
Black Cottonwood and Balsam Poplar 
Managers’ Handbook for British Columbia

  

BC

Canada
CANADA-BRITISH COLUMBIA

PARTNERSHIP AGREEMENT ON
FOREST RESOURCE DEVELOPMENT:
FRDA II

 ---
 



Canada
CANADA-BRITISH COLUMBIA PARTNERSHIP AGREEMENT ON FOREST RESOURCE DEVELOPMENT:  FRDA II

BC

Black Cottonwood and Balsam Poplar
Managers’ Handbook for British Columbia

by

E.B. Peterson,1 N.M. Peterson,1 and D.S. McLennan2

1 Western Ecological Services Ltd. 2 Oikos Ecological Services Ltd.
3690 Doncaster Drive Box 985
Victoria, B.C.  V8P 3W6 Smithers, B.C.  V0J 2N0

prepared for

B.C. Ministry of Forests
Research Branch
31 Bastion Square

Victoria, B.C.
V8W 3E7

March 1996



ii

Funding for this publication was provided by the Canada-British
Columbia Partnership Agreement on Forest Resource Development:
FRDA II – a four year (1991-95) $200 million program cost-shared
equally by the federal and provincial governments.

Canadian Cataloguing in Publication Data

Peterson, E. B. (Everett B.)
Black cottonwood and balsam poplar managers’

handbook for British Columbia

(FRDA report, ISSN 0835-0752  ;  250)

Canada-British Columbia Partnership Agreement on
Forest Resource Development:  FRDA II.

Issued by the British Columbia Hardwood and
Vegetation Management Technical Advisory Committee.

Co-published by B.C. Ministry of Forests.
Includes bibliographical references:  p.
ISBN 0-7726-2952-8

1.  Cottonwood – Ecophysiology – British Columbia.
2.  Poplar – Ecophysiology – British Columbia.
3.  Cottonwood – British Columbia – Management.
4.  Poplar – British Columbia – Management.
5.  Forest management – British Columbia.
I.  Peterson, N. Merle.   II.  McLennan, Donald Scott.
III.  Canada.  Forestry Canada.   IV.  Canada-British
Columbia Partnership Agreement on Forest Resource
Development: FRDA II.   V.  British Columbia Hardwood
and Vegetation Management Technical Advisory
Committee  (Canada)   VI.  British Columbia.  Ministry
of Forests.   VII.  Title.   VIII.  Series

SD397.C8P47  1996     634.9’73981’09711    C96-960225-1

© Her Majesty the Queen in Right of Canada 1996
Province of British Columbia

This is a joint publication of Forestry Canada
and the British Columbia Ministry of Forests.

For additional copies and/or further information about the Canada-British Columbia
Partnership Agreement on Forest Resource Development: FRDA II, contact:

Forestry Canada or B.C. Ministry of Forests
Pacific Forestry Centre Research Branch
506 West Burnside Road 31 Bastion Square
Victoria, B.C.  V8Z 1M5 Victoria, B.C.  V8W  3E7
(604) 363-0600 (604) 387-6719



iii

PREFACE

Hardwood and Vegetation Management
Research Program

This publication was initiated by the British Columbia Hardwood and Vegetation Management Technical
Advisory Committee (HVM TAC) as project B43. Funding for the project and publication was provided by the
Canada–British Columbia Partnership Agreement on Forest Resource Development: FRDA II.

HVM TAC was established in 1990 under funding from the Sustainable Environment Fund – Forest Renewal
Initiatives Program, to establish a coordinated research and extension program supplying relevant information
to hardwood and mixedwood forest managers. Representatives on HVM TAC include the Ministry of Forests
(Research Branch, Silviculture Branch, and forest regions), Ministry of Environment, Lands and Parks (Wildlife
Branch), and the Canadian Forest Service. Since its inception, a total of 45 projects have been supported
province-wide.

The current hardwood research goal of HVM TAC is to support the acquisition, communication, and
application of information needed for the sustainable and integrated management of hardwood and
mixedwood␣ resources.

The 5-year strategic plan for hardwood research outlines four priority areas for investigation. They are:

1. Hardwood Silviculture, to provide information on the effectiveness of silvicultural treatments;

2. Ecology, including site selection, stand dynamics, and site productivity studies, to assist in operational
decision-making;

3. Integrated Resource Management, to support the integration of hardwood harvesting and silviculture
with other management objectives; and

4. Forest Health, including investigations into the nature, impacts, and control of organisms that damage
hardwoods, and into the role of hardwoods in maintaining forest health.

Further information about the program may be obtained from the Ministry of Forests, Research Branch,
31 Bastion Square, Victoria, B.C. V8W 3E7.
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1 INTRODUCTION

This handbook brings together information about two subspecies, black
cottonwood (Populus balsamifera spp. trichocarpa), referred to here as cottonwood,
and balsam poplar (P. balsamifera spp. balsamifera). They are also referred to as
broadleaf or broadleaved species, particularly where there is an implication that they
portray some features in common with other broadleaf associates such as aspen, red
alder, or paper birch. These two subspecies are known to be rapid producers of woody
biomass, which is a source of an increasing array of commercially important forest
products. Both occur over much of British Columbia and cannot be accurately
segregated geographically. As a result, there are many ecosystems in nearly all of the
province’s biogeoclimatic zones where these subspecies need to be considered in
silviculture prescriptions.

In dealing with these subspecies, the handbook distinguishes between low-and
high intensity management of naturally occurring coastal cottonwood; between the
silvics and silviculture of balsam poplar in northeastern British Columbia, which are
different from those of cottonwood in central and coastal British Columbia; and between
native Populus species and hybrid poplars wherever the latter are of silvicultural interest
in British Columbia. However, because a handbook of manageable size cannot address
all silvical and silvicultural questions about such wide-ranging subspecies, we instead
focus on the important questions and assume that biodiversity, forest health, and
integrated resource management are important objectives for managers of broadleaf
tree species. Cottonwood and balsam poplar have a role in ecosystem functions, even
in places where they are not now commercially used. This handbook is therefore
intended not only for managers interested in harvesting Populus biomass, but also for
persons interested in matters such as forest health and biodiversity. In this context, the
handbook incorporates cottonwood and balsam poplar management suggestions
contained in guidebooks and regulations released under the Forest Practices Code of
British Columbia Act since May 1995.

