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Abstract

Overstory stand structure was measured in 32 plots in a Canadian Forest Service study on the effects of
converting coastal old-growth forest into managed forest. Stand density, tree height, tree diameter at breast
height (DBH), crown depth, stem biomass and basal area (BA) of living stems, and density and mass
of snags were measured in a chronosequence of three post-harvest stands (R - regeneration (3-8 years);
| - immature (25-45 years); M - mature (65-86) years), and O - an old-growth control (> 200 years) at each
of eight study sites on Vancouver Island. Four sites were within the very dry CWHxm and four in the very
wet CWHvm biogeoclimatic subzones. Results of this study demonstrate that variability and complexity
of overstory structure and composition in coastal forests increases with stand age, and that stands on the
west side of the island (CWHvm) were more variable and structurally diverse than those on the east side
(CWHxm).

Overstory structure attributes collected for Vancouver Island forests in the CWHxm and CWHvm
compare favorably to those of othersin the Pacific Northwest. However, old-growth plots do not match US
Pacific Northwest definitions of old-growth Douglas-fir aswell, likely dueto regional differencesin climate
or because chronosequences were on medium to poor sites. Overstory attribute summaries from this study
provide some direction for defining old-growth characteristics. However, the variability of many of these
attributesis such that more data are required to rationalize arigorous definition that will withstand scientific
and operational scrutiny.

Résumeé

Aux fins diine étude du Service canadien des foréts sur les effets de la conversion dluine forét ancienne
cotiere en une forét aménagée, des données sur la structure de 10ége dominant ont été obtenues dans
trente-deux placettes. La densité de peuplement, la hauteur des arbres, leur diametre a hauteur de poitrine
(dhp), la longueur de houppier, la biomasse et la surface terriére des tiges vivantes ainsi que la densité
et la masse des chicots ont été déterminés dans des chronoséquences de trois peuplements aprés-coupe
(R - régénération [3-8 ang]; | - jeune [25-45 ans]; M - m(r [65-86 ang]) et O - ancien [> 200 ans] a chacun
des huit sites dCJ&ude dans | Clie de Vancouver. Quatre sites se trouvent dans la sous-zone biogéoclimatique
CWHxm, trés séche, et les quatre autres dans la sous-zone CWHvm, trés humide. Les résultats indiquent
gue la variabilité et la complexité de la structure et de la composition de I0&ge dominant augmentent en
fonction de I008e des peuplements dans les foréts cotieres et que les peuplements du cbté ouest de |Clie
(CWHvm) sont plus variés et plus structurellement diversifiés que ceux du coté est (CWHxm).

Les attributs structurels de | éage dominant des foréts étudiées se comparent avantageusement a ceux
des foréts dlautres zones situées dans le Pacific Northwest. Les placettes de forét ancienne, toutefois, ne
répondent pas parfaitement a la définition de la forét ancienne de douglas utilisée dans cette région des
Etats-Unis, probablement en raison du climat différent ou de la qualité (moyenne a faible) des sites dans
les chronoséquences. Globalement, |es attributs de | Déage dominant révélés par cette étude fournissent des
renseignements utiles pour la définition des caractéristiques des foréts anciennes. Néanmoins, lavariabilité
diuin grand nombre de ces attributs est telle qulil faudra plus de données pour établir une définition rigou-
reuse, soutenable scientifiqguement et opérationnellement.
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Summary

Overstory stand structure was measured in 32 plots in a Canadian Forest Service study on the effects of
converting coastal Old-growth forest into managed forest. Stand density, tree height, tree diameter at breast
height (DBH), crown depth, stem biomass and basal area of living stems, and density and mass of snags
were measured in a chronosequence of three post-harvest stands at each of eight study sites— regeneration
(3-8 years), immature (25-45 years), mature (65-86) years,; and, an old-growth control (>200 years).

Four sites were on the southeastern side of Vancouver Island within the Very Dry CWHxm biogeocli-
matic subzone. The remaining four sites were situated on the southwestern side of Vancouver Island in the
very wet CWHvm biogeoclimatic subzone. Results of this study suggest that variability and complexity
of overstory structure and composition in coastal forests increases with stand age, and that stands on the
west side of the island (CWHvm) were more variable and structurally diverse than those on the east side
(CWHxm).

With few exceptions, when trees in the stand were measured by diameter, crown depth, and height
class, thelargest number of stemswere awaysin the smallest size class. Stand density differed significantly
(p < 0.05) among age classes and followed the order immature > mature > regeneration > old growth. On
average the total number of stems per hectare in the CWHxm significantly (p < 0.05) exceeded that of the
CWHvm.

In plots of older trees (mature and old growth), the mean percentage of stems of DBH less than 20 cm
was 64% in the CWHvm and 80% in the CWHxm. The mean number of stems per hectare with DBH over
80 cm was greater in the CWHvm (68 stems) than the CWHxm (50 stems). Only mature and old growth
plots had stems over 80 cm in DBH. Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco) dominated in
regeneration, immature, and mature plots in the CWHxm in terms of both stems per hectare and stem bio-
mass. Western hemlock (Tsuga heterophylla (Raf.) Sarg.) dominated all age classes in the CWHvm. Stem
biomass increased with stand age and was greater in the CWHvm than the CWHxm for al age classes. In
the CWHvm, western redcedar (Thuja plicata Donn ex D. Don) stem biomass was dramatically greater in
old-growth plots (325 Mg/ha) than in mature plots (0.3 Mg/ha).

There were more snags in the CWHvm than the CWHxm. In the CWHvm the number of snags per
hectare decreased with stand age. Most snags in the CWHvm were western hemlock (78 %) or western
redcedar (13%). In the CWHxm most snags were Douglas-fir and were most abundant in mature stands and
least abundant in old growth. Snags in immature and mature stands were a function of early mortality that
led to natural thinning. Less than 3% of snags exceeded 60 cm DBH in either subzone. Snag mass in the
CWHvm subzone (20 Mg/ha) was doubl e that measured in the CWHxm (9 Mg/ha).

Total live basal areaincreased with stand age. In each subzone, basal area of western hemlock followed
the order regeneration < immature < mature < old growth. The average basal area for the CWHvm sub-
zone (63 m?/ha) was greater than that in the CWHxm (50 m2/ha). As expected, the greatest basal area was
recorded for old-growth plots for both the CWHvm and CWHxm subzones.

Overstory structure attributes collected for Vancouver Island forests in the CWHxm and CWHvm
compare favourably to those of othersin the Pacific Northwest. However, comparisons with sites in geo-
graphical locations outside British Columbia are not ideal. The lower fit of Coastal Forest Chronosequence
old-growth plots to US Pacific Northwest definitions of old-growth Douglas-fir may be due to regional
differencesin climate or because most coastal forest chronosequences were on medium to poor sites.

Raobust definitions of old growth in British Columbia are hindered by a lack of research describing
structural, compositional, and functional characteristics of old growth (Hamilton, E.; Nicholson, A. 1991.
Defining British Columbials old-growth forests: discussion paper. B.C. Ministry of Forests, Research
Branch, Victoria, BC. Draft paper). This study provides some data on which to base definitions and our
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results support the suggestion by Wells et al. (1998) that definitions of old growth need to be based on
fundamental ecological and physical characteristics to be useful for forest management and conservation.
Overstory attribute summaries from this study provide some direction for defining old growth characteris-
tics. However, the variability of many of these attributes is such that more data is required to rationalize a
rigorous definition that will withstand scientific and operational scrutiny.



Introduction

Coastal forests of northwestern North America exhibit high structural complexity, including wide ranges
in tree heights and diameters, canopy gap size and depth, and dead wood abundance (Franklin et al. 1981;
Spies and Franklin 1988). These characteristics largely result from the longevity and size of the dominant
conifers combined with slow decomposition rates and a variety of natural disturbances (Arsenault and
Bradfield 1995). The numbers and sizes of live and dead trees and life history traits of tree speciesin old-
growth forests can be used to infer regeneration patterns and to provide useful information to help manage
second-growth forests (Goebel and Hix 1996).

Forest structure changes with succession. After a mgjor disturbance, one that destroys the previous
stand, forests go through a characteristic series of developmental stages leading, in the absence of further
disturbances, to an old-growth stage (e.g., Oliver 1982; Oliver and Larson 1990; Wells et al. 1998). In
early phases of succession the predominant and most obvious changesin stand structure are the increase in
individual tree size, and, with canopy closure by the overstory dominants, the suppression of the understory
plants and death of smaller trees. In the understory reinitiation phase, mature stands are transformed into
old growth through the death of individual overstory dominants (Oliver 1982; Oliver and Larson 1990).
This patchy mortality givesriseto gapsin the forest canopy, allowing increased light availability for growth
of understory shrubs and trees. Dead canopy trees remain as snags and logs. Over time a stand with a
wide range of tree sizes and ages develops; understory trees grow into successive gaps and the remaining
dominant trees continue to grow.

The ecological significance of forest structure has been demonstrated through extensive research in
the old-growth forests of the US Pacific Northwest (e.g., Franklin et al. 1981; Franklin and Spies 1991b;
Carey 1998). Research in these forests has found that old-growth forests with high structural diversity also
have high diversity of plant, vertebrate and invertebrate communities, increased richness and productivity
of arboreal and understory plants, and high habitat diversity for particular vertebrate species (such as the
spotted owl, Strix occidentalis).

Because structure in old-growth forests is closely related to functional and biological features that are
inherently difficult to measure, emphasis has been placed on developing definitions of old growth in the
US Pecific Northwest by quantifying the structural attributes of the forest (Franklin and Spies 1991a).
Such definitions serve two purposes: firstly, they provide criteriato help in the mapping and inventory of
old-growth forest areas; secondly, they are used by managers to assess the potential of younger stands to
provide old-growth habitat (Wells et al. 1998). Two types of quantitative definitions have been devel oped,
one based on a minimum set of criteria and another based on an index value representing a summation
of scores for various criteria (Franklin and Spies 1991a). The interim definitions and index Franklin and
Spies (1991a) developed for Douglas-fir forests in the US Pacific Northwest used the number of live trees
and snags, canopy depth, and log mass. They cautioned that while these attributes were the most useful for
the forests they studied, criteria would need to be adjusted to regional forest types to use these definitions
elsewhere.

In areview of definitions of old growth and their applicability to British Columbia, Wells et al. (1998)
concluded that few studies examining the characteristics of old-growth forests in British Columbia are
available and that, consequently, the ability of managers to develop appropriate definitions for inventory
and forest management purposesis limited. They found that studies comparing the structural characteris-
tics of younger and older forests are even more limited. Arsenault and Bradfield (1995) have examined old
and young forests in the wet Coastal Western Hemlock biogeoclimatic subzone (CWHvm: see Meidinger
and Pojar [1991] for an explanation of biogeoclimatic classification) on the lower mainland of British Co-
lumbia. Kneeshaw and Burton (1998) have devel oped old-growth indices for the Sub-Boreal Spruce zone.
Quesnel (1996) examined the characteristics of 26 old stands in southeastern British Columbia. Gulyas et




al. (1998) compiled structural data from forest cruise plots across British Columbia but has not used the
data to develop old-growth definitions. The British Columbia Ministry of Forests (2001) has compiled
DBH and average height as well as stems, volume, basal area and snags per hectare for individua site
series across biogeoclimatic units using mensuration data from the provincial ecology program. To date,
provincial inventories of old-growth forests have tended to use “working definitions’ based on minimum
age criteriabelow which forests are unlikely to be considered old growth (MacKinnon and Vold 1998). For
western hemlock and Douglas-fir forests on coastal British Columbia, the minimum age for old growth is
150 years.

