% of the variation in tiaa. Axes 3
and 4 both accounted for a further 10% of the vianan the data set, however their contributionas reported
since the first two axes represent the main ingtatniedifferences in the data. The number of axes usedtain
ordinations in the data is a matter of judgementwifi depend on the intended use of the analydenly 1986).

The following variables were most positively asated with PCA-1: number of large trees in the ot percent
shrub cover. Total tree density, density of smraks, and small snags, were most negatively assdaiath PCA-1
(Table 3). PCA-1 therefore appears to be associatbdld-growthness (as determined from the litera). PCA-2
is highly associated with coarse woody debris, gr@rdead tops, LFH, number of large snags, antidetesity of
trees (Table 3).

! Note that the inclusion of variables in the PCA change which variables factor highly with eachARRis. For
example, a second PCA removing percent shrub domerthe analysis was conducted. The overall lapbyiots
in factor space remained very similar to the PC#wshrub cover, but the contribution of variablegach PCA
differed. For this reason, we do not use the cati@ matrix scores to ‘weight’ attribute valueghie index of old-
growthness (see discussion).
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780 A Maximum age measured
720 - 0 Meanage (+)se
660 - [ ] Width of forest cover age class

Figure 7. Measured mean and maximum age of standarapled in the ICHdw. Forest cover age classes arb@mvn as boxes.
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Mapping the plots in factor space produces no atshodistinct grouping of plots (as in the ICHmw?2).
However there are gradients of plots in the fasparce (Fig. 9). As with the ICHmw2, PCA-1 was uasd
the main dividing axis because it explains the masftion in the data. However, because therengaa
clean split at PCA-1 = 0, we decided to presenhtammediate group with PCA-1 between -0.5 and +0.5
The three groups are therefore (i) ‘old” with PCA-10.5, (i) ‘recruitment’ with PCA-1 > -0.5< +0.and
(ii) ‘not-old’ with PCA-1 < -0.5. Because the pisidning of variation between PCA-1 and PCA-2 isl{a
similar (26% versus 20% respectively), we triegtoduce groupings based on both axes. However, the
summary statistics derived from this more complepraach resulted in too many groups and were not
readily useable, so we resorted to using this reionple grouping technique. Summary statistics for
attributes in each of these groups (old, recruityreamd not-old) are given (Table 4).

PCA-2 (High LFH, Deadtops, CWD)
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+
®
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PCA-1 (High Bigtrees, Shrubcover; Low Small trees and snags, density)

Figure 9. ICHdw: ordination of plots in factor space.
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Table 3. Component matrix for PCA of ICHdw data.

Component Matrik

Component

1 2 3 4 5
Maximum DBH .866 -4.9E-02 -6.1E-02 2.94E-02 .168
Big trees .851 -.133 3.98E-02 -.132 .196
Coarse woody debris .349 404 -.381 -.427 -.305
% big trees with dead tops 547 271 -.483 422 176
Herb covef .638 -.268 .468 -3.5E-02 .376
Herb height .457 -.243 .389 442 2.25E-02
LFH thickness 418 2.45E-03 -.236 -.652 342
Lichen abundance .398 -.639 2.35E-02 .227 -.396
% big trees with pathogehs .628 .224 -.309 .287 413
Shrub height 437 574 .555 -9.1E-02 -.246
Shrub covet 231 .538 .703 -.127 3.99E-02
Big snags 181 .646 -.248 .338 -.176
Medium snags -.631 .249 9.44E-02 .287 .204
Small snags - 737 -.107 3.41E-03 -.142 417
Number of tree species -.602 .254 126 .148 .383

45 components extracted
® Variables arcsine square root tranformed

Table 4. Mean attribute values and standard errordor groups determined by the PCA analysis for

the ICHdw.
Variable Not-old Standard Recruitment  Standard Old Standard
error error error
Mean age 101 4 119 9 228 28.7
Mean max age 170 20.6 184 21 377 68.2
Big tree density (#/ha) 16.5 6.5 53 9 74.5 6.5
Density live >12.5 cm DBH 293 74 255 51.4 251 31.2
(#/ha)
Density medium trees (#/ha) 26 8 27 6.5 31 7
Density small trees (#/ha) 262 22.5 181 34 110 25.5
Largest live dbh (#/ha) 51 8.1 67 7.7 75 4.9
Deadtop (% of big trees) 0.05 0.05 0.25 0.05 05 1 0.
Pathogens (% of big trees) 0.15 0.1 0.65 0.15 0.69.1
Density of all live trees (/ha) 785 120 483 78.5 241 64
CWD (#pieces on 34 m 9.5 4 115 3 18 5
transect)
LFH (cm) 4.3 0.55 4.3 0.55 5.4 0.55
Lichert 0.6 0.3 1.3 0.5 2.3 0.3
Shrub cover (%) 0.1 0.05 0.3 0.1 0.45 0.1
Snags >50 cm dbh (#/ha) 4.5 4 10.5 5 12 4
Snags 25-50 cm dbh (#/ha) 134 59.6 94 44.8 43 14.6
Snags 12.5-25 cm dbh (#/ha) 120 38 38 13.7 32 7.0
# Tree species 4.4 0.6 4.3 0.4 2.5 0.25

“Lichen abundance classes: <1 = low; 1-2 mediunhigB (based on Armleder et al. 1992)
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Stand structure attributes and stand age

In order to investigate the relationship between age and the ‘old-growthness’ of the plot asrosdi by
the PCA-1, a scatterplot of mean plot age versus-P@& shown (Fig. 10). If plot age and PCA-1 ekact
described ‘old-growthness’ you would expect to sdight linear relationship between these two \@eis
However, it is apparent that, although there is@ng relationship between PCA-1 and stand ageg tise
also further variation captured in the multivariapproach not captured solely by age. Examinatidheo
figure shows that in general, stands with manygslulvth associated variables appear in stands gribaie
approximately 150 years of age. However, it is alsar that there are some stands younger thayesg,
which have old-growth attributes. We suggest thia result of the different patterns of disturbaincis
variant, which results in some younger stands lgpainonsiderable veteran tree component whichaavi
low intensity fires (see discussion).
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Figure 10. Relationship between PCA-1 and mean stdrage.

Site series

Stands and plots sampled were from a range o$eites. We grouped data from different site sedes
increase our sample size, and because we werestedrin broad patterns at a BEC variant level,
applicable to current old-growth policy. Howevesire of the variation in stand structural attribiaasong
plots may be a result of differences in site setiegrder to investigate this effect, the numbigoig trees
(>50cm dbh) per plot (arcsine square-root transéatto approximate a normal distribution) was used a
an index of the productivity of a site. The meap afjplots (log transformed to approximate a normal
distribution) was included as a covariate to actéomdifferences in big tree density caused by plye. In
an ANCOVA, site series did not impact the numbebigftrees observed in the plot, after correctig f
differences in numbers of big trees by mean plet@dNCOVA: log age = 15, p < 0.003; site series:
F1.=0.7, p = 0.49). Mean numbers of large treeshpetare, by site series are shown (Fig. 11).

21




R.F. Holt et al. 1999.
An index of old-growthness for two variants in iGH.

30
20 { ®
10

0 -

Number of tree
>50cmdbh per hectare

02 Ola 01b

Site series

Figure 11 . Number of large trees (>50cm dbh), plésninus standard error) per hectare, by site series
in the ICHdw.