To emphasize the practical intent of this handbook, some of the key cottonwood
and balsam poplar management techniques available today are summarized at the outset
( Table 1). These fall into four categories distinguished by the following goals:

1 to nurture cottonwood and balsam poplar in pure natural stands as a renewable
and sustainable source of woody biomass and as broadleaf subspecies that pro-
vide additional habitat diversity to that provided by conifer-dominated ecosys-
tems (“broadleaf medium-rotation extensive culture”);

2 to promote these broadleaf species silviculturally as companions in mixedwood
ecosystems, where they can provide not only their own biomass and biodiversity
values but also enhance conifer production through nurse crop relations
(“mixedwood medium-rotation extensive culture”);

3 to nurture cottonwood hybrids for the intensive silviculture short-rotation pro-
duction of Populus biomass on highly productive alluvial sites (“short-rotation
intensive culture”);

4 accept the historically predominant management interest that has viewed
cottonwood and balsam poplar primarily as serious deterrents to the establish-
ment and growth of conifer stands (“broadleaf elimination”).
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TABLE 1. Management goals and techniques available for silvicultural operations involving cottonwood or
balsam poplar in pure or mixed stands

Management goal Techniques available

• regenerate a fully stocked pure-stand crop of
cottonwood or balsam poplar

• removal of overstory and creation of clearcuts or
openings large enough to induce development of
suckers or stump sprouts; protection of sites where
cottonwood or balsam poplar seedling regen-
eration is prolific (Section 3.5)

• promote establishment and growth of cottonwood
or balsam poplar to provide diversity to stands that
would otherwise be dominated by conifers

• techniques as listed above for the goal of pure
Populus stands

• reduce the density of cottonwood and balsam
poplar because they are competing with the
desired crop of conifers

• brushing to reduce abundance of undesired
Populus stems (Section 5.1)

• retain old-growth Populus stands or trees for
wildlife reasons

• where Populus  stems are so decayed to be of little
use commercially, such stems may be left standing
to provide structural diversity and trees with
wildlife value (Section 6.1)

• enhance stand structural diversity • use of shelterwood cuts, selective harvesting to
protect high-value understories, or two-cut
harvesting systems (Sections 3.7 and 6.1)

• enhance or maintain growth rates of cottonwood or
balsam poplar crop trees (maximizing biomass
accumulation rates)

• for natural stands, limited management options
exist because of inadequate information about
responses to fertilization, spacing, or pre-
commercial thinning (Sections 4.3 and 4.5); for
plantations, see hybrid poplar management
guidelines (Section 4.4, 4.5, and 4.7)

• increase the proportion of stems that are decay-
free and of high quality for desired commercial
products

• short-rotation management, with rotations below
40 years if small diameter of stem biomass is not a
limiting factor (Section 4.7), or 40–60 years if
larger stem diameters are needed for a  product
that can be manufactured and sold

• convert cottonwood or balsam poplar stands to
shade-tolerant conifers

• underplanting of shade-tolerant companion conifer
species (e.g., Cw, Ss, Se), provided that the choice
of conifer matches the biogeoclimatic subzone and
site series of the location (Section 5.2)

• retain a pure cottonwood or balsam poplar
component for biodiversity or wildlife habitat
reasons

• silvicultural activities that retain as much standing
biomass of broadleaf tree species as possible
(Sections 6.1, 6.2, 6.3, and 6.4)

• maximize Populus biomass production indepen-
dently of naturally occurring stands of cottonwood
or balsam poplar

• all known methods for highly intensive hybrid
poplar plantation management (Sections 4.4, 4.5,
and 4.7)
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The one common thread in these alternatives is that cottonwood’s natural
occurrence is generally synonymous with highly productive valley-bottom, floodplain,
or seepage-slope sites. Alternative 3 above has a relatively short history in British
Columbia. Interest in intensive black cottonwood culture began almost 4 decades ago,
but substantial trials with hybrid poplars began only in the 1980s. Through the work of
foresters at Scott Paper Limited, MacMillan Bloedel Ltd., and the Ministry of Forests,
the province has quickly gained impressive information about intensive, high-yield
hybrid poplar culture. That experience must be left to a separate specialized handbook;
the focus here is on indigenous populations of black cottonwood and balsam poplar.
However, hybrid poplars are referred to in sections that address stocking standards,
nursery production of planting stock, plantation care, and short-rotation management.

For balsam poplar, the management choices in alluvial and floodplain sites are
similar to those for cottonwood, except that balsam poplar has not had as prominent a
role in hybrid poplar plantations as has black cottonwood. Where management and
silvicultural suggestions are thought to apply equally to cottonwood and balsam poplar,
in this handbook the term “cottonwood–balsam poplar” is used.

Although not well quantified by present inventory data, balsam poplar is
provincially a more significant component of upland sites than is cottonwood. Therefore,
especially east of the continental divide in northeastern British Columbia, silvicultural
choices for balsam poplar are often similar to those for aspen, or at least involve
ecosystems where aspen is also present. Parts of this handbook that refer to balsam
poplar identify circumstances where a forester should be able to manage balsam poplar
in conjunction with aspen (see FRDA Report No. 230). However, site or silvical
circumstances where balsam poplar needs to be managed differently from aspen are
identified where those differences are known. An example of the latter is that balsam
poplar is more versatile than aspen in both vegetative and seed-origin reproduction.

This handbook assumes that, through much of British Columbia, foresters
involved with silviculture prescriptions are apt to be involved with either black
cottonwood or balsam poplar as a component of the working forest (Figure 1). The
distinctive silvical features of these broadleaf species have prompted new ways of
thinking about mixedwood forest management. The following questions are now being
asked:

• Do mixedwood stands that contain broadleaf species support unique assemblages
of plant or animal species?

• What are the wildlife species that might be disadvantaged by habitat fragmenta-
tion if large areas of broadleaf species (of any age) are clear-cut?

• Are there areas of old growth that still have a significant broadleaf tree species
component? If so, what is the biodiversity role of the remnant broadleaf species
in these old-growth stands?

• What is the accurate age-class structure of broadleaf-dominated stands in any
particular area?

With broadleaf trees now generally recognized as being a valuable source of woody
biomass and a component of successful mixed-species management for biodiversity
and riparian and wildlife habitat, forest managers are looking for advice on how to use
cottonwood or balsam poplar in biomass production and integrated resource
management.
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An important first step has been the shift from considering broadleaf species as
one undifferentiated group. Today the distinctive silvical and silvicultural differences
within the group must become a focus for management. Some of the key differences
among black cottonwood–balsam poplar, aspen, and red alder in British Columbia are
highlighted in Table 2.

