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EXECUTIVE SUMMARY 

Old-growth forests are frequently discussed in terms of 
their ecological, economic, cultural, and social values. 
understanding the ecological values of old growth is particularly 
important for guiding resource management towards sustaining 
biodiversity and productivity. ~cological descriptions of old 
growth are a necessary framework for studying and assessing 
ecological values. 

Much of the work to date to describe and characterize old 
growth has focused on coastal ~ouglas-fir forests in Oregon and 
Washington. Old-growth in the U.S. pacific Northwest is commonly 
described by a number of attributes including: 

number of large trees; 
age distribution of trees; 
number of tree'species; 
number of tree canopy layers; 
number of snags; 
amount of down woody debris; 
number and size of canopy gaps; 
canopy community; 
patchiness of understory vegetation and regeneration; 
stand age and relation to natural disturbances; and 
stand size. 

Three approaches to define old-growth attributes include: 

1. Mean, median, and associated variances of attribute 
values to characterize old-growth stands. 

2. Minimum values or standards for selected attributes to 
separate old-growth from young and matuTe' stands. 

3 .  A continuous scale of values for attributes as they 
vary in space and time to characterize the degree of 
nold-growthnessll of stands. 

Currently, insufficient information is currently available 
to define and characterize British Columbia's old-growth. 

A sampling methodology which can be used to develop 
definitions for old-growth forests in ~ritish Columbia is 
proposed. Initial sampling will concentrate on five 
biogeoclimatic zones: CDF, IDF, PP, CWH, and ICH. Selected site 
associations will be sampled in order to develop site specific 
definitions. Both mature and old-growth stands will be sampled to 
enable characterization of mature versus old-growth stands and to 
determine the extent to which different stand attributes can be 
used to discriminate between mature and old-growth stands. 



1.0 INTRODUCTION 

old growth forests are frequently discussed in terms of 
their ecological, economic, cultural, and social values. 
understanding the ecological values of old growth is particularly 
important to the sustaining of biodiversity and site 
productivity. Ecological descriptions of old growth are a 
necessary framework for studying and assessing ecological values. 

Much of the work to date to describe and characterize old 
growth has focused on coastal Douglas-fir forests in Oregon and 
Washington (Franklin et al. 1981). Because ~ritish ~olumbia has 
a diverse array of forested biogeoclimatic zones and ecosystems, 
the characteristics of coastal Douglas-fir old-growth will not 
always apply to the many kinds of old growth forests in B.C. 
Developing definitions for the major forest ecosystems in each 
zone is, therefore, the first step in a research program on old 
growth ecology and management. 

The objectives of this report are to: 

1. review work that describes and characterizes old growth; 

2. outline approaches used to develop old growth definitions 
and the applications of these definitions; 

3 .  summarize available information that can be used to develop 
definitions for British ~olumbia's old-growth forests and 
identify the information gaps; and, 

4. propose a sampling methodology and a strategy for developing 
definitions for old growth in British Columbia. 



2.0 DESCRIBING AND CHARACTERIZING OLD GROWTH 

Ecologically, forest development consists of three basic 
stages: young, mature, and old (USDA 1986). Old growth is the 
last stage. Transitions between stages are gradual. Young 
stages change rapidly in terms of species composition and 
structure. The mature forest represents a relatively stable 
stage with continued growth but at a slower rate than in the 
young forest. Mature forests gradually change to old growth such 
that tlyoung'l old-growth forests tend to display old-growth 
characteristics but with less frequency and intensity than "oldn 
old-growth. Franklin and spies (1989) review the approaches 
taken to describe these old-growth characteristics for 
Douglas-fir forests. 

The broad Douglas-fir forest type has been described in 
terms of multiple attributes (Franklin et al. 1981, USDA 1986). 
These attributes are listed in Table 1 and discussed below. 

Table 1. Attributes of Old-growth Forests 

number of large trees; 
age distribution of trees; 
number of tree species; 
number of tree canopy layers; 
number of snags; 
amount of down woody debris; 
number and size of canopy gaps; 
canopy community; 
patchiness of understory vegetation and regeneration; 
stand age and relation to natural disturbances; and 
stand size. 

Large trees are an obviously important attribute as they 
provide the framework for a stand. The age, size, density, and 
species of large trees are structural features which ars usually 
used as one measure of the vtold-growthnessn of a stand (USDA 
1986). In addition, Alaback (1984) noted that wider average tree 
spacing was one key structural characteristic which distinguished 
old-growth forests from younger forests in southeast Alaska. 

Standing dead trees, or snags, are also an important 
structural attribute. They are particularly important in 
providing habitat for a wide range of wildlife, especially cavity 
nesting birds and mammals (Thomas et al. 1979). 

Down woody debris, including downed logs, branches and 
roots, is an important component of old-growth eccsystems. The 
importance of down woody debris in providing animal habitats and 
in terms of nutrient regimes is well recognized and documented 



for some temperate forest systems (Franklin et al. 1981; Harmon 
et al. 1986; Maser et al. 1988). 

A gap is an opening in the canopy formed by the death of a 
single tree, part of a tree, or a few trees in a group. The 
creation and filling of gaps and openings influences the 
structural and compositional features of forests. Gaps 
contribute to the patchiness of understory vegetation (Franklin 
et al. 1981) while the combination of gaps and canopy closure are 
important for wildlife such as deer. 

Canopy community composition has been studied very little 
and is poorly understood. Studies which have been conducted have 
found a diverse assemblage of epiphytic lichens and bryophytes 
(Pike et al. 1975) and arthropods (Schowalter, 1989) in the 
canopies of old-growth forests. The diversity and abundance of 
lichens (Stevenson and Rochelle, 1984) and arthropods 
(Schowalter, 1989) are much higher in old-growth forests than 
young forests. Lichens are important for some wildlife species 
and a diverse arthropod community may control insect damage to 
trees. 

Understory vegetation in old-growth forests is almost always 
patchy in distribution and abundance (F'ranklin et al. 1981) This 
patchiness is related to the heavy filtering of light by the 
multilayered canopy. Alaback (1984) noted that increased 
understory productivity was a characteristic which distinguished 
old-growth stands from second growth stands in Alaskan coastal 
forests. 

Stand age is generally defined as the age of the oldest 
trees. It may also be defined in terms of age in relation to the 
average interval between natural disturbances that are severe 
enough to lead t6 succession (Hunter 1989). Only stands 
sheltered from natural disturbance (e.g. isolated from fire, 
sheltered from wind) are likely to become significantly older 
than the average interval between the disturbances. 

Stand size is important for judging whether a patch is a 
functional ecological unit (USDA 1986). The size of a stand 
which would be considered a viable old-growth stand depends on 
management objectives and edge effects. The acreage necessary to 
maintain integrity of old-growth stands will be higher when 
surrounded by clearcuts than for old-growth surrounded by 
partially cut or intact mature forests (Harris 1984) because of 
increased light, heatl and wind penetration from surrounding 
openings (~issel 1990 ) .  

I Cissel, J. 1990. A landscape context for project decisions 
affecting old growth and mature forests. Internal paper. 
Blue River Ranger District, Willamette National Forest. 16 
PP . 