In addition, we show the ordination of plots byeseries (Fig. 12) to determine whether particsikar
series tend to result in higher ‘old-growthnessag'o There are no obvious patterns in these eéatspt
that the dry ICHdw - 02 sites are somewhat groupethe PCA-1 axis.
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Figure 12.0Ordination of ICHdw plots highlighted by site series.

An index of old-growthness

In order to provide an index for old-growthnessrirour limited pilot study data we decided to use an
approach which does not attempt to weight attribirteorder to produce an ‘old-growthness’ score. We
considered using the correlation coefficients fitbia correlation matrix in the PCA however thesengeal
quite considerably when different attributes wergtded or excluded from the analysis (although the
general positions of plots in the factor spaceestayuite constant). For this reason we felt it was
inappropriate to use the correlation coefficientsveight attributes. As an alternative, we provade
‘transparent’ process for ranking candidate patettésh we feel would allow the practitioner to wetg
attributes themselves if they felt that was neagssaappropriate (see below for discussion).
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Our approach is to use the groups of plots geretatéhe PCA for each BEC variant to produce aetaibl
look-up threshold values for each attribute. Thietaites in Tables 2 and 3 were examined to produce
subset of attributes which met the following ci#e(i) they did not overlap between groups (igith
pattern makes ecological sense based on the literdtii) they did not have a U-shaped distribat{such
as coarse woody debris and medium sized snag®aaysetention of attributes in younger standmfro
previous disturbanéeFor attributes which met these criteria, threghallues were produced from the
midpoints between adjacent plot groups (e.g. betireat-old’ and ‘recruitment’, and between
‘recruitment’ and ‘old’). These threshold values aresented in Tables 5 and 6. We chose to prdduace
thresholds for each variant, because current lap@sanit planning for old-growth in British Colurabi
requires planners to identify not only true oldgtio forest, but also recruitment forest in areas Hre
currently in deficit for old-growth (as defined iRrovince of British Columbia 1999). It is our exipace
that areas in deficit are the most controversidhaitl likely require the most field assessmenbider to
adequately protect suitable forest to meet landsoaft planning objectives. Although we did notlune
age in the multivariate analysis we include it asribute to evaluate because we suggest agelpsov

further discriminatory power for choosing amongstsa(e.g. Goward 1993), however, note that we are n

attempting to revise the current age criteria fdrgrowth in these variants.

Table 5. Threshold values for attributes in the ICHnw2, per hectare.

Attribute Threshold - Thresholg
< ,':: Not-old Recruitment old

| SCORE 1 2 3
Mean age 147 286
Mean Maximum age 204 411
Density trees >50cm dbh 25 84
Largest dbh 57 74
Percent big trees with broken/ 13 28

deadtops
Percent big trees with pathogens 18 36
Snags >50cm dbh 11 18
Snags 10-25cm dbh 78 44

! Using attributes that have single directional dsesimplifies the scoring process.
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Table 6. Threshold values for attributes in the ICHlw, per hectare.

Attribute Threshold Threshold
< ,':: Not-old Recruitment Old

| SCORE 1 2 3 |

Mean age 110 173

Mean Maximum age 177 281

Density trees >50cm dbh 34 64

# of CWD >30cm dbh on 34m 10 15
transect

Largest dbh on plot 58 71

Percent big trees with dead/ 20 49
broken tops

Lichen abundancde Low Medium

Percent big trees with pathogens 40 70

Density of trees >12.5 < 40cm 222 145

Density of snags >50cm dbh 7 11

Density snags 12.5 - 25 79 35

“Based on Armleder et al. 1992

A sampling methodology for old-growth assessment
The procedure for ranking a stand would work aeed:

(i)

(ii)

(iii)
(iv)

Determine (from existing cruise data, or from néidf data) the values for as many attributes
shown in Tables 4 or 5 for that variant, as possibhe more variables measured the better. If
cruise data are available, additional ages shaulthéasured in the field as ages are not a priority
for cruising in stands over 120 years of age. Whieeestand is field sampled (either when cruise
data are unavailable, or where data on additiat@bates is requiredl we would recommend

using a minimum of three plots per stand in ordegdin a reasonable ‘average’ view of the stand.
For each stand, review the look-up threshold vatuesaward a score based on the position within
the table. For example, in the ICHmw?2 if the deneitbig trees is 90/ha (Table 5), then a stand
would get a score of 3 for that attribute. It woaldo get a check mark in the ‘old’ column for that
variable.

Repeat for a number of attributes, multiply numdsiechecks by appropriate value (1,2 or 3 for
not-old, recruitment and old columns respectivedy)d sum to obtain a total score.

Stands with a higher score are more likely to loegrbwth, or are potentially more suitable as
recruitment stands. A review of the stand structategories, i.e. not-old, recruitment, old, given
for each attribute gives the user a relative idea@value for each attribute in that stand. This
approach is useful because it allows the planneosider multiple objectives for a stand. For
example, a suitable old-growth management areabmagquired within a caribou special
management zone. In this case, preference woulivba to stands which scored high (good old-
growth) values for the density of big trees, licliemsity and evidence of pathogens (Stevenson
1994). Note that any comparison among stands muskie assessment of the same set of
attributes in each stand.

2 Present cruise data can provide most of the irdtiom required for the score card assessment. Hawev
there are a few attributes that are not availaiolk fthe cruise (for example lichen abundance, camer
height of understory, and depth of LFH). Havingstnadditional data gathered on the cruise is iraport
since they were important in determining plot dttion in factor space, and so provide better tata
evaluate the old-growth status as well as hahifi¢atsility of stands.
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Application

The procedure described in this paper offers giacér a methodology for assessing the structural
attributes present in a forest stand, and rankimgpeting stands based on structural attributessiggest
that the methodology will be useful for practitioeéaced with choosing between competing stands wit
fairly similar attributes. We do not envision ttzditcandidate OGMAs would be tested using this ragk
procedure (given current fiscal constraints), hasvepotential recruitment and ‘younger old’ standsld
be ranked using this procedure. Some will be ‘obsfip old’ or obviously not-old and not require
assessment.

Note that the methodology only assesses standfstelrs, and that designating OGMAS must also
include an assessment of landscape level factosstign within the landscape, forest matrix contskte
of patch etc — see Holt and Steeger 1998 for fudk&ails). The procedure for laying out OGMAS is
detailed in the Landscape Unit Planning Guide (Btiyi of Forests and Ministry of Environment Lands
and Parks, 1999). In many cases, opportunitiesewiit for choosing combinations of OGMAs which
provide higher biological benefit within the policgnstraints outlined. Determining the stand level
attribute value present in a stand should be tisedtep in this assessment procedure.

Stand Variant: 1CHdw Size
Slope Site series geC a
Attribute ‘ Measured ‘ Score Thresholds
Value

Not-  Recruit- Recruit-

old ment old ment old
Mean age 110 173
Mean Maximum age 177 281
Density trees >50cm dbh 34 64
Largest dbh on plot 58 71
Density trees 12.5 -40cm 222 145
# CWD >30cm, on 34 10 15
% trees >50 w deadtdps 20 49
% trees >50 w pathogehs 40 70
Lichen abundanée Low Medium
Density of snags >50cm 7 11
Density snags 12.5 — 25cm 79 35

sum sum sum

(*1) (*2) (*3)

+ + =__ Total Score

Comments and Landscape Considerations:

1: # pieces of CWD with dbh > 30cm, on 34m transieiugh plot
2: % of large trees (>50cm dbh) with dead or brologs

3: % of large trees (>50cm dbh) with evidence adhpgens

4: based on Armleder et al. 1992.