Information Sources:

McAuliffe 1989;
McLennan and Mamias
1992; Green and Klinka
1994.

BRITISH COLUMBIA
0 100 200 km

FIGURE 1. Geographic distribution of black cottonwood and balsam poplar in British Columbia. The dashed line
represents the approximate boundary between the two distributions — balsam poplar to the northeast
and black cottonwood to the southwest (adapted from Krajina et al. 1982).
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TABLE 2. Some silvical and silvicultural differences among black cottonwood–balsam poplar, aspen, and red
alder (1 = predominant feature for the species; 2 = applies to the species but not predominantly so;
3 = does not apply to the species; ? = silvical or silvicultural aspects not well known)

Feature
Cottonwood–
balsam poplar Aspen

Red
alder

• vegetative reproduction almost exclusively by root suckers 2 1 3

• vegetative reproduction common from stump sprouts 1 2 2

• vegetative reproduction common from broken branch or stem
segments

1 3 3

• readily reproduced by stem or root cuttings 1 3 3

• frequently reproduces naturally from seedling origin 1 3 1

• very rapid early growth rate if of vegetative origin 1 1 ?

• relatively rapid early growth rate if of seedling origin ? ? 1

• very effective natural thinning if of clonal origin 1 1 3

• natural thinning less effective than in clonal stands if of
seedling origin

? ? 3

• ability to fix nitrogen 2 3 1

• nitrogen fixation leads to soil acidification 3 3 1

• significant role in riparian ecosystems 1 2 1

• management for high-quality solid wood products is a
high priority

2 3 1

• management for fibre, flake, pulp, and paper products is
main priority

1 1 3
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1.1 Cottonwood–Balsam Poplar in Contemporary
British␣ Columbia Forestry

• Compared to conifers, cottonwood and balsam poplar are aggressive,
rapidly growing, short-lived subspecies that have a greater variety of ways
to regenerate vegetatively than any other tree species in British Columbia.

• The inherently rapid leader growth rates of cottonwood and balsam poplar,
coupled with their frequent natural occurrence on very fertile and
productive sites, result in high annual increments early in stand
development.

Before choosing a particular cottonwood or balsam poplar management approach,
forest managers should make some fundamental decisions, as outlined in Figure 2.
Options associated with cottonwood–balsam poplar stemwood production must also
be considered (Figure 3), as must objectives to enhance Populus-dominated ecosystems
for wildlife, biodiversity, or other aspects of integrated resource management (Figure␣ 4).
Thus, not only must forest managers work with the basic silvical characteristics of
these subspecies but they must maintain a flexible and adaptive approach to their
management.

Although this handbook emphasizes management of stands made up of Populus
native to British Columbia, it also refers to hybrid poplar plantations (in Sections 4.4,
4.5, 4.7, and 4.8), because such plantations are an expanding segment of biomass
production in the province. Hybrid poplar plantation management is a large subject
covered by other books, for example Barclay (1983), Dickmann and Stuart (1983),
Demeritt (1990), Palmer (1991), and Hansen et al. (1993); Heilman et al. (1995). The
detailed Dickmann and Stuart guide has been complemented recently by a manual and
video prepared by the Ontario Ministry of Natural Resources and co-sponsored by the
Poplar Council of Canada (Boysen and Strobl 1991). This handbook only briefly
discusses some aspects of hybrid poplar plantation management (see Sections 4.7
and␣ 4.8).

The␣ largest␣ concentrations
of interior cottonwood–
balsam poplar are in the
northeastern part of
British Columbia and are
mature  or overmature
(81␣ years or older). In
coastal regions, about
two-thirds of the reported
volumes are near mature
(41–80 years). Across the
province this Populus
resource provides
excellent opportunities for
management and␣ use.

Information Sources:

Barclay 1983; Dickmann
and Stuart 1983; van der
Kamp 1986; DeBell 1990;
Demeritt 1990; Boysen
and Strobl 1991;
Meidinger and Pojar
1991; Palmer 1991;
Hansen et al. 1993;
Green and Klinka 1994;
Navratil et al. 1994;
Heilman et al. 1995.
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Yes

Yes

Yes Yes

Yes

No

Yes

No No

No

No

Begin by basing decisions for silvicultural options on cottonwood or balsam 
poplar market demands, accessibility of the cottonwood–balsam poplar 

resource, and dominant management goals (stemwood production, integrated 
resource management, or simply protection of this resource) until its use 

allocation can be assessed later.

Is there now a market for 
cottonwood or balsam poplar in 

your management area?

Are there access restrictions for 
cottonwood or balsam poplar 
management in your area?

Is cottonwood or balsam poplar 
stemwood production your 

main objective?

Is your area being managed for 
specific purposes involving 

cottonwood or balsam poplar?

See Figure 3

Is a cottonwood or balsam poplar 
market visualized within your 

planning horizon?

Reassess access and market 
conditions in the future as market 

conditions change.

Are your main objectives to 
enhance cottonwood or balsam 
poplar ecosystems for riparian 

zone management (slope stability, 
protection of streamside habitats, 
streamside restoration), wildlife 

habitat, biodiversity, or integrated 
resource management?

See Figure 4

No action, but re-assess as 
forest management goals 
change, and protect the 
existing cottonwood or 

balsam poplar resource to 
retain all options.

Consider a “do nothing” approach 
to retain all options.

FIGURE 2. Preliminary decisions needed for selection of cottonwood or balsam poplar silvicultural options.
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Yes

Yes

Yes

Yes

Yes

No

No

No

No

No

Yes

Begin planning for cottonwood or balsam 
poplar production by assessing which areas 

should be dedicated to that purpose.

Have you identified sites that are optimal and 
sites that are unsuitable for cottonwood or 

balsam poplar production?

Do you know the stem quality of cottonwood 
or balsam poplar that has reached your 

desired stemwood piece size?

Have you assessed the silvicultural 
implications of the age-class structure of 

parent stands with which you will be dealing?

Have you decided on the timing and 
method of harvest to promote maximum 

broadleaf regeneration?

Have you considered other factors that would 
encourage maximization of cottonwood or 
balsam poplar stemwood production in the 

next rotation?

Define special circumstances where fertilization or other silvicultural 
expenditures may be warranted because they are often not justified as an 

expenditure for Populus stem biomass production; see Sections 4.3 and 4.5.