An opportunity to examine the overstory structure of coastal forestsin British Columbiawas created in
1992 with the establishment of chronosegquence plots on southern Vancouver Island by the Canadian Forest
Service. A chronosequenceis an age sequence of forest stands selected such that al stands have had similar
histories and growing conditions (Oliver 1982). Thus, spaceis substituted for time, allowing stand devel op-
ment patterns to be studied over a short time period (Norland and Hix 1996). The use of chronosequences
to document changes during succession can be complicated by variations in soil, slope, aspect, vegetation,
and history of disturbance between sites. Variation cannot be eliminated, but may be minimized by careful
site selection (Crowell and Freedman 1994). Over the last 100 years harvesting and natural disturbances
in British Columbia have created a mosaic of forests in varying successional stages. Often unharvested
old-growth stands grow adjacent to younger stands. This mosaic of forests presents an opportunity to study
both changes in stand structure during succession and the extent to which old-growth conditions are re-
established in younger stands. Because old-growth stands change more slowly than younger stands, the
old-growth stands serve as a control for between-site variability and are considered to represent conditions
in the pre-harvest stand.

The chronosequence plots were established to examine the impacts of converting coastal old-growth
forests to managed forests. Changes in mass, carbon, and nutrient distributions with secondary succession
(Pollard and Trofymow 1993; Trofymow et al. 1997), and various biodiversity attributes of the forest, were
measured (see papers in Trofymow and Mackinnon 1998). A previous report by Wells and Trofymow
(1997) examined the abundance of downed coarse woody debris in these plots. The purpose of this study
was two-fold: (i) to describe and quantify several physical attributes of the trees and snags of overstory
species in these plots; and (ii) to examine trends in these attributes across the chronosequence plots. Two
coastal forest types were studied, Douglas-fir—dominated stands on eastern Vancouver Island and western-
hemlock-dominated stands on western Vancouver Island.




Methods

Site descriptions and plot layout

After examining 31 potentia sites (Trofymow et al. 1997), a chronosequence of three post-harvest stands
(regeneration, immature, and mature) and an old-growth control was selected at each of ten sites on South-
ern Vancouver Island (Figure 1). Five of these sites arelocated in the transition between the Coastal Western
Hemlock submontane very wet biogeoclimatic variant (CWHvm1) and the Coastal Western Hemlock mon-
tane very wet biogeoclimatic variant (CWHvm?2). Sitesin the CWHvm were chosen to have western-hem-
lock—dominated stands although secondary components of amabilis fir (Abies amabilis (Dougl. ex Loud.)
Dougl. ex J. Forbes), western redcedar, or Douglas-fir were acceptable, and a midslope position under 600
m in elevation. Although plot centers were located at all five CWHvm sites, limited funds resulted in only
four sites being used — Renfrew (REN), Red/Granite creek (RGC), Nitinat (NIT), and Klanawa (KLA)
(Table 1). The other five sites are located in the Coastal Western Hemlock very dry maritime biogeoclimatic
subzone (CWHxm). Sitesin the CWHxm were chosen to have Douglas-fir—dominated stands (small com-
ponents of western hemlock or western redcedar were acceptable), and a midslope position under 600 m
in elevation. Although plot centers were established at all five of the CWHxm sites, limited funds resulted
inonly four sites being used — Greater Victoria Watershed South (VWS), Greater VictoriaWatershed North
(VWN), Koksilah (KOK), and Nanaimo River (NAN) (Table 1).

Loon Lake

Nanaimo R.

Reference Map

Mt. Ozzard s
Klanawa

Biogeoclimatic Subzones/Variants

Coastal Douglas-Fir Zone
1 Moist Maritime (CDFmm) Nitinat
Coastal Western Hemlock Zone
[ Very Dry Maritime (Eastern) (CWHxm1) Red/Granite Creek
[ Very Dry Maritime (Western) (CWHxm2)
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Victoria
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Figure 1. Locations of the ten Coastal Forest Chronosequences on southern Vancouver |sland
(from Trofymow et al. 1997).




Each chronosequence was within a5 x 5 km or smaller area. Within a chronosequence, al of the plots
were on similar slope, elevation (within 200 m) and aspect. Each chronosequence selected had stands in
each of four age classes as of 1990: regeneration (3-8 years); immature (25-45 years); mature (65-86); and
old growth (>200 years). These stands originated in the periods 1982-1987, 1945-1965, 1915-1925, and
before 1790, respectively.

Most of the stands less than 90 years old were of harvest origin and had been burned. Two mature
stands were of wildfire origin (KOK, KLA) and one (Mt. Ozzard; Figure 1) was of landdide origin. In
those stands, plots were established to exclude residua veteran trees to more closely match initial condi-
tionsin the stands of harvest origin. Past disturbance and origin of the old-growth plots were unknown. All
regeneration and immature stands had been planted, and none of the stands had been subject to any other
silvicultural treatment (such as thinning).

A report by Trofymow et al. (1997) contains maps and descriptions of all chronosequence plots, includ-
ing written directions and sketch maps of road access, forest cover maps, and basic site descriptions. Plot
centers were located at least 80 m from the stand edge. Three subplot centers were positioned 30 m from
the plot center, at the vertices of an equilateral triangle. The plot center and subplot centers were the center
points of four circular subplots used to count and measure overstory tree species (Figure 2). Lines connect-
ing the three subplot centers were used to measure coarse woody debris as described in the report by Wells
and Trofymow (1997).

Forest floor,

soil sampling ~ .eemmmreeel Mensuration
boundary \/\ "+ a~\_~ subplot
e > N boundary
4 O
| @
.

50 m transect for
woody debris
and forest floor
cover

B 5cmx 5cmx 1.5 m cedar stakes and 15 cm metal spike in soil
O Location for vegetation, fine woody debris, soil bulk density and sample

B Location for forest floor bulk density measurements and sample.

Figure 2. Example of triangular survey plot layout showing mensurational subplot and woody debris transects.




Field sampling

M easurements were made between May and September 1992. Total height, height to live crown and DBH
(diameter at breast height) were measured for all living trees that were at least 3 m high, by species and
crown class (suppressed, intermediate, codominant, and dominant) and for all dead trees (snags). In each
plot, three of the four subplot centers were randomly chosen and trees measured in circular subplots of
radius of 5 m or 10 m, depending on tree density. A 10-m plot was used if less than 10 trees were present
in the 5-m plot. Total height and caliper at 5 cm from the base of the tree were measured for trees 0.1 to 3
m high in a5-m plot. In each plot a minimum of five increment cores of dominant trees were collected to
estimate years since stand establishment.

Data summary

Number of live stems per hectare (stand density) was summarized by diameter (DBH) class, height class
and crown depth class. Diameter was divided into eleven 10-cm interval classes as follows: DBH class
endpoints - 10; 20; 30; 40; 50, 60; 70; 80; 90; 100; >100 (any trees of DBH over 100 cm were included in
the last class). Height was divided into twelve 5-m interval classes as follows: height class endpoints — 5
(0.1 -5m); 10; 15; 20; 25; 30; 35; 40; 45; 50; 55; >55 (any trees over 55 m in height were included in the
last class). Crown depth in meters was divided into nine 5-m interval classes as follows: crown depth class
endpoints - 5; 10; 15; 20; 25; 30; 35; 40; >40 (any crown depth over 40 m was included in the last class).
Basal areaper hectare (in m?) was calculated by summing the individual tree basal areas from each of the
three circular subplots; basal area was allocated into the same eleven DBH classes used for live stems per
hectare.

Number of snags per hectare, snag mass and stem biomass were summarized by diameter-based size
classes(Class1=1.1-12cm;2=12.1-29.9 cm; 3=30.0- 59.9 cm and; 4 = 59.9+ cm) corresponding to
size classes used in the downed coarse woody debris study (Wellsand Trofymow 1997). Snags were defined
as any standing dead tree greater than 3 m in height and more than 2 cm in diameter. Stem biomass was
determined for all live trees measured in each plot using published regression equations (Standish et al.
1985; Gohlz et al. 1979; Feller and Blackwell 1989) that relate stem mass to tree DBH and height (Table
2). Snag mass was calculated as a cylinder using DBH and total snag height and using the relative wood
densities by species for downed decay class I11 logs (Wells and Trofymow 1997).

Statistical analysis

A two-way analysis of variance (ANOVA) was used (SY STAT [Wilkinson 1988]) to determine the effects
of age class and subzone on: i) stand density, stem basal area, snag density; ii) stem biomass and snag mass
for al trees and for each of the four size classes; and iii) percentage species composition by basal area and
stand density.

Differences in species composition within subzone and age class were examined for the most common
species including Douglas-fir, western hemlock, western redcedar, amabilis fir, and red alder (Alnus rubra
(Bong.)), with minor species such as western yew (Taxus brevifolia Nuitt.), western white pine (Pinus
monticola Dougl. ex D. Don), Sitka spruce (Picea sitchensis (Bong.) Carriere), and grand fir (Abiesgrandis
(Dougl. ex D. Don) Lindl.) assigned to an “other” group. In addition to testing for relative differencesin
species abundance by comparing the percentage of each species by basal area and stand density, a separate
ANOVA was completed for each variable of each species to test for absolute differences in abundance.

For the analysis of variance the assumption of normality could not be tested because of the limited
number of data points. To test the assumption of homogeneity of variance, the residuals were plotted




against estimated values to determineif the data exhibited heteroscedasticity (Miller 1986). The following
ANOVA model was used for all analyses:

Variable degrees of freedom
Subzone 2-1=1

Ageclass 4-1=3

Subzone x age class 2-1)@4-1)= 3
Experimental error 2x4)(4-1)=24
Total 32-1=31

Significant differences among age class means were distinguished using Tukey[s HSD multiple com-
parison test (Zar 1984).

To examine how the stand density and basal area distributions varied with age class and subzone,
the stand densities and basal areas were expressed on a percentage basis and a Weibull function (Clutter
et al. 1983) fitted:

F(x)=(c/b)(x/b) e /D"

where X is the DBH class, height class or crown depth class, F(x) the density or basal area in decimal
percent; b the scale parameter; and c the shape parameter. As the function requires at least four classes to
fit adistribution, only datafor the immature, mature and old-growth plots could be used; regeneration plots
contained only one or at most two classes. To alow for comparison of distributions among plots within the
same age class and subzone, Weibull functions were fit to data from individual plots (24 functions — 3 age
classes, 4 sites, 2 subzones). To compare distributions amongst subzones and age classes, functions were
fit to the combined data (6 functions - 3 age classes, 2 subzones). Scale (b) and shape (c) parameter values
plus standard errors and R? were calculated for each function using SY STAT (Wilkinson 1988). Scale and
shape parameters for all fitted variables are shown in Appendix I.




Results and Discussion

The results of the ANOVA for the number of live stems, stem biomass, number of snags, snag mass, stem
basal area, and percentage species composition by basal area and stand density are summarized in Table 3.

Stand density - total number of live trees per hectare

In both subzones, stand density differed significantly with age class (Table 3) and although immature plots
were always greater than old growth (Table 4), the ranking of all age classes weakly varied (P = 0.07) with
subzone. Inthe CWHxm age classes ranked by stand density followed the order immature > mature > re-
generation > old growth while in the CWHvm age classes were ranked regeneration > immature > mature
> old growth (Table 5). Total humber of stems per hectare in the CWHxm (2494) significantly (p < 0.05)
exceeded (Table 3) that of the CWHvm (1541) (Table 5). With the exception of regeneration plots, stand
density was greater in CWHxm than in the CWHvm for each age class (Table 5). Although regeneration
and immature plots in both subzones were planted, substantial additional natural regeneration occurred
in the CWHxm, significantly increasing the overall stand density in the immature and mature plots. In
contrast, although regeneration stands in the CWHvm had initially higher densities than in the CWHxm,
density continued to decline with increasing stand age. These differences between subzones likely arise
from differences in the onset of crown closure and early vegetative competition. In the wet CWHvm,
understory vegetation develops more rapidly following clearfelling, as trees grow more rapidly and crown
closure occurs sooner than in the drier CWHxm. Thus, in the CWHvm the time available for establishment
of natural regeneration isless, and suppression of the smaller trees occurs earlier in stand development than
in the CWHxm.