Figure 13. An example scorecard for a stand in theECHdw.
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Discussion

Defining what is an old-growth forest has receiwagch recent attention. Definitions based solelyaga
are used since they are simple to employ, howévisrwidely acknowledged that definitions based on
stand structural attributes are more useful focideisg ecological processes and habitat valuesn(gin
and Spies 1991, B.C. Ministry of Forests 1992, shesv and Burton 1998, Weksal. 1998). It is
generally accepted that old-growth forest is atethe of a continuum from stand initiatforand a review of
existing literature has demonstrated the lack otfional ecological thresholds marking the develepm
of old-growth from younger forest stands (Hunted &vhite 1997). Spies and Franklin (1988), working i
coastal Douglas-fir forests, suggest two attrillléeelopment curves: a U-shaped function which deser
attributes which are initially plentiful after astiirbance event (often remnants of the previoustaidd)
which then decrease through the mid-seral anditteerase into the old-growth stage (e.g. volume of
coarse woody debris); and an S-shaped curve wiestritbes attributes that increase in abundanceaafte
disturbance event and eventually taper off, orlv@aplateau (e.g. biomass). Although, the ratdnahge

of attributes over a short period of time can bigeqapid in some ecosystems (e.g. Tyrell and C1894),
it is generally thought that the rate of changattiibutes does not follow a step function, andamnot
readily be considered useful for defining threskold

It must be accepted then that any old-growth dedimiwill be somewhat arbitrary (Hunter and White
1997). Spies and Franklin (1988; Franklin and SpE%1) use this assumption as the basis for timelex

of old-growthness’ where the successional statassténd is ranked on the basis of a number dbatids.
Stands are not dismissed because they ‘fail to oldegrowth standards’, but are instead given atned
ranking based on the abundance of a number dbatis. This approach receives much support bedause
may avoid potential short-sighted errors in oldvgfodesignation (Hunter and White 1997; Wetlsl.
1998).

In this report, we use a multivariate techniquelemtify groupings of mid- and old-seral plots lzhsa
stand structural attribute data, and use thesepgrmuidentify threshold values for ranking the-old
growthness of older seral stands of the ICHmw21&ttdw BEC variants. In general, we feel that this
approach was successful in objectively groupingspland in producing meaningful threshold values fo
some attributes which can be used to rank candaddigrowth management areas (OGMAS) as ‘old-
growth’, ‘recruitment’, or ‘not-old’ forest.

In our principal components analysis, the datatferlCHmwz2 variant split into natural groupings mor
easily than did that for the ICHdw. This is perhdps to the greater abundance of old stands sarimpled
the ICHmw2 which are then more easily discrimindtech younger stands. Finding sufficient old ICHdw
stands whose structures have not been altereceliops logging or which were not severely impadigd
other developments proved to be a severe limitatidhis study. The lack of ‘natural’ old standsiédo

the combination of human development and fire seggion) may also result in lower values than natura
old-growth for some of the attribute thresholdg] &na considerable problem for any study attenggiin
assess ‘natural’ old-growth in this variant. Anotfeetor in the lack of groupings in the ICHdw mag/the
wider range of types and intensities of disturbameerally occurring in the ICHdw. The ICHdw incksl
areas which naturally undergo light-intensity stamaintaining fires (e.g. Beck (1984) calculatedta f
return of just over 11 years for an ICHdw/ O1a djaas well as severe stand-destroying fires and
intermediate-intensity fires, in which portionstoé stand survive. We had hoped not to includelthes
sites in sampling the ICHdw, however, it was veaycto find sites of a suitable age class whicheweat
dry or rocky, or alternatively, were not riparidiie decided to avoid riparian areas since theseaapgeo
be quite different, and instead used drier sitdthoigh we do not see obvious patterns of increased
productivity (density of big trees used as a suatepwith site series, an effect would be expeaied,our
negative result could be due to a lack of powetdiect an effect on a single variable.

% Some authors recognize antique or ancient foesstistinct from old growth. These climax forestséa
been free of stand level disturbances for longan the maximum life span of the climax trees.
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In future work to develop thresholds, we suggest ithmay improve the ability of the PCA to explain
variation in the data if a number of extra varigblere sampled. These might include measures t€aker
or horizontal heterogeneity (see Kneeshaw and Bur®®8 for examples). We originally noted the
presence and distance from the plot of gaps irstaurds. However, we observed almost no variatidhén
data, with almost all stands (except the very yastighaving gaps present. An improvement may be to
count the number of gaps within 30 m of plot cenlineaddition, it would be useful to include a sfiec
diameter measure for coarse woody debris to all@asures of volume / hectare to be included in the
analysis. Our initial intention was to focus orriatites which are both easily and repeatably measur
however, we feel that in some s these additiottiabates may be worth the effort to sample. More
extensive attribute sampling will provide additibmdormation to discriminate between the old-
growthness of stands.

Alternative Methods of Old-growth Definition

Defining whether a stand is old-growth can be aadeusing a variety of techniques. Age-class stnecis
one approach to determining whether an individtald has attained the functional stand development
stage of old-growth (Oliver and Larson 1990; Knesgland Burton 1998). This definition is based am th
point at which the replacement cohort becomes dantiover the immediate post-disturbance cohort. The
advantage of this approach is that it does notaelthreshold values based on other stands, howiever
requires intensive sampling of ages within thedtaloes not allow relative ranking between staadd,

does not directly evaluate structural attributepantaint to habitat. These attributes may be prdeagt
before the replacement cohort dominates the stamgcially where the post-disturbance trees aig lon
lived.

Alternatively, Quesnel (1996) summarised statidtios1 an existing data set (biogeoclimatic clasatfion
system data) for stands assuraq@iori to be old-growth (in this case greater than 140g)e A threshold
value for each attribute was determined, basecherstandard error lower than the mean value fdn eac
attribute. Any stand that reaches this lower thokesfor any attribute is then considered to be gidwth
(Quesnel 1996). Potential problems with this apghdaclude: (i) assuming that all stands measured a
actually old-growth; (ii) assuming that the attrtibsi used for thresholds are positively correlated wald-
growthness (e.g. trees with a DBH 30 — 50 cm ateowelated with old-growth (as defined by PCA-1
scores) in our data: PCA-1 component matrix scbfe086 in the ICHdw), (iii) that meeting the thinedd
for one attribute is sufficient to make the stafdtgrowth, (iv) that all attributes have equal waign
defining old-growthness. However, it does providmaservative approach for defining old-growth d&an

More complex indices have also been developedinstaince, Kneeshaw and Burton (1998) used threshold
values for attributes positively associated witth-giowth development based on the mean values batwe
the maximum level found in mature stands and thrérmim level found in old stands. These threshold
values were then weighted by the correlation wWifiAFL.