3.0 DEFINING OLD GROWTH AND USE8 OF DEFINITIONS 

Little research has been done in British Columbia to define 
and describe old-growth forests. utilizing the work from U.S. 
old-growth forests would expediate the development of definitions 
for British ~olumbia~s forests. Three approaches that could be 
used to define old-growth and the potential applications of the 
definitions are outlined below (Franklin and Spies 1989): 

1. ~efinitions that characterize old growth can be developed 
using mean, median, and associated variances of attribute 
values. The more attributes that are included the more 
descriptive and flexible the definition for research and 
management purposes. For example, certain attributes may be 
important for research into the relationships of wildlife to 
old growth while others may be useful for investigating 
silvicultural questions. 

~ranklin and Spies (1989) note that a definition that uses 
minimum values or standards of selected attributes is useful 
for separating old growth from young and mature stands. 
Discriminant analysis is useful for selecting the attributes 
which best differentiate between old-growth and mature 
stands. A definition that discriminates old-growth from 
mature forests is necessary when it is important to 
determine if a particular stand should be considered as old 
growth. 

The U.S. Forest Service Old-Growth Task Group's interim 
definitions for old-growth Douglas-fir and mixed-conifer 
forests in the Pacific Northwest and California (USDA 1986) 
used minimum values of: number of tree species; numbers of 
trees of a specific species of a minimum height, diameter, 
and age; numbers of snags of a minimum height and diameter; 
canopy layer descriptions; and, amount and number of logs of 
a minimum diameter an9 length. These attributes were also 
used by Alaback (1990 ) to develop tentative old-growth 
definitions for coastal Alaskan forests. 

3 .  Because old-growth forests and their attributes do vary in 
space and time, using a continuous scale to characterize 
"old-growthnessn has value (Franklin and Spies 1989). With 
this approach an index or rating of the old-growth 
attributes of interest provides a method for evaluating the 
old-growth value of a stand and a means of comparing stands. 

2 Alaback, P.B. 1990. Old growth forest definitions for Southeast 
Alaska. Internal note to Jerry Broughton, USDA Forest 
Service, 3 pp. 



An example of this latter approach is the scorecard method 
used by the U.S. Forest Service in ~edicine Bow ~ational 
Forest (Raphael et al. 1989). This approach assigns a 
numerical rating based on the degree to which old-growth 
attributes are expressed in the stand. Attributes are rated 
individually and an overall score is calculated by summing 
the ratings for individual attributes. An overall minimum 
score needed for a stand to qualify as old growth is 
identified. 

It is important to highlight the experience of Franklin and 
spies (1989) in identifying and characterizing ~ouglas-fir old 
growth. The usefulness of definitions developed for broad forest 
types is somewhat limited because there is so much inherent 
variability. Ideally, work should focus on site specific 
old-growth definitions. 



4.0 AVAILABLE INFORMATION FOR DEVELOPING OLD-GROWTH DEFINITIONS 
IN BRITISH COLUMBIA 

Through the  ini is try of Forests Biogeoclimatic Ecosystem 
Classification (BEC) program, considerable ecological data has 
been collected that describes mature and old-growth forests 
throughout the province. This data was not collected for the 
purpose of characterizing old growth, however, with this 
limitation in mind we decided that the information collected 
could be used to develop definitions. The Ministry of Forests 
inventory data base has information on the age, height and 
dominant tree species in forest stands in B.C. Again, this data 
was not collected for the purpose of characterizing old growth. 
After examining the definitions developed by Franklin and Spies 
(1989), it appears that site specific old growth definitions are 
necessary. 

The data available from the ecosystem classification data 
base that could be used to define old-growth is summarized in 
Table 2. 

Table 2. Attributes of Old-growth Forests and Data ~vailable 
from the ~iogeoclimatic Ecosystem classification 

Old-growth Attributes Data From Ecosystem 
classification 

number of large trees 
age distribution of trees 
number of tree species 
number of tree canopy layers 
number of snags 
amount of down woody debris 
number and size of canopy gaps 
canopy community 
patchiness of understory 
vegetation and regeneration 
stand age and relation to 
natural disturbances 
stand size 

available 
available 
available 
available 
available 
not available 
not available 
not available 
none on patchiness, 
some on regeneration 
stand age available, 
none on disturbances 
not available 

sampling to develop the ~iogeoclimatic Ecosystem 
Classification system involved determination of at least the 
stand age, and height, diameter, and ages of the main tree layer 
species. In some cases more detailed cruise plot sampling was 
done and this information can be used to determine the diameter 
class distribution by tree species for live and dead trees. In 
addition, information on understory species composition was also 
collected. Sampling was done using the methods outlined in 
Luttmerding et al. (1990) . 



The BEC data can be used to provide information on the 
numbers and size (dbh and height) of trees. Some information on 
snags is also available, however, it may be of limited value for 
purposes such as evaluating wildlife habitat potential because 
attributes such as decay stage were not determined. Data on 
large woody debris or canopy communities are not available. 
Understory vegetation is one of the few attributes that has been 
thoroughly sampled. In general, little information is available 
in existing data sets on the attributes commonly used to 
characterize old growth. Furthermore, the data that is available 
for describing and defining old-growth has limited value at 
present, since mature and old-growth samples are not separated. 
However, if plots could be classified as mature versus old-growth 
on the basis of some attribute such as stand age, then the BEC 
data could be useful in describing features of old-growth stands. 

Data from two zones, the Coastal Western Hemlock (CWH) and 
Interior Douglas-fir (IDF), were analysed to explore how useful 
the information on tree and snag size and density would be for 
developing definitions. Data were analyzed using the British 
~olumbia  ini is try of Forests PLOTSUM program (Meidinger et al. 
1987). The following two analyses were done: 

1. All trees and snags with dbh >7 .5  cm were used. A minimum 
dbh of ~ 7 . 5  cm was the standarc? used for the Ecosystem 
Classification data collection. This analysis which 
includes all trees and snags can be used to broadly 
characterize mature and old growth forests in the CWH and 
IDF zones in terms of the sizes of trees, 

2. Only trees and snags over a specific dbh were included. The 
minimum value of the dbh for each zone, was taken from the 
U.S. definitions developed for similar old-growth forest 
types. These minimum values for dbh and other old-growth 
attributes were developed to try to discriminate between 
mature and old-growth forests. The BEC data includes 
samples from both mature and old-qrowth stands. - 
Nevertheless, analyzing this data using the U.S. minimum dbh 
values allows some comparison of the similarity of the CWH 
and IDF zones with the U.S. forest types. If the tree and 
snag attributes of these two zones are similar to the U.S. 
forest types, other attributes developed for the U.S. forest 
types may be applicable to the CWH and IDF zones. The 
minimum dbh from the U.S. d~fir~itions used for analysis of 
data in the CWH zone was > 5 5 . 0  cm for trees and > 4 8 . 4  cm 
for snags. For data in the IDF zone, the minimum dbh used 
for trees and snags was > 7 5 . 0  cm. 

These two analyses are presented below by zone and minimum dbh 
values for trees and snags to be included. 



4.1 CWH Zone 

For the CWH zone, data from three subzones: CWHvh - very 
wet hypermaritime, CWHwh - wet hypermaritime, and CWHvm - very 
wet maritime, were analyzed. Only stands 200 years or older were 
included. Stand age was determined to be the average age of the 
co-dominant trees in the site index data. The data from all 3 
subzones were pooled and analyzed by site association. Only site 
associations with a total of more than 10 plots were use. The 
data was analyzed twice: once including all trees and snags with 
dbh >7.5 cm and again only including trees a dbh >55.0 cm and 
snags with a dbh >48.4 cm. These analyses for the CWH zone are 
presented in the two sections below. 