Stem diameters and stand density distributions

Stand density distributions by DBH class widens with stand age due to stand differentiation (Oliver and
Larson 1990). Over time, some trees overtop others, resulting in crown stratification. The range of diam-
eters observed in this study increased with age class. In regeneration plots, stems occurred in only one
DBH class, while in the old-growth plots stems were present in all 11 DBH classes (Figure 3; Appendix |1,
Figures11-1, 11-2). Mean and maximum DBH was 0.3 cm and 8.3 cm in regeneration stands, 9.8 cm and
51.1 cm in immature stands, 19.9 cm and 97.2 cm in mature stands, and 27.9 cm and 275.0 cm in old
growth, respectively. Treeslessthan 1.0 cm DBH were found in almost all plots. These results were consis-
tent with Franklin and Spies (1991b) who found that old-growth stands in the US Pacific Northwest had a
much wider range in tree size than other structural stages.

Franklin and Spies (1991a) examined defining criteria of old-growth forests on Western Hemlock
Series stands in the US Pacific Northwest. They suggested that a previous interim definition which required
more than 20 stems per hectare with DBH greater than 80 cm be replaced by the criterion of 10 stems per
hectare with aDBH greater than 100 cm. In this study, al old-growth plotsin CWHvm and one of four plots
in CWHxm (Appendix I1, FiguresI-1, I1-2) had more than ten trees per hectare with DBH of 100 cm. Al
old-growth plots in CWHvm and three of the four old-growth CWHxm plots had more than 20 trees per
hectare with DBH over 80 cm.

Parameter values from the fitted Weibull functions clearly differentiated (based on error bar separation)
stands of different age classes (immature, mature, and old growth) and subzones (Figure 4, Appendix ).
The scale parameter (b), which reflects the relative peak height of the distribution, accounted for most of
the differences. With stand age, diameter distributions widened and more trees were in larger DBH classes
and fewer in the smallest DBH class (Figure 3). The shape parameter (c) showed little variation among
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stands. Only the immature stands in the CWHxm and old growth in the CWHvm differed, a reflection of
the skewed distribution (peak in the smallest DBH class) versus the wider more even distribution in the
CWHvm old-growth plots.

Other studies of temperate forests have noted that size class distributions are one of the characteristic
features that distinguish older forests from younger forests. Tyrrell and Crow (1994) discuss basic patterns
of diameter distribution common in old-growth temperate forests. These include negative exponential, bell
shaped unimodal, and intermediate skewed unimodal distributions (shifted to smaller diameter classes).
Arsenault and Bradfield (1995) found in a study of three age classes forests on the coastal British Columbia
mainland that in old-growth stands alarge number of individualswere in the smallest size class with asteep
decline and subsequent flattening across larger size classes. They suggested that this distribution was a de-
fining structural property of old-growth forests. In contrast, Frelich and Lorimer (1985) report bell shaped
distributions for old-growth eastern hemlock (Tsuga canadensis (L.) Carriere) stands. They attributed the
low numbers of eastern hemlock in small size classes to deer browsing although competition from other
plant species may also contribute to such patterns. The diameter distributions of old-growth plots in both
the CWHvm and CWHxm subzones in this study best fit the reverse-J distribution.

Tyrrell and Crow (1994) discuss two factors characterizing old-growth forests that are consistent with
thisstudy. Firstly, with increasing stand age, stem density decreases as more large trees dominate the stand.
Secondly, thereis a shift to more even distribution among all size classes after a stand reaches the threshold
age of 275-300 years
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Figure 4. Weibull function parameters for stand density and diameter (DBH) by age class within subzone.
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Stem heights and stand density distributions

Table 1 reports the mean, minimum and maximum tree height for al chronosequence plots. When data
from both subzones are combined, mean and maximum heights were, respectively, 1.2 m and 6.8 m in
regeneration plots, 10.1 m and 34.9 minimmature plots, 17.9 and 50.2 min mature plots, and 16.1 and 58.7
m in old-growth plots. Stand density by height class for individua plotsis shown in Appendix I11.

In al plots trees less than 5 m tall made up a large fraction of all trees, more than 50% in the regen-
eration and old-growth stands (Figure 5). Almost all trees in regeneration plots were less than 5 m tall,
though afew stemsfrom 5to 10 min height occurred in one regeneration plot only in the CWHvm subzone
(RGC, Figurelll-2). Most trees in the immature plots were from 10 to 35 m in height; age classes ranked
by stand density followed the order immature > mature > old growth (Figure 5). Trees more than 35 m
tall were found only in mature and old-growth plots (Figure 5). The number of trees more than 35 m tall
in mature and old-growth plots combined was greater in the CWHvm (94 stems/ha) than the CWHxm (42
stemg/ha)but only a single individual in the top height class (i.e., over 55 m in height) occurred in each
subzone. Thistrend occured in the mature plots alone; there were 140 stems/hain the CWHvm over 35 m
tall, compared to 42 stems/ha in the CWHxm. Old-growth plots followed this same trend, although there
was less differentiation between the CWHvm and CWHxm (49 stems/ha versus 40 stems/ha, respectively,
over 35 m tall).

Parameter values of the fit of the Weibull function by height classwere similar for all age classesin the
CWHxm (Figure 6) with old growth separated from mature and immature plots on the basis of the scale
parameter. The mature and immature plots had high numbers of trees in the 5-m to 25-m height classes,
while trees in old-growth plots cover the complete range of height classes (Figure 5). In contrast to the
CWHxm, height distributions in the CWHvm varied among all age classes, differing in both scale and
shape parameters (Figure 6). The immature plots in the CWHvm were unique in that height class 1 did
not dominate (only two of the four plots had stems in height class 1, Appendix Il Figure I11-3) and had
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Figure 6. Weibull function parameters for stand density and height by age class within subzone.

Bars depict the standard error for each parameter. Subzone: Open symbols = CWHxm, closed symbols = CWHvm.
Age class: circle = immature, triangle = mature, square = old growth
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a unimodal distribution centered on height class 4 (Figure 5). Mature plots in the CWHvm had a much
wider distribution and higher numbers of stems in the 35-m to 40-m height classes than in the CWHxm
(Figure 5). The CWHvm old-growth stands had a wider distribution of heights compared to the mature or
immature stands and a distribution most similar to the CWHxm old-growth stands (Figure 5). Old-growth
height distributions did differ between subzones (Figure 6), the CWHvm having fewer treesin class 1 and
morein classes 10 and 12 than the CWHxm.

The changes in height class distribution with age were similar to those observed for diameter class
distributions, i.e., distributions widen with increasing age. Old-growth plots had treesin all height classes,
thus forming a multi-storied canopy. Multiple canopy layers have been identified as a stand structural
feature of old-growth forests (Franklin and Spies 1991a). In contrast, the regeneration and immature stands
had a limited range of height classes, indicating a more uniform canopy structure. Mature stands in both
subzones had trees across all height classes. Mature stands in the CWHxm subzone still had a high percent-
age of stemsin the smaller height classes than in the CWHvm, suggesting that old-growth characteristics
may develop more quickly in the CWHvm subzone.

Crown depths and stand density distributions

The mean and maximum crown depths were, respectively, 3.7 m and 19.6 m for the immature plots, 5.7 m
and 25.2 m for the mature plots, and 6.4 m and 40.2 m for the old-growth plots. Crown depth for each plotis
summarized in Table 1 and graphs of stand density by crown depth class for each plot arein Appendix IV.

Distributions of stem density by crown depth class were similar to those for DBH and height class, i.e.,
most stems (and all stemsin regeneration plots) were in the <5 m class regardless of age class or subzone
(Figure 7). The majority of stemsin the immature and mature plots had crown depths from 5 to 15 m. The
old-growth plots had the widest range of crown depth classes. Stems with crown depths over 20 m were
only found in mature and old-growth plats, representing 1% and 4% of stems, respectively (Figure 7).

Fits of the Weibull function of stand density and crown depth class (Figure 8) confirmed the differences
in crown depth distribution among age classes and further indicated differences in distributions with sub-
zone. Age classes in the CWHxm did not differ in the shape parameter (Figure 8) reflecting the influence
of the large proportion of stems with crown depths under 5 m in all age classes (Figure 7). The CWHxm
immature and mature plots differed in the scale parameter (old-growth plots had an intermediate value),
which reflects increasing crown depth with age. All age classes in the CWHvm differed from each other in
the scale parameter (Figure 8) reflecting the wider range of crown depths with stand age. Within the same
age class, subzones differed. The high proportion of stems with crown depths under 5 m in immature and
mature stands in the CWHxm compared to the CWHvm (Figure 7) resulted in steeper skewed distribution
curves and thus a significant difference in the shape parameter (Figure 8). The old-growth stand crown
depth distributions were similar in the CWHxm and CWHvm — their shape and scale parameter values
overlapped (Figure 8).
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Stem biomass and its distribution by size class

Stem biomass for each plot is reported in Table 4. With the exception of the Renfrew site, stem biomass
significantly (p < 0.05) increased with stand age (Table 3) and within the same age classtended (Table 6) to be
greater in the CWHvm than in the CWHxm, although this result was not statistically significant (Table 3).

Most of the major species examined (Douglas-fir, western hemlock, and western redcedar) had signifi-
cant subzone by age class interaction, although the interaction for all species combined was not significant
(Table 3). Douglas-fir biomass increased across al four age classes in the CWHxm and was only present
at lower levelsin the regeneration and immature plots in the CWHvm (Table 6). Within the same age-class,
western hemlock stem biomass was much higher in the CWHvm than CWHxm, and in both subzones
biomass increased from regeneration to mature stands and then remained constant or slightly decreased in
old-growth stands (Table 6). Western redcedar stem biomassin the CWHxm was at low levelsacross all age
classes while in the CWHvm, biomass was greatest in the old-growth plots (325 Mg/ha), intermediate in
immature plots (9.4 Mg/ha), and lowest in the mature and regeneration plots (0.3 and 0.2 Mg/ha) (Table 6).
The dominance of western redcedar biomassin the CWHvm old-growth plots compared to the mature plots
could be due to the long lifespan of western redcedar and limited stand disturbance in the CWHvm. With
time, western redcedar would become a more significant stand component than the shorter-lived western
hemlock (Burnsand Honkala1990). Long intervals between major disturbances giveriseto aforest whose
composition is controlled by gap dynamics and favours shade-tolerant trees (Lertzman and Krebs 1991,
Lertzman 1992). Amabilis fir (absent in the CWHxm) biomass in the CWHvm, while lower than that of
hemlock, followed a similar pattern to hemlock with age class, i.e., it increased from regeneration to im-
mature and was dightly lower in old growth (Table 6).

Stem biomass by size class for individual plots and a summary table of biomass by age class are pre-
sented in Appendix V. Biomass in the immature stands primarily occurred in size class 2 in the CHWxm,
in classes 2 and 3 in the CWHvm, and was absent from class 4 (Figure 9). Across subzones, approximately
81% of stem biomass was in classes 3 (47%) and 4 (34%) in mature stands, and 78% in class 4 in old-
growth stands. There was more stem biomassin size class4 in CWHvm old-growth plots compared to those
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Figure 9. Mean stem biomass (Mg) per hectare of species within size class by age class and hiogeoclimatic subzone.
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in the CWHxm; thiswas primarily afunction of the old-growth Klanawa plot (Figure V-2) which contained
large western redcedar trees resulting in size class 4 biomass of over 1200 Mg/ha. In the CWHvm subzone,
western hemlock, western redcedar and a few amabilis firs contributed to size class 4. Western hemlock
dominated (Figure 9), accounting for 54, 76, and 74 % of the biomass in size classes 1 — 3, respectively,
with Douglas-fir, western redcedar, and amabilisfir present in minor amounts. In the CWHxm, Douglas-fir
dominated all size classes (Figure 9), contributing 72, 85, 94 and 100 % of the stem biomassin size classes
1, 2, 3and 4, respectively.

Snag density and its distribution by size class

Snags originate episodically or continuously, as a result of fire, weather, insects, disease, or canopy sup-
pression. Rates of tree death (recruitment), decay, and tree fall (Timoney and Robinson 1996) control the
number of snags present. Snag recruitment rates vary with species, diameter, height, cause of death, and
wind exposure (Timoney and Robinson 1996). In coastal forests, large snags are often residual s from previ-
ous stands disturbed naturally or by logging.