We investigated the use of an approach similanabaf Kneeshaw and Burton and examined the palenti
to use correlation coefficients from the PCA asglvéing factors. However, we noticed that, althotigh
position of plots in factor space was relativelgide with changes in attributes, the correlatiortrinacore
was quite significantly affected by the attributsgd in the analysis. We therefore decided theas
inappropriate to use the PCA correlation scoreseghting factors. Instead, we used PCA to deteemin
natural splits in the data, and then provide thokeslialues for different levels of old-growth basedthese
splits. We feel this is the most useful approadlessit not only provides a ranking approach fondsa but
also allows direct evaluation for each attributeain then easily be adapted to identifying OGMAsclv
overlap with other biodiversity values. For instanklountain Caribou Special Management Zones often
overlap with OGMAs (R.F. Holt unpubl. obs), but kaadditional specific stand structure requirements
(Stevenson et al. 1994).

Using any single approach to define old-growtmlgerently circular since there is only hypothesis

generation, and no independent way to test thethgsis. Kneeshaw and Burton (1998) overcame this
problem by intensive field sampling and comparing tesults of multiple approaches to rank the old-
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growthness of stands. They found that the standxteme ends of the scale (definite old-growth and
definite ‘not’ old-growth) retained the same relatposition and category irrespective of the apgroa
However, some intermediate stands changed relanleand category depending on the method used.
This was because different methods targeted diffexttributes. We were unable to compare different
methodologies since the scope of the project dicdahow intensive sampling on a suitable scale.Nope
that the scorecard approach will assist plannesgliecting from these intermediate stands basedeon
biodiversity objectives for their landscape unit.

Stand Age

Stand age, while appearing to be a straightforwantept, has some problematic aspects. The mostywid
applied definition in B.C. is that of B.C. Ministof Forests Inventory Branch, which theoreticaiiates

to the mean age of the one hundred tallest treesiand. Practically, it is the mean age of tvdivilduals
per species of the dominant and codominant tregsnatme case of forest cover mapping is photo-
interpreted. Other authors have considered staadcalge the age of the oldest tree in the standenthere
was no evidence of subsequent disturbance (ieeséiars; Kneeshaw and Burton 1998). In environments
such as the ICHmw2 and ICHdw, disturbances ar@oéble severity and frequency and fires often aio n
destroy the entire stand as evidenced by fire smativing trees. One of the problems in interprgtstand
age arises when applying the same definition todstéhat have had very different stand development
histories. Using two 140 year old stands as an plamne could have arisen from a severe fire abbQt
years ago with most dominant and codominants esiedid) shortly after that fire, while the otherrstia
may have numerous 300 year old stems that sur@vadderate intensity fire about 80 years ago.
Although sharing the same nominal stand age, tstesels would contain very different structural
attributes. Using the mean age of trees currenttiié stand is therefore inappropriate since ibiga the
fact that the overall stand age may be much older.

In forest types dominated by stand-replacing fities,age of the oldest trees on the plot may bera tnue
measure of stand age (and even so may still be@erestimate of true stand age). In stands tyicall
dominated by stand-maintaining or moderate intgrisis, the mean age of the canopy (excludingraete
trees) may be a suitable stand age, but the apatepess of this will depend on the basal areatran
trees retained. If they constitute a large perggntd the basal area then this should be reflentéue
stand age. Another approach to try to simplifyititerpretation of stand age is to sample ages based
basal area above a minimum DBH limit (K. llles, pe@@omm. 1998). In areas where variable severity
disturbances occur (such as the bulk of the Ndfswast Region), using mean stand age as the didyiar
for assessing old-growth status can be very migigadnd some measure of the variability in tree iag
necessary in order to interpret stand age.

One conclusion from this project is that foresteroage classes are insufficient to define the dide
growth status (and biological value) of forest ggrThere are a number of reasons for this. Firstly
forest cover age classes are often incorrect. Wassshown in our presentation of measured age versu
predicted age from forest cover labels (figuresad 3). Across the two variants, 39% of labeling was
incorrect, with 27% of the stands being youngen tte inventory label. In addition, in some insesa
stand may in fact be ‘old’ but may contain few gldwth attributes, particularly at high elevatids
Clow pers. comm.). These stands may fail to prosidiequate habitat values for species reliant piiynar
on old-growth forests.

It was not one of our express objectives to reagbesage class cut-offs for old-growth suggestdtie
Forest Practices Code Biodiversity Guidebook (B/Aihistry of Forests and BC Environment 1995), given
our limited sampling. However, our analyses do gsjgome mean ages for the different groupingdef o
growthness. For the ICHdw, we derived a threshgklfar older stands of 174 years, with a younger
threshold of 110 years for recruitment old-grovithese thresholds (and the associated means foidhe
intermediate and young groups) are somewhat sittilire current FC age class definition of 140 gear
For the ICHmw2, we determined threshold ages ofy286s for older stands, and 147 years for recastm
stands, which also brackets the Biodiversity Guidddvalue of a 250 year threshold for this variant.
Examination of plots of age versus PCA scores (g4 and 11), there are no high old growth scores
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below about 200 years and by 270 years all staardshigh in the ICHmw2. In the ICHdw the break to
high scores is not so well defined but by age T#es are uniformly high, which again is in general
agreement with current age-class definitions. @praach, however, allows stands at different places
along this continuum to be ranked and classifiegsective of age. This will increase flexibility i
landscape unit planning while maintaining biodivtgrsalues as a priority in OGMA selection.

Comparisons of our results with existing data

Three other authors (see below) have examinedtstal@ttributes of stands in the Nelson Forestiéteg
and in ecologically similar area. Quesnel (199@&dudata collected by the BEC program, and compiled
live tree and snag data by site series for stareley than 140 years (considerably younger than th
present definition of 250 years for old growthtie iCHmw?2; B.C. Ministry of Forests and BC
Environment 1995). Quesnel did not subdivide siaigssize classes, and since trends in distributifon
shags in different size classes will differ withrei age, these snag data do not provide usefularisops.
For the ICHdw, our attribute values fall within thenge reported by Quesnel (Table 7), even in déise c
where our stand age is considerably older. Wefalsed considerably more large trees in our ‘old’
category in the ICHmw2 than in Quesnel’'s most potide site series (though our stands were also
considerably older than Quesnel’s).

The US Forest Service generated definitions basedinimum standards for old-growth in areas
immediately south of the Nelson Forest Region (Greal. 1992). The process used to derive minimum
standards is unclear, but it appears to have iedobubjective assessment of inventory plot datatéords
above a specific (unstated) age. The definitioesased on the number of large trees, large trecaagl
basal area. Their definitions are presented foogg®f similar habitat types (equivalent to site
associations) and geographic area. Their NorthddBlouglas-fir, grand fir, western larch,
Engelmann/subalpine fir, western hemlock, whiteegiypes in cool, moist environments are most
equivalent to the sites sampled in the ICHdw. TloetiNIdaho western red cedar type in moist
environments is most equivalent to the ICHmw2 s@ees sampled. Their minimum standards for both
forest types are considerably lower than those fotmer studies (Table 7). These relatively low narmsb
and young age particularly for the ICHmw2, may be tb having minimum standards based on only three
criteria or to having a limited selection of veilgd stands for purposes of comparison. Having séritg
minimum criteria based on a number of features leag to rejecting stands with other old-growth
attributes (Franklin and Spies 1991). In our anajyghen a subset of attributes were input into P€A
split between old and not-old was still very eviden the PCA-1 axis, however several younger stands
were ranked as ‘old’ (Holt et al. unpubl. data)isTsuggests that using fewer variables in the assast of
thresholds for old-growth results in a reductiomaturacy, particular in differentiating betweed ahd
not-old stands.