4.1.1 Data Analysis Including Trees and Snags with dbh >7.5 cm 

The average values for trees and snags with dbh >7.5 cm for 
selected site associations are shown in Table 3. Examining the 
values in Table 3, a comparison can be made between the five site 
associations (excluding HwSs - Lankymoss) with approximately the 
same numbers of plots, 17-27 plots. The tree and snag dbh and 
height values are quite different between each site association. 
These results support the need to develop specific old-growth 
definitions rather than a more general definition by zone. If we 
determined for example that all stands >200 years of age should 
be considered old-growth, then these values may be useful in 
characterizing old-growth stands in these site associations. 

4.1.2 Data ~nalysis Including Trees with dbh >55.0 cm and 
snags >48.0 cm 

Alaback (1990) proposed tentative old-growth definitions 
for coastal Alaskan forest types. The coastal Alaskan forest 
types are defined as Sitka spruce on alluvial and other sites and 
Western hemlock and cedar-hemlock on well or poorly drained 
sites. These coastal Alaskan forest types are somewhat similar 
to forests in the CWH zone, however, matching of coastal Alaskan 
forest types to CWH site associations for comparison was not 
attempted for this analysis. 

2 Alaback, P.B. 1990. Old growth forest definitions for Southeast 
Alaska. Internal note to Jerry Broughton, USDA Forest 
Service. 3 pp. 



Minimum numbers of stems/ha of a specific size (dbh and 
height) of trees and snags in each coastal Alaskan forest type 
were determined. An average minimum was calculated using the 
minimum set for each ecosystem. The average minimum value for 
trees is 41.7  trees/ha over 5 5  cm dbh and 24.8 m in height and 
for snags is 6.0 snags/ha over 48.4 cm dbh and 3.0 m in height, 

The second analysis of the CWH data which only included 
trees with dbh >55.0  cm and snags with dbh >48.4  cm was compared 
with the average minimum values from above. Each plot was 
examined to determine whether or not it met the minimum standard 
for number of trees and snags of these specific sizes. Table 4 
shows the percentage of plots in each site association which met 
the minimum requirements for trees, snags, and trees and snags to 
be classified as old-growth according to the coastal Alaskan 
forest definitions. 

If only the minimum standard for trees of 4 1 . 7  trees/ha over 
55 cm dbh and 2 4 . 8  m in height must be met, 1 0 0 %  of the stands in 
the HwSs - Lanky moss, HwBa - Blueberry, and BaCw - Salmonberry 
site associations would be classified as old-growth according to 
the U.S. definition. For the CwHw - Blueberry and CwYc - 
Goldthread site associations, only 40 .7% and 3 6 . 0 % ,  respectively, 
of the stands meet the minimum standards for trees. 

If only the minimum standard for snags of 8 . 0  snags/ha over 
48 .4  cm dbh and 3 . 0  m in height must be met, only 22-35% of the 
stands in any site association would be classified as old-growth 
according to the U.S. definition. 

If both minimum standards for trees and snags must be met, 
all stands in the HwSs - Lanky moss, CwSs - Foamflower, HwBa - 
Blueberry, and BaCw - Salmonberry site associations which met the 
minimum standard for snags also met the minimum standard for 
trees, therefore, 22-35% of the stands in these 4 site 
associations would be classified as old-growth according to the 
U.S. definition. For the CwHw - Blueberry and CwYc - Goldthread 
site associations, only 11-12% of the stands met the minimum 
standards for trees and snags. 

The difference between the percentage of plots which met the 
minimum standards for trees and the percentage of plots which met 
the minimum standards for snags may be a result of inadequate 
sampling of snags. 



Table 3. Average Values for All Trees and Snags with DBH > 7.5 crn 
for Selected Site Associations in the Coastal Western Hemlock (CWH) Zone 

(Stands >ZOO Years Old) 

Site Association 

'species included are Ba, Cw, Fd, Hrn, Hw, PI, Ss, Sx, Yc, Yp 



Table 4. Percentage of Plots in Coastal Western Hemlock (CWH) Site Associations ( . - ? , .! : j 
Which Meet the Minimum Standards for CoastalAlaskan Old-Growth ~ o r e s t s ~  

Minimums for Trees Minimums for Snags Minimums for 

k in imum of 41.7 treeslha >55.0 cm dbh and >24.8 m height 

%inimum of 6.0 snagslha >48.4 cm dbh and 3.0 m height 

3~laback, P.B. 1990. Old growth forest definitions for Southeast Alaska. Internal note to Jerry Broughton, USDA Forest Service. 3 pp. 



4.2 IDF Zone 

For the IDF zone, data from subzones with more than 10 plots 
were included in the analysis. Only stands greater than 150 
years old were included. Stand age was determined to be the 
average age of the co-dominant trees in the site index data. 
Values are presented for Douglas-fir, Ponderosa pine, and all 
tree species combined. Snag data was not analyzed as it was 
incomplete. The data on trees was analyzed twice: once including 
all trees with dbh >7.5 cm and again only including trees with a 
dbh >75.0 cm. These analyses for the IDF zone are presented in 
the two sections below. 

4.2.1 Data ~nalysis Including Trees with dbh >7.5 cm 

The average values for trees with dbh >7.5 cm for selected 
site associations are shown in Table 5. In Table 5 the different 
site associations have varying numbers of plots, thus, it is 
difficult to accurately compare the results. In general the dbh 
and height values for Douglas-fir trees, Ponderosa pine trees, 
and all trees are quite different between site associations. 
These results support the need to develop specific old-growth 
definitions rather than a more general definition by zone. If we 
determined for example that all stands >I50 years of age should 
be considered old-growth, then these values may be useful in 
characterizing old-growth stands in these site associations. 

4.2.2 Data Analysis Including Trees with dbh >75.0 cm 

In 1986, the U.S. Forest service Old-Growth Task Group 
developed interim definitions for old-growth Douglas-fir and 
mixed-conifer forests in the Pacific Northwest and 2alifornia 
(USDA 1986). The U.S. Douglas-fir mixed-conifer forest type may 
not be very comparable to the forests in the IDF zone as it 
includes Douglas-fir, Ponderosa pine, sugar pine, and white pine, 
however, it is the most similar forest type for which old-growth 
definitions have been developed. 

Minimum standards or values for a variety of old-growth 
criteria were developed for the U.S. mixed-conifer forests. The 
criteria used were 19.8 trees/ha of more than 75.0 cm dbh. 

The second analysis of the IDF data which only included 
trees with dbh >75.0 cm was compared with the minimum values from 
the U.S. definition. Each plot was examined to determine whether 
or not it met the minimum U.S. criteria. Table 6 shows the 
percentage of plots in each site association which met the 
minimum requirement for trees to be classified as old-growth 
according to the U.S. mixed-conifer forest definition. 



Table 5. Average Values for Trees with DBH > 7.5 cm 
for Selected Site Associations in the lnterior Douglas Fir (IDF) Zone 

(Stands > 150 Years Old) 

'Species included are: Cw, Fd, Lw, PI, Py, Sx, Sw 

Table 6. Percentage of Plots in lnterior Douglas-fir (IDF) Site Associations . ' . 