Numbers of snags per hectare in each plot are reported in Table 4. Across subzone, snags per hectare
varied significantly with age class (Table 3) and their densities were highest in immature (801 snags/ha), in-
termediate in immature (475 snags/ha) and lowest in old growth (475 snags/ha) stands. No snagswere pres-
ent in any of the regeneration plots as al of these plots originated following clearcutting. The abundance
of snags in immature and mature stands is due to natural thinning with stand development. Snag density
peaked in the immature plots of the CWHvm subzone and in the mature plots of CWHxm (Table 7), which
is probably related to the different patterns of regeneration and stand development of two dominant tree
species, western hemlock (CWHvm) and Douglas-fir (CWHxm). Western hemlock has a light and prolific
seed habit which typically results in greater numbers of established seedlings. High initial stem densities
and more rapid tree growth in the CWHvm results in increased inter-tree competition and early mortality
in western hemlock-dominated stands, thus the peak in snag density in immature stands. Douglas-fir seeds
are distributed less prolificaly and tree growth in the CWHxm is slower, so inter-tree competition occurs
later and the snag density peak in mature stands. Species distributions of snags were similar to those of
live stems per hectare; snags in the CWHxm were dominated by Douglas-fir and lower numbers of western
hemlock and snags in the CWHvm were dominated by western hemlock and western redcedar (Table 7,
Figure 10). Red alder snags were present in low numbersin both subzones.

Snag density by size class for individua plots and a summary table by subzone and age-class are pre-
sented in Appendix VI. Lessthan 3% of all snagswere more than 60 cmin DBH (class4) (Figure10). The
majority fell within size class 1 — 84% in CWHxm and 75% in the CWHvm subzones, respectively. In the
immature plotsin both subzones most snags were in size class 1, with much lower numbersin classes 2 and
3, and nonein class 4 (Figure 10). In the mature plots, snagsin size class 1 and 2 dominated in the CWHvm
subzone (37% and 51% of al the snags, respectively) while mature plots in the CWHxm had more snags
insize class 1 than 2 (82% and 17%, respectively) (Figure 10, Table 7). Snagsin the old-growth plots were
more evenly distributed among size classes. In the CWHvm, 15% of the snags were in size class 1, 27%
in class 2, 45% class 3, and 13% in class 4. In the CWHxm, 58% of the snagswerein size class 1, 28% in
class 2, 11%inclass 3, and 3% in class 4 (Figure 10, Table 7).

According to the definition of Franklin and Spies (19914), old growth has at least 4 snags per hectare
greater than 5 m tall and 50 cm in DBH. All four old-growth plots in the CWHvm and two of four in the
CWHxm met these criteria. All old-growth and mature plots met the interim definition criteria which re-
guires more than10 snags per hectare (Franklin and Spies 19914). In British Columbia, Wells et al. (1998)
suggested that quantitative development of old-growth definitions requires establishment of categories of
forest development along a continuum of successional development. They suggested that threshold values
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of old-growth attributes, such as the number of snags per hectare, must be chosen to separate one forest
stage from another. They were cautious to point out that when lines are drawn at specific points along this
continuum, there are inevitable regions of overlap among stages of forest development.

Arsenault and Bradfield (1995) found that, in coastal forests, old growth has fewer snags than younger
stands as a result of reduced self-thinning. Furthermore, snagsin old growth were more evenly distributed
across all size classes.

Timoney and Robinson (1996) found that, following natural disturbance (fire and flood), snag numbers
increase with age. They observed that in stands disturbed by fire (even low to moderate intensity fire) most
snags soon blow down, leaving, at stand origin, low densities of snags with high log diameters. Fire origin
snags tend to fall sooner than snags of non-fire origin, perhaps due to weakening of the tree base or to
greater wind exposure in large burned areas (Morrison and Raphael 1993; Timoney and Robinson 1996).
Smaller-diameter snags tend to rot more quickly and fall over (Morrison and Raphael 1993), leading to
an increase in median snag diameter over time (Timoney and Robinson 1996). This is consistent with our
results from old-growth plots where large-diameter snags (class 3 and 4) accounted for the majority of
snags present (Figure 10).

Snag mass and its distribution by size class

Snag mass per hectare in each plot is shown in Table 4. Across age classes, snag mass tended (Table 3)
to be greater in the CWHvm (20 Mg/ha) than in the CWHxm (9 Mg/ha) (Table 8). Lower snag numbers
and mass in the CWHxm may be due to the greater frequency of stand-replacing fires and surface fires,
which remove large trees that could become snags. There was aweak tendency for snag massto vary with
age class (Table 3). Snags were absent in regeneration plots and snag mass tended to be highest in mature
plotsin the CWHvm and mature and old-growth plots in the CWHxm subzone (Table 8). In the CWHxm,
Douglas-fir comprised 89% of snag mass whilein the CWHvm subzone western hemlock snags were most
common, comprising 76% the snag mass (Table 8). Western redcedar was present in both subzones but was
less than 1% of the total snag mass in the CWHvm.

Snag mass by size classfor individual plotsand asummary table by subzone and age class are presented
in Appendix VII. As with many of the other stand variables, snag mass distribution by size class changed
with stand age (Table 8, Figure 11). For immature plotsin both subzones, size class 1 contained most of the
mass and class 2 contained a lesser fraction. Significant snag massin size class 3 occurred in the CWHvm,
though this occurred in only one plot (theimmature plot at Renfrew ; plot 52). Compared to immature plots,
mature plots in both subzones had increased snag mass in size class 2, and lesser amounts in classes 1 and
3. The CWHvm mature plots also had a large amount of snag mass in class 4, even more than that in the
old-growth plots (Figure 11). This was entirely due to a few large snags in the Klanawa mature plot (plot
83) which are likely residuals as this stand was of fire (or insect and fire) and not harvest origin. Most of
the snag mass in the old-growth plots was in the largest size classes (3 and 4) in the CWHvm and in class 4
in the CWHxm subzone. Snag mass was composed of species that also dominated the live stem biomass,
western hemlock and western redcedar in the CWHvm, and Douglas-fir in the CWHxm. Although red
alder was only a very minor portion of the live stem biomass in any size or age class (Figure 9) it was a
larger fraction of the snag mass, especially in the mature plots (Figure 11). Thisislikely dueto red alder(s
relatively short life span; it initiates early in stand devel opment and then dies out as the longer-lived species
come to dominate the stand.
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Stem basal area and its distribution by diameter class

Stem basal area per hectare in each plot is presented in Table 4. The significant differences in basal area
with subzone or age class were similar to those noted for stem biomass (Table 3). For both subzones com-
bined, when ranked by basal area, the order was old growth > mature > immature > regeneration (Table
9). These differencesin age class were significant (p < 0.05) (Table 3). Basal areain each age classin the
CWHvm tended to be greater than that in the CWHxm (Table 9) although differences between subzone
were not significant (Table 3).

Stem basal area of western hemlock in both subzones and amabilis fir in the CHWvm subzone was
greatest in mature plots, intermediate in immature and old-growth plots, and lowest in regeneration plots
(Table 9). As discussed for stem biomass, this may be related to the increase in mortality of western hem-
lock and amabilis fir with increasing stand age. Douglas-fir basal area in the CWHxm subzone increased
withincreasing age class. Western redcedar basal areain the CWHxm subzone, though a minor component
of the basal area of the total stand, increased with increasing age class. The pattern differed in the CWHvm
subzone (Table 9) where western redcedar basal area was lowest in regeneration plots, was still quite low
in immature and mature plots, and was very high in the old-growth plots (Table 9).

Stem basal area by diameter class for individual plots and a summary table by size class, subzone, and
age class are presented in Appendix VII1. Weibull functions were distinct for each age class within a sub-
zone and differed from each other primarily on the basis of the scale parameter (Figure 12). The CWHvm
old growth differed the most amongst all age classes and subzones due to an outlier at the Klanawa site
which had a high basal areain trees of DBH over100 cm. Within any age class, the stem basal area distri-
bution Weibull scale parameter in the CWHvm subzone was greater than that in the CWHxm (Figure 12),
indicating that stem basal areaincreases more rapidly with age in the CWHvm than the CWHxm subzone
(Figure 13). The changesin basal area distribution with age class were similar to those noted for other vari-
able distributions, i.e., the distribution widened with stand age (Figure 13). The basal area curve shape did
differ from other variables in that most basal area curves were unimodal bell-shaped rather than negative
exponential or reverse J-shaped.
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The old-growth basal area criterion defined by Spies and Franklin (1991) for Douglasfir is 69 (£5)
mé2/ha. Three of four mature plots in both the CWHvm and CWHxm subzones met this criterion (Table 4),
with means of 69 m2/ha and 79 m%ha, respectively (Table 9). All old-growth plots in both CWHvm and
CWHxm subzones met the criterion, with means of 128 m2/ha and 83 m?/ha, respectively. That basal area
in the CWHvm old-growth plots was 85% greater than the Spies and Franklin (1991) criterion is due to
the difference in forest types. The CWHvm western hemlock and western redcedar forests are likely in a
higher precipitation regime and more productive than the forest types used by Spies and Franklin (1991) to
develop their criteria.

Species composition by stand density and basal area

Species compoasition, both by numbers of stems and by basal area (Tables 10 and 11), was as expected for
the two biogeoclimatic subzones, which primarily reflect variation in climate (Green and Klinka 1994).
Subzone effects were significant for both the percentage of basal area and the percentage of stems for
Douglas-fir,western hemlock, and amabilis fir, but for western redcedar subzone effects were significant
for basal areaonly (Table 3).

Douglas-fir dominated all age classes in the CWHxm subzone, comprising more than 90% of the basal
areaand over 50% of the stems, with the percentage stemslowest in the old-growth plots. In contrast, in the
CWHvm subzone Douglas-fir comprised only 5% of the stems and 15% of the basal area, and this species
was absent from the mature and old-growth stands (Table 10 and 11). For western hemlock in the CWHxm
subzone this trend was reversed; this species comprised 19% of the stems, 5% of the basal area, was present
in almost al age classes, and the percentage of stems was highest (40%) in the old-growth plots. Stems of
western hemlock represented only 5% of the basal area, indicating it wasin smaller size classes only (Table
10 and 11). In the CWHvm subzone, western hemlock comprised more than 50% of the stems or basal
areain all age classes and its percentage was highest in mature plots (87% of basal area, 73% of stems),
intermediate in immature plots, and lowest in regeneration plots (Table 10 and 11).

Western redcedar comprised about 16% of the stems in both subzones and did not significantly vary
with stand age, though the percentage of stems tended to be highest in regeneration plots (Table 3 and 10).
In the CWHvm subzone, the percentage of basal areain western redcedar varied with stand age, peaking at
52% in old-growth plots, while in the CWHxm subzone it remained at low levels (0 —3%) in al age classes
(Table 11). Amabilis fir was only present in the CWHvm subzone, in which mature stands tended to be
the age class with the highest percentage of basal area and stemsin this species. Red alder comprised less
than 2% of the stems in both subzones, was absent in mature and old-growth plots, and did not contribute
measurable basal areato any of the plotsin the CWHxm subzone.

Other species contributed fewer than 5% of the stems and less than 1% of the basal area in both
subzones (Table 10 and 11) and neither variable differed with stand age (Table 3). Western white pine and
grand fir comprised only 5% and 1% of the stemsin the CWHxm, respectively, and were not present in the
CWHvm plots. Sitka spruce and western yew each comprised 1% of the stemsin the CWHvm and were
not present in CWHxm plots. All these species were too scarce to draw any conclusions about differences
among age classes.

Theresults from this study are consistent with those reported by Norland and Hix (1996) who observed
that species composition varied across age classes. Stand succession involved major changes in density,
basal area, and species composition. Species composition in this study was similar to that reported by
Arsenault and Bradfield (1995) who found western hemlock to be the dominant species in young forests,
followed by amabilis fir and western redcedar. Arsenault and Bradfield (1995) reported that mature forests
were characterized by regeneration of western hemlock and western redcedar in the smallest diameter class
and more Douglas-fir in the intermediate diameter classes. Regeneration of western hemlock and western
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redcedar in the smallest size classes was common in the CWHvm subzone in this study; however, there was
no increase of Douglas-fir in intermediate diameter classes. The contribution of Douglas-fir was probably
reduced in the CWHvm forests of this study due to the influence of the maritime climate on west coast of
Vancouver Island; Arsenault and Bradfield conducted their study on the mainland British Columbia coast
where the climate is more submaritime.