Gulyas and EIm (1998) used MLSIS (Major Licensdei&ilture Information System) and ISIS
(Integrated Silviculture Information Systehtjata to produce summaries of live and dead taes0f stand
types (leading species / site class) in 21 biogeadic variants throughout the province. In thejpaort they
present data for four size classes (<20cm. 20.0-&8, 50.1 - 100 cm, and >100 cm dbh), and we ptese
the data for trees > 50.1 cm dbh in Table 7. Threggnt no data for the ICHdw and use only two old-
growth (250 years or greater) stands in the ICHMw2ddition, their two plots had only one sizesslaf
shags represented (neither plot had any small yring®ntrast to our data in which all plots hathd
snags, the vast majority had medium sized snadsyast old plots had >50cm snags.

* MLSIS and ISIS are information management systéraiscapture, organize and processe land-based
information required for silviculture managementfieajor licensees and Forest Service respectively.
Documentation on ISIS is contained on the followive sitehttp://www.for.gov.bc.ca/isb/isis/index.htm
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Table 7. Summary of available and comparable dateof the density of live trees in stands similar to
the ICHdw and ICHmw?2.

Site series or variant/old growth number of plots / stands mean stand age  Big tree dersity

category sampled / hectare
ICHdw, or similar:

Old - our data 18 228 75
Recruitment — our data i3 120 53
ICHdw/01a — Quesnel b3 189 39
ICHdw/01b — Quesnel 3 152 104

ICHdw/03 — Quesnel B 157 76
Similar Idaho stands — Green et al. - 150 b 25

ICHmMmw2 or similar

Old — our data ] 402 146
Recruitment — our data 22 179 29
ICHMwW2/01 — Quesnel 1 198 77
ICHMw2/03 — Quesnel b1 221 108
ICHMw2/04 — Quesnel b6 184 1006
ICHmMw2/05 — Quesnel 2 185 121

Similar Idaho stands — Green et al. - 150 €25
Gulyas and Elm 1998 2 - 93

1: Scale of analysis unit: (a) plots, (b) stands.
2: a: > 50cm dbh; b: >53cm dbh; c: >63cm dbh.

Stand versus landscape level considerations

The procedure we present to index ‘old-growthnessa’ stand level structural attribute ranking pcoce
only. It does not include other stand and landséaye variables which should (ecologically) be
considered when delineating old-growth managenremtsa At the stand level these include: size of the
patch (for interior habitat conditions), human-etiéd disturbance within or adjacent to the pagch.(old
roads, old high-grading, location of housing, pdimes, etc.), and other rare features within thielpaAt
the landscape level, additional considerationsiithel position in relation to other OGMAs within the
landscape unit and with adjacent landscape urits)ectivity potential of the patch, state of the
surrounding forest cover matrix (an OGMA bufferadsiirrounding forest may have higher short term
value than one surrounded by clearcuts), othelidpeanagement zone or biodiversity values in the
landscape. Note that many of these stand and lapddevel attributes are not included in the curren
guidelines for landscape unit planning and old-ghomanagement area designation. Current polidyais t
these features may not be managed for unles&riisn that this will not significantly impact timbe
supply over other choices of old-growth managemaesd (BC Ministries of Forests and Environment,
Lands, and Parks 1999). However, there will be nsm@parios either when there is an excess of old-
growth outside the timber harvesting landbase, lree OGMAS must be designated within the THLB,
when it will be possible to consider the varialdelined above without having any further impact on
timber supply. In is the authors opinion that deaign of old-growth management areas without
consideration of both stand and landscape levalnpaters will result in an inefficient use of thienber
budget’ allocated to biodiversity management irtisi Columbia.

Shortcomings of methodology

There were a number of areas where our methodd bawe been improved. If future work of this type i
undertaken, these deficiencies should be addredsdthuld be remembered that this was a low budget
project and inevitable shortcomings stem from tloisstraint.
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1. The number of samples within a site series shoallthtreased so that site series effects, suchaas th
seen in the ICHmMw2, can be accounted for. Subhies should be treated separately from drier site
series.

2. Although our method of assessing CWD was very qaiak allows for a relative assessment of
abundance, it does not allow for calculation oiwmok. This would be very useful when comparing to
other sites since many published reports quotenvetuof CWD. Measuring dbh of pieces encountered
on line transects would alleviate this shortconiMigrshall and Bugnot 1997).

3. Large-sized snags and live trees are often presesmtry low densities and our plot size was toolsma
for an accurate assessment of large snag denkigythfeshold for the not-old group in the ICHdw
would equate to finding less than one snag per plddrger plot size for these variables would lyke
increase the efficacy of this measure.

4. We did not consistently evaluate the presenceaefsitars or veteran trees and so do not have a good
assessment of how many stands were subject to atedetensity fires during their development.

5. Vertical structure was not directly assessed. Diandistribution of smaller diameter trees was
assessed, which should reflect vertical structareur search of the literature we did not finduic
means of assessing canopy structure.

6. We did not assess the presence of gaps with ®ufficesolution to identify variation among plots. A
count of the number of gaps above a certain minirsizm within sight of plot centre might yield
useful information. Otherwise methods to quantéyg are very time consuming. The use of simple
measures of gap structure are unlikely to distislymnature from old-growth stands (R. Wells, pers.
comm. 1999).

7. We did not characterize age class structure, wisigihportant in assessing old-growth status from a
stand development viewpoint. This, however, wogdia be extremely time-consuming.

8. Our method of ranking stands does not include ghtiig of factors. Some factors are more strongly
correlated than others with old-growth status. ot that our correlation coefficients were unstabl
may be a result of our small sample size.

Future work

The field card method presented in this paper shbelfield-tested. A number of stands should becsed
to sample a range of stand ages and structurduaéis. These stands would then be subjectivelluated
with regards to their old-growthness and theseestilve rankings would be compared to rankings using
the scorecard. This is especially relevant givenréfatively low sample size of this pilot projethis field
test is currently in progress by the authors.

The process of OGMA delineation is underway thraugtihe province. Candidate areas need to be
evaluated by a quick, reproducible, objective méthlle propose that this method be extended to other
variants, especially in areas where (i) there mrficant deficits of old forest (compared to geiiicies for
old-growth retention) and (ii) where there are rpldt choices available to planners (e.g. in higivation
areas with large areas of old-growth).
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Conclusions and Recommendations

1. Age provides a basis for defining old-growth, there is considerable additional variation in old-
growth quality unaccounted for by broad age-cladmdions. Stand structural attributes should be
used to refine definitions and ranking procedures.

2. Stand age descriptions on forest cover maps adeduete for designating OGMAs. Many were
incorrect based on mean age, and no indicatiommédtion in age class structure is given. Maximum
age may be a more suitable measure in stands whatisturbances have occurred since stand
initiation. In addition, some ‘old’ stands contginor representation of old-growth habitat attrilsute
and may therefore be less desirable for conservatioposes than old stands with higher structural
attributes diversity. Forest cover mapping is #ti# most easily available and useful tool foridhit
identification of candidate OGMA's, however, addital information gained by aerial surveys and
final ground checking for attributes is necessarg\ualuate attributes quality.