Defer allocation of any forest land base to cottonwood or balsam poplar 
stemwood production until all of these questions are addressed as part of 

long-range planning and silviculture prescriptions.

Map such sites; avoid unsuitable 
sites and place silvicultural effort 

on optimal sites.

Assess local variations and 
clonal differences in incidence of 

stem decay.

Very old stands may already be 
breaking up enough to allow new 

regeneration to develop; if not, 
encourage vegetative reproduction.

In general, plan to clearcut and to 
increase soil temperature through 

harvesting disturbance that 
promotes vegetative reproduction.

If stemwood piece size is not 
important, consider short rotations 
because mean annual increment of 

cottonwood or balsam poplar 
peaks earlier than in conifers.

See 
Sections 
2 and 3.4

See 
Section 

3.8

See 
Sections 

4.1 and 4.2

See 
Sections 
3.5, 4.1, 
and 4.2

See 
Sections 

3.7 and 4.7

FIGURE 3. Silvicultural options for non-intensive management of cottonwood or balsam poplar stemwood
production in natural stands (medium-rotation extensive culture). See Sections 4.4, 4.5, and 4.7 for
management of hybrid Populus plantations.
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Yes

Yes

Yes

Yes

Yes

Yes

No

No

No

No

No

No

If the answer to any of 
these questions is no, 

either focus on 
cottonwood and balsam 

popular stemwood 
production (see Figure 3) 
or limit management to 
protection of broadleaf 

resource until it is a high 
priority for wildlife use, 
biodiversity, integrated 
resource management, 

or stemwood production.

Is promotion of cottonwood or balsam poplar as a 
nurse crop in mixedwood forest management one of 

your management objectives?

Begin

Is wildlife habitat enhancement and promotion 
of maximum biodiversity one of your 

management objectives?

Is protection of riparian habitat a major objective in 
your cottonwood–balsam poplar management area?

Will provincial guidelines for having an old-growth 
strategy be addressed in your cottonwood–balsam 

poplar management area?

Is use of these broadleaf species as a scenic 
resource and for visual enhancement of forest 

landscapes one of your management objectives?

Is you management area designated for mixedwood 
rather than a pure broadleaf silviculture?

See Sections 
6.1 and 6.2

See Sections 
6.1, 6.2, and 6.3

See Sections 
6.2, 6.3, and 6.4

See Sections 
5.2 and 5.3

See Section 5

See Section 6.3

FIGURE 4. Silvicultural options for objectives to enhance cottonwood or balsam poplar ecosystems for wildlife
use, biodiversity, or integrated resource management.
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1.2 Inventory of Cottonwood–Balsam Poplar in
British␣ Columbia

• The present assessment of cottonwood inventory underestimates the gross
volume of utilizable cottonwood available in British Columbia.

• Based on the inventory data available, the Prince Rupert and Prince
George Forest Regions have most of the cottonwood volume in British
Columbia.

Table 3 summarizes from existing inventory data the forest land areas in which
either cottonwood or balsam poplar is the lead species for various coastal and interior
regions of British Columbia. The table also lists the relative proportions of cottonwood–
balsam poplar volumes in near-mature, mature, and over-mature age classes.

On an area basis, an overwhelming majority of the provincial cottonwood and
balsam poplar resource occurs in northeastern British Columbia. A recent provincial
lead species analysis indicated that the region with the greatest area occupied by
cottonwood–balsam poplar is the Northeast (including the Fort Nelson, Fort St. John,
and Dawson Creek timber supply areas). The region with the lowest area representation
of these broadleaf species (6516 ha) is the Mid-Mainland on the coast (including the
Mid Coast and Kingcome timber supply areas). Also low in representation (8100 ha) is
the South Central region (including the Merritt, Kamloops, and Okanagan timber
supply␣ areas).

By volume, there is an important age-class difference between coastal and interior
regions. On the coast, 63% of the cottonwood resource is near mature (41–80 years),
with only 13% mature (81–120 years) and 24% overmature (over 121 years). In the interior,
only 8% of the recorded volume is young enough to be classed as near mature, which in
the interior is defined as 61–80 years. Most of the interior cottonwood–balsam poplar is
mature (48%) or over mature (44%), both of which have the same age-class definitions
as in coastal British Columbia.

Broadleaf-dominated forests often represent some of the most productive forest
ecosystems in northeastern British Columbia. For example, in the vicinity of Fort
Nelson, balsam poplar stands that occur in a mid-position on young floodplains have
the highest volumes of wood and highest site indices of any species or stands in
the␣ region.

Information Sources:

Annas 1977; McLennan
and Mamias 1992;
Massie et al. 1994;
Massie 1995.

Cottonwood is the lead
species on about 20 000
harvestable hectares of
coastal forest land and
interior cottonwood—
balsam poplar is the lead
species on about 215 500
hectares.
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TABLE 3. Forest land areas in which black cottonwood or balsam poplar are the lead species in British
Columbia, and relative proportions of cottonwood–balsam poplar volumes in near-mature, mature,
and over-mature age classes (Massie 1995)

Regional areaa Area (ha)b Volume  ('000s m3)

Near maturec Mature Over mature

Coast
Lower Mainland 13 519 1 302 202 177
Mid Mainland 6 516 480 164 497

Total Coast 20 035 1 782 366 674

Interior
Northeast 160 260 2 671 16 868 13 758
North Central 15 600 118 444 1 186
Northwest 21 406 85 729 2 336
South Central 8 100 107 661 461
Southeast 10 135 231 879 314

Total Interior 215 501 3 212 19 581 18 055

a Regional areas are defined by the following Timber Supply Areas:

REGIONAL AREA TIMBER SUPPLY AREA

Lower Mainland Fraser, Soo, Sunshine Coast
Mid Mainland Kingcome (mainland), Mid Coast

Northeast Fort Nelson, Fort St. John, Dawson Creek
North Central Prince George, Mackenzie, Robson Valley
Northwest Bulkley, Kalum, Lakes, Kispiox, Morice
South Central Merritt, Kamloops, Okanagan
Southeast Arrow, Boundary, Kootenay Lakes, Cranbrook

b Areas where black cottonwood or balsam poplar are lead species are totals of good, medium, and poor sites, but exclude sites
of low productivity.

c Near mature (coast) 41–80 years of age
Near mature (interior) 61–80 years of age
Mature 81–120 years of age
Over mature 121 years of age or more
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2 ECOSYSTEMS THAT SUPPORT COTTONWOOD–
BALSAM POPLAR IN BRITISH COLUMBIA

The province-wide distribution of black cottonwood and balsam poplar indicates
the diversity of biogeoclimatic subzones and site series in which forest managers can
be involved with these subspecies.