Therelative abundance of atree species may have a profound influence on the growth and devel opment
on the other tree speciesin astand. Cobb et al. (1993) found that growth and development of lodgepole
pine and Douglas-fir are apparently strongly affected by the presence or absence of other species, their
density, and their times of establishment. Although Cobb et al. (1993) considered how species composition,
density of stems, and time of establishment may have affected stand development, other factors could be
important. In this study it appears that factors such as regional climate, climatic fluctuations, fire history,
and or species-specific insect or disease attacks may provide a temporary competitive advantage to one
species over another leading to long-term changes in species composition and stand structure.

Conclusions

Few studies have tried to characterize overstory structure both between and within different biogeoclimatic
subzones of coastal British Columbia. Measurement of chronosegquence plots located on eastern and west-
ern Vancouver Island has clearly demonstrated that the regional climate associated with the CWHxm and
the CWHvm subzones has significantly influenced overstory structure. The CWHvm is more structurally
diverse than the CWHxm, primarily due to higher levels of precipitation and differences in the levels of
disturbance by fire, forest health agents, wind, and other site conditions. Our data supports the conten-
tion of both Franklin and Spies (1991b) and Timoney and Robinson (1996) that old-growth structure is a
function of local and regional conditions. The results also show that overstory structure and diversity in
coastal forestsincreases as afunction of stand age. Additionally, we found that, at the stand level, overstory
structureis highly variable in forests of the same age and within the same biogeoclimatic subzone.

Overstory structure attributes collected for Vancouver Island forests in the CWHxm and CWHvm sub-
zones compare favorably to those of others in the Pacific Northwest (Table 12). Most structural attributes
showed their greatest change early in stand succession followed by no change, aslow rise, or slow decline
through later stages. All old-growth plotsin the CWHvm of this study met the minimum age and structural
criteria developed by Franklin and Spies (19914a) to define old growth (Table 12). Old-growth plotsin the
CWHxm subzone exceeded the minimum age criteria and met the minimum for some attributes for old
growth in the US Pacific Northwest, although none of the plots met al attributes. That some of these plots
did not meet these criteriaindicates that i) new criteriawould be needed for the CWHxm, or ii) stands over
300 years old should be defined as old growth regardless of structure, or both. Local site conditions and
regional climate are likely to significantly influence overstory structure. Therefore structural comparisons
with sites in geographical locations outside British Columbia are not ideal. Lower fit of coastal forest
chronoseguence old-growth plots to US Pacific Northwest definitions of old-growth Douglas-fir may be
due to regional differencesin climate or to differencesin site quality (most coastal forest chronosequences
were on medium to poor sites).

Robust definitions of old growth in British Columbia are hindered by a lack of research describing
structural, compositional, and functional characteristics of old growth (Hamilton, E.; Nicholson, A. 1991.
Defining British Columbials old-growth forests: discussion paper. B.C. Ministry of Forests, Research
Branch, Victoria, BC. Draft paper. ). This study provides some data on which to base such definitions, and
our results support the suggestion by Wells et al. (1998) that definitions of old growth need to be based on
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fundamental ecological and physical characteristics to be useful for forest management and conservation.
Although overstory attribute summaries from this study provide some direction for defining old-growth
characteristics, the variability of many of these attributes is such that more datais required to rationalize a
rigorous definition that will withstand scientific and operational scrutiny.

Forest type, species composition, site conditions and stand disturbance history influence stand devel-
opment and the age at which old-growth attributes develop (Franklin and Spies 1991b). Low diversity of
structure and species composition in the CWHxm, compared to the CWHvm, may be due to differencesin
disturbance regimes, i.e., to more frequent stand-replacing fires in the CWHxm (Beese and Sanford 1992).
Disturbance in the CWHvm subzone is less severe, which leaves remnants of stands or creates more gaps
instands. Spies and Franklin (1991) state that low to moderate disturbances during the development of a
stand have an important influence on structure in old growth.

Environmental and socia concerns have raised awareness about the maintenance of forest structure and
composition. Society is questioning the impacts of past forest management practices on coastal forests of
British Columbia. Kimmins (1997) pointed out that forest management has the potential to change biological
diversity and that it is therefore important to understand these changes in relation to forest health and ecosys-
tem integrity. These are fundamental questionsin the debate over forest sustainability and certification.

The results of this study indicate that past practices have not measurably impacted tree species diver-
sity. Clear-cut harvesting and burning at the eight chronosequence sites has reduced overstory structural
diversity in both biogeoclimatic subzones (CWHxm and CWHvm). Typically there has been a decrease in
the range of tree size (both diameter and height), a short- to mid-term increase in the number of trees, and a
decrease in the number and biomass of |arge snags when comparisons are made to old-growth plots. These
findings are not surprising, nor are they uniqueto this study. The more interesting consideration isthe length
of time that may be required for these sites to acquire structural attributes similar to those measured in old-
growth plots. There is some overlap between mature and old-growth plots for a number of the measured
attributes. However, it appears that wide variation in many of these attributes (tree diameter, crown depth,
basal area, and the number and biomass of snags) does not begin to develop within the stand for at |east 65
years. On low-productivity sites thistime may be even greater. Reduction in structural diversity isnot con-
sidered permanent; however, the time required to acquire structural diversity may be beyond the timelines
established for plantation forestry. Minimum harvest age and piece size often drive merchantability and the
available wood supply. As harvest constraints increase, the minimum harvest age on the coast has declined
from 120 years to as low as 40 years in some coastal timber supply areas. This reduction in harvest age
has led to harvest of smaller materials and in many cases it has not provided the time required to recreate
the structural diversity that was once present in old-growth forest stands. Adoption of the British Columbia
Forest Practices Code (which includes biodiversity guidelines) and the application of variable retention and
non-clearcut silvicultural systems has provided more emphasis on the maintenance of forest structure in
coastal British Columbia. Moreresearch isrequired to determine if these approaches appropriately mimic
natural stand succession and overstory structure development. There are a number of unanswered ques-
tions related to the spatial and temporal distribution of the structures retained in these types of silviculture
systems and whether they adequately mimic those present in undisturbed old growth.
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Tablel. Names, numbers, ages and tree characteristics of the Canadian Forest Service Coastal Forest
Chronosequences plots studied.
Site Plot Age?
no. class Age  Treediameter (cm)P Tree height (m) Crown depth (m)
Mean Min  Max Mean Min  Max Mean Min  Max
CWHxm subzone (east side)

Victoria Watershed South 1 R 4 <10 <10 <10 0.9 0.2 37 nat na na
2 | 32 78 <10 366 83 18 226 36 <10 196
5 M 99 246 <10 83.3 21.7 04 50.1 71 <10 25.2
6 O 245 288 <10 1198 19.4 0.6 58.4 7.7 <10 335

Victoria Watershed North 11 R 6 <10 <10 <10 1.2 0.4 26 na na na
12 | 42 16.4 52 29.4 18.2 9.0 235 58 0.4 11.6
13 M 93 190 <10 55.0 17.6 14 37.6 58 <10 174
15 e} 316 352 <10 922 22.3 06 474 52 <10 191

Koksilah 21 R 5 <10 <10 <10 0.4 0.2 0.6 na na na
22 | 43 62 <10 326 6.7 03 208 23 <10 122
23 M 7 13.7 3.6 357 12.8 3.7 27.3 33 <10 11.2
24 O 288 370 <10 89.3 19.4 14 35.9 6.3 <10 145

Nanaimo River 31 R 10 02 <10 5.6 10 0.1 35 na na na
35 | 39 43 <10 295 48 <10 228 21 <10 141
33 M 68 111 <10 898 9.1 0.7 415 36 <10 201
34 O 330 142 <10 95.2 7.7 1.0 38.8 39 <10 40.2

CWHvm subzone (west side)

Renfrew 51 R 4 04 <10 52 19 0.3 43 na na na
52 | 42 17.2 50 35.6 19.7 8.1 324 57 0.5 13.7
53 M 66 379 145 97.2 352 154 460 11.2 3.0 21.3
54 e} 255 320 <10 1180 18.7 10 331 74 <10 173

Red/Granite Creek 61 R 9 17 <10 8.3 2.4 0.4 6.8 na na na
62 | 43 15.9 57 499 154 53 314 55 09 189
63 M 76 314 111 46.2 331 113 42.7 9.5 0.3 18.1
64 O 176 259 <10 2110 15.5 16 58.8 70 <10 352

Nitinat 71 R 9 04 <10 52 1.2 0.1 4.4 na na na
72 | 39 136 <10 51.1 12.2 0.9 34.9 53 <10 17.3
73 M 70 309 <10 820 255 15 447 82 <10 227
74 e} 270 193 <10 1190 133 04 521 64 <10 379

Klanawa 81 R 3 <10 <10 <10 0.3 0.2 0.5 na na na
82 | 32 174 <10 457 15.9 0.9 26.2 6.2 <10 14.9
83 M 69 102 <10 81.6 9.2 0.7 50.2 30 <10 14.2
84 e} 445 473 46 2750 19.4 32 533 93 <10 336

a8Ageclass: R = regeneration, | = immature, M = mature, O = old growth

b Tree diameters are at DBH (1.3 m height)

¢ na - tree crown depths were not measured in regeneration plots
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Table 2. Regression equations used to estimate stem biomass (Mg ha'l).
Tree speciesscomponent  Tree diameter Regression equation? n r 1%
Douglas-firP DBH (4.5-66 cm) )
Stemwood mass = 10.3 + 110.4 (DBHZ)Ht 49 099
Stembark mass= 3.1+ 156 (DBH)Ht 49 0.98
Douglasfir¢ DBH (> 66.0 cm)
Stemwood mass = -3.0396 + 2.5951 In (DBH) 99 0.99
Stembark mass = -4.3103 + 2.4300 In (DBH) 99 0.99
Western redcedar? DBH (3.8 - 68.9 cm) ,
Stemwood mass=175+ 68.4 (DBH2 )Ht 70  0.95
Stembark mass= 3.3+ 9.0 (DBH")Ht 70 0.83
Western hemlockP DBH (3.1- 70.5 cm) )
Stemwood mass=5.5+123.3 (DBH2)Ht 70 099
Stembark mass=3.0+ 16.0 (DBH")Ht 70 092
Amabilisfirb DBH (4.5-30.4 cm) )
Stemwood Mass= 1.4+ 1229 (DBH )Ht 45 096
Stembark Mass= 1.0+ 15.6 (DBH)Ht 45 094
Grand fir? DBH (4.6-43.9cm) 5
Stemwood Mass= 5.9+ 105.7 (DBH2)Ht 40  0.95
Stembark Mass= 0.6+ 16.4 (DBH)Ht 40 079
Red alderd DBH (0-30 cm)
Stemwood Mass=-2.020 + 2.125n (DBH) 11 0.96
Stembark Mass = -3.755 + 1.917 In (DBH) 1 0.93

a All logarithmic equations have been corrected for logarithmic bias according to the method of Baskerville
(2972). Variabl&s2 are asfollows: n= number of data points used to develop the equation; r = coefficient of
determination ; I = index of fit.; DBH= diameter at breast height in meters for linear equations and centimeters
for logarithmic equations.; Ht. = tree height in meters.

b Equations obtained from Standish et al. (1985).

¢ Equations obtained from Gohlz et al. (1979).

d Equations obtained from Feller and Blackwell (1989).
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Table3. Summary of F statistics and probability values for the effect of subzone and age class on
number of live stems per hectare, stem biomass, snags per hectare, snag mass, stem basal area
and % species composition by basal area and stand density.