3. The methodology for sampling and indexing old-gtowatches proved quite effective. A single stand
could be assessed in about four to eight hourtufiimy age core examination under binocular
microscope). We suggest that this will provide idafile way to resolve questions about old-growth
quality in the field.

4. The ICHdw has an extreme deficit of old-growth &recompared to guidelines for old-growth
retention). The low availability of natural old-gvth is a result of the combination of historicakfi
setting (for mineral exploration), high urban andustrial development, creation of travel corridors
harvesting (past and present), and fire suppregaitmwing ingrowth in some of the drier site ssjie
Regardless of the cause, the lack of a represemtaditural old forest in this variant is a severe
obstacle in the attempt to manage forests by mimgckatural disturbance patterns (B.C. Ministry of
Forests and B.C. Environment 1995), since it iiadift to even gather baseline data. Protectiothef
remaining old-growth and suitable recruitment otdvgth in this variant must be a priority.

5. Disturbance intensity is variable in both the ICHamd ICHmw?2. This is evidenced by the widespread
occurrence of veteran trees and fire scars in tdotland younger stands. Stand structural attributes
retained after disturbance provide important halfBteeger et al. 1998) and should be conserved
across the landscape in stands of all ages.

6. Although the sample design was not intended tofoestifferences in attributes by site series, ¢hier
significant variation in at least one variable (gignof large trees) in ICHmw2 with site series.r@at
policy in British Columbia is to designate OGMAstla¢ level of the variant, and not at any fineleca
Representation of old-growth at the variant leireoncert with policy to preferentially locate all
OGMAs outside the timber harvesting landbase w#utt in the majority of OGMAs located on steep
slopes and in riparian areas in some areas ofrth@fee. More research is required to evaluate
whether, and to what extent, important ecologiealation will be lost as a result of this policy. A
limited analysis of the potential risk to biodiviéysas a result of this policy is underway (M. Epgrs.
comm.), however the scope of the analysis shoukkpanded to allow a thorough evaluation of
potential risks (R.F. Holt, pers. obs).
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Appendix 2: Summary data for stands sampled in théCHmw2 and ICHdw.



R.F. Holt et al. 1999.
An index of old-growthness for two variants in iGH.

Appendix 1. Example scorecards for the ICHmw2 andCHdw.

Below, we present three examples of using the saotleand the threshold tables from data we collecte
Our intent is not to ‘test’ our thresholds, butiemonstrate the utilisation of the methodology. The
examples chosen are to illustrate a very high tyuald-growth stand (example A), a recruitment dtan
(Example B) which has some old-growth attributesi a “not-old” (example C) stand, which has almost

no old-growth attributes.

ICHmw?2:
Example A (old-growth).

Stand: Glenmerry Variant.___ICHmw?2 Size 60 ha.
Slope 20% Site series 01 FC age 140 - 250
Attribute ‘ Measured ‘ Score Thresholds
Value

Not-  Recruit- Recruit-

old ment Old ment Old
Mean age 542 v 147 286
Mean Maximum age 1014 v 204 411
Density trees >50cm dbh 223 v 25 84
Largest dbh on plot 115 v 57 74
% trees >50 w dead tops 45 v 13 29
% trees >50 w pathogens 45 v 18 37
Density of snags >50cm 13 v 11 18
Density snags 10 — 25cm 50 v 77 45

sum sum sum

(1) (*2) (*3)

o + 4 + 18 = 22 Total Score

Comments and Landscape Considerations:

1: % of large trees (>50cm dbh) with dead or braiogrs
2: % of large trees (>50cm dbh) with evidence dhpgens

Glenmerry — old-growth stand.
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Example B (Recruitment).

Stand: Six Mile Lake Variant._ ICHmw?2 Size 60 ha.
Slope 60% Site series 01 FC age 140 - 250
Attribute ‘ Measured Score Thresholds
Value

Not-  Recruit- Recruit-

old ment Old ment Old
Mean age 197 v 147 286
Mean Maximum age 327 v 204 411
Density trees >50cm dbh 67 v 25 84
Largest dbh on plot 78 v 57 74
% trees >50 w dead tops 35 v 13 29
% trees >50 w pathogens 27 v 18 37
Density of snags >50cm 13 v 11 18
Density snags 10 — 25cm 10 v 77 45

sum sum sum

(*1) (*2) (*3)

0 + 10 + 9 = 19 Total Score

Comments and Landscape Considerations:

1: % of large trees (>50cm dbh) with dead or braiogs

2: % of large trees (>50cm dbh) with evidence adhpgens

Six Mile Lake — recruitment site
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Example C (Not-old).

Stand: MacDonald B Variant; _ICHmw?2 Size 60 ha.
Slope 15% Site series 01 FC age 120 - 140
Attribute ‘ Measured ‘ Score Thresholds
Value
Not-  Recruit- Recruit-
old ment Old ment Oold
Mean age 107 v 147 286
Mean Maximum age 139 v 204 411
Density trees >50cm dbh 17 v 25 84
Largest dbh on plot 61 v 57 74
% trees >50 w dead tops 11 v 13 29
% trees >50 w pathogens 11 v 18 37
Density of snags >50cm 0 v 11 18
Density snags 10 — 25cm 61 v 77 45
sum sum sum
(*1) (*2) (*3)
6 + 4 + 0 = 10 Total
Score

Comments and Landscape Considerations:

1: % of large trees (>50cm dbh) with dead or broiogrs
2: % of large trees (>50cm dbh) with evidence dhpgens

MacDonald B — ‘not-old’ stand.
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ICHdw: Example A (old-growth).

Stand:Eri e Variant: |CHdw Size25 ha
Slope20% Site serie®1b FC age9
Attribute ‘ Measured Score Thresholds
Value

Not-  Recruit- Recruit-

old ment Old ment Old
Mean age 390 v 110 173
Mean Maximum age 826 v 177 281
Density trees >50cm dbh 90 v 34 64
Largest dbh on plot 88.5 v 58 71
Density trees 12.5 -40cm 57 v 222 145
# CWD >30cm, on 34Mm 40 v 10 15
% trees >50 w deadtdps 55 v 20 49
% trees >50 w pathogehs 39 v 40 70
Lichen abundanée - Low Medium
Density of snags >50cm 33 v 7 11
Density snags 12.5 — 25cm 17 v 79 35

sum sum sum

(*1) (*2) (*3)

1 + 0 + 27 = 28 Total Score

Comments and Landscape Considerations:

1: # pieces of CWD with dbh > 30cm, on 34m transieugh plot
2: % of large trees (>50cm dbh) with dead or braiogrs

3: % of large trees (>50cm dbh) with evidence adhpgens

4: based on Armleder et al. 1992.

Erie Creek — old-growth site
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Example B. Recruitment.