Which Meet the Minimum Standards' for U.S. Mixed-Conifer ~orests' 

' ~ i n imum of 19.8 trees/ha >75.0 cm dbh 

'see literature cited, USDA 1986 



Only 8-27% of the stands in the FdPy - pinegrass, Pd - 
Juniperus - Pinegrass, Fd - Pinegrass - Feathermoss, and FdPl - 
Pinegrass - Feathermoss site associations met the minimum 
standard of 19.8 trees/ha of more than 75.0 cm dbh and would be 
classified as old-growth according to the U.S. definition. For 
the Fd - Juniperus - Bluebunch wheatgrass site association, no 
stands met the minimum standards for trees. 



5.0 A STRATEGY TO DEFINE OLD-GROWTH FORESTS 

In this section we propose a sampling strategy that can be 
used to characterize old-growth and discriminate old-growth from 
mature stands. This information will be used to develop 
definitions of old-growth. 

Ideally work should begin in the zones and forest types 
where the pressures on old growth are greatest. Of the 12 
forested zones in ~ritish Columbia, we propose that sampling be 
carried out in the Coastal ~ouglas-fir (CDF), Interior Douglas- 
fir (IDF), Ponderosa Pine (PP), Coastal Western Hemlock (CWH), 
and Interior Cedar-Hemlock (ICH) zones. The CDF, IDF, and PP 
zones are probably the most critical as they are small in areal 
extent and have a long history of development. The CWH and ICH 
zones also have considerable resource use pressures in certain 
geographic areas. 

Three components of the strategy to define old growth are 
described here - planning, sampling and data analysis. In each 
zone a range of site associations and age classes will be 
sampled. Using the sampling methodology proposed, information 
will be collected on a number of stand attributes most commonly 
associated with old-growth stands, including: 

number of large trees; 
size and age distribution of trees; 
spacing of trees; 
number and distribution of tree species; 
number of tree canopy layers; 
number, species, size and decay state of snags; 
amount and decay state of down woody debris; 
number", 'size and regeneration of canopy gaps; 
distribution, vigour and percent cover of understory 
vegetation; 
tree regeneration; and 
stand age; 

Methods of sampling many of these attributes are well 
developed. For example, ~uttmerding et al. (1990) describe 
methods for sampling the following stand attributes: canopy 
strata, stand age, understory vegetation and live trees (size, 
age and species). Techniques to sample for other attributes, 
such as snags, down woody debris, and canopy gaps are not as well 
developed. In this section we propose a strategy to characterize 
old-growth stands in different site associations in British 
Columbia. 



The approach and sampling methods proposed here are based on 
experience elsewhere, largely in characterizing old-growth 
forests in the U. S. Pacific Northwest. The method for sampling 
snags is based on the work of Thomas et al. (1979), Cline et al. 
(1980), Bunnell and Allaye-Chan (1984), Spies et al. (1988) and 
Bull et al. (1990). The method for sampling down woody debris is 
based on war$ by Brown (1974), Trowbridge et al. (1989), and 
Pojar (1991) . The gap sampling method is based on Spies et al. 
(1990) and Runkle (1982). The method for sampling understory 
vegetation and regeneration is based on work by Alaback (1984), 
Corns and La Roi (1976) and others. A more detailed review of 
the methods used by some of these authors is presented in 
Appendix I. 

5.1 Planning 

Within each biogeoclimatic zone, sampling sites should be 
selected in consultation with regional ecologists. Sites should 
be selected on the basis of within plot homogeneity, lack of 
recent disturbance, as well as representation of most important 
and most widespread forest types found in that zone. To allow 
for characterization and discrimination of old growth, sites 
should be divided between those judged to be old-growth stands 
and those judged to be mature stands. 

The selection of sampling sites will involve the use of 
forest cover maps, biogeoclimatic zone maps, vegetation 
information (stand ages, disturbance history) and aerial 
photographs. The expertise and knowledge of personnel in the 
appropriate forest regions will be integral to the site selection 
process. In some cases it may be difficult to identify sampling 
sites using these methods alone and some form of field 
reconnaissance may be required. 

Each biogeoclimatic zone should be stratified according to 
site association and stand age. Because time and resource 
constraints prohibit sampling all the site associations in each 
zone, only selected associations will be sampled. As a general 
goal, 3 associations in each zone should be chosen for sampling. 
This number will vary with zones - in some smaller zones only one 
or two site associations may be sampled whereas in larger zones 
more than 3 site associations may be chosen for sampling. 
Regional ecologists may choose the site associations on the basis 
of the most common or typical site associations in their region 
and/or to reflect the range of subzones and moisture regimes in 
their area. 

'pojar, J. 1991. Personal communication. Ministry of Forests, 
Smithers, British Columbia 



It is possible that a site association will be selected that 
has not been sampled adequately through the Ecosystem 
Classification Program. In that case, it will be necessary to 
complete the standardized provincial site, soil, humus form, and 
vegetation data sheets according to the procedures in Luttmerding 
et al. (1990) . 

Ten plots will be located in old-growth stands in each of 
the chosen site associations. An additional 10 plots will be 
located in mature stands in each of these same site associations. 
Ideally, plots in old-growth stands should be paired with plots 
in mature stands in the same site association, based on the same 
geographical variant and similar site conditions (slope, soil, 
aspect, etc.). The 10 paired plots should be located in 10 
different locations to reflect geographical variations. In 
practice it may be necessary to locate more than one plot in some 
sites. 

Wherever possible, plot locations should be located randomly 
within the sampling sites using aerial photographs. Plots should 
be located so as to avoid "edge effectsH. This can be 
accomplished by situating plots at least 10-20 m in from adjacent 
site associations or sera1 stages and at least 40-50 m in from 
major disturbances such as roads or cut blocks (Luttmerding & 
al. 1990). Where plots cannot be located randomly with aerial - 
photographs they should be randomly located on the ground prior 
to sampling. 

The other major aspect of planning involves the development 
and refinement of the sampling methodology. A methodology which 
provides accurate and appropriate information but which is also 
simple and efficient is ideal. Because the sampling methods to 
be used in this project are relative$y,new and unfamiliar, 
problems with their use will certainly arise. By working out 
problems in advance of the sampling season, much time and effort 
can be saved. The sampling methods can be refined by: (1) having 
them reviewed by professionals familiar with such methods, and 
(2) going into the field and performing trial runs with the 
methods. 

5.2 Sampling 

A crew of 5 will work together in one zone to conduct the 
sampling. Where necessary, one person will precede the other 
four to locate sa~pling sites and plot locations. The remaining 
four people will form two crews of two persons each to do the 
actual sampling. Sampling will begin in early summer in the 
driest biogeoclimatic zones and proceed to wetter zones into the 
early fall. 



5.2.1 Plot Layout 

For maximum efficiency the plot layout should allow for 
sampling of all attributes of interest. Some attributes (eg. 
gaps) are best sampled using transects whereas others (eg. snags 
and trees) are best sampled in plots. The plot layout proposed 
here is a combination 230 m triangular transect upon which three 
0.07 ha (70 m long by 10 m wide) strip subplots are imposed (see 
Figure 1). Although separate, the subplots may be treated as 
one large plot. The transect length and plot size were based on 
the following considerations. The transect length is slightly 
longer than the minimum length (200 m) used by spies et al. 
(1989) to characterize canopy gaps in ~ouglas-fir forests of 
western Oregon and Washington. The triangular shape is based on 
Trowbridge et al. (1989) and is designed to avoid any orientation 
bias of fallen debris (Howard and Ward, 1972). The width of the 
strip subplots was chosen to give a total plot size of 0.21 ha 
(210x10 m), which is slightly larger than the plot size (0.2 ha) 
used by Spies et al. (1988) to sample for large snags (ie. snags 
>50 cm dbh and >15 m tall). 