Livestemsper ~ Stem biomass Snags per Snag mass Stem basal Species Species
hectare per hectare hectare per hectare area per composition composition
hectare by basal area by stand
density
F- F- F- F- F- F- F-
Species Source Ratio P Rato P Rato P Rato P Rato P Rato P Rato P
All Subzone? 589 0.02 090 035 056 0.46 272 011 160 022 - - - -
AgeClass® 415 002 2033 000 376 002 258 008 1748 0.00 - - - -
SXAC 275 007 014 094 155 023 052 067 128 030 - - - -
Douglas-fir Subzone 2740 000 9520 0.00 738 001 1146 000 5180 000 85051 0.000 36.905 0.000
Age Class 318 004 2149 0.0 241 0.09 215 012 2477 000 1957 0153 0257 0.855
SXAC 250 008 2544 0.00 241 0.09 215 012 2826 000 1063 0387 0187 0904
Western hemlock Subzone 465 004 7166 0.00 303 0.10 733 001 6159 000 37.027 0.000 26.032 0.000
Age Class 101 041 1574 0.0 228 011 126 031 1269 000 2350 0.103 1.204 0.330
SXAC 138 027 1284 0.00 194 015 119 034 831 000 1678 0204 0.754 0.531
Western redcedar Subzone 051 048 328 0.08 747 001 364 007 412 005 10214 0.005 0001 0970
Age Class 155 023 336 004 454 001 161 021 446 001 11.650 0.000  1.029 0.397
SXAC 124 032 324 004 462 0.01 141 026 410 002 10573 0.000 0524 0670
Amabilisfir Subzone 220 015 6.13 0.02 228 014 306 0.09 631 002 3039 0097 4189 0.052
Age Class 086 048 167 020 180 017 112 036 154 023 1106 0370 1159 0.346
SXAC 079 051 167 020 180 017 112 036 154 023 1106 0370 1118 0.361
Red alder Subzone 124 028 0.88 0.36 017 0.68 029 0.60 089 0.36 0.078 0.408
Age Class 122 032 098 042 126 031 150 024 099 042 0611 0616 1126 0.358
SXAC 111 037 109 037 010 0.96 030 0.83 110 037 0678 0576  1.077 0.378
Other (Western yew, Subzone 259 012 - - 100 033 - - 095 034 0575 0457 1136 0.354
VSIV_eEemwh'teP'dne AgeClass 111 037 - - 100 041 - - 096 043 0760 0530 1844 0.187
tka spruce, an
grand fir), SXAC 053 067 - - 100 041 - - 102 040 0789 0514 0412 0.746
Western yew Subzone 224 015 - - - - - - 100 033 0588 0452 3085 0.092
Age Class 087 047 - - - - - - 100 041 0782 0518 1203 0.330
SXAC 087 047 - - - - - - 100 041 0782 0518 1203 0.330
Western white pine  Subzone 567 0.03 - - - - - - 261 012 1176 0291 3728 0.065
Age Class 0.77 053 - - - - - - 089 046 0453 0.718 0.724 0.548
SXAC 0.77 053 - - - - - - 089 046 0453 0.718 0724 0.548
Sitka spruce Subzone 120 029 - - - - - - 100 033 0588 0452 1357 0.256
Age Class 085 048 - - - - - - 100 041 0782 0518 0813 0.499
SXAC 093 044 - - - - - - 100 041 0782 0518 0.881 0.465
Grand fir Subzone 160 022 - - - - - - - - . . 1479 0.236
Age Class 080 051 - - - - - - - - . . 0840 0485
SXAC 080 051 - - - - - - - - . . 0840 0485

@ Subzone = CWHxm, CWHvm

b Age Class (AC) = Regeneration, Immature, Mature, Old growth.

¢ Probability values < 0.05 are in boldface; those < 0.10 are underlined.

Degrees of freedom: subzone = 1, age class = 3, subzone x age class = 3, error = 24.
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Table4. Numbers of live stems per hectare, stem biomass, snags per hectare, snag mass, and stem
basal areain each plot.
! Livestems Stem biomass Snags Snag massin Stem b_a&al
Site Plot Ageclass . ) 1 areain
per ha in Mg ha per ha Mg ha o1
m< ha
CWHxm subzone (east side)

Victoria Watershed

South 1 Regeneration 1428 0.0 0 0.00 0
2 Immature 2688 106.5 714 6.58 29
5 Mature 2689 610.3 210 18.90 86
6 Old growth 1080 741.0 242 45.33 79

Victoria Watershed

North 11 Regeneration 1008 0.0 0 0.00 0
12 Immature 2058 1815 504 8.96 49
13 Mature 1407 333.9 357 8.04 64
15 Old growth 815 537.0 66 4.93 89

Koksilah
21 Regeneration 756 0.0 0 0.00 0
22 Immature 5964 162.6 42 0.61 41
23 Mature 3318 220.0 1386 20.82 57
24 Old growth 550 528.8 55 10.86 86

Nanaimo River
31 Regeneration 3528 24 0 0.00 0
35 Immature 5838 117.3 294 4.13 29
33 Mature 4200 526.8 420 13.28 92
34 Old growth 2254 537.0 126 335 69

CWHvm subzone (west side)

Renfrew
51 Regeneration 2184 21 0 0.00 0
52 Immature 1512 209.8 3108 64.75 40
53 Mature 539 498.0 429 16.41 74
54 Old growth 644 275.0 280 53.68 85

Red/Granite Creek
61 Regeneration 1806 83 0 0.00 0
62 Immature 1806 188.6 882 12.17 48
63 Mature 882 512.9 504 39.52 76
64 Old growth 594 635.8 33 851 90

Nitinat
71 Regeneration 1848 29 0 0.00 0
72 Immature 2394 278.7 0 0.00 64
73 Mature 561 432.1 99 313 63
74 Old growth 2309 523.0 88 15.34 78

Klanawa
81 Regeneration 2646 0.0 0 0.00 0
82 Immature 1806 251.6 798 17.56 63
83 Mature 2478 411.7 378 78.69 66
84 Old growth 517 1315.3 44 10.36 248
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Table5 Mean stems per hectare of tree species within and across age class for the CWHvm and
CWHxm subzones. Standard errors are given in parentheses.
CWHvm subzone (west side) CWHxm subzone (east side)
Age class? Age class?

Species R | M O Mean R | M (0] Mean
Douglas-fir 170 202 0 0 93 1082 2387 1814 431 1429
(104) (150) 0 0 (34 (626)  (516)  (592) (34)  (208)
Wiestern hemlock 1114 1199 544 650 877 95 700 474 580 462
(234) (115) (123) (291) (83 (95)  (383)  (424) (295)  (111)
Western redcedar 700 361 3 132 299 286 1093 426 47 463
(467) (106) ©) (68)  (90) (191)  (657)  (377) (25 (142
Amabilis fir 32 a2 568 187 207 0 0 11 0 3
©) 0 (728 (141)  (96) 0) ) na @) @
Red alder a2 85 0 0 32 32 0 4 3 10
©) (60) ©) 0 (13 ) ) ) @) (6
Other 85 11 0 38 33 202 0 202 106 117
(60) ©) ©) (44) (13 (105) ) (15 @) (34
Total 2143 1899 1114 1006 1541 1697 4180 2930 1166 2494
(196) (187)  (471)  (433) (142) (638)  (1038) (593)  (386)

aAgeclasses: R = Regeneration; | = Immature; M = Mature; O = Old growth.

Table 6 Mean stem biomass per hectare of tree species within and across age class for the
CWHvm and CWHxm subzones. Standard errors are given in parentheses. Stem biomass
was calculated for major species only for stems of DBH greater than 1.0 cm.

CWHvm subzone (west side) CWHxm subzone (east side)

Age class? Ageclass?

Species R | M O Mean R | M O Mean
Douglas-fir 1.8 54.5 0.0 00 141 06 1293 3933 5651 2721
(14  (46.6) (0.0 (0.0) (85 (06) (21.6) (79.0)  (47.9) (43.0)
Wiestern hemlock 13 1392 4194 3403 2250 0.0 90 238 14.4 11.8
(0.5  (404) (365)  (812) (33.8) (00) (66) (23.1) (49 (42
Western redcedar 02 94 03 3250 838 0.0 37 46 5.8 35
(0.2) 7 (03 (@771 (37.8) (00) (34 (25 (29) (0.9
Amabilisfir 0.0 79 440 220 1858 0.0 0.0 0.0 0.0 0.0
(0.0) (79) (262) (11.8) (5.6) (00) (00) (0.0 (00) (0.0
Red alder 01 210 0.0 00 53 0.0 0.0 10 0.6 0.4
(01) (206) (0.0 (00 (37) (00) (00) (L0 (06) (0.2
Total 33 2322 4637 6872 3466 06 1420 4228 5859 2878
(1.8)  (20.3) (24.7) (2225) (58.6) (06) (1790 (89.0) (517) (45.1)

a8Ageclasses: R = Regeneration; | = Immature; M = Mature; O = Old growth.
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Table 7 Mean number of snags per hectare of tree species within and across age class for the
CWHvm and CWHxm subzones. Standard errors are given in parentheses.
CWHvm subzone (west side) CWHxm subzone (east side)
Age class? Ageclass?

Species R | M O Mean R | M O Mean
Douglas-fir 0 0 0 0 0 0 297 525 37 215
©) ©) ©) ©) @ 0 (114 (29 ) (63)
Western hemlock 0 997 247 69 328 0 74 64 74 53
©) (618) (80) (34) (123 ©) (61) (64) (50) 1
Western redcedar 0 180 5 36 56 0 0 0 5 1
©) (74) ©) (2 (19 ©) ©) ©) ©) D
Amabilis fir 0 0 56 5 15 0 0 0 0 0
©) ©) (40) ©) (©) ©) ©) ©) ) ©)
Red alder 0 32 21 0 13 0 21 11 3 9
©) (32 (21) ©) ™ ©) (21) (11) ©) 4)
Other 0 0 21 0 5 0 0 0 0 0
©) ©) (21) ©) 4 ©) ©) ©) ) ©)
Total 0 1210 350 111 418 0 393 599 119 278
(0) (674) (89) (59) (138) (0) (145) 271) (41)

8Ageclasses: R=

Regeneration; | = Immature; M = Mature; O = Old growth.

Table 8 Mean snag mass per hectare of tree species within and across age class for the CWHvm
and CWHxm subzones. Standard errors are given in parentheses. Snag mass was
calculated for major species only for snags of DBH greater than 1.0 cm.

CWHvm subzone (west side) CWHxm subzone (east side)

Age class? Ageclass?

Species R | M O Mean R I M O Mean
Douglas-fir 0.0 0.0 0.0 00 00 0.0 45 131 14.6 8.1
(0.0) (00) (00) (0.0) (0.0 00 @7 (27 (89 (19
Wiestern hemlock 0.0 193 287 128 152 0.0 05 05 0.9 05
(00) (131 (1670 (51) (39 (0.0) (04) (05 07 (0.2
Western redcedar 0.0 38 0.2 82 30 0.0 0.0 0.0 03 01
(0.0) (15 (02 (60 (12 (0.0) (00) (0.0 (03) (0.2
Amabilis fir 0.0 0.0 15 10 06 0.0 0.0 0.0 0.0 0.0
(0.0) (00) (1) (L0) (03) (00) (00) (0.0 (0.0) (0.0
Red alder 0.0 05 40 00 11 0.0 01 17 0.4 05
(0.0) (05 (400 (00 (07) (00 (01 (@7 (04) (0.3
Total 0.0 236 344 220 200 0.0 51 153 16.1 9.1
(00) (142) (166) (10.7) (45) (00) (18 (29 (99 (21

a8Ageclasses: R = Regeneration; | = Immature; M = Mature; O = Old growth.
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Table 9 Mean stem basal area (m?) per hectare of tree species within and across age class for the
CWHvm and CWHxm subzones. Standard errors are given in parentheses. Basal area
was calculated using DBH measurements for stems of DBH greater than 1.0 cm.

CWHvm subzone (west side) CWHxm subzone (east side)
Ageclass? Ageclass?