Stand : Kokanee Variant. ICHdw Size : 20ha
Slope 45 % Site series Ola FCage: 7
Attribute Measured Score Thresholds
Value

Not-  Recruit- Recruit-

old ment Old ment Old
Mean age 128 v 110 173
Mean Maximum age 187 v 177 281
Density trees >50cm dbh 47 v 34 64
Largest dbh on plot 67 v 58 71
Density trees 12.5 -40cm 157 v 222 145
# CWD >30cm, on 34 17 v 10 15
% trees >50 w deadtdps 6 v 20 49
% trees >50 w pathogehs 61 v 40 70
Lichen abundanée 0 —low v Low Medium
Density of snags >50cm 7 v 7 11
Density snags 12.5 — 25cm 33 v 79 35

sum sum sum

(*1) (*2) (*3)

2 + 14+ 6 = 22 Total Score

Comments and Landscape Considerations:

1: # pieces of CWD with dbh > 30cm, on 34m transieugh plot

2: % of large trees (>50cm dbh) with dead or braiogrs
3: % of large trees (>50cm dbh) with evidence adhpgens

4: based on Armleder et al. 1992.

Kokanee Creek : Recruitment stand
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Example C. “Not-old” forest.

Stand : Falls Creek Variant: 1CHdw Size: 30ha
Slope 40 % Site series FC age: 8
Attribute ‘ Measured ‘ Score Thresholds
Value

Not-  Recruit- Recruit-

old ment Old ment Old
Mean age 103 v 110 173
Mean Maximum age 154 v 177 281
Density trees >50cm dbh 30 v 34 64
Largest dbh on plot 81.4 v 58 71
Density trees 12.5 -40cm 270 v 222 145
# CWD >30cm, on 34m 13 v 10 15
% trees >50 w deadtdps 0 v 20 49
% trees >50 w pathogehs 12.5 v 40 70
Lichen abundanée 0 —low v Low Medium
Density of snags >50cm 0 v 7 11
Density snags 12.5 — 25cm 57 v 79 35

sum sum sum

) (*2) (*3)

8 + 4 + 3 =_15Total Score

Comments and Landscape Considerations:

1: # pieces of CWD with dbh > 30cm, on 34m transieugh plot
2: % of large trees (>50cm dbh) with dead or braiogrs

3: % of large trees (>50cm dbh) with evidence adhpgens

4: based on Armleder et al. 1992.

Proctor: “not-old” stand.

Vi
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Appendix 2. Summary data for stands sampled in th€CHmw?2 and ICHdw.

Summary table of data for ICHmw?2

Site Site series FC ageMean ag¢ SE age Maximum mean # of SE #/ha max stand
class measured age live trees >50cm DBH (cm)
>50cm live trees
dbh
MacDonaldB ICHmw2/04 8 107 9 139 17 9 61
Shields ICHmMmw2/01 8 126 34 289 13 3 53
WilsonB ICHmMmw2/01 8 127 7 152 33 13 63
New DenverA ICHmw?2/01 7 128 11 188 10 6 58
New DenverB ICHmw2/04 8 134 21 238 10 10 57
Tiger ICHmMmw2/01 8 134 18 219 17 9 53
Scalping ICHmMmw2/01 8 144 71 348 70 40 114
Six mile Lake ICHmw2/01 8 197 43 327 66 19 78
CollegeB  ICHmw2/04 8 202 48 361 50 6 84
Silverton ICHmMmw2/05 8 222 55 404 133 37 110
WilsonA ICHmw2/01 8 247 59 475 53 24 70
CollegeA  ICHmw2/05 9 322 94 726 193 29 102
Boundary  ICHmw2/01 8 389 80 503 105 15 90
Kuskanax  ICHmw2/04 9 402 40 519 137 17 97
MacDonaldA ICHmw2/01 9 434 154 1051 100 21 87
Pedro ICHmMmw2/01 9 468 167 1000 87 12 85
Bremner ICHmMmw2/01 9 474 142 942 117 38 106
Glenmerry  ICHmw2/01 8 542 140 1014 223 22 115
Site seedlings/ SE average SElive average SElive average SE live

ha seedlings/ live  trees<12.5live trees trees 12.5-live trees trees 40-
ha trees<12.5 /ha  12.5-40/ha 40/ha 40-50/ha 50/ha

/ha
MacDonaldB
Shields 1000 0 753 346 224 97 10 6
WilsonB 917 83 454 168 201 89 7 3
New DenverA
New DenverB
Tiger 600 32 331 143 152 75 30 6
Scalping 75 65 328 249 238 328 15 5
Six mile Lake 293 189 181 88 69 31 23 7
CollegeB
Silverton 480 130 172 62 77 47 20 6
WilsonA 873 85 193 121 204 92 17 17
CollegeA
Boundary 290 20 193 94 43 56 5 5
Kuskanax
MacDonaldA
Pedro
Bremner 430 310 30 12 48 26 10 8

Glenmerry

Vi
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Site average stdev average stdev average stdev max  average SE % of
shags 10snags 10snags 25snags 25- snags snags stand % of >50 >50 with

25/ha  25/ha 50/ha 50/ha >50/ha >50/ha snag with path path
DBH indicator indicator

MacDonald 123 17 20 12 0 0 34 11 11
B
Shields 77 32 73 9 33 7 68 50 29
WilsonB 53 19 27 22 3 3 80 6 6
New 100 6 43 9 0 0 47 0 0
DenverA
New 120 38 53 15 0 0 37 33 33
DenverB
Tiger 63 28 103 27 13 9 55 0 0
Scalping 70 10 45 15 17 11 75 56 11
Six mile 10 6 33 18 13 3 85 0 0
Lake
CollegeB 63 12 40 17 13 3 65 27 7
Silverton 23 9 3 3 3 3 38 15
WilsonA 70 35 60 35 37 9 62 38 22
CollegeA 3 3 10 6 7 3 109 42 10
Boundary 15 5 15 15 25 15 85 25 8
Kuskanax 7 7 20 10 33 9 85 60 7
MacDonald 20 12 13 9 23 15 99 49 11
A
Pedro 20 10 7 7 7 7 65 46 10
Bremner 77 67 17 7 23 9 82 50 17
Glenmerry 50 10 27 17 13 9 85 45 3
Site average SE averageMaximumCWD Lichen Range
CWD CwWD diameter
#>30/ha #>30/ha
MacDonaldB 43 13 52 L
Shields 30 6 61 L
WilsonB 30 6 47 L
New DenverA 53 3 53 L
New DenverB 10 10 39 0-M
Tiger 33 7 46 L
Scalping 80 20 58 L
Six mile Lake 37 15 61 L
CollegeB 17 7 49 L
Silverton 27 9 70 L-M
WilsonA 33 18 61 L
CollegeA 47 12 75 M
Boundary 45 25 61 L-M
Kuskanax 67 9 52 L
MacDonaldA 90 15 94 L
Pedro 40 23 35 A-M
Bremner 50 35 96 L

Glenmerry 43 15 58 L-M
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ICHmw?2: Total mean age for the stand, plus mearaagestandard error by species.