Figure 1 shows the plot layout. The transect begins from a 
randomly selected starting point (A). From this point the 
direction of the transect is determined randomly. The first 80 m 
of the transect proceeds in this randomly chosen direction. The 
second 80 m of the transect (80-160 m) proceeds in a direction 
120 degrees counterclockwise from the orientation of the first 80 
m section of the transect. The final 70 m of the transect 
(160-230 m) proceeds in a direction 120 degrees counterclockwise 
from the orientation of the second 80 m section. If any section 
of the transect must be truncated for any reason (eg. because it 
is leaving the homogeneous sampling site) the length of the 
following sections is increased to reach a total transect length 
of 230 m. If the final section of the transect must be truncated 
an additional section oriented 120 degrees clockwise to the 
direction of the truncated section is added and proceeds until 
the total transect length reaches 230 m. 

Three strips are defined by the triangular transect and are 
used to sample snags and vegetation characteristics. The 10 m 
wide strip plots are centred on the transect (ie. extend 5 m to 
either side of transect) and extend from 0-70 m, 80-150 m and 
160-230 m of the transect (see Figure 1)- The total area covered 
by the plots is 0.21 ha. 
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5.2.2 Sampling for Down Woody ~ebris 

The first 30 m of each side of the triangular transect (ie. 
the sections from 0-30 m, 80-110 m and 160-190 m) is used to 
sample for pown woody debris following the 8"Worsfold1f method 
(~ojar 1991). This method is an adaptation of the fuel sampling 
method described by Trowbridge et al. (1989). For each piece of 
woody debris intersected by this portion of the transect the 
following information is collected: diameter at point of 
intersection, decomposition class and degree of incorporation. 
Only pieces >3 cm in diameter at point of intersection are 
sampled. The decomposition class is a measure of the decay of 
the piece and is noted as either: 

( S )  soft - entire length of finger can be pushed into wood; 
(M) medium - hard core but 50% soft; or 
(H) hard. 

The degree of incorporation is a measure of the degree to 
which the piece has been incorporated into the forest floor and 
is noted as either: 

(1) fresh - branches still attached, off ground; 
(2) recent - branches detaching, off ground; 
(3) in contact - but no incorporation; 
(4) up to 50% incorporation - form still distinct; or 
(5) mere shadow - discernible deadwood. 
A simple notation can denote the diameter, decomposition 

class and degree of incorporation of each piece. For example, 
the notation 15-M-3 signifies a 15 cm downed log, medium 
decomposition class, in contact with the forest floor but not 
"incorporated. The tally rules described by  rowb bridge et al. 
(1989) are followed to determine which pieces are counted and 
which are not (see Figure 2 and Appendix I). 

5.2.3 Sampling for Canopy Gaps 

A canopy gap is an opening in the canopy formed by the death 
of one or a few trees and is defined as the land surface directly 
underneath such an opening. Gaps are considered 
indistinguishable from the background vegetation (and not 
recorded) when regeneration in the gap reaches 10-20 m in height 
(Runkle 1982). The entire 230 m length of the transect is to be 
used to sample canopy gaps. The sampler walks along the transect 

4 
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and counFs the number of gaps intersected. Only gaps greater 
than 5 m are recorded. For each gap intersected the following 
characteristics are recorded: the length of the transect falling 
in the gap; the area of the gap; the number, size and species of 
gap maker; and, regeneration in the gap. The regeneration in the 
gap is recorded by noting the number and species of saplings (>2m 
tall) in the gap (Spies et al. 1990) . 

To facilitate measuring their size, gaps are assumed to be 
roughly circular or elliptical in shape. For circular gaps, the 
gap diameter is used to determine gap size (White et al., 1985). 
For elliptical gaps, the length (longest axis) and width (axis 
parallel to length) of the gap are measured after locating crown 
margins with a vertical sighting scope. The equation for an 
ellipse is used to calculate area (Runkle, 1982). The length of 
the transect falling in the gap is the distance along the 
transect between the two points where the gap margin crosses the 
transect. The percentage of area in gaps is estimated by summing 
the length of the transect in gaps divided by the total length of 
the transect. 

5.2.4 Sampling for Snags 

The minimum size snag of use to cavity nesting birds is 10 
cm dbh and 2 m tall (Bunnell and Allaye-Chan, 1984). Thomas & 
& (1979) note that larger snags support more wildlife species. 
Following the method described by Spies et al. (1988) two plot 
sizes are used to sample for two different size classes of snags. 
All snags >10 cm dbh and >2 m tall are tallied in a plot of 3.105 
ha. This plot is defined by the area extending 2.5 m to either 
side of the transect within each of the 3 subplots (see Figure 
3). The entire plot (0.-21. ha) is sampled only for snags >50 cm 
dbh and >15 m tall. This area is defined by the area extending 5 
m to either side of the transect within each of the 3 subplots. 
For each snag sa.mpled the following information is collected: 
size (dbh and height), species, and decay condition. 

The snag decay condition is assessed using decay classes 
modified from those described by ~uttmerding et al. (1990), 
Thomas .et al. (1979) and Cline et al. (1980) (see Appendix I). 
Three aspects of the decay of a snag are described: top 
condition, bark condition and wood deterioration. 

The top condition is recorded as either: 

(P) pointed; or 
(E) broken. 
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The wood deterioration condition of the snag refers to the state 
of deterioration of the heartwood and sapwood and is recorded as: 

(H) hard - few signs of deterioration, branches mostly 
intact; 

(M) medium - deterioration evident, most branches lost, 
hard core but 50% soft; 

(S) soft - well decomposed, broken with down material. 
The bark condition is recorded by estimating the amount of 

remaining bark as a percentage of height. A simple notation can 
record the decay condition of a snag. For example, the notation 
P-H-90 denotes a pointed, hard snag with 90% of its bark 
remaining. 

5.2.5 Sampling for Live Trees and Canopy Layers 

Alaback (1984) noted that wider average tree spacing was one 
key structural characteristic that distinguished old-growth 
stands from younger stands in southeast Alaska. Live trees are 
sampled to give an estimate of the range and dispersion of trees 
of various species, ages and sizes in the stand. The size (dbh) 
and species of all live trees >7.5  cm dbh in the 0.21 ha plot are 
recorded. To estimate tree dispersion, 60 point-to-tree 
measurements are taken in each plot using the point-centred 
quarter method described by Cottam and curtis (1956). The 15 
sampling points (4 measurements are made at each point) are 
spaced 15 m apart along the transect beginning at the 15 m point. 
At each sampling point the distance to the nearest tree (>7.5 cm 
dbh) in each quarter, as well the size (dbh) and species of these 
trees is measured. 

At least one sample tree per plot is chosen for increment 
coring and measuring height. The age of the stand is determined 
from an increment core taken from at least one dominant tree per 
plot (Spies et al. 1988). The number of canopy layers is 
recorded for the plot as a whole following the method described 
by Luttmerding et al. (1990). The stratum categories are: 

(AO) veterans, 
(Al) dominant trees (forming upper part of main canopy), 
(A2) main tree canopy (trees making up main body of canopy), 
(A3) trees (>lo m tall but not reaching canopy). 