2.1 Geographic Distribution of Cottonwood–Balsam Poplar

• Balsam poplar is primarily a subarctic or boreal tree, whereas black
cottonwood is temperate or mesothermal in its climatic requirements. In
some circumstances cottonwood may extend to the lower limits of the
subalpine zone.

• Black cottonwood occurs primarily in valley bottoms where it can form
extensive stands on the islands and floodplains of major rivers. It also
occurs on disturbed upland areas, especially on moist to wet sites.

Some taxonomists think that black cottonwood and balsam poplar are sufficiently
different to be considered separate species. Others disagree and think the two share
subspecies status. Furthermore, some reviewers of this handbook, because they work
only with coastal ecosystems or only with interior ecosystems, suggested that
cottonwood and balsam poplar not even be together in one guide. Given the differences
of opinion, several key taxonomic references are included among the information
sources listed at the end of this section. For taxonomic reasons, we favour subspecies
status for black cottonwood and balsam poplar.

Black cottonwood is regarded as the Pacific coastal race of balsam poplar. It is
found throughout southern and central British Columbia, from the coast to the Rocky
Mountains, but is absent from the western and northwestern coastal margin of
Vancouver Island, the central British Columbia coast, and the Queen Charlotte Islands.
In northwestern British Columbia it occurs in areas adjacent to the Alaska panhandle,
but is replaced by balsam poplar inland.

Balsam poplar is found across Canada, but is generally replaced by black
cottonwood southwest of the line shown in Figure 1. Cottonwood, although particularly
prevalent in major river valleys, can also occur over an elevational range from sea level
to the lower limits of the MH biogeoclimatic zone. (See Appendix 1 for the meanings of
biogeoclimatic zone and tree species abbreviations used in this handbook.) Black
cottonwood has been recorded at elevations as high as 2100 m in the Selkirk Mountains.
Balsam poplar is also primarily a tree of lowland sites but it, too, can occur at relatively
high altitudes, for example up to 1650 m in the Rocky Mountain region. In Alaska it
occurs down to sea level.

Balsam poplar hybridizes readily with black cottonwood and may hybridize with
aspen in some areas. It extends westward in northern British Columbia to the Stikine
Plateau. It occurs abundantly in the BWBS zone, less commonly in the SWB zone, and
sporadically in some eastern subzones of the SBS, IDF, and ICH zones.

Together␣ black␣ cottonwood
and balsam poplar occur
in all areas of British
Columbia except the
Queen Charlotte Islands,
the fiord-dissected
mainland from Portland
Inlet south to Queen
Charlotte Strait,
and␣ the␣ western
and␣ northwestern
one-third of
Vancouver␣ Island.
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Cottonwood is found in all biogeoclimatic zones of British Columbia except the
SWB and AT zones. By contrast, balsam poplar is most abundant in the BWBS
biogeoclimatic zone, less common in the SWB zone, and only sporadic in some eastern
subzones of the SBS, IDF, and ICH zones. In northeastern British Columbia, balsam
poplar frequently occurs in aspen-dominated stands.

2.2 Ecosystems in which Forest Managers are Most Involved
with Cottonwood–Balsam Poplar

• Cottonwood is characteristically associated with river banks, gravel bars,
or low-lying land, but it also grows on the loams, clays, and rich humic
soils of upland sites. The largest trees grow at low elevations on deep
alluvial soils; poorest growth occurs on newly deposited gravel.

• Balsam poplar is most commonly found on moist upland and alluvial
bottomland sites. Like black cottonwood, it exhibits its best growth on
moist, rich bottomlands with deep soil.

Biogeoclimatic units and site series where cottonwood is commonly found are
listed for the Cariboo, Kamloops, Nelson, and Vancouver forest regions in Tables 4 to
7. In the Prince Rupert and Prince George forest regions, cottonwood is common in
certain site series and balsam poplar in other site series as listed in Tables 8 and 9.
Common tree, shrub, and herbaceous associates found with cottonwood or balsam
poplar are listed in Table 10.

Hydrologic and geomorphic considerations for silvicultural investments on
floodplains, typified by the detailed work in the Skeena River valley, have tended to
focus on Sitka spruce as the desired merchantable crop. However, black cottonwood is
an integral part of such ecosystems and forest managers have a choice of how much
they wish to enhance cottonwood biomass production, either in pure stands or as a
companion with Sitka spruce or western redcedar. A critical question for silvicultural
investment is whether a particular area will be eroded away before the chosen species
of crop trees become merchantable. Compared to silvicultural costs, mapping of island
and floodplain stability is relatively inexpensive. Therefore, such mapping to identify
stable land should be undertaken before a manager commits to silvicultural expenditures
for black cottonwood, Sitka spruce, or red alder.

On some sites, no management is the best choice for cottonwood or balsam poplar.
Examples include low fluvial bench sites in all subzones and variants of the CWH zone.
High water tables that restrict rooting, together with prolonged annual flooding often
of high velocity, make low bench sites unsuitable for conifers and for commercially
viable broadleaf stands. Low bench sites are best left unmanaged and undisturbed by
harvesting or silviculture, with their wildlife, aesthetic, and watershed values controlled
by hydrologic and geomorphic processes.

Information Sources:

Brayshaw 1965;
Brayshaw 1978; Krajina
et al. 1982; Eckenwalder
1984; McLennan 1990.

Although cottonwood is
listed in the name of
10␣ site series in
British␣ Columbia,
one␣ site series
(Ss – Salmonberry) in
the Vancouver and
Prince␣ Rupert forest
regions probably
supports␣ more
cottonwood than any
other site series in
the␣ province.
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TABLE 4. Biogeoclimatic units and site series where cottonwood is commonly found in the Cariboo Forest
Region, British Columbia (Silviculture Interpretations Working Group 1993)a

Biogeoclimatic unit Site series

ICHdk CwSxw - Thimbleberry; CwSxw - Raspberry - Oak fern

ICHmk3 CwSxw - Falsebox - Knight’s plume; CwSxw - Oak fern - Cat-tail
moss; CwSxw - Devil’s club - Horsetail.