Species R | M (0] Mean R | M (@) Mean
Douglas-fir 0.30 12.18 0.00 0.00 3.12 0.05 36.41 69.28 75.96 45.43
(0.26) (10.42) (0.00) (0.00) (1.90) (0.05) (563 (4.28 (5.48)  (5.69)
Western hemlock 0.12 3177  60.48 49.79 35.54 0.00 2.50 7.03 3.88 3.35
(0.05) (873) (6.41) (10.00) (4.78) (0.00) (1.80) (6.84) (1.32) (129
Western redcedar 0.01 2.68 0.14 73.90 19.18 0.00 0.75 1.88 2.45 127
(0.01) (0.90) (0.14) (35.25) (8.02) (0.00) (0.73) (1.02) (117 (032
Amabilisfir 0.00 2.07 8.52 4.18 3.69 0.00 0.00 0.00 0.00 0.00
(0.00) (2.07) (5.03) (2.23) (1.09) (0.00) (0.00) (0.00) (0.00)  (0.00)
Red alder 0.02 7.28 0.00 0.00 1.83 0.00 0.00 0.36 0.22 0.15
(0.02) (7.11)  (0.00) (0.00) (1.26) (0.00) (0.00) (0.36) (0.22) (0.07)
Other 0.00 1.02 0.00 0.02 0.26 0.00 0.00 0.02 0.02 0.01
(0.00) (1.02)  (0.00) (0.02) (0.18) (0.00) (0.00) (0.01) (0.02) (0.00)
Total 0.45 5701 69.13 127.88 63.62 005 3966 7857 8254  50.20
(0.29) (460) (2990 (40.76) (10.52) (0.05) (4.76) (815 (457

a8Ageclasses: R = Regeneration; | = Immature; M = Mature; O = Old growth.

Table 10 M ean stand-density—based percent tree species composition within and across age class
for the CWHvm and CWHxm subzones. Standard errors are given in parentheses.

CWHvm subzone (west side) CWHxm subzone (east side)
Age class? Age class?

Species R I M (0] Mean R I M (0] Mean
Douglas-fir 9 9 0 0 5 58 62 66 50 59
(6) (6) (0) 0 @) (19) (13) (19) (17) 8
Western hemlock 54 65 73 64 64 3 20 12 40 19
(12) 9 (20) 12) (M ©) (14) (10) (13) (6)
Western redcedar 29 18 1 18 17 26 18 16 5 16
17) (4 (1) (11) ©) (19) (11) (14) ©) (6)
Amabilisfir 2 2 27 15 11 0 0 0 0 0
@) @) (20) (©) (6) 0 0 0 (0) (0)
Red alder 2 4 0 0 2 2 0 0 0 1
@) 3 (0) 0 1) @) 0 0 (0) (1)
Other 4 1 0 2 1 11 0 6 5 5
©) (1) (0) 1) 1) 9 0 4 (5 ©)
Total 100 100 100 100 100 100 100 100 100 100

a8Ageclasses: R = Regeneration; | = Immature; M = Mature; O = Old growth.




Table 11 M ean basal -area—based percent tree species composition within and across age class for
the CWHvm and CWHxm subzones. Standard errors are given in parentheses.

CWHvm subzone (west side) CWHxm subzone (east side)
Age class? Age class?

Species R I M (@) Mean R I M (0] Mean
Douglasfir 49 19 0 0 15 100 91 90 92 92
(25) (16) 0 ) ® na (6) (M ©) ©)
Western hemlock 36 57 87 45 58 0 8 7 5 6
(16) (16) (©) (11) ® 0 (6) (M 2 ©)
Western redcedar 4 5 0 52 16 0 2 2 3 2
4 @) 0 (12) (M 0 @) 1) (1) (1)
Amabilisfir 0 3 13 3 5 0 0 0 0 0
) ©) (M @ @) 0 0 0 (0) 0
Red alder 11 14 0 0 5 0 0 0 0 0
(11) (13 0 0 4 0 0 0 (0) 0
Other 0 2 0 0 1 0 0 0 0 0
) @) 0 ) 1) 0 0 0 (0) 0
Total 100 100 100 100 100 100 100 100 100 100

a8Ageclasses: R = Regeneration; | = Immature; M = Mature; O = Old growth.
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Table 12. Comparison of structural attributes from old growth definitions for Washington/Oregon, California, and British Columbiawith
attributes of old-growth chronosequence plots in the CWHxm and CWHvm.

Old-growth attribute Washington/Oregon Cdlifornia CWHvm CWHxm CWHvm

Number live stems All species> 100 cm Douglas-fir >90 cm All species >100 cm One of four All four

by DBH class DBH (> 10 stems/ha) DBH (29 + 3 stems/ha) (average 23.8 stems/ha) old-growth plots old-growth plots
met criteria by met criteria by

Franklin and Spies (1991)  Franklin and Spies (1991)

Number live stems Multilayered Multilayered NA All old-growth All old-growth
by height class Canopy Canopy plots met criteria by plots met criteria by
Franklin and Spies (1991)  Franklin and Spies (1991)
Number of snags/ha > 4 snaggha > 5+ 2 snags/ha > 10 snaggha All old-growth All old-growth
(>5mtal) (>4 mtal) plots met criteria by plots met criteria by
(>50 cm DBH) (>40 cm DBH) (>50 cm DBH) Franklin and Spies (1991)  Franklin and Spies (1991)
Biomass of snags NA 10to 110 NA 22 Mg/ha 16.1 Mg/ha
Mg/ha
Basal area Old growth 69( + 5)m%ha  NA 83 m?ha 128 m¥ha 83 m?ha
m%ha Mature 34( + 5)m?/ha NA NA 79 m?/ha 69 m?ha

Note: Structural attributes for Washington and Oregon are summarized from Spies and Franklin (1988) and from Franklin and Spies (1991). Structural attributes
for California are summarized from Bingham and Sawyer (1991) Structura attributes from British Columbia from MacKinnon (2001)
Criteria by Franklin and Spies (1991) refer to criteriafor old-growth definitions.




Appendix |

Weibull function parameters and R? for stand density by diameter, height,
or crown depth and for basal area (m2) by diameter (DBH)

Tablel-1. Weibull function parameters and R? for stand density (stem/ha) by diameter (DBH),
height or crown depth class and for basal area (m?) by diameter (DBH) class. Functions
fit for each age class within a subzone.
Density by Density by Density by Basal areaby
DBH class height class crown depth class DBH class
Subzone Ageclass R? ca Bb R? C B R? C B R? C B
CWHxm Immature  0.736 1924 1794 0445 1160 2073 0873 2240 1399 0848 3390 2811
(0.277) (0.118) (0.207) (0.528) (0.318) (0.074) (0.215) (0.072)
CWHxm Mature 0.834 1523 1393 0458 1108 2274 0927 2074 1178 0335 2216 4467
(0.128) (0.122) (0.192) (0.528) (0.148) (0.073) (0.340) (0.440)
CWHxm Oldgrowth 0.737 1573 0844 0615 1330 0905 0822 1874 1314 0271 3639 8135
(0.146) (0.108) (0.136) (0.154) (0.219) (0.109) (0.591) (0.490)
CWHvm Immature  0.868 1639 2240 0490 2082 4341 0866 1645 1556 0852 3.860 3678
(0.115) (0.113) (0.261) (0.316) (0.136) (0.110) (0.244) (0.075)
CWHvm Mature 0.343 1535 3745 0073 5275 8100 0565 1744 2472 0280 2691 5890
(0.304) (0.513) (1.435) (0.330) (0.278) (0.256) (0.418) (0.502)
CWHvm old-growth 0700 1292 1061 0499 1005 1509 0808 1619 1154 0426 26.070 11615
(0.120) (0.177) (0.139) (0.457) (0.144) (0.128) (12.466) (0.085)

Standard error in parentheses, n=4
aC= scale parameter
b B = shape parameter
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Appendix Il

Stems per hectare of species within diameter (DBH) class, for each plot

Regeneration Immature Mature Old growth
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Figurell-1. Stems per hectare of species within diameter (DBH) classes 20-100 by age class within CWHxm sites.
(all larger diameter stemsareinthe“>100" class)

Valuesin upper right of each graph are: plot number and RCZ, scale parameter and shape parameter of Weibull
function. Numbers in parentheses are standard errors. (Fd = Douglas-fir; Hw = western hemlock; Cw = western
redcedar; Ba= amabilisfir; Dr = red alder; Oth = other)
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Figurell-2. Sems per hectare of species within diameter (DBH) classes 20-100 by age class within CWHvm sites.

Valuesin upper right of each graph are: plot number and RCZ, scale parameter and shape parameter of Weibull

(all larger diameter stemsareinthe“>100" class)

function. Numbers in parentheses are standard errors. (Fd = Douglas-fir; Hw = western hemlock; Cw = western
redcedar; Ba= amabilisfir; Dr = red alder; Oth = other)
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(Fd = Douglas-fir; Hw = western hemlock; Cw = western redcedar; Ba = amabilisfir; Dr = red alder; Oth = other)
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Appendix Il

Stems per hectare of species within height class, for each plot
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Figurelll-1. Sems per hectare of species within height classes 10 - 55 by age class, within CWHxm sites

Valuesin upper right of each graph are: plot number and RCZ, scale parameter and shape parameter of Weibull

(all stemsover 55 min height areinthe“>55" class)

function. Numbers in parentheses are standard errors. (Fd = Douglas-fir; Hw = western hemlock; Cw = western
redcedar; Ba= amabilisfir; Dr = red alder; Oth = other)

42



1400

1200

1000

800

600

400

200

o

1400

1200

1000

N @ ©
o =} =}
=} =) S

N
=}
S

Number of stems per hectare

o

1400

1200

1000

800

600

400

200

Regeneration Immature Mature Old growth
Renfrew
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, SV | 2p 93 B4
0.56 0.96 0.55
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, A ..2.504(0.483) | T719(0.A94) | A.415(1.063)
5.046(0.609) 8.297(0.075) 5.713(0.292)
L;LL;LL;LL;@ EEE@LL;LL 1 1 L mE P B B8 = EEEL;;LL
10 15 20 25 30 35 40 45 50 55 >55 10 15 20 25 30 35 40 45 50 55 >55 10 15 20 25 30 35 40 45 50 55 >55 10 15 20 25 30 35 40 45 50 55 >55
Red/Granite Creek
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 6| o828y . 64
0.78 0.93 0.85
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Al 3228(0.548) | ... .9960(0.748) | .. ... 1141(0.167)
3.166(0.203) 7.945(0.084) 1.768(0.331)

ELLLLLLLLLL

10 15 20 25 30 35 40 45 50 55 >55

Nitinat

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, T2 T T4
0.80 0.00 0.98
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, o .1103(0.184) | .08330.614) |.........................2.016(0.075)
2.586(0.566) 6.167(5.846) 0.988(0.069)
10 15 20 25 30 35 40 45 50 5555 10 15 20 25 30 35 40 45 50 5555 10 15 20 25 30 35 40 45 50 55555 10 15 20 25 30 35 40 45 50 55 >55
Klanawa
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 1 T | | ™)
0.74 0.91 0.66
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, b .....B344(0.921) |............o............1634(0.152) |.........................0.979(0.208)
4.741(0.159), 0.899(0.133), 2.627(0.806)
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, - ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,7 | |
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, A N e ]
\
\
""""""""""""""""""""" TN QQ
@ SENEN Q Q [~ T T m

B S S I S U O e B i

10 15 20 25 30 35 40 45 50 55 >55

10 15 20 25 30 35 40 45 50 55 >55

10 15 20 25 30 35 40 45 50 55 >55

Height class

10 15 20 25 30 35 40 45 50 55 >55

EIFD
HW
ACW
CIBA
DR
BI0TH

EIFD
HW
ACW
CIBA
DR
BI0TH

=FD
HW
ZACW
IBA
WDR
B3 0TH

=FD
HW
ZACW
IBA
DR
E30TH

Figurelll-2. Stems per hectare of species within classes 10 - 55 by age class, within CWHvm sites.