5.2.6 Sampling for Regeneration and Understory Vegetation 

Alaback (1984) noted that increased understory productivity 
was one of the key structural characteristics that distinguished 
old-growth stands from younger stands in southeastern Alaskan 
forests. Following Luttmerding et al. (1990), the following 
understory strata are recognized: 

(B1) tall shrubs - woody plants (including trees) 2-10 m 
tall ; 

(B2) low shrubs - woody plants (including seedlings) <2 m 
tall ; 

(C) herbs - plants <15 cm tall; and 
(D) mosses, lichens and liverworts. 

Understory vegetation and tree regeneration are assessed 
using nested quadrats located at 25 m intervals along the 
transect and starting at the 10 m point (see ~igure 4). In each 
small (2x2 m) quadrat the percent cover for each of the (B2), (C) 
and (D) strata is estimated. In each larger (5x5 m) quadrat the 
percent cover of the (Bl) stratum is recorded. (Note that this 
is the percent cover by all vegetation in the strata not by each 
species in the strata). Tree regeneration is assessed by 
recording the number and species of tree seedlings (<2  m tall) in 
the small quadrat and the number and species of saplings (>2 m 
tall but less than 7.5 cm dbh) in the large quadrats (White et 
al. 1985; Corns and La Roi, 1976; Alaback and Herman, 1988). - 

Luttmerding et al. (1990) describe methods for assessing the 
distribution (D) and vigour (V) of individual species in the 
understory (p. 111-114). These codes may be adapted to estimate 
the distribution and vigour of the various understory strata as a 
whole (ie. for shrubs (B); herbs (C); and mosses, lichens and - 
liverworts (D) ) . 

5.2.7 sampling for Forest Floor Depth 

The forest floor consists of organic materials resting on 
but not mixed with the mineral soil. Forest floor depth is 
measured from the top of the litter (L horizon) to the top of the 
first mineral horizon. Forest floor depth is measured at 25 m 
intervals along the transect starting at the 10 m point and is 
estimated as either 0-5, 5-10, 10-15, and >15 cm deep. The 
sampling point is offset a further 50 cm along the transect when 
it falls on a sound log or stump. 
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5.2.8 sampling for Other Characteristics 

Other characteristics to note while sampling include the 
presence of arboreal lichens and the degree of pitting and 
mounding of the forest floor. The presence and abundance of 
arboreal lichens in mature or old stands should be noted by 
observing the presence or absence of arboreal lichens as 
litterfall in the plot. If present, the relative abundance of 
lichen litterfall should be recorded as abundant, moderate or 
rare. In some forest types, mounding and pitting of the forest 
floor caused by root throw may be characteristic of old-growth 
stands. The presence or absence of pitting and mounding should 
be recorded. If present, the degree of this characteristic 
should be recorded as high, moderate or low. 

5.3 DATA ANALY S IS 

The data collected using this sampling scheme will be used 
to: 

1. describe and characterize old-growth and mature stands in a 
range of site associations in 5 of British Columbia's 
biogeoclimatic zones; and 

2. determine which stand characteristics best discriminate 
old-growth forests from mature forests in the site 
associations and zones in question. 

The means and variances of the values collected will be used 
to characterize old-growth and mature stands. Discriminant 
analysis will be used to test the ability of different stand 
atttribute variables to discriminate between old-growth and 
mature stands. 
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APPENDIX I - SAMPLING FOR OLD-GROWTH CHARACTERISTICS 

Old-growth stands are characterized by more than large old 
trees. Research in the Douglas-fir region of the U.S. Pacific 
northwest has identified many attributes which characterize 
old-growth forests (Franklin et al. 1981) . These attributes 
include: 

age of stand; 
number of large trees; 
age distribution of trees; 
number of tree species; 
number of snags; 
amount of down woody debris; 
number and size of canopy gaps; 
number of tree canopy layers; and 
patchiness of understory vegetation; and 
canopy community structure. 

The techniques required to sample for some of these typical 
old-growth attributes are relatively undeveloped. This section 
describes techniques used elsewhere to sample these attributes. 

SAMPLING FOR SNAGS 

The value of snags for wildlife purposes depends on several 
characteristics of these structures, including size (height and. 
dbh) , species, density (number of snags per hectare) , top condition 
and decay condition. Thus, when sampling snags these 
characteristics must be recorded. 

The vegetation description form in Describing Ecosystems in 
the Field (Luttmerding et al. 1990) allows for recording of 
species, decay class, number of dead stems per plot, and strata (a 
measure of size) of snags. While this system allows for a 
description of most important snag characteristics it does not 
provide a direct recording of snag size (height and dbh) and snag 
density. In addition, field trials using the decay class 
descriptions shywed these classes to be somewhat inadequate 
(Nicholson, 1991 ) . 

The snag decay classes detailed delineated in Describing 
Ecosystems in the Field are derived from work by Thomas et al. 
(1979) and others (see Figure 1-1). Problems arose in trying to 
use this classification when field workers were faced with a snag 
which was relatively young (recently died) and yet had been 

5 Nicholson, A. 1991. Personal communication. Research Rranch, 
Ministry of Forests, Victoria, British Columbia 



broken off by the wind or some other disturbance. Using the 
above-mentioned classification system this snag could be classified 
as Class 1 (dead) and Class 4 (broken) simultaneously. One approach 
to dealing with this problem would be to use separate classes for 
three aspects of the decay of snags: top condition, wood 
decomposition and bark condition. Such a system is proposed in 
section 4 of this report. 

The density of snags in any particular stand may be an 
important measure of that stands ability to support certain 
wildlife species. Some researchers have even recommended numbers 
of snags required to support such wildlife species (Thomas et al. 
1979). However, information about how to accurately determine snag 
density is scarce. Two methods of estimating snag density are 
described below. 

Bull et al. (1990) tested methods to estimate density of snags 
(minimum height of 6 m and minimum dbh of 50 cm) in study areas 
1200-1600 ha in size with a known density of snags. The study took 
place in northeastern Oregon in stands typified by Ponderosa pine 
(Pinus ~onderosa), Douglas-fir (Pseudotsuqa menziesii), grand fir 
(Abies srandis) , lodgepole pine (Pinus contorta) , and western larch 
(Larix occidentalis). The actual density of snags in these study 
areas ranged from 0.18-2.7 snags/ha. 

By putting a 0.4-km grid over maps of the study areas they 
located plots of various sizes at every other point (40 plots in 
each study area). They counted the number of snags in each plot. 
They found that for areas with relatively high snag density (more 
than 1.7 snags/ha) plots 0.4-ha and larger and factor-5 plots were 
most accurate in estimating snag density and required the fewest 
plots. About the same number of worker/days were required to 
complete the required number of plots for these sized plots. Plots 
1.0- and 2.0-ha in size were m6re difficult to count. 

In areas with a relatively low snag density (0.5 snags/ha) 
Bull et al. (1990) found that a large number of plots were required 
to accurately estimate snag density. Fewer worker/days were 
required to do complete counts than to conduct the required number 
of plots. In this situation no sampling method worked well and 
complete counts were done quickly because of the lack of snags. 
However, the authors note that if a complete count survey is 
conducted it is absolutely essential to have quality control checks 
as it is pcssible to grossly over- or under-estimate snag density. 
If there is some doubt about reliability of crew the authors 
recommend that 0.4-ha or larger plots be used. 