ICHwk2 CwSxw - Skunk cabbage

ICHmk3; ICHwk2 SxwCw - Oak fern

ICHdk; ICHwk2; SBSdw1; SBSwk1 Sxw - Twinberry - Oak fern

ICHwk2; ICHwk4 CwHw - Oak fern

ICHdk; ICHwk4 Sxw - Devil’s club - Lady fern

ICHmk3; ICHwk2; ICHwk4 CwHw - Devil’s club - Lady fern

IDFdk3 SxwFd - Prickly rose - Sarsaparilla

IDFdk3; IDFdk4; SBPSdc; SBPSmk; SBPSxc;
SBSdw1; SBSmc1; SBSmc2

Sxw - Horsetail - Glow moss

IDFdk4 Sxw - Feathermoss - Brachythecium

IDFxm Sxw - Snowberry - Prickly rose

IDFxm; ICHdk; SBSdw2; SBSmw; SBSwk1 Sxw - Horsetail

IDFxw Sxw - Water birch; Sxw - Prickly rose - Coltsfoot

MSxk Sxw - Gooseberry - Grouseberry; Sxw - Horsetail - Leafy moss

SBPSdc; SBPSxc Sxw - Horsetail - Meadowrue

SBPSmk; SBSdw2 Sxw - Twinberry

SBSdw1 SxwFd - Thimbleberry; Sxw - Twinberry - Coltsfoot

SBSdw2 Sxw - Devil's club - Knight's plume
SBSmc1 Sxw - Huckleberry; Sxw - Oak fern; Sxw - Devil’s club - Step

moss.

SBSmc2; SBSmw; SBSwk1 Sxw - Oak fern
SBSmh SxwFd - Hazelnut; SxwFd - Feathermoss; SxwFd - Coltsfoot;

SxwEp - Devil’s club; Sxw - Ostrich fern

SBSmw SxwFd - Falsebox; Sxw - Pink spirea

SBSwk1 Sxw - Pink spirea - Oak fern

SBSmw; SBSwk1 Sxw - Devil’s club

a See Appendix 1 for the full names of these biogeoclimatic units and for the tree species whose abbreviation begins the
name of each site series.
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TABLE 5. Biogeoclimatic units and site series where cottonwood is commonly found in the Kamloops Forest
Region, British Columbia (Silviculture Interpretations Working Group 1993)a

Biogeoclimatic unit Site series

BGxh1 Py - Nootka rose - Poison ivy; Act - Water birch

BGxh2 Act - Snowberry - Dogwood

ICHmk1 SxwFd - Gooseberry - Sarsaparilla; Sxw - Oak fern

ICHmk2 CwSxw - Oak fern - Bunchberry

ICHmk1; ICHmk2; IDFdk1; IDFdk2; IDFdm1;
IDFxh2; SBSmm

Sxw - Horsetail

ICHmw2 CwHw - Oak fern - Foamflower; CwHw - Horsetail

ICHmw3; ICHwk1 CwHw - Oak fern

ICHmw2; ICHmw3; ICHvk1; ICHwk1 CwHw - Devil’s club - Lady fern; CwSxw - Skunk cabbage

ICHvk1 CwHw - Oak fern - Foamflower; CwHw - Oak fern - Spiny wood
fern; CwSxw - Devil’s club - Horsetail

ICHwk1 CwSxw - Skunk cabbage

IDFdk1 SxwFd - Gooseberry - Feathermoss

IDFdk2 SxwFd - Dogwood - Gooseberry; CwSxw - Twinberry - Soft-
leaved sedge.

IDFmw1 CwFd - Dogwood; CwFd - Devil’s club - Foamflower.

IDFmw2 CwSxw - Oak fern

IDFxh1 SxwFd - Douglas maple - Dogwood

IDFxh2 CwFd - Dogwood

MSdc; MSdm1 Sxw - Gooseberry

MSdm2; MSxk Sxw - Gooseberry - Grouseberry; Sxw - Horsetail - Leafy moss

MSdm2 Sxw - Gooseberry - Devil’s club

PPxh1 Fd - Water birch - Douglas maple

SBSmm Act - Water birch; Sxw - Oak fern

a See Appendix 1 for the full names of these biogeoclimatic units and for the tree species whose abbreviation begins the
name of each site series.
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TABLE 6. Biogeoclimatic units and site series where cottonwood is commonly found in the Nelson Forest
Region, British Columbia (Silviculture Interpretations Working Group 1993)a

Biogeoclimatic unit Site series

ICHdw CwHw - White pine - Devil’s club

ICHdw; ICHmw1; ICHmw2; ICHmw3; ICHvk1;
ICHwk1

CwHw - Devil’s club - Lady fern

ICHmk1 SxwFd - Gooseberry - Sarsaparilla; Sxw - Oak fern

ICHmk1; IDFdm1; IDFdm2 Sxw - Horsetail

ICHmw1 CwHw - Oval-leaved blueberry - Oak fern

ICHmw1; ICHmw2 CwHw - Horsetail

ICHmw2 CwHw - Oak fern - Foamflower

ICHmw2; ICHmw3; ICHvk1; ICHwk1 CwSxw - Skunk cabbage

ICHmw3; ICHwk1 CwHw - Oak fern

ICHvk1 CwHw - Oak fern - Spiny wood fern

ICHvk1; ICHwk1 CwSxw - Devil’s club - Horsetail

ICHwk1 Act - Dogwood - Twinberry

IDFdm1 SxwFd - Dogwood - Gooseberry

IDFdm2 SxwAt - Sarsaparilla

IDFxh1 SxwFd - Douglas maple - Dogwood

MSdk Sxw - Soopolallie - Snowberry; Sxw - Dogwood - Horsetail

MSdm1 Sxw - Gooseberry; Sxw - Gooseberry - Oak fern

PPdh1 PyAct - Snowberry - Kentucky bluegrass; AtAct - Snowberry -
Horsetail

PPdh2 PyAt - Rose - Solomon’s-seal; Act - Dogwood - Nootka rose

a See Appendix 1 for the full names of these biogeoclimatic units and for the tree species whose abbreviation begins the
name of each site series.
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TABLE 7. Biogeoclimatic units and site series where cottonwood is commonly found in the Vancouver Forest
Region, British Columbia (Silviculture Interpretations Working Group 1993)a