(all stemsover 55 min height areinthe“>55" class)

Valuesin upper right of each graph are: plot number and RCZ, scale parameter and shape parameter of Weibull
function. Numbersin parentheses are standard errors. (Fd = Douglas-fir; Hw = western hemlock; Cw = western

redcedar; Ba= amabilisfir; Dr = red alder; Oth = other)
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Appendix IV

Stems per hectare of species within crown depth class, for each plot.
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FigurelV-1. Sems per hectare of species within crown depth classes 10 - 40 by age class within CWHxm sites.
(all stemswith crown depth over 40 mareinthe“>40" class)

Valuesin upper right of each graph are: plot number and RCZ, scale parameter and shape parameter of Weibull

function. Numbersin parentheses are standard errors. (Fd = Douglas-fir; Hw = western hemlock; Cw = western
redcedar; Ba = amabilisfir; Dr = red alder; Oth = other)
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Figure1V-2. Stems per hectare of species within crown depth Classes 10 - 40 by age class within CWHvm sites.
(all stemswith crown depth over 40 mareinthe*>40" class)

Valuesin upper right of each graph are: plot number and Rcz, scale parameter and shape parameter of Weibull

function. Numbers in parentheses are standard errors. (Fd = Douglas-fir; Hw = western hemlock; Cw = western
redcedar; Ba= amabilisfir; Dr = red alder; Oth = other)
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Appendix V

Stem biomass per hectare of species within size class, for each plot

TableV. Mean (and standard error) stem biomass per hectare by size class within age class for the

CWHvm and CWHxm subzones.
CWHvm subzone  (west side) CWHxm subzone (east side)
Age class? Ageclass”
Size class? R I M (@) Size Class R | M (@)
1 33 16.5 18 3.0 1 0.6 255 18.4 34
1.8 (2.9 1.1 (0.5 (0.6) (6.4) (8.6) 1.3
2 0.0 109.9 56.3 13.8 2 0.0 103.1 91.3 10.5
(0.0 (17.6) (15.5) 4.9 (0.0 (25.5) (22.1) (2.4)
3 0.0 105.8 245.3 107.0 3 0.0 134 1715 1375
(0.0 (15.5) (79.9) (16.3) (0.0 (9.8 (56.0) (56.1)
4 0.0 0.0 160.3 563.4 4 0.0 0.0 141.6 434.6
(0.0) (0.0) (626)  (239.6) (0.0) (0.0) (82.0) (91.6)
Total 33 232.2 463.7 687.2 Total 0.6 142.0 422.8 585.9
1.8 (20.3) (24.7) (222.5) (0.6) (17.9) (89.0) (51.7)

a8 Sizeclasses defined by DBH: Class 1 = 1.1 to 12 cm; Class 2 = 12.1 to 29.9 cm; Class 3 = 30 to 59.9 cm, and;

Class 4 =59.9+ cm.
b Ageclasses: R = Regeneration; | = Immature; M = Mature, and; O = Old growth.
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Figure V-1. Sem biomass (Mg) per hectare of species within size (DBH) class by age class within CWHxm sites.

(Class1=1.1t0 12 cm; Class 2 = 12.1 t0 29.9 cm; Class 3 = 30 to 59.9 cm, and; Class 4 = 59.9+ cm)
(Fd = Douglas-fir; Hw = western hemlock; Cw = western redcedar; Ba = amabilisfir; Dr = red alder; Oth = other)
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Figure V-2. Sem biomass (Mg) per hectare of species within size (DBH) class by age class within CWHvm sites.

(Class1=1.1t012 cm; Class2 = 12.1t0 29.9 cm; Class 3 = 30 to 59.9 cm, and; Class 4 = 59.9+ cm)
(Fd = Douglas-fir; Hw = western hemlock; Cw = western redcedar; Ba= amabilisfir; Dr = red ader; Oth = other)
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Appendix VI

Snags per hectare of species within size class, for each plot

TableVI. Mean (and standard error) number of snags per hectare by size class within age class for
the CWHvm and CWHxm subzones.
CWHvm subzone  (west side) CWHxm subzone (east side)
Ageclass? Ageclass
Size class? R I M (0] Size Class R I M (0]
1 0 1125 127 17 1 0 371 497 69
0) (642) (30) (13) 0) (145) (296) (38)
2 0 74 180 30 2 0 21 99 34
0) (32) (68) (24) 0) 12) (30) ©)
3 0 1 21 50 3 0 0 4 13
0) (11) (12) (24) 0) O 4 ®)
4 0 0 21 14 4 0 0 0 3
(0) (0) (21) (3 (0) (0 (0 ©)
Total 0 1210 350 11 Total 0 393 599 119
(0) (674) (89) (59) (0) (145) (271) (41)

a8 Size classes defined by DBH: Class 1 =1.1t0 12 cm; Class 2 = 12.1t0 29.9 cm; Class 3 = 30 t0 59.9 cm, and;

Class 4 = 59.9+ cm.

b Ageclasses: R = Regeneration; | = Immature; M = Mature, and; O = Old growth.
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Figure VI-1. Shags per hectare of species within size (DBH) classes by age class within CWHxm sites.

(Class 2 = 12.1t0 29.9 cm; Class 3 = 30 t0 59.9 cm, and; Class 4 = 59.9+ cm)
(Fd = Douglas-fir; Hw = western hemlock; Cw = western redcedar; Ba = amabilisfir; Dr = red alder; Oth = other)
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Figure V1-2. Shags per hectare of specieswithin size (DBH) classes by age class within CWHvm sites.

(Class2 =12.1t0 29.9 cm; Class 3 = 30 t0 59.9 cm, and; Class 4 = 59.9+ cm)
(Fd = Douglas-fir; Hw = western hemlock; Cw = western redcedar; Ba= amabilisfir; Dr = red ader; Oth = other)
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Appendix VII

Snag mass (Mg) per hectare of species within size class, for each plot

Table VII. Mean (and standard error) snag mass per hectare by size class within age class for the
CWHvm and CWHxm subzones.
CWHvm subzone  (west side) CWHxm subzone (east side)
Age class? Ageclass
Size class? R I M 0] Size class R | M (0]
1 0.0 12.9 1.3 0.2 1 0.0 4.1 6.9 0.6
(0.0) (7.3) (0.4 (0.2) (0.0) (1.6) (4.3 (0.3)
2 0.0 45 10.9 13 2 0.0 0.9 7.8 2.3
(0.0) 23 (5.7) (0.8 (0.0) (0.5) (34) (0.5)
3 0.0 6.2 31 12.1 3 0.0 0.0 0.6 3.0
(0.0) (6.2 (3.2 8.3 (0.0) (0.0) (0.6) (2.3)
4 0.0 0.0 19.2 8.4 4 0.0 0.0 0.0 10.2
(0.0) (0.0) (19.2) .7 (0.0) (0.0) (0.0) (10.2)
Total 0.0 23.6 34.4 22.0 Total 0.0 5.1 15.3 16.1
(0.0) (14.2) (16.6) (10.7) (0.0) (1.8) (2.9 (9.9

a8 Size classes defined by DBH diameters: Class 1 =1.1to 12 cm; Class2 = 12.110 29.9 cm;
Class 3=301t059.9 cm, and; Class 4 = 59.9+ cm.
b Ageclasses: R = Regeneration; | = Immature; M = Mature, and; O = Old growth.
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Figure VII-1. Snag mass (Mg) per hectare of species within size (DBH) class by age class within CWHxm sites.

(Class1=1.1to 12 cm; Class2 = 12.1t0 29.9 cm; Class 3 = 30 to 59.9 cm, and; Class 4 = 59.9+ cm),
(Fd = Douglas-fir; Hw = western hemlock; Cw = western redcedar; Ba= amabilisfir; Dr = red alder)
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Figure VII-2. Shag mass (Mg) per hectare of species within size (DBH) class by age class within CWHvm sites.

(Class1=1.1t012 cm; Class 2 = 12.1 t0 29.9 cm; Class 3 = 30 to 59.9 cm, and; Class 4 = 59.9+ cm)
(Fd = Douglas-fir; Hw = western hemlock; Cw = western redcedar; Ba = amabilisfir; Dr = red alder)
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Appendix VIl

Stem basal area (m2) per hectare of species within size class, for each plot

Table VIII. Mean (and standard error) stem basal area per hectare by size class within age class for
the CWHvm and CWHxm subzones.

CWHvm subzone  (west side) CWHxm subzone (east side)
Ageclas Ageclass

Size class? R I M O Size class R I M O
1 0.45 4.02 0.80 0.95 1 0.05 5.40 4.40 0.78
(0.29) (0.91) (0.57) (0.23) (0.05) (1.45) (2.19) (0.25)
2 0.00 27.69 11.64 4.69 2 0.00 30.34 26.71 3.66
(0.00) (4.35) (3.27) (1.28) (0.00) (6.46) (7.83) (0.74)
3 0.00 25.30 36.16 21.18 3 0.00 3.92 32.11 28.61
(0.00) (3.39) (10.83) (4.43) (0.00) (2.86) (9.19) (10.58)
4 0.00 0.00 20.52 101.06 4 0.00 0.00 15.36 49.49
(0.00) (0.00) (7.82) (45.02) (0.00) (0.00) (9.00) (8.52)
Total 0.45 57.01 69.13 127.88 Total 0.05 39.66 78.57 82.54
(0.29) (4.60) (2.99) (40.76) (0.05) (4.76) (8.15) (4.57)

a8 Size classes defined by DBH diameters: Class 1 =1.1to 12 cm; Class2 = 12.110 29.9 cm;
Class 3=301t059.9 cm, and; Class 4 = 59.9+ cm.
b Ageclasses: R = Regeneration; | = Immature; M = Mature, and; O = Old growth.
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Figure VII1-1. Sem basal area (m?) per hectare of species within diameter (DBH) classes 10-100 by age class
within CWHxm sites. (All larger diameter stemsarein the“>100" class.)

Valuesin upper right of each graph are: plot number and RCZ, scale parameter and shape parameter of Weibull
function. Numbers in parentheses are standard errors. (Fd = Douglas-fir; Hw = western hemlock; Cw = western

redcedar; Ba= amabilisfir; Dr = red alder; Oth = other)
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Figure VII1-2. Sem basal area (m?) per hectare of species within diameter (DBH) classes 10-100 by age class
within CWHvm sites. (All larger diameter stemsarein the“>100" class.)

Valuesin upper right of each graph are: plot number and R 2, scale parameter and shape parameter of Weibull
function. Numbersin parentheses are standard errors. (Fd = Douglas-fir; Hw = western hemlock; Cw = western
redcedar; Ba= amabilisfir; Dr = red alder; Oth = other)
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Canadian Forest Service Contacts

For more information about the Canadian Forest Service, visit our website at
http://www.nrcan.gc.ca/cfs-scf/
or contact any of the following Canadian Forest Service establishments

@ Atlantic Forestry Centre @ Great Lakes Forestry Centre
P.O. Box 4000 P.O. Box 490 1219 Queen St. East
Fredericton, NB E3B 5P7 Sault Ste. Marie, ON P6A 5M7
Tel.: (506) 452-3500  Fax: (506) 452-3525 Tel.: (705) 949-9461  Fax: (705) 759-5700
http://atl.cfs.nrcan.gc.ca/ http://www.glfc.cfs.nrcan.gc.cal
Atlantic Forestry Centre — District Office @ Northern Forestry Centre
Sir Wilfred Grenfell College Forestry Centre 5320-122nd Street
University Drive Edmonton, AB T6H 3S5
Corner Brook, Newfoundland A2H 6P9 Tel.: (403) 435-7210  Fax: (403) 435-7359
Tel.: (709) 637-4900  Fax: (709) 637-4910 http://nofc.cfs.nrcan.gc.cal
@ Laurentian Forestry Centre @ Pacific Forestry Centre
1055 rue du PE.PS., PO. Box 3800 506 West Burnside Road
Sainte-Foy, PQ G1V 4C7 Victoria, BC V8Z 1IM5
Tel.: (418) 648-5788  Fax: (418) 648-5849 Tel.: (250) 363-0600  Fax: (250) 363-0775
http://www.cfl.scf.rncan.gc.cal http://www.pfc.cfs.nrcan.gc.cal
Headquarters

580 Booth St., 8th FI.

Ottawa, ON K1A OE4

Tel.: (613) 947-7341  Fax: (613) 947-7396
http://www.nrcan.gc.calcfs

To order publications on-line, visit the Canadian Forest Service Bookstore at:
bookstore.cfs.nrcan.gc.ca
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