Bull et al. (1990) note that caution must be taken in applying 
these findings to areas of different size, higher snag densities 
and different forest types. In areas with higher snag density (eg. 
greater than 5/ha) the authors note that higher prism factors may 



be useful and fixed radius plots might be more time consuming. 
Conversely, in areas where visibility is reduced by live trees or 
shrubs, prism plots may have limited use. For smaller areas 
complete counts are more feasible. 

Cline et al. (1980) used a different technique to estimate 
density of snags (minimum dbh of 9 cm and minimum height of 4.4 m) 
in unmanaged forests in the central Oregon Coast Range. Douglas-fir 
(Pseudotsuaa menziesii), western hemlock (Tsusa hetero~hylla), 
western redcedar (Thuia plicata) and true firs (Abies spp. ) are 
common tree species in these areas. Line-point transects were 
established in each plot. At each sample point, the horizontal 
distance to a maximum of two snags, the closest ones within a 
radius of 1/2 the distance between sample points, was measured. 
Snag density and degree of aggregation were calculated from these 
distances following Pielou (1959). Densities of 18.3-815.1 snags/ha 
were calculated for these areas. 

Spies et al. (1988) used nested plots for sampling for two 
different size classes of snags in Douglas-fir stands in western 
Washington and Oregon. All snags were sampled in plots of 0.1 ha 
while plots of 0.2 ha were used to sample for snags >50 cm dbh and 
>15 m tall. The authors added this larger sized plot to obtain a 
better sample of large snags. 

Finally, Bunnell and Allaye-Chan (1984) used strip plots 40 
m wide and covering 2.3 ha to estimate snag density in old and 
young forests on Vancouver Island. Sampling took place in the 
Coastal Western Hemlock ecological zone (East Vancouver Island 
Drier Maritime variant) The authors measured height, dbh, top 
condition and decay class of all snags greater than 10 cm dbh and 
2 m in height. They note that snags of this size are the minimum 
size with use for cavity nesters. They found snag densities 
ranging from 35-117/ha. 

A comparison of the methods employed in these studies is 
complicated by the fact that different definitions of snags were 
used (ie. minimum sizes) and the studies were carried out in 
different forest types. Since the minimum size of snag useful 
for wildlife purposes is 10 cm dbh and 2 m tail this should be 
the minimum size sampled. Clearly, relatively large plots are 
needed to accurately estimate snag density. However, the plot 
sizes and methods described by Bull et al. are extremely time 
consuming and not suitable for this sampling program. 

SAMPLING FOR DOWN WOODY DEBRIS 

The important contribution of down woody debris to plant and 
animal habitats as well as nutrient and geomorphic regimes is 
well recognized and documented for some temperate forest systems 
(Harmon et al. 1986; Maser et al. 1988). These functions are 



related to the size, distribution and decay class of down woody 
debris. Hence, in sampling for down woody debris these 
characteristics must be noted. 

The Worsfold method (Pojar 19916) is one method which can be 
used to sample for down woody debris. This method is an 
adaptation of that used for estimating slash and fuel load 
described by Trowbridge et al. (1989) and developed by others 
(e.g. Brown, 1974). This method uses triangular plots described 
by three 30 m transects. A version of the line intersect method 
is used to sample woody debris along each transect. The 
diameter, decomposition class and degree of incorporation of each 
piece of woody debris with a diameter (at intersection point) 
greater than 3 cm is recorded. The volume of down woody debris 
can then be calculated from the diameters of pieces measured and 
the length of the transect. If densities of the various classes 
of woody debris are known the biomass of down woody debris can 
also be calculated. 

The decomposition class and the degree of incorporation are 
recorded for each piece (over 3 cm) intersected by the transect. 
Decomposition is a measure of the decay class of the piece and is 
noted as either: 

(S) soft; 
(M) medium - hardcore, 50% soft; or 
(H) hard. 

The degree of incorporation is a measure of the degree to 
which the piece has been incorporated into the forest floor and 
is noted as either: 

(1) fresh - branches still attached, off ground; 
(2) recent - branches detaching, off ground; - .  
(3) in contact but no incorporation; 
(4) up to 50% incorporation - form still distinct; or 
(5) mere shadow - discernible deadwood. 
A simple notation can denote the diameter, decomposition 

class and degree of incorporation of each piece. For example, 
the notation 15-M-3 signifies a 15 cm downed log, medium 
decomposition class, in contact with the forest floor but not 
incorporated. 

6 Pojar, J. 1991. Personal communication. Ministry of Forests, 
Smithers, British Columbia 



A slightly modified form of the tally rules described by 
Trowbridge et al. (1989) are used to judge whether or not an 
intersected piece should be tallied (see Figure 2). These rules 
are: 
(1) Particles to tally include downed, dead woody materials 

(twigs, stems, branches and boles) from trees and shrubs. 
Dead branches attached to boles of standing trees are 
omitted. Consider a particle down when it has fallen to the 
ground or is severed from its original source of growth. 
Cones, bark flakes, needles, leaves, grass and forbs are not 
counted. 

(2) If the sampling line intersects the end of a branch or log, 
count it only if the line crosses the central axis of the 
piece. 

(3) If the line exactly intersects the central axis, tally every 
other such piece. 

(4) When the central axis of a piece coincides exactly with the 
sample line do not count it. 

(5) If the sample line intersects a curved or angular piece more 
than once, tally each intersection. 

(6) Visually reconstruct in a cylindrical shape the fragments of 
wood shattered during a treefall and the rotten logs that 
have fallen apart to estimate the diameter of these pieces. 
Put "EM on the form to indicate it is an estimate. 

(7) Tally uprooted stumps and roots if they are not encased in 
soil. Do not tally undisturbed stumps. 

(8) Regardless of size, count only those pieces whose central 
axis lies above the duff layer at the point of intersection, 

SAMPLING FOR CANOPY GAPS 

- .  A gap is an opening in the canopy formed by the death of a 
single tree, part of a tree, or a few trees in a group. Runkle 
(1982) measured gaps in two ways. A canopy gap is defined as the 
land surface directly under a canopy opening. Canopy gaps are 
delineated by the projected outline of the tree crowns bounding 
the gap. An expanded gap is the canopy gap plus the adjacent 
area extending to the bases of canopy trees surrounding the 
canopy gap. Only the canopy gap need be sampled as the expanded 
gap may be estimated based on average crown diameters for the 
stand (Spies et al. 1990). Runkle (1982) considered gaps 
indistinguishable from background vegetation when regeneration in 
the gap was approximately 10-20 m tall. 

Impor 
land 

This section describes methods for sampling canopy gaps. 
'tant characteristics to note about gaps include: percent of 
area in gaps, size of gaps, size and species of gap maker, 

regeneration in gap, and rate of gap formation. All these 
characteristics can be easily determined by relatively quick 
surveys. Determining tree mortality rates and how these.affect 
gap formation requires the establishment of long-term permanent 
plots. 