Biogeoclimatic unit Site series

CDFmm CwBg - Foamflower; Cw - Snowberry; Cw - Vanilla leaf; Cw -
Indian plum

CDFmm; CWHdm; CWHds1; CWHds2;
CWHmm1; CWHms1; CWHms2; CWHvm1;
CWHws2; CWHxm

Act - Red-osier dogwood; Act -Willow

CDFmm; CWHdm; CWHxm Cw - Slough sedge

CWHdm; CWHxm Cw - Sword fern; Cw - Foamflower; Cw - Black twinberry

CWHdm; CWHds1; CWHds2; CWHmm1;
CWHms1; CWHms2; CWHvm1; CWHws2;
CWHxm

Ss - Salmonberry

CWHdm; CWHxm Cw - Salmonberry

CWHds1; CWHds2 Cw - Devil’s club; Cw - Solomon’s-seal

CWHmm1; CWHvm1 BaCw - Foamflower; BaCw - Salmonberry

CWHms1; CWHms2; CWHws2 BaCw - Oak fern; BaCw - Devil’s club

CWHvm1 BaSs - Devil’s club

CWHvm1; CWHws2 CwSs - Skunk cabbage

a See Appendix 1 for the full names of these biogeoclimatic units and for the tree species whose abbreviation begins the
name of each site series.
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TABLE 8. Biogeoclimatic units and site series where cottonwood and balsam poplar are commonly found in the
Prince Rupert Forest Region, British Columbia (Silviculture Interpretations Working Group 1993)a

Biogeoclimatic unit Site series

BALSAM POPLAR

BWBSdk1 Sw - Scouring rush - Step moss; Sw - Willow - Glow moss

BWBSdk1; BWBSdk2 Sw - Currant - Horsetail

COTTONWOOD

CWHvh2 Ss - Slough sedge

CWHvh2 Ss - Pacific crab apple

CWHvm1 BaCw - Foamflower; BaCw - Salmonberry; BaSS - Devil’s club

CWHvm1; CWHwm; CHWws1; CWHws2 Ss - Salmonberry

CWHwm Ss - Skunk cabbage; SsHw - Oak fern; SsHw - Devil’s club

CWHvm1; CWHws1; CWHws2 CwSs - Skunk cabbage

CWHvm1; CWHwm; CWHws1; CWHws2 Act - Red-osier dogwood; Act - Willow

CWHws1; CWHws2 BaCw - Oak fern; BaCw - Devil’s club

ICHmc1 Hw - Azalea - Skunk cabbage

ICHmc1a HwBa - Oak fern; HwBa - Devil’s club - Lady fern

ICHmc2 HwCw - Oak fern; CwHw - Devil’s club - Oak fern; Sx - Devil’s
club - Lady fern; CwSx - Horsetail - Skunk cabbage; SeEp -
Thimbleberry - Hazelnut; AtEp - Dogwood; SxEp - Devil’s club.

ICHmc1; ICHmc2 ; ICHwc ActSx - Dogwood

ICHmc1; ICHvc; ICHwc HwBl - Devil’s club; ActSx - Dogwood

ICHmc1; ICHwc HwBl - Oak fern

ICHmc1; ICHvc Sx - Devil’s club - Dogwood

ICHvc; ICHwc Sx - Horsetail; Sx - Devil’s club

SBPSmc; SBSmc2 Sxw - Horsetail - Glow moss
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TABLE 8. Continued

Biogeoclimatic unit Site series

COTTONWOOD

SBSdk Act - Dogwood - Prickly rose

SBSdk; SBSmc2; SBSwk3 Sxw - Twinberry - Coltsfoot

SBPSmc; SBSdk; SBSwk3 Sxw - Horsetail

SBSmc2 Sxw - Oak fern; Sxw - Twinberry - Oak fern; Sxw - Horsetail

SBSwk3 Sxw - Oak fern

SBSmc2; SBSwk3 Sxw - Devil’s club

a See Appendix 1 for the full names of these biogeoclimatic units and for the tree species whose abbreviation begins the
name of each site series.
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TABLE 9. Biogeoclimatic units and site series where cottonwood and balsam poplar are commonly found
in the Prince George Forest Region, British Columbia (Silviculture Interpretations Working
Group 1993)a

Biogeoclimatic unit Site series

BALSAM POPLAR

BWBS dk1 Sw - Scouring rush - Step moss; Sw - Willow - Glow moss

BWBSdk1; BWBSdk2; BWBSmw1;
BWBSmw2; BWBSwk1; BWBSwk2

Sw - Currant - Horsetail

BWBSmw1 Sw - Currant - Oak fern

BWBSmw1; BWBSwk1; BWBSwk2 Sw - Currant - Bluebells

COTTONWOOD
ICHmm CwHw - Devil’s club - Oak fern

ICHmm; ICHwk1; ICHwk3 CwSxw - Devil’s club - Horsetail

ICHvk2; ICHwk1; ICHwk3; ICHwk4 CwHw - Devil’s club - Lady fern

ICHvk2 Cw - Devil’s club - Ostrich fern

ICHmm; ICHvk2; ICHwk1; ICHwk3; ICHwk4 CwHw - Oak fern

ICHvk2; ICHwk1; ICHwk3 CwSxw - Skunk cabbage

ICHwk1 Act - Dogwood - Twinberry

ICHwk3 Hw - Wood horsetail - Sphagnum

ICHwk4; SBSdw1; SBSmc2 Sxw - Twinberry - Oak fern

ICHwk4; SBSwk1 Sxw - Devil’s club - Lady fern

SBSmc; SBSdh; SBSdk; SBSdw2; SBSmc2;
SBSmc3; SBSmk1; SBSmk2; SBSvk; SBSwk1;
SBSwk2; SBSwk3

Sxw - Horsetail

SBSmc; SBSdw1; SBSmc2 Sxw - Horsetail - Glow moss

SBSdk; SBSdw1; SBSmc2; SBSwk3 Sxw - Twinberry - Coltsfoot

SBSdk Act - Dogwood - Prickly rose

SBSdw1 SxFd - Thimbleberry

SBSdw2 Sxw - Devil’s club - Knight’s plume

SBSdw3 Sxw - Pink spirea - Prickly rose
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TABLE 9. Continued

Biogeoclimatic unit Site series

COTTONWOOD

SBSdw2; SBSdw3; SBSmc3 Sxw - Twinberry

SBSdw3; SBSmc2; SBSmk1; SBSmk2; SBSmw;
SBSvk; SBSwk1; SBSwk2; Sbswk3

Sxw - Oak fern

SBSmc2; SBSmk1; SBSmw; SBSvk; SBSwk1;
SBSwk2; SBSwk3

Sxw - Devil’s club

SBSmh SxwFd - Hazelnut; SxwFd - Feathermoss; SxwFd - Coltsfoot;
SxwEp - Devil’s club; Sxw - Ostrich fern