Mean age Cw_age

Cw_age Hw_age

Hw_age Fd_age

Fd_age Lw_age

Lw_age Sx_age Sx_age

measured SE SE SE SE SE
MacDonaldB 107 480 86 7 108 5 114 7
Shields 126 173 36 96 6 122 113 7
WilsonB 127 117 9 124 2 109 139 3
New 128 114 1 140 17 132 4
DenverA
New 134 112 9 107 10 155 21 146 32
DenverB
Tiger 134 136 10 136 14 152 28 118
Scalping 144 236 49 98 21 76 7 79
Six mile 197 171 26 159 18 298 19
Lake
CollegeB 202 145 7 295 15
Silverton 222 250 18 253 77 393
WilsonA 247 296 73 182 25 316 39 122
CollegeA 322 343 103 306 43
Boundary 389 489 7 363 45
Kuskanax 402 398 22 450
MacDonaldA 434 753 165 327 55
Pedro 468 454 230 474 106 439
Bremner 474 783 159 386 67
Glenmerry 542 711 122 414 74 66 5 631 38 408
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Summary table of data for ICHdw

Data are given per hectare where appropriate.

Site Site series FC age  Mean ageSE age Maxage Mean#live SE live Largest dbh > 50cm
measured trees>50cm trees>50cm dbh
dbh dbh
Erie 01b 9 390 52 826 90 6 89
Flats Ola, 01b 9 274 24 600 77 12 84
Hidden Cr 01b 8 231 20 345 77 105
Lemon 01a, 01b 8 196 28 383 33 20 82
Power 2 8 191 17 441 60 15 85
PDO Ola 8 174 9 196 77 12 91
Redfish 01b 9 169 16 355 83 18 80
Syringa 01la, 02 8 155 26 392 53 12 102
Big Sheep 02, 0la 8 149 18 222 50 21 65
Eco Res 02, 0la 8 142 18 338 50 26 88
WADF Ola 7 140 17 284 77 17 91
CiC 01b 8 135 8 258 60 6 86
Kokanee Ola 7 128 5 187 47 13 67
Proctor Ola 6 123 11 321 10 0 72
Sitkum Ola, 01b 6 115 5 245 23 9 63
Falls Cr 01a/01b 8 103 8 154 30 10 81
Ainsworth 01b 6 87 3 103 60 10 76
Church Ola 6 86 6 127 0 0
Site Mean # SE live Mean SElive Mean# SElive Mean# SE Mean# SE

live trees live trees live trees 40- snags

snags

shags snags

trees <12.5cmr trees 12.5- trees 40- 50cm 10-25cm10-25cm2550cm25-50cm

<12.5cm dbh 12.5- 40cm 50cm dbh dbh dbh dbh dbh
dbh 40cm dbh dbh
dbh

Erie 483 180 57 23 53 9 17 3 20 12
Flats 237 57 183 48 33 3 20 6 37 12

Hidden Cr 200 75 153 24 30 0 23 9 57 9
Lemon 67 42 87 12 40 10 33 15 13 9
Power 63 27 73 17 37 15 23 7 17 12
PDO 420 287 33 15 13 3 0 0 100 95
Redfish 133 27 190 55 30 10 30 10 33 3
Syringa 160 53 197 77 23 7 3 3 20 10
Big Sheep 90 71 87 32 10 10 20 6 20 10
Eco Res 57 12 147 35 13 3 7 3 27 15

WADF 43 19 110 6 27 18 17 9 10 6

CiC 397 53 220 15 33 20 23 7 27 7
Kokanee 23 19 157 7 23 12 33 9 33 12
Proctor 790 244 297 43 23 9 97 30 143 32
Sitkum 530 241 253 45 33 12 53 28 103 44
Falls Cr 315 143 270 33 30 24 57 43 13 3

Ainsworth 33 15 90 32 17 3 7 3 30 6
Church 170 52 227 15 13 9 13 3 0 0
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Site Mean # SE snagdMax shac Mean % SE % Mean% Mean SE CWD Max Lichen
shags >50cm dbh trees trees trees CWD# #>30cm CWD range
>50cm dbh >50cm >50cm >50cm >30cm diameter

dbh dbh with dbh with  with
path. path.  broken/
indicator indicator dead tops

Erie 33 9 82 39 13 55 40 10 70 L-H
Flats 7 3 67 58 22 71 27 7 67 H
Hidden Cr 13 7 72 3 1 27 17 3 45 M
Lemon 3 3 81 10 10 11 13 3 42 L-M
Power 0 0 46 16 10 0 0 0 H
PDO 0 0 23 10 3 13 3 65 H
Redfish 7 7 61 40 25 26 13 3 52 M-H
Syringa 3 3 51 53 25 10 3 3 35 0
Big Sheep 3 3 59 0 0 0 17 9 61 L
Eco Res 13 7 62.5 36 14 45 17 3 70 M-H
WADF 7 3 87 74 5 0 0 0 0 L
CiC 20 12 74 51 5 51 10 6 40 0
Kokanee 7 7 61 11 6 17 7 52 O-L
Proctor 13 9 55 0 0 0 17 7 52 0
Sitkum 3 3 52 25 14 12 3 3 35 0-M
Falls Cr 0 0 13 13 0 13 3 40 O-L
Ainsworth 3 3 52 4 4 0 17 7 40 M
Church 0 0 - - - - 3 3 0 L
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ICHdw: Total mean age, plus mean age and standamd(i parentheses), and sample size, by species.

Site Total Fd Lw Py Cw Hw Bg Pw Sx PI

Erie 390 (214) 17 - 553 (298)5 322 (131) 12 - -

ND Flats 274 (117)19 316 (125)6 - - 289 (175)5332%54) 8 - - - -

Hidden Ck. 231(70)13 330(-)1 - - 251 (72) 4 269) 18 - - - -

Lemon 196 (105) 14 221 (105)6 - 261 (127)3 138(7 106 (6)2 - - - -

Power 191 (72) 16 171 (26) 12 - 249 (132)4 - - - - -

P dO 174 (39) 13 189 (5) 7 - 172 (31) 3 - - 531(-) 185 (3) 2 - -

Redfish 169 (87) 27 244 (44) 6 109 (1) 1 275 (20) 4 85 (8)6 - 124 (45) 6 245 (155)2 - 99 (13) 2
Syringa 155 (103) 13 85 (48) 5 159 (46) 4 238 (M2) - - - - -

BS 149 (59) 11 141 (64) 9 170 (1) 1 197 (1) 1 - - - - -

EcoRes 142 (71) 14 135 (52) 6 107 (1) 1 167 (98) 6- - - - 108 (1) 1
WADF 140 (67) 16 129 (58) 8 - 153 (79) 8 - - - - -

CiC 135(42)31 173(9)6 134 (44) 5 - 160 (64)5 1519) 4 97 (7)6 184 (1) 1 143 (1) 1 100 (10) 3
Kokanee 128 (21) 19 130 (12) 6 138 (17) 2 130 (33)6 118 (24) 5 - - - - -

Proctor 123 (54) 20 103 (25) 6 133 (43) 4 - 178 93 (5) 2 - 108 (23) 4 - -

Sitkum 115 (30) 28 114 (10) 6 106 (23) 4 130 (68) 585 (7) 2 116 (19) 5 103 (12) 2 107 (7) 4 - -

Falls Creek 102 (37) 13 148 (11) 5 - - 73 (11) 3 83 (11)3 79 (17) 2 - - -
Ainsworth 87 (11) 18 93 (6) 6 92 (8)6 - 72 (10)4 - - 85(2)2 - -

Church 86 (22) 11 92 (25) 7 - 75(12) 4 - - - - - -
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