Transects are generally used to sample canopy gaps. Runkle 
(1982) used transects to characterize gap size, distribution and 
vegetation for old-growth mesic forests in northeastern United 
States. Spies et al. (1990) used similar methods for Douglas-fir 
forests in western Oregon and Washington. The latter used two 
approaches: one to characterize gaps and the second to study gap 
formation. Both approaches are described below. 

spies et al. (1990) used transects to sample gap 
characteristics and regeneration. Three transects, each at least 
200 m long, were established from random starting points in the 
two stands (10 ha and 40 ha) studied. The transects were 
oriented parallel to, perpendicular to, and oblique to slope 
contours. sampling continued untilzat least 20 gaps were 
intersected. All gaps at least 5 m were sampled, whether or not 
there was evidence of formation by tree mortality. Any tree with 
dbh of 25 cm or greater (15-25 m tall) was considered to be part 
of the canopy and no longer part of gap vegetation. 

For each gap intersected Spies et ai. (1990) collected the 
following information: size, estimated time since last 
disturbance, time since earliest observable disturbance, number 
and species of sapling greater than 1 m tall, number, size and 
species of gap maker. The species of the tallest and most 
vigorous tree saplings that appeared to have the best chance of 
filling the gap was recorded. 

Gaps were assumed to be roughly elliptical in shape. The 
length (longest axis) and width (axis parallel to length) of the 
gap were measured after locating crown margins with a vertical 
sighting scope. The equation for an ellipse was used to 
calculate area (Runkle, 1982). For very irregular shaped gaps, 
Spies et al. (1990) measured eight or more rzdii from gap centre 
to gap margin, and gap area was computed by summing the areas of 
resulting triangles. The percentage of area in gaps can be 
estimated by summing the length of the transect in gaps divided 
by the total length of the transect. 

Spies et al. (1990) used release ages determined from 
increment cores of saplings and of adjacent canopy trees and 
decay condition of gap makers to determine times since most 
recent and earliest observable disturbance. These methods are 
described in more detail by Cline et al. (1980). This- 
information can be used to estimate mean annual gap formation 
rates. For example, summing the length of the transect in gaps 
which occurred in the past 25 years and dividing this by the 
total length of the transect multiplied by 25 years will give the 
mean annual gap formation rate for the stand over the past 25 
years. 



It is also important to characterize the forest in which the 
gpps are located. Spies et al. (1990) established 10 circular 50 
m plots under canopies in each stand. Information on dbh and 
species of all overstory trees and height and species of all 
understory trees was recorded. 

spies et al. (1990) also studied tree mortality types and 
rates. To do this 34 long-term reference plots were established, 
ranging in size from 0.25-6.88 ha, with most plots 1.0 ha in 
size. All trees in each plot were tagged and mapped and their 
species and sizes entered into a geographic information system. 
Over a period of 5-15 years the gap formation rate and the annual 
mortality of trees with dbh over 5 cm was measured. Methods of 
computing gap formation rates are described by Spies et al. 
(1990). 

Some of the characteristics of canopy gaps discussed above, 
while of interest to ecologists studying old-growth forests, are 
not required for the purposes of characterizing and 
discriminating old-growth stands. The main characteristics of 
interest for this purpose are: percentage of area in gaps, size 
of gaps and regeneration in the gaps. 

SAMPLING FOR CANOPY COMMUNITIES 

Forest canopy communities have received little study and are 
poorly understood. Consequently the techniques for sampling 
canopy communities are relatively undeveloped. Sampling for 
arboreal lichens in young forests (10-15 years old) is relatively 
simple. Stevenson (1988) describes one method for sampling such 
young stands. However, this method likely has little utility for 
sampling in old-growth forests. 

Sampling for lichens, arthropods or other canopy species in 
old-growth stands is difficult and time consuming. Denison & 
a l .  (1972) initially felled trees to examine epiphytes but found - 
this method destructive and unsuccessful. They then developed 
modified rock climbing techniques to scale the trunk and sample 
the canopy in a nondestructive manner. Using these techniques 
the authors were able to safely and easily climb trees 450 years 
old and 80 m tall and sample the canopy. Schowalter (1989) and 
Voegtlin (1982) used similar techniques for sampling canopy 
arthropod communities in old-growth stands. 

Stevenson (1988) describes one method of estimating the 
abundance of arboreal lichens in mature stands. This involves 
estimating lichen abundance in the main canopy (the A2 described 
by Luttmerding et al. (1990)) by scanning the trees with 
binoculars from a distance of about 60 m. Using a 6x10 cm clump 



of lichen for reference, the number of similar clumps within a 2 
m horizontal band at the broadest part of the upper crown of each 
tree was counted. Only lichens which were clearly visible were 
counted. If possible, the species was recorded. 

The methods of sampling canopy communities are far too time 
consuming and elaborate for the sampling program envisioned in 
this study. While the ecology of canopy communities is of 
importance in understanding old-growth forests their study is 
best left for more specific and intensive research projects. 

SAMPLING FOR UNDERSTORY VEGETATION AND REGENERATION 

Numerous authors have examined the influence of factors such 
as tree falls, light gaps, rotting logs and soil conditions on 
the composition and distribution of understory vegetation and 
regeneration. The methods employed by these authors generally 
involve the use of small quadrats. The methods used by Alaback 
(1984)' Christy and Mack (1984), Turner and Franz (1986) and 
Corns and La Roi (1976) are discussed here. 

Corns and La Roi (1976) compared vegetation and regeneration 
in mature and clear-cut lodgepole pine forests in west central 
Alberta using randomly placed, nested quadrats. At each sampling 
point a 1x1 m quadrat was nested in a 2x2 m quadrat (in clear-cut 
areas) or a 5x5 m quadrat (in mature stands). In the 1x1 m 
quadrats cover was estimated for herbs, low shrubs (<50 cm tall), 
bryophytes and lichens. In the larger quadrats cover was 
estimated for trees and tall shrubs (>50  cm tall). 

Christy and Mack (l%4) studied the distribution of juvenile 
Tsuqa hetero~hvlla on di$$erent substratum in an advanced sera1 
stand in the H.J. Andrews Experimental Forest in Oregon. The 
authors used 1x2 m plots arranged at 1-m intervals along each of 
two northerly and two westerly parallel transects. The rooting 
substratum of all Tsuqa heterophylla individuals (<1 m tall) was 
recorded. 

Turner and Franz (1986) used quadrats to study the influence 
of canopy trees on understory vegetation in an old growth western 
hemlock - western redcedar stand in northern Idaho. In two 
separate years the authors used two different sized plots 
arranged along transects beneath canopy trees. In 1981, the 
cover of each understory species was estimated in 1x1 m plots 
using seven cover classes (0, 1-5, 6-25, 26-50, 51-75, 76-95, 
96-100%). In 1983, the same estimates were made for 20x50 cm 
plots. 

Alaback (1984) sampled stand structure, including understory 
dynamics, in stands in southeast Alaska. Understory vegetation 
was sampled by measuring on-ground shrub basal diameters, mean 
fern frond length, and percent cover for mosses, liverworts, 



lichens and herbs in sixty 1-m2 plots. This information was used 
to estimate biomass and productivity for each species. In 
addition, Sixty point-to-tree distances were measured in each 
plot following methods suggested by Cottam and curtis (1956) to 
estimate spatial dispersion of trees. 

The utility of quadrats for sampling understory vegetation 
and regeneration is well recognized. A variation of the method 
employed by Christy and Mack (1984) would work well in the 
sampling scheme envisioned for this project. The point-to-plant 
method can be used to estimate the dispersion of trees in the 
stand, 