SBSmw SxwFd - Falsebox

SBSvk Sxw - Devil’s club - Spiny wood fern; Sxw - Devil’s club - Ostrich
fern

SBSwk1 Sxw - Pink spirea - Oak fern; Sxw - Twinberry - Oak fern

a See Appendix 1 for the full names of these biogeoclimatic units and for the tree species whose abbreviation begins the
name of each site series.
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TABLE 10. Common tree, shrub, and herbaceous associates of black cottonwood and balsam poplar in
British Columbia

Black cottonwood associates Balsam poplar associates

Trees: coastal Trees
red alder Alnus rubra subalpine fir Abies lasiocarpa
balsam poplar Populus balsamifera white spruce Picea glauca
willow spp. Salix lasiandra, S. sitchensis willow Salix alaxensis, S. interior
western hemlock Tsuga heterophylla black spruce Picea mariana
western redcedar Thuja plicata aspen Populus tremuloides
Sitka spruce Picea sitchensis paper birch Betula papyrifera
grand fir Abies grandis mountain alder Alnus incana ssp. tenuifolia
bigleaf maple Acer macrophyllum
black hawthorn Crataegus douglasii
birch spp. Betula spp.
cherry Prunus spp.

Trees: interior
western white pine Pinus monticola
western larch Larix occidentalis
subalpine fir Abies lasiocarpa
white spruce Picea glauca
aspen Populus tremuloides

Shrubs Shrubs
vine maple Acer circinatum red-osier dogwood Cornus sericea
red-osier dogwood Cornus sericea black twinberry Lonicera involucrata
beaked hazelnut Corylus cornuta beaked hazelnut Corylus cornuta
Nootka rose Rosa nutkana highbush-cranberry Viburnum edule
thimbleberry Rubus parviflorus red raspberry Rubus idaeus
salmonberry Rubus spectabilis prickly rose Rosa acicularis
elderberry Sambucus spp. devil's club Oplopanax horridus
black twinberry Lonicera involucrata red swamp currant Ribes triste
common snowberry Symphoricarpos albus

Herbs, ferns, and low shrubs Herbs and low shrubs
sword fern Polystichum munitum horsetails Equisetum arvense, E.hyemale
lady fern Athyrium filix-femina bluejoint Calamagrostis canadensis
horestail Equisetum spp. bunchberry Cornus canadensis
stinging nettle Urtica dioica lingonberry Vaccinium vitis-idaea
hedge nettle Stachys spp. bedstraws Galium boreale, G. triflorum
star-flowered false
    Solomon's seal Smilacina stellata fireweed Epilobium angustifolium
Canada violet Viola canadensis tall bluebells Mertensia paniculata
touch-me-not Impatiens spp. baneberry Actaea rubra
enchanter’s nightshade Circaea alpina pink wintergreen Pyrola asarifolia
golden-saxifrage Chrysosplenium spp. clasping twistedstalk Streptopus amplexifolius
buttercup Ranunculus spp. wild sarsaparilla Aralia nudicaulis
bitter-cress Cardamine spp. coltsfoot Petasites spp.
angelica Angelica spp. mitrewort Mitella spp.
loosestrife Lysimachia spp.
bedstraw Galium spp. Information Sources:  Meidinger 1987; DeBell 1990;
iris Iris spp. Zasada and Phipps 1990;  Meidinger and Pojar 1991.
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In northeastern British Columbia, forester managers sometimes have to deal
with sites where aspen has been preferentially harvested for oriented strandboard raw
materials, leaving the less desirable balsam poplar stems as residuals (Figure 5). As
wood shortages continue to increase the value of raw material from any tree species,we
believe this may be a temporary circumstance. In this context, managers will have the
greatest opportunity to make the best use of balsam poplar’s rapid growth rates and
ease of reproducing successive crops.

In the Vancouver Forest Region (as described in Land Management Handbook␣ 28),
sites where cottonwood can be prominent include:

• high floodplain bench sites that have only short-duration floods at intervals greater
than 5 years

• medium floodplain bench sites with flooding at least every 5 years and often an-
nually, and with greater duration of growing season flooding than on high benches;

• low bench sites that are flooded annually for long periods during the growing
season; flat, fine-textured marine deposits with strongly fluctuating water tables.

FIGURE 5. A residual balsam poplar stand near Dawson Creek, British Columbia,
the result of leaving all poplar uncut in an area that would normally
be␣ classified as an aspen forest type. There is a relative abundance
of␣ balsam poplar in the upland broadleaf stands of northeastern
British␣ Columbia.
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Silvicultural choices of recommended species in the Vancouver Forest Region
would potentially involve cottonwood on only a very few site series, as listed below:

Biogeoclimatic unit Site series Cottonwood involvement

CWHdm; CWHxm Cw – Foamflower Act or Dr are alternative species
except on soils with strong gley
in upper 30 cm.

CWHvm1 BaCw – Salmonberry; Act or Dr are alternative species
BaSs – Devil’s club except on soils with strong gley

in upper 30 cm.

However, cottonwood and red alder are recommended species in most of the
Vancouver Forest Region’s subzones and variants where floodplains support any of the
following site series: Cw – Snowberry; Ss – Salmonberry; Act – Red-osier dogwood;
Act – Willow. The same is true for cottonwood and red alder in the following site series
that are characterized by strongly fluctuating water tables: Cw – Vanilla leaf; Cw –
Indian plum, and Cw – Slough sedge in the CDFmm subzone; and Cw – Salmonberry,
Cw – Black twinberry, and Cw – Slough sedge in the CWHdm and CWHxm subzones.
For these special sites on floodplains and in areas with strongly fluctuating water tables,
the cottonwood productivity potential in the Vancouver Forest Region can be ranked
according to four site index classes as defined by McLennan (1991):

Site index class Site index range (m at 15 years)

I over 22
II 18–22
III 12–17
IV under 12

Information Sources:

Beaudry et al. 1990;
Lloyd et al. 1990;
McLennan 1991;
Meidinger and Pojar
1991; Braumandl and
Curran 1992; Banner et
al. 1993; Silviculture
Interpretations Working
Group 1993; Green and
Klinka 1994.
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